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(57) ABSTRACT

An organic electroluminescent device, which has a pair of
electrodes, and at least one organic layer including a lumi-
nescent layer between the electrodes, wherein the organic
layer contains at least one compound of formula (1):

. Formula (1)
gl ~‘~.\
4
77 N--eMIhan
\ !
Z s 'I'
. o B

wherein Q'' are atoms for forming a nitrogen-containing
hetero ring; Z'' to Z'* each independently represents CR,
wherein R represents a substituent, CHor N;n''is O or 1; M*!
is a metal or boron ion that may further have a ligand(s); and
a compound of formula (6):

Formula (6)
R63 R64
Xél — X64
N
ZGI 264
4 \< | >/ W
Z N------ P------- N /
\263 :< | >: 766
N,
X62=, —X63
RGS R66

wherein R% to R% each is a hydrogen atom or a substituent;
X%'t0 X**and Z°" to 7% each is CR, wherein R represents a

substituent, CH or N.

3 Claims, No Drawings
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ORGANIC ELECTROLUMINESCENT
DEVICE AND PLATINUM COMPOUND

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a Divisional of U.S. application Ser. No.
12/571,093 filed Sep. 30, 2009, now U.S. Pat. No. 8,257,838
which is a Divisional of U.S. application Ser. No. 10/548,669
filed Sep. 9, 2005, now U.S. Pat. No. 7,615,633, which is a
371 of PCT/JP2004/006498 filed May 7, 2004, which claims
benefit of JPA No. 2003-132257 filed May 9, 2003 and JPA
No. 2004-88575 filed Mar. 25, 2004. The above-noted appli-
cations are incorporated herein by reference in their entirety.

TECHNICAL FIELD

The present invention relates to a luminescent device, par-
ticularly an organic electroluminescent device (hereinafter
sometimes referred to as an EL device), and to a platinum
compound that is useful in the luminescent device.

BACKGROUND ART

Recently, a variety of types of display devices are actively
researched and developed. Among these, much attention is
focused on organic electroluminescent (EL) devices. This is
because organic EL devices are promising display devices
capable of emitting light of high luminance under low applied
voltage. An important characteristic of organic EL devices is
life (durability), and as such, studies have been made toward
further prolonging the life of organic EL devices. As a means
to prolong life, luminescent devices of a type comprising a
hole-injection layer containing CuPc (copper phthalocya-
nine) are known (as described, for example, in JP-A-57-
51781 (“JP-A” means unexamined published Japanese patent
application) and Applied Physics Letters, 15, 69, 1996). How-
ever, such luminescent devices are still low in quantum effi-
ciency. Accordingly, there is a demand for further improved
devices.

On the other hand, for the development of organic EL
devices in recent years, various studies have aimed at improv-
ing the external quantum efficiency of the devices. In particu-
lar, observation is focused on luminescent devices containing
a phosphorescent material, such as tris-phenylpyridine iri-
dium complexes (see WO 00/070655) and tetradentate plati-
num complexes (for example, octacthylporphyrin platinum
complexes) (see U.S. Pat. No. 6,303,238 B1 and No. 6,653,
564 Bl1), because high-external quantum efficiency is
attained with these devices. However, these phosphorescent
materials and devices containing the phosphorescent material
have needed life prolongation. In addition, conventional tet-
radentate platinum complexes (see U.S. Pat. No. 6,303,238
B1 and No. 6,653.564 B1) have the problem that light emis-
sion is restricted to the color ranging from orange to red, and
therefore it is difficult to obtain light emission in the short
wavelength ranging from blue to green that is necessary for
use in full color displays and multicolor displays.

DISCLOSURE OF THE INVENTION

According to the present invention, there are provided the
following means:
(1) An organic electroluminescent device, comprising a pair
of electrodes, and at least one organic layer including a lumi-
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nescent layer between the electrodes, wherein said organic
layer comprises at least one compound represented by for-
mula (1):

. Formula (1)
Zil—"" N
7\
z{l N--MIh, i
713=/ ;
e Qll'

wherein, in formula (1), Q"' represents a group of atoms
for forming a nitrogen-containing hetero ring; Z'*, Z'% and
7'3 each represent a substituted or unsubstituted carbon atom
or nitrogen atom; n'* represents 0 or 1; M ! represents ametal
ionora boron ion, each of which may further have a ligand(s).
(2) The organic electroluminescent device as described in the
item (1), wherein the compound represented by formula (1) is
a compound represented by formula (11):

Formula (11)

14 Q103 1,103

wherein, in formula (11), Z'°*, Z'°* and Z'® each repre-
sent a substituted or unsubstituted carbon atom or nitrogen
atom; L'°, 1'% L'* and L'®* each represent a single bond
or a linking group; Q"' and Q'® each represent a group
containing a carbon, nitrogen, phosphorus, oxygen or sulfur
atom as a coordinating atom to M*°* respectively; Q'°? rep-
resents a group containing a nitrogen, phosphorus, oxygen or
sulfur atom as a coordinating atom to M*°*; and M*°* repre-
sents a metal ion that may further have a ligand(s).
(3) The organic electroluminescent device as described in the
item (1), wherein the compound represented by formula (1) is
a compound represented by formula (15):

Formula (15)
LSOI Q501 L502
7=
/ |
Z<\02 / Neemonnn MSOI _QSOZ
Zsol< :

'
L504 —_ Q503 —_ L503

wherein, in formula (15), Z2°°*, Z>° and 7> each repre-
sent a substituted or unsubstituted carbon atom or nitrogen
atom; L°°*, 1°°% 1°% and L>** each represent a single bond
or a linking group; Q*°! and Q°°* each represent a group
containing a carbon, nitrogen, phosphorus, oxygen or sulfur
atom as a coordinating atom to M>°* respectively; Q° rep-
resents a group containing a nitrogen, phosphorus, oxygen or
sulfur atom as a coordinating atom to M>%!; and M>°" repre-
sents a metal ion that may further have a ligand(s).
(4) The organic electroluminescent device as described in the
item (2), wherein the compound represented by formula (11)
is a compound represented by formula (2) or (3):
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Formula (2)

N
XZZZ,/ =y

\ :
\-_Qz_l,/

wherein, in formula (2), Q*! and Q** each represent a group
for forming a nitrogen-containing hetero ring; X!, X**, X*
and X** each represent a substituted or unsubstituted carbon
atom or nitrogen atom; 7', 222, 72, 7**, 7*°, and 7°° each
represent a substituted or unsubstituted carbon atom or nitro-
gen atom; M*! represents a metal ion that may further have a
ligand(s);

Formula (3)
Q%

X3 l:"l\ /“': X
731 Il\I 734
7\ /N
Z32 N R N Z35

32
\233=< II{ >=z3/6

N
X32=,/ ¥X33

\ :
Qi

wherein, in formula (3), R*' and R*? each represent a
hydrogen atom or a substituent; Q*' and Q** each represent a
group for forming a nitrogen-containing hetero ring; X*',
X?2,X*? and X** each represent a substituted or unsubstituted
carbon atom or nitrogen atom; Z>*, Z32, 7*3, 7°%, 7*° and Z°°
each represent a substituted or unsubstituted carbon atom or
nitrogen atom.

(5) The organic electroluminescent device as described in the
item (4), wherein the compound represented by formula (2) is
a compound represented by formula (4):

Formula (4)
R43 R44
X4l_ — x{44
N
Al g4
/ < |
Z4{ \ _______ G0 S N/ \\Z45
\ 4< | /
7= —y46
N
X42— — X43
R4S R4

wherein, in formula (4), R**, R**, R** and R*® each repre-
sent a hydrogen atom or a substituent; X*', X*2, X** and X*
each represent a substituted or unsubstituted carbon atom or
nitrogen atom; Z*, Z*2, 2%, Z**, 7* and 7*° each represent
a substituted or unsubstituted carbon atom or nitrogen atom;
M* represents a metal ion that may further have a ligand(s).
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(6) The organic electroluminescent device as described in the
item (4), wherein the compound represented by formula (3) is
a compound represented by formula (5):

Formula (5)
RS R
XSI_ X54
ZSI II\I >7 254
7\ RS! 7\
Z\ N RS2 N /Z
75— | >— 756
N
X2= — x5
RS R3S

wherein, in formula (5), R*, R*?, R’%, R**, R*® and R*®
each represent a hydrogen atom or a substituent; X°', X°?,
X3 and X°* each represent a substituted or unsubstituted
carbon atom or nitrogen atom; 7>, 7°2, 7°3, 7>*, 7% and 7°¢
each represent a substituted or unsubstituted carbon atom or
nitrogen atom.
(7) The organic electroluminescent device as described in the
item (2), wherein the compound represented by formula (11)
is a compound represented by formula (12) or a tautomer
thereof

Formula (12)

7205
7204 X206
1201 | > 1202
7203 >_ 7207
/
2\02 P M2l / N\ 208
/
\Z201_/< — 7209
1204 203
72 7200
N i

wherein, in formula (12), 22!, 2292, 72%% 72°4, 72°%, 7%,

7207, 72%® 72%°,7*1°, 72"! and Z*'* each represent a substi-
tuted or unsubstituted carbon atom or nitrogen atom; [,
1292, 1.%% and I.*** each represent a single bond or a linking
group; and M?°! represents a metal ion that may further have
a ligand(s).
(8) The organic electroluminescent device as described in the
item (2), wherein the compound represented by formula (11)
is a compound represented by formula (13) or a tautomer
thereof:

Formula (13)

Zzoz:< T >7 7306
/

7302 N ommemnn 301 N/ \\2307
\\301 / | yY— 4)8

7 —7
N
L3O4T 1308
73107309
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wherein, in formula (13), 73!, 7302, 7393, 7304, 73%%, 73°°,
7397, 7398, 73%% and 7'° each represent a substituted or
unsubstituted carbon atom or nitrogen atom; [3°*, .3°2 13%
and I.*°* each represent a single bond or a linking group; and
M?%! represents a metal ion that may further have a ligand(s).

(9) The organic electroluminescent device as described in the
item (2), wherein the compound represented by formula (11)
is a compound represented by formula (14) or a tautomer
thereof:

Formula (14)
Z405

7404 X 7406

1,401 | /

wherein, in formula (14), 2!, 7392, 7393 7304 7395 7406

7297 728 7%° 741° 7*'! and Z*'? each represent a substi-
tuted or unsubstituted carbon atom or nitrogen atom; L*°",
L* L** and L*** each represent a single bond or a linking
group; M** represents a metal ion that may further have a
ligand(s); and X*** and X*** each represent an oxygen atom,
asubstituted or unsubstituted nitrogen atom, or a sulfur atom.

(10) The organic electroluminescent device as described in
the item (3), wherein the compound represented by formula
(15) is a compound represented by formula (16) or a tautomer
thereof:

Formula (16)
Zsos
7604 x> 7606
L601{ )7 1,602
Z603:< I.\I 7607
602 Nommmmmme 1\'/[501 / \\Zsos
\_ / /
7601 = 7609
1604 | 1603
7612 7610
7611

wherein, in formula (16), 25!, 2602, 763 7804 7503 759

7097 7008 7609 7610 751 "and 7°'2 each represent a substi-
tuted or unsubstituted carbon atom or nitrogen atom; %!,
1592, L% and L™ each represent a single bond or a linking
group; and M®" represents a metal ion that may further have
a ligand(s).
(11) The organic electroluminescent device as described in
the item (3), wherein the compound represented by formula
(15) is a compound represented by formula (17) or a tautomer
thereof:
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Formula (17)
7705
7704 X 5706
1,701 | / 1,702
7703 I:\I 7707
/ '
Z7\02 N--mnmme- 701 N
\2701 _< | — 708
1704 | 1,703
7710 7709

wherein, in formula (17), Z7°*, 27°%, 27°% 77°4,77°%, 77°9,
7797, 77°8, 779 and 77 each represent a substituted or
unsubstituted carbon atom or nitrogen atom; 1.7, 1792, 1,793
and L.7°* each represent a single bond or a linking group; and
M"°! represents a metal ion that may further have a ligand(s).
(12) The organic electroluminescent device as described in
the item (3), wherein the compound represented by formula
(15) is acompound represented by formula (18) or a tautomer
thereof:

Formula (18)
Zsos
Z804 x 7806
1.801 1.802
Zsos \I 7807
i X801
Zsoz ________ Msm/ / \ Zsos
2801< o —_— Zso9
1,804 / \ 1.803
2812 L7810
an

wherein, in formula (18), 2%, 7302, 7303, 7804, 7803 7896,
257, 7308 77%° 73'° 73" and 7*'* each represent a substi-
tuted or unsubstituted carbon atom or nitrogen atom; .5,
L1392, 1% and L%%* each represent a single bond or a linking
group; M** represents a metal ion that may further have a
ligand(s); and X®°* and X** each represent an oxygen atom,
asubstituted or unsubstituted nitrogen atom, or a sulfur atom.
(13) The organic electroluminescent device as described in
any one of'the items (1) to (12), wherein the organic layer is
at least one of a luminescent layer and a positive hole-injec-
tion layer.

(14) A compound represented by formula (6):

Formula (6)
R63 R64
X61 — _X64
ZGI 264
/ \< 2R
78 N------ Pt------- /255
\263 = < | — 566
X62 - —X63
R65 R66
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wherein, in formula (6), R®, R®, R® and R*® each repre-
sent a hydrogen atom or a substituent; X%, X%2, X%* and X*
each represent a substituted or unsubstituted carbon atom or
nitrogen atom; 7%, 72, 7°%, 7%, 7°° and 7.°° each represent
a substituted or unsubstituted carbon atom or nitrogen atom.
(15) The organic electroluminescent device as described in
any one of the items (1) to (13), wherein the compound
represented by any of formulae (1) to (17) emits a phospho-
rescernce.
(16) The organic electroluminescent device as described in
any one of the items (1) to (13) and (15), wherein the lumi-
nescent (light-emitting) layer contains at least one host mate-
rial, and at least one of the compounds represented by any of
formulae (1) to (13).
(17) The organic electroluminescent device as described in
the item (16), wherein the host material in the light-emitting
layer is a complex.
(18) The organic electroluminescent device as described in
the item (16) or (17), wherein the light-emitting layer con-
tains at least two host materials.

Other and further features and advantages of the invention
will appear more fully from the following description.

BEST MODE FOR CARRYING OUT THE
INVENTION

The present invention will be described in detail below.

First, the compound represented by formula (1) will be
described.

Q"' represents a group of atoms that form a nitrogen-
containing hetero ring, together with two carbon atoms bond-
ing to the Q"' and a nitrogen atom directly bonding to the
carbon atoms. The number of ring member of the nitrogen-
containing hetero ring formed by Q"' is not particularly lim-
ited, but preferably in the range of 12 to 20, more preferably
in the range of 14 to 16, and further more preferably 16.

7, 71 and 72 each represent a substituted or unsubsti-
tuted carbon atom or nitrogen atom. As a combination of Z*',
7'2and 713, itis preferable that atleastone of Z*', Z** and 7**
is a nitrogen atom. Examples of the substituent on the carbon
atom include an alkyl group (preferably having 1 to 30 carbon
atoms, more preferably having 1 to 20 carbon atoms, and
particularly preferably having 1 to 10 carbon atoms, e.g.,
methyl, ethyl, iso-propyl, tert-butyl, n-octyl, n-decyl, n-hexa-
decyl, cyclopropyl, cyclopentyl, cyclohexyl), an alkenyl
group (preferably having 2 to 30 carbon atoms, more prefer-
ably having 2 to 20 carbon atoms, and particularly preferably
having 2 to 10 carbon atoms, e.g., vinyl, allyl, 2-butenyl,
3-pentenyl), an alkynyl group (preferably having 2 to 30
carbon atoms, more preferably having 2 to 20 carbon atoms,
and particularly preferably having 2 to 10 carbon atoms, e.g.,
propargyl, 3-pentynyl), an aryl group (preferably having 6 to
30 carbon atoms, more preferably having 6 to 20 carbon
atoms, and particularly preferably having 6 to 12 carbon
atoms, e.g., phenyl, p-methylphenyl, naphthyl, anthranyl), an
amino group (preferably having 0 to 30 carbon atoms, more
preferably having 0 to 20 carbon atoms, and particularly
preferably having 0 to 10 carbon atoms, e.g., amino, methy-
lamino, dimethylamino, diethylamino, dibenzylamino,
diphenylamino, ditolylamino), an alkoxy group (preferably
having 1 to 30 carbon atoms, more preferably having 1 to 20
carbon atoms, and particularly preferably having 1 to 10
carbon atoms, e.g., methoxy, ethoxy, butoxy, 2-ethylhexy-
loxy), an aryloxy group (preferably having 6 to 30 carbon
atoms, more preferably having 6 to 20 carbon atoms, and
particularly preferably having 6 to 12 carbon atoms, e.g.,
phenyloxy, 1-naphthyloxy, 2-naphthyloxy), a hetero ring oxy

20

25

40

45

60

65

8

group (preferably having 1 to 30 carbon atoms, more prefer-
ably having 1 to 20 carbon atoms, and particularly preferably
having 1 to 12 carbon atoms, e.g., pyridyloxy, pyrazyloxy,
pyrimidyloxy, quinolyloxy), an acyl group (preferably hav-
ing 1 to 30 carbon atoms, more preferably having 1 to 20
carbon atoms, and particularly preferably having 1 to 12
carbon atoms, e.g., acetyl, benzoyl, formyl, pivaloyl), an
alkoxycarbonyl group (preferably having 2 to 30 carbon
atoms, more preferably having 2 to 20 carbon atoms, and
particularly preferably having 2 to 12 carbon atoms, e.g,,
methoxycarbonyl, ethoxycarbonyl), an aryloxycarbonyl
group (preferably having 7 to 30 carbon atoms, more prefer-
ably having 7 to 20 carbon atoms, and particularly preferably
having 7 to 12 carbon atoms, e.g., phenyloxycarbonyl), an
acyloxy group (preferably having 2 to 30 carbon atoms, more
preferably having 2 to 20 carbon atoms, and particularly
preferably having 2 to 10 carbon atoms, e.g., acetoxy, ben-
zoyloxy), an acylamino group (preferably having 2 to 30
carbon atoms, more preferably having 2 to 20 carbon atoms,
and particularly preferably having 2 to 10 carbon atoms, e.g,,
acetylamino, benzoylamino), an alkoxycarbonylamino group
(preferably having 2 to 30 carbon atoms, more preferably
having 2 to 20 carbon atoms, and particularly preferably
having 2 to 12 carbon atoms, e.g., methoxycarbonylamino),
an aryloxycarbonylamino group (preferably having 7 to 30
carbon atoms, more preferably having 7 to 20 carbon atoms,
and particularly preferably having 7 to 12 carbon atoms, e.g,,
phenyloxycarbonylamino), a sulfonylamino group (prefer-
ably having 1 to 30 carbon atoms, more preferably having 1 to
20 carbon atoms, and particularly preferably having 1 to 12
carbon atoms, e.g., methanesulfonylamino, benzenesul fony-
lamino), a sulfamoyl group (preferably having 0 to 30 carbon
atoms, more preferably having 0 to 20 carbon atoms, and
particularly preferably having 0 to 12 carbon atoms, e.g,,
sulfamoyl, methylsulfamoyl, dimethylsulfamoyl, phenylsul-
famoyl), a carbamoyl group (preferably having 1 to 30 carbon
atoms, more preferably having 1 to 20 carbon atoms, and
particularly preferably having 1 to 12 carbon atoms, e.g,,
carbamoyl, methylcarbamoyl, diethylcarbamoyl, phenylcar-
bamoyl), an alkyl thio group (preferably having 1 to 30 car-
bon atoms, more preferably having 1 to 20 carbon atoms, and
particularly preferably having 1 to 12 carbon atoms, e.g,,
methylthio, ethylthio), an aryl thio group (preferably having 6
to 30 carbon atoms, more preferably having 6 to 20 carbon
atoms, and particularly preferably having 6 to 12 carbon
atoms, e.g., phenylthio), a hetero ring thio group (preferably
having 1 to 30 carbon atoms, more preferably having 1 to 20
carbon atoms, and particularly preferably having 1 to 12
carbon atoms, e.g., pyridyl thio, 2-benzimidazolyl thio,
2-benzoxazoly thio, 2-benzthiazolyl thio), a sulfonyl group
(preferably having 1 to 30 carbon atoms, more preferably
having 1 to 20 carbon atoms, and particularly preferably
having 1 to 12 carbon atoms, e.g., mesyl, tosyl), a sulfinyl
group (preferably having 1 to 30 carbon atoms, more prefer-
ably having 1 to 20 carbon atoms, and particularly preferably
having 1 to 12 carbon atoms, e.g., methanesulfinyl, benzene-
sulfinyl), a ureido group (preferably having 1 to 30 carbon
atoms, more preferably having 1 to 20 carbon atoms, and
particularly preferably having 1 to 12 carbon atoms, e.g.,
ureido, methylureido, phenylureido), a phosphoric acid
amido group (preferably having 1 to 30 carbon atoms, more
preferably having 1 to 20 carbon atoms, and particularly
preferably having 1 to 12 carbon atoms, e.g., diethyl phos-
phoamido, phenyl phosphoamido), a hydroxyl group, a mer-
capto group, a halogen atom (e.g., fluorine, chlorine, bro-
mine, iodine), a cyano group, a sulfo group, a carboxyl group,
a nitro group, a hydroxamic acid group, a sulfino group, a
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hydrazino group, an imino group, a heterocyclic group (pref-
erably having 1 to 30 carbon atoms, more preferably having 1
to carbon atoms, and containing a hetero atom such as nitro-
gen, oxygen and sulfur, preferably being a hetero aryl group,
specifically for example, imidazolyl, pyridyl, quinolyl, furyl,
thienyl, piperidyl, morpholino, benzoxazolyl, benzimida-
zolyl, benzthiazolyl, carbazolyl, azepinyl), a silyl group
(preferably having 3 to 40 carbon atoms, more preferably
having 3 to 30 carbon atoms, and particularly preferably
having 3 to 24 carbon atoms, e.g., trimethylsilyl, triphenylsi-
lyl), and a silyloxy group (preferably having 3 to 40 carbon
atoms; more preferably having 3 to 30 carbon atoms, and
particularly preferably having 3 to 24 carbon atoms, e.g.,
trimethylsilyloxy, triphenylsilyloxy). These substituents may
be further substituted by, for example, aforementioned sub-
stituents on the carbon atom.

M*! represents a metal ion or a boron ion, each of which
may further have a ligand(s), M'! is preferably a metal ion
that may further have a ligand(s), and more preferably a metal
ion having no additional ligand. The metal ion is not particu-
larly limited, but divalent or trivalent metal ions are prefer-
able. As the divalent or trivalent metal ions, are preferable
cobalt, magnesium, zinc, palladium, nickel, copper, plati-
num, lead, aluminum, iridium, europium, rhenium, rhodium
and ruthenium ions. Of these, are more preferable cobalt,
magnesium, zinc, palladium, nickel, copper, platinum and
lead ions, with copper and platinum ions being further pref-
erable. A platinum ion is particular preferable. Whenn'! is 1,
M'! may or may not bond to an atom(s) being contained in
Q' but it is preferable that M*! bonds to the atom(s).

The aforementioned (additional) ligand that may be further
opposed by M'!, is not particularly restricted, but it is pref-
erably a monodentate or bidentate ligand, and more prefer-
ably a bidentate ligand. The coordinating atom is not particu-
larly restricted, but it is preferably oxygen, sulfur, nitrogen,
carbon and phosphorus atoms, more preferably oxygen,
nitrogen and carbon atoms, and furthermore preferably oxy-
gen and nitrogen atoms.

n'! is preferably 0 or 1, more preferably 1.

The compounds represented by formula (1) are preferably
those represented by formula (2) or (3), or their tautomers
(those represented by formula (2) or their tautomers are more
preferable); furthermore preferably the compounds repre-
sented by formula (4) or (5), or their tautomers (those repre-
sented by formula (4) or their tautomers are more preferable).

Further, as the compounds represented by formula (1),
those represented by formula (11) or (15) are also preferable.
As the compound represented by formula (11), there are
preferably illustrated a compound represented by formula
(12) or a tautomer thereof, a compound represented by for-
mula (13) or a tautomer thereof, and a compound represented
by formula (14) or a tautomer thereof; more preferably a
compound represented by formula (12) or a tautomer thereof,
and a compound represented by formula (13) or a tautomer
thereof; and furthermore preferably a compound represented
by formula (12) or a tautomer thereof.

As the compound represented by formulae (15), there are
preferably illustrated a compound represented by formula
(16) or a tautomer thereof, a compound represented by for-
mula (17) or a tautomer thereof, and a compound represented
by formula (18) or a tautomer thereof; more preferably a
compound represented by formula (16) or a tautomer thereof,
and a compound represented by formula (17) or a tautomer
thereof; and furthermore preferably a compound represented
by formula (16) or a tautomer thereof.
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Next, the compound represented by formula (2) will be
described.

721 722,73, 72* 7%, 7?5 and M*' have the same mean-
ings as those of the aforementioned 7*!, 72, 713, 711, 7'2,
73 and M*!, respectively, with the same preferable ranges.

Q*' and Q?* each represent a group for forming nitrogen-
containing hetero ring. The nitrogen-containing hetero rings
formed by Q*' or Q* are not particularly limited, but are
preferably a pyrrole ring, an imidazole ring, a triazole ring, a
condensed ring containing at least one of these rings (for
example, benzopyrrole), and a tautomer thereof (for example,
as described below, in formula (4), the nitrogen-containing
5-membered rings having R**,R** R** and R*® are defined to
be a tautomer of pyrrole), more preferably a pyrrole ring and
a condensed ring containing a pyrrole ring (for example,
benzopyrrole).

X2, X2, X** and X** each represent a substituted or
unsubstituted carbon atom or nitrogen atom, preferably an
unsubstituted carbon atom or nitrogen atom, and more pref-
erably an unsubstituted nitrogen atom.

Next, the compound represented by formula (3) will be
described.

Q31’ Qsz’ Z31’ Z32, Z33, Z34, Z35, Z36, X3l’ st’ X33, and
X3 have the same meanings as those of the aforementioned
Q21’ sz’ Zzl’ Z22, Z23, 224’ Zzs’ 226’ X21, Xzz’ X23, and X2*
in formula (2), respectively, with the same preferable ranges.

R>' and R?? each represent a hydrogen atom or a substitu-
ent, with the hydrogen atom being preferable. As the substitu-
ent, there are illustrated, for example, an alkyl group, an
alkenyl group, an aryl group, a hetero aryl group, an acyl
group (e.g., acetyl, benzoyl, trifluoroacetyl) and a sulfonyl
group (e.g., methanesulfonyl, pentafluorobenzenesulfonyl),
that are exemplified as examples of the substituent on the
carbon atom, when Z'*, Z'2 or Z'* in the aforementioned
formula (1) is a carbon atom. These substituents each may
further have a substituent(s) (for example, any of the afore-
mentioned substituents on the carbon atom).

Next, the compound represented by formula (4) will be
described.

Z41, Z42, Z43, Z44, Z45, Z46’ X41, X4Z, X43, X* and MH
have the same meanings as those of the aforementioned 7>!,
Zzz’ Zzs’ Z24, Zzs’ Z26, X21, Xzzg XZS, X24, and M2! in for-
mula (2), respectively, with the same preferable ranges.

R*, R*, R* and R*° each represent a hydrogen atom or a
substituent. As the substituent, there can be mentioned groups
that are exemplified as the substituent on the carbon atom
with respect to Z'* or Z'* in the aforementioned formula (1).

R*, R*, R* and R*® each are preferably a hydrogen atom,
or an alkyl group or an aryl group that are exemplified as the
substituent on Z*! or 7' in the aforementioned formula (1),
or a group that forms a ring structure (e.g., a benzene-con-
densed ring, a pyridine-condensed ring) when R* and R** or
R* and R*® bond to each other; more preferably an alkyl
group, an aryl group, or a group that forms a ring structure
(e.g., a benzene-condensed ring, a pyridine-condensed ring)
when R** and R** or R* and R*® bond to each other; and
furthermore preferably a group that forms a ring structure
(e.g., a benzene-condensed ring, a pyridine-condensed ring)
when R* and R** or R** and R*® bond to each other.

Next, the compound represented by formula (5) will be
described.

RSl, RSZ, RSE’ R54, RSS, R56, ZSl, ZSZ, ZSS, Z54, ZSS, Z56,
X°!, X532, X3, and X** have the same meanings as those of the
aforementioned R*!, R, R*?, R*, R*>, R, 7, 7%, 7%,
7%, 7%, 726 X* XM X*2, X*, and X* in formulas (3) and
(4), respectively, with the same preferable ranges.
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Next, the compound represented by formula (6) will be
described.

R63, R64, R65, R66, Z61, Z62, Z63, Z64, Z65, Z66, X61, X62,
X%, and X** have the same meanings as those of the afore-
mentioned R43, R44, R453 R46, Z4l, Z42, Z43, Z44, Z45, Z46,
X* X%, X*, and X* in formula (4), respectively, with the
same preferable ranges.

Next, the compound represented by formula (11) will be
described.

7191, 7192 and 7% each represent a substituted or unsub-
stituted carbon atom or nitrogen atom. At least one of Z'°",
719 and 7% is preferably a nitrogen atom.

L', L%, 1'% and L'** each represent a single bond or a
linking group. The linking group is not particularly restricted.
Examples of the linking group include a carbonyl-linking
group, an alkylene group, an alkenylene group, an arylene
group, a hetero arylene group, a nitrogen-containing hetero
ring-linking group, an oxygen atom-linking group, an amino-
linking group, an imino-linking group, and a combination of
at least two groups selected from these linking groups.

Asthe L' L', L'* and L'™, there are preferably illus-
trated a single bond, an alkylene group, an alkenylene group,
an oxygen atom-linking group, an amino-linking group, and
an imino-linking group, more preferably a single bond, an
alkylene linking group, an alkenylene linking group, and an
imino-linking group, and furthermore preferably a single
bond and an alkylene linking group.

Q' and Q' each represent a group containing a carbon,
nitrogen, phosphorus, oxygen or sulfur atom as a coordinat-
ing atom to M'®! respectively.

As the group containing a carbon atom as the coordinating
atom, there are preferably illustrated an aryl group, a 5-mem-
bered hetero aryl group, and a 6-membered hetero aryl group,
each containing a carbon atom as the coordinating atom, more
preferably an aryl group, a 5-membered nitrogen-containing
hetero aryl group, and a 6-membered nitrogen-containing
hetero aryl group, each containing a carbon atom as the coor-
dinating atom, and furthermore preferably an aryl group con-
taining a carbon atom as the coordinating atom.

As the group containing a nitrogen atom as the coordinat-
ing atom, there are preferably illustrated a 5-membered nitro-
gen-containing hetero aryl group, and a 6-membered nitro-
gen-containing hetero aryl group, each containing a nitrogen
atom as the coordinating atom, and more preferably a 6-mem-
bered nitrogen-containing hetero aryl group containing a
nitrogen atom as the coordinating atom.

As the group containing a phosphorus atom as the coordi-
nating atom, there are preferably illustrated an alkylphos-
phine group, an arylphosphine group, an alkoxyphosphine
group, an aryloxyphosphine group, a hetero aryloxyphos-
phine group, a phosphinine group, and a phosphole group,
each containing a phosphorus atom as the coordinating atom,
and more preferably an alkylphosphine group, and an
arylphosphine group, each containing a phosphorus atom as
the coordinating atom.

As the group containing a oxygen atom as the coordinating
atom, there are preferably illustrated an oxy group, and a
carboxyl group containing an oxygen atom as the coordinat-
ing atoni, and more preferably an oxy group.

As the group containing a sulfur atom as the coordinating
atom, there are preferably illustrated a sulfido group, a
thiophene group, and a thiazole group, and more preferably a
thiophene group.

Q%! and Q' each preferably represent a group containing
a carbon, nitrogen, or oxygen atom as a coordinating atom to
M respectively; more preferably a group containing a car-
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bon or nitrogen atom as the coordinating atom; and further
preferably a group containing a carbon atom as the coordi-
nating atom.

Q'“? represents a group containing a nitrogen, phosphorus,
oxygen or sulfur atom as a coordinating atom to M'°" respec-
tively. The group containing a nitrogen atom as the coordi-
nating atom is more preferable as Q'°2.

M*! has the same meaning as that of the aforementioned
M*'!, with the same preferable range.

Next, the compound represented by formula (15) will be
described.

7501, 7502, 7503 501 [ 502 1503 [ 504 ()01 (3502 (503,
and M*®! have the same meanings as those of the aforemen-
tioned 710!, 7102, 7103 1oL [ 102 [ 103 104 (ylol (yio3,
Q'?, and M'®, respectively, with the same preferable
ranges.

Next, the compound represented by formula (12) will be
described.

7201 7202 7203 7207 7208 7209 201 202 | 203 204
and M*°! have the same meanings as those of the aforemen-
tioned 7101, 7102, 7103 7101 7102 7103 [ 101 1102 [ 103
L', and M'"", respectively, with the same preferable ranges.
7294, 7205, 7296 7210 721! and 77'2 each represent a substi-
tuted or unsubstituted carbon atom or nitrogen atom, with a
substituted or unsubstituted carbon atom being preferable.

A combination of L>°!, L%, [*°® and 1.*°* is preferably
that L%, 292, 1.%%% and L204 each are an alkylene group; and
more preferably that [.*°" and I.>°* each are a single bond, and
[.2°? and [*°* each are an alkylene group. A combination of
72°%,72%9 721 and 72" is preferably that at least one of 7>,
Z206 sz and Z*' is a carbon atom substituted with a fluo-
rine atom; and more preferably that Z>**, 72°¢, Z*'° and 7*'2
each are a carbon atom substituted with a fluorine atom. It is
preferable that Z>°% and Z>°® each independently are a carbon
atom substituted with any of an alkyl group, alkoxy group or
dialkylamino group.

Next, the compound represented by formula (13) will be
described.

Z301, Zsoz, Z303, Z304, ZSOS, Z306, Z307, Zsosg Z309, 73 105
[394, 1392 1,293 3% and M?°! have the same meanings as
those of the aforementioned Z°?, 7292, 729 7204, 7206 7207,
Z2OS Z209 Z210 72 12 LlOl L102 L103 L104, Ild MlOI,
respectively, w1th the same preferable ranges.

A combination of L**', 1*%%, 1.*°® and 1.>** is preferably
that 1,%°!, 1,392, 1,3* and L.*** each are an alkylene group; and
more preferably that L*° and L*® each are a single bond, and
L% and L** each are an alkylene group. A combination of
730% 73%% 73°° and 7> is preferably that at least two of Z>%,
739, 77°° and 7*1° are each a nitrogen atom. It is preferable
that Z*>°* and Z>*7 each independently are a carbon atom
substituted with any of an alkyl group, alkoxy group or
dialkylamino group.

Next, the compound represented by formula (14) will be
described.

Z401, Z402 Z403 Z404 Z405 Z406, Z407 Z408 Z409, Z410,
Z411 Z412 L4Ol L402 L4O3 L404 and M401 haVe the same
meanings as those of the aforementloned 720, 7202, 7293,
Z204 Z205 2206 Z2O7 Z208 Z2O9 72 210 Z211 Z212 LlOl L102
L193, L104 and M'0! respectlvely, with the same preferable
ranges.

X*"! and X*°2 each represent an oxygen aton, a substituted
or unsubstituted nitrogen atom, or a sulfur atom, preferably
an oxygen atom or a substituted nitrogen atom, and more
preferably an oxygen atom.

A combination of L***, L*2, %% and 1s preferably
that L*°, L%, 1**® and L*** each are an alkylene group; and
more preferably that [.** and I.*** each are a single bond, and
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and each are an alkylene group. A combination of
77%0%, 7396 7710 and Z*'? is preferably that at least one of Z**,

7495, 7419 and 7*'2 is a carbon atom substituted with a fluo-
rine atom; and more preferably that 7Z*%* 7*°¢, 7*° and 7*'
each are a carbon atom substituted with a fluorine atom. It is
preferable that 2*°? and Z*°® each independently are a carbon
atom substituted with any of an alkyl group, alkoxy group or
dialkylamino group.

Next, the compound represented by formula (16) will be
described.

Z601’ Z602’ Z603’ Z6O4’ Z605’ Z6O6’ 757 Z608’ Z609’ Z6107
Z611 Z612 L60l L602 L603 L604 d M601 haVe the same
meanings as those of the aforementioned 7!, 7%, 72,
Z207 ZZOS Z209 Z204 ZZOS ZZO6 ZZIO ZZII ZZIZ LlOl L102
L', L104, and M'®!, respectively, with the same preferable
ranges.

A combination of L%, L%, L%°% and L°** is preferably
that %%, 1,992, 1.5%% and 1.5°* each are an alkylene group; and
more preferably that L% and .°* each are a single bond, and
.92 and [.°°* each are an alkylene group. A combination of
787,759, 75" and 7%'2 is preferably that at least one of Z5%7,
759, 7519 and 7°'2 is a carbon atom substituted with a fluo-
rine atom; and more preferably that Z°%7, 7%, 75'° and 7°'*
each are a carbon atom substituted with a fluorine atom. It is
preferable that Z5°% and Z5°° each independently are a carbon
atom substituted with any of an alkyl group, alkoxy group or
dialkylamino group.

Next, the compound represented by formula (17) will be
described.

Z701, Z702, Z703, Z7O4, Z705, Z7O6’ 7707, Z708’ Z709, ZHO,
L7, 1792 1793, L7, and M°! have the same meanings as
those of the aforementioned 71, 7202, 7293, 7297, 7208 7299,
7204 7206 7210 7212 [ 101 102 103 104 5.4 \flOl
respectively, with the same preferable ranges.

A combination of L7, L7%, L™ and L** is preferably
that 17!, 1,72, 1,7° and 1.7** each are an alkylene group; and
more preferably that 7! and I.”® each are a single bond, and
L7°% and L7* each are an alkylene group. A combination of
7797 77°% 77°° and Z71° is preferably that at least two of 27%7,
Z708 Z7°9 and Z7*9 are each a nitrogen atom. It is preferable
that 77°2 and Z7°° each independently are a carbon atom
substituted with any of an alkyl, group, alkoxy group or
dialkylamino group.

Next, the compound represented by formula (18) will be
described.

ZSOI’ ZSOZ, ZSOS, Z804’ ZSOS, Z806’ 757, ZSOS’ 2809’ sts
ZSII Z812 L801 L802 L803 L804 MSOI XSOl and X802 haVe
the same meanings as those of the aforementloned 7701 77292,
Z203 Z207 Z208 Z2O9 Z2O4 Z205 Z206 Z210 Z21 1 Z212 LlOl
L102 L103 L4, M101 X401 and X402 respectlvely, with the
same preferable ranges.

A combination of L*!, L3%, 1593 and L% is preferably
that %%, 1392, 1% and 1.%°* each are an alkylene group; and
more preferably that L** and L.** each are a single bond, and
L3 and L%** each are an alkylene group. A combination of
7377 789% 7319 and 732 is preferably that at least one of Z3%7,
78%, 7519 and 78'2 s a carbon atom substituted with a fluo-
rine atom; and more preferably that Z%%7, 78%%, 7319 and 731
each are a carbon atom substituted with a fluorine atom. It is
preferable that 722 and 7% each independently are a carbon
atom substituted with any of an alkyl group, alkoxy group or
dialkylamino group.

The compound of the present invention may be a low
molecular compound, or may be an oligomer compound or a
polymer compound having a weight-average molecular
weight calculated in terms of polystyrene preferably in the
range of 1,000 to 5,000,000, more preferably in the range of
2,000 to 1,000,000, and furthermore preferably in the range
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of 3,000 to 100,000. With respect to the polymer compound,
the structure represented, for example, by formula (1) may be
contained in a main chain of the polymer, or in a side chain of
the polymer. Further, the polymer compound may be a
homopolymer or a copolymer. The compound of the present
invention is preferably a low molecular compound.

Specific examples of the compound of the present inven-
tion are shown below, but the present invention is not limited
to these compounds.
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The compounds of the present invention that are repre-
sented by formula (1) can be synthesized according to, for
example, the method described in Journal of Chemical Soci-
ety, 5008 (1952), or synthesis methods described below.

The compounds of the present invention that are repre-
sented by formula (1) (n*'=1) can be synthesized according to
various methods. For example, the compounds can be
obtained by reacting a ligand or its dissociated product with a
compound containing M*!, in the presence of a solvent (e.g,,
a halogen-series solvent, an alcohol-series solvent, an ether-
series solvent, an ester-series solvent, a ketone-series solvent,
a nitrile-series solvent, an amide-series solvent, a sulfone-
series solvent, a sulfoxide-series solvent and water), or in the
absence of a solvent, in the presence of a base (various inor-
ganic or organic bases, such as sodium methoxide, potassium
t-butoxide, triethylamine and potassium carbonate), or in the
absence of a base, at room temperature or below, or alterna-
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tively by heating (in addition to an ordinary heating, a method
of heating by means of microwave is also effective).

A reaction time that is applied in synthesizing the com-
pound of the present invention that is represented by formula
(1) (n''=1) from a compound containing M"* varies depend-
ing upon reaction activity, and there is no particular limitation
as to the reaction time, but preferably the reaction time is in
the range of from 1 minute to 5 days, more preferably in the
range of from 5 minutes to 3 days, and furthermore preferably
in the range of from 10 minutes to 1 day.

A reaction temperature that is applied in synthesizing the
compound of the present invention that is represented by
formula (1) (n*'=1) from a compound containing M*! varies
depending upon reaction activity, and there is no particular
limitation as to the reaction temperature, but the reaction
temperature is preferably in the range of from 0° C. to 300°
C., more preferably in the range of from 5° C. to 250° C., and
furthermore preferably in the range of from 10° C. to 200° C.

The compound of the present invention that is represented
by formula (1) (n''=1) can be synthesized by adding a ligand
that has a partial structure of an objective complex (for
example, Compound (I) in synthesis of Compound (8)) pref-
erably in an equivalent amount of from 0.1 to 10, more pref-
erably in an equivalent amount of from 0.3 to 6, furthermore
preferably in an equivalent amount of from 0.5 to 4, to a metal
compound respectively. As the aforementioned metal com-
pound, there are illustrated a metal halide (e.g., platinum
chloride), a metal acetate (e.g., palladium acetate), an acety-
lacetonato-metal (e.g., acetylacetonatoeuropium), and
hydrates of these compounds. The compounds of the present
invention that are represented by formula (6) can be obtained
by reacting a ligand that has a partial structure of formula (6)
(e.g., Compound (1), Compound (9), Compound (14), Com-
pound (21), Compound (24)) with a platinum compound
(e.g., PtCl,, K,PtCl,, Pt(acac),). The compound represented
by formula (1) (n''=1) also can be synthesized in the same
manner as the compound represented by formula (6). The
compounds of the present invention that are represented by
formula (6) can be synthesized according to the aforemen-
tioned synthesis method of the compound represented by
formula (1).

Next, luminescent devices containing a compound of the
present invention are explained below.

The luminescent devices of the present invention can
employ ordinary luminescent systems, driving methods and
using forms, provided that the device uses the compound of
the present invention. The compound represented, for
example, by formula (1) is preferably used as a luminescent
material, or a hole injection material/hole-transporting mate-
rial. The luminescent material to be used may be ultraviolet
emission or infrared emission, or fluorescence emission or
phosphorescence emission. As a typical luminescent device,
there are organic EL (electroluminescence) devices.

Optical output efficiency of the luminescent device of the
present invention can be improved according to various
known methods. For example, the optical output efficiency
can be improved by processing a surface shape of the sub-
strate (for example, formation of fine uneven pattern), con-
trolling refractive indices among a substrate, an [TO layer and
an organic layer(s), or controlling thickness among a sub-
strate, an ITO layer and an organic layer(s). Thereby external
quantum efficiency can be improved.

The luminescent device of the present invention may be a
so-called top emission system of the device that output light
emission from the positive electrode side, as described in, for
example, JP-A-2003-208109, JPA-2003-248441, JP-A-
2003-257651 and JP-A-2003-282261.
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The substrate that can be used in the luminescent device of
the present invention is not particularly restricted. Examples
of the substrate include inorganic materials, such as zirconia-
stabilized yttrium, and glass; polyesters, such as polyethylene
terephthalate, polybutylene terephthalate and polyethylene
naphthalate; and high molecular weight materials, such as
polyethylene, polycarbonate, polyethersulfone, polyarylate,
allyldiglycolcarbonate, polyimide, polycycloolefin, nor-
bornene resin, poly(chlorotrifluoroethylene), polytetrafluo-
roethylene (Teflon (registered trade mark)), and polytet-
rafluoroethylene/polyethylene copolymers.

The organic electroluminescent device of the present
invention may contain a blue-fluorescent compound. Alter-
natively, a blue luminescent device containing a blue fluores-
cent compound and the luminescent device of the present
invention may be used together, to prepare a multicolor light-
emitting device or a full color light-emitting device.

The host material for use in the luminescent device of the
present invention may be of one kind, or of two or more kinds.
As the host material, are preferable arylamine derivatives (for
example, triphenylamine derivatives, benzidine derivatives),
aromatic hydrocarbon compounds (for example, triphenyl-
benzene derivatives, triphenylene derivatives, phenanthrene
derivatives, naphthalene derivatives, tetraphenylene deriva-
tives), aromatic nitrogen-containing heterocyclic compounds
(for example, pyridine derivatives, pyrazine derivatives, pyri-
midine derivatives, triazine derivatives, pyrazole derivatives,
imidazole derivatives, oxazole derivatives, pyrrole deriva-
tives), and metal complexes (for example, zinc complexes,
aluminum complexes, gallium complexes).

The electroluminescent device of the present invention
preferably has, between a negative electrode and a lumines-
cent layer, a layer containing a compound having ionization
potential of 5.9 eV or more (more preferably 6.0 eV or more),
and more preferably has an electron-transporting layer hav-
ing ionization potential of 5.9 eV or more.

A method of forming an organic layer of the luminescent
device containing the compound of the present invention is
not particularly limited. As the method, various methods,
such as a resistance heating-utilizing vapor deposition
method, an electron-beam method, a sputtering method, a
molecular lamination method, a coating method (e.g., a splay
coating method, dip coating method, dipping method, roll
coating method, gravure coating method, reverse coating
method, roll brushing method, air knife coating method, cur-
tain coating method, spin coating method, flow coating
method, bar coating method, micro gravure coating method,
air doctor coating method, blade coating method, squeeze
coating method, transfer roll coating method, kiss coating
method, cast coating method, extrusion coating method, wire
bar coating method and screen coating method), an inkjet
method, a printing method, and a transfer method, can be
adopted. From the viewpoints of characteristics and produc-
tion, a resistance heating-utilized vapor deposition method, a
coating method and a transfer method are preferable. A layer
of the compound of the present invention may be formed ona
substrate, according to any one of the aforementioned form-
ing methods. The layer has no particular limitation as to its
thickness, but the layer thickness is preferably 10 nm or more,
and more preferably in the range of from 50 nm to 5 um.

The luminescent device of the present invention is a device
having a luminescent layer or at least two thin film layers of
organic compounds including a luminescent layer formed
between a pair of electrodes, a positive electrode (anode) and
a negative electrode (cathode). Examples of the thin layer(s)
that the luminescent device may have in addition to the lumi-
nescent layer, include a hole injection layer, a hole-transport-
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ing layer, an electron injection layer, an electron-transporting
layer, a protective layer, and the like. Further, these layers
each may have other functions. For forming each layer, vari-
ous kinds of materials may be used.

The positive electrode is to supply positive holes to a posi-
tive hole-injecting layer, a positive hole-transporting layer, a
luminescent layer, and the like, and metals, alloys, metal
oxides, electrically conductive compounds, or mixtures of
these can be used therefor, materials having a work function
of 4 eV or more are preferably used. Specific examples of the
materials include electrically conductive metal oxides, such
as tin oxide, zinc oxide, indium oxide, and indium tin oxide
(ITO); metals, such as gold, silver, chromium, and nickel,
mixtures or laminations of these metals with electrically con-
ductive metal oxides; inorganic electrically conductive sub-
stances, such as copper iodide and copper sulfide; organic
electrically conductive substances, such as polyaniline, poly-
thiophene, and polypyrrole; and laminations of these materi-
als with ITO. Electrically conductive metal oxides are pref-
erably used, and ITO is particularly preferably used in view of
producibility, high conductivity and transparency. The film
thickness of the positive electrode can be selected arbitrarily
according to materials to be used, but is generally preferably
from 10 nm to 5 nm, more preferably from 50 nm to 1 nm, and
still more preferably from 100 nm to 500 nm.

The positive electrode generally comprises a layer(s)
formed on a soda-lime glass, non-alkali glass or transparent
resin substrate. When a glass substrate is used, non-alkali
glass is preferably used for lessening elution of ions from the
glass. Further, when soda-lime glass is used, it is preferred to
provide a barrier coat such as silica. The thickness of the
substrate is not particularly limited so long as it can suffi-
ciently stand mechanical strength. When glass is used, the
thickness is generally 0.2 mm or more, preferably 0.7 mm or
more.

Various processes are used in the manufacture of the posi-
tiveelectrode according to the materials to be used. Inthe case
of using ITO, for example, a thin layer film(s) is formed by an
electron beam process, a sputtering process, a resistance heat-
ing vapor deposition process, a chemical reaction process
(e.g. a sol-gel process), or the process of coating a dispersion
of an indium tin oxide.

It is possible to reduce the driving voltage or increase the
luminescent efficacy of the device or element, by the process
such as washing of the positive electrode. In the case of using
ITO, for example, UV-ozone processing or plasma treatment
is effective.

The negative electrode is to supply electrons to an electron-
injecting layer, an electron-transporting layer, a luminescent
layer, and the like, and the negative electrode is selected
taking into consideration the adhesion with the layer adjacent
to the negative electrode, such as an electron-injecting layer,
electron-transporting layer, or luminescent layer; ionization
potential, and stability. As materials of the negative electrode,
metals, alloys, metal halides, metal oxides, electrically con-
ductive compounds, or mixtures of these materials can be
used. Specific examples include alkali metals (e.g., Li, Na, K)
or their fluorides or oxides, alkaline earth metals (e.g., Mg,
Ca) or their fluorides or oxides, gold, silver, lead, aluminum,
sodium-potassium alloys or mixed metals thereof, lithium-
aluminum alloys or mixed metals thereof, magnesium-silver
alloys or mixed metals thereof, and rare earth metals, such as
indium, ytterbium, and the like; preferably materials having a
work function of 4 eV or less, and more preferably aluminum,
lithium-aluminum alloys or mixed metals thereof, and mag-
nesium-silver alloys or mixed metals thereof. The negative
electrode structure may be not only a single layer of the
aforementioned compound or mixture thereof, but also a
laminate comprised of the aforementioned compound or mix-
ture thereof. For example, laminate structures of aluminum/
lithium fluoride, or aluminunylithium oxide are preferable.
The film thickness of the negative electrode can be selected
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arbitrarily according to materials to be used, but is generally
preferably from 10 nm to 5 um, more preferably from 50 nm
to 1 um, and still more preferably from 100 nm to 1 um.

Processes such as an electron beam process, a sputtering
process, a resistance heating vapor deposition process, a coat-
ing process, and a transfer method are used in the manufac-
ture of the negative electrode, and a single metal can be
vapor-deposited or two or more components can be vapor-
deposited at the same time. Further, a plurality of metals can
be vapor-deposited at the same time to form an alloy elec-
trode, alternatively a previously prepared alloy can be vapor-
deposited.

It is preferred that the sheet resistance of the positive elec-
trode and the negative electrode be low, preferably several
hundreds €/ or less.

The material for a luminescent layer may be any of mate-
rials capable of forming a layer that can function so as to
accept both injection of holes from the positive electrode, the
hole injection layer or the hole-transporting layer and injec-
tion of electrons from the negative electrode, the electron
injection layer or the electron-transporting layer when elec-
tric field is applied thereto, or to let the charges injected
therein to transfer, or to enable the emission of light by pro-
viding a cite for recombining the holes and the electrons.
Besides the compound of the present invention, examples of
the material include various metal complexes typically exem-
plified by metal complex or rare earth complex of benzox-
azole derivatives, benzimidazole derivatives, benzothiazole
derivatives, styrylbenzene derivatives, polyphenyl deriva-
tives, diphenylbutadiene derivatives, tetraphenylbutadiene
derivatives, naphthalimide derivatives, coumarin derivatives,
perylene derivatives, perinone derivatives, oxadiazole deriva-
tives, aldazine derivatives, pyraridine derivatives, cyclopen-
tadiene derivatives, bisstyrylanthracene derivatives, quinac-
ridone derivatives, pyrrolopyridine derivatives,
thiadiazolopyridine derivatives, cyclopentadiene derivatives,
styrylamine derivatives, aromatic dimethylidyne compounds,
and 8-quinolinol derivatives; polymeric compounds, such as
polythiophene, polyphenylene, and polyphenylenevinylene;
organic silanes; transition metal complexes (e.g., iridium
trisphenylpyridine and platinum porphyrin, and derivatives
thereof). The film thickness of the luminescent layer is not
particularly restricted, butitis generally preferably from 1 nm
to 5 mm, more preferably from 5 nm to 1 pm, and still more
preferably from 10 nm to 500 nm.

Although there is no particular limitation on methods for
forming the luminescent (light emitting) layers, methods
such as resistance heating vapor deposition, electron beam
processing, sputtering, molecular lamination, coating, inkjet
process, printing, LB processing, and transfer process can be
used. Preferred are a resistance heating vapor deposition
method and a coating method.

The luminescent layer may be formed of a single com-
pound, or two or more kinds of compounds. Further, the
luminescent layer may have a single layer structure, or a
multiple-layer structure made of at least two layers. Fach
layer may emit light of a different luminescent color so that
the luminescent layer can emit, for example, a white light. A
single luminescent layer may emit a white light. When the
luminescent layer is a plurality of layers, each layer may be
formed of a single material, or at least two compounds or
materials.

Materials of the positive hole-injecting layer and the posi-
tive hole-transporting layer are sufficient if they have any of
the functions of injecting positive holes from the positive
electrode, transporting positive holes, and blocking the elec-
trons injected from the negative electrode. Specific examples
ofthe materials include carbazole derivatives, triazole deriva-
tives, oxazole derivatives, oxadiazole derivatives, imidazole
derivatives, polyarylalkane derivatives, pyrazoline deriva-
tives, pyrazolone derivatives, phenylenediamine derivatives,
arylamine derivatives, amino-substituted chalcone deriva-
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tives, styrylanthracene derivatives, fluorenone derivatives,
hydrazone derivatives, stilbene derivatives, silazane deriva-
tives, aromatic tertiary amine compounds, styrylamine com-
pounds, aromatic dimethylidyne-series compounds, porphy-
rin-series compounds, polysilane-series compounds, poly(N-
vinylcarbazole) derivatives, aniline-series copolymers,
electrically conductive high molecular weight oligomers,
such as thiophene oligomers and polythiophene; organic
silane compounds, carbon film, and the compounds of the
present invention. The film thickness of the hole-injection
layer is not particularly limited, and in general, it is preferably
from 1 nmto 5 um, more preferably from 1 nm to 100 nm, and
further preferably from 1 nm to 10 nm. The film thickness of
the hole-transporting layer is not particularly limited, and in
general, it is preferably from 1 nm to 5 um, more preferably
from 5 nm to 1 pm, and further preferably from 10 nm to 500
nm. The hole-injecting layer or hole-transporting layer may
have a single layer structure of one kind or two or more kinds
of the above materials, or alternatively, a multilayer structure
comptrising plural layers having the same composition or
different compositions.

Examples of a method of forming the hole-injecting layer
and the hole-transporting layer include a vacuum deposition
method, an LB method, the process of dissolving or dispers-
ing the above-described hole-injecting/transporting material
in a solvent and coating; an ink jet method, a printing method,
and a transfer method. In the case of a coating process, a
positive hole-injecting/transporting material can be dissolved
or dispersed with a resin component. Examples of such resin
components include polyvinyl chloride, polycarbonate, poly-
styrene, polymethyl methacrylate, polybutyl methacrylate,
polyester, polysulfone, polyphenylene oxide, polybutadiene,
poly(N-vinylcarbazole), hydrocarbon resin, ketone resin,
phenoxy resin, polyamide, ethyl cellulose, vinyl acetate, ABS
resin, polyurethane, melamine resin, unsaturated polyester
resin, alkyd resin, epoxy resin, silicone resin, and the like.

Materials of the electron-injecting layer and the electron-
transporting layer are sufficient if they have any of the func-
tions of injecting electrons from the negative electrode, trans-
porting electrons, and blocking (as a barrier off) the positive
holes injected from the positive electrode. Specific examples
of the materials include triazole derivatives, oxazole deriva-
tives, oxadiazole derivatives, imidazole derivatives, fluo-
renone derivatives, anthraquinodimethane derivatives,
anthrone derivatives, diphenylquinone derivatives, thiopyr-
andioxide derivatives, carbodiimide derivatives, fluore-
nylidenemethane derivatives, distyrylpyrazine derivatives,
tetracarboxylic acid anhydrides of aromatic rings such as
naphthalene and perylene, phthalocyanine derivatives, vari-
ous metal complexes represented by metal complexes of
8-quinolinol derivatives, metallophthalocyanines and metal
complexes having benzoxazole or benzothiazole ligands,
organosilane compounds. The film thickness of the electron-
injecting layer and the electron-transporting layer is not par-
ticularly restricted, but it is generally preferably from 1 nmto
5 um, more preferably from 5 nm to 1 pm, and still more
preferably from 10 nm to 500 nm. The electron-injecting
layer and the electron-transporting layer may be single layer
structure comprising one or two or more of the above mate-
rials, or may be multilayer structure comprising a plurality of
layers of the same composition or different compositions.

Examples of a method of forming the electron injecting
layer and the electron transporting layer include a vacuum
deposition method, an [L.B method, the process of dissolving
or dispersing the above-described electron-injecting/trans-
porting material in a solvent and coating; an ink jet method, a
printing method, and a transfer method. In the case of a
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coating process, an electron injecting/transporting material
can be dissolved or dispersed with a resin component. As the
resin components, for example, those exemplified in the posi-
tive hole-injecting and transporting layers can be applied.

Materials of the protective layer are sufficient if they have
the function of preventing substances which accelerate dete-
rioration of the device or element, such as water or oxygen,
from entering the device or element. Specific examples of the
materials include metals such as In, Sn, Pb, Au, Cu, Ag, Al, Ti
and Ni; metal oxides such as MgO, SiO, Si0,, AL, O;, GeO,
NiO, Ca0, BaO, Fe,0,,Y,0; and TiO,; metal fluorides such
as MgF,, LiF, AlF, and CaF,; metal nitrides such as SiN, and
SiO,N,; pelyethylene, polypropylene, polymethyl methacry-
late, polyimide, polyurea, polytetrafluoroethylene, polychlo-
rotrifluoroethylene, polydichlorodifluoroethylene, copoly-
mers of chlorotrifluoroethylene and
dichlorodifluoroethylene, copolymers prepared by copoly-
merizing a monomer mixture of tetrafluoroethylene and at
least one comonomer, fluorine-containing copolymers hav-
ing cyclic structures on the main chain, water-absorbing sub-
stances having a water absorption rate of at least 1%, and
moisture-proof substances having a water absorption rate of
at most 0.1%.

The forming process of the protective layer is also not
particularly restricted, and, for example, a vacuum deposition
process, a sputtering process, a reactive sputtering process, an
MBE (molecular beam epitaxy) process, a cluster ion beam
process, an ion-plating process, a plasma polymerization pro-
cess (a high frequency exciting ion-plating process), a plasma
CVD process, alaser CVD process, a heat CVD process, a gas
source CVD process, a coating process, a printing process,
and a transfer process can be applied.

The luminescent device of the present invention is excel-
lent in luminescent properties and long in life. Further, the
novel platinum compound of the present invention is prefer-
able, for example, for producing the luminescent device.

EXAMPLES

The present invention will be explained in more detail with
reference to the examples below, but the embodiments for
carrying out the present invention should not be construed to
be limited to these.

Synthesis of Compound (1)

Compound (1) was synthesized, according to the method
described in Journal of Chemical Society, 5008 (1952). That
is, 40 ml of n-butanol was added to 6 g of 1,3-diiminoindoline
and 4.6 g of 2,6-diaminopyridine, followed by heating under
reflux for 9 hours. After cooling to room temperature, the
reaction mixture was filtered. The precipitate was washed
with 40 ml of n-butanol and dispersed in 50 ml of nitroben-
zene. After the dispersion was heated under reflux, recrystal-
lization was conducted by cooling, to yield 7 g of Compound
(D

With respect to the thus-obtained compound, a peak of
m/z=440 was detected in DP-EI-MS measurement.

NH N
Z
HN N NH,
NH » »
n-butanol PhNO,
reflux, 9h reflux
NH
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Synthesis of Compound (8)

To 0.1 g of Compound (I) and 0.21 g of PtCl,, 10 ml of
benzonitrile was added, followed by stirring, at an inner tem-
perature of 160° C. under a nitrogen atmosphere, for 4 hours. 20
After cooling to room temperature, the reaction mixture was
filtered. The precipitate was washed with 20 ml of benzoni-
trile and 30 ml of methanol, to yield 0.05 g of Compound (8).

With respect to the thus-obtained compound, a peak of
m/7=633 was detected in DP-EI-MS measurenent.
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Comparative Example 1

A cleaned ITO substrate was placed in a vapor deposition
apparatus, and on the substrate, CuPc (copper phthalocya-
nine) was vapor-deposited, to form a film of 10 nm thickness,
and then a-NPD (4,4'-bis-[N-(1-naphthyl)-N-phenylamino]
biphenyl) was vapor-deposited, to form a film of 40 nm thick-
ness, and then Alq, (tris(8-hydroxyquinolinato)aluminum
complex) was vapor-deposited, to form a film of 60 nm thick-
ness, in this order. Then, a patterned mask (for adjusting each
emission area to 4 mmx5 mm) was set on the above-obtained
organic thin layers, and further thereon, in the vacuum depo-
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sition apparatus, lithium fluoride was vapor-deposited, to
form a film of 3 nm thickness, followed by vapor-deposition
of a 400 nm-thick Al film. The thus-produced EL device was
subjected to luminescence by applying, thereto, a DC con-
stant voltage, by means of a source measure unit, Model 2400
(trade name), made by Toyo Technica Co., Ltd., and the
luminance shown by the EL device was measured using a
luminometer DM-8 (trade name), made by Topcon Co. As a
result of the measurement, the light emission given by the EL
device was found to be a green luminescence of 200 cd/m?
with quantum efficiency of 1.1%. After the EL device was
subjected to luminescence of 100 cd/m* for 10 hours, dark
spots were observed with the naked eye.

Example 1

A cleaned ITO substrate was placed in a vapor deposition
apparatus, and on the substrate, Compound (8) of the present
invention was vapor-deposited, to form a film of 5 nm thick-
ness, and then a-NPD (4,4'-bis-[N-(1-naphthyl)-N-pheny-
lamino[biphenyl) was vapor-deposited, to form a film of 60
nm thickness, and then Alq; (tris(8-hydroxyquinolinato)alu-
minum complex) was vapor-deposited, to form a film of 40
nm thickness, in this order. Then, a patterned mask (for
adjusting each emission area to 4 mmxS mm) was set on the
above-obtained organic thin layers, and further thereon, in the
vacuum deposition apparatus, lithium fluoride was vapor-
deposited, to form a film of 3 nm thickness, followed by
vapor-deposition of a 400 nm-thick Al film. The thus-pro-
duced EL device was subjected to luminescence by applying,
thereto, a DC constant voltage, by means of a source measure
unit, Model 2400, made by Toyo Technica Co., Ltd., and the
luminance shown by the EL device was measured using a
luminometer BM-8, made by Topcon Co. As a result of the
measurement, it was found that the EL device gave a green
luminescence of 200 cd/m? with quantum efficiency of 1.4%.
After the EL device was subjected to luminescence of 100
cd/m® for 10 hours, no dark spots were observed with the
naked eye.

Similarly, by employing other compounds of the present
invention, luminescent devices giving high luminous effi-
ciency and long life can also be produced. In addition, the
compounds of the present invention enable to emit a blue to
green phosphorescence, and therefore blue to green lumines-
cent devices containing the compound of the present inven-
tion can be prepared.

INDUSTRIAL APPLICABILITY

The luminescent device of the present invention is able to
give high luminous efficiency. The luminescent device of the
present invention can be preferably used in such fields as
display devices, displays, backlights, electrophotography,
illuminating light sources, recording light sources, exposing
light sources, reading light sources, signs, signboards, interi-
ors, and optical communications. Further, the compounds of
the present invention can be utilized for the electrolumines-
cent devices, as well as medical usage, brightening agents,
photographic materials, UV absorbing materials, laser dyes,
recording media materials, inkjet pigments, color filter dyes,
color conversion filters, and the like.

Having described our invention as related to the present
embodiments, it is our intention that the invention not be
limited by any of the details of the description, unless other-
wise specified, but rather be construed broadly within its
spirit and scope as set out in the accompanying claims.

The invention claimed is:

1. An organic electroluminescent device, comprising a pair
of electrodes, and at least one organic layer including a lumi-
nescent layer between the electrodes, wherein said organic
layer comprises at least one compound represented by for-
mula (16) or a tautomer thereof:
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Formula (16)
Zsos
7604 x> Zsos
Lsol{ 1,602
603 _ N 607
/Z H Z
602 Neeeoooon 1\'/[ /
\\Z501_< — Zso9
1.604 1,603
ZGI’ L7610
g6l

wherein, in formula (16), Z%", 2°9, 7°°% 7°%%, 7%°%, 7°%°
257, 708, 789, 7°° 7% and 72 cach mdependently
represents CR, CH, or N, Wherem R represents a substituent;
L 15%2 1% and, L%** each represent a single bond or a
linking group; and M®" represents a metal ion that may
further have at least one ligand.

2. An organic electroluminescent device, comprising a pair
of electrodes, and at least one organic layer including a lumi-
nescent layer between the electrodes, wherein said organic
layer comprises at least one compound represented by for-
mula (17) or a tautomer thereof:

Formula 17
Z705
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7703 =< I:\I >_ 7707
24)2 L l\‘/[701__ N ‘
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7701 —7708
1,704 /| 1,703
77107709
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wherein, in formula (17), Z7°%, 2702, 77%, 77°4, 77°%, 77°,
7797 7798 7% and 77*° each independently represents CR,
CH, or N, wherein R represents a substituent; L.”°*, .79 1,79
and L™** each represent a single bond or a linking group; and

M"°! represents a metal ion that may further have at least one
ligand.

3. An organic electroluminescent device, comprising a pair
of electrodes, and at least one organic layer including a lumi-
nescent layer between the electrodes, wherein said organic
layer comprises at least one compound represented by for-
mula (18) or a tautomer thereof:

Formula (18)
7805

Zso4 \ 7806

7803 _ \:I 7807
/ : X301 /
802 Neemeemen o1 \\ 808

Z N M

N\ /

7801 - — 7809

1.8 | AN 1.8
7812, 7810
7811

wherein, in formula (18), Z%°?, 7892, 7893 7804 7803 7896
7307, 7808, 7809, 7810 7RI and Z%'2 each mdependently
re resents CR. CH, or N Wherem R represents a substituent;
L5 L8 L 8bs nd L3%* each represent a single bond or a
hnkmg group; M®“! represents a metal ion that may further
have at least on ligand; and X*°* and X®*°? each represent an
oxygen atom, a substituted or unsubstituted nitrogen atom, or
a sulfur atom.
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