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7) ABSTRACT

Provided are an organic electroluminescence device having
improved performance and an electronic equipment contain-
ing the device, and also provided are a compound, a material
for organic electroluminescence devices and an ink compo-
sition that enable the device and the equipment. The organic
electroluminescence device contains a cathode, an anode,
and one or more organic tin film layers containing a light
emitting layer between the cathode and the anode, wherein
at least one layer of the one or more organic thin film layers
contains a compound represented by the formula (1) wherein
Cz' is a group represented by the formula (Cz-1), Cz* is a
group represented by the formula (Cz-2), A is a residue of a
substituted or unsubstituted, nitrogen-containing aromatic
hetero ring having 6 to 30 ring atoms, L' and L? each
independently represent a substituted or unsubstituted
arylene group having 6 to 60 ring carbon atoms, and n1 and
n2 each are independently an integer of 0 to 4.
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COMPOUND, MATERIAL FOR ORGANIC
ELECTROLUMINESCENT ELEMENTS, INK
COMPOSITION, ORGANIC
ELECTROLUMINESCENT ELEMENT AND
ELECTRONIC DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a compound, a
material for organic electroluminescence devices, an ink
composition, an organic electroluminescence device, and an
electronic equipment.

BACKGROUND ART

[0002] There is known an organic electroluminescence
device which has organic thin film layers containing a light
emitting layer between an anode and a cathode, and which
emits light from excitons formed through recombination of
holes and electrons injected into the light emitting layer.

[0003] An organic electroluminescent device is expected
as a light emitting device excellent in light emission effi-
ciency, imaging quality, energy saving performance and
flat-panel design, taking advantage of self-emitting devices.
Using various light emitting materials in the light emitting
layer therein, an organic electroluminescent device can give
a variety of emission colors and a lot of studies thereof in
practical use for a display or the like are being made much.
In particular, studies of light emitting materials of three
primary colors of red, green and blue are most active, and
earnest studies for improving the characteristics thereof are
being made.

[0004] PTL 1 has an object of providing compounds
having both hole transporting capability and electron trans-
porting capability and excellent in carrier balance, and
describes a compound containing a biscarbazole structure
and a nitrogen-containing aromatic heterocyclic structure in
one and the same molecule, and a compound containing a
tricarbazole structure and a nitrogen-containing aromatic
heterocyclic structure in one and the same molecule. How-
ever, the latter tricarbazole structure-containing compound
is not applied to organic EL devices, and the reference says
nothing relating to the performance of the compound as an
organic EL device material. As other references, PTLs 2 to
6 describe organic EL device materials.

[0005] In the field of organic EL devices, it is desired to
develop materials useful for the devices for the purpose of
further improving the performance of the devices.
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SUMMARY OF INVENTION
Technical Problem
[0012] One object of the present invention is to provide an

organic EL device having excellent characteristics and an
electronic equipment containing it. Another object is to
provide a compound, a material for organic electrolumines-
cent devices and an ink composition that enable an organic
EL device having excellent characteristics and an electronic
equipment containing it.

Solution to Problem

[0013] According to one aspect of the present invention,
there is provided an organic electroluminescence device
including a cathode, an anode and one or more organic thin
film layers including a light emitting layer between the
cathode and the anode, wherein at least one layer of the one
or more organic thin film layers contains a compound
represented by the formula (1):

M
Co' Ly A—t 129502

wherein Cz' represents a group represented by the formula
(CZ'1)>
Cz? represents a group represented by the formula (Cz-2),
A represents a residue of a substituted or unsubstituted
nitrogen-containing aromatic hetero ring having 6 to 30 ring
atoms,
L! and L? each independently represent a substituted or
unsubstituted arylene group having 6 to 60 ring carbon
atoms,
nl and n2 each independently indicate an integer of 0 to 4,
[0014] when n1=0, A and Cz' bond via a single bond,
[0015] when n2=0, A and Cz* bond via a single bond,
[0016] when nl is an integer of 2 to 4, L'*s may be the
same as or different from each other, and L'*s may form
a ring,
when n2 is an integer of 2 to 4, L*’s may be the same as or
different from each other, and .’s may form a ring;

{Cz-1)
1“ ¥
N
/X“ X8 X3l N X38
XIZ/ \ / }X” X3§/ \ / \\‘(37
\ * '1 X23=X24 XZSQXZG T %3l ]
X”\\Xm X15=M*2] *224\ M 5= X
N / \ 7
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wherein X'! to X** each independently represent N or C-*2,
one of X'* to X'® is a carbon atom bonding to *'*, and the
other three each are independently N or C-*2,

one of X*!' to X**is a carbon atom bonding to **!, and the
other three each are independently N or C-*2,

one of X* to X*®is a carbon atom bonding to **2, and the
other three each are independently N or C-*2,

one of X*! to X** is a carbon atom bonding to **!, and the
other three are independently N or CRx",

X% to X*® each independently represent N or CRx",

one of *’s or one of **’s bonds to L' in the formula (1),
#! not bonding to L' bonds to Ry,

*2 pot bonding to L' bonds to Rx",

Ry' each independently represents a hydrogen atom or a
substituent,

Rx' each independently represents a hydrogen atom or a
substituent,

Rx"’s may form a ring;

(Cz-2)

X4l N X*8
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[0017] According to one aspect of the present invention,
there is provided an electronic equipment containing the
above-mentioned organic electroluminescence device.

[0018] According to one aspect of the present invention,
there is provided a compound represented by the formula

(1)

M
Co' Ly A—t 129702

wherein Cz' represents a group represented by the formula
(Cz-1),

Cz” represents a group represented by the formula (Cz-2),
A represents a residue of a substituted or unsubstituted
nitrogen-containing aromatic hetero ring having 6 to 30 ring

atoms,

L' and [* each independently represent a substituted or

unsubstituted arylene group having 6 to 60 ring carbon
atoms,

nl and n2 each independently indicate an integer of 0 to 4,

provided that the structure represented by -(L"),, -Cz" differs
from the structure represented by -(L?),,-Cz?,

when n1=0, A and Cz' bond via a single bond,
when n2=0, A and Cz” bond via a single bond,

when nl is an integer of 2 to 4, L'’s may be the same as or
different from each other, and L'’s may form a ring,

when n2 is an integer of 2 to 4, L*’s may be the same as or
different from each other, and 1.*’s may form a ring;

(Cz-1)
r
! I
/Xll xs X31 x38
4
X\IZ \ / *D?(n oy y \ *31 \ / \\/X37
7 X== =X
Xl Xl5=m*21 *22/ x3s= X
X

wherein X* to X** each independently represent N or C-**,

one of X* to X*® is a carbon atom bonding to **', and the

other three each are independently N or C-**,

one of X*! to X*>*is a carbon atom bonding to **', and the
other three each are independently N or C-**,
X% to X°® each independently represent N or C-**,

#3*5 or one of **’s bonds to L? in the formula (1),

one of
*3 not bonding to L bonds to Ry,
** pot bonding to L bonds to Rx?,

Ry” each independently represents a hydrogen atom or a
substituent,

Rx? each independently represents a hydrogen atom or a
substituent,

Rx®’s may form a ring.

wherein X" to X** each independently represent N or C-*2,

one of X** to X'® is a carbon atom bonding to *!*, and the
other three each are independently N or C-*2,

one of X*' to X** is a carbon atom bonding to **', and the
other three each are independently N or C-*2,

one of X*’ to X** is a carbon atom bonding to **2, and the
other three each are independently N or C-*2,

one of X*' to X** is a carbon atom bonding to ***, and the
other three are independently N or CRx',

X* to X3* each independently represent N or CRx",

one of *’s or one of *?’s bonds to L' in the formula (1),
1 pot bonding to L' bonds to Ry?,

*2 pot bonding to L' bonds to Rx",

Ry' each independently represents a hydrogen atom or a
substituent, and
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Rx! each independently represents a hydrogen atom or a
substituent,
Rx"’s may form a ring;

(Cz-2)

x(4l X48
Y/,
7 \ / N
\ L Xsﬂ.—X54 Xss\Xse
I - —
Xiydh 45=M*51 \

wherein X* to X* each independently represent N or C-**,
one of X* to X*® is a carbon atom bonding to **, and the
other three each are independently N or C-**,

one of X' to X**is a carbon atom bonding to **!, and the
other three each are independently N or C-**,

X°% to X°® each independently represent N or C-**,

one of **’s or one of **’s bonds to L? in the formula (1),
*3 not bonding to I bonds to Ry?,

** pot bonding to L? bonds to Rx?,

Ry each independently represents a hydrogen atom or a
substituent,

Rx? each independently represents a hydrogen atom or a
substituent,

Rx*’s may form a ring.

[0019] According to one aspect of the present invention,
there is provided a material for organic electroluminescence
devices including the above-mentioned compound.

[0020] According to one aspect of the present invention,
there is provided an ink composition containing a solvent
and the above-mentioned compound dissolved in the sol-
vent.

Advantageous Effects of Invention

[0021] The present invention provides an organic EL
device having improved performance and an electronic
equipment containing it. The present invention also provides
a compound, a material for organic electroluminescence
devices and an ink composition that enable them.

BRIEF DESCRIPTION OF DRAWING

[0022] FIG.11is a view showing a schematic configuration
of one example of an organic EL device according to one
aspect of the present invention.

DESCRIPTION OF EMBODIMENTS

[0023] In this description, the “number of ring carbon
atoms” means the number of the carbon atoms among the
atoms constituting the ring itself of a compound having a
structure where atoms bond to form a ring (for example, a
monocyclic compound, a condensed cyclic compound, a
crosslinked compound, a carbon cyclic compound, a het-
erocyclic compound). In the case where the ring is substi-
tuted with a substituent, the carbon atoms contained in the
substituent are not contained in the number of ring carbon
atoms. Unless otherwise specifically indicated, the same
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shall apply to the “number of ring carbon atoms” to be
described hereinunder. For example, a benzene ring has 6
ring carbon atoms, a naphthalene ring has 10 ring carbon
atoms, a pyridinyl group has 5 ring carbon atoms, and a
furanyl group has 4 ring carbon atoms. In the case where a
benzene ring or a naphthalen ring is substituted with, for
example, an alkyl group as a substituent, the number of the
carbon atoms of the alkyl group is not contained in the
number of the ring carbon atoms. In the case where, for
example, a fluorene ring bonds to a fluorene ring as a
substituent (including a spirofluorene ring), the carbon num-
ber of the fluorene ring as the substituent is not contained in
the number of the ring carbon atoms.

[0024] In this description, the “number of ring atoms”
means the number of the atoms constituting the ring itself of
a compound (for example, a monocyclic compound, a
condensed cyclic compound, a crosslinked compound, a
carbon cyclic compound. a heterocyclic compound) having
a structure where atoms bond to form a ring (for example,
a single ring, a condensed ring, an aggregated ring). The
atoms not constituting a ring (for example, a hydrogen atom
bonding to the bond of the atom constituting a ring), or in the
case where the ring is substituted with a substituent, the
atom contained in substituent is not contained in the number
of ring atoms. Regarding the “number of ring atoms” to be
described hereinunder, the same shall apply unless otherwise
specifically indicated. For example, a pyridine ring has 6
ring atoms, a quinazoline ring has 10 ring atoms, and a furan
ring has 5 ring atoms. The hydrogen atom bonding to the
carbon atom of the pyridine ring or the quinazoline ring as
well as the atom constituting the substituent is not contained
in the number of the ring atoms. In the case where, for
example, a fluorene ring bonds to a fluorene ring as a
substituent (including a spirofluorene ring), the atom num-
ber of the fluorene ring as the substituent is not contained in
the number of the ring atoms.

[0025] In this description, “XX to YY carbon atoms” in
the expression of “a substituted or unsubstituted group 77
having XX to YY carbon atoms” indicates the carbon
number in the case where the group 77 is unsubstituted, and
the carbon number of the substituent in the case where the
group is substituted is not contained. Here, “YY” is larger
than “XX”, and “XX” and “YY” each indicate an integer of
1 or more.

[0026] In this description, “hydrogen atom” includes iso-
topes different in the neutron numbers, i.e., light hydrogen
(protium), heavy hydrogen (deuterium), and tritiated hydro-
gen (tritium).

[Compound]

[0027] The compound of one aspect of the present inven-
tion is described.

[0028] The compound of one aspect of the present inven-
tion is a compound represented by the formula (1) (herein-
after the “compound represented by the formula (1)” may be
referred to as the “compound (1)”):

M
Co'— Ly A=t 129702

wherein Cz' represents a group represented by the formula
(Cz1),
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Cz” represents a group represented by the formula (Cz-2),
A represents a residue of a substituted or unsubstituted
nitrogen-containing aromatic hetero ring having 6 to 30 ring
atoms,

I' and I? each independently represent a substituted or
unsubstituted arylene group having 6 to 60 ring carbon
atoms,

nl and n2 each independently indicate an integer of 0 to 4,
when n1=0, A and Cz' bond via a single bond,

when n2=0, A and Cz” bond via a single bond,

when nl is an integer of 2 to 4, L"’s may be the same as or
different from each other, and L"’s may form a ring,
when n2 is an integer of 2 to 4, L*’s may be the same as or
different from each other, and L>’s may form a ring;
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one of X*! to X>* is a carbon atom bonding to *°*, and the
other three each are independently N or C-**,

X>* to X** each independently represent N or C-**,

#%5 or one of **s bonds to L? in the formula (1),

one of
*3 not bonding to I.? bonds to Ry,
** not bonding to L.? bonds to Rx?,

Ry? each independently represents a hydrogen atom or a
substituent,

Rx* each independently represents a hydrogen atom or a
substituent, and

Rx>’s may form a ring.

Cz1)

Ryl
/X“ X8 X N X8
XIZ/ \ / \\Xl7 - \\X37
\ I =Xt XL 26 #31 ]
i - —
X%m X15=M*21 *22‘\/\ 3 X35=X36
X2 / \ X7
Q Y
XZI X28
N
|
xl
wherein X'! to X** each independently represent N or C-*2, [0029] The compound (1) has the above-mentioned spe-

one of X** to X'® is a carbon atom bonding to *!*, and the
other three each are independently N or C-*2,

one of X*' to X**is a carbon atom bonding to **!, and the
other three each are independently N or C-*2,

one of X** to X*® is a carbon atom bonding to ***, and the
other three each are independently N or C-*2,

one of X*' to X**is a carbon atom bonding to **!, and the
other three are independently N or CRx,

X?® to X?® each independently represent N or CRx",

one of *'’s or one of **’s bonds to L' in the formula (1),
1 pot bonding to L' bonds to Ry’,

*2 not bonding to L' bonds to Rx',

Ry' each independently represents a hydrogen atom or a
substituent,

Rx' each independently represents a hydrogen atom or a
substituent, and

Rx"’s may form a ring;

(Cz-2)
>|g3
X4l N 8
Y/,
A BT
x4 7 9 cal XB_

wherein X* to X* each independently represent N or C-**,
one of X* to X*® is a carbon atom bonding to **, and the
other three each are independently N or C-**,

cific structure, and therefore has a low ionization potential
and is excellent in hole injecting capability. Accordingly,
using the compound (1) in an organic EL device improves
the emission efficiency of the device.

[0030] Cz' in the formula (1) is, as described above, a
group represented by the formula (Cz-1). Preferred embodi-
ments of the formula (Cz-1) are described below.

[0031] Preferably, X'* to X'* each are independently C-*2.

[0032] Preferably, one of X'® and X'7 is a carbon atom
bonding to *!*, and more preferably, X6 is a carbon atom
bonding to *''. Preferably, three of X'* to X'® not bonding
to *!* each are independently C-**.

[0033] Preferably, one of X** and X** is a carbon atom
bonding to **!, and more preferably, X** is a carbon atom
bonding to **!. Preferably, three of X*' to X** not bonding
to *2! each are independently C-*2,

[0034] Preferably, one of X* and X*7 is a carbon atom
bonding to **2, and more preferably, X is a carbon atom
bonding to **2. Preferably, three of X** to X% not bonding
to **? each are independently C-#2,

[0035] Preferably, one of X** and X is a carbon atom
bonding to ***, and more preferably, X*? is a carbon atom
bonding to **!, Preferably, three of X! to X** not bonding

to **! each are independently CRx".
[0036] Preferably, X* to X3* each are independently
CRx".

[0037] Preferably, one of *'’s bonds to L' in the formula
(1), and the others each bond to Ry', and every ** bonds to
Rx'.
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[0038] Cz'in the formula (1) is preferably a group repre-
sented by the formula (Cz-11):

(Cz-11)

Tl Il{yl
Xll N XIS X3l N X38 s
XI'Z' \w \\X17 Xs'z' U \\/X
\
Xieyid Xls;g/ \2\ 34 RS
X2 X2

wherein X! to X', X7 to X', X! to X*2, X** to X**° and
X*7 to X*® each independently represent N or C-*?,

X3!to X2 and X** to X*® each independently represent N or
CRx,

one of *'*s or one of **’s bonds to L' in the formula (1),
*! not bonding to I' bonds to Ry,
*2 pot bonding to L' bonds to Rx",

Ry' each independently represents a hydrogen atom or a
substituent,

Rx' each independently represents a hydrogen atom or a
substituent, and

Rx"s may form a ring.

[0039] Preferably, X*! to X*%, X'7 to X*#, X*!' t0 X*?, X**
to X** and X*7 to X*® each are independently C-*%,
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[0040] Preferably, X3! to X3? and X** to X>® each are
independently CRx.

[0041] Preferably, one of *"’s bonds to L' in the formula
(1), the others each bond to Ry", and every ** bonds to Rx'.
[0042] Cz'in the formula (1) is preferably a group repre-
sented by the formula (Cz-12):

(Cz-12)

Ry1 Ry1
| |
N

XU N x!8 X3l x38
G EN G e
X\IZ \\q X17 X32 \\q ;{37
Xy /g/ \2\ 35: X6

14 XIS’ 34 X

wherein X' to X'°, X'7 to X*¥, X*! to X*, X** 0 X*°, X¥
to X8, X3! to X and X** to X*® each are independently N
or CRx",

*! bonds to L' in the formula (1),

Ry* each independently represents a hydrogen atom or a
substituent,

Rx' each independently represents a hydrogen atom or a
substituent, and

Rx'’s may form a ring.

[0043] Preferably, X' to X*°, X'7 to X*8 X?! to X2, X**

to X2, X¥7 to X%, X3! to X*? and X?* to X*® each are
independently CRx".

[0044] Cz' in the formula (1) is preferably a group repre-
sented by the formula (Cz-13):

(Cz-13)
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wherein *! bonds to I! in the formula (1),

Ry' each independently represents a hydrogen atom or a
substituent,

Rx' each independently represents a hydrogen atom or a
substituent, and

Rx"’s may form a ring.

[0045] Cz' in the formula (1) is preferably a group repre-
sented by the formula (Cz-14):

(Cz-14)

Ryl Ryl
| |
N N,

0
O

%l

wherein *' bonds to L' in the formula (1), and Ry" each
independently represents a hydrogen atom or a substituent.
[0046] Ry' in the formulae (Cz-1), (Cz-11), (Cz-12), (Cz-
13) and (Cz-14) is described below.

[0047] Ry' each independently represents a hydrogen
atom or a substituent. Examples of the substituent include
those listed in the following <Group o>, to which, however,
the substituent is not limited.

<Group o>

[0048] A substituted or unsubstituted alkyl group having 1
to 50 (more preferably 1 to 18, even more preferably 1 to 8)
carbon atoms, a substituted or unsubstituted cycloalkyl
group having 3 to 50 (more preferably 3 to 10, even more
preferably 3 to 8) ring carbon atoms, a substituted or
unsubstituted aryl group having 6 to 60 (more preferably 6
to 25, even more preferably 6 to 18) ring carbon atoms, a
substituted or unsubstituted aralkyl group having 7 to 61
(more preferably 7 to 25, even more preferably 7 to 18)
carbon atoms, an amino group, a mono-substituted or di-
substituted amino group having a substituent selected from
a substituted or unsubstituted alkyl group having 1 to 50
(more preferably 1 to 18, even more preferably 1 to 8)
carbon atoms and a substituted or unsubstituted aryl group
having 6 to 60 (more preferably 6 to 25, even more prefer-
ably 6 to 18) ring carbon atoms, a substituted or unsubsti-
tuted alkoxy group having 1 to 50 (more preferably 1 to 18,
even more preferably 1 to 8) carbon atoms, a substituted or
unsubstituted cycloalkoxy group having 3 to 50 (more
preferably 3 to 10, even more preferably 3 to 8) ring carbon
atoms, a substituted or unsubstituted aryloxy group having
6 to 60 (more preferably 6 to 25, even more preferably 6 to
18) ring carbon atoms, a substituted or unsubstituted alky-
Ithio group having 1 to 50 (more preferably 1 to 18, even
more preferably 1 to 8) carbon atoms, a substituted or
unsubstituted arylthio group having 6 to 60 (more preferably
6 to 25, even more preferably 6 to 18) ring carbon atoms, a
mono-substituted, di-substituted or tri-substituted silyl
group having a substituent selected from a substituted or
unsubstituted alkyl group having 1 to 50 (more preferably 1
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to 18, even more preferably 1 to 8) carbon atoms and a
substituted or unsubstituted aryl group having 6 to 60 (more
preferably 6 to 25, even more preferably 6 to 18) ring carbon
atoms, a substituted or unsubstituted heteroaryl group hav-
ing 5 to 60 (more preferably 5 to 30, even more preferably
5 to 26) ring atoms, a substituted or unsubstituted haloalkyl
group having 1 to 50 (more preferably 1 to 18, even more
preferably 1 to 8) carbon atoms, a halogen atom, a cyano
group, a nitro group, a sulfonyl group having a substituent
selected from a substituted or unsubstituted alkyl group
having 1 to 50 (more preferably 1 to 18, even more prefer-
ably 1 to 8) carbon atoms and a substituted or unsubstituted
aryl group having 6 to 60 (more preferably 6 to 25, even
more preferably 6 to 18) ring carbon atoms, a di-substituted
phosphoryl group having a substituent selected from a
substituted or unsubstituted alkyl group having 1 to 50
(more preferably 1 to 18, even more preferably 1 to 8)
carbon atoms and a substituted or unsubstituted aryl group
having 6 to 60 (more preferably 6 to 25, even more prefer-
ably 6 to 18) ring carbon atoms, an alkylsulfonyloxy group,
an arylsulfonyloxy group, an alkylcarbonyloxy group, an
arylcarbonyloxy group, a boron-containing group, a zinc-
containing group, a tin-containing group, a silicon-contain-
ing group, a magnesium-containing group, a lithium-con-
taining group, a hydroxy group, an alkyl-substituted or
aryl-substituted carbonyl group. a carboxyl group, a vinyl
group, a (meth)acryloyl group. an epoxy group, and an
oxetanyl group.

[0049] The substituents listed in the group o may be
further substituted with a substituent in the group a. A
plurality of these substituents in the group o may bond to
each other to form a ring.

[0050] Examples of the alkyl group in the group o include
a methyl group, an ethyl group, an n-propyl group, an
isopropyl group, an n-butyl group, an isobutyl group, an
s-butyl group, a t-butyl group, a pentyl group (including
isomer groups), a hexyl group (including isomer groups), a
heptyl group (including isomer groups), an octyl group
(including isomer groups), a nonyl group (including isomer
groups), a decyl group (including isomer groups), an unde-
¢yl group (including isomer groups), a dodecyl group (in-
cluding isomer groups), a tridecyl group, a tetradecyl group,
an octadecyl group, a tetracosanyl group, a tetracontanyl
group, etc. These groups may be substituted.

[0051] The cycloalkyl group in the group o includes a
cyclopropyl group, a cyclobutyl group, a cyclopentyl group,
a cyclohexyl group, a cycloheptyl group, a cyclooctyl group,
an adamanty! group, etc. These groups may be substituted.
[0052] Examples of the aryl group in the group o include
a phenyl group, a naphthyl group, a naphthylphenyl group,
a biphenylyl group, a terphenylyl group, a quaterphenyl
group, a quinquephenylyl group, an acenaphthylenyl group,
an anthryl group, a benzanthryl group, an aceanthryl group,
a phenanthryl group, a benzophenanthryl group, a phenale-
nyl group, a fluorenyl group, a 9,9'-spirobifluorenyl group,
a benzofluorenyl group, a dibenzofluorenyl group, a picenyl
group, a pentaphenyl group, a pentacenyl group, a pyrenyl
group, a chrysenyl group, a benzochrysenyl group, an s-in-
danyl group, an as-indanyl group, a fluoranthenyl group, a
benzofluoranthenyl group, a tetracenyl group, a triphenyle-
nyl group, a benzotriphenylenyl group, a perylenyl group, a
coronyl group, a dibenzoanthryl group, a 9,9-dimethylfluo-
renyl group, a 9,9-diphenylfluorenyl group, etc. These
groups may be substituted.
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[0053] The heteroaryl group in the group ¢ contains at
least one, preferably 1 to 5 (more preferably 1 to 3, even
more preferably 1 or 2) hetero atoms. Examples of the hetero
atom include a nitrogen atom, a sulfur atom, an oxygen atom
and a phosphorus atom. Examples of the heteroaryl group in
the group a include a pyrrolyl group, a furyl group, a thienyl
group, a pyridyl group, a pyridazinyl group, a pyrimidinyl
group, a pyrazinyl group, a triazinyl group, an imidazolyl
group, an oxazolyl group, a thiazolyl group, a pyrazolyl
group, an isoxazolyl group, an isothiazolyl group, an oxadi-
azolyl group, a thiadiazolyl group, a triazolyl group, a
tetrazolyl group, an indolyl group, an isoindolyl group, a
benzofuranyl group, an isobenzofuranyl group, a benzoth-
iophenyl group, an isobenzothiophenyl group, an indolidinyl
group, a quinolidinyl group, a quinolyl group, an isoquinolyl
group, a cinnolyl group, a phthalazinyl group, a quinazolinyl
group, a quinoxalinyl group, a benzimidazolyl group, a
benzoxazolyl group, a benzothiazolyl group, an indazolyl
group, a benzisoxazolyl group, a benzisothiazolyl group, a
dibenzofuranyl group, a dibenzothiophenyl group, a carba-
zolyl group, a bicarbazolyl group, a phenanthridinyl group,
an acridinyl group, a phenanthrolinyl group, a phenazinyl
group, a phenothiazinyl group, a phenoxazinyl group. an
azatriphenylenyl group, a diazatriphenylenyl group, a xan-
thenyl group, an azacarbazolyl group, an azadibenzofuranyl
group, an azadibenzothiophenyl group, a benzofuranoben-
zothiophenyl group, a benzothienobenzothiophenyl group, a
dibenzofuranonaphthyl group, a dibenzothienonaphthyl
group, a dinaphthothienothiophenyl group, a dinaphtho-<2',
3':2,3:2' 3".6,7>-carbazoyl group, etc. These groups may be
substituted.

[0054] In this description, the substituted or unsubstituted
carbazolyl group includes, in addition to the following
carbazolyl groups:

" |v
N N ,
0
and a substituted carbazolyl group having any arbitrary

substituent, for example, the following substituted carba-
zolyl groups.
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[0055] 1In this description, the substituted or unsubstituted
dibenzofuranyl group and the substituted or unsubstituted
dibenzothiophenyl group include, in addition to the follow-
ing dibenzofuranyl group and dibenzothiophenyl group,

/ (0) / S )
00

and a substituted dibenzofuranyl group and a substituted
dibenzothiophenyl group having any arbitrary substituent,
for example, the following substituted dibenzofuranyl
groups and substituted dibenzothiopheny! groups:

X

iﬁ
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-continued

X

wherein X represents an oxygen atom or a sulfur atom, Y
represents an oxygen atom, a sulfur atom, NH, NR* (R?
represents an alkyl group or an aryl group), CH, or CR?, (R?
represents an alkyl group or an aryl group).

[0056] The aralkyl group in the group o includes an
aralkyl group having the above-mentioned aryl group with 6
to 60 ring carbon atoms, more concretely a benzyl group, a
phenethyl group, a phenylpropyl group, etc. These may be
substituted.

[0057] The mono-substituted or di-substituted amino
group in the group o includes a mono-substituted or di-
substituted amino group having a substituent selected from
a group consisting of the above-mentioned alkyl group and
the above-mentioned aryl group. These may be further
substituted.

[0058] The alkoxy group in the group o includes an
alkoxy group having the above-mentioned alkyl group with
1 to 50 carbon atoms, more concretely a methoxy group, an
ethoxy group, a methoxy group, an i-propoxy group, an
n-propoxy group, an n-butoxy group, an s-butoxy group, a
t-butoxy group, etc., and these may be further substituted.
[0059] The cycloalkoxy group in this embodiment
includes a cycloalkoxy group having the above-mentioned
cycloalkyl group with 3 to 50 carbon atoms. These may be
further substituted.

[0060] The aryloxy group in the group o includes an
aryloxy group having the above-mentioned aryl group with
610 60 ring carbon atoms, more concretely a phenoxy group,
etc. These may be further substituted.

[0061] The alkylthio group in the group o includes an
alkylthio group having the above-mentioned alkyl group
with 1 to 50 carbon atoms. These may be further substituted.
[0062] The arylthio group in the group o includes an
arylthio group having the above-mentioned aryl group with
6 to 60 ring carbon atoms. These may be further substituted.
[0063] The mono-substituted, di-substituted or tri-substi-
tuted silyl group in the group « includes a mono-substituted,
di-substituted or tri-substituted silyl group having a substitu-
ent selected from a group consisting of the above-mentioned
alkyl group with 1 to 50 carbon atoms and the above-
mentioned aryl group with 6 to 60 ring carbon atoms, more
concretely a trimethylsilyl group, a triethylsilyl group, a
t-butyldimethylsilyl group, a vinyldimethylsilyl group, a
propyldimethylsilyl group, an isopropyldimethylsilyl group,
a triphenylsilyl group, a phenyldimethylsilyl group, a t-bu-
tyldiphenylsilyl group, a tritolylsilyl group, etc. These may
be further substituted.

[0064] The haloalkyl group in the group o includes the
above-mentioned alkyl group with 1 to 50 carbon atoms in
which one or more hydrogen atoms are substituted with a
halogen atom (fluorine atom, chlorine atom, bromine atom,
iodine atom), concretely a trifluoromethyl group, a penta-
fluoroethyl group, a heptafluoropropyl group, etc. These
may be further substituted.
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[0065] The sulfonyl group in the group o includes a
sulfonyl group having a substituent selected from a group
consisting of the above-mentioned alkyl group with 1 to 50
carbon atoms and the above-mentioned aryl group with 6 to
60 ring carbon atoms. These may be further substituted.

\ / 41 X X53’X54

X43\‘(44

[0066] The di-substituted phosphoryl group in the group c
includes a di-substituted phosphoryl group having a sub-
stituent selected from a group consisting of the above-
mentioned alkyl group with 1 to 50 carbon atoms and the
above-mentioned aryl group with 6 to 60 ring carbon atoms.
These may be further substituted.

[0067] The alkylsulfonyloxy group, the arylsulfonyloxy
group, the alkylcarbonyloxy group, the arylcarbonyloxy
group, and the alkyl-substituted or aryl-substituted carbonyl
group in the group o include those having a substituent
selected from the above-mentioned alkyl group and the
above-mentioned aryl group.

[0068] Ry' is preferably a substituted or unsubstituted aryl
group having 6 to 60 ring carbon atoms, more preferably a
phenyl group.

[0069] Rx'in the formulae (Cz-1), (Cz-11), (Cz-12) and
(Cz-13) is described below.

[0070] Rx' is each independently a hydrogen atom or a
substituent. Examples of the substituent include those listed
in the above-mentioned <Group o>, but are not limited
thereto.

[0071] Rx'is preferably a hydrogen atom, or a substituted
or unsubstituted aryl group having 6 to 60 ring carbon
atoms, more preferably a hydrogen atom.

[0072] Rx"’s may form a ring. The ring includes, though
not specifically limited thereto, a substituted or unsubsti-
tuted aromatic hydrocarbon ring having 6 to 30 ring carbon
atoms and a substituted or unsubstituted aromatic hetero ring
having 5 to 30 ring atoms, and preferably a benzene ring, a
naphthalene ring, a pyridine ring, a quinoline ring and an
isoquinoline ring.

[0073] Cz? in the formula (1) is, as described above, a
group represented by the formula (Cz-2). Preferred embodi-
ments of the formula (Cz-2) are described below.

[0074] Preferably, X** to X** each are independently C-**,
[0075] Preferably, one of X*® and X*” is a carbon atom
bonding to **', and more preferably X*° is a carbon atom
bonding to *'. Preferably, three of X* to X** not bonding
to **' each are independently C-**

[0076] Preferably, one of X2 and X is a carbon atom
bonding to *°!, more preferably X°* is a carbon atom
bonding to **'. Preferably, three of X*' to X*>* not bonding
to **! each are independently C-**

[0077] Preferably, X*° to X°® each are independently rep-
resent C-**,

6
X45— X46 52"‘51 %52 X
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[0078] Preferably, one of **’s bonds to L. in the formula
(1), the others each bond to Rye, and every ** bonds to Rx*.

[0079] Cz?in the formula (1) is preferably a group repre-
sented by the formula (Cz-2a):

(Cz-2a)
I|<y2

X068

}‘56 \*61 \ / %/Xﬂ

‘(6 5= X%

wherein X* to X** each independently represent N or C-**,
one of X** to X*® is a carbon atom bonding to **', and the
other three each are independently N or C-**,
one of X*! to X>* is a carbon atom bonding to ***, and the
other three each are independently N or C-**,

one of X*° to X°® is a carbon atom bonding to **2, and the
other three each are independently N or C-**,

one of X®! to X** is a carbon atom bonding to *%*, and the
other three each are independently N or CRx?,

X% to X% each independently represent N or CRx?,

*32

one of **’s or one of **’s bonds to L? in the formula (1),

*3 pot bonding to L? bonds to Ry?,
** not bonding to L? bonds to Rx?,

Ry® each independently represents a hydrogen atom or a
substituent,

Rx* each independently represents a hydrogen atom or a
substituent, and

Rx*’s may form a ring.

[0080] Preferably, X** to X** each are independently C-**,
[0081] Preferably one of X*° and X*” is a carbon atom
bonding to **', more preferably X*® is a carbon atom

bonding to **!. Preferably, three of X** to X** not bonding
to **' each are independently C-#*,

[0082] Preferably, one of X% and X is a carbon atom
bonding to *°!, more preferably X>* is a carbon atom
bonding to **!. Preferably, three of X>! to X>* not bonding
to **! each are independently C-**,

[0083] Preferably, one of X°° and X°7 is a carbon atom
bonding to *3%, more preferably X°° is a carbon atom
bonding to **2. Preferably, three of X** to X°® not bonding
to *>2 each are independently C-**,

[0084] Preferably one of X°* and X is a carbon atom
bonding to *®!, more preferably X* is a carbon atom
bonding to *°'. Preferably, three of X°' to X** not bonding
to *5! each are independently CRx>.

[0085] Preferably, X% to X®® each are independently
CRx™.

[0086] Preferably, one of **’s bonds to L? in the formula
(1) and the other bonds to Ry?, and every ** bonds to Rx*.
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[0087] Cz?in the formula (1) is preferably a group repre-
sented by the formula (CZ-21a):

(Cz-21a)

i t

|
41 7\4\8 "Xél N X\is
47 A7 62 67

X X

e 0y
X 3-.X44 X45 54 X5 64 565X

wherein X* to X*°, X*" to X*8, X°! to X*2, X>* to X*° and
X7 to X°® each independently represent N or C-**,

X5 to X2 and X%* to X°® each independently represent N or
CRx?,

one of **’s or one of **’s bonds to L? in the formula (1),
*3 not bonding to L bonds to Ry,

** not bonding to L.> bonds to Rx?,

Ry” each independently represents a hydrogen atom or a
substituent,

Rx? each independently represents a hydrogen atom or a
substituent, and

Rx*'s may form a ring.

[0088] Preferably, X*! to X**, X*7 10 X*, X*! t0 X*?, X**
to X>° and X*7 to X>* each are independently C-#*,

[0089] Preferably, X°' to X and X to X°® each are
independently CRx>.
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[0090] Preferably one of **’s bonds to L? in the formula
(1), the others each bond to Ry?, and every ** bonds to Rx”.

[0091] Cz? in the formula (1) is preferably a group repre-
sented by the formula (Cz-22a):

(Cz-22a)

wherein X*' to X*°, X*" to X*%, X! t0 X2, X** t0 X°°, X*’
to X%, X5 to X* and X* to X® each independently
represent N or CRx?,

*3 bonds to L? in the formula (1),

Ry? each independently represents a hydrogen atom or a
substituent,

Rx? each independently represents a hydrogen atom or a
substituent, and
Rx*’s may form a ring.

[0092] Preferably, X* to X*, X*" to X*, X°! to X2, X**
to X*°, X°7 to X°%, X% to X°? and X®* to X®® each are
independently CRx>.

[0093] Cz? in the formula (1) is preferably a group repre-
sented by the formula (Cz-23a):

(Cz-23a)
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wherein ** bonds to [? in the formula (1),

Ry each independently represents a hydrogen atom or a
substituent,

Rx? each independently represents a hydrogen atom or a
substituent, and

Rx®’s may form a ring.

[0094] CzZ? in the formula (1) is preferably a group repre-
sented by the formula (Cz-24a):

(Cz-24a)
Ry? Ry?

I I
N N

ats
O

%3

wherein ** bonds to L? in the formula (1), and

Ry” each independently represents a hydrogen atom or a
substituent.

[0095] Cz? in the formula (1) is preferably a group repre-
sented by the formula (Cz-21 b):

(Cz-21b)

/X54 XSi\.XSG

\
52 57
25N . / \ #

wherein X* to X**, X*" to X*, X! to X*? and X** to X**®
each independently represent N or C-**,

one of **’s or one of **’s bonds to L* in the formula (1),
#* not bonding to L? bonds to Ry?,
** not bonding to L7 bonds to Rx?,

Ry each independently represents a hydrogen atom or a
substituent,

Rx? each independently represents a hydrogen atom or a
substituent, and

Rx*s may form a ring.

[0096] Preferably, X*! to X**, X*” to X**, X! to X** and
X% to X°8 each are independently C-**.

[0097] Preferably one of **’s bonds to L? in the formula
(1), the others each bond to Ry?, and every ** bonds to Rx*.
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[0098] Cz?in the formula (1) is preferably a group repre-
sented by the formula (Cz-22b):

(Cz-22b)

Ry2
/X4l N X48
i \ / N

X4il§X44 45

/X54 XSE\_Xss
\
X2 X7
BN I\
XS 1 X58

N

|

#3
wherein X* to X*, X*7 to X*, X°! to X2 and X>* to X*®
each independently represent N or CRx?,
3 bonds to L? in the formula (1),
Ry? represents a hydrogen atom or a substituent,
Rx* each independently represents a hydrogen atom or a
substituent, and
Rx*’s may form a ring.
[0099] Preferably, X*' to X**, X* to X**, X*! to X** and
X>* to X°® each are independently CRx>.
[0100] Cz?in the formula (1) is preferably a group repre-
sented by the formula (Cz-23 b):

(Cz-23b)

wherein *° bonds to L? in the formula (1),

Ry? represents a hydrogen atom or a substituent,

Rx” each independently represents a hydrogen atom or a
substituent, and

Rx*’s may form a ring.

[0101] Cz?in the formula (1) is preferably a group repre-
sented by the formula (Cz-24b):

(Cz-24b)
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wherein ** bonds to .? in the formula (1), and Ry~ represents
a hydrogen atom or a substituent.

[0102] Ry® in the formulae (Cz-2), (Cz-2a), (Cz-2la),
(Cz-22a), (Cz-23a), (Cz-24a), (Cz-21 b), (Cz-22 b), (Cz-
23b) and (Cz-24b) is described below.

[0103] Ry® each independently represents a hydrogen
atom or a substituent. Examples of the substituent include,
though not limited thereto, those listed in the above-men-
tioned <Group o>.

[0104] Ry?is preferably a substituted or unsubstituted aryl
group having 6 to 60 ring carbon atoms, more preferably a
phenyl group.

[0105] Rx? in the formulae (Cz-2), (Cz-2a), (Cz-21a),
(Cz-22a), (Cz-23a), (Cz-21 b), (Cz-22b) and (Cz-23b) is
described below.

[0106] Rx* each independently represents a hydrogen
atom or a substituent. Examples of the substituent include,
though not limited thereto, those listed in the above-men-
tioned <Group o>.

[0107] Rx is preferably a hydrogen atom or a substituted
or unsubstituted aryl group having 6 to 60 ring carbon
atoms, more preferably a hydrogen atom.

[0108] Rx>s may form a ring. The ring includes, though
not limited thereto, a substituted or unsubstituted aromatic
hydrocarbon ring having 6 to 30 ring carbon atoms and a
substituted or unsubstituted aromatic hetero ring having 5 to
30 ring atoms, preferably a benzene ring, a naphthalene ring,
a pyridine ring, a quinoline ring and an isoquinoline ring.

[0109] A in the formula (1) is, as described above, a
residue of a substituted or unsubstituted nitrogen-containing
aromatic hetero ring having 6 to 30 ring atoms. Here, the
“residue of a nitrogen-containing aromatic hetero ring”
means a divalent ring derived from a nitrogen-containing
aromatic hetero ring by removing two hydrogen atoms from
the ring. For example, in the case where the nitrogen-
containing aromatic hetero ring is a pyridine ring, the
residue of the nitrogen-containing aromatic hetero ring is a
pyridylene group (or also referred to as a pyridine-diyl
group). In the case where the nitrogen-containing aromatic
hetero ring is substituted, the two hydrogen atoms to be
removed from the ring are selected from the hydrogen atoms
bonding to the atoms that constitute the ring itself of the
nitrogen-containing aromatic hetero ring, and are not
selected from the hydrogen atoms bonding to the substituent
that substitutes on the nitrogen-containing aromatic hetero
ring. For example, a group represented by the following (i)
may be said to be a residue of a pyridine ring substituted
with an alkyl group, but a group represented by the follow-
ing (ii) cannot be said to be a residue of a pyridine ring
substituted with an alkyl group.

N CH;
| AN

Va

(if)
m

N, Cc—
| A

F
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[0110] A is preferably a residue of a nitrogen-containing
aromatic hetero ring selected from a group consisting of a
substituted or unsubstituted pyridine ring, a substituted or
unsubstituted pyrazine ring, a substituted or unsubstituted
pyrimidine ring, a substituted or unsubstituted pyridazine
ring, a substituted or unsubstituted triazine ring, a substi-
tuted or unsubstituted quinoline ring, a substituted or unsub-
stituted isoquinoline ring, a substituted or unsubstituted
quinoxaline ring, a substituted or unsubstituted quinazoline
ring, a substituted or unsubstituted cinnoline ring, a substi-
tuted or unsubstituted benzoquinazoline ring, and a substi-
tuted or unsubstituted azafluoranthene ring, more preferably
a residue of a nitrogen-containing aromatic hetero ring
selected from a group consisting of a substituted or unsub-
stituted pyrimidine ring, a substituted or unsubstituted tri-
azine ring, a substituted or unsubstituted quinazoline ring, a
substituted or unsubstituted benzoquinazoline ring, and a
substituted or unsubstituted azafluoranthene ring, even more
preferably a residue of a nitrogen-containing aromatic hetero
ring selected from a group consisting of a substituted or
unsubstituted pyrimidine ring, and a substituted or unsub-
stituted quinazoline ring.

[0111] A in the formula (1) is preferably a group repre-
sented by the formula (A-1) or (A-2):

A-D
Rx?

N)\XZ
N
*SJ\N/ #6

RX3

XIJ\N
PN
%5 N/ %6

wherein X* and X* each independently represent N or CRx,
Rx® each independently represents a hydrogen atom or a
substituent,

*> bonds to L' in the formula (1),

*S bonds to L.? in the formula (1), and

Rx*’s may form a ring.

[0112] Preferably, X' and X* each are independently
CRx’.

[0113] A in the formula (1) is preferably a group repre-
sented by the formula (A-3) or (A-4):

] (a)
RXJ
N/g N
)|\ /)\
%5 X3 %6
i ] (A-4)
x6 4XY
I,

N

| X
5)\N/ RX

L3
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wherein X? to X each independently represent N or CRx,
Rx” each independently represents a hydrogen atom or a
substituent,

> bonds to L' in the formula (1),

*S bonds to L in the formula (1), and

Rx*’s may form a ring.

[0114] Preferably, X® to X® each are independently CRx".
[0115] Rx® each independently represents a hydrogen
atom or a substituent. Examples of the substituent include,
though not limited thereto, those listed in the above-men-
tioned <Group o>

[0116] Rx?is preferably a substituted or unsubstituted aryl
group having 6 to 60 ring carbon atoms, or a substituted or
unsubstituted heteroaryl group having 5 to 60 ring atoms,
more preferably a substituted or unsubstituted aryl group
having 6 to 60 ring carbon atoms, even more preferably a
phenyl group.

[0117] Rx*s may form a ring. The ring includes, though
not limited thereto, a substituted or unsubstituted aromatic
hydrocarbon ring having 6 to 30 ring carbon atoms, and a
substituted or unsubstituted aromatic hetero ring having 5 to
30 ring atoms, preferably a benzene ring, a naphthalene ring,
a pyridine ring, a quinoline ring and an isoquinoline ring.

[0118] L' and L?in the formula (1) each are, as described
above, independently a substituted or unsubstituted arylene
group having 6 to 60 ring carbon atoms.

[0119] Preferably, L' and L* each are independently a
phenylene group or a naphthylene group.

[0120] nl and n2 in the formula (1) each are, as described
above, independently an integer of 0 to 4.

[0121] Preferably, nl and n2 each are independently an
integer of 0 to 2, more preferably 0 or 1.

[0122] When nl1=0, this means that A and Cz' bond via a
single bond.

[0123] When n2=0, this means that A and Cz* bond via a
single bond.

[0124] When nl is an integer of 2 to 4, L">s may be the
same as or different from each other. I."’s may form a ring.
[0125] When n2 is an integer of 2 to 4, L*’s may be the
same as or different from each other. I.*’s may form a ring.
[0126] In the formula (1), preferably, the structure repre-
sented by -(L"), ,-Cz" differs from the structure represented
by -(L%),,-Cz>. Having the configuration, the compound (1)
can readily dissolve in solvent.

[0127] In order that the structure represented by (1), -
Cz* differs from the structure represented by -(1?),,-C7?, for
example, the following (a) to (e) are preferred.

[0128] (a): In the formula (1), nl=n2.

[0129] (b): In the formula (1), any one of nl and n2 is 0,
and the other is an integer of 1 to 4.

[0130] (c): In the formula (1), n1=n2, and L' and L? differ.

[0131] (d): The compound (1) is represented by the for-
mula (1-x) or (1-y):

(1-x)
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-continued

wherein Cz!, Cz* and A are the same as Cz,
the formula (1).

[0132] (e): In the formula (1), CZ* is represented by the
formula (Cz-24 b).

[0133] The compound (1) is preferably represented by the
formula (1-2):

{19

Cz® and A in

37
33//X \X36
A \

X35
|

Ry!—N
/

34
31 f(

N—(-Ll-)rA—(-Llﬁ,Tsz

>

——

XZ’

Ryl_

/ /;(14

\Xqu”

>~

[0134] Inthe formula (1-2), X' to X'* X7 t0 X'%, X' 10
X22, X% 10 X2%, X27 10 X28, X3! to X32 and X>* to X% each
independently represent N or CRx?,

Ry' each independently represents a hydrogen atom or a
substituent,

Rx! each independently represents a hydrogen atom or a
substituent, and

Rx"’s may form a ring.

[0135] In the formula (1-2), Cz%, A, L', L%, nl and n2 are
the same as Cz>, A, L', L%, nl and n2 in the formula (1).

[0136] Preferably, XM 10 X", X7 o X', X 1o X2, X
to X, X*7 to X%, X*' to X*? and X** to X*® each are
independently CRx'.

[0137] In the formula (1-2), preferably, the structure rep-
resented by the formula (1-2-L) differs from the structure
represented by -(1?),,-Cz*:
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//X\X36
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Ry!—N
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Y
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[0138] The compound (1) is preferably represented by the
formula (1-2a):

" //X37\X3 6
X W
b:& 5

X34
X27
/ \\XZS

Ry'—

T

/
X3 l
\X32
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(1-2a)

XZS X54
= W
N—L'%m—A— 123N
x4 = = 55
L e &
X7 22 x57 X6
7 N
18 61
X \ | X
XlS X64
\ /
Ryl— \I—Ryz
S AN
1 /X X\ 68
X\ ‘XIB \Xss 2y
12 ~x67

[0139] 1In the formula (1-2a), X" to X'?, X'7 10 X% X*!
to X2, X** to X*°, X*7 to X%, X*! to X*? and X** to X?*
each independently N or CRx',

Ry' each independently represents a hydrogen atom or a
substituent,

Rx! each independently represents a hydrogen atom or a
substituent,

X41 to X45 X47 to X48 XSI to XSE X54 to XSS X57 to XSS
X% to X% and X** to X°® each independently represent N or
CRx7,

Ry? each independently represents a hydrogen atom or a
substituent,

Rx~ each independently represents a hydrogen atom or a
substituent,

Rx"’s may form a ring, and

Rx*’s may form a ring.



US 2016/0329505 A1 Nov. 10, 2016

15
[0140] In the formula (1-2a), A, L', L.?, nl and n2 are the _continued
same as A, L', L* nl and n2 in the formula (1).
[0141] Preferably, X' to X*°, X7 to X8, X*! 10 X*2, X**
to X*, X*7 to X*%, X*! to X*? and X** to X*® each are
independently CRx".
[0142] Preferably, X*! to X*°, X*" to X*, X*' t0 X2, X**
to X», X¥ to X°%, X% 1o X6° and X% to X% each are X43—Xi\2
independently CRx?. I X!
[0143] In the formula (1-2a), preferably, the structure X¥
represented by the formula (1-2a-L) differs from the struc- =
ture represented by the formula (1-2a-R). Loal N—Ry’
X (1-2a-1) I
/36 X
X38 \\ . \ /,X48
~/ Ped x4
XSI
Ry'—N §(s4

>

34
31\\ /X — LN
X27 = 55
58
X /
X57 X6\2
1 / Vo1
N+L X64

(1-2a-R)

X24 ==
\ N—Ry?
Xp 65 —
)i\ 68
X2
S
Ryl_
= 14
w0
x12-X [0144] Preferably, the compound (1) is represented by the

formula (1-2 b):

X37\X35 X43'Xi\2
XA %
X5 X
\ /
Ry!—N N—Ry?

= X34 X45
X31\ / \ //X48
x* x2 X2 x47
/ N x28 XSI’ \
x25 x5+
= S
N—LY3—A—133—N
X24 == = X55
21 58
\ S AN )/(/56
X17 XZZ X57’
XISI \
XI5
o
Ry!—N
x4
Xll l/
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[0145] In the formula (1-2b), X! to X'?, X'7 to X'®, X*!
to X*2, X** to X*°, X*7 to X*%, X*! to X*? and X** to X*®
each independently represent N or CRx,

Ry' each independently represents a hydrogen atom or a
substituent,

Rx' each independently represents a hydrogen atom or a
substituent,

X* 10 X, X 10 X*¥, X! 10 X°2 and X** to X°® each
independently represent N or CRx?,

Ry” represents a hydrogen atom or a substituent,

Rx” each independently represents a hydrogen atom or a
substituent,

Rx"’s may form a ring, and
Rx®’s may form a ring.

[0146] In the formula (1-2b), A, LY, L2, nl and n2 are the
same as A, L', L* nl and n2 in the formula (1).

[0147] Preferably, X*! to X*°, X'7 to X*#, X*' t0 X*?, X**
to X%, X7 to X%8, X°! to X** and X** to X*® each are
independently CRx'.

[0148] Preferably, X*' to X*, X*” to X*%, X°! to X** and
X>* to X°® each are independently CRx*.

[0149] In the formula (1-2b), preferably, the structure
represented by the formula (1-2b-L) differs from the struc-
ture represented by the formula (1-2b-R).

(1-2b-L)
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-continued
. (1-2b-R)
X
43
;l( \\X41
X44

[0150] Preferably, the compound (1) is represented by the
formula (1-3):

{1-3)

[0151] In the formula (1-3), Ry* each independently rep-
resents a hydrogen atom or a substituent, Rx' each indepen-
dently represents a hydrogen atom or a substituent, and
Rx"’s may form a ring.

[0152] In the formula (1-3), CZ%, A, L', L%, nl and n2 are
the same as Cz%, A, L', L? nl and n2 in the formula (1).
[0153] In the formula (1-3), preferably the structure rep-
resented by the formula (1-3-L) differs from the structure
represented by -(1?),,-Cz.
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1-3-1)

[0154] Preferably, the compound (1) is represented by the
formula (1-3a):
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[0155] In the formula (1-3a), Ry' each independently _continued
represents a hydrogen atom or a substituent,

Rx! each independently represents a hydrogen atom or a
substituent,

Ry* each independently represents a hydrogen atom or a
substituent,

Rx® each independently represents a hydrogen atom or a
substituent,

Rx"’s may form a ring, and

Rx>’s may form a ring.

[0156] In the formula (1-3a), A, L', L2, nl and n2 are the
same as A, L', L* nl and n2 in the formula (1).

[0157] In the formula (1-3a), preferably, the structure
represented by the formula (1-3a-L) differs from the struc-
ture represented by the formula (1-3a-R):

(1-3a-R)

(1-3a-L)

[0158] Preferably, the compound (1) is represented by the
formula (1-3b).

(1-3b)
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[0159] In the formula (1-3b), Ry' each independently
represents a hydrogen atom or a substituent,

Rx! each independently represents a hydrogen atom or a
substituent,

Ry® each independently represents a hydrogen atom or a
substituent,

Rx? each independently represents a hydrogen atom or a
substituent,

Rx"’s may form a ring, and

Rx?’s may form a ring.

[0160] In the formula (1-3b), A, LY, L?, nl and n2 are the
same as A, L', L?, nl and n2 in the formula (1).

[0161] In the formula (1-3b), preferably, the structure
represented by the formula (1-3b-L) differs from the struc-
ture represented by the formula (1-3 b-R).

(1-3b-L)

(1-3b-R)
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[0162] Preferably, the compound (1) is represented by the
formula (1-4):

)
9

(1-4)

Ry!'—N

N-CL9—A~+175—C2

()
[
)

Ry!'—N

9

[0163] In the formula (1-4), Ry' each independently rep-
resents a hydrogen atom or a substituent.

[0164] In the formula (1-4), Cz*, A, L', L* nl and n2 are
the same as Cz%, A, L', L% nl and n2 in the formula (1).

[0165] In the formula (1-4), preferably, the structure rep-
resented by the formula (1-4-L) differs from the structure
represented by -(L?),,-Cz>.

(14-L)

Ry!—N

9

N—+Ll—
Ry!'—N

)
9
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[0166] Preferably, the compound (1) is represented by the
formula (1-4a).

(1-42)
[ &
Ry!—N N—Ry'
9 (
& ()
N—L'5—A—129—N
(J 9
[ &
Ry'—N N—Ry!
9 9
[0167] In the formula (1-4a), Ry' each independently -continued

represents a hydrogen atom or a substituent, Ry each
independently represents a hydrogen atom or a substituent.
[0168] In the formula (1-4a), A, L', L?, nl and n2 are the
same as A, L', L*, nl and n2 in the formula (1).

[0169] In the formula (1-4a), preferably, the structure

represented by the formula (1-4a-L) differs from the struc-
ture represented by the formula (1-4a-R). O
(14a-L)

N—Ry?

)

Ne
() %N
9

N—~L!5—

Ry!'—N Q
.

(1-4a-R)
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[0170] Preferably, the compound (1) is represented by the
formula (1-4b):

g
g

Ry!—N

N—L'3—A—129—N,
Ry'—N
[0171] In the formula (1-4b), Ry' each independently
represents a hydrogen atom or a substituent, Ry” represents
a hydrogen atom or a substituent.
[0172] In the formula (1-4b), A, L', L? nl and n2 are the
same as A, L', L*, nl and n2 in the formula (1).
[0173] Preferred embodiments of Ry' in the formulae
(1-2), (1-2a), (1-2b), (1-3), (1-3a), (1-3b), (1-4), (1-4a) and
(1-4b) are the same as the preferred embodiments of Ry' in
the formulae (Cz-1), (Cz-11), (Cz-12), (Cz-13) and (Cz-14).
[0174] Preferred embodiments of Rx' in the formulae
(1-2), (1-2a), (1-2b), (1-3), (1-3a) and (1-3b) are the same as
the preferred embodiments of Rx' in the formulae (Cz-1),
(Cz-11), (Cz-12) and (Cz-13).
[0175] Preferred embodiments of Ry” in the formulae
(1-2), (1-2a), (1-2b), (1-3), (1-3a), (1-3b), (1-4), (1-4a) and
(1-4b) are the same as the preferred embodiments of Ry in
the formulae (Cz-2), (Cz-2a), (Cz-21a), (Cz-22a), (Cz-23a),
(Cz-24a), (Cz-21 b), (Cz-22b), (Cz-23b) and (Cz-24 b).
[0176] Preferred embodiments of Rx* in the formulae
(1-2), (1-2a), (1-2b), (1-3), (1-3a) and (1-3b) are the same as
the preferred embodiments of Rx* in the formulae (Cz-2),
(Cz-2a), (Cz-21a), (Cz-22a), (Cz-23a), (Cz-21b), (Cz-22b)
and (Cz-23 b).
[0177] The optional substituent in the above-mentioned
expression of “substituted or unsubstituted” is preferably
selected from a group consisting of an alkyl group having 1
to 50 (preferably 1 to 18, more preferably 1 to 8) carbon
atoms, a cycloalkyl group having 3 to 50 (preferably 3 to 10,
more preferably 3 to 8, even more preferably 5 or 6) ring
carbon atoms, an aryl group having 6 to 50 (preferably 6 to
25, more preferably 6 to 18) ring carbon atoms, an aralkyl

group having 7 to 51 (preferably 7 to 30, more preferably 7
to 20) carbon atoms and having an aryl group with 6 to 50

21

-0
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(1-4b)

(preferably 6 to 25, more preferably 6 to 18) ring carbon
atoms, an amino group, a mono-substituted or di-substituted
amino group having a substituent selected from an alkyl
group having 1 to 50 (preferably 1 to 18, more preferably 1
to 8) carbon atoms and an aryl group having 6 to 50
(preferably 6 to 25, more preferably 6 to 18) ring carbon
atoms, an alkoxy group having an alkyl group with 1 to 50
(preferably 1 to 18, more preferably 1 to 8) carbon atoms, an
aryloxy group having an aryl group with 6 to 50 (preferably
6 to 25, more preferably 6 to 18) ring carbon atoms, a
mon-substituted, di-substituted or tri-substituted silyl group
having a substituent selected from an alkyl group with 1 to
50 (preferably 1 to 18, more preferably 1 to 8) carbon atoms
and an aryl group with 6 to 50 (preferably 6 to 25, more
preferably 6 to 18) ring carbon atoms, a heteroaryl group
having 5 to 50 (preferably 5 to 24, more preferably 5 to 13)
ring atoms, a haloalkyl group having 1 to 50 (preferably 1
to 18, more preferably 1 to 8) carbon atoms, a halogen atom
(fluorine atom, chlorine atom, bromine atom, iodine atom),
a cyano group, a nitro group, a sulfonyl group having a
substituent selected from an alkyl group with 1 to 50
(preferably 1 to 18, more preferably 1 to 8) carbon atoms and
an aryl group with 6 to 50 (preferably 6 to 25, more
preferably 6 to 18) ring carbon atoms, a di-substituted
phosphoryl group having a substituent selected from an
alkyl group with 1 to 50 (preferably 1 to 18, more preferably
1 to 8) carbon atoms and an aryl group with 6 to 50
(preferably 6 to 25, more preferably 6 to 18) ring carbon
atoms, an alkylsulfonyloxy group, an arvlsulfonyloxy group,
an alkylcarbonyloxy group, an arylcarbonyloxy group, a
boron-containing group, a zinc-containing group, a tin-
containing group, a silicon-containing group, a magnesium-
containing group, a lithium-containing group, a hydroxy
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group, an alkyl-substituted or aryl-substituted carbonyl
group, a carboxyl group, a vinyl group, a (meth)acryloyl
group, an epoxy group, and an oxetanyl group.

[0178] These substituents may be further substituted with
any of the above-mentioned optional substituents. A plural-
ity of these substituents may bond to each other to form a
ring.

Nov. 10, 2016

[0179] “Unsubstituted” in the case of “substituted or
unsubstituted” means that the group is not substituted with
a substituent and a hydrogen atom bonds thereto.

[0180] Specific examples of the compound (1) are shown

below. However, the compound (1) is not restricted to these
specific examples.
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-continued

[Material for Organic Electroluminescence Devices]

[0181] The material for organic electroluminescence
devices of one aspect of the present invention is described
below. (Hereinafter the “material for organic electrolumi-
nescence devices” may be abbreviated as the “material for
organic EL devices™.)

[0182] The material for organic EL devices of one aspect
of the present invention includes the compound (1). The
compound (1) is useful as a material in organic EL devices.

[0183] The content of the compound (1) in the material for
organic EL devices may be 1% by mass or more, preferably
10% by mass or more, more preferably 50% by mass or

more, even more preferably 80% by mass or more, and
especially preferably 90% by mass or more.

[0184] The material for organic EL devices of one aspect
of the present invention may be used, for example, as a host
material or a dopant material in the light emitting layer in a
fluorescent emitting unit, or may be used as a host material
in the light emitting layer in a phosphorescent emitting unit.
In this case, the light emitting layer contains the material for
organic EL devices of one aspect of the present invention
and a fluorescent light emitting material or a phosphorescent
light emitting material. In any of the fluorescent emitting
unit or the phosphorescent emitting unit, the material for
organic EL devices of one aspect of the present invention is
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useful as a material for the organic thin film layers on the
anode side to be arranged between the anode and the light
emitting layer in an organic EL device or as a material for
the organic thin film layers on the cathode side to be
arranged between the cathode and the light emitting layer of
an organic EL device, or that is, as a material for the hole
transporting layer, the hole injection layer, the electron
transporting layer, the electron injection layer, the hole
blocking layer, the electron blocking layer, etc.

[0185] Here, “light emitting unit” means a minimum unit
containing one or more organic layers, in which one layer is
a light emitting layer and the injected holes and electrons are
recombined for light emission.

[Ink Composition]

[0186] The ink composition of one aspect of the present
invention is described below.

[0187] The ink composition of one aspect of the present
invention contains a solvent and the compound (1) dissolved
in the solvent. The ink composition of one aspect of the
present invention may be used for forming an organic thin
layer to constitute an organic EL device.

[0188] The ink composition of one aspect of the present
invention may contain additives such as a hole transporting
material, an electron transporting material, a light emitting
material, an acceptor material, a stabilizer and the like, in
addition to the compound (1).

[0189] The ink composition of one aspect of the present
invention ma contain additives for controlling viscosity
and/or surface tension, for example, a viscosity improver
(high-molecular-weight compound, etc.), a viscosity depres-
sant (low-molecular-weight compound, etc.), a surfactant,
etc. In addition, for improving the storage stability thereof,
the ink composition may contain an antioxidant not having
any influence on organic EL devices, such as a phenolic
antioxidant, a phosphorus-containing antioxidant, etc.
[0190] The content of the compound (1) in the ink com-
position is preferably 0.1 to 15% by mass, more preferably
0.5 to 10% by mass.

[0191] The high-molecular-weight compound usable as a
viscosity improver includes insulating resins such as poly-
styrene, polycarbonate, polyarylate, polyester, polyamide,
polyurethane, polysulfone, polymethyl methacrylate,
polymethyl acrylate, cellulose, and their copolymers, etc.;
photoconductive resins such as poly-N-vinylcarbazole,
polysilane, etc.; electroconductive resins such as polythio-
phene, polypyrrole, etc.

[0192] Examples of the solvent include chlorine-contain-
ing solvents such as chloroform, methylene chloride, 1,2-
dichloroethane, 1, 1,2-trichloroethane, chlorobenzene, o-di-
chlorobenzene, etc.; ether solvents such as tetrahydrofuran,
dioxane, dioxolane, anisole, etc.; aromatic hydrocarbon sol-
vents such as toluene, xylene, etc.; aliphatic hydrocarbon
solvents such as cyclohexane, methylcyclohexane, n-pen-
tane, n-hexane, n-heptane, n-octane, n-nonane, n-decane,
etc.; ketone solvents such as acetone, methyl ethyl ketone,
cyclohexane, benzophenone, acetophenone, etc.; ester sol-
vents such as ethyl acetate, butyl acetate, ethyl cellosolve
acetate, methyl benzoate, phenyl acetate, etc.; polyalcohols
and derivatives thereof such as ethylene glycol, ethylene
glycol monobutyl ether, ethylene glycol monoethyl ether,
ethylene glycol monomethyl ether, dimethoxyethane, pro-
pylene glycol, diethoxymethane, triethylene glycol mono-
ethyl ether, glycerin, 12,-hexanediol. etc.; alcohol solvents
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such as methanol, ethanol, propanol, isopropanol, cyclo-
hexanol, etc.; sulfoxide solvents such as dimethyl sulfoxide,
etc.; amide solvents such as N-methyl-2-pyrrolidone, N,N-
dimethylformamide, etc. One alone or two or more of these
solvents may be used either singly or as combined.

[0193] Among these solvents, preferred are aromatic
hydrocarbon solvents, ether solvents, aliphatic hydrocarbon
solvents, ester solvents and ketone solvents, from the view-
point of solubility, uniformity in film formation, viscosity
characteristics, etc. More preferred are toluene, xylene,
ethylbenzene, diethylbenzene, trimethylbenzene, n-propyl-
benzene, isopropylbenzene, n-butylbenzene, isobutylben-
zene, 5-butylbenzene, n-hexylbenzene, cyclohexylbenzene,
1-methylnaphthalene, tetralin, 1,3-dioxane, 14-dioxane,
1,3-dioxolane, anisole, ethoxybenzene, cyclohexane, bicy-
clohexyl, cyclohexenylcyclohexanone,  n-heptyleyclo-
hexane, n-hexylcyclohexane, decalin, methyl benzoate,
cyclohexanone,  2-propylcyclohexanone,  2-heptanone,
3-heptanone, 4-heptanone, 2-octanone, 2-nonanone, 2-de-
canone, dicyclohexyl ketone, acetophenone, benzophenone.

[Organic Electroluminescence Device]

[0194] The organic electroluminescence device (hereinaf-
ter “organic electroluminescence device” may be abbrevi-
ated as “organic EL device”) of one aspect of the present
invention is described.

[0195] The organic EL device of one aspect of the present
invention includes a cathode, an anode, and one or more
organic thin film layer including a light emitting layer
between the cathode and the anode, wherein at least one of
the one or more organic thin film layers contains the
compound (1).

[0196] Examples of the organic thin film layers containing
the compound (1) include, though not limited thereto, an
anode-side organic thin film layers formed between an
anode and a light emitting layer (i.e., a hole transporting
layer, a hole injection layer, etc.), a light emitting layer,
cathode-side organic thin film layers formed between a
cathode and the light emitting layer (i.e., an electron trans-
porting layer, an electron injection layer, etc.), a space layer,
a blocking layer, etc. The compound (1) may be contained
in any of the above-mentioned layers, and for example, may
be used as a host material or a dopant material in the light
emitting layer in a fluorescent emitting unit, or a host
material in the light emitting layer in a phosphorescent
emitting unit, or in a hole transporting layer, an electron
transporting layer and the like in a light emitting unit, etc.

[0197] The organic EL device of one aspect of the present
invention may be any of a single color emitting device of
fluorescent or phosphorescent type, a white-emitting device
of fluorescent-phosphorescent hybrid type, an emitting
device of a simple type having a single light emitting unit,
and an emitting device of a tandem type having two or more
light emitting units, with the phosphorescent device being
preferred. The “light emitting unit” referred to herein is the
smallest unit for emitting light by the recombination of
injected holes and injected electrons, which contains one or
more organic layers wherein at least one layer is a light
emitting layer.

[0198] Accordingly, representative device structures of
the simple-type organic EL. device are shown below.
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(1) Anode/Light Emitting Unit/Cathode

[0199] The light emitting unit may be a laminate contain-
ing two or more layers of phosphorescent light emitting
layers and fluorescent light emitting layers. In the case, a
space layer may be disposed between the light emitting
layers to prevent the diffusion of excitons generated in the
phosphorescent light emitting layer into the fluorescent light
emitting layer. Representative layered structures of the light
emitting unit are shown below.

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

(b) hole transporting layer/first phosphorescent light emit-
ting layer/second phosphorescent light emitting layer (/elec-
tron transporting layer);

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

(d) hole transporting layer/first phosphorescent light emit-
ting layer/second phosphorescent light emitting layer/space
layer/fluorescent light emitting layer (/electron transporting
layer);

(e) hole transporting layer/first phosphorescent light emit-
ting layer/space layer/second phosphorescent light emitting
layer/space layer/fluorescent light emitting layer (/electron
transporting layer);

(0 hole transporting layer/phosphorescent light emitting
layer/space layer/first fluorescent light emitting layer/second
fluorescent light emitting layer (/electron transporting
layer);

(g) hole transporting layer/electron blocking layer/light
emitting layer (/electron transporting layer);

(h) hole transporting layer/light emitting layer/hole blocking
layer (/electron transporting layer); and

(1) hole transporting layer/fluorescent light emitting layer/
triplet blocking layer (/electron transporting layer).

[0200] The above-mentioned phosphorescent or fluores-
cent light emitting layers may emit different colors. For
example, the layered structure of the laminated light emit-
ting layer (d) may have a layer configuration of hole
transporting layer/first phosphorescent light emitting layer
(red emission)/second phosphorescent light emitting layer
(green emission)/space layer/fluorescent light emitting layer
(blue emission)/electron transporting layer, etc.

[0201] An electron blocking layer may be disposed
between the light emitting layer and the hole transporting
layer or between the light emitting layer and the space layer,
if necessary. Also, a hole blocking layer may be disposed
between the light emitting layer and the electron transport-
ing layer, if necessary. With such an electron blocking layer
or a hole blocking layer, electrons and holes are confined in
the light emitting layer to increase the degree of charge
recombination in the light emitting layer, thereby improving
the emission efficiency.

[0202] A representative device structure of the tandem-
type organic EL device is shown below.

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

[0203] Here, the first light emitting unit and the second
light emitting unit may be independently selected from those
described above with respect to the light emitting unit.

[0204] Generally, the intermediate layer is also called an
intermediate electrode, an intermediate conductive layer, a
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charge generation layer, an electron withdrawing layer, a
connecting layer, or an intermediate insulating layer. The
intermediate layer may be formed by known materials so as
to supply electrons to the first light emitting unit and holes
to the second light emitting unit.

[0205] A schematic structure of an example of the organic
EL device of one aspect of the invention is shown in FIG. 1,
wherein the organic EL device 1 has a substrate 2, an anode
3, a cathode 4, and a light emitting unit 10 disposed between
the anode 3 and the cathode 4. The light emitting unit 10 has,
for example, a light emitting layer 5 which includes at least
one phosphorescent emitting layer containing a phosphores-
cent host material and a phosphorescent dopant (phospho-
rescent light emitting material). A hole injecting/transporting
layer (an anode-side organic thin film layer) 6 may be
disposed between the light emitting layer 5 and the anode 3,
and an electron injecting/transporting layer (a cathode-side
organic thin film layer) 7 may be disposed between the light
emitting layer 5 and the cathode 4. An electron blocking
layer may be disposed on the anode 3 side of the light
emitting layer 5, and a hole blocking layer may be disposed
on the cathode 4 side of the light emitting layer 5. With these
blocking layers, electrons and holes are confined in the light
emitting layer 5 to increase the degree of exciton generation
in the light emitting layer 5.

[0206] In this description, a host is referred to as a
fluorescent host when combinedly used with a fluorescent
dopant (fluorescent light emitting material) and referred to
as a phosphorescent host when combinedly used with a
phosphorescent dopant. Therefore, the fluorescent host and
the phosphorescent host are not distinguished from each
other merely by the difference in their molecular structures.
Namely, in the present invention, the term phosphorescent
host means a material for constituting a phosphorescent
emitting layer containing a phosphorescent dopant and does
not mean a material that cannot be used as a material for a
fluorescent emitting layer. The same applies to the fluores-
cent host.

(Substrate)

[0207] The organic EL device of one aspect of the present
invention is formed on a light-transmissive substrate. The
light-transmissive substrate serves as a support for the
organic EL device and is preferably a flat substrate having a
transmittance of 50% or more to 400 to 700 nm visible light.
Examples of the substrate include a glass plate and a
polymer plate. In particular, the glass plate may include a
plate made of soda-lime glass, barjum-strontium-containing
glass, lead glass, aluminosilicate glass, borosilicate glass,
barium borosilicate glass, or quartz. The polymer plate may
include a plate made of polycarbonate, acryl, polyethylene
terephthalate, polyether sulfide, or polysulfone.

(Anode)

[0208] The anode of the organic EL devices plays a role of
injecting holes into the hole transporting layer or the light
emitting layer, and effectively has a work function of 4.5 ¢V
or more. Examples of the material for anode include indium
tin oxide alloy (ITO), tin oxide (NESA), indium zinc oxide
alloy, gold, silver, platinum, and cupper. The anode is
formed by making the electrode material into a thin film by
a method, such as a vapor deposition method or a sputtering
method. When getting the light emitted from the light
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emitting layer through the anode, the transmittance of the
anode to visible light is preferably 10% or more. The sheet
resistance of the anode is preferably several hundred
Q/square or less. The film thickness of the anode depends
upon the kind of the material thereof and is generally 10 nm
to 1 pm, preferably 10 nm to 200 nm.

(Cathode)

[0209] The cathode plays a role of injecting electrons into
the electron imjecting layer and the electron transporting
layer or the light emitting layer, and is preferably formed of
a material having a small work function. Examples of the
cathode material include, but not limited to, indium, alumi-
num, magnesium, magnesium-indium alloy, magnesium-
aluminum alloy, aluminum-lithium alloy, aluminum-scan-
dium-lithium alloy, and magnesium-silver alloy. Like the
anode, the cathode is also formed by making the material
into a thin film by a method, such as a vapor deposition
method and a sputtering method. If desired, an embodiment
of taking out the emitted light through the cathode side may
be employed.

(Light Emitting Layer)

[0210] The light emitting layer is an organic layer having
a light emitting function and contains a host material and a
dopant material when a doping system is employed. In this,
the major function of the host material is to promote the
recombination of electrons and holes and confine excitons in
the light emitting layer, and the dopant material has a
function for efficient light emission from the recombined
excitons.

[0211] Inthe case of a phosphorescent device, the function
of the host material is to confine the excitons generated on
the dopant in the light emitting layer.

[0212] Here, to control the carrier balance in the light
emitting layer, the light emitting layer may employ a double
host (host/co-host) layer, for example, by combinedly using
an electron transporting host and a hole transporting host.
[0213] The light emitting layer may employ a double
dopant layer, in which two or more kinds of dopant materials
having high quantum yield are combinedly used and each
dopant material emits light with its own color. For example,
there is mentioned an embodiment of realizing yellow
emission, in which a light emitting layer formed by co-
depositing a host, a red-emitting dopant and a green-emit-
ting dopant is used in common.

[0214] In the above-mentioned light emitting layer lami-
nate, a laminate of two or more light emitting layers,
electrons and holes are accumulated in the interface between
the light emitting layers, and therefore, the recombination
region is localized in the interface between the light emitting
layers, to improve the quantum efficiency.

[0215] The easiness of hole injection to the light emitting
layer and the easiness of electron injection to the light
emitting layer may be different from each other. Also, the
hole transporting ability and the electron transporting ability
each being expressed by the mobility of holes and electrons
in the light emitting layer may be different from each other.
[0216] The phosphorescent dopant (phosphorescent light
emitting material) used in the light emitting layer is a
compound capable of emitting light from the excited triplet
state, and is preferably an organometallic complex contain-
ing at least one metal selected from Ir, Pt, Os, Au, Cu, Re,
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and Ru and a ligand, although not particularly limited
thereto as long as capable of emitting light from the excited
triplet state. The ligand is preferably ortho-metallated. In
view of obtaining a high phosphorescent quantum yield and
further improving the external quantum efficiency of light
emitting devices, a metal complex containing a metal atom
selected from Ir, Os, and Pt is preferred, with a metal
complex, such as an iridium complex, an osmium complex
and a platinum complex, particularly an ortho-metallated
complex being more preferred, an iridium complex and a
platinum complex being still more preferred, and an ortho-
metallated iridium complex being particularly preferred.

[0217] The content of the phosphorescent dopant in the
light emitting layer is not particularly limited and selected
according to the use of the device, and is preferably 0.1 to
70% by mass, and more preferably 1 to 30% by mass. When
the content of the phosphorescent dopant is 0.1% by mass or
more, the amount of light emission is sufficient, and when
70% by mass or less, the concentration quenching can be
avoided.

[0218] Preferred examples of the organometallic complex
for the phosphorescent dopant are shown below.
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[0219] Further, in the organic EL device of one aspect of
the present invention, a complex represented by the follow-
ing formula (X) or (Y) is preferred as the phosphorescent
light emitting material.

X

¥

wherein R, represents a hydrogen atom or a substituent, k
indicates an integer of 1 to 4. M represents Ir, Os or Pt.
[0220] The substituent that R,, represents includes the
same ones as those exemplified hereinabove for the sub-
stituents for R, to Ry and others in the formula (1).

[0221] The phosphorescent host is a compound that has a
function of confining the triplet energy of the phosphores-
cent dopant efficiently in the light emitting layer to cause the
phosphorescent dopant to emit light efficiently. The com-
pound (1) of one aspect of the present invention is useful as
a phosphorescent host, but any other compound than the
compound (1) may also be suitably selected as the phos-
phorescent host in accordance with the intended object
thereof. The compound (1) is not limited to application to the
above-mentioned phosphorescent host.

[0222] The compound (1) and any other compound may
be combinedly used as a phosphorescent host material in one
and the same light emitting layer, or in the case where the
light emitting device has plural light emitting layers, the
compound (1) may be used as the phosphorescent host
material in one light emitting layers of those plural layers
and any other compound than the compound (1) may be used
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as the phosphorescent host material in the other one light _continued
emitting layer. In addition, the compound (1) of one aspect
of the present invention can be used in any other organic
layer than the light emitting layer, and in the case, any other
compound than the compound (1) may be used as the
phosphorescent host in the light emitting layer.

[0223] Examples of the preferred phosphorescent host
compounds other than the compound (1) include a carbazole
derivative, a triazole derivative, a oxazole derivative, an
oxadiazole derivative, an imidazole derivative, a polyaryl-
alkane derivative, a pyrazoline derivative, a pyrazolone
derivative, a phenylenediamine derivative, an arylamine
derivative, an amino-substituted chalcone derivative, a
styrylanthracene derivative, a fluorenone derivative, a
hydrazone derivative, a stilbene derivative, a silazane
derivative, an aromatic tertiary amine compound, a
styrylamine compound, an aromatic dimethylidene com-
pound, a porphyrin compound, an anthraquinodimethane
derivative, an anthrone derivative, a diphenylquinone
derivative, a thiopyran dioxide derivative, a carbodiimide
derivative, a fluorenylidenemethane derivative, a
distyrylpyrazine derivative, a heterocyclic tetracarboxylic
anhydride such as naphthaleneperylene, a phthalocyanine
derivative, various metal complexes typified by a metal
complex of 8-quinolinol derivative, metal phthalocyanine,
metal complexes having a ligand such as benzoxazole or
benzothiazole, an electroconductive polymer oligomer, such
as a polysilane compound, a poly(N-vinylcarbazole) deriva-
tive, an aniline copolymer, a thiophene oligomer, and a
polythiophene, and a polymer compound such as a poly-

thiophene derivative, a polyphenylene derivative, a poly-
phenylenevinylene derivative, and a polyfluorene derivative.
These phosphorescent hosts may be used alone or in com-
bination of two or more. Examples thereof are shown below.

GO0

N Q [0224] The organic EL device of one aspect of the present

O O invention may has a light emitting layer containing a fluo-

rescent light emitting material, or that is, a fluorescent light

Q emitting layer. For the fluorescent light emitting layer, any
N known fluorescent light emitting material may be used. The

O fluorescent light emitting material is preferably at least one

selected from an anthracene derivative, a fluoranthene
derivative, a styrylamine derivative and an arylamine
derivative, more preferably from an anthracene derivative
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and an arylamine derivative. In particular, an anthracene
derivative is preferred as the host material, and an arylamine
derivative is preferred as the dopant. Specifically, the pre-
ferred materials described in W02010/134350 and
W02010/134352 are selected. The organic EL device mate-
rial of one aspect of the present invention may be used as the
fluorescent light emitting material in the fluorescent light
emitting layer, or as the host material in the fluorescent light
emitting layer.

(Electron Donating Dopant)

[0225] Preferably, the organic EL device of one aspect of
the present invention has an electron donating dopant in the
interface region between the cathode and the light emitting
unit. This configuration improves the emission brightness of
the organic EL device and prolongs the life thereof. Here, the
electron donating dopant has a metal having a work function
of 3.8 eV or less and examples thereof include at least one
selected from alkali metals, alkali metal complexes, alkali
metal compounds, alkaline earth metals, alkaline earth metal
complexes, alkaline earth metal compounds, rare earth met-
als, rare earth metal complexes, and rare earth metal com-
pounds.

[0226] Examples of the alkali metal include Na (work
function: 2.36 eV), K (work function: 2.28 eV), Rb (work
function: 2.16 eV), and Cs (work function: 1.95 V), with
those having a work function of 2.9 eV or less being
particularly preferred. Of the above, preferred are K, Rb, and
Cs, more preferred are Rb and Cs, and most preferred is Cs.
Examples of the alkaline earth metal include Ca (work
function: 2.9 eV), Sr (work function: 2.0 to 2.5 eV), and Ba
(work function: 2.52 eV), with those having a work function
of 2.9 eV or less being particularly preferred. Examples of
the rare earth metal include Sc, Y, Ce, Tb, and Yb, with those
having a work function of 2.9 eV or less being particularly
preferred.

[0227] Examples of the alkali metal compound include
alkali oxide, such as Li,0, Cs,0, K,0, and alkali halide,
such as LiF, NaF, CsF, and KF, with LiF, Li,O, and NaF
being preferred. Examples of the alkaline earth metal com-
pound include BaO, SrO, Ca0, and mixture thereof, such as
Ba,Sr, O (0<x<1) and Ba,Ca, O (0<x<1), with BaO, SrO,
and CaO being preferred. Examples of the rare earth metal
compound include YbF;, ScF;, ScO;, Y,0;, Ce,0,, GdF;,
and TbF;, with YbF;, ScF;, and TbF, being preferred.
[0228] Examples of the alkali metal complex, alkaline
earth metal complex, and rare earth metal are not particu-
larly limited as long as containing at least one metal ion
selected from alkali metal ions, alkaline earth metal ions,
and rare earth metal ions, respectively. The ligand is pref-
erably, but not limited to, quinolinol, benzoquinolinol, acri-
dinol, phenanthridinol, hydroxyphenyloxazole, hydroxy-

phenylthiazole, hydroxydiaryloxadiazole,
hydroxydiarylthiadiazole, hydroxyphenylpyridine,
hydroxyphenylbenzimidazole, hydroxybenzotriazole,

hydroxyfulborane, bipyridyl, phenanthroline, phthalocya-
nine, porphyrin, cyclopentadiene, f-diketones, azomethines,
and derivative thereof.

[0229] The electron-donating dopant is added to the inter-
facial region preferably into a form of layer or island. The
electron-donating dopant is added preferably by co-depos-
iting the electron-donating dopant with the organic com-
pound (light emitting material, electron injecting material)
for forming the interfacial region by a resistance heating
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deposition method, thereby dispersing the electron-donating
dopant into the organic compound. The disperse concentra-
tion expressed by the molar ratio of the organic compound
to the electron-donating dopant is 100:1 to 1:100 and
preferably 5:1 to 1:5.

[0230] When the electron-donating dopant is formed into
a form of layer, a light emitting material or an electron
injecting material is made into a layer which serves as an
organic layer in the interface, and then, the reducing dopant
alone is deposited by a resistance heating deposition method
into a layer having a thickness preferably 0.1 to 15 nm.
When the electron-donating dopant is formed into a form of
island, a light emitting material or an electron injecting
material is made into a form of island which serves as an
organic layer in the interface, and then, the electron-donat-
ing dopant alone is deposited by a resistance heating depo-
sition method into a form of island having a thickness
preferably 0.05 to 1 nm.

[0231] Regarding the proportion of the main component
and the electron-donating dopant in the organic EL device of
one aspect of the present invention, the molar ratio of the
main component to the electron-donating dopant is prefer-
ably 5:1 to 1:5 and more preferably 2:1 to 1:2.

(Electron Transporting Layer)

[0232] The electron transporting layer is an organic layer
disposed between the light emitting layer and the cathode
and has a function of transporting electrons from the cathode
to the light emitting layer. If two or more electron trans-
porting layers are provided, the organic layer closer to the
cathode may be called an electron injecting layer in some
cases. The electron injecting layer has a function of injecting
electrons from the cathode to the organic layer unit effi-
ciently. The compound (1) of one aspect of the present
invention may be used as an electron transporting material
to be contained in the electron transporting layer (second
charge transporting material).

[0233] An aromatic heterocyclic compound having one or
more hetero atoms in the molecule thereof is preferably used
as an electron transporting material used in the electron
transporting layer. and a nitrogen-containing ring derivative
is particularly preferred. In addition, the nitrogen-containing
ring derivative is preferably an aromatic ring compound
having a nitrogen-containing, 6- or 5-membered ring skel-
eton, or a condensed aromatic ring compound having a
nitrogen-containing, 6- or 5-membered ring skeleton.
[0234] The nitrogen-containing ring derivative is prefer-
ably, for example, a metal chelate complex of a nitrogen-
containing ring represented by the following formula (A).

(A)
R10S R106

RlOl RlOl

[0235] In the formula (A), each of R'® to R'®® each
independently represent a hydrogen atom, a halogen atom, a
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hydroxyl group, an amino group, a hydrocarbon group
having 1 to 40 (preferably 1 to 20, more preferably 1 to 10,
even more preferably 1 to 5) carbon atoms, an alkoxy group
having 1 to 40 (preferably 1 to 20, more preferably 1 to 10,
even more preferably 1 to 5) carbon atoms, an aryloxy group
having 6 to 50 (preferably 6 to 20, more preferably 6 to 12)
ring carbon atoms, an alkoxycarbonyl group having 2 to 40
(preferably 2 to 20, more preferably 2 to 10, even more
preferably 2 to 5) carbon atoms, or an aromatic heterocyclic
group having 5 to 50 (preferably 5 to 30, more preferably 5
to 20) ring atoms, each being optionally substituted.
[0236] The halogen atom may include fluorine, chlorine,
bromine, and iodine.

[0237] The substituted amino group may include an alky-
lamino group, an arylamino group, and an aralkylamino
group.

[0238] The alkylamino group and the aralkylamino group

are represented by —NQ'Q?. Each of Q' and Q? indepen-
dently represents an alkyl group having 1 to 20 carbon atoms
or an aralkyl group having 1 to 20 carbon atoms. One of Q*
and Q* may be a hydrogen atom.

[0239] The arylamino group 1is represented by
—NAr"'Ar*, wherein each of Ar'" and Ar* independently
represents a non-condensed aromatic hydrocarbon group or
a condensed aromatic hydrocarbon group, each having 6 to
50 carbon atoms. One of Ar' and Ar*" may be a hydrogen
atom.

[0240] Examples of the hydrocarbon group having 1 to 40
carbon atoms include an alkyl group, an alkenyl group, a
cycloalkyl group, an aryl group, and an aralkyl group.
[0241] The alkoxycarbonyl group is represented by
—COOY', wherein Y' is an alkyl group having 1 to 20
carbon atoms.

[0242] M is aluminum (Al), gallium (Ga), or indium (In),
with In being preferred.

[0243] L' is a group represented by the following for-
mula (A') or (A™).

AV
RI07 RI08 @)
R109
Rl R0
A
RIM 49
E RIS
AN
RI12 S Rl16
R RIS
—Gi Rll9
Ri2! R120
RI26 R122
/
RI12 AN RI23
RI24
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[0244] In the fornmla (A"), each of R*? to R'"! indepen-
dently represents a hydrogen atom, or a substituted or
unsubstituted hydrocarbon group having 1 to 40 (preferably
1 to 20, more preferably 1 to 10, even more preferably 1 to
5) carbon atoms, and two or more of R'°7 to R'** may bond
to form a cyclic structure. In the formula (A"), each of R**?
to R'?® independently represents a hydrogen atom, or a
substituted or unsubstituted hydrocarbon group having 1 to
40 (preferably 1 to 20, more preferably 1 to 10, even more
preferably 1 to 5) carbon atoms, and two or more of R'*? to
R'*® may bond to form a cyclic structure.

[0245] The hydrocarbon group having 1 to 40 carbon
atoms for R*®7 to R'?¢ in the formulae (A') and QA") is the
same as the hydrocarbon group for R'®' to R'® in the
above-mentioned formula (A). The divalent group in the
case where two or more of R to R'*! bond to form a cyclic
structure and in the case where two or more of R*'? to R
bond to form a cyclic structure includes a tetramethylene
group, a pentamethylene group, a hexamethylene group, a
diphenylmethane-2,2'-diyl group, a diphenylethane-3,3'-diyl
group, and a diphenylpropane-4,4'-diyl group.

[0246] The electron transmitting compound for use in the
electron transporting layer is preferably a metal complex
including 8-hydroxyquinoline or its derivative, an oxadiaz-
ole derivative, or a nitrogen-containing heterocyclic deriva-
tive. Examples of the metal complex including 8-hydroxy-
quinoline or its derivative include a metal chelate oxinoid
compound including a chelated oxine (generally, 8-quinoli-
nol or 8-hydroxyquinoline), for example, tris(8-quinolinol)
aluminum. Examples of the oxadiazole derivative are shown
below.

O O
Ar”% )—Ar”—o—mz“% )—AJ”

[0247] In the above formulae, each of Ar'”, Ar'® Ar'®,
Ar??, Ar*?, and Ar®® is a substituted or unsubstituted aro-
matic hydrocarbon group or a substituted or unsubstituted
condensed aromatic hydrocarbon group each having 6 to 50
carbon atoms, and Ar'” and Ar'®; Ar™® and Ar*', and Ar*?
and Ar* may be the same or different. Examples of the
aromatic hydrocarbon group and the condensed aromatic
hydrocarbon group include a phenyl group, a naphthyl
group, a biphenyl group, an anthranyl group, a perylenyl
group, and a pyrenyl group. The optional substituent may be
an alkyl group having 1 to 10 carbon atoms, an alkoxyl
group having 1 to 10 carbon atoms or a cyano group.
[0248] Each of Ar*°, Ar®, and Ar** is a substituted or
unsubstituted bivalent aromatic hydrocarbon group or a
substituted or unsubstituted bivalent condensed aromatic
hydrocarbon group each having 6 to 60 carbon atoms, and
Ar® and Ar** may be the same or different. Examples of the
bivalent aromatic hydrocarbon group or the bivalent con-
densed aromatic hydrocarbon group include a phenylene
group, a naphthylene group, a biphenylene group, an anthra-
nylene group, a perylenylene group, and a pyrenylene group.
The optional substituent may be an alkyl group having 1 to
10 carbon atoms, an alkoxyl group having 1 to 10 carbon
atoms or a cyano group.

[0249] Electron transmitting compounds which have a
good thin film-forming property are preferably used.
Examples of the electron transmitting compound are shown
below.
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[0250] Examples of the nitrogen-containing heterocyclic
derivative for use as the electron transmitting compound
include a nitrogen-containing heterocyclic derivative of an
organic compound having the following formulae but exclu-
sive of metal complex, for example, a compound having a 5-
or 6-membered ring which has the skeleton represented by
the following formula (B) or having the structure repre-
sented by the following formula (C).

(B

©

[0251] In the formula (C), X, is a carbon atom or a
nitrogen atom and each of Z, and 7, independently repre-
sents a group of atoms for completing the nitrogen-contain-
ing heterocyclic ring.

[0252] The nitrogen-containing heterocyclic derivative is
more preferably an organic compound which has a nitrogen-
containing aromatic polycyclic ring of a 5S-membered ring or
a 6-membered ring. If two or more nitrogen atoms are
included, the nitrogen-containing aromatic polycyclic com-
pound preferably has a skeleton of a combination of the
above formulae (B) and (C) or a combination of the above
formula (B) and the following formula (D).

™

PN

[0253] The nitrogen-containing group of the nitrogen-
containing aromatic polycyclic compound is selected, for
example, from the nitrogen-containing heterocyclic groups
shown below.

R’”nl R”’nl R'n R'"n
BESESEN

e
R’”nl

R A'/Nj
LA s
N =N
R'”nlE,\l/W R'”nlr/4\l/Nﬁ
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N
f
1
l
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-continued

[0254] 1In the formulae, R™ is an aromatic hydrocarbon
group having 6 to 40 (preferably 6 to 30, more preferably 6
to 20, and still more preferably 6 to 12) ring carbon atoms,
a condensed aromatic hydrocarbon group having 6 to 40
(preferably 6 to 30, more preferably 6 to 20, even more
preferably 6 to 12) ring carbon atoms, an aromatic hetero-
cyclic group having 5 to 40 (preferably 5 to 30, more
preferably 5 to 20, even more preferably 5 to 12) ring atoms,
a condensed aromatic heterocyclic group having 5 to 40
(preferably 5 to 30, more preferably 5 to 20, even more
preferably 5 to 12) ring atoms, an alkyl group having 1 to 20
(preferably 1 to 10, and more preferably 1 to 5) carbon
atoms, or an alkoxy group having 1 to 20 (preferably 1 to 10,
and more preferably 1 to 5) carbon atoms.

[0255] n, is an integer of O to 5. When n, is an integer of
2 or more, (R™)’s may be the same or different.

[0256] More preferred is a nitrogen-containing heterocy-
clic derivative represented by the following formula (D1).

HAp-LI0L A 0L A 102 D1

wherein HAr is a substituted or unsubstituted nitrogen-
containing heterocyclic group having 5 to 40 (preferably 5
to 30, more preferably 5 to 20, and still more preferably 5 to
12) ring atoms;

[0257] L'°isasingle bond, a substituted or unsubstituted
aromatic hydrocarbon group or condensed aromatic hydro-
carbon group each having 6 to 40 (preferably 6 to 30, more
preferably 6 to 20, and still more preferably 6 to 12) ring
carbon atoms, a substituted or unsubstituted aromatic het-
erocyclic group having 5 to 40 (preferably 5 to 30, more
preferably 5 to 20, even more preferably 5 to 12) ring carbon
atom, a substituted or unsubstituted condensed aromatic
heterocyclic group having 6 to 40 (preferably 6 to 30, more
preferably 6 to 20, even more preferably 6 to 12) ring carbon
atoms.

[0258] Ar'® is a substituted or unsubstituted divalent
aromatic hydrocarbon group having 6 to 40 (preferably 6 to
30, more preferably 6 to 20, and still more preferably 6 to
12) ring carbon atoms; and Ar'® is a substituted or unsub-
stituted aromatic hydrocarbon group having 6 to 40 (pref-
erably 6 to 30, more preferably 6 to 20, even more preferably
6 to 14) ring carbon atoms, a substituted or unsubstituted,
condensed aromatic hydrocarbon group having 6 to 40
(preferably 6 to 30, more preferably 6 to 20, and still more
preferably 6 to 12) ring carbon atoms, a substituted or
unsubstituted aromatic heterocyclic group having 5 to 40

75
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(preferably 5 to 30, more preferably 5 to 20, even more
preferably 5 to 12) ring atoms or a substituted or unsubsti-
tuted, condensed aromatic heterocyclic group having 5 to 40
(preferably 5 to 30, more preferably 5 to 20, and still more
preferably 5 to 12) ring atoms.

[0259]
groups.

HAr is selected, for example, from the following
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[0260]
groups.

-

[0261] Ar'®' is selected, for example, from the groups
represented by the following formulae (D2) and (D3).

L'°" is selected, for example, from the following

N

/\
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®2)
R20! R208
R202 R27
R203 R206
R2% R205
®3)
R2O A3 p2ud
R210 ‘
R2B
RAL A0 p212

[0262] In the formulae (D2) and (D3), R** to R*™ are
each independently a hydrogen atom, a halogen atom, a
substituted or unsubstituted alkyl group having 1 to 20
(preferably 1 to 10, more preferably 1 to 5) carbon atoms, a
substituted or unsubstituted alkoxy group having 1 to 20
(preferably 1 to 10, more preferably 1 to 5) carbon atoms, a
substituted or unsubstituted aryloxy group having 6 to 40
(preferably 6 to 30, more preferably 6 to 20, even more
preferably 6 to 12) ring carbon atoms, a substituted or
unsubstituted aromatic hydrocarbon group having 6 to 40
(preferably 6 to 30, more preferably 6 to 20, even more
preferably 6 to 12) ring carbon atoms, a substituted or
unsubstituted condensed aromatic hydrocarbon group hav-
ing 6 to 40 (preferably 6 to 30, more preferably 6 to 20, even
more preferably 6 to 12) ring carbon atoms, a substituted or
unsubstituted aromatic heterocyclic group having 5 to 40
(preferably 5 to 30, more preferably 5 to 20, even more
preferably 5 to 12) ring carbon atoms, or a substituted or
unsubstituted condensed aromatic heterocyclic group having
5 to 40 (preferably S top 30, more preferably 5 to 20, even
more preferably 5 to 12) ring atoms.

[0263] Ar'® is a substituted or unsubstituted aromatic
hydrocarbon group having 6 to 40 (preferably 6 to 30, more
preferably 6 to 20, even more preferably 6 to 12) ring carbon
atoms, a substituted or unsubstituted condensed aromatic
hydrocarbon group having 6 to 40 (preferably 6 to 30, more
preferably 6 to 20, even more preferably 6 to 12) ring carbon
atoms, a substituted or unsubstituted aromatic heterocyclic
group having 5 to 40 (preferably 5 to 30, more preferably 5
to 20, even more preferably 5 to 12) ring carbon atoms, or
a substituted or unsubstituted condensed aromatic heterocy-
clic group having 5 to 40 (preferably 5 to 30, more prefer-
ably 5 to 20, even more preferably 5 to 12) ring atoms.

[0264] Ar'®?is, for example, selected from the following
groups.

0 Mg
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[0265] In addition, the following compound is preferably
used as the nitrogen-containing aromatic polycyclic organic
compound for use as the electron transmitting compound.

(D4
R23l XZZ
—
R232 —N N— R234
—
XZ] R233

[0266] In the formula (D4), R**! to R*** each indepen-
dently represent a hydrogen atom, a substituted or unsub-
stituted aliphatic group having 1 to 20 carbon atoms, a
substituted or unsubstituted alicyclic group having 3 to 20
carbon atoms, a substituted or unsubstituted aromatic ring
group having 6 to 50 carbon atoms, or a substituted or
unsubstituted heterocyclic group having 3 to 50 carbon
atoms; and X*' and X** each independently represent an
oxygen atom, a sulfur atom, or a dicyanomethylene group.
[0267] Further, the following compound is also suitable as
the electron transmitting compound.

H H

R22! 0
\ < > || C

N C=C

’ { )
R222
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\
0 R224
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[0268] In the formula (D5), R**, R**% R*** and R*** may
be the same or different and each represents an aromatic
hydrocarbon group or a condensed aromatic hydrocarbon
group represented by the following formula (D6).

. (D6)
R227
PE R
[0269] In the formula (D6), R***, R**°, R**’, R**® and

R**® may be the same or different and each represents a
hydrogen atom, a saturated or unsaturated alkoxyl group
having 1 to 20 carbon atoms, a saturated or unsaturated alkyl
group having 1 to 20 carbon atoms, an amino group, or an
alkvlamino group having 1 to 20 carbon atoms. At least one
of R*?°, R**%, R**’, R**® and R**® represents a group other
than a hydrogen atom.

[0270] Further, a polymer including the above nitrogen-
containing heterocyclic group or the above nitrogen-con-
taining heterocyclic derivative is also usable as the electron
transmitting compound.

[0271] In aparticularly preferred embodiment of the pres-
ent invention, the electron transporting layer of the organic
EL device of one aspect of the present invention contains at
least one compound selected from the nitrogen-containing
heterocyclic derivatives represented by the following for-
mulae (E) to (G).
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[0272] In the formulae (E) to (C), 7Z*°', 72, and 7***
each independently represent a nitrogen atom or a carbon
atom.

[0273] R and R*** each independently represent a sub-
stituted or unsubstituted aryl group having 6 to 50 (prefer-
ably 6 to 30, more preferably 6 to 20, and still more
preferably 6 to 12) ring carbon atoms, a substituted or
unsubstituted heteroaryl group having 5 to 50 (preferably 5
to 30, more preferably 5 to 20, and still more preferably 5 to
12) ring atoms, a substituted or unsubstituted alkyl group
having 1 to 20 carbon atoms, a substituted or unsubstituted
haloalkyl group having 1 to 20 carbon atoms, or a substi-
tuted or unsubstituted alkoxyl group having 1 to 20 carbon
atoms.

[0274] v is an integer of 0 to 5, when v is an integer of 2
or more, R****s may be the same or different, and two R**"’s
may bond to each other to form a substituted or unsubsti-
tuted hydrocarbon ring.

[0275] Ar*®! represents a substituted or unsubstituted aryl
group having 6 to 50 (preferably 6 to 30, more preferably 6
to 20, and still more preferably 6 to 12) ring carbon atoms,
or a substituted or unsubstituted heteroaryl group having 5
to 50 (preferably 5 to 30, more preferably 5 to 20, even more
preferably 5 to 12) ring atoms.

[0276] Ar*°* represents a hydrogen atom, a substituted or
unsubstituted alkyl group having 1 to 20 (preferably 1 to 10,
and more preferably 1 to 5) carbon atoms, a substituted or
unsubstituted haloalkyl group having 1 to 20 (preferably 1 to
10, and more preferably 1 to 5) carbon atoms, a substituted
or unsubstituted alkoxy group having 1 to 20 carbon atoms,
a substituted or unsubstituted aryl group having 6 to 50
(preferably 6 to 30, more preferably 6 to 20, and still more
preferably 6 to 12) ring carbon atoms, or a substituted or
unsubstituted heteroaryl group having 5 to 50 (preferably 5
to 30, more preferably 5 to 20, and still more preferably 5 to
12) ring atoms.

[0277] One of Ar*" and Ar*®* is a substituted or unsub-
stituted condensed aromatic hydrocarbon ring group having
10 to 50 (preferably 10 to 30, more preferably 10 to 20) ring
carbon atoms or a substituted or unsubstituted condensed
aromatic heterocyclic group having 9 to 50 (preferably 9 to
30, more preferably 9 to 20) ring atoms.

[0278] Ar*® represents a substituted or unsubstituted
arylene group having 6 to 50 (preferably 6 to 30, more
preferably 6 to 20, and still more preferably 6 to 12) ring
carbon atoms or a substituted or unsubstituted heteroarylene
group having 5 to 50 (preferably 5 to 30, more preferably 5
to 20, and still more preferably 5 to 12) ring atoms.

[0279] L', L* and L**? each independently represent
a single bond, a substituted or unsubstituted arylene group
having 6 to 50 (preferably 6 to 30, more preferably 6 to 20,
and still more preferably 6 to 12) ring carbon atoms or a
substituted or unsubstituted, divalent condensed aromatic
heterocyclic group having 9 to 50 (preferably 9 to 30, more
preferably 9 to 20) ring atoms.
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[0280] Examples of the aryl group having 6 to 50 ring
carbon atoms include a phenyl group, a naphthyl group, an
anthryl group, a phenanthryl group, a naphthacenyl group, a
chrysenyl group, pyrenyl group, a biphenyl group, a terphe-
nyl group, a tolyl group, a fluoranthenyl group, and a
fluorenyl group.

[0281] Examples of the heteroaryl group having 5 to 50
ring atoms include a pyrrolyl group, a furyl group, a thienyl
group, a silolyl group, a pyridyl group, a quinolyl group, an
isoquinolyl group, a benzofuryl group, an imidazolyl group,
a pyrimidyl group, a carbazolyl group, a selenophenyl
group, an oxadiazolyl group, a triazolyl group, a pyrazinyl
group, a pyridazinyl group, a triazinyl group, a quinoxalinyl
group, an acridinyl group, an imidazo[1,2-a]pyridinyl group,
and an imidazo[1, 2-a]pyrimidinyl.

[0282] Examples of the alkyl group having 1 to 20 carbon
atoms include a methyl group, an ethyl group, a propyl
group, a butyl group, a pentyl group, and a hexyl group.
[0283] Examples of the haloalkyl group having 1 to 20
carbon atoms include the groups obtained by replacing one
or more hydrogen atoms of the alkyl group mentioned above
with at least one halogen atom selected from fluorine,
chlorine, iodine, and bromine.

[0284] Examples of the alkyl moiety of the alkoxyl group
having 1 to 20 carbon atoms include the alkyl group men-
tioned above.

[0285] Examples of the arylene group having 6 to 50 ring
carbon atoms include the groups obtained by removing one
hydrogen atom from the aryl group mentioned above.
[0286] Examples of the divalent condensed aromatic het-
erocyclic group having 9 to 50 ring atoms include the groups
obtained by removing one hydrogen atom from the con-
densed aromatic heterocyclic group mentioned above as the
heteroaryl group.

[0287] The thickness of the electron transporting layer is
preferably, but not particularly limited to, 1 to 100 nm.
[0288] Preferred examples of the material for the electron
injecting layer optionally formed adjacent to the electron
transporting layer include, in addition to the nitrogen-con-
taining ring derivative, an inorganic compound, such as an
insulating material and a semiconductor. The electron inject-
ing layer containing the insulating material or the semicon-
ductor effectively prevents the leak of electric current to
enhance the electron injecting properties.

[0289] The insulating material is preferably at least one
metal compound selected from a group consisting of alkali
metal chalcogenides, alkaline earth metal chalcogenides,
alkali metal halides and alkaline earth metal halides. The
alkali metal chalcogenide, etc. mentioned above are pre-
ferred because the electron injecting properties of the elec-
tron injecting layer are further enhanced. Examples of
preferred alkali metal chalcogenide include Li,O, K,O,
Na,S, Na,Se and Na,O, and examples of preferred alkaline
earth metal chalcogenide include CaO, BaO, SrO, BeO, BaS
and CaSe. Examples of preferred alkali metal halide include
LiF, NaF, KF, LiCl, KCI and NaCl. Examples of preferred
alkaline earth metal halides include fluorides, such as CaF,,
BaF,, SrF,, MgF, and BeF,, and halides other than fluo-
rides.

[0290] Examples of the semiconductor include oxides,
nitrides or oxynitrides of one element alone or two or more
elements selected from a group consisting of Ba, Ca, Sr, Yb,
Al, Ga, In, Li, Na, Cd, Mg, Si, Ta, Sb and Zn. The
semiconductor may be used alone or in combination of two
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or more. The inorganic compound included in the electron
injecting layer preferably forms a microcrystalline or amot-
phous insulating thin film. If the electron injecting layer is
formed from such an insulating thin film, the pixel defects,
such as dark spots, can be decreased because a more uniform
thin film is formed. Examples of such inorganic compound
include alkali metal chalcogenides, alkaline earth metal
chalcogenides, alkali metal halides and alkaline earth metal
halides.

[0291] When using the insulating material or the semicon-
ductor, the thickness of its layer is preferably about 0.1 nm
to 15 nm. The electron injecting layer in the organic EL
device of one aspect of the present invention may contain the
electron-donating dopant mentioned above.

(Hole Transporting Layer)

[0292] The hole transporting layer is an organic layer
formed between the light emitting layer and the anode and
has a function of transporting holes from the anode to the
light emitting layer. When the hole transporting layer is
formed into two or more layers, the organic layer closer to
the anode may be defined as a hole injecting layer in some
cases. The hole injecting layer has a function of efficiently
injecting holes from the anode to the organic layer unit. The
compound (1) of one aspect of the present invention may be
used as the hole transporting material to be contained in the
hole transporting layer (first charge transporting layer).
[0293] Another preferred material for the hole transport-
ing layer may include an aromatic amine compound, for
example, an aromatic amine derivative represented by the
following formula (H).

A2l AR &
4
N—I!—N
A1/212 \AI214

[0294] In the formula (H), each of Ar*'! to Ar*** indepen-
dently represents a substituted or unsubstituted aromatic
hydrocarbon group having 6 to 50 (preferably 6 to 30, more
preferably 6 to 20, even more preferably 6 to 12) ring carbon
atoms, a substituted or unsubstituted condensed aromatic
hydrocarbon group having 6 to 50 (preferably 6 to 30, more
preferably 6 to 20, and still more preferably 6 to 12) ring
carbon atoms, a substituted or unsubstituted aromatic het-
erocyclic group having 5 to 50 (preferably 5 to 30, more
preferably 5 to 20, even more preferably 5 to 12) ring atoms,
a substituted or unsubstituted condensed aromatic heterocy-
clic group having 5 to 50 (preferably 5 to 30, more prefer-
ably 5 to 20, and still more preferably 5 to 12) ring atoms,
or a group wherein the aromatic hydrocarbon group or the
condensed aromatic hydrocarbon group is bonded to the
aromatic heterocyclic group or the condensed aromatic
heterocyclic group. Ar*'! and Ar*'?, and Arm and Ar*** may
bond to each other to form a saturated or unsaturated cyclic
structure.

[0295] In the formula (F), L*"' represents a substituted or
unsubstituted aromatic hydrocarbon group having 6 to 50
(preferably 6 to 30, more preferably 6 to 20, even more
preferably 6 to 12) ring carbon atoms, a substituted or
unsubstituted condensed aromatic hydrocarbon group hav-
ing 6 to 50 (preferably 6 to 30, more preferably 6 to 20, and
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still more preferably 6 to 12) ring carbon atoms, a substi-
tuted or unsubstituted aromatic heterocyclic group having 5
to 50 (preferably 5 to 30, more preferably 5 to 20, even more
preferably 5 to 12) ring atoms, or a substituted or unsubsti-
tuted condensed aromatic heterocyclic group 5 to 50 (pref-
erably 5 to 30, more preferably 5 to 20, and still more
preferably 5 to 12) ring atoms.

[0296] Examples of the compound represented by the
formula (H) are shown below.
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[0297] An aromatic amine represented by the following
formula (J) is also preferably used to form the hole trans-

porting layer.

—
—
=

A1221

NG
\ A1222

[0298] In the formula (J), Ar* to Ar**® and preferred
examples thereof are as defined above with respect to Ar*
to Ar*'* of the above formula (H). Examples of the com-
pound represented by the formula (J) are shown below,
although not limited thereto.
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[0299] In addition, an aromatic tertiary amine compound
and a styrylamine compound selected from N, N,N'N'-
tetraphenyl-4, 4'-diaminophenyl; N, N'-diphenyl-N, N,N'-
bis(3-methylphenyl)-[1,1'-biphenyl]-4,4'-diamine  (TPD);
2,2-bis(4-di-p-tolylaminophenyl)propane;  1,1-bis(4-di-p-
tolylaminophenyl)cyclohexane; N, N, N',N'-tetra-p-tolyl-4,
4'-diaminobiphenyl;  1,1-bis(4-di-p-tolylaminopheny1)-4-
phenyleyclohexane; bis(4-dimethylamino-2-methylphenyl)
phenylmethane; bis(4-di-p-tolylaminophenyl)phenylmeth-
ane; N, N'-diphenyl-N, N'-di(4-methoxyphenyl)-4,
4'-diaminobiphenyl; N, N, N'N'-tetraphenyl-4, 4'-diamino-
diphenyl ether; 4, 4'-bis(diphenylamino)quardriphenyl; N,N,
N-tri(p-tolyl)amine;  4-(di-p-tolylamino)-4'-[4-(di-p-toly-
lamino)styryl]stilbene; 4-N, N-diphenylamino-(2-
diphenylvinyl)benzene; 3-methoxy-4'-N,N-
diphenylaminostilbenzene; ~ N-phenylcarbazole;  those
having two condensed aromatic rings in the molecule, for
example, 4, 4'-bis(N-(1-naphthyl)-N-phenylamino)biphenyl
(NPD); 4, 4'.4"-tris(N-(3-methylphenyl)-N-phenylamino)
triphenylamine (MTDATA) in which the three triphenylam-
ine units are connected like a starburst, may be used in the
hole transporting layer.

[0300] In one aspect of the present invention, the hole
transporting layer may be formed using a hole transporting
layer composition containing a hole transporting material
and a solvent.

[0301] The hole transporting material may be a high-
molecular-weight compound such as a polymer, or may be
a low-molecular-weight compound such as a monomer.
From the viewpoint of charge injection obstacle avoidance,
compounds having an ionization potential of 4.5 eV to 6.0
eV are preferred. Examples of the hole transporting material
include aromatic amine derivatives. phthalocyanine deriva-
tives, porphyrin derivatives, oligothiophene derivatives,
polythiophene derivatives, benzylphenyl derivatives, com-
pounds with tertiary amines bonding via a fluorene group,
hydrazone derivatives, silazane derivatives, silanamine
derivatives, phosphamine derivatives, quinacridone deriva-
tives, polyaniline derivatives, polypyrrole derivatives, poly-
phenylenevinylene derivatives, polythienylenevinylene
derivatives, polyquinoline derivatives, polyquinoxaline
derivatives, carbon, etc.
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[0302] Regarding the term derivative used herein, for
example, when an aromatic amine derivative is referred to as
one example, the derivative includes compounds containing
an aromatic amine itself or having an aromatic amine as the
main skeleton thereof, and may be a polymer or a monomer.

[0303] From the viewpoint of amorphousness and visible
light transmittance, aromatic amine compounds of those
exemplified above are preferred and aromatic tertiary amine
compounds are especially preferred. Here, the aromatic
tertiary amine compound is a compound having an aromatic
tertiary amine structure, and includes compounds having an
aromatic tertiary amine-derived group.

[0304] The type of the aromatic tertiary amine compound
is not specifically limited, but from the viewpoint of uniform
light emission owing to the surface smoothing effect thereof,
polymer compounds having a weight-average molecular
weight of 1,000 or more and 1,000,000 or less (polymer-type
compounds with continuous repetitive units) are more pre-
ferred. Preferred examples of the aromatic tertiary amine
polymer compound include polymer compounds with con-
tinuous repetitive units represented by the following formula

@

M

[0305] In the formula (I), Ar* and Ar” each independently
represent a substituted or unsubstituted aromatic hydrocar-
bon group or a substituted or unsubstituted aromatic hetero-
cyclic group. Ar® to Ar’ each independently represent a
substituted or unsubstituted aromatic hydrocarbon group or
a substituted or unsubstituted aromatic heterocyclic group.
Among Ar' to Ar®, two groups bonding to the same N atom
may bond to each other to form a ring. Y represents a linking
group selected from the following.

i
_Arﬁ_c_ T _AIS_S_AIQ_
| |
0 0
Ar“
—Arlo—fl’—AIu— _Arl3_C_C_AIl4_
| [
0 0 0
Rl
|
—Si— —C—AP-C— —C—
B [ I
R 0 0
0 Arls
I |
| |
0 0

[0306] In the above formulae, Ar® to Ar'¢ each indepen-
dently represent a substituted or unsubstituted aromatic
hydrocarbon group or a substituted or unsubstituted aro-
matic heterocyclic group. R* and R* each independently
represent a hydrogen atom or a substituent.
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[0307] The aromatic hydrocarbon group and the aromatic
heterocyclic group for Ar' to Ar'® are, from the viewpoint of
the solubility, the heat resistance, the hole injection/trans-
portation capability of the polymer compound, preferably a
group having a ring selected from a benzene ring, a naph-
thalene ring, a phenanthrene ring, a thiophene ring and a
pyridine ring, and a group having a ring selected from a
benzene ring and a naphthalene ring is more preferred.
[0308] The molecular weight of the optional substituent
for the aromatic hydrocarbon group and the aromatic het-
erocyclic group for Ar' to Ar'® is generally 400 or less, but
preferably around 250 or less. The substituent is preferably
an alkyl group, an alkenyl group, an alkoxy group, an
aromatic hydrocarbon group, an aromatic heterocyclic
group, etc.

[0309] The substituent to be represented by R' and R?
includes an alkyl group, an alkenyl group, an alkoxy group,
a silyl group, a siloxy group, an aromatic hydrocarbon
group, an aromatic heterocyclic group, etc.

[0310] As the hole transporting material, a polythiophene
derivative of an electroconductive polymer prepared by
polymerizing 3,4-ethylenedioxythiophene in a high-molecu-
lar-weight polystyrenesulfonic acid (PEDOT/PSS) is also
preferred. The terminal of the polymer may be capped with
a methacrylate, efc.

[0311] The concentration of the hole transporting material
in the hole transporting layer composition may be any
arbitrary one, but from the viewpoint of the uniformity of the
thickness of the coating film, the concentration is generally
0.01% by mass or more, preferably 0.1% by mass or more,
more preferably 0.5% by mass or more, and is generally
70% by mass or less, preferably 60% by mass or less, more
preferably 50% by mass or less. When the concentration
falls within the range, there may occur no film unevenness
or may occur no defects in the hole transporting layer.
[0312] The hole transporting layer composition may con-
tain an electron accepting compound.

[0313] The electron accepting compound is preferably a
compound having an oxidation power and having an ability
to accept one electron from the above-mentioned hole
transporting material. Specifically, a compound having an
electron affinity of 4 eV or more is preferred, and a com-
pound having 5 eV or more is more preferred.

[0314] Examples of the electron accepting compound
include one or more compounds selected from a group
consisting of triarylboron compounds, metal halides, Lewis
acids, organic acids, onium salts, salts of arylamines and
metal halides, and salts of arylamines and Lewis acids. More
specifically, there are mentioned onium salts having an
organic group such as 4-isopropyl-4'-methyldiphenyliodo-
nium tetrakis(pentafluorophenyl)borate, triphenylsulfonium
tetrafluoroborate, etc.; high-valence inorganic compounds
such as iron(IIT) chloride, ammonium peroxodisulfate, etc.;
cyano compounds such as tetracyanoethylene, etc.; aromatic
boron compounds such as tris(pentafluorophenyl)borane,
etc.; fullerene derivatives; iodine; sulfonate ions such as
polystyrenesulfonate ion, alkylbenzenesulfonate ion, cam-
phorsulfonate ion, etc.

[0315] The electron accepting compound oxidizes the hole
transporting material to thereby improve the electroconduc-
tivity of the hole transporting layer.

[0316] The content of the electron accepting compound to
the hole transporting material in the hole transporting layer
composition is generally 0.1 mol % or more, preferably 1
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mol % or more. However, in general, the content is 100 mol
% or less, preferably 40 mol % or less.

[0317] In addition to the above-mentioned hole transport-
ing material and the electron accepting compound, further,
any other component may be contained in the hole trans-
porting layer composition. Examples of the other component
include various light emitting materials, electron transport-
ing compounds, binder resins, coating improvet, etc. One
alone or two or more such other components may be used in
any combination and in any ratio.

[0318] In one aspect of the present invention, a hole
transporting material suitable for a coating method is pref-
erably used. Such a hole transporting material includes
polyvinylcarbazole or its derivatives, polysilane or its
derivatives, polysiloxane derivatives having an aromatic
amine residue in the side chain or in the main chain,
pyrazoline derivatives, arylamine derivatives, stilbene
derivatives, triphenyldiamine derivatives, polyaniline or its
derivatives, polythiophene or its derivatives, polypyrrole or
its derivatives, polyarylamine or its derivatives, poly(p-
phenylenevinylene) or its derivatives, polyfluorene deriva-
tives, polymer compounds having an aromatic amine resi-
due, and poly(2,5-thienylenevinylene) or its derivatives.
[0319] The hole transporting material is preferably a high-
molecular-weight compound, for example, a polymer. The
high-molecular-weight compound can improve film form-
ability and can realize uniform light emission from organic
EL devices. For example, the number-average molecular
weight of the hole transporting material of the type, as
calibrated with standard polystyrene, is 10,000 or more,
preferably 3.0x10* to 5.0x10°, more preferably 6.0x10* to
1.2x10°. The weight-average molecular weight of the hole
transporting material is 1.0x10* or more, preferably 5.0x10*
to 1.0x105, more preferably 1.0x10° to 6.0x10°.

[0320] The hole transporting material is preferably a high-
molecular compound of polyvinylcarbazole or its deriva-
tives, polysilane or its derivatives, polysiloxane derivatives
having an aromatic amine residue in the side chain or in the
main chain, polyaniline or its derivatives, polythiophene or
its derivatives, polyfluorene derivatives, polymer com-
pounds having an aromatic amine residue, poly(p-phenylen-
evinylene) or its derivatives, and poly(2,5-thienylenevi-
nylene) or its derivatives, etc., and is more preferably a
high-molecular compound of polyvinylcarbazole or its
derivatives, polysilane or its derivatives, polysiloxane
derivatives having an aromatic amine residue in the side
chain or in the main chain, polyfluorene derivatives, and
high-molecular compounds having an aromatic amine resi-
due. In the case where the hole transporting material is a
low-molecular material, preferably, the material is dispersed
in a polymer binder for use herein.

[0321] The polyvinylcarbazole or its derivatives may be
produced, for example, by cationic polymerization or radical
polymerization of a vinyl monomer.

[0322] Regarding polysiloxane or its derivatives, the
siloxane skeleton structure does not almost have hole trans-
porting capability, and therefore compounds having a resi-
due of the above-mentioned low-molecular hole transport-
ing material in the side chain or in the main chain are
favorably used. In particular, there are mentioned com-
pounds having a hole transporting aromatic amine residue in
the side chain or in the main chain.

[0323] As the hole transporting material, a polymer having
a fluorene-diyl unit represented by the following formula (7)
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is preferred. This is because when the hole transporting
material in an organic EL device is formed through contact
with an organic compound having a condensed ring or plural
aromatic rings, the hole injection efficiency is improved and
the current density in operation can be enlarged.

o0

R!' R?

@)

[0324] In the formula (Z), R' and R? may be the same or
different and each independently represents a hydrogen
atom, an alkyl group, an alkoxy group, an aryl group, or a
monovalent heterocyclic group. The alkyl group includes a
group having 1 to 10 carbon atoms. The alkoxy group
includes a group having 1 to 10 carbon atoms. Examples of
the aryl group include a phenyl group, a naphthyl group, etc.
Examples of the monovalent heterocyclic group include a
pyridyl group, etc. The aryl group and the monovalent
heterocyclic group may have a substituent. Examples of the
substituent include, from the viewpoint of improving the
solubility of the polymer compound, an alkyl group having
1 to 10 carbon atoms, an alkoxy group having 1 to 10 carbon
atoms, etc.

[0325] In the formula (Z), the aryl group and the mon-
ovalent heterocyclic group may have a crosslinking group.
Examples of the crosslinking group include a vinyl group, an
ethynyl group, a butenyl group, a group having an acrylic
structure, a group having an acrylate structure, a group
having an acrylamide structure, a group having a meth-
acrylic structure, a group having a methacrylate structure, a
group having a methacrylamide structure, a group having a
vinyl ether structure, a vinylamino group, a group having a
silanol structure, a group having a small ring (for example,
cyclopropane, cyclobutane, epoxide, oxetane, diketone,
episulfido, etc.), etc.

[0326] Preferred examples of the fluorene-diyl unit are

shown below.
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[0327] An especially preferred hole transporting material
is a polymer containing the above-mentioned fluorene-diyl
unit and an aromatic tertiary amine compound unit as
repetitive units, for example, a polyarylamine polymer.
[0328] The aromatic tertiary amine compound unit
includes a repetitive unit represented by the following
formula (K).

CsHyy

jife

ey
Art AP
ArG—IL
T
Ar

[0329] In the formula (K), Ar', Ar®, Ar’ and Ar* each
independently represent an arylene group or a divalent
heterocyclic group. Ar’, Ar® and Ar” each independently
represent an aryl group or a monovalent heterocyclic group.
Ar® and Ar” may form a ring along with the nitrogen atom
to which Ar® and Ar” bond. m and n each independently
indicate O or 1.

[0330] Examples of the arylene group include a phenylene
group, etc. Examples of the divalent heterocyclic group
include a pyridinediyl group, etc. These groups may have a
substituent.

[0331] Examples of the aryl group include a phenyl group,
a naphthyl group, etc. Examples of the monovalent hetero-
cyclic group include a pyridyl group, etc. These groups may
have a substituent.

[0332] Examples of the monovalent heterocyclic group
include a thienyl group, a furyl group, a pyridyl group, etc.
[0333] The optional substituent for the arylene group, the
aryl group, the divalent heterocyclic group and the monova-
lent heterocyclic group is, from the viewpoint of the solu-
bility of the polymer compound, preferably an alkyl group,
an alkoxy group and an aryl group, more preferably an alkyl
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group. The alkyl group includes a group having 1 to 10
carbon atoms. The alkoxy group includes a group having 1
to 10 carbon atoms. Examples of the aryl group include a
phenyl group, a naphthyl group, etc.

[0334] The substituent may have a crosslinking group.
Examples of the crosslinking group include a vinyl group, an
ethynyl group, a butenyl group, a group having an acrylic
structure, a group having an acrylate structure, a group
having an acrylamide structure, a group having a meth-
acrylic structure, a group having a methacrylate structure, a
group having a methacrylamide structure, a group having a
vinyl ether structure, a vinylamino group, a group having a
silanol structure, a group having a small ring (for example,
cyclopropane, cyclobutane, epoxide, oxetane, diketone,
episulfido, etc.), etc.

[0335] In the fornmla (K), Ar', Ar®, Ar® and Ar* each are
preferably an arylene group, more preferably a phenylene
group. Ar’, Ar® and Ar’ each are preferably an aryl group,
more preferably a phenyl group.

[0336] Further, the carbon atom in Are may directly bond
to the carbon atom in Ar®, or may bond thereto via a divalent
group such as —O—, —S—, etc.

[0337] From the viewpoint of easiness in monomer syn-

thesis, m and n are preferably 0.

[0338] Specific examples of the repetitive unit represented
by the formula (K) include repetitive units represented by
the following formulae.

X
?

N
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[0339] In the case where the hole transporting material
does not have a crosslinking group, it is desirable that a
crosslinking agent having a crosslinking group is used.
Examples of the crosslinking agent include compounds
having a polymerizable substituent selected from a group
consisting of a vinyl group, an acetyl group, a butenyl group,
an acryl group, an acrylamide group, a methacryl group, a
methacrylamide group, a vinyl ether group, a vinylamino
group, a silanol group, a cyclopropyl group, a cyclobutyl
group, an epoxy group, an oxetane group, a diketene group,
an episulfide group, a lactone group, and a lactam group. The
crosslinking agent is, for example, preferably a polyfunc-
tional acrylate, including dipentaerythritol hexaacrylate
(DPHA), trispentaerythritol octaacrylate (TPEA), etc.

[0340] Using such a material having a crosslinking group
or using such a crosslinking agent makes it possible to
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effectively prevent the lower layer from being dissolved by
the solvent or the like for the upper layer formation, even
though any additional functional layer (upper layer) is
formed on the lower layer (hole transporting layer) accord-
ing to a coating method.

[0341] In one aspect of the present invention, a hole
transporting material having a hole transporting site and
having a crosslinking group is preferably used. Examples of
the hole transporting site include three-ring or more multi-
ring aromatic ring structures such as triarylamine structure,
fluorene ring, anthracene ring, pyrene ring, carbazole ring,
dibenzofuran ring, dibenzothiophene ring, phenoxazine
ring, phenanthroline ring, etc.; aromatic heterocyclic struc-
tures such as thiophene ring, silol ring. etc.; and metal
complex structures.

[0342] Above all, from the viewpoint of improving elec-
trochemical stability and hole transporting performance,
triarylamine structures are preferred for the hole transporting
site.

[0343] From the viewpoint that the crosslinking reaction
may often make the resultant product insoluble in organic
solvent, a polymer is preferred. In particular, from the
viewpoint of improving electrochemical stability and hole
transporting performance, a polymer having repetitive units
represented by the following formula (L) is preferred.

T T

[0344] In the formula (L), m indicates an integer of 0 to 3,
Ar' and Ar? each independently represent a single bond, a
substituted or unsubstituted aromatic hydrocarbon group, or
a substituted or unsubstituted aromatic heterocyclic group,
Ar’ to Ar’ each independently represent a substituted or
unsubstituted aromatic hydrocarbon group or a substituted
or unsubstituted aromatic heterocyclic group. However, both
Ar' and Ar* are not single bonds at the same time.

[0345] Examples of the aromatic hydrocarbon group
include a monovalent group of a 6-membered single ring or
a condensed ring containing two to five 6-membered rings,
such as a benzene ring, a naphthalene ring, an anthracene
ring, a phenanthrene ring, a perylene ring, a tetracene ring,
a pyrene ring, a benzopyrene ring, a chrysene ring, a
triphenylene ring, an acenaphthene ring, a fluoranthene ring,
a fluorene ring, etc.

[0346] Examples of the aromatic heterocyclic group
include a monovalent group of a 5- or 6-membered single
ring or a condensed ring containing two to four 5- or
6-membered rings, such as a furan ring, a benzofuran ring,
a thiophene ring, a benzothiophene ring, a pyrrole ring, a
pyrazole ring, an imidazole ring, an oxadiazole ring, an
indole ring, a carbazole ring, a pyrroloimidazole ring, a
pyrrolopyrazole ring, a pyrrolopyrrole ring, a thienopyrrole
ring, a thienothiophene ring, a furopyrrole ring, a furofuran
ring, a thienofuran ring, a benzisoxazole ring, a benzisothi-
azole ring, a benzimidazole ring, a pyridine ring, a pyrazine
ring, a pyridazine ring, a pyrimidine ring, a triazine ring, a
quinoline ring, an isoquinoline ring, a cinnoline ring, a
quinoxaline ring, a phenanthridine ring, a benzimidazole
ring, a perimidine ring, a quinazoline ring, a quinazolinone
ring, an azurene ring, etc.

@
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[0347] From the viewpoint of solubility in solvent and
heat resistance, Ar' to Ar’ each are preferably a monovalent
group of a ring selected from a group consisting of a benzene
ring, a naphthalene ring, an anthracene ring, a phenanthrene
ring, a triphenylene ring, a pyrene ring, a thiophene ring, a
pyridine ring, and a fluorene ring.

[0348] Also preferably, Ar' to Ar® each are a group formed
by bonding one or more rings selected from the above-
mentioned group, via a single bond, and are more preferably
any of a biphenyl group, a biphenylene group, a terphenyl
group and a terphenylene group.

[0349] The optional substituent for the aromatic hydrocar-
bon group and the aromatic heterocyclic group includes a
linear, branched or cyclic alkyl group having 1 to 24,
preferably 1 to 12 carbon atoms, such as a methyl group, an
ethyl group, an n-propyl group, an i-propyl group, an n-butyl
group, an i-butyl group, a sec-butyl group, a tert-butyl
group, an n-hexyl group, a cyclohexyl group, a dodecyl
group, etc.; an alkenyl group having 2 to 24, preferably 2 to
12 carbon atoms, such as a vinyl group, etc.; an alkynyl
group having 2 to 24, preferably 2 to 12 carbon atoms, such
as an ethynyl group, etc.; an alkoxy group having 1 to 24,
preferably 1 to 12 carbon atoms, such as a methoxy group,
an ethoxy group, etc.; an aryloxy group having 4 or more,
preferably 5 or more and 36 or less, preferably 24 or less
carbon atoms, such as a phenoxy group, a naphthoxy group,
a pyridyloxy group, etc.; an alkoxycarbonyl group having 2
to 24, preferably 2 to 12 carbon atoms, such as a methoxy-
carbonyl group, an ethoxycarbonyl group, eftc.; a dialky-
lamino group having 2 to 24, preferably 2 to 12 carbon
atoms, such as a dimethylamino group, a diethylamino
group, etc.; a diarylamino group having 10 or more, pref-
erably 12 or more and 36 or less, preferably 24 or less carbon
atoms, such as a diphenylamino group, a ditolylamino
group, an N-carbazolyl group, etc.; an arylalkylamino group
having 7 to 36, preferably 7 to 24 carbon atoms, such as a
phenylmethylamino group, etc.; an acyl group having 2 to
24, preferably 2 to 12 carbon atoms, such as an acetyl group,
a benzoyl group, etc.; a halogen atom such as a fluorine
atom, a chlorine atom, etc.; a haloalkyl group having 1to 12,
preferably 1 to 6 carbon atoms, such as a triflutoromethyl
group, etc.; an alkylthio group having 1 to 24, preferably 1
to 12 carbon atoms such as a methylthio group, an ethylthio
group, etc.; an arylthio group having 4 or more, preferably
5 or more and 36 or less, preferably 24 or less carbon atoms,
such as a phenylthio group, a naphthylthio group, a pyridyl-
thio group, etc.; a silyl group having 2 or more, preferably
3 or more and 36 or less, preferably 24 or less carbon atoms,
such as a trimethylsilyl group, a triphenylsilyl group, etc.; a
siloxy group having 2 or more, preferably 3 or more and 36
or less, preferably 24 or less carbon atoms, such as a
trimethylsiloxy group, a triphenylsiloxy group, etc.; a cyano
group; an aromatic hydrocarbon cyclic group having 6 to 36,
preferably 6 to 24 carbon atoms such as a phenyl group, a
naphthy! group, etc.; an aromatic heterocyclic group having
3 or more, preferably 4 or more and 36 or less, preferably 24
or less carbon atoms, such as a thienyl group, a pyridyl
group, etc.

[0350] Among the above-mentioned optional substituents,
an alkyl group having 1 to 12 carbon atoms and an alkoxy
group having 1 to 12 carbon atoms are preferred from the
viewpoint of solubility.
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[0351] The above-mentioned optional substituents may
further have a substituent, and examples of the substituent
may be selected from the groups mentioned hereinabove as
the optional substituents.

[0352] From the viewpoint of excellent hole transporting
capability, the carbon number of Ar' to Ar®> may be, includ-
ing the substituent thereof, 3 or more, preferably 5 or more,
more preferably 6 or more, and may be 72 or less, preferably
48 or less, more preferably 25 or less.

[0353] m in the formula (L) indicates an integer of 0 to 3,
and from the viewpoint of enhancing film formability, m is
preferably 0. From the viewpoint of improving hole trans-
porting capability, m is preferably 1 to 3.

[0354] Whenn is 2 or more, two or more Ar”’s and two or
more Ar’’s may be the same as or different from each other.
Further, Ar*’s and Ar’’s may bond to each other directly or
via a linking group to form a cyclic structure.

[0355] When the hole transporting material has a cross-
linking group, the solubility thereof in solvent may be
greatly varied before and after the reaction (insolubilization
reaction) to occur in heating and/or through irradiation with
active energy rays.

[0356] The crosslinking group means a group that reacts
with the same or a different group in the other molecule
positioned closely in heating and/or through irradiation with
active energy rays to form a novel chemical bond.

[0357] From the viewpoint of the ability to facilitate
insolubilization, the crosslinking group includes, for
example, the following crosslinking groups.

x! X2
L o<

- |

RZI RZZ —0 X3 \/

H Ar?! R H 81
0 0 R*

H H

— y=<

\ H —0 / A\ H

[0358] In the above formulae, R* to R* each indepen-
dently represent a hydrogen atom, or a substituted or unsub-
stituted alkyl group. Ar*' represents a substituted or unsub-
stituted aromatic group.

[0359] X', X* and X® each independently represent a
hydrogen atom or a halogen atom.

[0360] R>*represents a hydrogen atom or a vinyl group.
[0361] The benzocyclobutene ring may have a substitu-
ents, and the substituents may bond to each other to form a
ring.
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[0362] The alkyl group for R* to R*® includes an alkyl
group having 1 to 24, preferably 1 to 12 carbon atoms, for
example, a methyl group, an ethyl group, etc.

[0363] The aromatic group for Ar*' includes the same
aromatic groups that are represented by the above-men-
tioned Ar' to Ar’.

[0364] Examples of the optional substituent for R to R**,
and Ar*' include, though not limited thereto, the groups
selected from the above-mentioned optional substituents.

[0365] Further, the crosslinking group is, from the view-
point of high reactivity and easiness in insolubilization,
preferably a group capable of being insolubilized through
cationic polymerization, for example, a cyclic ether group
such as an epoxy group, an oxetane group or the like, or a
vinyl ether group, etc. Above all, from the viewpoint of
facilitating cationic polymerization rate control, an oxetane
group is especially preferred, and from the viewpoint that a
hydroxyl group that may worsen devices is hardly formed
during cationic polymerization, a vinyl ether group is pre-
ferred.

[0366] A group to undergo cyclization addition reaction,
for example, an arylvinylcarbonyl group such as a cin-
namoyl group or a group having a benzocyclobutene ring is
preferred from the viewpoint of further enhancing electro-
chemical stability.

[0367] In addition, among the crosslinking group, a group
having a benzocyclobutene ring is especially preferred from
the viewpoint that the insolubilized structure is especially
stable.

[0368] Specifically, a group represented by the following
formula (M) is preferred.

M)

[0369] The benzocyclobutene ring in the formula (M) may
have a substituent. The substituents may bond to each other
to form a ring.

[0370] The crosslinking group may directly bond to the
monovalent or divalent aromatic group in the molecule, but
may bond thereto via a divalent group. The divalent group
is preferably a divalent group to be formed by linking 1 to
30 groups selected from —O—, —C(=0)— and —CH*—
optionally having a substituent, in any desired order. Spe-
cific examples of the crosslinking group that bonds via the
divalent group are shown below, though not limited thereto.

—<CHz>m—0®<>o
H;C
—O0—(CHy),—0 0
H;C
—<CHz>m—o/><>o
CoHs
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[0371] In the above formulae, m indicates an integer of 0 ‘><>O
. . . H C

to 12, and n indicates an integer of 1 to 12.

\
|

[0372] Specific examples of a group containing any other
crosslinking group are shown below.
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[0373] Further, in one aspect of the present invention, the
hole transporting material preferably contains an electrocon-
ductive polymer or oligomer. The electroconductive poly-
mer or oligomer is generally a mixture with an electron
donating compound, an electron accepting compound, or an
acidic compound. The mixture may be solid or liquid, but a
solution, a dispersion, a colloid, an ink, a varnish or the like
that is suitably used in a method of forming a solid film
according to a coating method is preferred. In addition, for
improving hole transporting capability and for improving
film formability, an additive may be added to the mixture.
[0374] Examples of the electroconductive polymer or oli-
gomer usable in one aspect of the present invention are
shown below.

[0375] Typical examples of the electron donating com-
pound include aromatic amine derivatives, phthalocyanine
derivatives, porphyrin derivatives, thiophene derivatives,
benzylphenyl derivatives, compounds with tertiary amines
linked by a fluorene group, hydrazone derivatives, silazane
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derivatives, silanamine derivatives, phosphamine deriva-
tives, quinacridone derivatives, aniline derivatives, pyrrole
derivatives, phenylenevinylene derivatives, thienylenevi-
nylene derivatives, quinoline derivatives, quinoxaline
derivatives, carbon, etc. These derivatives may be any of
low-molecular compounds having a molecular weight of
less than 1,000, or oligomers or dendrimers having a
molecular weight of 1,000 to 10,000, or polymers having a
molecular weight of 10,000 or more. Above all, aromatic
amine derivatives, polythiophene derivatives, polyaniline
derivatives and oligoaniline derivatives are preferably used.

[0376] Typical examples of the electron accepting com-
pound and the acidic compounds include one or more
compounds selected from a group consisting of triarylboron
compounds, metal halides, Lewis acids, organic acids,
onium salts, salts of arylamines and metal halides, and salts
of arylamines and Lewis acids. More specifically, there are
mentioned onium salts having an organic group such as
4-isopropyl-4'-methyldiphenyliodonium tetrakis(pentafluo-
rophenyl)borate, triphenylsulfonium tetrafluoroborate, etc.;
high-valence inorganic compounds such as iron(IlI) chlo-
ride, ammonium peroxodisulfate, etc.; cyano compounds
such as tetracyanoethylene, etc.; aromatic boron compounds
such as tris(pentafluorophenyl)borane, etc.; fullerene deriva-
tives; iodine; sulfonate ions such as polystyrenesulfonate
ion, alkylbenzenesulfonate ion, camphorsulfonate ion, etc.

[0377] Like the electron donating compound, these deriva-
tives may be any of low-molecular compounds having a
molecular weight of less than 1,000, oligomers and den-
drimers having a molecular weight of 1,000 to 10,000, and
polymers having a molecular weight of 10,000 or more.

[0378] The electron accepting compound oxidizes the hole
transporting material to increase the electroconductivity of
the hole transporting layer. The content of the electron
accepting compound relative to the hole transporting mate-
rial in the hole transporting layer or in the hole transporting
layer composition is generally 0.1 mol % or more, prefer-
ably 1 mol % or more and is generally 100 mol % or less,
preferably 40 mol % or less.

[0379] Typical examples (i) to (x) of the hole transporting
material usable in one aspect of the present invention are
shown below. These may be used singly or as combined.
Preferably, a relative electron donating one and a relatively
electron accepting one are mixed. Further, additives for
promoting charge transfer between the electron donating
compound and the electron accepting compound and for
improving coating film formability may be added as a third
component. Plural third components may be used.

(@
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[0380] In the formula, R, and R,' each are independently
selected from a hydrogen atom and an alkyl group having 1
to 4 carbon atoms. R, and R;' may bond to each other to
form an alkylene chain having 1 to 4 carbon atoms. The
alkylene chain may be optionally substituted with an alkyl
group having 1 to 12 carbon atoms, an aromatic group
having 6 to 12 carbon atoms, or a 1,2-cyclohexylene group.
n indicates a number larger than about 6.

Polyaniline Having a Monomer Unit of (ii) and/or (iii):

(i)

Ry
AN
4< }N_
_|_
(H).’rl-l
(i)
(1|11)n (Tl)n
O
_|_ _|_
(H)m-l (H)m-l
[0381] In the above formula, n indicates an integer of 0 to
4,

(m-1) indicates an integer of 1 to 5, and n+(m-1)=5,

R' may be the same or different and each is independently
selected from an alkyl group, an alkenyl group, an alkoxy
group, a cycloalkyl group, a cycloalkenyl group, an alkanoyl
group, an alkylthio group, an aryloxy group, an alkylthio-
alkyl group, an alkylaryl group, ab arylalkyl group, an amino
group, an alkylamino group, a dialkylamino group, an aryl
group, an alkylsulfinyl group, an alkoxyalkyl group, an
alkylsulfonyl group, an arylthio group, an arylsulfinyl group,
an alkoxycarbonyl group, an arylsulfonyl group, a carboxyl
group, a halogen atom, a cyano group, and an alkyl group
substituted with one or more substituents of a sulfonic acid
group, a carboxyl group, a halogen atom, a nitro group, a
cyano group and an epoxy group. Neighboring two R*’s may
bond to each other to form an alkylene chain or an alk-
enylene chain to complete a 3-, 4-, 5-, 6- or 7-membered
aromatic ring or alicyclic ring optionally containing one or
more divalent nitrogen atoms, sulfur atoms or oxygen atoms.

(iv)

[0382] In the above fornmla, R* is independently selected
from a hydrogen atom, an alkyl group, an alkenyl group, an
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alkoxy group, an alkanoyl group, an alkylthio group, an
aryloxy group, an alkylthioalkyl group, an alkylaryl group,
an arylalkyl group, an amino group, an alkylamino group, a
dialkylamino group, an aryl group, an alkylsulfinyl group,
an alkoxyalkyl group, an alkylsulfonyl group, an arylthio
group, an arylsulfinyl group, an alkoxycarbonyl group, an
arylsulfonyl group, an acrylic acid group, a phosphoric acid
group, a phosphonic acid group, a halogen atom, a nitro
group, a cyano group, a hydroxyl group, an epoxy group, a
silyl group, a siloxane group, an alcohol group, a benzyl
group, a carboxylate group, an ether group, an ether car-
boxylate group, an amide sulfonate group, an ether sulfonate
group and an urethane group. Two R"’s may bond to each
other to form an alkylene chain or an alkenylene chain to
complete a 3-, 4-, 5-, 6- or 7-membered aromatic ring or
alicyclic ring, and the ring may contain one or more divalent
nitrogen atoms, sulfur atoms or oxygen atoms.

[0383] R? is independently selected from a hydrogen
atom, an alkyl group, an alkenyl group, an aryl group, an
alkanoyl group, an alkylthioalkyl group, an alkylaryl group,
an arylalkyl group, an amino group, an epoxy group, a silyl
group, a siloxane group, an amide sulfonate group, an
alcohol group, a benzyl group, a carboxylate group, an ether
group, an ether carboxylate group, an amide sulfonate
group, an ether sulfonate group and an urethane group.

)

[0384] In the above formula, Q is selected from a group
consisting of S, Se and Te, R* is each independently selected
from a hydrogen atom, an alkyl group, an alkenyl group, an
alkoxy group, an alkanoyl group, an alkylthio group, an
aryloxy group, an alkylthioalkyl group, an alkylaryl group,
an arylalkyl group, an amino group, an alkylamino group, a
dialkylamino group, an aryl group, an alkylsulfinyl group,
an alkoxyalkyl group, an alkylsulfonyl group, an arylthio
group, an arylsulfinyl group, an alkoxycarbonyl group, an
arylsulfonyl group, an acrylic acid group, a phosphoric acid
group, a phosphonic acid group, a halogen atom, a nitro
group, a cyano group, a hydroxyl group, an epoxy group, a
silyl group, a siloxane group, an alcohol group, a benzyl
group, a carboxylate group, an ether group, an ether car-
boxylate group, an amide sulfonate group, an ether sulfonate
group, an ester sulfonate group and an urethane group. Two
R*’s may bond to each other to form an alkylene chain or
alkenylene chain to complete a 3-, 4-, 5-, 6- or 7-membered
aromatic ring or alicyclic ring. The ring may contain one or
more divalent nitrogen atoms, selenium atoms, tellurium
atoms, sulfur atoms or oxygen atoms.
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[0385] In the above formula, R' and R* each indepen-
dently represent a hydrogen atom, a substituted or unsub-
stituted monovalent hydrocarbon group, a t-butoxycarbonyl
group, or a benzyloxycarbonyl group, R* to R** each inde-
pendently represent a hydrogen atom, a hydroxyl group, a
silanol group, a thiol group, a carboxyl group, a phosphoric
acid group, a phosphate group, an ester group, a thioester
group, an amide group, a nitro group, a substituted or
unsubstituted monovalent hydrocarbon group, an organoxy
group, an organoamino group, an organosilyl group, an
organothio group, an acyl group, a sulfone group or a
halogen atom, m and n each independently indicate an
integer of 1 or more and satisfy m+n=<20.

1|\—X B
(SOsH), )

[0386] In the above formula, X represents O, S or NH, A
represents a naphthalene ring or an anthracene ring option-
ally having any other substituent than X and n’s (SO,H)’s,
B represents a substituted or unsubstituted hydrocarbon
group, a 1,3,5-triazine group, or a substituted or unsubsti-
tuted group represented by the following formula (vii-1) or
(vii-2) (wherein W* and W each independently represent O,
S, S(0), S(0,), or a substituted or unsubstituted N, Si, P or
P(0)). nis an integer that satisfies 1=n=4, and q is an integer
that satisfies 1=q.

O
(i)

w2

(vii)

(vii-1)

(vii-2)

Nov. 10, 2016

104

(vi)

RIG
Rl S Rl 7
RIS
R19
R20
Rr2!
R4 R2
R23

[0387] In consideration of the purpose of improving dura-
bility and improving charge transporting capability, B is
preferably a divalent or more multivalent, substituted or
unsubstituted hydrocarbon group containing at least one
aromatic ring, a divalent or trivalent 1,3,5-triazine group, or
a substituted or unsubstituted divalent diphenylsulfone
group, and is especially preferably a divalent or trivalent,
substituted or unsubstituted benzyl group, a divalent substi-
tuted or unsubstituted p-xylylene group, a divalent or triva-
lent substituted or unsubstituted naphthyl group, a divalent
or trivalent 1,3,5-triazine group, a divalent substituted or
unsubstituted diphenylsulfone group, a di- to tetravalent
perfluorobiphenyl group, a divalent substituted or unsubsti-
tuted 2,2-bis((hydroxypropoxy)phenyl)propyl group, a sub-
stituted or unsubstituted polyvinylbenzyl group.

[0388] The compound represented by the formula (vii) is
especially preferably represented by the formula (vii-3).

(ii-3)

HOsS

()

HO,S SO;H

SO;H

(viii)
RZ
Rl—[—A—NHan—[B—NJ;N

[0389] In the formula, R*, R? and R? each independently
represent a hydrogen atom, a halogen atom, a hydroxyl
group, an amino group, a silanol group. a thiol group, a
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carboxyl group, a phosphoric acid group, a phosphate group, _continued

an ester group, a thioester group, an amide group, a nitro , 0 (viii-2)
group, a monovalent hydrocarbon group, an organoxy R R

group, an organcamino group, an organosilyl group, an

organothio group, an acyl group or a sulfonic acid group, A RS

and B each independently represent a divalent group repre-

sented by the formula (viii-1) or (viii-2). Rl

[0390] In the formula, R* to R'' each independently rep-
resent a hydrogen atom, a halogen atom, a hydroxyl group,
an amino group, a silanol group, a thiol group, a carboxyl
(viii-1) group, a phosphoric acid group, a phosphate group, an ester
R* R® group, a thioester group, an amide group, a nitro group, a
monovalent hydrocarbon group, an organoxy group, an
organoamino group, an organosilyl group, an organothio
group, an acyl group or a sulfonic acid group. m and n each
independently indicate an integer of 1 or more, satisfying
m+n=20.

Mixture of the Following Compounds (ix)
[0391]

QP
ol

n

s
P

F F F F
P F
/ |
N F
F

[0392] n indicates an integer of 3 or more.
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Mixture of the Following Compounds (x)
[0393]

O
QoG
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Nov. 10, 2016

106

QO
oo

F
e
/F
F F

[0394] In one aspect of the present invention, a phenylam-
ine polymer of the following formula (X) may be used as the
hole transporting material:

ageses

CsHy7 CsHys

X

wherein n indicates an integer of 3 or more.

[0395] The hole transporting layer in the organic EL
device of one aspect of the present invention may be made
into a two-layered structure of a first hole transporting layer
(anode side) and a second hole transporting layer (cathode
side).

[0396]

The thickness of the hole transporting layer is

¥ F
N
\‘F

F

such a layer, it is expected that the driving voltage is lowered
and the production cost is reduced.

[0398] The acceptor material is preferably a compound
represented by the following formula (Y).

¥

preferably 10 to 200 nm, although not particularly limited
thereto.

[0397] The organic EL device of one aspect of the present
invention may have a layer containing an acceptor material,
which is disposed in contact with the anode side of the hole
transporting layer or the first hole transporting layer. With

R3ll
R312
Xy
N N R316
x
N N R315
R313 Z N
R3l4
[0399] In the above formula (Y), R*' to R*'® may be the

same as or different from each other, each independently
representing a cyano group, —CONH,, a carboxyl group, or
—COOR>'7 (R*!7 represents an alkyl group having 1 to 20
carbon atoms or a cycloalkyl group having 3 to 20 carbon
atoms). A pair or two or more pairs of R*** and R*!%, R**?
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and R***, and R*'® and R3! may together form a group
represented by —CO—O0—CO—.

[0400] Examples of R*'7 include a methyl group, an ethyl
group, an n-propyl group, an isopropyl group, an n-butyl
group, an isobutyl group, a t-butyl group, a cyclopentyl
group, a cyclohexyl group, etc.
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[0401] The thickness of the layer containing the acceptor
material is preferably 5 to 20 nm, although not particularly
limited thereto.

[0402] As the acceptor material, the following materials
may be used.

i
C

/ 7]
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(n/p Doping)

[0403] The carrier injecting properties of the hole trans-
porting layer and the electron transporting layer can be
controlled by doping (n) with a donor material or doping (p)
with an acceptor material.

[0404] A typical example of the n-doping is an electron
transporting material doped with a metal, such as Li and Cs,
and a typical example of the p-doping is a hole transporting
material doped with an acceptor material, such as F,TCNQ
(2, 3,5, 6-tetrafluoro-7, 7, 8, 8-tetracyanoquinodimethane).

(Space Layer)

[0405] For example, when a fluorescent light emitting
layer and a phosphorescent light emitting layer are lami-
nated, a space layer is disposed between the fluorescent light
emitting layer and the phosphorescent light emitting layer to
prevent the diffusion of excitons generated in the phospho-
rescent light emitting layer to the fluorescent light emitting

F;CO

layer or to control the carrier balance. The space layer may
be disposed between two or more phosphorescent light
emitting layers.

[0406] Since the space layer is disposed between the light
emitting layers, a material combining the electron transport-
ing ability and the hole transporting ability is preferably
used for forming the space layer. To prevent the diffusion of
triplet energy in the adjacent phosphorescent light emitting
layer, the triplet energy of the material for the space layer is
preferably 2.6 eV or more. The materials described above
with respect to the hole transporting layer are usable as the
material for the space layer. The material for organic EL
devices of one aspect of the present invention may also be
used as the material for the space layer.

(Blocking Layer)

[0407] The organic EL device of one aspect of the present
invention preferably has a blocking layer, such as an electron
blocking layer, a hole blocking layer or a triplet blocking
layer, which is disposed adjacent to the light emitting layer.
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The electron blocking layer is a layer which prevents the
diffusion of electrons from the light emitting layer to the
hole transporting layer. The hole blocking layer is a layer
which prevents the diffusion of holes from the light emitting
layer to the electron transporting layer. The material for
organic EL devices of one aspect of the present invention
may be used as the material for the hole blocking layer.
[0408] The triplet blocking layer prevents the diffusion of
triplet excitons generated in the light emitting layer to the
adjacent layers and has a function of confining the triplet
excitons in the light emitting layer, thereby preventing the
deactivation of energy on any other molecules in the electron
transporting layer than the light emitting dopant of triplet
excitons.

[0409] If a phosphorescent device having a triplet block-
ing layer satisfies the following energy relationship:
E” <BE”,; wherein E”, is the triplet energy of the phospho-
rescent dopant in the light emitting layer and EZ; is the
triplet energy of the compound forming the triplet blocking
layer, the triplet excitons of the phosphorescent dopant are
confined (not diffusing to other molecules). Therefore, the
energy deactivation process other than the emission on the
phosphorescent dopant may be prevented to cause the emis-
sion with high efficiency. However, even in case of satisfy-
ing the relationship of B” <E”,;, the triplet excitons may
move into any other molecules if the energy difference
AE=E7,.~E7 is small, because the energy difference AE”
may be overcome by the absorption of the ambient heat
energy when driving the device at around room temperature
as generally employed in practical drive of devices. As
compared with the fluorescent emission, the phosphorescent
emission is relatively likely to be affected by the diffusion of
excitons due to the heat absorption because the lifetime of
triplet excitons is longer. Therefore, as for the energy
difference AE7, the larger as compared with the heat energy
of room temperature, the better. The energy difference AE”
is more preferably 0.1 eV or more and particularly prefer-
ably 0.2 eV or more. On the other hand, in fluorescent
devices, the material for organic EL devices in one aspect of
the present invention is usable as the material for triplet
blocking layer of the TTF device configuration described in
W02010/134350 Al.

[0410] The electron mobility of the material for the triplet
blocking layer is preferably 107 cm*Vs or more at an
electric field strength of 0.04 to 0.5 MV/em. There are
several methods for measuring the electron mobility of
organic materials, for example, Time of Flight method. In
the present invention, the electron mobility is determined by
impedance spectroscopy.

[0411] The electron mobility of the electron injecting layer
is preferably 10™° ecm?*Vs or more at an electric field
strength of 0.04 to 0.5 MV/cm. Within the above range, the
injection of electrons from the cathode to the electron
transporting layer is promoted and the injection of electrons
to the adjacent blocking layer and light emitting layer is also
promoted, thereby enabling to drive devices at a lower
voltage.

[0412] The method for forming each layer of the organic
EL device of one aspect of the present invention is not
specifically limited. Any forming method of conventionally-
known vacuum evaporation method, spin coating method
and the like may be employed. The organic thin film layer
containing the compound (1) for use in the organic EL
device of one aspect of the present invention may be formed
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according to a known method such as a vapor deposition
method, a molecular beam evaporation method (MBE
method), or a coating method of a dipping method, a spin
coating method, a casting method, a bar coating method, a
roll coating method or the like using a solution of the
compound dissolved in a solvent.

[0413] The thickness of each organic layer of the organic
EL device of one aspect of the present invention is not
specifically limited, but in general, when the thickness is too
small, there may readily form defects such as pin holes and
the like, but when too large, a high application voltage is
needed and the efficiency worsens. In general, therefore, the
thickness is preferably within a range of a few nm to 1 pm.
As the method for forming the layer (especially the light
emitting layer) containing the compound (1) of one aspect of
the present invention, for example, a method of using the
above-mentioned ink composition of one aspect of the
present invention for film formation is preferred.

[0414] For the film formation method, any known coating
method may be effectively used. For example, there are
mentioned a spin coating method, a casting method, a
microgravure coating method, a gravure coating method, a
bar coating method, a roll coating method, a slit coating
method, a wire bar coating method, a dip coating method, a
spray coating method, a screen printing method, a flexog-
raphic printing method, an offset printing method, an ink jet
method, a nozzle printing method, etc. For pattern forma-
tion, a screen printing method, a flexographic printing
method, an offset printing method and an ink jet printing
method are preferred. The film formation according to these
methods may be carried out under the condition well known
by anyone skilled in the art.

[0415] After the film formation, the solvent may be
removed by drying under heat (upper limit 250° C.) under
vacuum, and any polymerization through exposure to light
or by high-temperature heating at higher than 250° C. is
unnecessary. Accordingly, it is possible to prevent the
devices from being degraded through exposure to light or by
high-temperature heating at higher than 250° C.

[Electronic Equipment]

[0416] The electronic equipment of one aspect of the
present invention is described.

[0417] The electronic equipment of one aspect of the
present invention contains the organic electroluminescence
device of one aspect of the present invention. The organic
electroluminescence device of one aspect of the present
invention can be used in electronic equipments, for example,
as display parts, such as organic EL panel modules, display
devices of television sets, mohile phones, personal com-
puter, etc., and light emitting sources of lighting equipment
and vehicle lighting equipment.

EXAMPLES

[0418] The present invention will be described below in
more detail with reference to Examples. However, the
present invention is not limited by these Examples.
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Synthesis Example 1

Synthesis of Compound H-1
[0419]

Br, Br
+ .
X Pd(dppf),Cl, — CHCI
N NayCOj3 ag/Dioxane
2 H
B(OH),

I N l I N, I
O N O
H

Al

0] 0
HCI
CHO Br \ Br
HN NH
+ —_— _—_—
NaOH NaOH
EtOH FtOH
Br
NN
O b | O Br
Bl

Al
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Br

Br

H-1

[0420] In an argon atmosphere, 9-phenylcarbazole-3-bo-
ronic acid (12.06 g, 42 mmol), 3,6-dibromocarbazole (5.60
g, 20 mmol), dichloro(diphenylphosphinoferrocene)palla-
dium-methylene chloride complex (0.32 g, 0.4 mmol), 1,4-
dioxane (60 mL) and aqueous 2 M sodium carbonate solu-
tion (60 mL) were sequentially added and heated under
reflux for 7 hours.

[0421] The reaction liquid was cooled to room tempera-
ture, then the precipitated solid was taken out through
filtration, washed with 1,4-dioxane and water, and dried
under reduced pressure. The resultant residue was purified
through silica gel column chromatography. and recrystal-
lized from 1,4-dioxane to give the tricarbazolyl intermediate
Al (11.05 g, yield 85%).

[0422] Benzaldehyde (4.24 g, 40 mmol) and 3'-bromoac-
etophenone (7.96, 40 mmol) were dissolved in ethanol (80
mL), and sodium hydroxide (0.16 g, 4 mmol) was added
thereto and stirred at room temperature for 8 hours. Subse-
quently, 4-bromobenzamidine hydrochloride (4.71 g, 20
mmol) and sodium hydroxide (1.60 g, 40 mmol) were added,
ethanol (40 mL) was added, and reacted under heat with
reflux for 8 hours. The formed white powder was collected
through filtration, washed with ethanol until the wash could
be colorless, and further this was washed with water and

Pd,(dba);, tBusP—HBE,
tBuONa/Xylene

ethanol and dried in vacuum to give the intended pyrimidine
intermediate B1 (8.58 g, yield 92%).

[0423] In an argon atmosphere, the tricarbazolyl interme-
diate A1 (4.09 g, 6.3 mmol), the pyrimidine intermediate B1
(1.40 g, 3.0 mmol), tris(dibenzylideneacetone)dipalladium
(0.055 g, 0.06 mmol), tri-t-butylphosphonium tetrafluorobo-
rate (0.070 g, 0.24 mmol), t-butoxy sodium (0.87 g, 9.0
mmol) and anhydrous xylene (60 mL) were sequentially
added and heated under reflux for 8 hours.

[0424] The reaction liquid was cooled to room tempera-
ture, then the insoluble matter was removed through filtra-
tion and the organic solvent was evaporated away under
reduced pressure. The resultant residue was purified through
silica gel column chromatography to give the compound H-1
(3.27 g, yield 68%).

[0425] The results of analysis through HPLC (high per-
formance liquid chromatography) and FD-MS (field desorp-
tion ionization-mass spectrometry) of the compound H-1 are
shown below.

[0426] HPLC: purity 99.3%
[0427] FD-MS: caled for C118H74N8=1603.
[0428] found m/z=1603 (M+, 100).
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Synthesis Example 2
Synthesis of Compound H-2

[0429]
Pd(PPh3),CL
* K,CO; ag/Dioxane N A
N J .
B(OH),
)\ P o’ N O
Cl N Cl

H
Al
N o
| Pd,(dba);, XantPhos
= C

Cl

O ! tBuONa/Xylene
N

B2
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[0430] In an argon atmosphere, 4-phenyl-2,6-dichloropy-
rimidine (4.50 g, 20 mmol), 3-chlorophenylboronic acid
(3.13 g, 20 mmol), dichloro(bistriphenylphosphine)palla-
dium complex (0351 g, 0.5 mmol), 1,4-dioxane (80 mL),
and aqueous 2M potassium carbonate solution (40 mL) were
sequentially added and heated under reflux for 8 hours. The
reaction liquid was cooled to room temperature, then diluted
with toluene, washed with water, and dried under reduced
pressure. The resultant residue was purified through silica
gel column chromatography to give the pyrimidine interme-
diate B2 (4.70 g, yield 78%).

[0431] In an argon atmosphere, the tricarbazolyl interme-
diate A1 (4.09 g, 6.3 mmol), the pyrimidine intermediate B2
(0.90 g, 3.0 mmol), tris(dibenzylideneacetone)dipalladium
(0.055 g, 0.06 mmol), Xantphos (4,5-bis(diphenylphos-
phino)-9,9-dimethylxanthene) (0.069 g, 0.12 mmol), t-bu-
toxy sodium (0.87 g, 9.0 mmol) and anhydrous xylene (60
mlL) were sequentially added and heated under reflux for 8
hours.

B(OH),

+ l
Br

Nov. 10, 2016

128

[0432] The reaction liquid was cooled to room tempera-
ture, then the insoluble matter was removed through filtra-
tion and the organic solvent was evaporated away under
reduced pressure. The resultant residue was purified through
silica gel column chromatography to give the compound H-2
(2.34 g, yield 73%).

[0433] The results of analysis through HPLC and FD-MS
of the compound H-2 are shown below.

[0434] HPLC: purity 99.0%
[0435] FD-MS: caled for C112H70N8=1527.
[0436] found m/z=1527 (M+, 100).
Synthesis Example 3
Synthesis of Compound H-3
[0437]

O Pd(dppt)>Cly— CHC3
N B

T NayCOj3 ag/Dioxane

jani

janird

Tz
=z
+

A2
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Pdy(dba)s, XantPhos

tBuONa/Xylene

[0438] In an argon atmosphere, 9-phenylcarbazole-3-bo-
ronic acid (12.06 g, 42 mmol), 2, 7-dibromocarbazole (5.60
g, 20 mmol), dichloro(diphenylphosphinferrocene)palla-
dium-methylene chloride complex (0.32 g, 0.4 mmol), 1,4-
dioxane (60 mL), and aqueous 2M sodium carbonate solu-
tion (60 mL) were sequentially added and heated under
reflux for 7 hours.

[0439] The reaction liquid was cooled to room tempera-
ture, then the precipitated solid was collected through fil-
tration, washed with 1,4-dioxane and water, and dried under
reduced pressure. The resultant residue was purified through
silica gel column chromatography and then recrystallized
from 1,4-dioxane to give the tricarbazolyl intermediate A2
(11.05 g, yield 90%).

[0440] In an argon atmosphere, the tricarbazolyl interme-
diate A2 (4.09 g, 6.3 mmol), the pyrimidine intermediate B2

(0.90 g, 3.0 mmol), tris(dibenzylideneacetone)dipalladium
(0.055 g, 0.06 mmol), Xantphos (0.069 g, 0.12 mmol),
t-butoxy sodium (0.87 g, 9.0 mmol) and anhydrous xylene
(60 mL) were sequentially added and heated under reflux for
8 hours.

[0441] The reaction liquid was cooled to room tempera-
ture, then the insoluble matter was removed through filtra-
tion and the organic solvent was evaporated away under
reduced pressure. The resultant residue was purified through
silica gel column chromatography to give the compound H-3
(2.43 g, yield 53%).

[0442] The results of analysis through HPL.C and FD-MS
of the compound H-3 are shown below.

[0443] HPLC: purity 99.2%
[0444] FD-MS: caled for C112H70N8=1527.
[0445] found m/z=1527 (M+, 100).
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Synthesis Example 4

Synthesis of Compound H-4
[0446]

)k@/ NaOH
FtOH

NZ Sy
\ | Br
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[0447] 7-Bromonaphthaldehyde (9.40 g, 40 mmol) and
3'-bromoacetophenone (7.96, 40 mmol) were dissolved in
ethanol (80 mL), and sodium hydroxide (0.16 g, 4 mmol)
was added thereto and stirred at room temperature for 8
hours. Subsequently, benzamidine hydrochloride (3.13 g, 20
mmol) and sodium hydroxide (1.60 g, 40 mmol) were added,
ethanol (40 mL) was added, and reacted under heat with
reflux for 8 hours. The formed white powder was collected
through filtration, washed with ethanol until the wash could
be colorless, and further this was washed with water and
ethanol and dried in vacuum to give the intended pyrimidine
intermediate B3 (9.29 g, yield 90%).

[0448] In an argon atmosphere, the tricarbazolyl interme-
diate A1 (4.09 g, 6.3 mmol), the pyrimidine intermediate B3
(1.55 g, 3.0 mmol), tris(dibenzylideneacetone)dipalladium
(0.055 g, 0.06 mmol), tri-t-butylphosphonium tetrafluorobo-
rate (0.070 g, 0.24 mmol), t-butoxy sodium (0.87 g, 9.0

Cl CN

4

mmol) and anhydrous xylene (60 mL) were sequentially
added and heated under reflux for 8 hours.

[0449] The reaction liquid was cooled to room tempera-
ture, then the insoluble matter was removed through filtra-
tion and the organic solvent was evaporated away under
reduced pressure. The resultant residue was purified through
silica gel column chromatography to give the compound H-4
(3.47 g, yield 70%).

[0450] The results of analysis through HPL.C and FD-MS
of the compound H-4 are shown below.

[0451] HPLC: purity 99.1%
[0452] FD-MS: calcd for C122H76N8=1654.
[0453] found m/z=1654 (M+, 100).
Synthesis Example 5
Synthesis of Compound H-5
[0454]

PhMgBr

NH, THF

B4
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O N O
H
Al
Cl
H-5
[0455] In an argon atmosphere, 2-amino-5-chlorobenzo-

nitrile (3.81 g, 25 mmol) was dissolved in anhydrous THF
(100 mL), cooled to 0° C., and then 2M phenyl-Grignard/
THF solution (25 mlL, 50 mmol) was dropwise added
thereto, taking 30 minutes. Subsequently, 3-chlorobenzoyl
chloride (4.37 g, 25 mmol) was dropwise added taking 30
minutes. Subsequently, this was heated up to room tempera-
ture, saturated saline water was added thereto, and extracted
with ether. The organic layer was dried with magnesium
sulfate, and the organic solvent was evaporated away under
reduced pressure. The resultant residue was purified through
silica gel column chromatography to give the quinazoline
intermediate B4 (8.17 g, yield 93%).

[0456] In an argon atmosphere, the tricarbazolyl interme-
diate A1 (4.09 g, 6.3 mmol), the quinazoline intermediate B4
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(1.05 g, 3.0 mmol), tris(dibenzylideneacetone)dipalladium
(0.055 g, 0.06 mmol), Xantphos (0.069 g, 0.12 mmol),
t-butoxy sodium (0.87 g, 9.0 mmol) and anhydrous xylene
(60 mL) were sequentially added and heated under reflux for
8 hours.

[0457] The reaction liquid was cooled to room tempera-
ture, then the insoluble matter was removed through filtra-
tion and the organic solvent was evaporated away under
reduced pressure. The resultant residue was purified through
silica gel column chromatography to give the compound H-5
(2.32 g, yield 49%).

[0458] The results of analysis through HPLC and FD-MS
of the compound H-5 are shown below.

[0459] HPLC: purity 98.9%

[0460] FD-MS: caled for C116H72N8=1577.

[0461] found m/z=1577 (M+, 100).
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Synthesis of Compound H-6
[0462]
O
O
OHC Cl NI
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FeCl3, HZO / Cl POC13
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/ Cl
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N/ cl K»CO3 ag/Dioxane N
B(OH), N/ Cl
Bé

N N

N l

H

Al

N \'
| 4
N

Cl

B6

-
Pd,(dba);, XantPhos
tBuONa/Xylene
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-continued

[0463] 2-Aminobenzamide (2.72 g, 20 mmol) and 3-chlo-
robenzaldehyde (2.81 g, 20 mmol) were sequentially added
to a solution of iron(IIT) chloride (6.45 g, 40 mmol) dis-
solved in water (200 mL), and heated under reflux for 3
hours. The reaction liquid was cooled to room temperature,
and the precipitated solid was collected through filtration,
washed with water and acetone, and dried under reduced
pressure. Phosphoryl chloride (50 ml.) was added thereto
and heated under reflux for 3 hours. The reaction liquid was
cooled to room temperature, and then the reaction liquid was
poured into iced water, and extracted with methylene chlo-
ride. The organic layer was washed with water, dried with
magnesium sulfate, and the organic solvent was evaporated
away under reduced pressure. The resulting residue was
purified through silica gel column chromatography to give
the quinazoline intermediate B5 (4.40 g, yield 80%).

[0464] In an argon atmosphere, the quinazoline interme-
diate B5 (2.75 g, 10 mmol), 3-chlorophenylboronic acid
(1.56 g, 10 mmol), dichloro(bistriphenylphosphine)palla-
dium complex (0.17 g, 0.25 mmol), toluene (40 mL) and
aqueous 2M potassium carbonate solution (20 mL) were
sequentially added and heated under reflux for 8 hours. The
reaction liquid was cooled to room temperature, then diluted
with toluene, washed with water, and dried under reduced
pressure. The resultant residue was purified through silica
gel column chromatography to give the quinazoline inter-
mediate B6 (2.49 g, yield 71%).

[0465] In an argon atmosphere, the tricarbazolyl interme-
diate A1 (4.09 g, 6.3 mmol), the quinazoline intermediate B6
(1.05 g, 3.0 mmol), tris(dibenzylideneacetone)dipalladium
(0.055 g, 0.06 mmol), Xantphos (0.069 g, 0.12 mmol),
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t-butoxy sodium (0.87 g, 9.0 mmol) and anhydrous xylene
(60 mL) were sequentially added and heated under reflux for
8 hours.

[0466] The reaction liquid was cooled to room tempera-
ture, then the insoluble matter was removed through filtra-
tion and the organic solvent was evaporated away under
reduced pressure. The resultant residue was purified through
silica gel column chromatography to give the compound H-6
(3.41 g, yield 72%).

[0467] The results of analysis through HPLC and FD-MS
of the compound H-6 are shown below.

[0468] HPLC: purity 98.7%

[0469] FD-MS: calcd for C116H72N8=1577.

[0470] found m/z=1577 (M+, 100).

[0471] Other compounds within the claimed scope can be

synthesized according to the reactions mentioned above,
while using a known reaction and a known starting materials
according to the target compound.

Example 1

Washing of Substrate

[0472] A glass substrate of 25 mmx25 mmx1.1 mm thick-
ness having an ITO transparent electrode (product of Geo-
matec Company) was cleaned by ultrasonic cleaning in
isopropyl alcohol for 5 minutes and then UV ozone cleaning
for 5 minutes.

(Formation of Underlayer)

[0473] As a hole transporting material, HERAEUS’
CLEVIOUS A14083 (trade name) was formed into a film
having a thickness of 30 nm on the above-mentioned 1TO
substrate according to a spin coating method. After the film
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formation, the unnecessary part was removed away with
acetone, and then the coated substrate was fired on a hot
plate at 200° C. in an air for 10 minutes to prepare a ground
substrate.

(Formation of Light Emitting Layer)

[0474] Using the compound H-1 obtained in Synthesis
Example 1 as a host material, and using the following
compound D-1 as a dopant material, these were mixed in a
ratio by mass of compound H-1/compound D-1=95/5 to
prepare a 1.6 mass % toluene solution. The toluene solution
was applied onto the above-mentioned ground substrate to
form a coating film having a thickness of 50 nm according
to a spin coating method. After the film formation, the
unnecessary part was removed away with toluene, and dried
and heated on a hot plate at 150° C. to give a layer-coated
substrate with a light emitting layer formed thereon. All the
operation to form the light emitting layer was carried out in
a nitrogen glove box.

D-1

\ / \

V4

@]
h/§

N
N ¢}

(Vapor Deposition, Sealing)
[0475] The layer-coated substrate was conveyed into a
vapor deposition chamber, and the following compound

\
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ET-1 was vapor-deposited thereon in a thickness of 50 nm as
an electron transporting layer. Further, 1 nm of lithium
fluoride and 80 nm of aluminium were layered through
vapor deposition. After all the vapor deposition steps, this
was sealed up with facing glass in a nitrogen glove box to
produce an organic EL device.

ET-1

[0476] The resultant organic EL device was driven with a
direct current for light emission, and the external quantum
efficiency (EQE) at a current density of 10 mA/cm® was
measured. The measurement result is shown in Table 1.

Examples 2 to 5

[0477] Organic EL devices were produced in the same
manner as in Example 1 except that the compounds H-2 to
H-5 obtained in Synthesis Examples 2 to 5 were used as the
host material.

[0478] The resultant organic EL devices were evaluated in
the same manner as in Example 1, and the results are shown
in Table 1.

Comparative Example 1

[0479] An organic EL device was produced in the same

manner as in Example except that the following comparative
compound C-1 was used as the host material.

C-1
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TABLE 1

Host Material in Light
Emitting Layer

External Quantum
Efficiency (EQE) %

Example 1 H-1 53
Example 2 H-2 5.1
Example 3 H-3 4.9
Example 4 H-4 5.0
Example 5 H-5 4.8
Comparative Example 1 C-1 2.2

[0480] Using the compound (1) that is one aspect of the
present invention promotes hole injection to the neighboring
light emitting layer or hole injection from the transporting

sl

|
N,

XIS'X16 22

XU
\\Q/ " X XB’XM \}\25

material and improves the efficiency in hole transfer inside
the light emitting layer. As a result, it is known that the
efficiency is further improved in the organic EL device using
the compound. These are findings that have been obtained
by applying the compound (1) of one aspect of the present
invention to an organic EL device.

REFERENCE SIGNS LISTS

[0481] 1: Organic electroluminescence device
[0482] 2: Substrate

[0483] 3: Anode

[0484] 4: Cathode

[0485] 5: Light emitting layer

[0486] 6: Anode-side organic thin film layer
[0487] 7: Cathode-side organic thin film layer
[0488] 10: Light emitting unit

1. An organic electroluminescence device comprising a
cathode, an anode and one or more organic thin film layers
including a light emitting layer between the cathode and the
anode, wherein:

at least one layer of the one or more organic thin film

layers comprises a compound represented by the for-
mula (1):

)
C'— L1 A— 12907

wherein Cz' represents a group represented by the for-
mula (Cz-1),
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Cz7 represents a group represented by the formula (Cz-2),

A represents a residue of a substituted or unsubstituted
nitrogen-containing aromatic hetero ring having 6 to 30
ring atoms,

L! and 1.? each independently represent a substituted or
unsubstituted arylene group having 6 to 60 ring carbon
atoms,

nl and n2 each independently indicate an integer of 0 to
45

when n1=0, A and Cz' bond via a single bond,

when n2=0, A and Cz* bond via a single bond,

when n1 is an integer of 2 to 4, L*’s may be the same as
or different from each other, and [.'*s may form a ring,

when n2 is an integer of 2 to 4, L*’s may be the same as
or different from each other, and 1.*’s may form a ring;

(Cz-1)

Ry!
X3l N X38
A
\ *31 / /X37
3(3 34 N —X36
X.«S—

*1

whereizn X" to X' each independently represent N or
C- *

one of X15 to X'® is a carbon atom bonding to ***, and the
other three each are independently N or C- *24

one of X*! to X**is a carbon atom bonding to **, and the
other three each are independently N or C-*2,

one of X*° to X** is a carbon atom bonding to **, and the
other three each are independently N or C-*2,

one of X3! to X** is a carbon atom bonding to **!, and the
other three are independently N or CRx",

X33 to X3® each independently represent N or CRx",

one of *’s or one of **’s bonds to " in the formula (1),

! not bonding to L' bonds to Ry,

*2 pot bonding to L' bonds to Rx",

Ry each independently represents a hydrogen atom or a
substituent,

Rx' each independently represents a hydrogen atom or a
substituent, and

Rx'’s may form a ring;

(Cz-2)
*3

X4l N X48

7 N

X\42 \ / s X7 x5s2X Xayss

Y )(45\:'*51 \
43\3(44 x#5% X < / \ //X57

\X51 58
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Wherezn X* to X*™ each independently represent N or
C- &
one of X45 to X** is a carbon atom bonding to ***, and the
other three each are independently N or C- 4]
one of X°* to X**is a carbon atom bonding to *° ' , and the
other three each are independently N or C- *44
X°’ to X°® each independently represent N or C-**,
one of **’s or one of **’s bonds to L in the formula (1),
** not bonding to I.? bonds to Ry?,
** pot bonding to L* bonds to Rx%,
Ry? each independently represents a hydrogen atom or a
substituent,
Rx” each independently represents a hydrogen atom or a
substituent, and
Rx*’s may form a ring.
2. The organic electroluminescence device according to
claim 1, wherein the compound represented by the formula
(1) is a compound represented by the formula (1-2):

=

/

N—{ L —a—412}-c2

X24 o=

$X”
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wherein X' to X'%, X7 to X%, X*! t0 X*2, X** t0 X,
X*7 to X**, X*! to X** and X** to X*® each indepen-
dently represent N or CRx',

Ry' each independently represents a hydrogen atom or a
substituent,

Rx! each independently represents a hydrogen atom or a
substituent,

Rx"’s may form a ring, and

in the formula (1-2), Cz%, A, L', L%, nl and n2 are the
same as Cz>, A, L', L nl and n2 in the formula (1).

3. The organic electroluminescence device according to

claim 1, wherein the compound represented by the formula
(1) is a compound represented by the formula (1-4):

1-4)

Ry!—N

N—1}—a—12)}-c22

Ry!—N

wherein Ry" each independently represents a hydrogen

atom or a substituent, and Cz>, A, L', L, nl and n2 are

the same as Cz>, A, L', L, nl and n2 in the formula (1).

4. The organic electroluminescence device according to

claim 1, wherein Cz* is a group represented by the formula
(Cz-2a):

(Cz-2a)
| v
N,
/ N x(48 Xﬁ8
X4‘/ \ / 55 X62 61 \ /
*41 , 3—X XQxSG *
\XH X\:*Sl *52’\/)("“\3@4 ss—X“
Roydd x45% st N7 X
4
X51 58
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wherein X*' to X** each independently represent N or
C-4

one of X** to X* is a carbon atom bonding to ***, and the
other three each are independently N or C-**,

one of X>! to X>* is a carbon atom bonding to ***, and the
other three each are independently N or C-**,

one of X3 to X°* is a carbon atom bonding to **2, and the
other three each are independently N or C-**,

one of X* to X** is a carbon atom bonding to *°*, and the
other three each are independently N or CRx?,

X% to X%® each independently represent N or CRx?,
one of ***s or one of **’s bonds to L? in the formula (1),
** not bonding to L? bonds to Ry?,

** not bonding to L* bonds to Rx?,

Ry? each independently represents a hydrogen atom or a
substituent,

Rx* each independently represents a hydrogen atom or a
substituent, and

Rx*’s may form a ring.
5. The organic electroluminescence device according to

claim 1, wherein the compound represented by the formula
(1) is a compound represented by the formula (1-2a):

XZ

N—GLI-)TA—GLQTN

24

X358
27 N 57
X X

l;(l4

X 2’X13

Ryl_

f(34
31 48
X\\ ,/X
2 <7 x32 X4
/ \\XZS XSI’/ \
5
=
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wherein X' to X'%, X7 to X%, X?! t0 X*2, X** to X,
X* to X%, X?! to X2 and X** to X® each indepen-
dently N or CRx',

Ry each independently represents a hydrogen atom or a
substituent,

Rx! each independently represents a hydrogen atom or a
substituent,

X41 to X45, X47 to X48, XSI to XSZ, X54 to XSS, X57 to XSS,
X% to X% and X* to X® each independently represent
N or CRx?,

Ry* each independently represents a hydrogen atom or a
substituent,

Rx” each independently represents a hydrogen atom or a
substituent,

Rx"’s may form a ring,
Rx*’s may form a ring, and

A, LY, 12 nl and n2 are the same as A, L', L%, nl and n2
in the formula (1).

6. The organic electroluminescence device according to
claim 1, wherein the compound represented by the formula
(1) is a compound represented by the formula (1-4a):

(1-22)
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(1-4a)

Ry!—N Q
.

N—f1i—a—12}—N
Ry!—N

wherein Ry' each independently represents a hydrogen A, L', L? nl and n2 are the same as A, L', L, nl and n2

atom or a substituent, in the formula (1). . . .
7. The organic electroluminescence device according to

Ry? each independently represents a hydrogen atom or a claim 1, wherein the compound represented by the formula
substituent, and (1) is a compound represented by the formula (1-4b):

(1-4b)

Ry'—N

)
9

N—f L —A—{123—N

-

Ry!—N

9
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wherein Ry each independently represents a hydrogen

atom or a substituent,

Ry” represents a hydrogen atom or a substituent, and

A, L', L% nl and n2 are the same as A, L*, L nl and n2

in the formula (1).

8. The organic electroluminescence device according to
claim 1, wherein the light emitting layer comprises the
compound represented by the formula (1) as a hot material.

9. The organic electroluminescence device according to
claim 1, wherein the light emitting layer comprises a phos-
phorescent light emitting material.

10. The organic electroluminescence device according to
claim 1, which comprises an electron transporting layer
between the cathode and the light emitting layer and wherein
the electron transporting layer comprises a compound rep-
resented by the formula (1).

11. The organic electroluminescence device according to
claim 1, which comprises a hole transporting layer between
the cathode and the light emitting layer and wherein the hole
transporting layer comprises a compound represented by the
formula (1).

12. An electronic equipment comprising the organic elec-
troluminescence device of claim 1.

13. A compound represented by the formula (1):

)

Cl LA 122

wherein Cz' represents a group represented by the for-
mula (Cz-1),

Cz” represents a group represented by the formula (Cz-2),

A represents a residue of a substituted or unsubstituted
nitrogen-containing aromatic hetero ring having 6 to 30
ring atoms,

L' and L* each independently represent a substituted or
unsubstituted arylene group having 6 to 60 ring carbon
atoms,

nl and n2 each independently indicate an integer of 0 to
4,

provided that the structure represented by -(L'),,-Cz'
differs from the structure represented by -(L%),,-Cz>,

when n1=0, A and Cz' bond via a single bond,

when n2=0, A and Cz* bond via a single bond,

when nl is an integer of 2 to 4, L'’s may be the same as
or different from each other, and I.'’s may form a ring,

when n2 is an integer of 2 to 4, L>’s may be the same as
or different from each other, and I.*’s may form a ring;

%

Z—

Xll XIS

4
X1z

Xu-\\XM

AN / \ s

XZI XZS

N\
\ \ / *”\ :X” X23-X24 XzisXm X32*31
= =X T
X15=Xlls\'l w21 *22%{\
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wherein X*! to X** each independently represent N or
C-#2,

one of X** to X'* is a carbon atom bonding to *', and the
other three each are independently N or C-#2,

one of X*! to X** is a carbon atom bonding to **, and the
other three each are independently N or C-#2,

one of X** to X** is a carbon atom bonding to **, and the
other three each are independently N or C-*2,

one of X3! to X** is a carbon atom bonding to **!, and the
other three are independently N or CRx",

X to X3® each independently represent N or CRx",

one of *'’s or one of **’s bonds to L" in the formula (1),

1 pot bonding to L' bonds to Ry’,

2 not bonding to L' bonds to Rx',

Ry each independently represents a hydrogen atom or a
substituent,

Rx! each independently represents a hydrogen atom or a
substituent, and

Rx"’s may form a ring;

(Cz-2)
Ts
x4l N 48
4
X42/ X4 X54 XSS
\ w44 X3z =56
L 451
X“\\XM X45=X46 o / \ \X57
V.
XSI X5€

wherein X*' to X** each independently represent N or
-4,

one of X** to X** is a carbon atom bonding to **!, and the
other three each are independently N or C-**,

one of X! to X**is a carbon atom bonding to ***, and the
other three each are independently N or C-**,

X°% to X°* each independently represent N or C-**,

one of **°s or one of **’s bonds to L? in the formula (1),

#* not bonding to L* bonds to Ry?,

** not bonding to L bonds to Rx?,

Ry” each independently represents a hydrogen atom or a
substituent,

Rx? each independently represents a hydrogen atom or a
substituent, and

Rx*’s may form a ring.

(€13
il
N %38
\ / \\Xgﬂ
/
i 5= X%
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14. The compound according to claim 13, wherein Cz" is
a group represented by the formula (Cz-11):

(Cz-11)
Tl Ryl
|
Xll N XIS X}l N X38
4 > 3 N\
X s 15 34 35: X6
X X

—= S
22 27
X\ X
XZ 1 XZS
N

#l

wherein X' to X, X to X'®, X*' t0 X*2, X**to X** and
X*” to X*® each independently represent N or C-*2,

X3 to X2 and X** to X® each independently represent N
or CRx",

one of *'*s or one of **’s bonds to L' in the formula (1),
*! not bonding to L' bonds to Ry,
#2 not bonding to L' bonds to Rx?,

Ry* each independently represents a hydrogen atom or a
substituent,

Rx' each independently represents a hydrogen atom or a
substituent, and

Rx!’s may form a ring.

15. The compound according to claim 13, which is
represented by the formula (1-2):

/,X37\ 36
38
X W
e
Ryl—N
/S/Xy
N—éLl-)FA—éLZ —C7
24
XZI
XZ’
Ryl—

/i(M

XIZ’XB

wherein X' to X'%, X'7 to X'8, X! t0 X?2, X** to X**,
X* to X%, X?! to X*? and X** to X?* each indepen-
dently represent N or CRx",

Ry* each independently represents a hydrogen atom or a
substituent,

Nov. 10, 2016
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Rx! each independently represents a hydrogen atom or a
substituent,

Rx'’s may form a ring, and

Cz%, A, LY, L%, nl and n2 are the same as Cz%, A, L}, 1.2,
nl and n2 in the formula (1),

provided that the structure represented by the formula
(1-2-L) differs from the structure represented by -(I.?)

2,
oCZ
. (1-2-L)
X
4 x36
X38
\\X35
e~
Ry!—N
= x4

16. The compound according to claim 13, which is
represented by the formula (1-3):

{1-3)
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wherein Ry each independently represents a hydrogen 17. The compound according to claim 13, which is
atom or a substituent, represented by the formula (1-4):
(1-4)
Rx' each independently represents a hydrogen atom or a
substituent, Q
Rx'’s may form a ring, and Ry'—N

Cz%, A, LY, L%, nl and n2 are the same as Cz%, A, L', L2,
nl and n2 in the formula (1),

provided that the structure represented by the formula
(1-3-L) differs from the structure represented by -(I.°)

&
=

N—Ll4——A—¢123—5—C7
n2”

Ry!—N

13-L) O

wherein Ry’ each independently represents a hydrogen
atom or a substituent, and

Ry'—N Cz?, A, L', L%, nl and n?2 are the same as Cz>, A, L', L%,
nl and n2 in the formula (1),

provided that the structure represented by the formula

Rx! (1-4-L) differs from the structure represented by -(L?)

o-Cz%:
(1-4-1)

Ry!—N

RXI

Ry!'—N O
Rx! O
N—tLb—

Ry!—N

)
O
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18. The compound according to claim 13, wherein Cz* is
a group represented by the formula (Cz-2a):

(Cz-2a)
[
|
x4l N x4 X4 N x®
Vi Y 4 N\
x42 \ / *41\ x47 sz _x* X55 % X62 a \ / N X67
\ \X =x* /
Xu-§(44 X45—X45 st %51 / \ *52’\X57 X“\:Xm X65=X55
N\ A
XSI X XSS
|
#3
wherein X*' to X** each independently represent N or 19. The compound according to claim 13, wherein Cz* is
C-#*, a group represented by the formula (Cz-21a): (Cz210)
one of X** to X*® is a carbon atom bonding to **', and the 3 Ry?
other three each are independently N or C-**, | |
51 54 A 51 X4l N X48 X6l N X68
one of X°* to X" is a carbon atom bonding to *°*, and the 4 2 5 Q2
. . x4 \ / x4 x62 \ / X67
other three each are independently N or C-*7, \ /
55 5e - . 5o Xy44 X457 64 X:ss'-X66
one of X°> to X°® is a carbon atom bonding to **?, and the =X XE
other three each are independently N or C-**, 5 M\ N5t
N P
one of X®' to X* is a carbon atom bonding to ***, and the sl N X8
other three each are independently N or CRx?, I
X% to X% each independently represent N or CRx, wherein X* to X* X% to X48 X' o X2, X * 10 X and
. o 5. X7 to X each 1ndeg)endently represent N or C-#*
one of **’s or one of **’s bonds to L* in the formula (1), X% to X62 and X** to X°® each independently represent N
%3 ; 2 2 or CRx?
not bonding to L” bonds to Ry~ one of 5 or one of #45 bonds to L? in the formula (1),
%4 ; 2 2 *> not bonding to L bonds to Ry?
not bonding to > bonds to Rx ) Y
£ ’ ** not bonding to L* bonds to RX’,
Ry? each independently represents a hydrogen atom or a Ry each independently represents a hydrogen atom or a
substituent substltuent
R ’ Rx* each mdependently represents a hydrogen atom or a
Rx* each independently represents a hydrogen atom or a substltuent and
substituent, and Rx*’s may form a ring. . . o
. 20. The compound according to claim 13, which is
Rx*’s may form a ring. represented by the general formula (1-2a):
(1-23)
37 42
/,X\X:«s X43‘X\\
X38 \ X4l
\ |
. X35 xH P
Ry'—N N—Ry
= =
f(34 XiS
31 48
N 7
X‘7 51’/X52 x4
X
\X54
/ ey
N—¢L'4—=—A—tL?3—=—N
X24 = = XSS
XSS
\\ 57 /
X X62
/ \\Xﬁl
X64
/
Ry'—N N—Ry*
14 65 =
/;( ‘i\ X8
X3 X6 7
XIZ \X67
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wherein X' to X', X'7 to X'8, X! t0 X*2, X** to X*°,
X to X%, X! to X*? and X** to X*® each indepen-

dently N or CRx',

Ry* each independently represents a hydrogen atom or a

substituent,

Rx' each independently represents a hydrogen atom or a

substituent,

X41 to X45, X47 to X48, XSI to X52, X54 to XSS, X57 to XSS,
X% to X% and X** to X°® each independently represert

N or CRx?,

Ry? each independently represents a hydrogen atom or a

substituent,

Rx? each independently represents a hydrogen atom or a

substituent,

Rx"’s may form a ring,

Rx*’s may form a ring, and

A, L', 12, nl and n2 are the same as A, L}, L%, nl and n2
in the formula (1), provided that the structure repre-
sented by the formula (1-2a-L) differs from the struc-

ture represented by the formula (1-2a-R):

(1-2a-L)

Nov

-continued

. 10,2016

(1-2a-R)
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21. The compound according to claim 13, which is
represented by the formula (1-4a):

(1-4a)

Ry!'—N
N—fL!4y——A—¢123—N

Ry!'—N

wherein Ry each independently represents a hydrogen _continued
atom or a substituent,

Ry each independently represents a hydrogen atom or a

substituent, and
A, L', 12 nl and n2 are the same as A, L}, L%, nl and n2

in the formula (1),
provided that the structure represented by the formula
(1-4a-L) differs from the structure represented by the
formula (1-4a-R): N—Ry?
(1-4a-1) O
7
9 o

N—tLy—

Ry'—N

J
9

(1-4a-R)
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22. The compound according to claim 13, wherein Cz* is
a group represented by the formula (Cz-21b):

(Cz-21b)

X'—.X56
XSZ Mxﬂ

I
#3

wherein X* 10 X*, X* to X*%, X*! to X*? and X** t0 X**
each independently represent N or C-**,

one of **’s or one of **'s bonds to L? in the formula (1),
*3 not bonding to L? bonds to Ry?,
#* not bonding to [.? bonds to Rx?,

Ry? each independently represents a hydrogen atom or a
substituent,

Rx* each independently represents a hydrogen atom or a
substituent, and

Rx*’s may form a ring.
23. The compound according to claim 13, which is
represented by the formula (1-2b):

146
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wherein X' to X'%, X7 to X%, X?! t0 X*2, X** to X,
X? 1o X*¥, X3! to X2 and X* to X*® each indepen-
dently represent N or CRx",

Ry each independently represents a hydrogen atom or a
substituent,

Rx! each independently represents a hydrogen atom or a
substituent,

X* to X*, X* to X*8, X' to X% and X** to X®® each
independently represent N or CRx?,

Ry” represents a hydrogen atom or a substituent,

Rx? each independently represents a hydrogen atom or a
substituent,

Rx"’s may form a ring,
Rx*’s may form a ring, and

A, L' 12 nl and n2 are the same as A, L', L%, nl and n2
in the formula (1),

provided that the structure represented by the formula
(1-2b-L) differs from the structure represented by the
formula (1-2b-R):

(1-2b)

X37 _ X42
XSS/, ~x36 x43 \\X41
\ ]
X35 x4
\ /
Ry!'—N N—Ry?
s —=
34 45
X31\ f( X\ //X48
N 32 57 5 47
X X X X
, %2
X.S XSI
X34
S
N—L'y—A—123—N
x(24 = XSS
58 /
X N » X/56
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Ry —X O
.

Ry —X Q
.
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Nov. 10, 2016

147

-continued
(1-2b-L)

—X42
X3
RS

X44

(1-2b-R)

24. The compound according to claim 13, which is

represented by the formula (1-4b):

N—fL'4——A—¢L*—5—N

-0

(1-4b)
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wherein Ry each independently represents a hydrogen

atom or a substituent,

Ry” represents a hydrogen atom or a substituent, and

A, L', L2 nl and n2 are the same as A, L, L*, nl and n2

in the formula (1).

25. The compound according to claim 13, wherein Rx!
and Rx? each independently represent a hydrogen atom or a
substituent selected from a group consisting of a substituted
or unsubstituted alkyl group having 1 to 50 carbon atoms, a
substituted or unsubstituted cycloalkyl group having 3 to 50
ring carbon atoms, a substituted or unsubstituted aryl group
having 6 to 60 ring carbon atoms, a substituted or unsub-
stituted aralkyl group having 7 to 61 carbon atoms, an amino
group, a mon-substituted or di-substituted amino group
having a substituent selected from a substituted or unsub-
stituted alkyl group with 1 to 50 carbon atoms and a
substituted or unsubstituted aryl group with 6 to 60 ring
carbon atoms, a substituted or unsubstituted alkoxy group
having 1 to 50 carbon atoms, a substituted or unsubstituted
cycloalkoxy group having 3 to 50 ring carbon atoms, a
substituted or unsubstituted aryloxy group having 6 to 60
ring carbon atoms, a substituted or unsubstituted alkylthio
group having 1 to 50 carbon atoms, a substituted or unsub-
stituted arylthio group having 6 to 60 ring carbon atoms, a
mono-substituted, di-substituted or tri-substituted silyl
group having a substituent selected from a substituted or
unsubstituted alkyl group with 1 to 50 carbon atoms and a
substituted or unsubstituted aryl group with 6 to 60 ring
carbon atoms, a substituted or unsubstituted heteroaryl
group having 5 to 60 ring atoms, a substituted or unsubsti-
tuted haloalkyl group having 1 to 50 carbon atoms, a
halogen atom, a cyano group, a nitro group, a sulfonyl group
having a substituent selected from a substituted or unsub-
stituted alkyl group with 1 to 50 carbon atoms and a
substituted or unsubstituted aryl group with 6 to 60 ring
carbon atoms, a di-substituted phosphoryl group having a
substituent selected from a substituted or unsubstituted alkyl
group with 1 to 50 carbon atoms and a substituted or
unsubstituted aryl group with 6 to 60 ring carbon atoms, an
alkylsulfonyloxy group, an arylsulfonyloxy group, an alky-
Icarbonyloxy group, an arylcarbonyloxy group, a boron-
containing group, a zinc-containing group, a tin-containing
group, a silicon-containing group, a magnesium-containing
group, a lithium-containing group, a hydroxy group, an
alkyl-substituted or aryl-substituted carbonyl group, a car-
boxyl group, a vinyl group, a (meth)acryloyl group, an
epoxy group, and an oxetanyl group.

26. The compound according to claim 13, wherein Ry*
and Ry” each independently represent a hydrogen atom or a
substituent selected from a group consisting of a substituted
or unsubstituted alkyl group having 1 to 50 carbon atoms, a
substituted or unsubstituted cycloalkyl group having 3 to 50
ring carbon atoms, a substituted or unsubstituted aryl group
having 6 to 60 ring carbon atoms, a substituted or unsub-
stituted aralkyl group having 7 to 61 carbon atoms, an amino
group, a mon-substituted or di-substituted amino group
having a substituent selected from a substituted or unsub-
stituted alkyl group with 1 to 50 carbon atoms and a
substituted or unsubstituted aryl group with 6 to 60 ring
carbon atoms, a substituted or unsubstituted alkoxy group
having 1 to 50 carbon atoms, a substituted or unsubstituted
cycloalkoxy group having 3 to 50 ring carbon atoms, a
substituted or unsubstituted aryloxy group having 6 to 60
ring carbon atoms, a substituted or unsubstituted alkylthio
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group having 1 to 50 carbon atoms, a substituted or unsub-
stituted arylthio group having 6 to 60 ring carbon atoms, a
mono-substituted, di-substituted or tri-substituted silyl
group having a substituent selected from a substituted or
unsubstituted alkyl group with 1 to 50 carbon atoms and a
substituted or unsubstituted aryl group with 6 to 60 ring
carbon atoms, a substituted or unsubstituted heteroaryl
group having 5 to 60 ring atoms, a substituted or unsubsti-
tuted haloalkyl group having 1 to 50 carbon atoms, a
halogen atom, a cyano group, a nitro group, a sulfonyl group
having a substituent selected from a substituted or unsub-
stituted alkyl group with 1 to 50 carbon atoms and a
substituted or unsubstituted aryl group with 6 to 60 ring
carbon atoms, a di-substituted phosphoryl group having a
substituent selected from a substituted or unsubstituted alkyl
group with 1 to 50 carbon atoms and a substituted or
unsubstituted aryl group with 6 to 60 ring carbon atoms, an
alkylsulfonyloxy group, an arylsulfonyloxy group, an alky-
lcarbonyloxy group, an arylcarbonyloxy group, a boron-
containing group, a zinc-containing group, a tin-containing
group, a silicon-containing group, a magnesium-containing
group, a lithium-containing group, a hydroxy group, an
alkyl-substituted or aryl-substituted carbonyl group, a car-
boxyl group. a vinyl group, a (meth)acryloyl group, an
epoxy group, and an oxetanyl group.

27. The compound according to claim 13, wherein nl1=n2.

28. The compound according to claim 13, wherein any
one of nl and n2 is 0 and the other is an integer of 1 to 4.

29. The compound according to claim 13, wherein n1=n2
and L' differs from L>.

30. The compound according to claim 13, wherein the
compound represented by the formula (1) is a compound
represented by the formula (1-x) or (1-y):

(1-x)
Cz! OA : C7?
-y

wherein Cz!, Cz* and A are the same as Cz', Cz? and A
in the formula (1).

31. The compound according to claim 13, wherein A is a
residue of a nitrogen-containing aromatic hetero ring
selected from a group consisting of a substituted or unsub-
stituted pyridine ring, a substituted or unsubstituted pyrazine
ring, a substituted or unsubstituted pyrimidine ring, a sub-
stituted or unsubstituted pyridazine ring, a substituted or
unsubstituted triazine ring, a substituted or unsubstituted
quinoline ring, a substituted or unsubstituted isoquinoline
ring, a substituted or unsubstituted quinoxaline ring, a
substituted or unsubstituted quinazoline ring, a substituted
or unsubstituted cinnoline ring, a substituted or unsubsti-
tuted benzoquinazoline ring, and a substituted or unsubsti-
tuted azafluoranthene ring.
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32. The compound according to claim 13, wherein A is a
residue of a nitrogen-containing aromatic hetero ring
selected from a group consisting of a substituted or unsub-
stituted pyrimidine ring, a substituted or unsubstituted tri-
azine ring, a substituted or unsubstituted quinazoline ring, a
substituted or unsubstituted benzoquinazoline ring, and a
substituted or unsubstituted azafluoranthene ring.

33. The compound according to claim 13, wherein A is a
residue of a nitrogen-containing aromatic hetero ring
selected from a group consisting of a substituted or unsub-
stituted pyrimidine ring, and a substituted or unsubstituted
quinazoline ring.

34. The compound according to claim 13, wherein A is a
group represented by the formula (A-1) or (A-2):

(A-1)

RX3

XIJ\N
LA
*SJ\N/ *6

wherein X' and X* each independently represent N or
CRx?,

Rx* each independently represents a hydrogen atom or a
substituent,

** honds to L' in the formula (1),

*S bonds to L? in the formula (1), and

Rx*’s may form a ring.

35. The compound according to claim 13, wherein A is a

group represented by the formula (A-3) or (A-4):

(A-3)
RX3
N)\N
A
#5 X3 #*6
(A-4)

* N Rx
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wherein X? to X® each independently represent N or
CRx?,

Rx* each independently represents a hydrogen atom or a
substituent,

3 bonds to L' in the formula (1),
*S bonds to L in the formula (1), and
Rx*’s may form a ring.

36. The compound according to claim 35, wherein Rx®
each independently represents a hydrogen atom or a sub-
stituent selected from a group consisting of a substituted or
unsubstituted alkyl group having 1 to 50 carbon atoms, a
substituted or unsubstituted cycloalkyl group having 3 to 50
ring carbon atoms, a substituted or unsubstituted aryl group
having 6 to 60 ring carbon atoms, a substituted or unsub-
stituted aralkyl group having 7 to 61 carbon atoms, an amino
group, a mon-substituted or di-substituted amino group
having a substituent selected from a substituted or unsub-
stituted alkyl group with 1 to 50 carbon atoms and a
substituted or unsubstituted aryl group with 6 to 60 ring
carbon atoms, a substituted or unsubstituted alkoxy group
having 1 to 50 carbon atoms, a substituted or unsubstituted
cycloalkoxy group having 3 to 50 ring carbon atoms, a
substituted or unsubstituted aryloxy group having 6 to 60
ring carbon atoms, a substituted or unsubstituted alkylthio
group having 1 to 50 carbon atoms, a substituted or unsub-
stituted arylthio group having 6 to 60 ring carbon atoms, a
mono-substituted, di-substituted or tri-substituted silyl
group having a substituent selected from a substituted or
unsubstituted alkyl group with 1 to 50 carbon atoms and a
substituted or unsubstituted aryl group with 6 to 60 ring
carbon atoms, a substituted or unsubstituted heteroaryl
group having 5 to 60 ring atoms, a substituted or unsubsti-
tuted haloalkyl group having 1 to 50 carbon atoms, a
halogen atom, a cyano group, a nitro group, a sulfonyl group
having a substituent selected from a substituted or unsub-
stituted alkyl group with 1 to 50 carbon atoms and a
substituted or unsubstituted aryl group with 6 to 60 ring
carbon atoms, a di-substituted phosphoryl group having a
substituent selected from a substituted or unsubstituted alkyl
group with 1 to 50 carbon atoms and a substituted or
unsubstituted aryl group with 6 to 60 ring carbon atoms, an
alkylsulfonyloxy group, an arylsulfonyloxy group, an alky-
learbonyloxy group, an arylcarbonyloxy group, a boron-
containing group, a zinc-containing group, a tin-containing
group, a silicon-containing group, a magnesium-containing
group, a lithium-containing group, a hydroxy group, an
alkyl-substituted or aryl-substituted carbonyl group, a car-
boxyl group, a vinyl group, a (meth)acryloyl group, an
epoxy group, and an oxetanyl group.

37. A material for organic electroluminescence devices
comprising the compound of claim 13.

38. An ink composition comprising a solvent and the
compound of claim 13 dissolved in the solvent.
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