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(57) ABSTRACT

It is an object of the present invention to provide a phos-
phorescence-emitting material that emits light in a wide
visible light range from blue to red and has excellent color
purity and reliability, etc. The present invention relates to a
metal coordination compound represented by any one of
Formulae (1) to (6),
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B: >NR, >0, »8, >C=0, >80,, >CR,
(in the formulae, M is Ir, Rh, Ru, Os, Pd, or Pt, and n is 2
or 3; when M is Ir, Rh, Ru, or Os and n is 2, another
bidentate ligand further bonds to M; ring A is a cyclic
compound containing a nitrogen atom bonded to M.
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METAL COORDINATION COMPOUND, POLYMER
COMPOSITION, AND ORGANIC
ELECTROLUMINESCENT DEVICE EMPLOYING
SAME

TECHNICAL FIELD

[0001] The present invention relates to a novel metal
coordination compound, a polymer composition, and an
organic electroluminescent (EL) device employing same.

BACKGROUND ART

[0002] In recent years, electroluminescent devices have
been attracting attention as, for example, large-area solid
state light sources to replace incandescent lamps and gas-
filled lamps. They have also been attracting attention as
self-luminous displays, and are the most promising alterna-
tive to liquid crystal displays in the flat panel display (FPD)
field. In particular, an organic electroluminescent (EL)
device, in which the device material is formed from an
organic material, is being commercialized as a low power
consumption full-color FPD.

[0003] Conventionally, organic EL devices generally pro-
duce phosphorescence when an excited singlet relaxes to the
ground state. However, the proportion of excitons generated
by injection of charge into an organic film is said to be
statistically singlet : triplet=1:3, and the theoretical limit
value of the internal quantum efficiency of an organic EL
device is said to be 25%. This is one of the hurdles to be
overcome when lowering the power consumption of an
organic EL device.

[0004] As one means for solving this problem, a device
utilizing phosphorescence from an excited triplet has been
investigated. If phosphorescence from an excited triplet can
be utilized, it can be expected that in principle the lumines-
cence quantum yield would be at least three times that
obtained when fluorescence from an excited singlet is uti-
lized. Furthermore, while taking into consideration utiliza-
tion of an exciton resulting from intersystem crossing from
the singlet, which has high energy, to the triplet, it can be
expected that in principle the luminescence quantum yield
would be four times greater, that is, it would be 100%.

[0005] Examples of research that has been carried out so
far include M. A. Baldo et al., Appl. Phys. Lett. 1999, 75, 4.
In this publication, the materials below are used. The mate-
rials are abbreviated as follows.

Algs: an aluminum-quinolinol complex (tris(8-quinolinola-
to)aluminum)

a-NPD: N,N'-Di-naphthalen-1-yl-N,N'-diphenyl-biphenyl-
4,4'-diamine

CBP: 4,4'-N,N'-dicarbazole-biphenyl

BCP: 2,9-dimethyl-4,7-diphenyl-1,10-phenanthroline
Ir(ppy),: iridium-phenylpyridine complex (tris(2-phenylpy-
ridine)iridium)

[0006] Examples in which luminescence from a triplet is

utilized include Japanese Patent Application Laid-open Nos.
11-329739, 11-256148, and 8-319482.

DISCLOSURE OF INVENTION

[0007] However, it is difficult to obtain an organic EL
device that emits light at various wavelength from blue to
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red and has excellent reliability with the above-mentioned
material, which utilizes light emission from the excited
triplet. In view of the above-mentioned conventional prob-
lems, the object of the present invention is therefore to
provide a phosphorescence-emitting material that emits light
in a wide visible light range from blue to red and has
excellent color purity and reliability, etc.

[0008] Furthermore, in particular, when the above-men-
tioned organic EL device employing phosphorescence emis-
sion is fabricated so as to exhibit full color, no metal
coordination compound has been found having blue phos-
phorescence emission with good color purity. Another object
of the present invention is therefore to provide a metal
coordination compound having blue phosphorescence emis-
sion with good color purity.

[0009] Moreover, in particular, there has been a desire for
the development of a phosphorescence-emitting metal coor-
dination compound that has various emission colors and a
long operating life when taking into consideration its use not
only in the above-mentioned full color organic EL device
employing phosphorescence emission but also in illumina-
tion applications, etc. However, the operating life of con-
ventional phosphorescence-emitting devices is short com-
pared with that of fluorescence-emitting devices. Although
the cause of the short operating life of phosphorescence-
emitting devices is not clear,. it is surmised that, since the
lifetime of an excited triplet state is generally long compared
with the lifetime of an excited singlet, and molecules remain
in a high energy state for a long time, the molecules react
with surrounding substances, the molecules themselves
undergo structural change, excitons react with each other,
etc. Yet another object of the present invention is therefore
to provide a metal coordination compound that has light
emission of various colors from green to red and has a long
operating life.

[0010] Furthermore, in particular, when the above-men-
tioned organic EL device employing phosphorescence emis-
sion for full color applications or illumination purposes, etc.
is fabricated, no metal coordination compound has been
found that has blue phosphorescence emission with good
color purity. Moreover, no material, from blue to red, has
been found that can give the device a long operating life. Yet
another object of the present invention is therefore to
provide a metal coordination compound having blue phos-
phorescence emission with excellent color purity and to
provide a metal coordination compound having blue to red
phosphorescence emission with a long operating life.

[0011] Furthermore, yet another object of the present
invention is to provide a polymer composition containing
the above-mentioned metal coordination compound.

[0012] Moreover, yet another object of the present inven-
tion is to provide an organic electroluminescent device
employing the above-mentioned metal coordination com-
pound or the above-mentioned polymer composition.

[0013] As a result of an intensive investigation by the
inventors of the present invention, it has been found that a
metal coordination compound having as a ligand a cyclic
compound shown in Formulae (1) to (6) is a phosphores-
cence-emitting material that emits light in a wide wave-
length region from blue to red and has excellent reliability,
and the present invention has thus been accomplished. That



US 2007/0128466 A1l

is, the present invention relates to a compound represented
by any one of Formulae (1) to (6).

)
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B: >NR, >0, >§, >C=0, >80,, >CR,

(In the formulae, M is Ir, Rh, Ru, Os, Pd, or Pt, and n is 2
or 3. When M is Ir, Rh, Ru, or Os and n is 2, another
bidentate ligand further bonds to M. Ring A is a cyclic
compound containing a nitrogen atom bonded to M. X, to
X, and R are independently substituents selected from the
group consisting of —R!, —OR% —SR?* —OCOR*,
—COOR®, —SiR°R’R®, and —NR’R'® (here, R' to R™
represent a hydrogen atom, a halogen atom, a cyano group,
a nitro group, a C1 to C22 straight-chain, cyclic, or branched
alkyl group or a corresponding halogen-substituted alkyl
group in which a part or all of the hydrogen atoms are
substituted by a halogen atom, a C6 to C21 aryl group, a C2
to C20 heteroaryl group, or a C7 to C21 aralkyl group, or a
corresponding halogen-substituted aryl group, halogen-sub-
stituted heteroaryl group, or halogen-substituted aralkyl
group in which a part or all of the hydrogen atoms are
substituted by a halogen atom, and R' to R'® may be
identical to or different from each other), X, to X, may be
identical to or different from each other, and ring A may have
a substituent that is the same as the groups defined by X, to
X,.) Here, R" to R'® may have a substituent, and examples
of the substituent include a halogen atom, a cyano group, an
aldehyde group, an amino group, an alkyl group, an alkoxy
group, an alkylthio group, a carboxyl group, a sulfonic acid
group, and a nitro group. These substituents may further be
substituted by a halogen atom, a methyl group, etc.

[0014] The inventors of the present invention have also
found that, in particular, a metal coordination compound
having as a ligand a carbazole derivative is an excellent
phosphorescence-emitting material having blue phosphores-
cence emission with excellent color purity. Therefore, as a
preferred embodiment of the present invention, a metal
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coordination compound represented by any one of Formulae
1-(1) to I-(6) below is provided.

(1)

1(2)

-(4)
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L(5)

L(6)

(In the formulae, M is Ir, Rh, Ru, Os, Pd, or Pt, and n is 2
or 3. When M is Ir, Rh, Ru, or Os and n is 2, another
bidentate ligand further bonds to M. Ring A is a cyclic
compound containing a nitrogen atom bonded to M. X, to
X may be any of a hydrogen atom, a halogen atom, a cyano
group, a nitro group, a C1 to C22 straight-chain, cyclic, or
branched alkyl group or a corresponding halogen-substi-
tuted alkyl group in which a part or all of the hydrogen atoms
are substituted by a halogen atom, a C6 to C21 aryl group,
a C2 to C20 heteroaryl group, or a C7 to C21 aralkyl group,
or a corresponding halogen-substituted aryl group, halogen-
substituted heteroaryl group, or halogen-substituted aralkyl
group in which a part or all of the hydrogen atoms are
substituted by a halogen atom, X, to X, may be identical to
or different from each other, and ring A may have a sub-
stituent that is the same as the groups defined by X, to X,.)

[0015] The inventors of the present invention have also
found that, in particular, metal coordination compounds
having as a ligand a carbazole derivative into which various
substituents have been incorporated are excellent phospho-
rescence-emitting materials that have an emission color
from green to red and have a long operating life.

[0016] Therefore, as a preferred embodiment of the
present invention, a metal coordination compound repre-
sented by Formulae I1-(1) to [I-(6) below is provided.
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I-(5)

11-(6)

(In the formulae, M is Ir, Rh, Ru, Os, Pd, or Pt, and n is 2
or 3. When M is Ir, Rh, Ru, or Os and n is 2, another
bidentate ligand further bonds to M. Ring A is a cyclic
compound containing a nitrogen atom bonded to M. X, to
X, are independently substituents selected from the group-
consisting of —H, —OH, —R', —OR? —SR>?, —OCOR?,
—COOR?, —SiR°R"R?, —NH,, —NHR?, and —NR'°R"
(here, R' to R" represent a C1 to C22 straight-chain, cyclic,
or branched alkyl group, a C6 to C21 aryl group, a C2 to C20
heteroaryl group, or a C7 to C21 aralkyl group, and R to R™
may be identical to or different from each other), X, to X,
may be identical to or different from each other, and ring A
may have a substituent that is the same as the groups defined
by X, to X.,.) Here, R' to R may have a substituent, and
examples of the substituent include a halogen atom, a cyano
group, an aldehyde group, an amino group, an alkyl group,
an alkoxy group, an alkylthio group, a carboxyl group, a
sulfonic acid group, and a nitro group. These substituents
may further be substituted by a halogen atom, a methyl
group, etc.

[0017] The inventors of the present invention have also
found that, in particular, a metal coordination compound
having as a ligand a cyclic compound shown in Formulae
1I-(1) to II-(6) is an excellent phosphorescence-emitting
material that has phosphorescence emission from blue to red
with excellent color purity and has a long operating life.
[0018] Therefore, as a preferred embodiment of the
present invention, a metal coordination compound repre-
sented by Formulae I1I-(1) to III-(6) below is provided.
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II-(5)

III-(6)

B: >0, »§, >C=0, >50,, >CR,

(In the formulae, M is Ir, Rh, Ru, Os, Pd, or Pt, and n is 2
or 3. When M is Ir, Rh, Ru, or Os and n is 2, another
bidentate ligand further bonds to M. Ring A is a cyclic
compound containing a nitrogen atom bonded to M. X, to
X, and R are independently substituents selected from the
group consisting of —R', —OR?, —SR?, —OCOR?,
—COOR®, —SiR°R’R®, and —NR’R'° (here, R' to R™
represent a hydrogen atom, a halogen atom, a cyano group,
anitro group, a C1 to C22 straight-chain, cyclic, or branched
alkyl group or a corresponding halogen-substituted alkyl
group in which a part or all of the hydrogen atoms are
substituted by a halogen atom, a C6 to C21 aryl group, a C2
to C20 heteroaryl group, or a C7 to C21 aralkyl group, or a
corresponding halogen-substituted aryl group, halogen-sub-
stituted heteroaryl group, or halogen-substituted aralkyl
group in which a part or all of the hydrogen atoms are
substituted by a halogen atom, and R' to R'® may be
identical to or different from each other), X, to X, may be
identical to or different from each other, and ring A may have
a substituent that is the same as the groups defined by X, to
X,.) Here, R* to R*° may have a substituent, and examples
of the substituent include a halogen atom, a cyano group, an
aldehyde group, an amino group, an alkyl group, an alkoxy
group, an alkylthio group, a carboxyl group, a sulfonic acid
group, and a nitro group. These substituents may further be
substituted by a halogen atom, a methyl group, etc.
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[0019] Furthermore, the present invention relates to a
polymer composition formed by mixing or copolymerizing
the above-mentioned metal coordination compound with a
conjugated or non-conjugated polymer.

[0020] Moreover, the present invention relates to an
organic electroluminescent device fabricated using the
above-mentioned metal coordination compound or the
above-mentioned polymer composition.

[0021] The disclosures of the present invention relate to
subject matter described in Japanese Patent Application Nos.
2003-164321, 2003-164328, and 2003-164340, filed on June
9, 2003, and the contents of the disclosures therein are
incorporated herein by reference.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0022] The metal coordination compound of the present
invention is characterized by being represented by Formulae
(1) to (6) below.

1
M

M

&)

-1
MU
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(6)

B: >NR, >0, »>8, >C=0, >80,, >CR,
(In the formulae, M is Ir, Rh, Ru, Os, Pd, or Pt, and n is 2
or 3. When M is Ir, Rh, Ru, or Os and n is 2, another
bidentate ligand further bonds to M. Ring A is a cyclic
compound containing a nitrogen atom bonded to M. X, to
X, and R are independently substituents selected from the
group consisting of —R!, —OR? —SR? —OCOR?,
—COOR®, —SiR°R7R® and —NR°R'® (here, R' to R
represent a hydrogen atom, a halogen atom, a cyano group,
anitro group, a C1 to C22 straight-chain, cyclic, or branched
alkyl group or a corresponding halogen-substituted alkyl
group in which a part or all of the hydrogen atoms are
substituted by a halogen atom, a C6 to C21 aryl group, a C2
to C20 heteroaryl group, or a C7 to C21 aralkyl group, or a
corresponding halogen-substituted aryl group, halogen-sub-
stituted heteroaryl group, or halogen-substituted aralkyl
group in which a part or all of the hydrogen atoms are
substituted by a halogen atom, and R' to R'® may be
identical to or different from each other), X, to X, may be
identical to or different from each other, and ring A may have
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a substituent that is the same as the groups defined by X; to
X,.) Here, R* to R'® may have a substituent, and examples
of the substituent include a halogen atom, a cyano group, an
aldehyde group, an amino group, an alkyl group, an alkoxy
group, an alkylthio group, a carboxyl group, a sulfonic acid
group, and a nitro group. These substituents may further be
substituted by a halogen atom, a methyl group, etc.

[0023] Examples of the substituents X, to X, and R are
listed below, but the present invention is not limited thereto.

[0024] Examples of —R' include a hydrogen atom, a
halogen atom such as a fluorine atom, a chlorine atom, a
bromine atom, or an iodine atom, a cyano group, a nitro
group, a methyl group, an ethyl group, a propyl group, an
isopropyl group, a cyclopropyl group, a butyl group, an
isobutyl group, a tert-butyl group, a cyclobutyl group, a
pentyl group, an isopentyl group, a neopentyl group, a
cyclopentyl group, a hexyl group, a cyclohexyl group, a
heptyl group, a cycloheptyl group, an octyl group, a nonyl
group, a decyl group, a phenyl group, a tolyl group, a xylyl
group, a mesityl group, a cumenyl group, a benzyl group, a
phenethyl group, a methylbenzyl group, a diphenylmethyl
group, a styryl group, a cinnamyl group, a biphenyl residue,
a terphenyl residue, a naphthyl group, an anthryl group, a
fluorenyl group, a furan residue, a thiophene residue, a
pyrrole residue, an oxazole residue, a thiazole residue, an
imidazole residue, a pyridine residue, a pyrimidine residue,
a pyrazine residue, a triazine residue, a quinoline residue, a
quinoxaline residue, and derivatives thereof substituted with
a-halogen such as a fluorine atom, a chlorine atom, a
bromine atom, or an iodine atom.

[0025] Examples of —OR? include a hydroxyl group, a
methoxy group, an ethoxy group, a propoxy group, a butoxy
group, a tert-butoxy group, an octyloxy group, a tert-octy-
loxy group, a phenoxy group, a 4-tert-butylphenoxy group,
a l-naphthyloxy group, a 2-naphthyloxy group, and a 9-an-
thryloxy group.

[0026] Examples of —SR* include a mercapto group, a
methylthio group, an ethylthio group, a tert-butylthio group,
a hexylthio group. an octylthio group, a phenylthio group, a
2-methylphenylthio group, and a 4-tert-butylphenylthio
group.

[0027] Examples of —OCOR®include a formyloxy group,
an acetoxy group, and an benzoyloxy group.

[0028] Examples of —COOR? include a carboxyl group, a
methoxycarbonyl group, an ethoxycarbonyl group, a tert-
butoxycarbonyl group, a phenoxycarbonyl group, and a
naphthyloxycarbonyl group.

[0029] Examples of —SiR°R’R*® include a silyl group, a
trimethylsilyl group, a triethylsilyl group, and a triphenyl-
silyl group.

[0030] Examples of —NR°R' include an amino group, an
N-methylamino group, an N-ethylamino group, an N,N-
dimethylamino group, an N,N-diethylamino group, an N,N-
diisopropylamino group, an N,N-dibutylamino group, an
N-benzylamino group, an N,N-dibenzylamino group, an
N-phenylamino group, and an N,N-diphenylamino group.

[0031] The metal coordination compound of the present
invention has phosphorescent light emission, and it is
thought that the lowest excited state is either a triplet MLCT
(Metal-to-Ligand charge transfer) excited state or a m-m
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excited state. Phosphorescent light emission occurs when
there is a transition from such a state to the ground state.

[0032] The phosphorescence quantum yield of light-emit-
ting materials of the present invention is as high as 0.1 t0 0.9,
and the phosphorescence lifetime is 1 to 60 ps. Short
phosphorescence lifetime is a requirement for achieving a
high luminescence efficiency when used as an organic EL
device. That is, if the phosphorescence lifetime is long, the
proportion of molecules in an excited triplet state is high,
and the luminescence efficiency decreases due to T-t anni-
hilation when the current density is high. Since the metal
coordination compound of the present invention has high
phosphorescence emission efficiency and a short lumines-
cence lifetime, it is suitable as a light-emitting material for
an organic EL device.

[0033] In the metal coordination compounds represented
by Formulae (1) to (6) above, ring A is preferably any one
of the cyclic compounds having the structures shown below,
is more preferably pyridine, quinoline, benzoxazole, ben-
zothiazole, benzimidazole, benzotriazole, imidazole, pyra-
zole, oxazole, thiazole, triazole, benzopyrazole, triazine, or
isoquinoline, which may have a substituent that is the same
as the groups defined by X, to X, (hereinafter collectively
referred to as substituents Xn), and is yet more preferably
pyridine, quinoline, or isoquinoline.

Formulae (7)

Zy Zy
0 Z S /2
<\ <\
N N
/ S s
Zy Z4
7 7 7
Y ] /N\ 2
—N
\iN \N/
/ “y “
Zs Zy
Z Z, Z
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/N 7 /N 7 /N 73
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Y

7, Z/N
5 Z4 Zz
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O\(ZI S\(Zl
— I =1 e
N N —
/ / /
Z 7> Z Z

Z, Z |
\ N Z N N
N | \( 2 | Y
<\ & <\
/N 2 N N
Z3 Z,
Z3\ Z, /3
N
ZZ_<\ Zl Z4
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Z, \ /°

N Z
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[0034] Here, Z, to Z are the same substituents as the
substituents represented by Xn in Formulae (1) to (6), and 7,
to Z¢ may be identical to or different from each other.

[0035] Furthermore, in the present invention, in Formulae
(1) to (6), M is preferably Ir.

[0036] Whenmetal M is Ir, Rh, Ru, or Os and n=2, another
ligand bonded to the metal M is preferably either one of the
compounds having the structures shown below.

Y,
Y
Y Y-
o 1|\ 3
Y,
DR
0 Y,
Y;
O 6]

[0037] Here, Y, to Y, are the same substituents as the
substituents represented by Xn in Formulae (1) to (6), and
Y, to Y, may be identical to or different from each other.

Formulae (8)

(Detailed Explanation of Synthetic Method for Metal Coor-
dination Compound)

[0038] A synthetic method for the metal coordination
compound of the present invention is explained in detail
below by way of specific examples of the metal coordination
compound.

[0039] The metal coordination compound of the present
invention may be produced by various synthetic methods
known to a person skilled in the art. For example, a method
described in S. Lamansky, et al., . Am. Chem. Soc. 2001,
123 can be used. One example (a case in which ring A is a
substituted pyridine) of the synthetic route for the metal
coordination compound represented by Formulae (1) to (6)
above used in the present invention is illustrated below
taking an iridium coordination compound as an example.
The explanation here is given with respect to (2) shown in
Table 1-1, (2) shown in Table II-1, and (2) shown in Table
1II-1, but other example compounds can also be synthesized
by substantially the same method.

(Synthesis of Ligand L)
[0040] Ligand L of Table I-1 (2) or Table II-1 (2)

X3 Br
Mg (CH;0);B
Xy THF THF, THEF,
N -78°C.:2h r.t.: 2 day
Xy | Xs
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-continued
OH
X4 Xs \
X;3 B—0OH
HO—CH,—CH,—OH
Xy Toluene, reflux: 10 h
N
X, X5
X7
O
X4 Xs
X3 B—0O
N
Xl | X
X7
o/w
X, Xs \ Br \
X3 B—O N
K,CO4
Xy Pd(PPhs)y
Toluene, reflux: 48 h
N
X Xs

X-

{ X
X, X4 5
Mg (CH;0);B
X O O Br ThF THF, TITF,
B -78°C.: 2h rt: 2 day
X X¢
X4 Xs
X5
oH HO—CH,—CH,—OH
Xy B\/ Toluene, reflux: 10 h
B OH
X X

Jun. 7, 2007
-continued
X4 Xs
X3
O.
X B\/ 7
B 0
X Xg
X4 Xs -
X3 Br \ /
N
/O
X, B K»CO;
5 \ Pd(PPhs),
X X 0 Toluene, reflux: 48 h

(Synthesis of Iridium Complex)

3XL
Ir(CH3;COCHCOCH3)3 —— - Ir(L); or
Grycerin, microwave: 30 min
IICLXH,O0 NazIrClg2H,O 2XL
e 2-Ethoxyethanol-water, reflux:
rt.: 30 min 24h
Acetylacetonate
[Ix(L)>C1] KaCOs Ix(L)>(CH;COCHCOCH;)
T T
R 2-Erthoxyethanol, A ;
reflux: 15 h
L
Ir(L)»(CH;COCHCOCH3) ———————— - Ir(L)3

Glyceraol, 180° C.: 8h

[0041] Preferred embodiments of the metal coordination
compound of the present invention are shown below.

(Metal Coordination Compounds Represented by Formula

(1) to I-(6))

[0042] With regard to organic EL, in order to obtain blue
phosphorescence emission, it is necessary for the energy
level of the lowest excited state to be high. However, it is
surmised that, since the energy level of the lowest excited
state of the conventional metal coordination compounds is
too low for blue emission, the emission color is blue-green
to red.

[0043] As a result of various investigations, the present
inventors have found that the metal coordination compounds
represented by Formulae I-(1) to 1-(6) below have blue
phosphorescence emission.
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I-(1)

(2)

-(4)

M<]

10
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1(3)

L(©®)

(In the formulae, M is Ir, Rh, Ru, Os, Pd, or Pt, and n is 2
or 3. When M is Ir, Rh, Ru, or Os and n is 2, another
bidentate ligand further bonds to M. Ring A is a cyclic
compound containing a nitrogen atom bonded to M. X, to
X, may be any of a hydrogen atom, a halogen atom, a cyano
group, a nitro group, a C1 to C22 straight-chain, cyclic, or
branched alkyl group or a corresponding halogen-substi-
tuted alkyl group in which a part or all of the hydrogen atoms
are substituted by a halogen atom, a C6 to C21 aryl group,
a C2 to C20 heteroaryl group, or a C7 to C21 aralkyl group,
or a corresponding halogen-substituted aryl group, halogen-
substituted heteroaryl group, or halogen-substituted aralkyl
group in which a part or all of the hydrogen atoms are
substituted by a halogen atom, X, to X, may be identical to
or different from each other, and ring A may have a sub-
stituent that is the same as the groups defined by X, to X,.)

[0044] 1In the metal coordination compounds represented
by Formulae I-(1) to I-(6) above, ring A is preferably any one
of the cyclic compounds having the structures shown below,
is more preferably pyridine, quinoline, benzoxazole, ben-
zothiazole, benzimidazole, benzotriazole, imidazole, pyra-
zole, oxazole, thiazole, triazole, benzopyrazole, or triazine,
which may have a substituent that is the same as the groups
defined by X, to X, (hereinafter collectively referred to as
substituents Xn), and is yet more preferably pyridine, or
quinoline.
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Formulae [-(7)

— A

W /\ .

Zs Zs
Z Z
0 L S 5
g; g;
N N
/ Y §
7 Z
2 7y 7
\
Z Z
N 3 N, 2
/ =
_<\ —N
N \N/
/ LY §
Zs Z4
7, VA 7y
4%\1\]/ 24 \N Z 48\‘/22
/N 73 N 73 /N \23
Z

7
Z
N el Z
/N % 2
A\ _N\
N 7 N 2,
/ /
5 74
Z
0 Z S Z

-continued

71 Z
—N

A Ay

N
2 /
Zl Zl
\
N NY Z N
4<\ | Z}_<
13
V)
73
\
N | NY Zl
ZZ_<\
N 2N \
7, /N
ZZ Zg Zl
—N
Z Zy

a %

[0045]
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Zy

Zy

Here, Z, to Z¢ are the same substituents as the

substituents represented by Xn in Formulae I-(1) to 1-(6),
and 7, to 7, may beidentical to or different from each other.
[0046] When metal M is Ir, Rh, Ru, or Os and n=2, another

ligand bonded to the metal M is preferably either one of the
compounds having the structures shown below.

Y,
Y
Y Y-
o 1 | AN 3
Y,
) - N A

(€] Y,

Y;

O [¢]

[0047]

Formulae I-(8)

Here, Y, to Y, are the same substituents as the

substituents represented by Xn in Formulae I-(1) to 1-(6),
andY; to Y, may be identical to or different from each other.

[0048]

With regard to the metal coordination compounds

represented by Formulae I-(1) to 1-(6) above, at least one of
the substituents Xn and the substituents of ring A defined as
being the same as Xn is preferably a halogen atom, a cyano
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group, or a halogen-substituted alkyl group from the point of
view of their being effective for making the emission wave-
length shorter, more preferably a fluorine atom, a chlorine
atom, a cyano group, or a trifluoromethyl group, yet more
preferably a fluorine atom or a trifluoromethyl group, and
most preferably a fluorine atom. When at least one of the
substituents Xn or the substituents of ring A defined as being
the same as Xn comprises any one of the above-mentioned
substituents, the other Xn are often hydrogen atoms, but may
be another substituent. For example, X, is preferably an
alkyl group or a halogen-substituted alkyl group.

[0049] Among the metal coordination compounds repre-
sented by Formulae I-(1) to 1-(6) above, from the viewpoint

Jun. 7, 2007

of ease of synthesis, a metal coordination compound repre-
sented by Formulae 1-(1) or 1-(4) is preferable.

[0050] The metal coordination compounds represented by
Formulae 1-(1) to I-(6) above are expected to have a high
energy level for the lowest excited state, and are suitable as
blue phosphorescence-emitting materials for organic EL.

[0051] As specific examples of the metal coordination
compounds represented by Formulae I-(1) to I-(6) above,
example compounds are shown below, but they should not
be construed as being limited thereto. X, to X, in Table I-1
represent substituents of ring A.

TABLE I-1

(Specific Synthetic Examples of Metal Coordination Compounds

represented by Formulae I-(1) to I-(6))

Carbazole Other
No M n TUnit X, Ring A X X X, Xy Ligand
L Ik 2 CH, H H H CH;
!
N O
X5 CH;
@ Ir 3 / CH, X, x, H H H H —
i
X7
3 I 2 CH, X, x, H H H H N
£
N
| ™~
O 6}
X7
4) It 2 C,H H CF H H CH
) 25 3 3
O O !
N O
X CH;
5 It 3 C,H H CF H H —
) 2Hs 3

%
O

X
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TABLE I-1-continued
(Specific Synthetic Examples of Metal Coordinatien Compounds
represented by Formulae I-(1) to I-(6))
Carbazole Other
No M Unit X, Ring A X X X, Xy Ligand
6 Ir C,H, H CF, H N
“ /N /
N ~
[0) 0]
X7
M Ir C,H; X, X, H H CF, H CH;
N (0]
X, CHj;
® Ir /  CoHs X, X, H H CF, H —
N
X;
© Ir C,H, X X, H H CF, H N
O Q "N /
N ~
6] 0]
X7
a0 Ir C,H, X X, H H NO, H CH;
N (0]
X, CH;
) Ir /  C,H, X X, H H NO, H -
N
X7
(12) Ir C,Hs H NO, H AN
“N /
N ~
[0) 0]

2
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TABLE I-1-continued
(Specific Synthetic Examples of Metal Coordinatien Compounds
represented by Formulae I-(1) to I-(6))
Carbazole Other
No M Unit X, Ring A X X X, Xy Ligand
13 Ir /  CJH H F H CH;
p
N 0]
X, CH;
14) Ir /  CHs X, X, H H F H -
N
X7
1s) Ir C,Hs X, X, H H F H N
O O "N /
N ~
] 0]
X;
16 Ir C,H, X X, H H CN H CH;
N 0]
X CH;
an Ir / CH; X X, H H CN H —
N
X7
18 Ir C.Hs X X, H H CN H N
/N /
N ~
0 0]
X7
19 Ir CH,CF, X, X, H H H H CH;
N 0]
CH;

2
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TABLE I-1-continued

(Specific Synthetic Examples of Metal Coordinatien Compounds
represented by Formulae I-(1) to I-(6))

Carbazole Other
No M n Unit X, Ring A X X X, Xy Ligand
Q0 Ir 3 / CIHCF, 5§ H —
N
X7
ey I 2 CHCF; X, X, H H H H AN
O O —‘N /
N
\
(0] 0
X7
) I 2 CHCF; X, X, H CF H H CH;
/! )
N 0
X CH;
23 Ir 3 / CHCF, ¥, x, E CF H H —
N
X7
Q4 Ir 2 CHCF;, X, X, E CF H H AN
9a® A
N ~
0] 6}
X7
25 I 2 CHCF; X, X, H H CF, H CH,
N 6}
X, CH;
26) Ir 3 CH,CF; X, X, H H CF; H —

&
3

2
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TABLE I-1-continued
(Specific Synthetic Examples of Metal Coordinatien Compounds
represented by Formulae I-(1) to I-(6))
Carbazole Other
No M Unit X, Ring A X X X, Xy Ligand
Q) Ir CH,CF, 5§ CF, H N
“ /N /
N ~
[0) 0]
X7
28 Ir CHCF; X, X, H H NO, H CH;
’
N (0]
X, CHj;
29 I / CHCF; X, X, H H NO, H —
N
X7
(B0) Ir CHCF;, X, X, H H NO, H N
"N /
N ~
6] 0]
X7
Gy Ir CHCF;, X, X, H H F H CH;
p
N (0]
X, CH;
() I / CHCF, X, X, H H F H -
N
X7
(33) Ir CH,CF, X, X, H H F H AN
“N /
N ~
[0) 0]

2
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TABLE I-1-continued
(Specific Synthetic Examples of Metal Coordination Compounds
represented by Formulae I-(1) to I-(6))
Carbazole Other
No M n Unit X, Ring A X X5 X; Xy Ligand
G4y Ir 2 CH,CF, H H CN H CH;
“ ’
N 0]
X, CH;
(35) Ir 3 / CHCF, X, X, H H CN H —
N
X5
G6) I 2 CHCF; X, X, H H CN H AN
"N /
N ~
6] 0]
Xy
37 I 2 R cH, u H H CH;
“ !
N 0]
| CH.
X5 ’
B8 Ir 3 FC , CH; X, X> H H H H —
N
X5
(39 Ir 2 FC CH, X, X, H H H H AN
e
N
o 0
X5
@) I 2 FC CH, X, X, H CF, H H CH;
p
N (0]
CH;

2
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TABLE I-1-continued
(Specific Synthetic Examples of Metal Coordination Compounds
represented by Formulae I-(1) to I-(6)
Carbazole Other
No M Unit X, Ring A X X5 X3 X4 Ligand
@) Ir F,C , CH, X x, E CF H H —
N
X7
@2 Ir F,C cH, X, X, E CF H H AN
e
N
~ 0
X7
@3) I F,C CcH, X X, H H CF, H CH;
'O
N e}
CH
X5 ’
@4 Ir F,C , CH, X X, H H CF, H —
N
Xy
@35 Ir EC cH, u CF, H N
i
N
~o 0
Xy
@6 Ir EC cH, X X, H H NO, H CH;
p
N e}
CH
X; ?
@) Ir EC , CH, X X, H H NO, H —
N

2
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TABLE I-1-continued
(Specific Synthetic Examples of Metal Coordination Compounds
represented by Formulae I-(1) to I-(6)
Carbazole Other
No M Unit X, Ring A X X5 X3 X4 Ligand
@48) Ir F,C cH, X x, H H NO, H N
O e
N
o 0
X7
@9 Ir F,C cH, X, X, H H F H CH;
'°
N e}
CH
X; 3
(0) Ir F,C , CH, X X, H H F H —
N
X5
1) Ir F,C cH, X X, H H F H AN
i
N
o 0
Xy
(52) Ir EC cH, u CN H CH;
p
N e}
CH
X5 3
(53 Ir EC , CH, X X, H H CN H —
N
X5
G4 Ir EC cH, X X, H H CN H AN
i
N
o 0

2
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TABLE I-1-continued
(Specific Synthetic Examples of Metal Coordination Compounds
represented by Formulae I-(1) to I-(6)
Carbazole Other
No M Unit X, Ring A X X5 X3 X4 Ligand
(55 Ir F,C CHCF; X, x, H H H H CH;
H !
N 0
CH
X5 3
(56) 1Ir F,C ,CHCF; X, X, H H H H —
N
X7
67 Ir F,C CHCFy X, X, H H H X
i
N
o 0
X5
(58 Ir F,C CHCF; X, X, E CF H H CH,
p
N e}
CH
X, ?
(59 Ir EC ,CHCF; X, X, E CF H H —
N
Xy
60) Ir EC CHCF; X, X, E CF H H N
I
N
o 0
Xy
61) Ir EC CHCF;, X, X, H H CF, H CH;
p
N e}
CH;

2
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TABLE I-1-continued
(Specific Synthetic Examples of Metal Coordination Compounds
represented by Formulae I-(1) to I-(6)
Carbazole Other
No M n Unit X, Ring A X X5 X3 X4 Ligand
(62) Ir 3 FC , CH,CF; X X, H H CF; H —
N
X7
(63) Ir 2 FC CH,CF; X, X, H H CF; H AN
e
N
~ 0
X7
64 Ir 2 FC CH,CF, X, X, H H NO, H CH;
'O
N 0]
CH.
X7 3
(65 Ir 3 R , CH,CF; X X, H H NO, H —
N
Xy
(66 Ir 2 FC CH,CF; X X, H H NO, H x
e
N
~o 0
Xy
(67) Ir 2 FC CH,CF; X, X, H H F H CH;
p
N 0]
CH.
X5 3
68) Ir 3 FC , H —
N

2
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TABLE I-1-continued
(Specific Synthetic Examples of Metal Coordination Compounds
represented by Formulae I-(1) to I-(6)
Carbazole Other
No M Unit X, Ring A X X5 X3 X4 Ligand
69 Ir F,C CHCF; X, x, H H F H N
O e
N
o 0
X7
70) Ir F,C CHCF; X, X, H H CN H CH;
'°
N e}
CH
X; 3
@y I F,C ,CH,CF, X, X, H H CN H —
N
X7
72 Ir F,C CHCF; X, X, H H CN H AN
i
N
o 0
Xy
73 Ir EC t-C,H, X X, H H H H CH;
p
N e}
CH
X, ?
G4 Ir EC , t-C H, X X, H H H H —
N
Xy
75 Ir EC t-C,H, X X, H H H H AN
i
N
o 0

2
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TABLE I-1-continued
(Specific Synthetic Examples of Metal Coordination Compounds
represented by Formulae I-(1) to I-(6))
Carbazole Other
No M Unit X, Ring A X X5 X; Xy Ligand
(76) Ir FiC t-C4Ho X, X H CF, H H CH;
N 0]
CH.
X ’
an Ir F,C , t-C4H, X, X, H CF, H H —
N
X7
(78) Ir F,C +-C H, X X, E CF H H N
O e
N
~ 0
X7
79 Ir t-C,H, X x, H H CF, H CH;
“ p
N 0]
X, CH;
(80) Ir /  tCH, X, X, H H CF, H —
I
X5
@®1) Ir t-C,H, X, x, H H CF, H N
"N /
N
\
o) 0]
X7
82) Ir +-CyH, X, X, H H NOo, H CH;
!
/ )
N 0]
CH3

ks
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TABLE I-1-continued
(Specific Synthetic Examples of Metal Coordinatien Compounds
represented by Formulae I-(1) to I-(6))
Carbazole Other
No M Unit X, Ring A X X X, Xy Ligand
83) Ir /  tCH, 5§ No, H —
N
X7
(84) Ir +-C H, X, X, H H NO, H AN
N
N
\
] 0]
X7
®5) Ir +-CyH, X, X, H H F H CH;
/ )
N 0]
X7 CH;
86) Ir / t+CH, X X, H H F H —
N
X7
®7) Ir t-C,H, X X, H H F H AN
/N /
N ~
(0] 0]
X7
(88) Ir +-C H, X X, H H CN H CH,
N 0]
X, CH;
89 Ir t-C,Hy X, X, H H CN H —

&
3

2
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TABLE I-1-continued
(Specific Synthetic Examples of Metal Coordinatien Compounds
represented by Formulae I-(1) to I-(6))
Carbazole Other
No M Unit X, Ring A X X X, Xy Ligand
90) Ir t-C,Hg H CN H AN
“ /N /
N ~
[0) 0]
X7
(91) Rh C,Hs X, X, CF3 H H CH;
N (0]
X, CHj;
(92) Rh / C.Hs X, X CF3 H H —
N
X;
(93) Rh C,Hs X X, CF; H H AN
O Q "N /
N ~
6] 0]
X7
(94) Ru C,Hs X X, CF; H H CH;
N (0]
X, CH;
95) Ru /  C,Hs X, X, CF3 H H —
N
Xy
96) Ru C.H H H
215 \
“N /
N ~
[0) 0]

2
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TABLE I-1-continued
(Specific Synthetic Examples of Metal Coordinatien Compounds
represented by Formulae I-(1) to I-(6))
Carbazole Other
No M Unit X, Ring A X X X, Xy Ligand
©7) Os /  CJH H CF, H CH;
p
N 0]
X, CH;
(98) Os /  CHs X, X, HE CF H H -
N
X7
©9) Os C,Hs X, X, H CF H H N
O O AN A
N ~
] 0]
X;
(100) Pd / CH; X x, E CF H —
N
X7
(101) Pd / CH; X X, E CF H H —
N
X7
(102) Pt /  C,H, X X, E CF H H -
N
X7
(103) Pt C,Hs H H —

&
3

2
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TABLE I-1-continued
(Specific Synthetic Examples of Metal Coordination Compounds
represented by Formulae I-(1) to I-(6))
Carbazole Other
No M n Unit X, Ring A X X5 X3 Xy Ligand
104) Ir 2 C,Hs u H H ILC  CH
\/
C—CH;
o
N \ )
X5 0]
C—CH;
/\
H;C  CH;
103) Ir 2 C,H; X x, H H H H CH,
. ' 0
II )
N o]
X CH;
(106) Ir 2 C,H; H H H N
N
“ N N,
N ~
X [0) o]
107 I 2 C,H, X, x, K H CF, H mC  CH
\/
C—CH;
0
N \ )
X5 0
C—CH;
/\
H;C  CHz
108) Ir 2 C,H; X x, H H CF, H CH;
0
N o]
X7 CHj3
109) Ir 2 C,H; H CF, H N
N
“ N o,
N ~
[0) [6]

X7
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TABLE I-1-continued
(Specific Synthetic Examples of Metal Coordinatien Compounds
represented by Formulae I-(1) to I-(6))
Carbazole Other

No M n Unit X, Ring A X X X, Xy Ligand
(110) Ir 3 C,Hy K H H H H —

N

—

(0]
N
H H H H —

.
N

S
4
=

H

X7
CHs

Ir 3

(111)
H

g g zg
sllegie

>
A9
@]
=
N
o]
o5
W

X5
C2H5

112 Ir 3

X7
C,H;
/:\N:[
(6} X,

H

113) I 3

H

(114) Ir 3

H H

o

7, Sz
\

\

e

C2H5
CH;

Ir 3 F
H
0]

(116)
i i

C,Hs ,
CI;

a7 o 2

X7
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TABLE I-1-continued

(Specific Synthetic Examples of Metal Coordination Compounds

represented by Formulae I-(1) to I-(6)
Carbazole Other
No M n Unit X, Ring A X X5 X3 X4 Ligand
sy I 2 C,H; \ o H N
‘N |
— Ao
N S
o 0
X7
119) I 2 C,H, N H H H H CH;
[ Pan
\ — J
N { D
N ! 0
X, CH;
120 Ir 2 C,H, | i - - AN
‘N X, |
‘< I N A
N 0 X ~
(0] 0
X7
1y Ir 2 CH,CF H H H H CH
) AL} /N\ 3
\ = S
N { D
N ! 0
X, CH;
(122) Ir 2 FC C,H; N H H H H
/ ~= \
—x |
N/ ’/,N /
N .
~o 0
X7
(123) Ir 2 C,H; kY H H H H HC  CH;
‘N \
/ C—CH;
( 0O
e} /
N < D
X, 0
C—CH;
/\
H;C  CHj
1249) I 2 C.Hs E H H H CH;
O 4</N IO
: \ )
N 0]
CH;

X7
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TABLE I-1-continued

(Specific Synthetic Examples of Metal Coordination Compounds
represented by Formulae I-(1) to I-(6))

Carbazole Other
No M n Unit X, Ring A X, X, X; X, Ligand
125) Ir 2 C,H; N H H H H
/ == \
_N\ |
— N
N - 7 CH;
N ! ~
X, (0] 0]

(Metal Coordination Compounds Represented by Formulae
11-(1) to 11-(6)) -continued

II-(2
[0052] In organic EL, in order to obtain phosphorescence ©

emission from green to red, it is necessary to change the
energy level of the lowest excited state. It is surmised that,
since the lifetime of an excited triplet state is generally long
compared with the lifetime of an excited singlet, and mol-
ecules remain in a high energy state for a long time, the
molecules react with surrounding substances, the molecules
themselves undergo structural change, excitons react with M
each other, etc., and as a result in the conventional metal

coordination compounds the operating life of the phospho-

rescence-emitting device is short.

[0053] The present inventors have carried out various I3

investigations and found that the metal coordination com-
pounds represented by Formulae 11-(1) to II-(6) below are
phosphorescence-emitting materials having phosphores-

cence emission from green to red and a long operating life.

1-(1)
II-(4)

M=_]
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-continued

I-(5)

11-(6)

(In the formulae, M is Ir, Rh, Ru, Os, Pd, or Pt, and n is 2
or 3. When M is Ir, Rh, Ru, or Os and n is 2, another
bidentate ligand further bonds to M. Ring A is a cyclic
compound containing a nitrogen atom bonded to M. X, to
X, are independently substituents selected from the group
consisting of —H, —OH, —R', —OR? —SR?, —OCOR?,
—COOR?, —SiR°R’R®, —NH,, —NHR’, and —NR'“R"
(here, R* to R** represent a C1 to C22 straight-chain, cyclic,
or branched alkyl group, a C6 to C21 aryl group, a C2 to C20
heteroaryl group, or a C7 to C21 aralkyl group, and R to R™
may be identical to or different from each other), X, to X,
may be identical to or different from each other, and ring A
may have a substituent that is the same as the groups defined
by X, to X,.) Here, R! to R* may have a substituent, and
examples of the substituent include a halogen atom, a cyano
group, an aldehyde group, an amino group, an alkyl group,
an alkoxy group, an alkylthio group, a carboxyl group, a
sulfonic acid group, and a nitro group. These substituents
may further be substituted by a halogen atom. a methyl
group, etc.

[0054] In the metal coordination compounds represented
by Formulae I1I-(1) to II-(6) above, ring A is preferably any
one of the cyclic compounds having the structures shown
below, is more preferably pyridine, quinoline, benzoxazole,
benzothiazole, benzimidazole, benzotriazole, imidazole,
pyrazole, oxazole, thiazole, triazole, benzopyrazole, triaz-
ine, or isoquinoline, which may have a substituent that is the
same as the groups defined by X, to X, (hereinafter collec-
tively referred to as substituents Xn), and is yet more
preferably pyridine, quinoline, or isoquinoline.

31
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Formulae II-(7)

7 75
Z 2
— 73
\
\ /)% \ .
/ /
“ Zs 7s
Z Zy
0 2 s 2
<\ <\
/N A /N 75
74 74
7 7 7
\ Z N Z
_< J
\ _"
N Z \N/ Z
/ /
Zs Zy
7 7 7
)~y s N A —~ 7
/N Z3 /N 23 /N/ \Z3
7y
0 Z, S Z \ 7,
N
| | /
\ \ —N |
/N 2 /N z \\N
7
/ 3
7y
New 21 Z
4</ N 7
%k _N\
/N & a Z
Zs
Zy
Z)
N:< 0 Z S 4
< <X T <
\N 4/< /N/N /N/N
/
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-continued
N= —N
<\ ~ \ &
N / N /
Z3 / Z3
Zl\ VA |
N V4 \
N | \( 2 N | AN
Z3_<
<\N N \N N
/
Z3 7,
7 74
73
\
0GR Ya
224<
\ N ,
\ / “
7, /N
Zs
22 Zg Zl
—N 7>
Z) 74
\
N / Z
Zg \ / Zs /
N
5
/ ’ ~
[0055] Here, 7, to Z, are the same substituents as the

substituents represented by Xn in Formulae I1-(1) to 1I-(6),
and 7, to Z,; may be identical to or different from each other.

[0056] When metal M is Ir, Rh, Ru, or Os and n=2, another
ligand bonded to the metal M is preferably either one of the
compounds having the structures shown below.

32
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Formulae II-(8)

Y,
Y
Y Y-
0 1 | \ 3
Y,
P
0 Y,y
Y;
NY O (6]

[0057] Here, Y, to Y, are the same substituents as the
substituents represented by Xn in Formulae I1-(1) to 11-(6),
andY, to Y, may be identical to or different from each other.

[0058] In the metal coordination compounds represented
by Formulae I1-(1) to II-(6) above, it is preferable for at least
one of the substituents Xn and the substituents of ring A
defined as being the same as Xn to be —R, —OR, or —SR
from the viewpoint of ease of control of the emission color
from green to red. When at least one of the substituents Xn
or the substituents of ring A defined as being the same as Xn
comprises any one of the above-mentioned substituents, the
other Xn are often hydrogen atoms, but may be another
substituent. For example, X, is preferably an alkyl group, an
aryl group, or a heteroaryl group.

[0059] Among the metal coordination compounds repre-
sented by Formulae 1I-(1) to II-(6) above, a metal coordi-
nation compound represented by Formulae 11-(1) or I1-(4) is
preferable from the viewpoint of ease of synthesis.

[0060] With regard to the metal coordination compounds
represented by Formulae I1-(1) to 1I-(6) above, the energy
level of the lowest excited state is changed by variously
changing the substituent, and they are suitable as light-
emitting materials for organic EL having green to red
emission.

[0061] Specific examples of the metal coordination com-
pounds represented by Formulae II-(1) to 1I-(6) above
include the example compounds illustrated below, but they
should not be construed as being limited thereto. X, to X, in
Table 1I-1 represent substituents of ring A.
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(Metal Coordination Compounds Represented by Formulae
1-(1) to III-(6))

[0062] 1In organic EL, in order to obtain phosphorescence
emission from blue to red, it is necessary to change the
energy level of the lowest excited state. It is surmised that,
since the lifetime of an excited triplet state is generally long
compared with the lifetime of an excited singlet, and mol-
ecules remain in a high energy state for a long time, the
molecules react with surrounding substances, the molecules
themselves undergo structural change, excitons react with
each other, etc., and as a result the operating life of the
phosphorescence-emitting device is short.

[0063] The present inventors have carried out various
investigations and found that the metal coordination com-
pounds represented by Formulae I1I-(1) to I1I-(6) below are
phosphorescence-emitting materials having phosphores-
cence emission from blue to red and a long operating life.

III-(1)

III-(2)

1-(3)

Jun. 7, 2007

-continued

III-(4)

M="]

II-(5)

III-(6)

B: >0, »8§, >C=0, >80,, >CR,
(In the formulae, M is Ir, Rh, Ru, Os, Pd, or Pt, and n is 2
or 3. When M is Ir, Rh, Ru, or Os and n is 2, another
bidentate ligand further bonds to M. Ring A is a cyclic
compound containing a nitrogen atom bonded to M. X, to
X, and R are independently substituents selected from the
group consisting of —R!, —OR?* —SR? —OCOR?,
—COOR®, —SiR°R’R®, and —NR°R'° (here, R' to R™
represent a hydrogen atom, a halogen atom, a cyano group,
a nitro group, a C1 to C22 straight-chain, cyclic, or branched
alkyl group or a corresponding halogen-substituted alkyl
group in which a part or all of the hydrogen atoms are
substituted by a halogen atom, a C6 to C21 aryl group, a C2
to C20 heteroaryl group, or a C7 to C21 aralkyl group, or a
corresponding halogen-substituted aryl group, halogen-sub-
stituted heteroaryl group, or halogen-substituted aralkyl
group in which a part or all of the hydrogen atoms are
substituted by a halogen atom, and R' to R'® may be
identical to or different from each other), X, to X, may be
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identical to or different from each other, and ring A may have
a substituent that is the same as the groups defined by X, to
X,.) Here, R* to R may have a substituent, and examples
of the substituent include a halogen atom, a cyano group, an
aldehyde group, an amino group, an alkyl group, an alkoxy
group, an alkylthio group, a carboxyl group, a sulfonic acid
group, and a nitro group. These substituents may further be
substituted by a halogen atom, a methyl group, etc.

[0064] In the metal coordination compounds represented
by Formulae I1I-(1) to 1II-(6) above, ring A is preferably any
one of the cyclic compounds having the structures shown
below, is more preferably pyridine, quinoline, benzoxazole,
benzothiazole, benzimidazole, benzotriazole, imidazole,
pyrazole, oxazole, thiazole, triazole, benzopyrazole, triaz-
ine, or isoquinoline, which may have a substituent that is the
same as the groups defined by X, to X, (hereinafter collec-
tively referred to as substituents Xn), and is yet more
preferably pyridine, quinoline, or isoquinoline.

Formulae III-(7)

Jun. 7, 2007
-continued

Z,
/N\N/Zl ) Z,
4§N;\ZZ _N\N .

Zs Zs

Z
Ne— 0 Zy $ Z
< < <

7 7> Z, 7,
U
N—N N
/ / %Zs
7 7,
N= =N
4<\ / Z> \NA/gflz
7 / 73
Z Zl\ |
N N\ Z, N I\\
~ 1T <17
/
Z3 7>
7 73

N
N Y 7 Zy
Z; —<\ |
N

2 7
—N 7>
Zl Z4
\N / Z
3
Zs \ / Zs /
N Zs Zy
/

[0065] Here, Z, to Z, are the same substituents as the
substituents represented by Xn in Formulae I11-(1) to I11-(6),
and 7, to Z, may be identical to or different from each other.

[0066] Whenmetal M is Ir, Rh, Ru, or Os and n=2, another
ligand bonded to the metal M is preferably either one of the
compounds having the structures shown below.
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Formulae III-(8)

Y,
Y
Y Y
0 1 | \ 3
N /
0 Y,
Y;
O (6]

[0067] Here, Y, to Y, are the same substituents as the
substituents represented by Xn in Formulae I11-(1) to 11I-(6),
and Y, to Y, may be identical to or different from each other.

[0068] In the metal coordination compounds represented
by Formulae I11-(1) to II1-(6) above, at least one of the
substituents Xn and the substituents of ring A defined as
being the same as Xn is preferably a halogen atom, a cyano
group, or a halogen-substituted alkyl group from the view-
point of a blue emission color being obtained, more prefer-
ably a fluorine atom, a chlorine atom, a cyano group, or a
trifluoromethyl group, yet more preferably a fluorine atom
or a trifluoromethyl group, and most preferably a fluorine
atom. From the viewpoint of ease of control of emission
color from blue to red, —R, —OR, or —SR is preferable.

Jun. 7, 2007

When at least one of the substituents Xn or the substituents
of ring A defined as being the same as Xn comprises any one
of the above-mentioned substituents, the other Xn are often
hydrogen atoms, but may be another substituent.

[0069] Among the metal coordination compounds repre-
sented by Formulae 1I1-(1) to I11-(6) above, from the view-
point of ease of synthesis, a metal coordination compound
represented by Formulae 111-(2) or 111-(5) is preferable.

[0070] Among the metal coordination compounds repre-
sented by Formulae 1II-(1) to I11-(6) above, from the view-
point of a blue emission color being obtained, B is prefer-
ably >C=0 or >SO,. and from the viewpoint of an emission
wavelength from green to red being obtained, B is preferably
>0, >S, or >CR,

[0071] With regard to the metal coordination compounds
represented by Formulae T11-(1) to I11-(6) above, the energy
level of the lowest excited state is changed by variously
changing the substituent, and they are suitable as light-
emitting materials for organic EL having emission from blue
to red.

[0072] Specific examples of the metal coordination com-
pounds represented by Formulae I1I-(1) to III-(6) above
include example compounds illustrated below, but they
should not be construed as being limited thereto. X, to X, in
Table 1II-1 represent substituents of ring A.

TABLE III-1

(Specific Synthetic Examples of Metal Coordination Compounds

represented by Formulae I11-(1) to I1T-(6))

Fused Other
No M n Ring Unit Ring A X X5 X, X4 Ligand
o o2 H H i CH;
O IO
c { D
| o
0]
CH;
@ Ir 3 O 0 H H H _
i
o]
G Ir 2 H H H N
O "N /
I
0 ™~
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TABLE III-1-continued
(Specific Synthetic Examples of Metal Coordination Compounds
represented by Formulae III-(1) to I1I-(6))
Fused Other
No M n Ring Unit Ring A X X X, X4 Ligand
@ Ir 2 H CH, H H CH;
IO
: { )
I 0
0]
CH;
5 Ir 3 O H CH; H H _
I
0]
6 I 2 H H N
'
ﬁ .
0 o 0
7 I 2 CH, H CH;
,O
c { D
I 0
0]
CH;
@ Ir 3 O X, X H H CH,4 H _
C
I
0]
©® I 2 X X5 H H CH; H AN
1
ﬁ .
0 ~o 0
1 I 2 X, x, H H H OCH, CH,
,O
[0)

oO=0

CH,
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TABLE III-1-continued
(Specific Synthetic Examples of Metal Coordination Compounds
represented by Formulae III-(1) to I1I-(6))
Fused Other
No M n Ring Unit Ring A X X X, X4 Ligand
1y Ir 3 0 H H OCHj,4 —
C
I
(6]
12 Ir 2 H H OCH; AN
I
ﬁ .
0 o 0
3 I 2 X, X, H E N(CH;), H CH,
p
c ()
I o
(6]
CH;
14 Ir 3 0 X, X, H H N(CH;), H _
C
I
6]
s I 2 X, x, H H N(CH,), H X
AN A
ﬁ .
0 o 0
(16 Ir 2 H H CH3
IO
: { )
I 0
6]
CH;
an Ir 3 H H —

oO=0

CJ
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TABLE III-1-continued
(Specific Synthetic Examples of Metal Coordination Compounds
represented by Formulae III-(1) to I1I-(6))

Fused Other
No M n Ring Unit Ring A X X X, X4 Ligand
a I 2 H CF, H H AN

P

ﬁ .

0 ~o o
19 Ir 2 H H CF3 H CH;

/

c ()

I 0

6]

CH;

Q0) Ir 3 0 E CF, H _

C

I

(6]
@2y Ir 2 H CF; H AN

I

ﬁ .

0 o 0
@) Ir 2 it NO, H CH;

’

c )

I 0

o]

CH;

(23 Ir 3 0 H NO, H —

C

I

6]
e Ir 2 H NO, H N

I

ﬁ .

0 ~
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TABLE III-1-continued
(Specific Synthetic Examples of Metal Coordination Compounds
represented by Formulae III-(1) to I1I-(6))
Fused Other
No M n Ring Unit Ring A X X X, X4 Ligand
Q5 I 2 H F H CH;
O '°
c { )
I 0
(6]
CH;
(26) Ir 3 O O H F H —
C
I
6]
en I 2 H F H N
O Ao
ﬁ .
0 o 0
(28) Ir 2 H CN H CH;
O '°
c ()
I 0
6]
CH;
29 Ir 3 O O H CN H —
C
I
o]
(B30) Ir 2 H CN H AN
O N A
ﬁ .
0 o o
G I 2 H H H CH,
‘ ()
0]

Colls

Colls

CH,
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TABLE III-1-continued

(Specific Synthetic Examples of Metal Coordination Compounds
represented by Formulae III-(1) to I1I-(6))

Fused Other
No M n Ring Unit Ring A X X X, X4 Ligand
(32 Ir 3 “\ H H H _
C
/\
C2H5 C2H5
(3 I 2 . ' i i i N
4‘N /
C
CHs GH
oHs  CoHs \O 0
(34 Ir 2 H CH; H H CH;
o
J )
c \
(0]
Clls  Gls
CH;
@35 Ir 3 “\ X X, H CH; H H _
C
/\
C2H5 C2H5
G6) Ir 2 H H N
. . N A
C
GHs GH
2Hs  GHs \O 0
67 I 2 CH, H CH;
o
‘ {
/\ 0
GHs  CHs
CH;
(3% Ir 3 ”\ CH, H _
C
/\

Cls  Gls
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TABLE III-1-continued
(Specific Synthetic Examples of Metal Coordination Compounds
represented by Formulae III-(1) to I1I-(6))
Fused Other
No M n Ring Unit Ring A X X X, X4 Ligand
39 I 2 H CH, H AN
. ' RN
/N ’
CH; GH
2Hs  GHs \O 0
(40 Ir 2 H H OCH; CH;
0]
“\ /,
‘ { D
o]
GHs Gl
CH;
@y Ir 3 “\ H H OCH,4 _
C
CHs  Gls
(42 Ir 2 X, X, H H H OCH; AN
a‘N /
l [ o ] l .
C H/ \C H N
o5 (GHs 0 0
@) Ir 2 H N(CH;), H CH;
0
/ )
c \
0]
CHs  CGls
CH;
@) It 3 “\ H N(CH;), H _
C
/N
Cls  GHs
@) Ir 2 it N(CH,), H N
. . N
/N
GHs  GHs ~
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TABLE III-1-continued
(Specific Synthetic Examples of Metal Coordination Compounds
represented by Formulae III-(1) to I1I-(6))
Fused Other
No M n Ring Unit Ring A X X X, X4 Ligand
@6 Ir 2 H CF, H H CH;
“\ p
‘ D
/\ o)
CHs  Gls
CH;
C
/\
CHs  CoHg
@8 Ir 2 H H N
. . N S
/N ’
CHs  CpH.
2H5  (oHs \O 0
@49 I 2 CF, H CH;
“ O
,I
‘ { )
/\ 0
GHs Gl
CH;
(50) Ir 3 “\ H CF,4 H _
C
/\
CHs  CyHs
Gy L 2 . ' i CF, H XN
AN A
/N ’
CoHs  CoH.
o5 (s \O o
(52) Ir 2 it NO, H CH;
”\ ,O
‘ { D
/\ o

Colls

Colls

CH,
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TABLE III-1-continued
(Specific Synthetic Examples of Metal Coordination Compounds
represented by Formulae III-(1) to I1I-(6))
Fused Other
No M n Ring Unit Ring A X X X, X4 Ligand
(33) Ir 3 “\ H NO, H _
C
/\
CHs  CHs
G4 I 2 H NO, H N
. . AN A
/N '
CH; GH
o5 (oHs \O 0
(%) Ir 2 E F H CH;
“\ i
‘ (D
/\ o)
CHs  Gls
CH;
56 Ir 3 “\ E F il _
C
/\
GHs Gl
67 It 2 it F H X
. . RN
/N ’
CH; GH
2Hs  GHs \O 0
(58) Ir 2 H CN H CH;
“ i
‘ (D
/\ 0
Cls  GHs
CH;
(59 Ir 3 ”\ H CN H _
C
/\

Colls

Colls
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TABLE III-1-continued

(Specific Synthetic Examples of Metal Coordination Compounds
represented by Formulae III-(1) to I1I-(6))

Fused Other
No M n Ring Unit Ring A X, X X3 X4 Ligand
60) Ir 2 3§ CN H SN
Q ’\Q .
N\
Gl Colls \O o
61) Ir 2 H H H CH,
() :
\O
62) Ir 3 O Q H H H _
63 Ir 2 3§ H H N
(1) 1
O NN

69 Ir 2 X, X, H CH H H CH;
g

CH;
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TABLE III-1-continued

(Specific Synthetic Examples of Metal Coordination Compounds
represented by Formulae II1-(1) to 111-(6))

Fused Other
No M n Ring Unit Ring A X, X X, X4 Ligand

OO
DR

H CH, H H —

66) Ir 2 H CH, H H | N
§ I
920 NN
67 Ir 2 H CH, H CH;

o

\o
CH;

(68) Ir 3 H CH, H —

(69 Ir 2 H CH; H | A
NG 4

~
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TABLE III-1-continued

(Specific Synthetic Examples of Metal Coordination Compounds
represented by Formulae II1-(1) to 111-(6))

Fused Other
No M n Ring Unit Ring A X, X X, X4 Ligand
(70 Ir 2 H H OCH; CH;
0]

CH;
7y Ir 3 O Q H H OCHj, —
(72) Ir 2 H H OCH; x

0.0 AN A
(73) I 2 H N(CH;), H CH;
0]
CHj;
H N(CH;), H —

OO
o O
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TABLE III-1-continued

(Specific Synthetic Examples of Metal Coordination Compounds
represented by Formulae II1-(1) to 111-(6))

Fused Other
No M n Ring Unit Ring A X, X X, X4 Ligand
@5 Ik 2 H N(CH;), H AN
i) L
920 S
(76 Ir 2 H CF; H H CH3
i) :
\O
she
77 Ir 3 O O H CF; H H —
(78) Ir 2 H CF,; H H AN
) 19
920 e
79 Ir 2 H H CF; H CH;
() ;
\O
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TABLE III-1-continued

(Specific Synthetic Examples of Metal Coordination Compounds
represented by Formulae II1-(1) to 111-(6))

Fused Other
No M n Ring Unit Ring A X, X X, X4 Ligand
@80 Ir 3 : : H CF, H —
@81y Ir 2 H CF; H AN
O.Q AN A
82 Ir 2 H NO, H CH;
o
0]
CHj;
83 Ir 3 H NO, H —
84 Ir 2 H NO, H AN
AN A
\
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TABLE III-1-continued

(Specific Synthetic Examples of Metal Coordination Compounds
represented by Formulae II1-(1) to 111-(6))

Fused Other
No M n Ring Unit Ring A X, X X, X4 Ligand
85 Ir 2 H F H CH;
L) p
\O
(86 Ir 3 O Q H F H —
®7) Ir 2 H F H x
() 1
920 R
88) Ir 2 H CN H CH;
) p
\O
H CN H —

OO
o O
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TABLE III-1-continued

(Specific Synthetic Examples of Metal Coordination Compounds
represented by Formulae III-(1) to I1I-(6))

Fused Other
No M n Ring Unit Ring A X, X X, X, Ligand
©) Ir 2 H U CN H N
O.Q N A
©) I 2 H H H H CH,
o
6}

CH;
©) Ir 3 H U H H —
©) I 2 H H H H AN

LN S

o 0
94 Ir 2 H CH, H H CH;

o

J/ )

0

CH,
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TABLE III-1-continued
(Specific Synthetic Examples of Metal Coordinatien Compounds
represented by Formulae ITI-(1) to I1I-(6))
Fused Other
No M n Ring Unit Ring A X X X5 X, Ligand
©3) Ir 3 H CH, H H —
©6 I 2 H CH, H H N
AN A
0] 0]
©) Ir 2 H H CH, H CH,
0
0]
CH;
©8) Ir 3 H H CH, H -
©9) Ir 2 it CH, H N
N
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TABLE III-1-continued
(Specific Synthetic Examples of Metal Coordination Compounds
represented by Formulae III-(1) to I1I-(6))
Fused Other
No M n Ring Unit Ring A X X X, X4 Ligand
(100) Ir 2 H H H CH;
o
0 { )
(0]
CH;
(10 Ir 3 H H H —
[9) !
(102) Ir 2 H H H \
N S
o .
o 0
(103) Ir 2 X, X, H CH; H H CH;
0
0 ()
0]
CH;
(104 Ir 3 H H —
9] !
(105) Ir 2 H H AN
LN P
o .
~o 0
103) I 2 H H CH,
o
. ()
0]

CH,
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TABLE III-1-continued

(Specific Synthetic Examples of Metal Coordination Compounds
represented by Formulae III-(1) to I1I-(6))

Fused Other
No M n Ring Unit Ring A X X X, X4 Ligand
104) Ir 3 H CH, H H -
(0] !
(103 Ir 2 H CH; H H AN
LN P
(0]
~ 0
106) Ir 2 X X, H E CH, H CH,
0
J )
o \
0
CH;
(107) Ir 3 H CH, H —
(0] !
108) I 2 X x, H E CH, H N
,-N A
(0]
o 0
(109) Ir 2 H H OCH; CH;
o
. { D
0
CH;
110) Ir 3 X, x, H E H OCH,4 —
0] !
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TABLE III-1-continued
(Specific Synthetic Examples of Metal Coordination Compounds
represented by Formulae III-(1) to I1I-(6))
Fused Other
No M n Ring Unit Ring A X X X, X4 Ligand
a I 2 H H OCH, AN
N P
o .
o 0
12) Ir 2 H N(CHzp H CH;
0]
I,,
: { D
0]
CH;
113) Ir 3 X, X, H H N(CHy, H —
[0)
(114) Ir 2 N(CH;, H AN
AN A
o .
o 0
ai6) I 2 H H CH;
Y
/ )
o \
0]
CH;
(117) Ir 3 H H —
[0)
118) I 2 H H N
N
[9)
\
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TABLE III-1-continued
(Specific Synthetic Examples of Metal Coordination Compounds
represented by Formulae III-(1) to I1I-(6))
Fused Other
No M n Ring Unit Ring A X X X, X4 Ligand
119) Ir 2 H CF, H CH;
0
: { )
0]
CH;
(120) Ir 3 H CF, H —
[0) !
121) I 2 E CFs H N
N S
[0)
o 0
(122) Ir 2 H NO, H CH;
[0)
,I
t! { D
0]
CH;
123 Ir 3 it NO, H —
[0) !
(124) Ir 2 H NO, H AN
LN P
[0)
~o 0
(125 Ir 2 H F H CH;
o
. ()
[0)

CH,
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TABLE III-1-continued
(Specific Synthetic Examples of Metal Coordination Compounds
represented by Formulae III-(1) to I1I-(6))
Fused Other
No M n Ring Unit Ring A X X X, X4 Ligand
(126) Ir 3 H F H —
[0) !
(127 Ir 2 H F H AN
N A
o .
o 0
(128) Ir 2 H CN H CH;
o
: ()
0]
CH;
(129) Ir 3 H CN H —
[0) !
(130) Ir 2 H CN H \
,-N A
9]
o 0
(130 It 2 H H H CH3
o
; { )
0]
CH;
(13 Ir 2 H H H CH;
o
; ()
0]

CH,
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TABLE III-1-continued
(Specific Synthetic Examples of Metal Coordination Compounds
represented by Formulae III-(1) to I1I-(6))
Fused Other
No M n Ring Unit Ring A X X X, X4 Ligand
(132) Ir 3 H H _
S !
(133) Ir 2 H H AN
N A
g .
o 0
(134) Ir 2 H H CH;
o
J/ )
; \
0]
CH;
(135) Ir 3 X, X, H CH; H H —
S
(136) Ir 2 H H \
,-N A
S
o 0
137 Ir 2 CH; H CH3
o
; { )
0]
CH;
138) Ir 3 X x, H E CH, H -
S
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TABLE III-1-continued
(Specific Synthetic Examples of Metal Coordination Compounds
represented by Formulae III-(1) to I1I-(6))
Fused Other
No M n Ring Unit Ring A X X X, X4 Ligand
139) I 2 H CH, H N
N P
S
o 0
(140) Ir 2 H H OCH; CH;
0]
I,,
: ()
0]
CH;
14l Ir 3 H H OCH,4 —
S !
(142) Ir 2 H H OCH, AN
AN A
S
o 0
143) Ir 2 H N(CH;), H CH,
Y
I )
; \
(0]
CH;
(144 Ir 3 H N(CH;), H —
S
145) Ir 2 X x, H E N(CH;), H N
N
S
\
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TABLE III-1-continued
(Specific Synthetic Examples of Metal Coordination Compounds
represented by Formulae III-(1) to I1I-(6))
Fused Other
No M n Ring Unit Ring A X X X, X4 Ligand
(146) Ir 2 H CF, H H CHj3
0
; { )
(0]
CH;
147y Ir 3 H CF; H H —
S !
(148) Ir 2 H H \
N S
S
o 0
(149 Ir 2 CF; H CH;
0]
,I
l! { D
0]
CH;
150) Ir 3 X, x, H H CF, H —
S
(15 Ir 2 X X5 H H CF3 H AN
LN P
S
~o 0
(152) Ir 2 H NO, H CH;
o
; ()
0]

CH,
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TABLE III-1-continued
(Specific Synthetic Examples of Metal Coordination Compounds
represented by Formulae III-(1) to I1I-(6))
Fused Other
No M n Ring Unit Ring A X X X, X4 Ligand
153) Ir 3 H NO, H -
S !
(154 Ir 2 H NO; H AN
N A
S
o 0
1s5) Ir 2 H F H CH;
o
J/ )
; \
0]
CH;
(156) Ir 3 H F H —
S !
157 Ir 2 H F H \
,-N A
S
o 0
(158) Ir 2 H CN H CH3
o
; { )
0]
CH;
(159) Ir 3 H CN H —
S !
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TABLE III-1-continued

(Specific Synthetic Examples of Metal Coordination Compounds
represented by Formulae III-(1) to I1I-(6))

Fused Other
No M n Ring Unit Ring A X X X, X4 Ligand
(160) Ir 2 H CN H \
O O N F
S
\O 0]
(161) Ir 2 H H )i CH;
II,O >
I\ \
0]
O/\O
CH;
(162) Ir 3 C 0 H H H _
I\
O/\O
(163) Ir 2 H H H AN
.
S
AN
o 0 \O o
(164) Rh 2 it CH, H CH;
9 g
c ()
I 0
0 CH;
(165) Rh 3 O 0 H CH, H —
C
I
6]
(166) Rh 2 H CH, H N
O A
C
| <
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TABLE III-1-continued
(Specific Synthetic Examples of Metal Coordination Compounds
represented by Formulae III-(1) to I1I-(6))
Fused Other
No M n Ring Unit Ring A X X X, X4 Ligand
(167) Ru 2 H CH, H CH,
M\ i
c { )
I 0
(6]
CH;
(168) Ru 3 H CH, H —
I
6]
(169) Ru 2 H CH, H N
{ 1
ﬁ .
0 o 0
(170) Os 2 H CH, H CH;
\ 0
c ()
I 0
6]
CH;
a71) Os 3 X x, H E CH, H -
C
I
o]
(172) Os 2 X X5 H H CH; H AN
{ 1
ﬁ .
0 ~o 0
173) Pd 2 X x, H E CH, H -

oO=0

e
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TABLE III-1-continued

(Specific Synthetic Examples of Metal Coordination Compounds
represented by Formulae III-(1) to I1I-(6))

Fused Other
No M n Ring Unit Ring A X, X X3 X4 Ligand
(174) Pd 2 “\ H CH; H _
I
0
(175) Pt 2 H CH, H —
I
0]
(176) Pt 2 H CH; H —
I
0
177 It 2 H CH; H H H;C  CH;
\ C—CH;
0
I ®
; \
O
C—CH;
H;C  CHj
178) Ir 2 H CH, H H CH;
M\ IO
. { )
I 0
0]
CH;
179 Ir 2 H H AN
{ P
ﬁ - CH3
0 ~
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TABLE III-1-continued

(Specific Synthetic Examples of Metal Coordination Compounds
represented by Formulae III-(1) to I1I-(6))

Fused Other
No M n Ring Unit Ring A X, X X, X, Ligand

(180) Ir 2 X X5 H H CH; H H;C  CH;
C—CH,
X3 0O
/! )
/ X4 O
C—CH;
HC  CH;
asy) I 2 H CH, H CH;
O
(6]
CH;
(182) Ir 2 H cH, H N
N
- / CH;3
o 0

183) Ir 3 5 H H H H —
185) Ir 3

186) Ir 3

Q-
@
\
@
i
@
(184) Ir 3 4<N H H H H _
i
|
|
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TABLE III-1-continued
(Specific Synthetic Examples of Metal Coordination Compounds
represented by Formulae III-(1) to III-(6))
Fused Other
No M n Ring Unit Ring A X, X X3 X4 Ligand
(187) Ir 3 N H H H H —
/T
—N
\ —
N
N !
(188) Ir 3 N H H H H —
/TS
—N.
\ —
(189) Ir 2 . H H H H H3C CH3
ﬁ 0
0]
C—CH3
H3C CH3
(190) Ir 3 N, H H H H CHj
O vy ’
c : W,
I 0
0]
CH;3
(191) Ir 2 N. H H H H CH;
/=
\ N £
\ = ;
N D
c ) \
I ' 0
0]
CH3

<o A

0

layer or charge transporting layer). The charge referred to
invention can be used as an active layer material of an here means a negative or a positive charge. The thickness of
electroluminescent device. The active layer referred to here the active layer is preferably 10 to 100 nm, more preferably
means a layer that is able to emit light when an electric field 20 to 60 nm, and yet more preferably 20 to 40 nm.

is applied (light-emitting layer), or a layer that improves the [0074] The metal coordination compound of the present
charge injection or the charge transporting (charge injection invention may be used as a mixture with another material.

[0073] The metal coordination compound of the present
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Furthermore, the electroluminescent device employing the
metal coordination compound of the present invention may
further have a layer containing a material other than the
above-mentioned metal coordination compound layered
with the active layer containing the metal coordination
compound of the present invention. As a material that may
be used as a mixture with the metal coordination compound
of the present invention, a known material such as a positive
hole injection and/or positive hole transporting material, an
electron injection and/or electron transporting material, a
light-emitting material, or a binder polymer can be used. The
material mixed may be a high molecular weight material or
a low molecular weight material.

[0075] Examples of the positive hole injection and/or
positive hole transporting material that can be used include
materials such as an arylamine derivative, a triphenyl-
methane derivative, a stilbene-based compound, a hydra-
zone-based compound, a carbazole-based compound, a high
molecular weight arylamine, a polyaniline, and a poly-
thiophene, and materials formed by polymerizing the above
materials. Examples of the electron injection and/or electron
transporting material that can be used include materials such
as an oxadiazole derivative, a benzoxazole derivative, a
benzoquinone derivative, a quinoline derivative, a quinoxa-
line derivative, a thiadiazole derivative, a benzodiazole
derivative, a triazole derivative, and a metal chelate complex
compound, and materials formed by polymetizing the above
materials. Examples of the light-emitting material that can
be used include an arylamine derivative, an oxadiazole
derivative, a perylene derivative, a quinacridone derivative,
a pyrazoline derivative, an anthracene derivative, a rubrene
derivative, a stilbene derivative, a coumarin derivative, a
naphthalene derivative, a metal chelate complex, and a metal
complex containing Ir, Pt, etc. as the central metal, materials
formed by polymerizing the above materials, and polymer
materials such as a polyfluorene derivative, a polyphenyle-
nevinylene derivative, a polyphenylene derivative, and a
polythiophene derivative. As the binder polymer that can be
used, one that does not greatly degrade the properties can be
used. Examples of the binder polymer include polystyrene,
polycarbonate, polyarylether, polyacrylate, polymethacry-
late, and polysiloxane.

[0076] In particular, in the present invention, an organic
electroluminescent device can be produced using the above-
mentioned metal coordination compound and, as necessary,
another low molecular weight material,

[0077] Specific examples of the low molecular weight
material include CBP (4,4'-N,N'-dicarbazole-biphenyl),
CDBP (2,2'-dimethyl-4,4'-N,N'-dicarbazole-biphenyl), and
mCP (m-dicarbazole-benzene). The mixing ratio of the low
molecular weight material and the metal coordination com-
pound is such that 1 to 15 wt % of the metal coordination
compound is used relative to the weight of the low molecular
weight material, more preferably 2 to 10 wt %, and yet more
preferably 3 to 8 wt %. When the concentration of the metal
coordination compound is too low, the luminescence effi-
ciency tends to decrease, and when it is too high, concen-
tration quenching is caused due to interaction in the metal
coordination compound, and the luminescence efficiency
tends to deteriorate.

[0078] Furthermore, in the present invention, an organic
electroluminescent device can be produced using a polymer
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composition containing the above-mentioned metal coordi-
nation compound and a conjugated and/or non-conjugated
polymer. The polymer composition referred to in the present
invention means a composition obtained by mixing the
metal coordination compound with a conjugated and/or
non-conjugated polymer or a composition obtained by copo-
lymerizing the metal coordination compound with a conju-
gated and/or non-conjugated polymer.

[0079] Specific examples of the above-mentioned conju-
gated and/or non-conjugated polymer include polymers con-
taining, as a main backbone, such as polyfluorene, polyphe-
nylene, poly(phenylenevinylene), polythiophene,
polyquinoline, polyaniline, polyvinylcarbazole, or a deriva-
tive thereof; and polymers having, as a unit (that is, not
limited to a structure in the main backbone and may be a side
chain structure), a structure of benzene, naphthalene,
anthracene, phenanthrene, chrysene, rubrene, pyrene,
perylene, indene, azulene, adamantane, fluorene, fluorenone,
dibenzofuran, carbazole, dibenzothiophene, furan, pyrrole,
pyrroline, pyrrolidine, thiophene, dioxolane, pyrazole, pyra-
zoline, pyrazolidine, imidazole, oxazole, thiazole, oxadiaz-
ole, triazole, thiadiazole, pyran, pyridine, piperidine, diox-
ane, morpholine, pyridazine, pyrimidine, pyrazine,
piperazine, triazine, trithiane, norbornene, benzofuran,
indole, benzothiophene, benzimidazole, benzoxazole, ben-
zothiazole, benzoxadizxole, benzotriazole, purine, quino-
line, isoquinoline, coumarin, cinnoline, quinoxaline, acri-
dine, phenanthroline, phenothiazine, flavone,
triphenylamine, acetylacetone, dibenzoylmethane, picolinic
acid, silole, porphyrin, or a derivative thereof.

[0080] The mixing ratio or copolymerization ratio of the
polymer and the metal coordination compound is preferably
0.1 to 20 parts by weight of the metal coordination com-
pound relative to 100 parts by weight of the polymer.

[0081] Examples of a solvent that can be used for the
polymer composition include chloroform, methylene chlo-
ride, dichloroethane, tetrahydrofuran, toluene, xylene, mesi-
tylene, anisole, acetone, methyl ethyl ketone, ethyl acetate,
butyl acetate, and ethyl cellosolve acetate.

[0082] Inorderto use the metal coordination compound or
the polymer composition of the present invention as a
material of the active layer of the electroluminescent device,
a thin film can be formed on a substrate using a method
known to a person skilled in the art, such as, for example,
vacuum deposition, ink jet, casting, immersion, printing, or
spin coating. Examples of the printing method include relief
printing, intaglio printing, offset printing, lithographic print-
ing, reverse relief offset printing, screen printing, and gra-
vure printing. Such a layering method can be usually carried
out at a temperature in the range of -20° C. to +300° C.,
preferably 10° C. to 100° C., and particularly preferably 15°
C. to 50° C. The layered polymer solution can usually be
dried at room temperature or by heating on a hot plate.

[0083] The electroluminescent devices usually include an
electroluminescent layer (light-emitting layer) between
cathode and anode electrodes, at least one of which is
transparent. Furthermore, at least one electron injection
layer and/or electron transporting layer is inserted between
the electroluminescent layer (light-emitting layer) and the
cathode and, moreover, at least one positive hole injection
layer and/or positive hole transporting layer is inserted
between the electroluminescent layer (light-emitting layer)
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and the anode. As a material for the cathode, for example, a
metal or metal alloy such as Li, Ca, Mg, Al, In, Cs, Mg/Ag,
or LiF is preferable. As the anode, a metal (e.g. Au) or
another material having metallic conductivity such as, for
example, an oxide (e.g. ITO: indium oxide/tin oxide) on a
transparent substrate (e.g. a glass or a transparent polymer)
can be used.

[0084] Examples of an electron injection and/or electron
transporting layer include layers containing materials such
as an oxadiazole derivative, a benzoxazole derivative, a
benzoquinone derivative, a quinoline derivative, a quinoxa-
line derivative, a thiadiazole derivative, a benzodiazole
derivative, a triazole derivative, or a metal chelate complex
compound.

[0085] Examples of a positive hole injection and/or posi-
tive hole transporting layer include layers containing mate-
rials such as copper phthalocyanine, a triphenylamine
derivative, a triphenylmethane derivative, a stilbene-based
compound, a hydrazone-based compound, a carbazole-
based compound, a high molecular weight arylamine, a
polyaniline, or a polythiophene.

[0086] The metal coordination compound of the present
invention is suitable as, for example, a material for an
organic EL device that has various emission wavelengths,
excellent reliability, excellent emission characteristics, etc.
In particular, the metal coordination compounds represented
by Formulae I-(1) to I-(6) are effective for shortening the
wavelength of the emission color, the metal coordination
compounds represented by Formulae II-(1) to II-(6) are
effective for increasing the life of the device, and the metal
coordination compounds represented by Formulae 11I-(1) to
11I-(6) are effective for shortening the wavelength of the
emission color and increasing the life of a device.

EXAMPLES

[0087] The present invention is explained below with
reference to examples, but the present invention is not
limited by these examples. It is also possible to obtain
electroluminescent devices, other than the examples shown
below, having excellent color purity, reliability, lumines-
cence characteristics, etc. in cases where the above-men-
tioned various metal coordination compounds of the present
invention are used.

Example I-1

Synthesis of Metal Coordination Compound 1-(1)

[0088] A Grignard reagent was prepared by gradually
adding a THF solution of 3-bromo-9-methylcarbazole (30
mmol) to a mixture of magnesium (1.9 g, 80 mmol) and THF
under a flow of argon while stirring well. The Grignard
reagent thus obtained was gradually added dropwise over 2
hours to a THF solution of trimethyl borate (300 mmol) at
-78° C. while stirring well, and the mixture was then stirred
at room temperature for 2 days. The reaction mixture was
poured into 5% dilute sulfuric acid containing crushed ice
and stirred. The aqueous solution thus obtained was
extracted with toluene, and the extract was concentrated to
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give a colorless solid. The solid thus obtained was recrys-
tallized from toluene/acetone (%) to give a boronic acid
carbazole derivative as colorless crystals (40%). The
boronic acid carbazole derivative (12 mmol) thus obtained
and 1,2-ethanediol (30 mmol) were refluxed in toluene for
10 hours, and then recrystallized from toluene/acetone (%4)
to give a boronic acid ester carbazole derivative as colorless
crystals.

H
H MgBr

[0089] A 2M aqueous solution of K,CO, was added to a
toluene solution of 2-bromopyridine (10 mmol), the boronic
acid ester carbazole derivative (10 mmol), and Pd(O)(PPh,),
(0.2 mmol) under a flow of argon, and the mixture was
refluxed for 48 hours while stirring vigorously. The reaction
mixture was cooled to room temperature and then poured
into a large amount of methanol so as to precipitate a solid.
The solid thus precipitated was filtered by suction and
washed with methanol to give 3-(2"-pyridyl)-9-methylcar-
bazole as a solid.

0
H H

H
H O
N
H | H
CH;

\
B—0
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-continued
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[0090] A 200 ml three-necked flask was charged with
iridium (IIT) chloride (1.7 mmol), 3-(2'-pyridyl)-9-methyl-
carbazole (7.58 mmol), 50 ml of ethoxyethanol, and 20 ml
of water, and the mixture was stirred under a flow of
nitrogen at room temperature for 30 minutes and then
refluxed for 24 hours while stirring. The reaction mixture
was cooled to room temperature, and a precipitate was
collected by filtration, washed with water, and then washed
with ethanol and acetone in sequence. The precipitate was
dried under vacuum at room temperature to give di-p-
chloro-tetrakis[ 3-(2'-pyridyl)-9-methylcarbazole-N"',C?]

diiridium (I1I) as a pale yellow powder.

2X O O I1CI33H0
—_—
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[0091] A 200 mL three-necked flask was charged with 70
ml of ethoxyethanol, di-p-chloro-tetrakis[3-(2'-pyridyl)-9-
methylcarbazole-N", C?] diiridium (III) (0.7 mmol), acety-
lacetone (2.10 mmol), and sodium carbonate (9.43 mmol),
and the mixture was stirred under a flow of nitrogen at room
temperature and then refluxed for 15 hours while stirring.
The reaction mixture was cooled with ice, and a precipitate
was collected by filtration and washed with water. This
precipitate was purified by silica gel column chromatogra-
phy (eluent: chloroform/methanol: 30/1) to give bis[3-(2'-
pyridyD)-9-methylcarbazole-N"',C*](acetylacetonato) ~ iri-
dium (III) as a pale yellow powder.

[0092]
NMR spectroscopy, IR spectroscopy, etc. The same applies

The compound thus obtained was identified by

to the compounds shown below.
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Example 1-2

Synthesis of Metal Coordination Compound 1-(2)

[0093] A 200 mL three-necked flask was charged with
3-(2'-pyridyl)-9-methylcarbazole (1.7 mmol), bis[3-(2'-py-
ridyl)-9-methylcarbazole-N",C?] (acetylacetonato) iridium
(1IT) (0.28 mmol) synthesized in Example I-1, and glycerol
(55 mL), and the mixture was heated under a flow of
nitrogen at about 180° C. for 8 hours while stirring. The
reaction mixture was cooled to room temperature and
poured into 350 mL of 1 N hydrochloric acid, and a
precipitate was collected by filtration, washed with water,
and dried under vacuum at 100° C. for 5 hours. This

precipitate was purified by silica gel column chromatogra-
phy using chloroform as an eluent to give tris[3-(2'-pyridyl)-
9-methylcarbazole-N"",C?] iridium (1) as a pale yellow
powder.

CH;COCH,COCH;
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Example I-3 to Example 1-9

Synthesis of Various Types of Metal Coordination
Compounds

[0094] Various types of metal complex compounds shown
in Table I-2 below were synthesized by the same method as
the synthetic methods of Example I-1 and Example I-2
except that starting materials such as the carbazole unit, ring
A, and other ligands were changed.

TABLE 1-2
Carbazole Ring Other
No M 1 Unit Xy A X, X X X, Ligand
5)Ir 3 C,Hs H H —
N
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TABLE I-2-continued
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Carbazole Ring Other
No M 1 Unit Xy A X X X X, Ligand
Hr 3 7 C,H HH F H —
N
|
X7
g 2 H H H cH,
D
1 -
%, CH;,
gy 2 H H H N
e
N \
| 0" o
X
@) I 3 / H CF, H —
N
|
X7
106) Ir 2 H H H AN
N
/'II / CH3
N \
| o 0
X
(107) Ir 2 H CF, HC CH;
\/
C—CH;
O O "O
N )
| o
X7
C—CH;
/\
LC CH;
Example I-10 [0096] An a-NPD hole transporting layer with a thickness
of 40 nm was formed by a vacuum deposition method
Fabrication of Organic EL Device involving resistive heating within a 10~> Pa vacuum cham-
) ) ) i ber on a glass substrate with a 2 mm wide ITO (indium tin
[0095] An organic EL device having three organic layers

was fabricated using the compound obtained in Example I-2
and its device characteristics were evaluated.

oxide) patterning. On top of this layer, the metal coordina-

tion compound of Example 1-2 (5% ratio by weight) and
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CBP were vapor codeposited (film thickness 30 nm). Fur-
thermore, as an electron transporting layer, Alq, was vapor-
deposited at 30 nm. On top of this layer, LiF at 0.5 to 2 nm
and Al at 100 to 150 nm were vapor deposited as a negative
electrode layer.

[0097] With regard to the characteristics of the organic EL
device, current/voltage characteristics were measured at
room temperature using a 4140B picoammeter manufac-
tured by Hewlett-Packard and the luminance was measured
using an SR-3 manufactured by Topcon Corporation. When
a voltage was applied so that the ITO was the positive
electrode and the LiF/Al was the negative electrode, at about
6 V emission of blue light (A=450 nm) was observed.

[0098] The luminance half-life when operated at a con-
stant current (50 mA/cm?) was 100 hours.

Comparative Example 1

[0099] An organic EL device was fabricated in the same
manner as in Example I-10 except that Ir(ppy), was used
instead of the metal coordination compound used in
Example 1-10. The device thus obtained was connected to a
power supply, a voltage was applied so that the ITO was the
positive electrode and the LiF/Al was the negative electrode,
and at about 6 V emission of green light (A=516 nm) was
observed.

[0100] The luminance half-life when operated at a con-
stant current (50 mA/cm?) was 80 hours.

Example I1-1

Synthesis of metal coordination compound I1-(1)

[0101] A Grignard reagent was prepared by gradually
adding a THF solution of 2-hydroxy-6-bromo-9-methylcar-
bazole (30 mmol) to a mixture of magnesium (1.9 g, 80
mmol) and THF under a flow of argon while stirring well.
The Grignard reagent thus obtained was gradually added
dropwise over 2 hours to a THF solution of trimethyl borate
(300 mmol) at -78° C. while stirring well, and the mixture
was then stirred at room temperature for 2 days. The reaction
mixture was poured into 5% dilute sulfuric acid containing
crushed ice and stirred. The aqueous solution thus obtained
was extracted with toluene, and the extract was concentrated
to give a colorless solid. The solid thus obtained was
recrystallized from toluene/acetone (%) to give a boronic
acid carbazole derivative as colorless crystals (40%).

[0102] The boronic acid carbazole derivative (12 mmol)
thus obtained and 1,2-ethanediol (30 mmol) were refluxed in
toluene for 10 hours, and then recrystallized from toluene/
acetone (¥4) to give a boronic acid ester carbazole derivative
as colorless crystals.

104
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-continued
H H
H, MgBr
N
H | H
CH;

o/w
H H \
H B—0
N

H | H
CH;

[0103] A 2M aqueous solution of K,CO, was added to a
toluene solution of 2-bromopyridine (10 mmol), the boronic
acid ester carbazole derivative (10 mmol), and Pd(O)(PPh,),
(0.2 mmol) under a flow of argon, and the mixture was
refluxed for 48 hours while stirring vigorously. The reaction
mixture was cooled to room temperature and then poured
into a large amount of methanol so as to precipitate a solid.
The solid thus precipitated was filtered by suction and
washed with methanol to give 2-hydroxy-6-(2'-pyridyl)-9-

methylcarbazole as a solid.
O
H H
N=—

H | H
CH,

CH,

[0104] A 200 ml three-necked flask was charged with
iridium (IIT) chloride (1.7 mmol), 2-hydroxy-6-(2'-pyridyl)-
9-methylcarbazole (7.58 mmol), 50 ml of ethoxyethanol,
and 20 ml of water, and the mixture was stirred under a flow
of nitrogen at room temperature for 30 minutes and then
refluxed for 24 hours while stirring. The reaction mixture
was cooled to room temperature, and a precipitate was
collected by filtration, washed with water, and then washed
with ethanol and acetone in sequence. The precipitate was
dried under vacuum at room temperature to give di-u-
chloro-tetrakis 2-hydroxy-6-(2'-pyridyl)-9-methylcarba-
zole-N",C"] diiridium (III) as a pale yellow powder.
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=

\

N
CH3HL0
—

[0105]
mL of ethoxyethanol, di-p-chloro-tetrakis[ 2-hydroxy-6-(2'-
pyridyl)-9-methylcarbazole-N",C”] diiridium (III) (0.7

mmol), acetylacetone (2.10 mmol), and sodium carbonate

A 200 mL three-necked flask was charged with 70

(9.43 mmol), and the mixture was stirred under a flow of

nitrogen at room temperature and then refluxed for 15 hours
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while stirring. The reaction mixture was cooled with ice, and
a precipitate was collected by filtration and washed with
water. This precipitate was purified by silica gel column
chromatography (eluent: chloroform/methanol: 30/1) to give
bis[2-hydroxy-6-(2'-pyridyl)-9-methylearbazole-N'",C7]

(acetylacetonato) iridium (II) as a pale yellow powder.
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Example II-2

Synthesis of Metal Coordination Compound 11-(2)

[0106] A 200 mL three-necked flask was charged with
2-hydroxy-6-(2'-pyridyl)-9-methylcarbazole (1.7 mmol), bis
[2-hydroxy-6-(2'-pyridyl)-9-methylcarbazole-N"',

C"J(acetylacetonato) iridium (III) (0.28 mmol) synthesized
in Example 1I-1, and glycerol (55 mL), and the mixture was
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CH;COCHCOCH;
—_—

heated under a flow of nitrogen at about 180° C. for 8 hours
while stirring. The reaction mixture was cooled to room
temperature and poured into 350 mL of 1IN hydrochloric
acid, and a precipitate was collected by filtration, washed
with water, and dried under vacuum at 100° C. for 5 hours.
This precipitate was purified by silica gel column chroma-
tography using chloroform as an eluent to give tris[2-
hydroxy-6-(2'-pyridyl)-9-methylcarbazole-N", 7] iridium
(1IT) as a pale yellow powder.
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Example 11-3 to Example 11-13

Synthesis of Various Types of Metal Coordination
Compounds
[0107] Various types of metal complex compounds shown
in Table 1I-2 below were synthesized by the same method as
the synthetic methods of Example 1I-1 and Example II-2
except that starting materials such as the carbazole unit, ring
A, and other ligands were changed.

TABLE II-2
Carbazole Ring Other
No M n Unit X5 A X, X X3 X, Ligand
O 3 C,H, H H CH H —
N
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TABLE II-2-continued
Carbazole Ring Other
No M 1 Unit X, A X, X, X3 X, Ligand
@D 3 C,Hs H H H —
N
|
X5
gy 2 H,C H H H CH,
»
N o
| H;C
X, 3 CHj;
anr 3 / EC H H H —
1 %
H;C
X ’
Nt 3 HC H CH, O —
1
HiC
X, :
ODIT 2 H CH H CH,
9
N o
)|(7 CH;
14 2 CH, H H CH;
.0
CHj
N
|
X7
022)r 3 HC /N\ H H H H —
—N,
CH; )
N /
| H,C

g
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TABLE II-2-continued
Carbazole Ring Other
No M 1 Unit Xy A X X X3 X, Ligand
125 3 N HH H H —
=
/@\ _N/
S CH; \ =
N .
|
X7
@nr 3 H;C HH H H CH;
N .0
Q7 < .
S CHj
1
H;C
X ?
(128) Ir 2 HsC /N\ H H H H CH;,
Ye¥ B ’
\ = >
CHy )
N / \O
| HzC
X, 3 CH;
Example 1I-14 Example I11-1
Synthesis of metal coordination compound IT1-(1)
Fabrication of Organic EL, Devi
abrication of Higate evice [0112] A Grignard reagent was prepared by gradually

[0108] An organic EL device having three organic layers
was fabricated using the compound obtained in Example
11-2 and its device characteristics were evaluated.

[0109] An o-NPD hole transporting layer with a thickness
of 40 nm was formed by a vacuum deposition method
involving resistive heating within a 10> Pa vacuum cham-
ber on a glass substrate with a 2 mm wide ITO (indium tin
oxide) patterning. On top of this layer, the metal coordina-
tion compound of Example 1I-2 (5% ratio by weight) and
CBP were vapor codeposited (film thickness 30 nm). Fur-
thermore, as an electron transporting layer, Alq, was vapor-
deposited at 30 nm. On top of this layer, LiF at 0.5 to 2 nm
and Al at 100 to 150 nm were vapor deposited as a negative
electrode layer.

[0110] With regard to the characteristics of the organic EL
device, current/voltage characteristics were measured at
room temperature using a 4140B picoammeter manufac-
tured by Hewlett-Packard and the luminance was measured
using an SR-3 manufactured by Topcon Corporation. When
a voltage was applied so that the ITO was the positive
electrode and the LiF/Al was the negative electrode, at about
6 V emission of orange light (A=590 nm) was observed.

[0111] The luminance half-life when operated at a constant
current (50 mA/cm?) was 200 hours.

adding a THF solution of 2-bromo-9-fluorenone (30 mmol)
to a mixture of magnesium (1.9 g, 80 mmol) and THF under
a flow of argon while stirring well. The Grignard reagent
thus obtained was gradually added dropwise over 2 hours to
a THF solution of trimethyl borate (300 mmol) at =78° C.
while stirring well, and the mixture was then stirred at room
temperature for 2 days. The reaction mixture was poured
into 5% dilute sulfuric acid containing crushed ice and
stirred. The aqueous solution thus obtained was extracted
with toluene, and the extract was concentrated to give a
colorless solid. The solid thus obtained was recrystallized
from toluene/acetone (*%) to give a boronic acid fluorenone
derivative as colorless crystals (40%). The boronic acid
fluorenone derivative (12 mmol) thus obtained and 1,2-
ethanediol (30 mmol) were refluxed in toluene for 10 hours,
and then recrystallized from toluene/acetone (V%) to give a
boronic acid ester fluorenone derivative as colorless crystals.
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-continued

[0113] A 2M aqueous solution of K,CO, was added to a
toluene solution of 2-bromopyridine (10 mmol), the boronic
acid ester fluorenone derivative (10 mmol), and
Pd(0)(PPh,), (0.2 mmol) under a flow of argon, and the
mixture was refluxed for 48 hours while stirring vigorously.
The reaction mixture was cooled to room temperature and
then poured into a large amount of methanol so as to
precipitate a solid. The solid thus precipitated was filtered by
suction and washed with methanol to give 2-(2'-pyridyl)-9-
fluorenone as a solid.

110
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[0114] A 200 ml three-necked flask was charged with

iridium (I1I) chloride (1.7 mmol), 2-(2'-pyridyl)-9-fluc-
renone (7.58 mmol), 50 ml of ethoxyethanol, and 20 ml of
water, and the mixture was stirred under a flow of nitrogen
at room temperature for 30 minutes and then refluxed for 24
hours while stirring. The reaction mixture was cooled to
room temperature, and a precipitate was collected by filtra-
tion, washed with water, and then washed with ethanol and
acetone in sequence. The precipitate was dried under
vacuum at room temperature to give di-u-chloro-tetrakis[2-
(2"-pyridyl)-9-fluorenone-N"', C*] diiridium (1) as a pale
yellow powder.
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[0115] A 200 mL three-necked flask was charged with 70
ml of ethoxyethanol, di-p-chloro-tetrakis[ 2-(2'-pyridyl)-9-
fluorenone-N", C*] diiridium (III) (0.7 mmol), acetylac-
etone (2.10 mmol), and sodium carbonate (9.43 mmol), and
the mixture was stirred under a flow of nitrogen at room
temperature and then refluxed for 15 hours while stirring.
The reaction mixture was cooled with ice, and a precipitate
was collected by filtration and washed with water. This

precipitate was purified by silica gel column chromatogra-
phy (eluent: chloroform/methanol: 30/1) to give bis[2-(2'-
C*)(acetylacetonato)
(1IT) as a pale yellow powder.

pyridyD)-9-fluorenone-N", iridium
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Example 111-2
Synthesis of Metal Coordination Compound III-(2)

[0116] A 200 mL three-necked flask was charged with
2-(2'-pyridyl)-9-fluorenone (1.7 mmol), bis[2-(2'-pyridyl)-
9-fluorenone-N", C*](acetylacetonato) iridium (IIT) (0.28
mmol) synthesized in Example 11II-1, and glycerol (55 mL),
and the mixture was heated under a flow of nitrogen at about
180° C. for 8 hours while stirring. The reaction mixture was
cooled to room temperature and poured into 350 mL of 1 N
hydrochloric acid, and a precipitate was collected by filtra-
tion, washed with water, and dried under vacuum at 100° C.
for 5 hours. This precipitate was purified by silica gel
column chromatography using chloroform as an eluent to
give tris[2-(2'-pyridyl)-9-fluorenone-N", C*] iridium (III) as
a pale yellow powder.

CH;COCH,COCH;
_—_— -
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Example I11I-3 to Example I11-17 as the synthetic methods of Example I1I-1 and Example I1I-2

[0117] Various types of metal complex compounds shown except that starting materials such as a fused ring unit, ring

in Table I1I-2 below were synthesized by the same method A, and other ligands were changed.

TABLE III-2
Other
X X Xy Xy Ligand
H CH, H —
H CF;, H CH;
»’O )
\O
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TABLE III-2-continued
Fused Other
No M n  Ring Unit Ring A X, X5 X; Xy Ligand
G2 I 3 O O u H O —
C
/\
CHs  CHs
(62) I 3 O O H H H —
©) I 3 u H H CH;
,-0 )
\O
CH;
92) Ir 2 H H H —
o) r 2 H H H CH;
O O "O
; )
\O
CH;
131) Ir 2 u H H CH;
O Q "O
s )
\O
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TABLE III-2-continued
Fused Other
No M n  Ring Unit Ring A X X5 Xy Xy Ligand
(132) Ir 3 O Q H H H —
S
178) Ir 2 CHj H H CH;
C 9P
| 0
¢}
CI;
(184) Ir 3 H H H —
QD 2
C
S
|
¢}
(185) Ir 3 /N\ H H ©H —
\ —N
\N/
C
I ‘
(0]
(19) Ir 3 H H H CH;
.0
C
” S \O
¢}
CH;
o tr 2 Q N &‘ H H H CHy
41
=2l ‘ )
i o
[¢]
CH;
9 r 2 \
\ %, AN
9 < !
| AN o N
C o) /
|| % \
0 ¢] 9]
Example 111-18 [0119] An a-NPD hole transporting layer with a thickness

Fabrication of Organic EL Device

[0118] An organic EL device having three organic layers
was fabricated using the compound obtained in Example
[II-2 and its device characteristics were evaluated.

of 40 nm was formed by a vacuum deposition method
involving resistive heating within a 10~> Pa vacuum cham-
ber on a glass substrate with a 2 mm wide ITO (indium tin
oxide) patterning. On top of this layer, the metal coordina-
tion compound of Example III-2 (5% ratio by weight) and
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CBP were vapor codeposited (film thickness 30 nm). Fur-
thermore, as an electron transporting layer, Alq, was vapor-
deposited at 30 nm. On top of this layer, LiF at 0.5 to 2 nm
and Al at 100 to 150 nm were vapor deposited as a negative
electrode layer.

[0120] With regard to the characteristics of the organic EL
device, current/voltage characteristics were measured at
room temperature using a 4140B picoammeter manufac-
tured by Hewlett-Packard and the luminance was measured
using an SR-3 manufactured by Topcon Corporation. When
a voltage was applied so that the ITO was the positive
electrode and the LiF/ Al was the negative electrode, at about
6 V emission of blue light (A=450 nm) was observed.

[0121] The luminance half-life when operated at a con-
stant current (50 mA/cm?) was 200 hours.

1. A metal coordination compound represented by any one
of Formulae (1) to (6),

M

Jun. 7, 2007

-continued

@

®)

(6)

B: >NR, >0, »8, >C=0, >80,, >CR,

(in the formulae, M is Ir, Rh, Ru, Os, Pd, or Pt, and n is
2 or 3; when M is Ir, Rh, Ru, or Os and n is 2, another
bidentate ligand further bonds to M; ring A is a cyclic
compound containing a nitrogen atom bonded to M; X
to X and R are independently substituents selected
from the group consisting of —R*, —OR?, —SR?,
—OCOR*, —COOR®, —SiR°R'R?, and —NR°R"
(here, R! to R'® represent a hydrogen atom, a halogen
atom, a cyano group, a nitro group, a Cl to C22
straight-chain, cyclic, or branched alkyl group or a
corresponding halogen-substituted alkyl group in
which a part or all of the hydrogen atoms are substi-
tuted by a halogen atom, a C6 to C21 aryl group, a C2
to C20 heteroaryl group, or a C7 to C21 aralkyl group,
or a corresponding halogen-substituted aryl group,
halogen-substituted heteroaryl group, or halogen-sub-
stituted aralkyl group in which a part or all of the
hydrogen atoms are substituted by a halogen atom, and
R' to R'® may be identical to or different from each
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other), X, to X, may be identical to or different from
each other, and ring A may have a substituent that is the

same as the groups defined by X, to X,).

2. The metal coordination compound according to claim

1, wherein it is represented by any one of Formulae I-(1) to
1-(6),

I-(1)

@

1-(2)

M

Jun. 7, 2007

-continued

4

L)

L(©®)

(in the formulae, M is Ir, Rh, Ru, Os, Pd, or Pt, and n is 2
or 3; when M is Ir, Rh, Ru, or Os and n is 2, another
bidentate ligand further bonds to M; ring A is a cyclic
compound containing a nitrogen atom bonded to M; X, to
X, may be any of a hydrogen atom, a halogen atom, a cyano
group, a nitro group, a C1 to C22 straight-chain, cyclic, or
branched alkyl group or a corresponding halogen-substi-
tuted alkyl group in which a part or all of the hydrogen atoms
are substituted by a halogen atom, a C6 to C21 aryl group,
a C2 to C20 heteroaryl group, or a C7 to C21 aralkyl group,
or a corresponding halogen-substituted aryl group, halogen-
substituted heteroaryl group, or halogen-substituted aralkyl
group in which a part or all of the hydrogen atoms are
substituted by a halogen atom, X, to X, may be identical to
or different from each other, and ring A may have a sub-
stituent that is the same as the groups defined by X, to X,).

3. The metal coordination compound according to claim
2, wherein in Formulae 1-(1) to I-(6) ring A is pyridine,
quinoline, benzoxazole, benzothiazole, benzimidazole, ben-
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zotriazole, imidazole, pyrazole, oxazole, thiazole, triazole,
benzopyrazole, or triazine, which may have a substituent -continued o
that is the same as the groups defined by X, to X,

4. The metal coordination compound according to claim
2, wherein in Formulae I-(1) to I-(6) at least one of X, to X,
and the substituent of ring A defined as being the same as X

to X, is a fluorine atom or a trifluoromethy! group.
5. The metal coordination compound according to claim

1, wherein it is represented by any one of Formulae I11-(1) to
11-(6),

I-(5)
1-(1)

MU

I-(6)

1-(2)

M

(in the formulae, M is Ir, Rh, Ru, Os, Pd, or Pt, and n is 2
or 3; when M is Ir, Rh, Ru, or Os and n is 2, another
bidentate ligand further bonds to M; ring A is a cyclic
compound containing a nitrogen atom bonded to M; X, to
X, are independently substituents selected from the group
consisting of —H, —OH, —R', —OR? —SR?, —OCOR®,
I-3)  —COOR’, —SiR°R'R®, —NH,, —NHR’, and —NR'°R"!
(here, R" to R"" represent a C1 to C22 straight-chain, cyclic,
or branched alkyl group, a C6 to C21 aryl group, a C2 to C20
heteroaryl group, ora C7 to C21 aralkyl group, and R* to R™
may be identical to or different from each other), X, to X,
may be identical to or different from each other, and ring A
may have a substituent that is the same as the groups defined

by X, to X,,).
6. The metal coordination compound according to claim

5, wherein in Formulae I1I-(1) to 1I-(6) ring A is pyridine,
quinoline, benzoxazole, benzothiazole, benzimidazole, ben-
zotriazole, imidazole, pyrazole, oxazole, thiazole, triazole,
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benzopyrazole, triazine, or isoquinoline, which may have a
substituent that is the same as the groups defined by X, to -continued
X, II-(5)

7. The metal coordination compound according to claim
1, wherein it is represented by any one of Formulae III-(1)
to 111-(6),

III-(1)

III-(6)

III-(2)

B: >0, »8, »C=0, »80,, >CR,

(in the formulae, M is Ir, Rh, Ru, Os, Pd, or Pt, and n is
2 or 3; when M is Ir, Rh, Ru, or Os and n is 2, another
bidentate ligand further bonds to M; ring A is a cyclic
compound containing a nitrogen atom bonded to M; X
to X, and R are independently substituents selected
from the group consisting of —R', —OR? —SR?,
—OCOR* —COOR®, —SiR°R’R®, and —NR°R"
(here, R* to R represent a hydrogen atom, a halogen
atom, a cyano group, a nitro group, a Cl to C22
straight-chain, cyclic, or branched alkyl group or a
corresponding halogen-substituted alkyl group in
which a part or all of the hydrogen atoms are substi-
tuted by a halogen atom, a C6 to C21 aryl group, a C2
to C20 heteroaryl group, or a C7 to C21 aralkyl group,
or a corresponding halogen-substituted aryl group,
halogen-substituted heteroaryl group, or halogen-sub-
stituted aralkyl group in which a part or all of the
hydrogen atoms are substituted by a halogen atom, and
R* to R'° may be identical to or different from each
other), X, to X, may be identical to or different from
each other, and ring A may have a substituent that is the
same as the groups defined by X, to Xj).

1-3)

I-(4)

8. The metal coordination compound according to claim
7, wherein in Formulae 111-(1) to II1-(6) ring A is pyridine,
quinoline, benzoxazole, benzothiazole, benzimidazole, ben-
zotriazole, imidazole, pyrazole, oxazole, thiazole, triazole,
benzopyrazole, triazine, or isoquinoline, which may have a
substituent that is the same as the groups defined by X, to
X6.

9. The metal coordination compound according to claim
1, wherein M is Ir.
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10. A polymer composition comprising the metal coordi- 12. An organic electroluminescent device fabricated the
nation compound according to claim 1 and a conjugated  polymer composition according to claim 10.
and/or non-conjugated polymer.

11. An organic electroluminescent device fabricated using
the metal coordination compound according to claim 1. Kook ok k@
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