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(57) ABSTRACT

A compound is represented by the following formula (I):

Formula (I)

wherein each of Ar, and Ar, independently represents an
aromatic ring or an aromatic heterocyclic ring; each of R, R,,
R; and R, independently represents a hydrogen atom or a
substituent; each of Z, and 7, independently represents a
carbon atom or a nitrogen atom; each of ring Q, containing a
carbon atom and Z,, and ring Q, containing a carbon atom
and 7, independently represents an aromatic ring or an aro-
matic heterocyclic ring; and A, represents a single bond or a
divalent linking group.
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PLATINUM COMPLEX COMPOUND AND
ORGANIC ELECTROLUMINESCENCE
DEVICE USING THE SAME

BACKGROUND OF THE INVENTION

[0001]

[0002] The present invention relates to a platinum complex
compound useful as a light-emitting material, and an organic
electroluminescence device (hereinafter also referred to as
“an organic FL device) using the same.

[0003] 2. Description of the Related Art

[0004] Organic electroluminescent devices are capable of
obtaining emission of high luminance by low voltage driving,
and actively researched and developed in recent years. An
organic EL device generally consists of a pair of electrodes
with an organic compound layer including a light-emitting
layer, and electrons injected from the cathode and holes
injected from the anode are recombined in the light-emitting
layer, and generated energy of excitors is used for emission.

[0005] The increase in efficiency of the devices has been
advanced by the use of phosphorescent materials. Iridium
complexes and platinum complexes are known as the phos-
phorescent materials, and a platinum complex light emitting
material capable of light emission of blue to green is reported
(e.g., JP-A-2007-19462 (The term “JP-A” as used herein
refers to an “unexamined published Japanese patent applica-
tion”.)). The light-emitting layer of an organic electrolumi-
nescence device using emission of phosphorescence is
formed by the addition of a phosphorescent material to the
material bearing charge transportation (a host material).

[0006] The improvement of luminance of light emission of
an organic electroluminescence device is desired. As a
method for improving luminance of light emission of an
organic electroluminescence device, a method of increasing
addition concentration of the phosphorescent material in a
light emitting layer is known. However, by the increase in the
addition concentration of a phosphorescent material, light
emission ofthe organic electroluminescence device widens to
the long wavelength region, as a result there arises a problem
that chromaticity change of light emission becomes large by
the addition concentration of the phosphorescent material.
Therefore, such a phosphorescent material that chromaticity
of emission does not depend upon the addition concentration
of the phosphorescent material is desired.

1. Field of the Invention

SUMMARY OF THE INVENTION

[0007] An object of the invention is to provide an organic
electroluminescence device little in chromaticity change due
to addition concentration of a phosphorescent material in a
light-emitting layer and capable of light emission in higher
luminance. Another object is to provide a metal complex
compound suitable for the electroluminescence device.

[0008] The present inventors have solved the above prob-
lems by the invention of the following constitution.
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[17 A compound represented by the following formula (T):

Formula (I)

[0009]
[0010]

wherein
each of Ar, and Ar, independently represents an
aromatic ring or an aromatic heterocyclic ring;

[0011] eachofR,,R,, R, and R, independently represents
a hydrogen atom or a substituent;

[0012] eachofZ, and Z, independently represents a carbon
atom or a nitrogen atom;

[0013] each of ring Q, containing a carbon atom and Z,,
and ring Q, containing a carbon atom and 7, independently
represents an aromatic ring or an aromatic heterocyclic ring;
and
[0014]
group.
[2] The compound as described in [1], wherein

A, represents a single bond or a divalent linking

[0015] the formula (]) is represented by the following for-
mula (1I):
Formula (I)
Z1s Zy
(o .

[0016] wherein

[0017] eachofring Q, containing 75,7, and Z, o, and ring
Qg containing Z, , 7, s and 7., independently represents a 5-
or 6-membered aromatic ring or aromatic heterocyclic ring;
[0018] each of Z5, Z,¢, Z,5, Z,4, Z,5 and Z,, indepen-
dently represents a carbon atom or a mtrogen atom;

[0019] each of a bond for bonding Z, 5 to Z,,, a bond for
bonding Z, 5 to 7,4, abond for bonding Z, s to Z 4, and abond
for bonding 7, ;to Z,,, independently represents a single bond
or a double bond, provided that when Z, 5 represents a nitro-
gen atom, each of the bond for bonding 7, to Z,, and the
bond for bonding 7, to Z,, represents a single bond, and
when Z  represents a nitrogen atom, each of the bond for
bonding 74 to 7,4 and the bond for bonding 7,4 to 7,
represents a single bond;

[0020] Z,,, 7,5, 7,5 and Z,, do not have a substituent;
[0021] each of ring Q, containing a carbon atom, Z,, and
7,5, and ring Q, containing a carbon atom, 7, and 7, , inde-
pendently represents an aromatic ring or an aromatic hetero-
cyclic ring;

[0022] eachofZ,,, Z,,, 7,5 and Z,, independently repre-
sents a carbon atom or a nitrogen atom;

[0023] each of a bond for bonding Z,, to the carbon atom
coordinating to Pt contained in ring Q5, a bond for bonding
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Z,,t0 Z, 5, abond for bonding Z, , to the carbon atom coor-
dinating to Pt contained in ring Q,, and a bond for bonding
7,,t07,,independently represents a single bond or a double
bond, provided that when Z,, represents a nitrogen atom,
each of the bond for bonding 7, , to the carbon atom coordi-
nating to Pt contained in ring Q5 and the bond for bonding 7,
to Z,5 represents a single bond, and when Z,, represents a
nitrogen atom, each of the bond for bonding 7 , to the carbon
atom coordinating to Pt contained in ring Q, and the bond for
bonding Z,, to Z, represents a single bond,

[0024]

[0025] eachofR,,R,,, R,;andR,, independently repre-
sents a hydrogen atom or a substituent; and

7,5 and 7, , do not have a substituent;

[0026] A, represents a single bond or a divalent linking
group.
[3] The compound as described in [2], wherein
[0027] the formula (II) is represented by the following for-
mula (I11):
Formula (IIT)
Zj_g Z_7

Z|{ \ﬁﬂ

234\\2/230 ~ 35/233
[0028] wherein
[0029] each of Z,. and Z, represents a carbon atom;
[0030] eachofZ,,, Z,g, 240,250y Zs1s Lany Ziyzy 23 gy Zysannd

74 independently represents a carbon atom or a nitrogen
atom,;

[0031]

[0032] eachof Z,,, Z,,, Z,5 and Z,, independently repre-
sents a carbon atom or a nitrogen atom;

757, Zng, Z5s and 75, do not have a substituent;

[0033] each of ring Q, containing a carbon atom, Z,, and
7.5 and ring Qg containing a carbon atom, Z,, and 7., inde-
pendently represents an aromatic ring or an aromatic hetero-
cyclic ring;

[0034] each of a bond for bonding Z,, to the carbon atom
coordinating to Pt contained in ring Q. a bond for bonding
75, 10 7,5, a bond for bonding Z,, to the carbon atom coor-
dinating to Pt contained in ring Qg, and a bond for bonding
Z,,t0Z,, independently represents a single bond or a double
bond, provided that when Z,, represents a nitrogen atom,
each of the bond for bonding Z,, to the carbon atom coordi-
nating to Pt contained in ring Q, and the bond for bonding Z,,,
to 7,5 represents a single bond, and when 7, represents a
nitrogen atom, each of the bond for bonding 7, , to the carbon
atom coordinating to Pt contained in ring Qg and the bond for
bonding Z,, to 7.,, represents a single bond,;

[0035]

[0036] eachofR,,R,,, R,;andR,, independently repre-
sents a hydrogen atom or a substituent; and

[0037]
group.

7.5 and 7, do not have a substituent;

A, represents a single bond or a divalent linking
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[4] The compound as described in [3], wherein
[0038] the formula (III) is represented by the following
formula (IV):

Formula (IV)

wherein

[0039]
[0040] eachofZ,, Z,,, Z,; and Z,, independently repre-
sents a carbon atom or a nitrogen atom;

[0041] each of ring Qg containing a carbon atom, Z,, and
7,45 and ring Q, , containing a carbon atom, 7,,, and 7, inde-
pendently represents an aromatic ring or an aromatic hetero-
cyclic ring;

[0042] each of a bond for bonding Z,,, to the carbon atom
coordinating to Pt contained in ring Q,, a bond for bonding
7.4, 10 7,45, a bond for bonding Z,, to the carbon atom coor-
dinating to Pt contained in ring Q, ,, and a bond for bonding
74510 7,4 independently represents a single bond or a double
bond, provided that when Z,, represents a nitrogen atom,
each of the bond for bonding 7, to the carbon atom coordi-
nating to Pt contained in ring Qg and the bond for bonding 7,
to Z,; represents a single bond, and when Z,, represents a
nitrogen atom, each of the bond for bonding Z,, to the carbon
atom coordinating to Pt contained in ring Q, , and the bond for
bonding 7, to Z,, represents a single bond,

[0043] 7,5 and 7, do not have a substituent;

[0044] eachofR; R, R.:. Ry Ry, Ry, R Ry, Ry
and R, independently represents a hydrogen atom or a
substituent; and

[0045] A, represents a single bond or a divalent linking
group.

[5] The compound as described in [4], wherein

[0046] the formula (IV) is represented by the following
formula (V):

Formula (V)

[0047]
[0048] each of Ry, Rus, Rus, Rys, Rys, Ryg, Ryg, Rug, Ry,
Ry, Rs1, Rso, Rs3, Rs4y Rss and R s independently represents
a hydrogen atom or a substituent; and

[0049] A, represents a single bond or a divalent linking

group.

wherein
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[6] The compound as described in [4], wherein
[0050] the formula (IV) is represented by the following
formula (V1)

Formula (VI)

Res Rgg  Rer Rgs
[0051] wherein
[0052] each of Rg), Rgy, R, Reuy Res, Regs Rers Resy Reos

R0 Ry, Ry5, Ro5 and R, independently represents a hydro-
gen atom or a substituent; and

[0053] A, represents a single bond or a divalent linking
group.

[7] The compound as described in [2], wherein

[0054] the formula (1T) is represented by the following for-
mula (VII):

Formula (VII)

Rip Rin

wherein

[0055]
[0056] each of Zss, Zss, 25y, Zisgy Ziso, Loy 751 and Z,
independently represents a carbon atom or a nitrogen atom;
[0057] Zss, 756, 76, and Z, do not have a substituent;

[0058] eachof Z5,, Zs,, 755 and 7., independently rep-

resents a carbon atom or a nitrogen atom,

[0059] each of ring Q,, containing a carbon atom, Z, and
Zs;and ring Q, , containing a carbon atom, Zs, and Zs, inde-
pendently represents an aromatic ring or an aromatic hetero-
cyclic ring,
[0060] each of a bond for bonding Zs, to the carbon atom
coordinating to Pt contained in ring Q, ;, a bond for bonding
Zs, 10 Zs5, abond for bonding Zs, to the carbon atom coor-
dinating to Pt contained in ring Q ,, and a bond for bonding
75,107, independently represents a single bond or a double
bond, provided that when 7, represents a nitrogen atom,
each of the bond for bonding Zs, to the carbon atom coordi-
nating to Pt contained in ring Q,; and the bond for bonding
75, to 755 represents a single bond, and when 7, represents
a nitrogen atom, each of the bond for bonding Z., to the
carbon atom coordinating to Pt contained in ring Q, , and the
bond for bonding 7, to 7, represents a single bond; and
[0061] Z.,and Z, do not have a substituent;

[0062] eachofR,,;,R,}5, R,;;and R,,, independently

represents a hydrogen atom or a substituent; and
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[0063] A, represents a single bond or a divalent linking
group.
[8] The compound as described in [7], wherein

[0064] the formula (VII) is represented by the following
formula (VIIT):
Formula (VIII)
Rix
N Rioz
| H
N
’ / N
) | Rizs
Ny
C/ 71\273
Rizs Qu Qs Rz
[0065] wherein

[0066] each of Z,,, Z,,, 7,5 and Z,, independently repre-
sents a carbon atom or a nitrogen atom;

[0067] each of ring Q, 5 containing a carbon atom, 7, and
7, andring Q, , containing a carbon atom, Z., and Z, inde-
pendently represents an aromatic ring or an aromatic hetero-
cyclic ring;

[0068] each of a bond for bonding 7, to the carbon atom
coordinating to Pt contained in ring Q, 5, a bond for bonding
7, to 7,5, a bond for bonding Z-, to the carbon atom coor-
dinating to Pt contained in ring Q, ,, and a bond for bonding
7,10 Z,, independently represents a single bond or a double
bond, provided that when Z,, represents a nitrogen atom,
each of the bond for bonding 7, to the carbon atom coordi-
nating to Pt contained in ring Q, ; and the bond for bonding
7, to 7,5 represents a single bond, and when 7, represents
a nitrogen atom, each of the bond for bonding 7, to the
carbon atom coordinating to Pt contained in ring Q, , and the
bond for bonding 7., to Z., represents a single bond;
[0069] Z,;and Z,, do not have a substituent;

[0070] each of Ry5), Ry50, Ryoss Ryzgs Ryns Rype, Rypzand
R .5 independently represents a hydrogen atom or a substitu-
ent; and
[0071]
group.
[9] The compound as described in [8], wherein

A, represents a single bond or a divalent linking

[0072] the formula (VIII) is represented by the following

formula (IX):
Formula (IX)
H

Rigp Ryl
Rigz
Rizs Riz7
[0073] wherein
[0074] each of R)3), Ryzs, Ryss Ryzas Ryzs, Ryze Ryzo

Riss: Rizor Risgs Rygps Risy Ry an.d R, ., independently
represents a hydrogen atom or a substituent; and
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[0075]

group.
[10] The compound as described in [8], wherein

A, represents a single bond or a divalent linking

[0076] the formula (VIII) is represented by the following
formula (X):
Formula (X)
Ris
H H
Ris2 \ Ryl
=N
Rigs Rie3
Rys6 Riss  Rysy Ryss
[0077] wherein

[0078] each of R;5, Rys;, Ryss Rysy Riss, Rysg Rysgs
R, ses Rig1s Rigss Rigs and R ¢, independently represents a
hydrogen atom or a substituent; and

[0079] A, represents a single bond or a divalent linking
group.

[11] An organic electroluminescence device comprising:

[0080] a pair of electrodes; and
[0081] an organic layer between the pair of electrodes,
[0082] wherein the organic layer contains the compound as

described in [1].
[12] An organic electroluminescence device comprising:

[0083] a pair of electrodes; and
[0084] alight-emitting layer between the pair of electrodes,
[0085] wherein the light-emitting layer contains the com-

pound as described in [1] in a proportion of from 20 to 30 wt
% of the total mass of the light-emitting layer.

DETAILED DESCRIPTION OF THE INVENTION

[0086] Substituent group B is defined as follows in the
invention.

Substituent Group A:

[0087] An alkyl group (preferably having from 1 to 30
carbon atoms, more preferably from 1 to 20 carbon atoms,
and especially preferably from 1 to 10 carbon atoms, e.g.,
methyl, ethyl, isopropyl, tert-butyl, n-octyl, n-decyl, n-hexa-
decyl, cyclopropyl, cyclopentyl, cyclohexyl, etc., are exem-
plified), an alkenyl group (preferably having from 2 to 30
carbon atoms, more preferably from 2 to 20 carbon atoms,
and especially preferably from 2 to 10 carbon atoms, e.g.,
vinyl, allyl, 2-butenyl, 3-pentenyl, etc., are exemplified), an
alkynyl group (preferably having from 2 to 30 carbon atoms,
more preferably from 2 to 20 carbon atoms, and especially
preferably from 2 to 10 carbon atoms, e.g., propargyl, 3-pen-
tynyl, etc., are exemplified), an aryl group (preferably having
from 6 to 30 carbon atoms, more preferably from 6 to 20
carbon atoms, and especially preferably from 6 to 12 carbon
atoms, e.g., phenyl, p-methylphenyl, naphthyl, anthranyl,
etc., are exemplified), an amino group (preferably having
from 0 to 30 carbon atoms, more preferably from 0 to 20
carbon atoms, and especially preferably from 0 to 10 carbon
atoms, e.g., amino, methylamino, dimethylamino, diethy-
lamino, dibenzylamino, diphenylamino, ditolylamino, etc.,
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are exemplified), an alkoxyl group (preferably having from 1
to 30 carbon atoms, more preferably from 1 to 20 carbon
atoms, and especially preferably from 1 to 10 carbon atoms,
e.g., methoxy, ethoxy, butoxy, 2-ethylhexyloxy, etc., are
exemplified), an aryloxy group (preferably having from 6 to
30 carbon atoms, more preferably from 6 to 20 carbon atoms,
and especially preferably from 6 to 12 carbon atoms, e.g,,
phenyloxy, 1-naphthyloxy, 2-naphthyloxy, etc., are exempli-
fied), a heterocyclic oxy group (preferably having from 1 to
30 carbon atoms, more preferably from 1 to 20 carbon atoms,
and especially preferably from 1 to 12 carbon atoms, e.g,,
pyridyloxy, pyrazyloxy, pyrimidyloxy, quinolyloxy, etc., are
exemplified), an acyl group (preferably having from 1 to 30
carbon atoms, more preferably from 1 to 20 carbon atoms,
and especially preferably from 1 to 12 carbon atoms, e.g,,
acetyl, benzoyl, formyl, pivaloyl, etc., are exemplified), an
alkoxycarbonyl group (preferably having from 2 to 30 carbon
atoms, more preferably from 2 to 20 carbon atoms, and espe-
cially preferably from 2 to 12 carbon atoms, e.g., methoxy-
carbonyl, ethoxycarbonyl, etc., are exemplified), an aryloxy-
carbonyl group (preferably having from 7 to 30 carbon atoms,
more preferably from 7 to 20 carbon atoms, and especially
preferably from 7 to 12 carbon atoms, e.g., phenyloxycarbo-
nyl, etc., are exemplified), an acyloxy group (preferably hav-
ing from 2 to 30 carbon atoms, more preferably from 2 to 20
carbon atoms, and especially preferably from 2 to 10 carbon
atoms, e.g., acetoxy, benzoyloxy, etc., are exemplified), an
acylamino group (preferably having from 2 to 30 carbon
atoms, more preferably from 2 to 20 carbon atoms, and espe-
cially preferably from 2 to 10 carbon atoms, e.g., acety-
lamino, benzoylamino, etc., are exemplified), an alkoxycar-
bonylamino group (preferably having from 2 to 30 carbon
atoms, more preferably from 2 to 20 carbon atoms, and espe-
cially preferably from 2 to 12 carbon atoms, e.g., methoxy-
carbonylamino, etc., are exemplified), an aryloxycarbony-
lamino group (preferably having from 7 to 30 carbon atoms,
more preferably from 7 to 20 carbon atoms, and especially
preferably from 7 to 12 carbon atoms, e.g., phenyloxycarbo-
nylamino, etc., are exemplified), a sulfonylamino group
(preferably having from 1 to 30 carbon atoms, more prefer-
ably from 1 to 20 carbon atoms, and especially preferably
from 1 to 12 carbon atoms, e.g., methanesulfonylamino, ben-
zenesulfonylamino, etc., are exemplified), a sulfamoyl group
(preferably having from 0 to 30 carbon atoms, more prefer-
ably from 0 to 20 carbon atoms, and especially preferably
from 0 to 12 carbon atoms, e.g., sulfamoyl, methylsulfamoyl,
dimethylsulfamoyl, phenylsulfamoyl, etc., are exemplified),
a carbamoyl group (preferably having from 1 to 30 carbon
atoms, more preferably from 1 to 20 carbon atoms, and espe-
cially preferably from 1 to 12 carbon atoms, e.g., carbamoyl,
methylcarbamoyl, diethylcarbamoyl, phenylcarbamoyl, etc.,
are exemplified), an alkylthio group (preferably having from
1 to 30 carbon atoms, more preferably from 1 to 20 carbon
atoms, and especially preferably from 1 to 12 carbon atoms,
e.g., methylthio, ethylthio, etc., are exemplified), an arylthio
group (preferably having from 6 to 30 carbon atoms, more
preferably from 6 to 20 carbon atoms, and especially prefer-
ably from 6 to 12 carbon atoms, e.g., phenylthio, etc., are
exemplified), a heterocyclic thio group (preferably having
from 1 to 30 carbon atoms, more preferably from 1 to 20
carbon atoms, and especially preferably from 1 to 12 carbon
atoms, e.g., pyridylthio, 2-benzimizolylthio, 2-benzox-
azolylthio, 2-benzothiazolylthio, etc., are exemplified), a sul-
fonyl group (preferably having from 1 to 30 carbon atoms,
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more preferably from 1 to 20 carbon atoms, and especially
preferably from 1 to 12 carbon atoms, e.g., mesyl, tosyl, etc.,
are exemplified), asulfinyl group (preferably having from 1 to
30 carbon atoms, more preferably from 1 to 20 carbon atoms,
and especially preferably from 1 to 12 carbon atoms, e.g.,
methanesulfinyl, benzenesulfinyl, etc., are exemplified), a
ureido group (preferably having from 1 to 30 carbon atoms,
more preferably from 1 to 20 carbon atoms, and especially
preferably from 1 to 12 carbon atoms, e.g., ureido, methy-
lureido, phenylureido, etc., are exemplified), a phosphoric
acid amido group (preferably having from 1 to 30 carbon
atoms, more preferably from 1 to 20 carbon atoms, and espe-
cially preferably from 1 to 12 carbon atoms, e.g., diethylphos-
phoric acid amido, phenylphosphoric acid amido, etc., are
exemplified), a hydroxyl group, a mercapto group, a halogen
atom (e.g., a fluorine atom, a chlorine atom, a bromine atom,
an iodine atom), a cyano group, a sulfo group, a carboxyl
group, a nitro group, a hydroxamic acid group, a sulfino
group, a hydrazino group, an imino group, a heterocyclic
(heteroaryl) group (preferably having from 1 to 30 carbon
atoms, and more preferably from 1 to 12 carbon atoms, and as
the hetero atoms, e.g., a nitrogen atom, an oxygen atom, and
a sulfur atom are exemplified, specifically, e.g., pyridyl,
quinolyl, furyl, thienyl, piperidyl, morpholino, benzoxazolyl,
benzimidazolyl, benzothiazolyl, a carbazolyl group, an
azepinyl group, etc., are exemplified), a silyl group (prefer-
ably having from 3 to 40 carbon atoms, more preferably from
3 to 30 carbon atoms, and especially preferably from 3 to 24
carbon atoms, e.g., trimethylsilyl, triphenylsilyl, etc., are
exemplified), a silyloxy group (preferably having from 3 to 40
carbon atoms, more preferably from 3 to 30 carbon atoms,
and especially preferably from 3 to 24 carbon atoms, e.g.,
trimethylsilyloxy, triphenylsilyloxy, etc., are exemplified), a
phosphoryl group (e.g., a diphenylphosphoryl group, a dim-
ethylphosphoryl group, etc., are exemplified), etc., are exem-
plified. These substituents may further be substituted, and the
substituents selected from substituent group B described
above can be exemplified as further substituents.

[0088] Thecompound in the invention is represented by the
following formula (T).

[0089] A platinum complex having a tetradentate ligand
represented by formula (I) (hereinafter sometimes referred to
as “the complex in the invention™ or “the platinum complex™)
will be described below.

[0090] Thehydrogen atoms in the following explanation of
formulae (1), (ID), (I11), (IV), (V), (VI), (VII), (VIII), (IX) and
(X)also include the isotopes (e.g., deuterium atoms, etc.), and
atoms further having a substituent mean to contain the iso-
topes thereof.

Formula (I)
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[0091] In formula (I), each of Ar, and Ar, independently
represents an aromatic ring or an aromatic heterocyclic ring;
each of R, R,, R, and R, independently represents a hydro-
gen atom or a substituent; each of Z, and Z, independently
represents a carbon atom or a nitrogen atom, and each of ring
Q, containing a carbon atom and Z, and ring Q, containing a
carbon atom and 7, independently represents an aromatic
ring or an aromatic heterocyclic ring; and A, represents a
single bond or a divalent linking group.

[0092] As Ar, and Ar,, a ring little in reaction activity is
preferred for the purpose of increasing stability of the plati-
num complex, and to lessen change of emission wavelength
of the platinum complex by substitution, a ring small in
broadening of & conjugation is preferred. A benzene ring, a
pyridine ring, a pyrazine ring, a pyrimidine ring, a pyridazine
ring, a pyrrole ring, a thiophene ring, a furan ring, a pyrazole
ring, an imidazole ring, a triazole ring, an oxazole ring, and a
thiazole ring are preferred, more preferably a benzene ring, a
pyridinering, a pyrazine ring, a pyrrole ring, a thiophene ring,
a pyrazole ring, and an imidazole ring are exemplified, still
more preferably a benzene ring, a pyridine ring, and a pyra-
zole ring, and most preferably a benzene ring.

[0093] As the examples of the substituents represented by
R, R,, R, and R, the substituents selected from substituent
group B can be exemplified. As the substituents represented
byR,,R,,R;andR,, ahydrogen atom, an alkyl group, an aryl
group, an amino group, an alkoxyl group, an aryloxy group,
an acyl group, an alkoxycarbonyl group, an alkylthio group, a
sulfonyl group, a hydroxyl group, a halogen atom, a cyano
group, a nitro group, and a heterocyclic group are preferred, a
hydrogen atom, an alkyl group, an aryl group, a halogen atom,
a cyano group, and a heterocyclic group are more preferred, a
hydrogen atom, a methyl group, a t-butyl group, a trifluorom-
ethyl group, a phenyl group, a fluorine atom, a cyano group,
and a pyridyl group are still more preferred, a hydrogen atom,
amethyl group, and a fluorine atom are still further preferred,
and a hydrogen atom is especially preferred. R,, R,, R; and
R, may be bonded to each other to form a ring, if possible.
[0094] In order for a platinum complex to emit light in the
visible region, ring Q, and ring Q, are preferably a 5-mem-
bered ring, a 6-membered ring, a condensed ring of a 5-mem-
bered ring and a 6-membered ring, a condensed ring of a
6-membered ring and a 6-membered ring, and a condensed
ring of a 6-membered ring, a 6-membered ring, and a 6-mem-
bered ring, and to emit light in the blue to green regions, a
5-membered ring and a 6-membered ring are more preferred.
As ring Q, and ring Q,, preferably a benzene ring, a naphtha-
lene ring, an anthracene ring, a pyridine ring, a pyrazine ring,
a pyrimidine ring, a pyridazine ring, a quinoline ring, a pyr-
role ring, a thiophene ring, a furan ring, a pyrazole ring, an
imidazole ring, a triazole ring, an oxazole ring, athiazole ring,
an indole ring, a benzopyrazole ring, or a benzimidazole ring,
more preferably a benzene ring, a pyridine ring, a pyrazine
ring, a pyrrole ring, a pyrazole ring, or an imidazole ring, still
more preferably a benzene ring, a pyridine ring, or a pyrazole
ring, and most preferably a benzene ring or a pyrazole ring.
[0095] A, represents a single bond or a divalent linking
group. As the examples of the divalent linking groups repre-
sented by A,, an alkylene group (e.g., methylene, ethylene,
propylene, etc.), an arylene group (e.g., phenylene, naphtha-
lenediyl), a heteroarylene group (e.g., pyridinediyl,
thiophenediyl, etc.), an imino group (—NR—) (e.g., a phe-
nylimino group, etc.), an oxy group (—O—), a thio group
(—S—), a phosphinidene group (—PR—) (e.g., a phe-



US 2016/0099426 A1l

nylphosphinidene group, etc.). a silylene group (—SiRR'—)
(e.g., a dimethylsilylene group, a diphenylsilylene group,
etc.), and combination of these groups are exemplified. These
linking groups may further have a substituent.

[0096] A, preferably represents a single bond, an alkylene
group, an arylene group, a heteroarylene group, an imino
group, an oxy group, a thio group, or a silylene group, more
preferably a single bond, an alkylene group, an arylene group,
or an imino group, still more preferably a single bond, a
methylene group, a phenylene group, or a nitrogen atom
having a phenyl group, still yet further preferably a single
bond, or a di-substituted methylene group. still yet more
preferably a single bond, a dimethylmethylene group, a dieth-
ylmethylene group, a diisobutylmethylene group, a dibenzyl-
methylene group, an ethylmethylmethylene group, a methyl-
propylmethylene group, an isobutylmethylmethylene group,
a diphenylmethylene group, a methylphenylmethylene
group, a cyclohexanediyl group, a cyclopentanediyl group, a
fluorenediyl group, or a fluoromethylmethylene group, and
especially preferably a single bond, a dimethylmethylene
group, a diphenylmethylene group, or a cyclohexanediyl
group. The specific examples of the divalent linking groups
are shown below, but the invention is not restricted thereto.

HiC
1363 \ _-CH;

N N S

)50 H, CHz CH;
\C/C\ \C/C\C/
H, H, H,
CH; CH;
CH; CH; CHy CH;
H
N

X PN

CH; CH; CH;

CH,
T

A NN N O

HC HC
\ CH; '\ _CH
Si Ge
PN PN

- RUP
O -0--0-
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-continued

O ERS
N

AN

| —ron
i g
PN PN

[0097] In the above formulae, R, represents a substituent
selected from substituent group B. R, is preferably an alkyl
group, and more preferably an alkyl group having from 1 to 6
carbon atoms. m represents an integer of from 1 to 5. m is
preferably from 2 to 5, and more preferably 2 or 3.

[0098] Therelationships of formulae in the invention are as
follows.

[0099] Formula (I) is preferably represented by formula
1.

[0100] Formula (II) is preferably represented by formula
(1) or (VID).

[0101] Formula (IIT) is preferably represented by formula
v).

[0102] Formula (IV) is preferably represented by formula
(V) or (VI).

[0103] Formula (VII) is preferably represented by formula
(VIID).

[0104] Formula (VIII)is preferably represented by formula
(IX) or X).

[0105] Formula (II) will be described below.

Formula (IT)

',N / Z]7

S pd
‘Ptl Ti)
Qs
Z Z Z
Z14/ IA\C/ \C/ e 19

[0106] In formula (II), each of ring Q, containing 7,5, Z,,
and Z,,, and ring Q, containing Z ., Z, and Z,, indepen-
dently represents a 5- or 6-membered aromatic ring or an
aromatic heterocyclic ring; eachof 7., s, 7., ¢, 2., 7, 7., o, 7., s and
7, independently represents a carbon atom or a nitrogen
atom, and each of a bond for bonding 7, to Z ,, a bond for
bonding Z, s to 7,5, abond for bonding 7, s t0 Z 4, and a bond
for bonding 7, ¢ to 5, independently represents a single bond
or a double bond, provided that when Z, 5 represents a nitro-
gen atom, each of the bond for bonding Z, . to Z,, and the
bond for bonding 7, 5 to Z,, represents a single bond, and
when 7,4 represents a nitrogen atom, each of the bond for
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bonding 7,4 to 7,5 and the bond for bonding 7, to Z,,
represents a singlebond,and 7, ,, 7, 4, 7, and Z,,, donot have
a substituent; each of ring Q5 containing a carbon atom, Z
and 7, 5, and ring Q, containing a carbon atom, Z,, and Z
independently represents an aromatic ring or an aromatic
heterocyclic ring, each of 7., ,, Z,,, Z, and Z, , independently
represents a carbon atom or a nitrogen atom, each of a bond
for bonding 7, to the carbon atom coordinating to Pt con-
tained in ring Q;, a bond for bonding Z,, to Z, a bond for
bonding 7, to the carbon atom coordinating to Pt contained
in ring Q,, and a bond for bonding Z , to Z,, independently
represents a singlebond or a double bond, provided that when
7., represents a nitrogen atom, each of the bond for bonding
7., , tothe carbon atom coordinating to Pt contained in ring Q,
and the bond for bonding 7, to Z, ; represents a single bond,
and when 7, represents a nitrogen atom, each of the bond for
bonding 7, to the carbon atom coordinating to Pt contained
in ring Q, and the bond for bonding 7, to Z,, represents a
singlebond, and Z, 5 and Z, , do not have a substituent; each of
R, ., R;5, Ry5 and R, independently represents a hydrogen
atom or a substituent; and A, represents a single bond or a
divalent linking group.

[0107] Each of ring Q5 and ring Q4 independently repre-
sents an aromatic ring or an aromatic heterocyclic ring. As
ring Qs and ring Q, a ring little in reaction activity is pre-
ferred for the purpose of increasing stability of the platinum
complex, and to lessen change of emission wavelength of the
platinum complex by substitution, a ring small in broadening
of nconjugation is preferred. A benzene ring, a pyridine ring,
apyrazine ring, a pyrimidine ring, a pyridazine ring, a pyrrole
ring, a thiophene ring, a furan ring, a pyrazole ring, an imi-
dazolering, atriazole ring, an oxazole ring, and a thiazole ring
are preferred, more preferably a benzenering, a pyridine ring,
a pyrazine ring, a pyrrole ring, a thiophene ring, a pyrazole
ring, and an imidazole ring are exemplified, still more pref-
erably a benzene ring, a pyridine ring, and a pyrazole ring, and
most preferably a benzene ring.

[0108] EachofR,,,R,, R,;andR,, hasthe same meaning
as that of R, R,, R; and R, in formula (T), and the preferred
range is also the same.

[0109] In order for a platinum complex to emit light in the
visible region, ring Q; and ring Q, are preferably a 5-mem-
bered ring, a 6-membered ring, a condensed ring of a 5-mem-
bered ring and a 6-membered ring, a condensed ring of a
6-membered ring and a 6-membered ring, and a condensed
ring of a 6-membered ring, a 6-membered ring, and a 6-mem-
bered ring, and to emit light in the blue to green regions, a
5-membered ring and a 6-membered ring are more preferred.
As ring Q5 and ring Q,, preferably a benzene ring, a naphtha-
lene ring, an anthracene ring, a pyridine ring, a pyrazine ring,
a pyrimidine ring, a pyridazine ring, a quinoline ring, a pyr-
role ring, a thiophene ring, a furan ring, a pyrazole ring, an
imidazole ring, a triazole ring, an oxazole ring, a thiazole ring,
an indole ring, a benzopyrazole ring, or a benzimidazole ring,
more preferably a benzene ring, a pyridine ring, a pyrazine
ring, a pyrrole ring, a pyrazole ring, or an imidazole ring, still
more preferably a benzene ring, a pyridine ring, or a pyrazole
ring, and most preferably a benzene ring or a pyrazole ring.
[0110] A, has the same meaning as thatof A in formula (I),
and the preferred range is also the same.
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[0111] Formula (I1T) will be described below.
Formula (IIT)
R Roy
Ry ‘ N Az | N Rz
753 N, N 2y
ng/ \Zze Va \P{, / Z2{/ \231
TP AN
34 30 22 21 29, 33
\Z%/ Z24/ C c 7 \\235/
AN/
[0112] In formula (HI), each of Z,5 and Z, represents a

carbon atom; each 0f 7., Z5g, Zsgs 305 2315 £33y L3535 2345 235
and Z,, independently represents a carbon atom or a nitrogen
atom,and Z.,,, 7, 7., and 7, do not have a substituent; each
of Z,,, 7,,, 755 and Z,, independently represents a carbon
atom or a nitrogen atom, each of ring Q, containing a carbon
atom, Z,, and 7., and ring Q, containing a carbon atom, Z.,,
and Z,, independently represents an aromatic ring or an aro-
matic heterocyclic ring, each of abond for bonding Z,, to the
carbon atom coordinating to Pt contained in ring Q-, a bond
for bonding Z,, to 7,5, a bond for bonding Z,, to the carbon
atom coordinating to Pt contained in ring Qg, and a bond for
bonding 7, to Z,, independently represents a single bond or
a double bond, provided that when Z,, represents a nitrogen
atom, each of the bond for bonding 7,, to the carbon atom
coordinating to Pt contained in ring Q, and the bond for
bonding 7, to Z,, represents a single bond, and when 7,
represents a nitrogen atom, each of the bond for bonding Z,,
to the carbon atom coordinating to Pt contained in ring Qg and
the bond for bonding Z,, to 7., represents a single bond, and
7,5 and Z,, do not have a substituent; each of R,;, R,,, R,
and R, independently represents a hydrogen atom or a sub-
stituent; and A, represents a single bond or a divalent linking

group.

[0113] EachofZ,s,7,,, 756,25, Z53a0d Zys,and 7,4, 7,5,
730, 235, 75, and 7 s independently forms an aromatic ring or
an aromatic heterocyclic ring, and each of them is preferably
a ring little in reaction activity for the purpose of increasing
stability of the platinum complex. A benzene ring, a pyridine
ring, a pyrazine ring, a pyrimidine ring, and a pyridazine ring
are preferred, more preferably a benzene ring, a pyridine ring,
and a pyrazine ring are exemplified, still more preferably a
benzene ring and a pyridine ring, and most preferably a ben-
zene ring.

[0114] EachofR,;, R,5, Ry and R, has the same meaning
as that, of R}, R,, R; and R, in formula (I), and the preferred
range is also the same.

[0115] EachofZ,,, 75,5, 755 and 7, has the same meaning
as”Z,,,Z,,,7,5and Z, ,informula (II). Each of ring Q, and Qg
has the same meaning as Q, and Q, in formula (II), and the
preferred range is also the same.

[0116] A, has the same meaning as A, in formula (I), and
the preferred range is also the same.
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[0117]

Formula (TV) will be described below.

Formula (IV)

[0118] Informula (IV),eachofZ,,.Z,,,7,;and Z,, inde-
pendently represents a carbon atom or a nitrogen atom, each
of ring Q, containing a carbon atom, Z,, and Z,,; andring Q,
containing a carbon atom, Z,, and Z,, independently repre-
sents an aromatic ring or an aromatic heterocylic ring, each of
a bond for bonding 7,,, to the carbon atom coordinating to Pt
contained in ring Qg, a bond forbonding 7,,, to Z,,5, a bond for
bonding 7., to the carbon atom coordinating to Pt contained
in ring Q, ,, and a bond for bonding 7, , to 7, independently
represents a singlebond or a double bond, provided that when
7, represents a nitrogen atom, each of the bond for bonding
7,,, tothe carbon atom coordinating to Pt contained in ring Q,
and the bond for bonding Z,,, to Z,,; represents a single bond,
and when Z,,, represents a nitrogen atom, each of the bond for
bonding 7., to the carbon atom coordinating to Pt contained
in ring Q,, and the bond for bonding 7.,, to 7, represents a
singlebond, and Z,,; and Z, , do not have a substituent; each of
Ry1 Ryp Rass Ras Ras, Ry, Rag, Rag, Ryp and Ry indepen-
dently represents a hydrogen atom or a substituent; and A,
represents a single bond or a divalent linking group.

[0119] In formula (IV), each of Ry, R5,, R5; and R, , has
the same meaning as that of R, R,, R; and R, in formula (I),
and the preferred range is also the same.

[0120] As the examples of the substituents represented by
R;5, R34 Rsq, Ry, Ryg and R, the substituents selected from
substituent group B can be exemplified. As the substituents
represented by Ry, Ry, Ryq, Rig, Ry and Ry, a hydrogen
atom, an alkyl group, an aryl group, an amino group, an
alkoxyl group, an aryloxy group, an acyl group, an alkoxy-
carbonyl group, an alkylthio group, a sulfonyl group, a
hydroxyl group, a halogen atom, a cyano group, a nitro group,
and a heterocyclic group are preferred, a hydrogen atom, an
alkyl group, an aryl group, a halogen atom, a cyano group, and
a heterocyclic group are more preferred, a hydrogen atom, a
methyl group, a t-butyl group, a trifluoromethyl group, a
phenyl group, a fluorine atom, a cyano group, and a pyridyl
group are still more preferred, a hydrogen atom, a triftuorom-
ethyl group, a fluorine atom, and a cyano group are still
further preferred, a hydrogen atom and a cyano group are yet
further preferred, and a hydrogen atom is especially pre-
ferred.

[0121] EachofZ,,,Z,,, Z,; and Z , has the same meaning
asZ,y, 2, 7,5 and 7, , in formula (I). Each of ring Q and
Q, has the same meaning as Q; and Q, in formula (II), and
the preferred range is also the same.

[0122] A, has the same meaning as A, in formula (I), and
the preferred range is also the same.
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[0123]

Formula (V) will be described below.

Formula (V)

[0124] 1Informula (V),each of R, , R, Rus, Rauss Rys, Ry,
Ry Rags Rags Rso, Ryp, Rsp, Ry, Rsy, Rs 5 and R indepen-
dently represents a hydrogen atom or a substituent; and A,
represents a single bond or a divalent linking group.

[0125] Informula(V),eachofR,,R,,, R, ;andR,, hasthe
same meaning as that of R,, R, R; and R, in formula (1), and
the preferred range is also the same.

[0126] EachofRs}, Rss, Rss, Rog, Rssand R has the same
meaning as that of R;s, Ry, Ry, Ryg, Ry and R, in formula
(IV), and the preferred range is also the same.

[0127] As the examples of the substituents represented by
Rus, Ryg Ruqe Rug, Ryo and Ry, the substituents selected from
substituent group B can be exemplified. As the substituents
represented by R,s, Ry, Ruqy Rug, Ry and Ry, a hydrogen
atom, an alkyl group, an aryl group, an amino group, an
alkoxyl group, an aryloxy group, an acyl group, an alkoxy-
carbonyl group, an alkylthio group, a sulfonyl group, a
hydroxyl group, a halogen atom, a cyano group, a nitro group,
and a heterocyclic group are preferred, a hydrogen atom, an
alkyl group, an aryl group, a halogen atom, a cyano group, and
a heterocyclic group are more preferred, a hydrogen atom, a
methyl group, a t-butyl group, a trifluoromethyl group, a
phenyl group, a fluorine atom, a cyano group, and a pyridyl
group are still more preferred, a hydrogen atom, a trifluorom-
ethyl group, a phenyl group, a fluorine atom, and a cyano
group are still further preferred, a hydrogen atom, a trifluo-
romethyl group, a phenyl group, and a cyano group are still
yet more preferred, and a hydrogen atom and a cyano group
are especially preferred. R 5, R, Ry, Ryg, Ryo and R, may
be bonded to each other to form a ring, if possible.

[0128] A, hasthe same meaning as that of A, in formula (I),

and the preferred range is also the same.
Formula (VI) will be described below.

[0129]

Formula (VI)
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[0130] Informula(VI),eachofRg,, Ry, Rez,s Reas Ress Rees
Re7 Ress Reos Rygs Ryps Ropy Ro5 and R, independently
represents a hydrogen atom or a substituent; and A, repre-
sents a single bond or a divalent linking group.

[0131] In formula (VI), each of Ry, Re,, Rg; and R, has
the same meaning as that of Ry, R,, R; and R, in formula (I),
and the preferred range is also the same.

[0132] EachofRge, R,o, R, ), R/5, R,5and R, has the same
meaning as that of Rys, R34, R37, Ry, Ry and R, in formula
(IV), and the preferred range is also the same.

[0133] As the examples of the substituents represented by
Ress Rger Rg7 and Ryg, substituent group B can be exempli-
fied. As the substituents represented by R, R, Ry, and R,
a hydrogen atom, an alkyl group, an aryl group, an amino
group, an alkoxyl group, an aryloxy group, an acyl group, an
alkoxycarbonyl group, an alkylthio group, a sulfonyl group, a
hydroxyl group, a halogen atom, a cyano group, a nitro group,
and a heterocyclic group are preferred, a hydrogen atom, an
alkyl group, an aryl group, a halogen atom, a cyano group, and
a heterocyclic group are more preferred, a hydrogen atom, a
methyl group, a t-butyl group, a trifluvoromethyl group, a
phenyl group, a fluorine atom, a cyano group, and a pyridyl
group are still more preferred, a hydrogen atom, a trifluorom-
ethyl group, a fluorine atom, and a cyano group are still
further preferred, a hydrogen atom, a trifluoromethyl group,
and a cyano group are still yet further preferred, and a trif-
luoromethyl group and a cyano group are still further pre-
ferred, and a trifluoromethyl group is especially preferred.
Rgs, Res, Re7 and R, may be bonded to each other to form a
ring, if possible.

[0134] A, has the same meaning as thatof A in formula (1),
and the preferred range is also the same.

[0135] Formula (VII) will be described below.

Formula (VIII)

[0136] In formula (VII), each of Zss, Zs¢, 757, Rsg, Rso,
R0, Re; and Z, independently represents a carbon atom or a
nitrogen atom, and Z.., 7, Rs; and 7, do not have a sub-
stituent; each of Zs,, Z,, Zs; and Z., independently repre-
sents a carbon atom or a nitrogen atom, each of ring Q,,
containing a carbon atom, 7, and Z., and ring Q, , contain-
ing a carbon atom, Zs, and Z., independently represents an
aromatic ring or an aromatic heterocylic ring, each of a bond
for bonding 7, to the carbon atom coordinating to Pt con-
tained in ring Q, ,, a bond for bonding Zs, to Z,5, a bond for
bonding Z; , to the carbon atom coordinating to Pt contained
in ring Q, ,, and a bond for bonding 7, to 7, independently
represents a singlebond or a double bond, provided that when
75, represents a nitrogen atom, each of the bond for bonding
75, to the carbon atom coordinating to Pt contained in ring
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Q,, and the bond for bonding Z, to 7 represents a single
bond, and when Z, represents a nitrogen atom, each of the
bond for bonding 7., to the carbon atom coordinating to Pt
contained in ring Q,, and the bond for bonding Z, to0 Zs,
represents a single bond, and Zs, and 7, do not have a
substituent; each of R;,,, R, ,, R;;5 and R, independently
represents a hydrogen atom or a substituent; and A, repre-
sents a single bond or a divalent linking group.

[0137] Each of a 5-membered ring formed by a nitrogen
atom, 75, 757, Rsg and R, and a 5-membered ring formed
by a nitrogen atom, Z, Rsq, Rgo and Z, is preferably a ring
little in reaction activity for the purpose of increasing stability
of the platinum complex. A pyrrole ring, a pyrazole ring, an
imidazole ring, and a triazole ring are preferred, a pyrrole
ring, a pyrazole ring, and an imidazole ring are more pre-
ferred, a pyrazole ring and an imidazole ring are still more
preferred, and, a pyrazole ring is most preferred.

[0138] Each of R;;;, Ryj5, R;;5 and R,,, has the same
meaning as that of R, R,, R; and R, in formula (), and the
preferred range is also the same.

[0139] EachofZs,, Zs,, 755 and Zs, has the same meaning
asZ,,, 72,5 7,3and 7, in formula (IT). Each of ring Q,, and
Q, , has the same meaning as Q, and Q, in formula (II), and
the preferred range is also the same.

[0140] A, has the same meaning as A, in formula (I), and
the preferred range is also the same.

[0141] Formula (VIII) will be described below.

Formula (VIII)

[0142] In formula (VIID), each of Z,,, Z.,, Z,, and Z,,
independently represents a carbon atom or a nitrogen atom,
each of ring Q,; containing a carbon atom, 7, and 7, and
ring Q,, containing a carbon atom, 7, and 7, independently
represents an aromatic ring or an aromatic heterocylic ring,
each of a bond for bonding 7, to the carbon atom coordinat-
ing to Pt contained in ring Q, 3, a bond for bonding 7., to 7.5,
a bond for bonding Z-, to the carbon atom coordinating to Pt
contained in ring Q,,, and a bond for bonding 7., to 7.,
independently represents a single bond or a double bond,
provided that when 7., represents a nitrogen atom, each of
the bond for bonding 7, to the carbon atom coordinating to
Pt contained in ring Q, ; and the bond for bonding 7, to 7,5
represents a single bond, and when 7, represents a nitrogen
atom, each of the bond for bonding 7, to the carbon atom
coordinating to Pt contained in ring Q,, and the bond for
bonding 7., to Z,, represents a single bond, and 7, and 7.,
do nothave a substituent; each of R 51, Ry 55, R 53, Ry 24, Ry 55,
R, .6 Rj27 and R4 independently represents a hydrogen
atom or a substituent; and A, represents a single bond or a
divalent linking group.
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[0143] 1In formula (VIIT), each of R 5,,R;5,, R 53 and Ry 5,
has the same meaning as that of R, R,, Ry and R in formula
(D), and the preferred range is also the same.

[0144] As the examples of the substituents represented by
R 5, Rise Rys7 and R4, substituent group B can be exem-
plified. As the substituents represented by R, s, R 26, Ri2y
and R, ¢, a hydrogen atom, an alkyl group, an aryl group, an
amino group, an alkoxyl group, an aryloxy group, an acyl
group, an alkoxycarbonyl group, an alkylthio group, a sulfo-
nyl group, a hydroxyl group, a halogen atom, a cyano group,
anitro group, and a heterocyclic group are preferred, a hydro-
gen atom, an alkyl group, an aryl group, a halogen atom, a
cyano group, and a heterocyclic group are more preferred, a
hydrogen atom, a methyl group, a t-butyl group, a trifluorom-
ethyl group, a phenyl group, a fluorine atom, a cyano group,
and a pyridyl group are still more preferred, a hydrogen atom,
a trifluoromethyl group, a fluorine atom, and a cyano group
are still further preferred, a hydrogen atom, a trifluoromethyl
group, and a cvano group are yet further preferred, and a
hydrogen atom and a trifluoromethyl group are especially
preferred.

[0145] EachofZ,,,7Z,,, 7,5 and 7., has the same meaning
as Zy1, 245, 7,5 and 7., in formula (II). Each of ring Q, , and
Q,, has the same meaning as Q, and Q,, in formula (1I), and
the preferred range is also the same.

[0146] A, has the same meaning as A, in formula (I), and
the preferred range is also the same.

[0147] Formula (IX) will be described below.
Formula (IX)
Riz
Riz
H H
N
Rig | Rigi
=N
K H Ry
Rizs
Rig0 Ryze
Ryzs Rz
[0148] In formula (IX), each of R,;;, Ry35, Ryss Rysss

31353 R1363 R1373 R1383 R1393 R14OS R1413 R1423 R143 an('i R144
independently represents a hydrogen atom or a substituent;
and A, represents a single bond or a divalent linking group.

[0149] In formula (IX), each of R;;;, Rj5,, Ry55 and Ry5,
has the same meaning as that of R |, R,, R; and R, in formula
(D), and the preferred range is also the same.

[0150] Each of R,;, R,.,. R4, and R, has the same
meaning as that of R 55, Ry56, Rj5; and R, in formula
(VIID), and the preferred range is also the same.

[0151] EachofR,55,R 56, R 57, R38R0 and R o hasthe
same meaning as that of R,5, R, R, Ry, Ry and Ry, in
formula (V), and the preferred range is also the same.

[0152] A, has the same meaning as that of A in formula (I),
and the preferred range is also the same.

[0153] Formula (X) will be described below.
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Formula (X)

Ry Riq1

Rise Riss  Risz Ryss

[0154] Informula (X),eachofR,s;, R, 55, R 53, Ri54. Ry 55,
Ris6; Risy Risgy Rygrs Rigo, Rigs and Ry, independently
represents a hydrogen atom or a substituent; and A, repre-
sents a single bond or a divalent linking group.

[0155] In formula (X), each of R,5;, R;55, Rjs3 and R, o,
has the same meaning as R, R, Ry and R, in formula (I), and
the preferred range is also the same.

[0156] Each of R ¢, Ry4,, Ri6; and R4, has the same
meaning as R, s, R;»4, R;57 and R4 in formula (VIII), and
the preferred range is also the same.

[0157] Each of R 55, R, 54, R;5; and R s, has the same
meaning as Rgs, Rgg, Rg; and Ry in formula (VI), and the
preferred range is also the same.

[0158] A, has the same meaning as that of A, in formula
(D), and the preferred range is also the same.

[0159] Theplatinum complex represented by any of formu-
lae (1), (II), (TIIT), (IV), (V), (VI), (VII), (VIII), (IX) and (X)
may be a high molecular weight compound having the com-
pound of the invention in the main chain or side chain. The
weight average molecular weight of the platinum complex is
preferably 2,000 or higher.

[0160] The specific examples of the complexes represented
by any of formulae (I), (IT), (IID), (IV), (V), (VD), (VID), (VIII),
(IX) and (X) are shown below, but the invention is not
restricted thereto.
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[0161] The complexes in the invention can be manufac-
tured, for example, according to the processes shown below.
The manufacturing method of Compound (E-1) shown below
will be specifically described.

71

Rgy Rg;
Rgy N N Rg;
| .
Br Br
(A-1)
72
Rep Ry Ry Rai
Rey N N Res
| .
y N N /

®B-1)
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-continued

[0162] In the above formulae, each of Ry, Ry, Ry, Ryus
Rg7 Rgg: Rgos Rogs Roys Roos Ros, Roys Ros, Rog, Roy and Rog
has the same meaning as R, R,,, Rus, Rys Ry Rsay Ry,
Ry, Rys, Rse, Rus. Ry Ryy Ry, Ry and Ry in formula (V).
Rgs and Rg4 have the same meaning as substituent group B.

[0163] The complex of the invention can be obtained
according to the methods described in G. R. Newkome et al.,
Journal of Organic Chemistry, 53, 786 (1988), page 789,
from left column line 53 to right column line 7, page 790,
from left column lines 18 to 38, page 790, from right column
lines 19 to 30, and combination of these methods. With Com-
pound (A-1) being a starting material, from 1 to 1.2 equivalent
weight of bases such as lithium diisopropylamide, potassium
t-butoxide, sodium hydroxide, etc., are added to an N,N-
dimethylformamide solution of (A-1) at 0° C. to room tem-
perature, and the reaction mixture is reacted at 0° C. to room
temperature for 30 minutes or so, from 1.5 to 4 equivalent
weight of alkyl halide represented by RysX (X represents
halogen) is added to the above reaction solution, the solution
is reacted at room temperature for 30 minutes or so to be
monoalkylated, and then again on the same condition, from 1
to 1.2 equivalent weight of the above bases and an excess
amount of alkyl halide RgX (X represents halogen) are
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reacted, thus dialkyl substitution product (B-1) can be
obtained in a yield of from 70 to 99%.

[0164] With Compound (B-1) being a starting material,
from 2.4 10 3.0 equivalent weight of lithium diisopropylamide
is added to a tetrahydrofuran solution of (B-1) at -50 to -80°
C., and then from 2.4 to 3.0 equivalent weight of zinc chloride
or trialkyltin chloride, followed by Negishi coupling reaction
or Stille coupling reaction with phenyl halide in the presence
of a palladium catalyst, thus (C-1) can be synthesized.
[0165] (D-1) can be synthesized from (C-1) according to
the method described in Synth. Commun., 11, 513 (1981).
[0166] Compound (E-1) of the invention can be synthe-
sized by dissolving Compound (D-1) and from 1 to 1.5
equivalent weight of platinous chloride in benzonitrile, heat-
ing the resulted solution at 130° C. to heat-refluxing tempera-
ture (the boiling point of benzonitrile: 191° C.) and stirring
for 30 minutes to 4 hours. Compound (E-1) can be refined by
recrystallization using chloroform or ethyl acetate, silica gel
column chromatography, and sublimation refining.

[0167] A complex represented by the following formula
(E-2) can be synthesized by the following manufacturing
method.

) —

Rg; R
R0 Riz  Rior Roo

(E-2)

[0168] In the above formulae, each of Ry, Rg,, Rga, Ryss
Rg7, Rgs Rgo, Rog, Rop. Roo. Rog, Ryggs Rygp and Ry has the
same meaning as Rey, Ry,. Res, Ry, Reo, Ryg, Ry, Rop, Ros,
R, Resy Reey Rg7 and R, in formula (VI). Ry and Ry, have
the same meaning as substituent group B.

[0169] (D-2) can be synthesized from (C-1) according to
the methods described in Chem. Ber., 113, 2749 (1980) and
Eur. J. Org. Chem., 4, 695 (2004).

[0170] Compound (E-2) of the invention can be synthe-
sized by dissolving Compound (D-2) and from 1 to 1.5
equivalent weight of platinous chloride in benzonitrile, heat-
ing the solution at 130° C. to heat-refluxing temperature (the
boiling point of benzonitrile: 191° C.) and stirring for 30
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minutes to 4 hours. Compound (E-2) can be refined by recrys-
tallization using chloroform or ethyl acetate, silica gel col-
umn chromatography, and sublimation refining.

[0171] Incidentally, in the above manufacturing methods,
when defined substituents are changed under the condition of
a certain synthesis method or inappropriate in performing the
synthesis method, manufacture is easily possible by means of
protection of a functional group or release of a functional
group as a protective group (e.g., T. W. Greene, Protective
Groups in Organic Synthesis, John Wiley & Sons Inc.
(1981)). Further, if necessary, it is also possible to arbitrarily
change the order of reaction processes such as introduction of
a substituent.

Organic Electroluminescence Device

[0172] The organic electroluminescence device in the
invention will be described in detail below.

[0173] The organic electroluminescence device in the
invention is an organic electroluminescence device compris-
ing a pair of electrodes and at least one organic layer between
the pair of electrodes, and at least one compound (I) is con-
tained in the at least one organic layer.

[0174] When the organic compound layer consists of one
layer, the device has a light-emitting layer as the organic
compound layer. From the properties of the device, it is pre-
ferred that at least one electrode of the anode and the cathode
is transparent or translucent.

[0175] The organic compound layer is not especially lim-
ited, and the device may have, besides the light-emitting
layer, a hole-injecting layer, a hole-transporting layer, an
electron injecting layer, an electron-transporting layer, a hole
blocking layer, an electron-blocking layer, an exciton block-
ing layer, and a protective layer. Further, each of these layers
may serve for other functions.

[0176] As the embodiment of lamination of the organic
compound layers in the invention, an embodiment of lamina-
tion of the hole-transporting layer, the light-emitting layer
and the electron-transporting layer from the anode side is
preferred. Further, a charge-blocking layer may be provided
between the hole-transporting layer and the light-emitting
layer, or between the light-emitting layer and the electron
transporting layer. The hole-injecting layer may be provided
between the anode and the hole-transporting layer, or the
electron injecting layer may be provided between the cathode
and the electron-transporting layer. Incidentally, each of these
layers may consist of a plurality of secondary layers.

[0177] When the organic compound layer consists of a
plurality of layers, the complex of the invention may be con-
tained in any layer. The complex of the invention is preferably
contained in the light-emitting layer, more preferably con-
tained in the light-emitting layer as light-emitting material or
host material, still more preferably contained in the light-
emitting layer as light-emitting material, and especially pref-
erably contained in the light-emitting layer with at least one
host material.

[0178] The content of a phosphorescent material usable in
the invention (at least one of the complex of the invention
and/or a phosphorescent material to be used in combination)
is preferably 0.1 wt % or more and 50 wt % or less of the total
mass of the light-emitting layer, more preferably 0.2 wt % or
more and 50 wt % or less, still more preferably 0.3 wt % or
more and 40 wt % or less, and most preferably 20 wt % or
more and 30 wt % or less. In particular, when a phosphores-
cent material is used in the range of 20 wt % or more and 30
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wt % or less, the chromaticity of light emission of the organic
electroluminescence device is little in dependency on the
addition concentration of the phosphorescent material.
[0179] It is most preferred for the organic electrolumines-
cence device of the invention to contain at least on of com-
pounds (I) (the complexes of the invention) in the proportion
of from 20 to 30 wt % of the total mass of the light-emitting
layer.

[0180] The host material is a compound primarily bearing
injection and transportation of charge in a light-emitting
layer, which is a compound that does not substantially emit
light. In the specification of the invention, the terms “does not
substantially emit light” means that the amount of light emis-
sion from the compound that does not substantially emit light
is preferably 5% or less of the total amount of light emission
of the device as a whole, more preferably 3% or less and still
more preferably 1% or less.

[0181] The concentration of the host material in a light
emitting layer is not especially restricted, but the host mate-
rial is preferably the main component (the component the
highest in content) in a light-emitting layer, more preferably
50 wt % or more and 99.9 wt % or less, still more preferably
50 wt % or more and 99.8 wt % or less, still yet preferably 60
wt % or more and 99.7 wt % or less, and most preferably 70
wt % or more and 80 wt % or less.

[0182] The glass transition point of the host material is
preferably 100° C. or higher and 500° C. or lower, more
preferably 110° C. or higher and 300° C. or lower, and still
more preferably 120° C. or higher and 250° C. or lower.
[0183] Thefluorescent wavelength of the host material con-
tained in the light-emitting layer of the invention in the state
of a film is preferably in the range of 400 nm or more and 650
nm or less, more preferably in the range of 420 nm or more
and 600 nm or less, and still more preferably in the range of
440 nm or more and 550 nm or less.

[0184] As thehost materials contained in the light-emitting
layer of the invention, e.g., materials having a carbazole struc-
ture, materials having a diarylamine structure, materials hav-
ing a pyridine structure, materials having a pyrazine structure,
materials having a triazine structure, materials having an
arylsilane structure, and materials described later in the items
of hole-injecting layer, hole-transporting layer, electron-in-
jecting layer and electron-transporting layer are exemplified.
[0185] As the host materials for use in the invention, e.g.,
the compounds disclosed in JP-A-2002-100476, paragraphs
0113 to 0161 and JP-A-2004-214179, paragraphs 0087 to
0098 can be preferably used, but the invention is not restricted
to these compounds.

[0186] When the complex of the invention is introduced
into the layers other than a light-emitting layer (e.g., a charge
transporting layer, etc.), the content in the layer is preferably
from 10 wt % to 100 wt %, and more preferably from 30 wt %
to 100 wt %. Each element constituting the device of the
invention will be described in detail below.

Substrate:

[0187] The substrate for use in the invention is preferably a
substrate that does not scatter or attenuate the light emitted
from the organic layers. The specific examples of the mate-
rials of the substrate include inorganic materials, e.g., yttria
stabilized zirconia (YSZ), glass, etc., and organic materials,
such as polyester, e.g., polyethylene terephthalate, polybuty-
lene phthalate, polyethylene naphthalate, etc., polystyrene,
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polycarbonate, polyether sulfone, polyallylate, polyimide,
polycycloolefin, norbornene resin, poly(chlorotrifluoroethyl-
ene), etc.

[0188] When glass is used as the substrate, non-alkali glass
is preferably used as the material for reducing elution of ions
from the glass. Further, when soda lime glass is used, it is
preferred to provide a barrier coat such as silica. In the case of
organic materials, materials excellent in heat resistance,
dimensional stability, solvent resistance, electrical insulating
properties and processability are preferably used.

[0189] The shape, structure and size of the substrate are not
especially restricted, and these can be arbitrarily selected in
accordance with the intended use and purpose of the lumi-
nescent device. In general, the substrate is preferably plate-
shaped. The structure of the substrate may be a single layer
structure or may be a lamination structure, and may consist of
a single member or may be formed of two or more members.
[0190] The substrate may be colorless and transparent, or
may be colored and transparent, but from the point of not
scattering or attenuating the light emitted from the organic
light-emitting layer, a colorless and transparent substrate is
preferably used.

[0191] The substrate can be provided with a moisture per-
meation-preventing layer (a gas barrier layer) on the front
surface or rear surface.

[0192] As the materials of the moisture permeation-pre-
venting layer (the gas barrier layer), inorganic materials such
as silicon nitride and silicon oxide are preferably used. The
moisture permeation-preventing layer (the gas barrier layer)
can be formed, for example, by a high frequency sputtering
method.

[0193] Whenathermoplastic substrate is used, if necessary,
a hard coat layer and an undercoat layer may further be
provided.

Anode:

[0194] The anode is generally sufficient to have the func-
tion of the electrode to supply holes to an organic layer. The
shape, structure and size of the anode are not especially
restricted, and these can be arbitrarily selected from known
materials of electrode in accordance with the intended use
and purpose of the luminescent device. The anode is generally
provided as the transparent anode.

[0195] As the materials of anode, for example, metals,
alloys, metallic oxides, electrically conductive compounds,
and mixtures of these materials are preferably exemplified.
The specific examples of the materials of anode include elec-
trically conductive metallic oxides, e.g., tin oxides doped
with antimony or fluorine (ATO, FTO), tin oxide, zinc oxide,
indium oxide, indium tin oxide (ITO), indium zinc oxide
(1Z0), etc., metals, e.g., gold, silver, chromium, nickel, etc.,
mixtures or laminates of these metals with electrically con-
ductive metallic oxides, inorganic electrically conductive
substances, e.g., copper iodide, copper sulfide, etc., organic
electrically conductive materials, e.g., polyaniline, poly-
thiophene, polypyrrole, etc., laminates of these materials with
ITO, etc. Of these materials, electrically conductive metallic
oxides are preferred, and ITO is especially preferred in view
of productivity, high conductivity, transparency and the like.
[0196] The anode can be formed on the substrate in accor-
dance with various methods arbitrarily selected from, for
example, wet methods, e.g., a printing method, a coating
method, etc., physical methods, e.g., a vacuum deposition
method, a sputtering method, an ion plating method, etc., and
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chemical methods, e.g., a CVD method, a plasma CVD
method, etc., taking the suitability with the material to be used
in the anode into consideration. For example, in the case of
selecting ITO as the material of the anode, the anode can be
formed according to a direct current or high frequency sput-
tering method, a vacuum deposition method, an ion plating
method, etc.

[0197] In the organic electroluminescent device in the
invention, the position of the anode to be formed is not espe-
cially restricted and can be formed anywhere in accordance
with the intended use and purpose of the luminescent device,
but preferably provided on the substrate. In this case, the
anode may be formed on the entire surface of one side of the
substrate, or may be formed at a part.

[0198] As patterning in forming the anode, patterning may
be performed by chemical etching such as by photo-lithog-
raphy, may be carried out by physical etching by laser and the
like, may be performed by vacuum deposition or sputtering
on a superposed mask, or a lift-off method and a printing
method may be used.

[0199] The thickness of the anode can be optionally
selected in accordance with the materials of the anode, so that
it cannot be regulated unconditionally, but the thickness is
generally from 10 nm to 50 pm or so, and is preferably from
50 nm to 20 um.

[0200] The value of resistance of the anode is preferably
10°Q/ or less, and more preferably 102Q/[] or less. In the
case where the anode is transparent, it may be colotless and
transparent, or may be colored and transparent. For collecting
emission from the transparent anode side, the transmittance is
preferably 60% or more, and more preferably 70% or more.
[0201] In connection with transparent anodes, description
is found in Yutaka Sawada supervised, Tomei Denkyoku-
Maku no Shintenkai (New Development in Transparent Con-
ductive Films), CMC Publishing Co., Ltd. (1999), and the
description therein can be applied to the invention. In the case
of using a plastic substrate low in heat resistance, a transpar-
ent anode film formed with ITO or IZO at a low temperature
of 150° C. or less is preferred.

Cathode:

[0202] The cathode is generally sufficient to have the func-
tion of the electrode to inject electrons to organic layers. The
shape, structure and size of the cathode are not especially
restricted, and these can be arbitrarily selected from known
materials of electrode in accordance with the intended use
and purpose of the luminescent device.

[0203] As the materials to constitute the cathode, for
example, metals, alloys, metallic oxides, electrically conduc-
tive compounds, and mixtures of these materials are exem-
plified. The specific examples of the materials of cathode
include alkali metals (e.g., L1, Na, K, Cs, etc.), alkaline earth
metals (e.g., Mg, Ca, etc.), gold, silver, lead, aluminum,
sodium-potassium alloy, lithium-aluminum alloy, magne-
sium-silver alloy, indium, rare earth metals, e.g., ytterbium,
etc. These materials may be used by one kind alone, but from
the viewpoint of the compatibility of stability and an electron
injecting property, two or more kinds of materials can be
preferably used in combination.

[0204] As the materials constituting the cathode, alkali
metals and alkaline earth metals are preferred of these mate-
rials in the point of an electron injecting property, and mate-
rials mainly comprising aluminum are preferred for their
excellent preservation stability.
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[0205] The materials mainly comprising aluminum mean
aluminum alone, alloys of aluminum with 0.01 to 10 wt % of
alkali metal or alkaline earth metal, or mixtures of these (e.g.,
lithium-aluminum alloy, magnesium-aluminum alloy, etc.).
[0206] The materials of the cathode are disclosed in detail
in JP-A-2-15595 and JP-A-3-121172, and the materials
described in these patents can also be used in the invention.
[0207] The cathode can be formed by known methods with
no particular restriction. For example, the cathode can be
formed according to wet methods, e.g., a printing method, a
coating method, etc., physical methods, e.g., a vacuum depo-
sition method, a sputtering method, an ion plating method,
etc., and chemical methods, e.g., a CVD method, a plasma
CVD method, etc., taking the suitability with the material
constituting the cathode into consideration. For example, in
the case of selecting metals as the materials of the cathode, the
cathode can be formed with one or two or more kinds of the
materials at the same time or in order by a sputtering method,
etc.

[0208] Patterning in forming the cathode may be performed
by chemical etching such as a method by photo-lithography,
may be carried out by physical etching such as a method by
laser, may be performed by vacuum deposition or sputtering
on a superposed mask, or a lift-off method and a printing
method may be used.

[0209] The position of the cathode to be formed is not
especially restricted and can be formed anywhere in the
invention. The cathode may be formed on the entire surface of
the organic layer, or may be formed at a part.

[0210] A dielectric layer comprising fluoride or oxide of
alkali metal or alkaline earth metal may be inserted between
the cathode and the organic layer in a thickness of from 0.1 to
5 nm. The dielectric layer can be regarded as a kind of an
electron-injecting layer. The dielectric layer can be formed,
for example, according to a vacuum deposition method, a
sputtering method, an ion plating method, etc.

[0211] The thickness of the cathode can be optionally
selected in accordance with the materials of the cathode, so
that it cannot be regulated unconditionally, but the thickness
is generally from 10 nm to 5 pm or so, and is preferably from
50 nm to 1 pm.

[0212] The cathode may be transparent or opaque. The
transparent cathode can be formed by forming a membrane of
the material of the cathode in a thickness of from 1 to 10 nm,
and further laminating transparent conductive materials such
as ITO and 1Z0.

Organic Layer:

[0213] The organic layer in the invention is described
below. The device in the invention has at least one organic
layer including a light-emitting layer, and as organic layers
other than the light-emitting layer, a hole-transporting layer,
an electron-transporting layer, a hole-blocking layer, an elec-
tron-blocking layer, a hole-injecting layer, and an electron-
injecting layer are exemplified, as described above.

Formation of Organic Layer:

[0214] In the organic electroluminescence device of the
invention, each organic layer can be preferably formed by any
of dry film-forming methods, e.g., a vacuum evaporation
method and a sputtering method, a transfer method, a printing
method, ete.
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Light-Emitting Layer:

[0215] The light-emitting layer is a layer having functions
to receive, at the time of electric field application, holes from
the anode, hole-injecting layer or hole-transporting layer, and
to receive electrons from the cathode, electron-injecting layer
or electron-transporting layer, and offer the field of recombi-
nation of holes and electrons to emit light.

[0216] Thelight-emitting layer in the invention may consist
of light-emitting materials alone, or may comprise a mixed
layer of a host material and a light-emitting material. The
light-emitting material may be a fluorescent material or may
be a phosphorescent material, and a dopant may be one or two
or more kinds. The host material is preferably a charge trans-
porting material. The host material may be one or two or more
kinds. For example, a constitution of a mixture of an electron-
transporting host material and a hole-transporting host mate-
rial is exemplified. Further, a material not having a charge-
transporting property and not emitting light may be contained
in the light-emitting layer. As the light-emitting layer, a light-
emitting layer using the complex of the invention as the
light-emitting material and the host material is preferred.
[0217] The light-emitting layer may be a single layer, or
may comprise two or more layers, and each layer may emit
light in different luminescent colon

[0218] The examples of fluorescent materials capable of
being used in the invention include various complexes repre-
sented by complexes of benzoxazole derivatives, benzimida-
zole derivatives, benzothiazole derivatives, styrylbenzene
derivatives, polyphenyl derivatives, diphenylbutadiene
derivatives, tetraphenylbutadiene derivatives, naphthalimide
derivatives, coumarin derivatives, condensed aromatic com-
pounds, perinone derivatives, oxadiazole derivatives, oxazine
derivatives, aldazine derivatives, pyraridine derivatives,
cyclopentadiene derivatives, bisstyrylanthracene derivatives,
quinacridone derivatives, pyrrolopyridine derivatives, thia-
diazolopyridine derivatives, cyclopentadiene derivatives,
styrylamine derivatives, diketopyrrolopyrrole derivatives,
aromatic dimethylidyne compounds, 8-quinolinol derivatives
and complexes of pyromethene derivatives, polymer com-
pounds such as polythiophene, polyphenylene, polyphenyle-
nevinylene, etc., and compounds such as organic silane
derivatives.

[0219] Asthe phosphorescent materials usable in the inven-
tion, in addition to the compounds of the invention, phospho-
rescent compounds disclosed, for example, in U.S. Pat. Nos.
6,303,238B1, 6,097,147, WO 00/57,676, WO 00/70,655, WO
01/08,230, WO 01/39,234A2, WO 01/41,512A1, WO 02/02,
714A2, WO 02/15,645A1, WO 02/44,189A1, WO 05/19,
373A2,1P-A-2001-247859, JP-A-2002-302671, JP-A-2002-
117978, IP-A-2003-133074, JP-A-2002-235076, JP-A-
2003-123982, JP-A-2002-170684, EP 1,211,257, JP-A-
2002-226495,  JP-A-2002-234894,  JP-A-2001-247859,
JP-A-2001-298470,  JP-A-2002-173674,  IJP-A-2002-
203678, IP-A-2002-203679, JP-A-2004-357791, JP-A-
2006-256999, JP-A-2007-19462, JP-A-2007-84635, and
JP-A-2007-96259 are exemplified. As further preferred light-
emitting dopants, an Ir complex, a Pt complex, a Cu complex,
an Recomplex, a W complex, an Rhcomplex, an Rucomplex,
a Pd complex, an Os complex, an Eu complex, a Tb complex,
a Gd complex, a Dy complex, and a Ce complex are exem-
plified. As especially preferred dopants, an Ir complex, a Pt
complex and an Re complex are exemplified. An Ir complex,
a Pt complex and an Re complex including at least one coor-
dination system of a metal-carbon bond, a metal-nitrogen
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bond, a metal-oxygen bond, and a metal-sulfur bond are
preferred above all. Further, from the aspects of luminous
efficiency, driving durability and chromaticity, an Ir complex,
a Pt complex and an Re complex containing a tridentate or
higher multidentate ligand are especially preferred.

[0220] The content of phosphorescent materials in a light-
emitting layer is preferably in the range of 0.1 wt % or more
and 50 wt % or less of the total mass of the light-emitting
layer, more preferably in the range 0of 0.2 wt % or more and 50
wt % or less, still more preferably in the range of 0.3 wt % or
more and 40 wt % or less, and most preferably in the range of
20 wt % or more and 30 wt % or less.

[0221] The thickness of a light-emitting layer is not espe-
cially restricted, and generally preferably from 1 to 500 nm,
more preferably from 5 to 200 nm, and still more preferably
from 10 to 100 nm.

Hole Injecting Layer and Hole Transporting Layer:

[0222] The hole-injecting layer and the hole-transporting
layer are layers having the functions of receiving holes from
the anode or anode side and transporting the holes to the
cathode side. The hole-injecting layer and the hole-transport-
ing layer are preferably layers specifically containing carba-
zole derivatives, triazole derivatives, oxazole derivatives,
oxadiazole derivatives, imidazole derivatives, polyarylalkane
derivatives, pyrazoline derivatives, pyrazolone derivatives,
phenylenediamine derivatives, arylamine derivatives, amino-
substituted chalcone derivatives, styrylanthracene deriva-
tives, fluorenone derivatives, hydrazone derivatives, stilbene
derivatives, silazane derivatives, aromatic tertiary amine
compounds, styrylamine compounds, porphyrin compounds,
organic silane derivatives, or carbon.

[0223] The thickness of the hole-injecting layer and hole
transporting layer is each preferably 500 nm or less in view of
lowering driving voltage.

[0224] The thickness of the hole-transporting layer is pref-
erably from 1 to 500 nm, more preferably from 5 to 200 nm,
and still more preferably from 10to 100 nm. The thickness of
the hole-injecting layer is preferably from 0.1 to 200 nm,
more preferably from 0.5 to 100 nm, and still more preferably
from 1 to 100 nm.

[0225] The hole-injecting layer and the hole-transporting
layer may have a single layer structure comprising one kind or
two or more kinds of the above materials, or may be a multi-
layer structure comprising a plurality of layers having the
same composition or different compositions.

Electron Injecting Layer and Electron Transporting Layer:

[0226] The electron-injecting layer and the electron-trans-
porting layer are layers having functions of receiving elec-
trons from the cathode or cathode side and transporting the
electrons to the anode side.

[0227] The electron-injecting layer and the electron-trans-
porting layer are specifically preferably layers containing
various complexes represented by complexes of triazole
derivatives, oxazole derivatives, oxadiazole derivatives, imi-
dazole derivatives, fluorenone derivatives, anthraquin-
odimethane derivatives, anthrone derivatives, diphe-
nylquinone derivatives, thiopyran dioxide derivatives,
carbodiimide derivatives, fluorenylidenemethane derivatives,
distyrylpyrazine derivatives, aromatic cyclic tetracarboxylic
anhydrides such as naphthalene and perylene, phthalocya-
nine derivatives, complexes of 8-quinolinol derivatives, com-
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plexes having metalphthalocyanine, benzoxazole or ben-
zothiazole as the ligand, and organic silane derivatives.
[0228] The thickness of the electron injecting layer and the
electron transporting layer is preferably 500 nm or less from
the point of lowering the driving voltage.

[0229] The thickness of the electron transporting layer is
preferably from 1 to 500 nm, more preferably from 5 to 200
nm, and still more preferably from 10 to 100 nm. The thick-
ness of the electron injecting layer is preferably from 0.1 to
200 nm, more preferably from 0.2 to 100 nm, and still more
preferably from 0.5 to 50 nm.

[0230] The electron injecting layer and the electron trans-
porting layer may have a single layer structure comprising
one kind or two or more kinds of the above materials, or may
be a multilayer structure comprising a plurality of layers
having the same composition or different compositions.

Hole-Blocking Layer:

[0231] Thehole-blocking layer is a layer having a function
of preventing the holes transported from the anode side to the
light-emitting layer from passing through to the cathode side.
In the invention, a hole-blocking layer can be provided as an
organic layer contiguous to the light-emitting layer on the
cathode side.

[0232] As the examples of the organic compounds consti-
tuting the hole-blocking layer, aluminum complexes such as
aluminum(I1T)bis(2-methyl-8-quinolinato)-4-phenylpheno-
late (abbreviation: BAlq), triazole derivatives, and phenan-
throline derivatives such as 2,9-dimethyl-4,7-diphenyl-1,10-
phenanthroline (abbreviation: BCP) can be exemplified.
[0233] The thickness of the hole-blocking layer is prefer-
ably from 1 to 500 nm, more preferably from 5 to 200 nm, and
still more preferably from 10 to 100 nm.

[0234] The hole-blocking layer may have a single layer
structure comprising one kind or two or more kinds of the
above materials, or may be a multilayer structure comprising
a plurality of layers having the same composition or different
compositions.

Protective Layer:

[0235] In the invention, the organic EL device may be
entirely protected with a protective layer.

[0236] The materials contained in the protective layer are
sufficient to have a function of preventing substances that
accelerate deterioration of the device such as water and oxy-
gen from entering the device.

[0237] As the examples of the materials, metals, e.g., In,
Sn, Pb, Au, Cu, Ag, Al, Ti, Ni, etc., metallic oxides, e.g., MgO,
Si0, 8i0,, Al,0,, GeO, NiO, Ca0, BaO, Fe,0,,Y,0,, TiO,,
etc., metallic nitrides, e.g., SiN,, SiN,O,, etc., metallic fluo-
rides, e.g., MgF,, LiF, AlF, CaF,, etc., copolymers of any of
polyethylene, polypropylene, polymethyl methacrylate,
polyimide, polyurea, polytetrafluoroethylene, polychlorotri-
fluoroethylene, polydichlorodifluoroethylene, and chlorotri-
fluoroethylene with dichlorodifluoroethylene, copolymers
obtained by copolymerization of tetrafluoroethylene and
monomer mixture containing at least one kind of comonomer,
fluorine-containing copolymers having a cyclic structure in
the copolymer main chain, water-absorbing materials having
acoefficient of water absorption of 1% or more, and moisture-
proof materials having a coefficient of water absorption of
0.1% or less are exemplified.



US 2016/0099426 A1l

[0238] The method of forming the protective layer is not
especially restricted and, for example, a vacuum deposition
method, a sputtering method, a reactive sputtering method, an
MBE (molecular beam epitaxy) method, a cluster ion beam
method, an ion plating method, a plasma polymerization
method (a high frequency excitation ion plating method), a
plasma CVD method, a laser CVD method, a thermal CVD
method, a gas source CVD method, a coating method, a
printing method, and a transfer method can be used.

Sealing Case:

[0239] The device in the invention may be entirely sealed
with a sealing case.

[0240] A water-absorbing agent or an inactive liquid may
be sealed in the space between the sealing case and the device.
The water-absorbing agent is not especially restricted, and,
for example, barium oxide, sodium oxide, potassium oxide,
calcium oxide, sodium sulfate, calcium sulfate, magnesium
sulfate, phosphorus pentoxide, calcium chloride, magnesium
chloride, copper chloride, cesium fluoride, niobium fluoride,
calcium bromide, vanadium bromide, molecular sieve, zeo-
lite, and magnesium oxide can be exemplified. The inactive
liquid is not especially restricted, and, for example, paraffins,
liquid paraffins, fluorine solvents, e.g., perfluoroalkane, per-
fluoroamine, perfluoroether, etc., chlorine solvents, and sili-
cone oils can be exemplified.

[0241] By the application of D.C. (if necessary, A.C. com-
ponent may be contained) voltage (generally from 2 to 15
volts) between the anode and the cathode, or by the applica-
tion of D.C. electric current, light emission of the device of
the invention can be obtained.

[0242] With respect to the driving method of the device of
the invention, the driving methods disclosed in JP-A-2-
148687, JP-A-6-301355, JP-A-5-29080, IP-A-7-134558,
JP-A-8-234685, JP-A-8-241047, Japanese Patent 2784615,
U.S. Pat. Nos. 5,828,429 and 6,023,308 can be applied to the
invention.

[0243] Thedevice in the invention can be preferably used in
display devices, displays, backlights, electrophotography,
illumination light sources, recording light sources, exposure
light sources, reading light sources, indicators, signboards,
interior designs, optical communications, and the like.

EXAMPLE

[0244] The invention will be described more specifically
with reference to examples, but the scope of the invention is
by no means restricted thereto.

Synthesis of Exemplified Compound 32:

[0245]
1) LDA
AN Ny Dc,
| 3) Ph—1, Pd(PPhy)y
N N 7 THF
Br Br

B4
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X | X
AN
Br Br
C-4
N
\ )
FyC
Cul
K,CO;
€4 PhNO,

PtCLy(PHCN),

—_—
m-tolunitrile

FsC CF;

Exemplified Compound 32

Synthesis of Compound (C-4):

[0246] Under nitrogen atmosphere, Compound (B-4) (35.
60 g, 100 mmol), and 300 ml of tetrahydrofuran are put in a
three-neck flask, and the mixture is cooled to =70° C. or lower
with a dry ice-acetone bath. After 120 ml of a 1.8 M lithium
diisopropyl-amide (LDA)-
heptane*tetrahydrofuran+ethylbenzene solution is dripped to
the above reaction mixture, zinc chloride (IT) (32.00 g, 230
mmol)-tetrahydrofuran (200 mmol) is dripped to the mixture,
the temperature is raised up to room temperature, and the
reaction mixture is stirred for 1 hour. Subsequently, iodoben-
zene (61.0 g, 300 mmol) and tetrakis(triphenylphosphine)
palladium (O) (11.55 g, 10 mmol) are added to the reaction
solution, followed by heat-refluxing while staring for 24
hours. After the temperature is lowered to room temperature,
an organic layer obtained by extraction with ethyl acetate is
dried with magnesium sulfate, filtered, and concentrated. The
obtained residue is refined by silica gel column chromatog-
raphy (toluene/hexane: 1/1), and 8.4 g of Compound (C-4) is
obtained as white crystal (yield: 14.4%).
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[0247] 'H-NMR (CDCl,)300 MHz 8: 1.87 (s, 6H), 7.29 (d,
i=6.0 Hz, 2H), 7.40-7.45 (m, 10H), 7.53 (d, 1=5.7 Hz, 2H)

Synthesis of Compound (D-4):

[0248] Under nitrogen atmosphere, Compound (C-4) (3.56
g, 7.0 mmol), 3-(trifluoromethyl )pyrazole (2.61 g, 28 mmol),
copper iodide (0.27 g, 1.4 mmol), potassium carbonate (5.81
g, 42 mmol), and 140 ml of nitrobenzene are put in a three-
neck flask, and the mixture is heat-refluxed while stirring for
12 hours. After the temperature is lowered to room tempera-
ture, an organic layer obtained by extraction with ethyl
acetate is dried with sodium sulfate, filtered, and concen-
trated. The obtained residue is refined by silica gel column
chromatography (hexane/ethyl acetate: 4/1), and 331 g of
Compound (D-4) is obtained as white crystal (yield: 88.5%).

[0249] ‘H-NMR (CDCl,)300 MHz 8: 1.93 (s, 6H), 6.57 (d,
J=2.7Hz, 2H), 7.05-7.09 (m, 4H), 7.28-7.32 (m, 6H), 8.43 (d,
J=7.8 Hz, 2H), 7.92 (d. I=0.9 Hz, 2H)

Synthesis of Exemplified Compound 32:

[0250] Under nitrogen atmosphere, Compound (D-4) (3.4
2, 5.5 mmol), platinous chloride benzonitrile complex (2.60
g, 5.5 mmol), and 100 ml of m-tolunitrile are put in an egg-
plant type flask, and the mixture is heat-refluxed while stir-
ring for 5 hours. After the temperature is lowered to room
temperature, 150 ml of methanol is added thereto, precipi-
tated solid recovered by filtration is dried under reduced
pressure to obtain 3.7 g of Exemplified Compound 32 as
yellow crystal (yield: 82.9%). Amax=464 nm (a dichlo-
romethane solution).

[0251] 'H-NMR (CDCl,)300 MHz 8: 2.14 (s, 6H), 6.57 (1,
J(Pt—H)=8.5Hz, 2H), 7.26-7.38 (m, 4H), 7.40-7.41 (m, 6H),
7.57 (d, 1=8.4 Hz, 2H). 7.92 (d, I=8.1 Hz, 2H)

Synthesis of Exemplified Compound 47:

[0252]

Br. 1)LDA
AN )

3 Ph—I
| 2) ZnCl, Pd(PPhs),
N p THF DMF
Br
NH,
Br.
X
| Pd,(dba);
N Y XantPhos
toluene
Br
B-5
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F,C
Cul
K,CO;3
N. PANO
AN | N 2
/N N VY
Br Br
C-5
N N N PtCL(PhCN),
| | m-tolunitrile
/N N -
N N,
V)
;¢ CF;
D-5

F5C CF3

Exemplified Compound 47

Synthesis of Compound (B-5):

[0253] Under nitrogen atmosphere, 2,6-dibromopyridine
(23.68 g, 100 mmol), and 200 ml of tetrahydrofuran are put in
a three-neck flask, and the mixture is cooled to -70° C. or
lower with a dry ice-acetone bath. After 60 ml of a 1.8 M
lithium diisopropylamide (LDA)-
heptanestetrahydrofuraneethylbenzene solution is dripped to
the above reaction mixture, zinc chloride (II) (13.63 g, 100
mmol)-tetrahydrofuran (100 mmol) is dripped to the mixture,
the temperature is raised up to room temperature, and the
reaction mixture is stirred for 1 hour. Subsequently, iodoben-
zene (40.8 g, 200 mmol) and tetrakis(triphenylphosphine)
palladium (O) (5.8 g, 5 mmol) are added to the reaction
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solution, followed by heat-refluxing while stirring for 24
hours. After the temperature is lowered to room temperature,
an organic layer obtained by extraction with ethyl acetate is
dried with magnesium sulfate, filtered, and concentrated. The
obtained residue is refined by silica gel column chromatog-
raphy (ethyl acetate/hexane: 1/20), and 11.9 g of Compound
(B-5) is obtained as transparent oil (yield: 37.9%).

[0254] 'H-NMR (CDCl,) 300 MHz §: 7.48-752 (m, 3H),
7.58-7.60 (m, 2H), 7.67-7.68 (m, 2H)

Synthesis of Compound (C-5):

[0255] Under nitrogen atmosphere, Compound (B-5) (5.60
g, 17.8 mmol), 3,5-di-tert-butylaniline (1.23 g, 6.0 mmol),
tris(dibenzylideneacetone)dipalladium (O) (0.27 g, 0.3
mmol), 4,5-bis(diphenylphosphino)-9,9-dimethylxanthene
(XantPhos) (0.34 g, 0.6 mmol), sodium tert-butoxy (1.92 g,
20 mmol), and 60 ml of toluene are put in a three-neck flask,
and the mixture is heat-refluxed while stirring for 12 hours.
After the temperature is lowered to room temperature, an
organic layer obtained by extraction with ethyl acetate is
dried with sodium sulfate, filtered, and concentrated. The
obtained residue is refined by silica gel column chromatog-
raphy (hexane/ethyl acetate: 4/1), and 3.81 g of Compound
(C-5) is obtained as red oil (yield: 95.0%).

Synthesis of Compound (D-5):

[0256] Under nitrogen atmosphere, Compound (C-5) (3.68
2, 5.5 mmol), 3-(trifluoromethyl)pyrazole (2.04 g, 22 mmol),
copper iodide (0.27 g, 1.4 mmol), potassium carbonate (5.81
2, 42 mmol), and 120 ml of nitrobenzene are put in a three-
neck flask, and the mixture is heat-refluxed while stirring for
12 hours. After the temperature is lowered to room tempera-
ture, an organic layer obtained by extraction with ethyl
acetate is dried with sodium sulfate, filtered, and concen-
trated. The obtained residue is refined by silica gel column
chromatography (hexane/ethyl acetate: 4/1), and 1.35 g of
Compound (D-5) is obtained as white crystal (yield: 28.8%).
[0257] 'H-NMR (CDCl,) 300 MHz &: 1.32 (s, 18H), 6.58
(d,J=2.7Hz, 2H),7.21 (d, J=1.8 Hz, 2H), 7.41-7.46 (m, 8H),
7.60-7.63 (m, 4H), 7.91 (d, 3=1.2 Hz, 2H), 8.21 (d, J=1.5 Hz,
2H)

Synthesis of Exemplified Compound 47:

[0258] Under nitrogen atmosphere, Compound (D-5) (1.1
g, 1.4 mmol), platinous chloride benzonitrile complex (0.66
2, 1.4 mmol), and 30 ml of m-tolunitrile are put in an eggplant
type flask, and the mixture is heat-refluxed while stirring for
6 hours. After the temperature is lowered to room tempera-
ture, 50 ml of methanol is added thereto, precipitated solid
recovered by filtration is dried under reduced pressure to
obtain 1.13 g of Exemplified Compound 47 as yellow crystal
(vield: 83.0%). hmax=462 nm (a dichloromethane solution).
[0259] 'H-NMR (CDCI,)300 MHz §: 1.42 (s, 18H), 6.73
(t, J(P—H)=7.2 Hz, 2H), 7.39-7.47 (m, 15H), 7.90 (d, I=1.5
Hz, 2H)

Comparative Example 1

[0260] An ITO substrate (a glass substrate having an ITO
film (manufactured by Geomatec Co., Ltd., surface resis-
tance: 10€/[0)) having a size of 2.5 cm square and a thickness
of 0.5 mm is put in a washer and subjected to ultrasonic
washing in 2-propanol, and then UV-ozone treatment for 30
minutes to be cleaned. The ITO substrate is placed in a
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vacuum evaporator, copper phthalocyanine is deposited on
the substrate in a thickness of 10 nm, and NPD (N,N'-di-a-
naphthyl-N,N'-diphenyl)-benzidine is deposited thereon in a
thickness of 40 nm. mCP and the Compound 2 disclosed in
JP-A-2007-19462 in a ratio of 80/20 (by mass) are deposited
on the above deposited film in a thickness of 10 nm, then BAlq
is deposited thereon in a thickness of 40 nm, and then lithium
fluoride is deposited thereon in a thickness of 3 nm, followed
by deposition of aluminum in a thickness of 60 nm to prepare
a device. The obtained EL device is subjected to application
of DC constant voltage with a source measure unit Model
2400 (manufactured by Toyo Corporation) to emit light. It is
confirmed that the emission of blue light originating in Com-
pound 2 described in JP-A-2007-19462 is obtained.

[0261] The chemical structures of the above copper phtha-
locyanine, NPD, Compound 2 described in JP-A-2007-
19462, mCP and BAlq are shown below.

Copper Phthalocyanine

NPD
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-continued -continued
N, ¥ N
s
w/ )
F3C CF3
Compound 2 described
in JP-A-2007-19462
F;C CF3
Compound 255 described
in JP-A-2007-19462
N b N
Ve N
F3C CF3
. Compound 249 described
Compound 79 described .
-A-2007- 2
in IP-A-2005-310733 in IP-A-2007-1946
Compound 34 described
in JP-A-2006-93542
NC CN
Compound 5 described
in JP-A-2007-19462 F;C

Comparative Compound 2
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Comparative Example 2

[0262] An organic EL device in Comparative Example 2 is
manufactured in the same manner as in Comparative
Example 1 except for changing the ratio of mCP and Com-
pound 2 described in JP-A-2007-19462 to 70/30. The
obtained EL device is subjected to application of DC constant
voltage with a source measure unit Model 2400 (manufac-
tured by Toyo Corporation) to emit light. It is confirmed that
the emission of blue light originating in Compound 2
described in JP-A-2007-19462 is obtained.

Example 1

[0263] Anorganic EL device in Example 1 is manufactured
in the same manner as in Comparative Example 1 except for
using Exemplified Compound 32 according to the invention
in place of Compound 2 described in JP-A-2007-19462. The
obtained EL device is subjected to application of DC constant
voltage with a source measure unit Model 2400 (manufac-
tured by Toyo Corporation) to emit light. It is confirmed that
the emission of blue light originating in Exemplified Com-
pound 32 of the invention is obtained.

Example 2

[0264] Anorganic EL device in Example 2 is manufactured
in the same manner as in Example 1 except for changing the
ratio of mCP and Exemplified Compound 32 of the invention
to 70/30. The obtained EL device is subjected to application
of DC constant voltage with a source measure unit Model
2400 (manufactured by Toyo Corporation) to emit light. It is
confirmed that the emission of blue light originating in Exem-
plified Compound 32 of the invention is obtained.

Evaluation of Luminescence Device:

[0265] Each of luminescence devices obtained is driven by
constant current at 20° C., and luminance is measured with a
luminometer BM-8 (a trade name, manufactured by Topcon
Corporation). Change in chromaticity is computed from
emission spectrum measured at 20° C. (CIE chromaticity
value (xy chromaticity value) found with a light emission
spectrum measuring system (ELS1500), manufactured by
Shimadzu Corporation).

[0266] Relative luminance and CIE chromaticity of each of
devices manufactured are shown in Table 1 below. From
Table 1, it can be seen that the compound of the invention is
little in chromaticity variation of light emission due to addi-
tion concentration even when the compound is added in high
concentration.

TABLE 1
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Comparative Example 3

[0267] An organic EL device in Comparative Example 3 is
manufactured in the same manner as in Comparative
Example 1 except for using Compound 79 described in JP-A-
2005-310733 in place of Compound 2 described in JP-A-
2007-19462. The obtained EL device is subjected to applica-
tion of DC constant voltage with a source measure unit Model
2400 (manufactured by Toyo Corporation) to emit light. It is
confirmed that the emission of green light originating in
Compound 79 in JP-A-2005-310733 is obtained.

Comparative Example 4

[0268] An organic EL device in Comparative Example 4 is
manufactured in the same manner as in Comparative
Example 3 except for changing the ratio of mCP and Com-
pound 79 described in JP-A-2005-310733 to 70/30. The
obtained EL device is subjected to application of DC constant
voltage with a source measure unit Model 2400 (manufac-
tured by Toyo Corporation) to emit light. It is confirmed that
the emission of green light originating in Compound 79
described in JP-A-2005-310733 is obtained.

Example 3

[0269] Anorganic EL device in Example 3 is manufactured
in the same manner as in Comparative Example 1 except for
using Exemplified Compound 1 according to the invention in
place of Compound 2 described in JP-A-2007-19462. The
obtained EL device is subjected to application of DC constant
voltage with a source measure unit Model 2400 (manufac-
tured by Toyo Corporation) to emit light. It is confirmed that
the emission of green light originating in Exemplified Com-
pound 1 of the invention is obtained.

Example 4

[0270] Anorganic EL device in Example 4 is manufactured
in the same manner as in Example 3 except for changing the
ratio of mCP and Exemplified Compound 1 of the invention to
70/30. The obtained EL device is subjected to application of
DC constant voltage with a source measure unit Model 2400
(manufactured by Toyo Corporation) to emit light. It is con-
firmed that the emission of green light originating in Exem-
plified Compound 1 of the invention is obtained.

[0271] Relative luminance and CIE chromaticity of each of
devices manufactured are shown in Table 2 below. From
Table 2, it can be seen that the compound of the invention is
little in chromaticity variation of light emission due to addi-
tion concentration even when the compound is added in high
concentration.

TABLE 2

Addition Concentration Relative Luminance
of Phosphorescent at the Time of CIE
Material (%) Application of 12V Chromaticity

Addition Concentration Relative Luminance
of Phosphorescent at the Time of CIE
Material (%) Application of 12V Chromaticity

Comparative 20 100 (0.19,0.30)
Example 1

Comparative 30 110 (0.25,0.33)
Example 2
Example 1 20 98 (0.17,0.29)
Example 2 30 113 (0.18,0.30)

Comparative 20 100 (0.30,0.65)
Example 3

Comparative 30 105 (0.35,0.63)
Example 4
Example 3 20 102 (029, 0.65)
Example 4 30 108 (029, 0.64)
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Comparative Example 5

[0272] An organic EL device in Comparative Example 5 is
manufactured in the same manner as in Comparative
Example 1 except for using Compound 34 described in JP-A-
2006-93542 in place of Compound 2 described in JP-A-2007-
19462. The obtained EL device is subjected to application of
DC constant voltage with a source measure unit Model 2400
(manufactured by Toyo Corporation) to emit light. It is con-
firmed that the emission of green light originating in Com-
pound 34 described in JP-A-2006-93542 is obtained.

Comparative Example 6

[0273] An organic EL device in Comparative Example 6 is
manufactured in the same manner as in Comparative
Example 5 except for changing the ratio of mCP and Com-
pound 34 described in JP-A-2006-93542 to 70/30. The
obtained EL device is subjected to application of DC constant
voltage with a source measure unit Model 2400 (manufac-
tured by Toyo Corporation) to emit light. It is confirmed that
the emission of green light originating in Compound 34
described in JP-A-2006-93542 is obtained.

Example 5

[0274] Anorganic EL device in Example 5 is manufactured
in the same manner as in Comparative Example 1 except for
using Exemplified Compound 4 according to the invention in
place of Compound 2 described in JP-A-2007-19462. The
obtained EL device is subjected to application of DC constant
voltage with a source measure unit Model 2400 (manufac-
tured by Toyo Corporation) to emit light. It is confirmed that
the emission of green light originating in Exemplified Com-
pound 4 according to the invention is obtained.

Example 6

[0275] An organic EL device in Example 6 is manufactured
in the same manner as in Example 5 except for changing the
ratio of mCP and Exemplified Compound 4 ofthe invention to
70/30. The obtained EL device is subjected to application of
DC constant voltage with a source measure unit Model 2400
(manufactured by Toyo Corporation) to emit light. It is con-
firmed that the emission of green light originating in Exem-
plified Compound 4 of the invention is obtained.

[0276] Relative luminance and CIE chromaticity of each of
devices manufactured are shown in Table 3 below. From
Table 3, it can be seen that the compound of the invention is
little in chromaticity variation of light emission due to addi-
tion concentration even when the compound is added in high
concentration.

TABLE 3
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Comparative Example 7

[0277] An organic EL device in Comparative Example 7 is
manufactured in the same manner as in Comparative
Example 1 except for using Compound 5 described in JP-A-
2007-19462 in place of Compound 2 described in JP-A-2007-
19462. The obtained EL device is subjected to application of
DC constant voltage with a source measure unit Model 2400
(manufactured by Toyo Corporation) to emit light. It is con-
firmed that the emission of blue light originating in Com-
pound 5 described in JP-A-2007-19462 is obtained.

Comparative Example 8

[0278] An organic EL device in Comparative Example 8 is
manufactured in the same manner as in Comparative
Example 7 except for changing the ratio of mCP and Com-
pound 5 described in JP-A-2007-19462 to 70/30. The
obtained EL device is subjected to application of DC constant
voltage with a source measure unit Model 2400 (manufac-
tured by Toyo Corporation) to emit light. It is confirmed that
the emission of blue light originating in Compound 5
described in JP-A-2007-19462 is obtained.

Example 7

[0279] Anorganic EL device in Example 7 is manufactured
in the same manner as in Comparative Example 1 except for
using Exemplified Compound 33 according to the invention
in place of Compound 2 described in JP-A-2007-19462. The
obtained EL device is subjected to application of DC constant
voltage with a source measure unit Model 2400 (manufac-
tured by Toyo Corporation) to emit light. It is confirmed that
the emission of blue light originating in Exemplified Com-
pound 33 according to the invention is obtained.

Example 8

[0280] An organic EL device in Example 8 is manufactured
in the same manner as in Example 7 except for changing the
ratio of mCP and Exemplified Compound 33 of the invention
to 70/30. The obtained EL device is subjected to application
of DC constant voltage with a source measure unit Model
2400 (manufactured by Toyo Corporation) to emit light. It is
confirmed that the emission of blue light originating in Exem-
plified Compound 33 of the invention is obtained.

[0281] Relative luminance and CIE chromaticity of each of
devices manufactured are shown in Table 4 below. From
Table 4, it can be seen that the compound of the invention is
little in chromaticity variation of light emission due to addi-
tion concentration even when the compound is added in high
concentration.

TABLE 4

Addition Concentration Relative Luminance
of Phosphorescent at the Time of CIE
Material (%) Application of 12V Chromaticity

Addition Concentration Relative Luminance
of Phosphorescent at the Time of CIE
Material (%) Application of 12V Chromaticity

Comparative 20 100 (0.31,0.65)
Example 5

Comparative 30 114 (0.37,0.62)
Example 6
Example 5 20 106 (0.30, 0.65)
Example 6 30 124 (0.32,0.64)

Comparative 20 100 (0.17,026)
Example 7
Comparative 30 95 (0.20,0.31)
Example 8
Example 7 20 105 (0.17,0.27)
Example 8 30 116 (0.18,0.29)
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Comparative Example 9

[0282] An organic EL device in Comparative Example 9 is
manufactured in the same manner as in Comparative
Example 1 except for using Compound 255 described in
JP-A-2007-19462in place of Compound 2 described in JP-A-
2007-19462. The obtained EL device is subjected to applica-
tion of DC constant voltage with a source measure unit Model
2400 (manufactured by Toyo Corporation) to emit light. It is
confirmed that the emission of blue light originating in Com-
pound 255 described in JP-A-2007-19462 is obtained.

Comparative Example 10

[0283] Anorganic EL device in Comparative Example 10is
manufactured in the same manner as in Comparative
Example 9 except for changing the ratio of mCP and Com-
pound 255 described in JP-A-2007-19462 to 70/30. The
obtained EL device is subjected to application of DC constant
voltage with a source measure unit Model 2400 (manufac-
tured by Toyo Corporation) to emit light. It is confirmed that
the emission of blue light originating in Compound 255
described in JP-A-2007-19462 is obtained.

Example 9

[0284] Anorganic EL device in Example 9 is manufactured
in the same manner as in Comparative Example 1 except for
using Exemplified Compound 47 according to the invention
in place of Compound 2 described in JP-A-2007-19462. The
obtained EL device is subjected to application of DC constant
voltage with a source measure unit Model 2400 (manufac-
tured by Toyo Corporation) to emit light. It is confirmed that
the emission of blue light originating in Exemplified Com-
pound 47 according to the invention is obtained.

Example 10

[0285] An organic EL device in Example 10 is manufac-
tured in the same manner as in Example 9 except for changing
the ratio of mCP and Exemplified Compound 47 according to
the invention to 70/30. The obtained EL device is subjected to
application of DC constant voltage with a source measure unit
Model 2400 (manufactured by Toyo Corporation) to emit
light. Itis confirmed that the emission of blue light originating
in Exemplified Compound 47 according to the invention is
obtained.

[0286] Relative luminance and CIE chromaticity of each of
devices manufactured are shown in Table 5 below. From
Table 5, it can be seen that the compound of the invention is
little in chromaticity variation of light emission due to addi-
tion concentration even when the compound is added in high
concentration.

TABLE 5
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Comparative Example 11

[0287] Anorganic EL device in Comparative Example 11 is
manufactured in the same manner as in Comparative
Example 1 except for using Compound 249 described in
JP-A-2007-19462 in place of Compound 2 described in JP-A-
2007-19462. The obtained EL device is subjected to applica-
tion of DC constant voltage with a source measure unit Model
2400 (manufactured by Toyo Corporation) to emit light. It is
confirmed that the emission of blue light originating in Com-
pound 249 described in JP-A-2007-19462 is obtained.

Comparative Example 12

[0288] Anorganic EL devicein Comparative Example 12 is
manufactured in the same manner as in Comparative
Example 11 except for changing the ratio of mCP and Com-
pound 249 described in JP-A-2007-19462 to 70/30. The
obtained EL device is subjected to application of DC constant
voltage with a source measure unit Model 2400 (manufac-
tured by Toyo Corporation) to emit light. It is confirmed that
the emission of blue light originating in Compound 249
described in JP-A-2007-19462 is obtained.

Example 11

[0289] An organic EL device in Example 11 is manufac-
tured in the same manner as in Comparative Example 1 except
for using Exemplified Compound 69 according to the inven-
tion in place of Compound 2 described in JP-A-2007-19462.
The obtained EL device is subjected to application of DC
constant voltage with a source measure unit Model 2400
(manufactured by Toyo Corporation) to emit light. It is con-
firmed that the emission of blue light originating in Exempli-
fied Compound 69 according to the invention is obtained.

Example 12

[0290] An organic EL device in Example 12 is manufac-
tured in the same manner as in Example 11 except for chang-
ing the ratio of mCP and Exemplified Compound 69 accord-
ing to the invention to 70/30. The obtained EL device is
subjected to application of DC constant voltage with a source
measure unit Model 2400 (manufactured by Toyo Corpora-
tion) to emit light. It is confirmed that the emission of blue
light originating in Exemplified Compound 69 according to
the invention is obtained.

[0291] Relative luminance and CIF, chromaticity of each of
devices manufactured are shown in Table 6 below. From
Table 6, it can be seen that the compound of the invention is
little in chromaticity variation of light emission due to addi-
tion concentration even when the compound is added in high
concentration.

TABLE 6

Addition Concentration Relative Luminance
of Phosphorescent at the Time of CIE
Material (%) Application of 12V Chromaticity

Addition Concentration Relative Luminance
of Phosphorescent at the Time of CIE
Material (%) Application of 12V Chromaticity

Comparative 20 100 (0.20,0.29)
Example 9

Comparative 30 104 (0.23,0.35)
Example 10

Example 9 20 102 (0.20,0.28)
Example 10 30 110 (0.21,0.31)

Comparative 20 100 (0.19,0.28)
Example 11
Comparative 30 105 (0.23,0.33)
Example 12
Example 11 20 105 (0.20,0.27)
Example 12 30 112 (0.21,0.29)




US 2016/0099426 A1l

Comparative Example 13

[0292] Anorganic EL device in Comparative Example 13 is
manufactured in the same manner as in Comparative
Example 1 except for using Comparative Compound 1 in
place of Compound 2 described in JP-A-2007-19462. The
obtained EL device is subjected to application of DC constant
voltage with a source measure unit Model 2400 (manufac-
tured by Toyo Corporation) to emit light. It is confirmed that
the emission of green light originating in Comparative Com-
pound 1 is obtained.

Comparative Example 14

[0293] Anorganic EL device in Comparative Example 14 is
manufactured in the same manner as in Comparative
Example 13 except for changing the ratio of mCP and Com-
parative Compound 1 to 70/30. The obtained EL device is
subjected to application of DC constant voltage with a source
measure unit Model 2400 (manufactured by Toyo Corpora-
tion) to emit light. It is confirmed that the emission of green
light originating in Comparative Compound 1 is obtained.

Example 13

[0294] An organic EL device in Example 13 is manufac-
tured in the same manner as in Comparative Example 1 except
for using Exemplified Compound 27 according to the inven-
tion in place of Compound 2 described in JP-A-2007-19462.
The obtained EL device is subjected to application of DC
constant voltage with a source measure unit Model 2400
(manufactured by Toyo Corporation) to emit light. It is con-
firmed that the emission of green light originating in Exem-
plified Compound 27 according to the invention is obtained.

Example 14

[0295] An organic EL device in Example 14 is manufac-
tured in the same manner as in Example 13 except for chang-
ing the ratio of mCP and Exemplified Compound 27 accord-
ing to the invention to 70/30. The obtained EL device is
subjected to application of DC constant voltage with a source
measure unit Model 2400 (manufactured by Toyo Corpora-
tion) to emit light. It is confirmed that the emission of green
light originating in Exemplified Compound 27 according to
the invention is obtained.

[0296] Relative luminance and CIE chromaticity of each of
devices manufactured are shown in Table 7 below. From
Table 7, it can be seen that the compound of the invention is
little in chromaticity variation of light emission due to addi-
tion concentration even when the compound is added in high
concentration.

TABLE 7
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Comparative Example 15

[0297] Anorganic EL device in Comparative Example 15 is
manufactured in the same manner as in Comparative
Example 1 except for using Comparative Compound 2 in
place of Compound 2 described in JP-A-2007-19462. The
obtained EL device is subjected to application of DC constant
voltage with a source measure unit Model 2400 (manufac-
tured by Toyo Corporation) to emit light. It is confirmed that
the emission of green light originating in Comparative Com-
pound 2 is obtained.

Comparative Example 16

[0298] Anorganic EL device in Comparative Example 16 is
manufactured in the same manner as in Comparative
Example 15 except for changing the ratio of mCP and Com-
parative Compound 2 to 70/30. The obtained EL device is
subjected to application of DC constant voltage with a source
measure unit Model 2400 (manufactured by Toyo Corpora-
tion) to emit light. It is confirmed that the emission of green
light originating in Comparative Compound 2 is obtained.

Example 15

[0299] An organic EL device in Example 15 is manufac-
tured in the same manner as in Comparative Example 1 except
for using Exemplified Compound 30 according to the inven-
tion in place of Compound 2 described in JP-A-2007-19462.
The obtained EL device is subjected to application of DC
constant voltage with a source measure unit Model 2400
(manufactured by Toyo Corporation) to emit light. It is con-
firmed that the emission of green light originating in Exem-
plified Compound 30 according to the invention is obtained.

Example 16

[0300] An organic EL device in Example 16 is manufac-
tured in the same manner as in Example 15 except for chang-
ing the ratio of mCP and Exemplified Compound 30 accord-
ing to the invention to 70/30. The obtained EL device is
subjected to application of DC constant voltage with a source
measure unit Model 2400 (manufactured by Toyo Corpora-
tion) to emit light. It is confirmed that the emission of green
light originating in Exemplified Compound 30 according to
the invention is obtained.

[0301] Relative luminance and CIE chromaticity of each of
devices manufactured are shown in Table 8 below. From
Table 8, it can be seen that the compound of the invention is
little in chromaticity variation of light emission due to addi-
tion concentration even when the compound is added in high
concentration.

TABLE 8

Addition Concentration Relative Luminance
of Phosphorescent at the Time of CIE
Material (%) Application of 12V Chromaticity

Addition Concentration Relative Luminance
of Phosphorescent at the Time of CIE
Material (%) Application of 12V Chromaticity

Comparative 20 100 (0.31,0.63)
Example 13
Comparative 30 99 (0.34,0.57)
Example 14
Example 13 20 103 (0.31,0.61)
Example 14 30 107 (0.31,0.59)

Comparative 20 100 (0.32,0.56)
Example 15
Comparative 30 107 (0.33,0.50)
Example 16
Example 15 20 105 (031, 0.55)
Example 16 30 111 (030, 0.53)
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Example 17

[0302] An organic EL device in Example 17 is manufac-
tured in the same manner as in Comparative Example 1 except
for using Exemplified Compound 57 according to the inven-
tion in place of Compound 2 described in JP-A-2007-19462.
The obtained EL device is subjected to application of DC
constant voltage with a source measure unit Model 2400
(manufactured by Toyo Corporation) to emit light. It is con-
firmed that the emission of blue light originating in Exempli-
fied Compound 57 according to the invention is obtained.

Example 18

[0303] An organic EL device in Example 18 is manufac-
tured in the same manner as in Example 17 except for chang-
ing the ratio of mCP and Exemplified Compound 57 accord-
ing to the invention to 70/30. The obtained EL device is
subjected to application of DC constant voltage with a source
measure unit Model 2400 (manufactured by Toyo Corpora-
tion) to emit light. Tt is confirmed that the emission of blue
light originating in Exemplified Compound 57 according to
the invention is obtained.

[0304] Relative luminance and CIE chromaticity of each of
devices manufactured are shown in Table 9 below. From
Table 9, it can be seen that the compound of the invention is
little in chromaticity variation of light emission due to addi-
tion concentration even when the compound is added in high
concentration.

TABLE 9

Addition Concentration Relative Luminance
at the Time of CIE
Application of 12V Chromaticity

of Phosphorescent
Material (%)

Comparative 20 100 (0.19,0.30)
Example 1

Comparative 30 110 (0.25,0.33)
Example 2

Example 17 20 100 (0.18,0.29)
Example 18 30 115 (0.18,0.31)
[0305] By the use of other compounds according to the

invention, also, chromaticity variation of light emission due
to addition concentration of the phosphorescent material in
the light-emitting layer is little, and organic electrolumines-
cence devices capable of light emission in higher luminance
can be manufactured by using the compounds according to
the invention.

[0306] The invention can provide an organic electrolumi-
nescence device little in chromaticity change due to addition
concentration of a phosphorescent material ina light-emitting
layer and capable of emission in high luminance. The inven-
tion can further provide a metal complex compound suitable
for the electroluminescence device.

[0307] The entire disclosure of each and every foreign
patent application from which the benefit of foreign priority
has been claimed in the present application is incorporated
herein by reference, as if fully set forth.
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1. A compound represented by the following formula (I):

Formula (I)
R, R,
Ry A R;
N N
Ary “pe Ary
Zz\ C/ \C — Z]
Q Qi
wherein

each of Ar, and Ar, independently represents an aromatic
ring or an aromatic heterocyclic ring;

each of R;, R,, R; and R, independently represents a
hydrogen atom or a substituent;

each of Z, and 7, independently represents a carbon atom
or a nitrogen atom;

each of ring Q, containing a carbon atom and Z,, and ring
Q, containing a carbon atom and Z,, independently rep-
resents an aromatic ring or an aromatic heterocyclic
ring; and

A represents a single bond or a divalent linking group.

2. The compound as claimed in claim 1, wherein the for-

mula (I) is represented by the following formula (II):

Formua (II)

wherein

each of ring Q5 containing 7,5, 7, and Z,, and ring Qg
containing 7, 7,5 and Z,,, independently represents a
5- or 6-membered aromatic ring or aromatic heterocy-
clic ring;

eachofZ,s, 7,6, 7,7, 214, 7,5 and 7, independently rep-
resents a carbon atom or a nitrogen atom;

each of a bond for bonding Z, 5 to Z,,, a bond for bonding
7,510 7,4,abond for bonding 7, 4 to Z, 4, and a bond for
bonding Z, ; to Z,, independently represents a single
bond or a double bond, provided that when Z, 5 repre-
sents a nitrogen atom, each of the bond for bonding Z
to Z,, and the bond for bonding 7, 5 to Z, represents a
single bond, and when 7, ; represents a nitrogen atom,
each of the bond for bonding 7, ; to 7, ; and the bond for
bonding Z, ; to Z,, represents a single bond;

7,7, 7,4, 7,5 and 7,, do not have a substituent;

each of ring Q, containing a carbonatom, Z,, and Z,;, and
ring Q, containing a carbon atom, 7, and 7, ,, indepen-
dently represents an aromatic ring or an aromatic het-
erocyclic ring;

eachof Z,,, Z,,, 7,5 and Z,, independently represents a
carbon atom or a nitrogen atom;

each of a bond for bonding 7, to the carbon atom coordi-
nating to Pt contained in ring Qs, a bond for bonding Z, |
to Z,5, abond for bonding Z, ; to the carbon atom coor-
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dinating to Pt contained in ring Q,, and a bond for
bonding 7Z,, to Z,, independently represents a single
bond or a double bond, provided that when 7, repre-
sents a nitrogen atom, each of the bond for bonding 7,
to the carbon atom coordinating to Pt contained in ring
Q, and the bond for bonding 7, to Z, ; represents a single
bond, and when 7, , represents a nitrogen atom, each of
the bond for bonding Z,, to the carbon atom coordinat-
ing to Pt contained in ring Q, and the bond for bonding
Z,, to 7, , represents a single bond;

7,5 and 7, do not have a substituent;

each of R ;, R},, R ; and R, , independently represents a
hydrogen atom or a substituent; and

A, represents a single bond or a divalent linking group.

3. The compound as claims in claim 2, wherein the formula
(1) is represented by the following formula (I11):

Formula (IIT)
Ry Ry
R N Az N Ros
78 ‘ N N 77
z A NN
5 iz > % iy
| Il | I
L. L3 Zn / \ 11 739 Z33
-~ X,
Sz Z24/ e ¢ Ny 2%
&)\
wherein

each of 7,5 and 7, represents a carbon atom;

eagh of Z7y Zogs Zngs 2305 231 33 Ziazs Laay 235 gnd Z36
independently represents a carbon atom or a nitrogen
atom;

757y 755, 755 and 7., do not have a substituent;

each of Z,,, Z,,, Z,; and Z,, independently represents a
carbon atom or a nitrogen atom;

each of ring Q, containing a carbon atom, 7, and 7,5, and
ring Q, containing a carbon atom, Z,, and Z,,, indepen-
dently represents an aromatic ring or an aromatic het-
erocyclic ring;

each of a bond for bonding Z,, to the carbon atom coordi-
nating to Pt contained in ring Q, a bond for bonding 7.,
to 7,5, abond for bonding 7., to the carbon atom coor-
dinating to Pt contained in ring Q, and a bond for
bonding 7,, to Z,, independently represents a single
bond or a double bond, provided that when Z,; repre-
sents a nitrogen atom, each of the bond for bonding 7,
to the carbon atom coordinating to Pt contained in ring
Q, and the bond for bonding 7Z,, to Z,, represents a
single bond, and when Z,, represents a nitrogen atom,
each of the bond for bonding Z,, to the carbon atom
coordinating to Pt contained in ring Qg and the bond for
bonding Z,, to Z,, represents a single bond,

7,5 and 7, do not have a substituent;

each of R,;, R,,, R,; and R, , independently represents a

hydrogen atom or a substituent; and

A, represents a single bond or a divalent linking group.

4. The compound as claimed in claim 3, wherein the for-

mula (I11) is represented by the following formula (IV):
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Formula (IV)

wherein

eachofZ,,, Z,,, 7,5 and Z,, independently represents a
carbon atom or a nitrogen atom;

each of ring Q, containing a carbon atom, Z,,; and Z,,;, and
ring Q,, containing a carbon atom, Z,, and Z,,, inde-
pendently represents an aromatic ring or an aromatic
heterocyclic ring;

each of a bond for bonding Z,,, to the carbon atom coordi-
nating to Pt contained in ring Q,, a bond for bonding I,
to Z,5, a bond for bonding Z,,, to the carbon atom coor-
dinating to Pt contained in ring Q,,, and a bond for
bonding Z,, to Z,, independently represents a single
bond or a double bond, provided that when 7, repre-
sents a nitrogen atom, each of the bond for bonding Z,,,
to the carbon atom coordinating to Pt contained in ring
Q, and the bond for bonding Z,, to Z,; represents a
single bond, and when Z,, represents a nitrogen atom,
each of the bond for bonding Z,, to the carbon atom
coordinating to Pt contained in ring Q, , and the bond for
bonding Z,, to 7, represents a single bond,;

7,5 and 7, do not have a substituent;

each of Ry, Ryn. Razy Ras Ras Ryg Ragy Rag Rygand Ry,
independently represents a hydrogen atom or a substitu-
ent; and

A, represents a single bond or a divalent linking group.

5. The compound as claimed in claim 4, wherein the for-

mula (IV) is represented by the following formula (V):

Formula (V)

whereineachof R, R0, Ruzy Ragy Rasy Rugs Rass Rugs Ryo,
Rso, Ry, Rsy, Rsay Rsy, Rs5 and R independently rep-

resents a hydrogen atom or a substituent; and
A, represents a single bond or a divalent linking group.

6. (canceled)

7. The compound as claimed in claim 2, wherein the for-
mula (IT) is represented by the following formula (VII):
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Formula (VID)

wherein each of Zss, Zss, 257, Zisgy Zsoy Zigoy Z; a0d Z,
independently represents a carbon atom or a nitrogen
atom,

Zss, 756, 76y and 7, do not have a substituent;

each of Z,, Z5,, 755 and Z., independently represents a
carbon atom or a nitrogen atom;

each of ring Q, | containing a carbon atom, 7.5, and 7.5, and
ring Q,, containing a carbon atom, Z, and 7, inde-
pendently represents an aromatic ring or an aromatic
heterocyclic ring;

each of a bond for bonding Zs, to the carbon atom coordi-
nating to Pt contained in ring Q,,, a bond for bonding
Zs, 10 Z55, a bond for bonding Zs, to the carbon atom
coordinating to Pt contained in ring Q, ,, and a bond for
bonding Z,, to Z, independently represents a single
bond or a double bond, provided that when Zs, repre-
sents a nitrogen atom, each of the bond for bonding Z.,
to the carbon atom coordinating to Pt contained in ring
Q,, and the bond for bonding Zs, to Zs; represents a
single bond, and when Z, represents a nitrogen atom,
each of the bond for bonding Z, to the carbon atom
coordinating to Pt contained inring Q, , and the bond for
bonding Zs, to Zs, represents a single bond; and

755 and 7., do not have a substituent;

eachofR,,;,R,,,, R, 5 and R, |, independently represents
a hydrogen atom or a substituent; and

A, represents a single bond or a divalent linking group.

8. The compound as claimed in claim 7, wherein the for-
mula (VII) is represented by the following formula (VIII):

Formula (VIII)

wherein each of Z,,, 7., 7, and Z,, independently rep-
resents a carbon atom or a nitrogen atom;
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each of ring Q, ; containing a carbon atom, Z,, and Z.,,, and
ring Q,, containing a carbon atom, 7, and Z,,, inde-
pendently represents an aromatic ring or an aromatic
heterocyclic ring;

each of a bond for bonding 7, to the carbon atom coordi-
nating to Pt contained in ring Q, 5, a bond for bonding
7., 10 Z,5, abond for bonding Z-, to the carbon atom
coordinating to Pt contained in ring Q, ,, and a bond for
bonding Z., to Z,, independently represents a single
bond or a double bond, provided that when Z,, repre-
sents a nitrogen atom, each of the bond for bonding 7.,
to the carbon atom coordinating to Pt contained in ring
Q,; and the bond for bonding 7., to Z,; represents a
single bond, and when Z,, represents a nitrogen atom,
each of the bond for bonding Z,, to the carbon atom
coordinating to Pt contained in ring Q, , and the bond for
bonding 7, to Z,, represents a single bond,

75 and 7., do not have a substituent;

each of Ry5;, Ryaas Ryna Rinss Rynsi Rig Rypy and Ry g
independently represents a hydrogen atom or a substitu-
ent; and

A, represents a single bond or a divalent linking group.

9. The compound as claimed in claim 8, wherein the for-

mula (VIII) is represented by the following formula (IX):

Formula (IX)
Rz
Riz
H H
N
Rigp | Rygg
—N
Rigy Ry
Risg Ryss
Ris Ry30
Ryss Rz
wherein each of R ;. R,5,, Ria:0 Rz Riass Risen R

131
R138! Rl39! R1403 R 4
dently represents a hydrogen atom or a substituent; and

1322 “*133> 11340 S11355 “N136° TT1370

1a1s Ryass Ryuz and R, indepen-

A, represents a single bond or a divalent linking group.

10. The compound as claimed in claim 8, wherein the
formula (VIII) is represented by the following formula (X):

Formula (X)

Rie

Ries
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wherein each of Rys;, Ryso. Rysas Rysss Riss, Rise Ryss,
Risss Rigrs Rigas Rigs and R ¢, independently repre-
sents a hydrogen atom or a substituent; and

A, represents a single bond or a divalent linking group.

11. An organic electroluminescence device comprising:

a pair of electrodes; and

an organic layer between the pair of electrodes,

wherein the organic layer contains the compound as

claimed in claim 1.

12. An organic electroluminescence device comprising:

a pair of electrodes, and

a light-emitting layer between the pair of electrodes,

wherein the light-emitting layer contains the compound as

claimed in claim 1 in a proportion of from 20 to 30 wt %
of the total mass of the light-emitting layer.

13. The organic electroluminescence device of claim 11,
wherein the organic layer is a light-emitting layer.

14. The organic electroluminescence device of claim 13,
wherein the light-emitting layer further comprises a host
material.

15. The organic electroluminescence device of claim 11,
wherein the organic layer is formed by a dry film-forming
method.

16. The organic electroluminescence device of claim 12,
wherein the light-emitting layer further comprises a host
material.
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