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(57) ABSTRACT

Provided are an organic electroluminescence device which:
can emit blue light having a short wavelength and a high color
purity; and can be combined with any other light emitting
compound to emit white light and a metal complex compound
for realizing the device, and a material for an organic elec-
troluminescence device. The metal complex is of a specific
structure having a tridentate chelate ligand and an electron
withdrawing group. The material for an organic electrolumi-
nescence device is formed of the metal complex compound.
The organic electroluminescence device has an organic thin
film layer formed of one or more layers including at least a
light emitting layer, the organic thin film layer being inter-
posed between a pair of electrodes. In the organic electrolu-
minescence device, at least one layer of the organic thin film
layer contains the metal complex compound, and emits light
by applying a voltage between both the electrodes.
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METAL COMPLEX COMPOUND, MATERIAL
FOR ORGANIC ELECTROLUMINESCENCE
DEVICE AND ORGANIC
ELECTROLUMINESCENCE DEVICE USING
THE SAME

TECHNICAL FIELD

[0001] The present invention relates to a novel metal com-
plex compound and an organic electroluminescence device
using the compound, in particular, to an organic electrolumi-
nescence device which: can emit blue light having a short
wavelength and a high color purity; and can be combined with
any other light emitting compound to emit white light and a
metal complex compound for realizing the device, and a
material for an organic electroluminescence device.

BACKGROUND ART

[0002] Investigation has been vigorously conducted on the
use of an organic electroluminescence (EL) device as a dis-
play device for color display that replaces liquid crystallin
recent years. However, the performance of the organic EL
device as a light emitting device is still insufficient to realize
the enlargement of the screen size of a display device using
the organic EL device. A green light emitting device using an
ortho-metallized iridium complex (fac-tris(2-phenylpyri-
dine)iridium), which is a phosphorescent material, as a light
emitting material has been proposed as means for improving
the performance of the organic EL device (Non-patent Docu-
ment 1; Non-patent Document 2).

[0003] Atpresent, the color oflight emitted from an organic
EL device utilizing phosphorescence has been limited to a
green color and a red color, so the scope of application of the
device as a color display is narrow, and the development of a
device with improved light emitting property for any other
color has been demanded. In particular, no blue light emitting
device having an outer quantum yield in excess of 5% has
been reported. If the blue light emitting device can be
improved, a color display formed only of phosphorescent
organic EL devices will be able to display full colors and a
white color. Accordingly, the improvement makes great
strides forward in putting a phosphorescent EL. device to
practical use.

[0004] Atpresent, the development of a compound contain-
ing Ir as a phosphorescent complex has been vigorously con-
ducted, and the following compound A is known as a com-
pound for a green light emitting device. On the other hand, the
following compound B is known as a compound for a blue
light emitting device, but is not practical in terms of the
lifetime and efficiency of a device formed of the compound.
In view of the foregoing, there arises a need for developing
another complex for a blue light emitting device. However, no
factor other than the compound B has been found at present.

Compound A

Feb. 12,2009

-continued

Compound B

[0005] The above-mentioned compounds A and B belong
to the group of complexes each using a bidentate chelate
ligand. However, few complexes each using a tridentate che-
late ligand similar to the bidentate ligand are known, and only
acompound C described below (see Non-patent Document 3)
is known.

Compound C

[0006] However, the wavelength of light emission of com-
pound Cis ina region of 600nm, that is, a red colorregion, not
in a blue color region. If a complex capable of emitting light
in a blue color region can be realized by using the tridentate
chelate ligand, the realization will lead to the possibility of
new technical development.

[0007] Inaddition, Patent Documents 1 and 2 each disclose
a metal complex compound having a tridentate chelate
ligand. However, none of the documents discloses a technol-
ogy for causing the metal complex compound to emit light
having an additionally short wavelength by adding an elec-
tron withdrawing group to a specific site of the compound.
[0008] [Non-patent Document 1] D. F. O’Brien and M. A.
Baldo et al. “Improved energy transfer in electrophosphores-
cent devices” Applied Physics letters Vol. 74 No. 3, pp 442-
444, Jan. 18,1999

[0009] [Non-patent Document 2] M. A. Baldo et al. “Very
high-efficiency green organic light-emitting devices based on
electrophosphorescence’” Applied Physics letters Vol. 75 No.
1, pp 4-6, Jul. 5, 1999

[0010] [Non-patent Document 3] J-P. Collin et al., J. Am.
Chem. Soc., 121, 5009 (1999)

[0011] [Non-patent Document 4] J. A. G. Williams, Inorg.
Chem., 43, 6513 (2004)

[0012] [Patent Document 1] WO 2006/051806
[0013] [Patent Document 2] JP 2006-160724
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DISCLOSURE OF THE INVENTION
Problems to be Solved by the Invention

[0014] The present invention has been made to overcome
the above problems and has an object of providing an organic
EL device which emits blue light with high purity and of short
wavelength, and which is capable of white light emission by
combining with other light emitting compounds and a metal
complex compound for realizing the device, and a material
for organic EL device.

Means for Solving the Problems

[0015] The inventors of the present invention clarified a
novel structural factor in emitting blue light, which employs
a metal complex compound having an electron withdrawing
group and a partial structure with a tridentate chelate ligand
represented by a following general formula (T), enables to
emit highly pure blue light of short wavelength, and the
present invention has been thus accomplished.

[0016] That is, the present invention provides a metal com-
plex compound which includes a partial structure having a
tridentate chelate ligand represented by the following general
formula (T).

)

where: Ring A is an aromatic hydrocarbon group which has 6
to 20 carbon atoms and which may have a substituent, or a
heterocyclic group which has 2 to 20 carbon atoms and which
may have a substituent;

[0017] Ring B is a heterocyclic group which has 2 to 20
carbon atoms and which may have a substituent, N represents
a nitrogen atom, and Y represents a carbon atom or a nitrogen
atom,;

[0018] L and Z each independently represent an organic
group containing an atom belonging to any one of Groups 14
to 16 in the periodic table;

[0019] X represents a monovalent ligand containing an
atom belonging to any one of Groups 14 to 17 in the periodic
table; and

[0020] R represents ahydrogenatom, a cyano group, a nitro
group, a halogen atom, an alkyl group which has 1 to 12
carbon atoms and which may have a substituent, an alky-
lamino group which has 1 to 12 carbon atoms and which may
have a substituent, an arylamino group which has 6 to 20
carbon atoms and which may have a substituent, an alkoxy
group which has 1 to 12 carbon atoms and which may have a
substituent, an alkoxy halide group which has 1 to 12 carbon
atoms and which may have a substituent, an aryloxy group
which has 6 to 20 carbon atoms and which may have a

Feb. 12,2009

substituent, an aromatic hydrocarbon group which has 6 to 20
carbon atoms and which may have a substituent, a heterocy-
clic group which has 2 to 20 carbon atoms and which may
have a substituent, an alkyl halide group which has 1 to 12
carbon atoms and which may have a substituent, an alkenyl
group which has 2 to 12 carbon atoms and which may have a
substituent, an alkynyl group which has 2 to 12 carbon atoms
and which may have a substituent, or a cycloalkyl group
which has 3 to 20 carbon atoms and which may have a
substituent, and the number of R may be two or more, and, in
this case, Rs may be identical to or different from each other,
and adjacent Rs may be bonded to each other to form a cyclic
structure,

[0021] provided that at least one of the tridentate chelate
ligand and a bidentate chelate ligand contains an electron
withdrawing group.

[0022] Further, the present invention provides a material
for an organic electroluminescence device including the
above metal complex compound, and an organic electrolumi-
nescence device including an organic thin film layer formed
of one or more layers including at least a light emitting layer,
the organic thin film layer being interposed between a pair of
electrodes, in which at least one layer of the organic thin film
layer contains the above metal complex compound and emits
light by applying a voltage between both the electrodes.
[0023] Further, according to the present invention, there is
provided an organic EL device capable of emitting white light
having a high color purity by simultaneously using the metal
complex compound and a red light emitting material as lumi-
nous dopants for its light emitting layer.

EFFECT OF THE INVENTION

[0024] The present invention provides an organic EL
device, which emits blue light with high purity and of short
wavelength with an enhanced efficiency of light emission,
and which can emit white light by combining with other light
emitting compounds. The present invention also provides a
metal complex compound realizing the organic EL device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] FIG. 1isa view showing a UV absorption spectrum
of Metal Complex Compound 3.

[0026] FIG. 2isa view showing a UV absorption spectrum
of Metal Complex Compound 4.

[0027] FIG. 3isa view showing a UV absorption spectrum
of Metal Complex Compound 5.

[0028] FIG. 4is a view showing a UV absorption spectrum
of Metal Complex Compound 6.

[0029] FIG. 5isa view showing a UV absorption spectrum
of Metal Complex Compound 7.

[0030] FIG. 6isa view showing a UV absorption spectrum
of Metal Complex Compound 8.

[0031] FIG. 7is a view showing a UV absorption spectrum
of Metal Complex Compound 9.

[0032] FIG. 8isa view showing a UV absorption spectrum
of Metal Complex Compound 10.

[0033] FIG. 9isa view showing a UV absorption spectrum
of Metal Complex Compound 11.

[0034] FIG. 10 is a view showing a UV absorption spec-
trum of Metal Complex Compound 12.

[0035] FIG. 11 is a view showing a UV absorption spec-
trum of Metal Complex Compound 29.
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[0036] FIG. 12 is a view showing a UV absorption spec-
trum of Metal Complex Compound 30.

[0037] FIG.13is aview showing a room temperature emis-
sion spectrum of Metal Complex Compound 3.

[0038] FIG.14is aview showing a room temperature emis-
sion spectrum of Metal Complex Compound 4.

[0039] FIG.15is aview showing a room temperature emis-
sion spectrum of Metal Complex Compound 5.

[0040] FIG.16is aview showing a room temperature emis-
sion spectrum of Metal Complex Compound 6.

[0041] FIG.17is aview showing a room temperature emis-
sion spectrum of Metal Complex Compound 7.

[0042] FIG.18is aview showing a room temperature emis-
sion spectrum of Metal Complex Compound 8.

[0043] FIG.19is aview showing a room temperature emis-
sion spectrum of Metal Complex Compound 9.

[0044] FIG.20is aview showing a room temperature emis-
sion spectrum of Metal Complex Compound 10.

[0045] FIG. 21 is a view showing a low temperature emis-
sion spectrum of Metal Complex Compound 11.

[0046] FIG.221s aview showing a room temperature emis-
sion spectrum of Metal Complex Compound 12.

[0047] FIG.23is aview showing a room temperature emis-
sion spectrum of Metal Complex Compound 29.

[0048] FIG. 24 is a view showing a low temperature emis-
sion spectrum of Metal Complex Compound 30.

[0049] FIG. 25 is a view showing a low temperature emis-
sion spectrum of Metal Complex Compound 3.

[0050] FIG. 26 is a view showing a low temperature emis-
sion spectrum of Metal Complex Compound 4.

[0051] FIG. 27 is a view showing a low temperature emis-
sion spectrum of Metal Complex Compound 5.

[0052] FIG. 28 is a view showing a low temperature emis-
sion spectrum of Metal Complex Compound 6.

[0053] FIG. 29 is a view showing a low temperature emis-
sion spectrum of Metal Complex Compound 7.

[0054] FIG. 30 is a view showing a low temperature emis-
sion spectrum of Metal Complex Compound 8.

[0055] FIG. 31 is a view showing a low temperature emis-
sion spectrum of Metal Complex Compound 9.

[0056] FIG. 32 is a view showing a low temperature emis-
sion spectrum of Metal Complex Compound 10.

[0057] FIG. 33 is a view showing a low temperature emis-
sion spectrum of Metal Complex Compound 11.

[0058] FIG. 34 is a view showing a low temperature emis-
sion spectrum of Metal Complex Compound 12.

[0059] FIG. 35 is a view showing a low temperature emis-
sion spectrum of Metal Complex Compound 29.

[0060] FIG. 36 is a view showing a low temperature emis-
sion spectrum of Metal Complex Compound 30.

[0061] FIG.37isaview showing an X-ray crystallographic
analysis of Metal Complex Compound 3.

[0062] FIG.38isaview showing an X-ray crystallographic
analysis of Metal Complex Compound 4.

[0063] FIG.39isaview showing an X-ray crystallographic
analysis of Metal Complex Compound 9.

[0064] FIG.401s aview showing an X-ray crystallographic
analysis of Metal Complex Compound 29.

[0065] FIG. 41 is a view showing an EL spectrum in an
organic EL device of each of Examples 1 to 4.

[0066] FIG. 42 is a view showing an EL spectrum in an
organic EL device of each of Examples 5 to 7.

[0067] FIG. 43 is a view showing an EL spectrum in an
organic EL device of each of Examples 8 to 10.

Feb. 12,2009

[0068] FIG. 44 is a view showing an EL spectrum in an
organic EL device of Example 11.

[0069] FIG. 45 is a view showing an EL spectrum in an
organic EL device of Example 12.

[0070] FIG. 46 is a view showing an EL spectrum in an
organic EL device of each of Examples 13 to 15.

[0071] FIG. 47 is a view showing an EL spectrum in an
organic EL device of Example 16.

[0072] FIG. 48 is a view showing an EL spectrum in an
organic EL device of each of Examples 17 and 18.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0073] A metal complex compound ofthe present invention
includes a partial structure having a tridentate chelate ligand
represented by the following general formula (I):

[0074] In the general formula (I), Ring A is an aromatic
hydrocarbon group whichhas 6 to 20 carbon atoms and which
may have a substituent, or a heterocyclic group which has 2 to
20 carbon atoms and which may have a substituent, Ring B is
a heterocyclic group which has 2 to 20 carbon atoms and
which may have a substituent, N represents a nitrogen atom,
and Y represents a carbon atom or a nitrogen atom.

[0075] Examples of the Ring A aromatic hydrocarbon
group include residues such as benzene, naphthalene,
anthracene, phenanthrene, pyrene, biphenyl, terphenyl, and
fluoranthene, and the benzene is preferred.

[0076] Examples of the heterocyclic group corresponding
to each of Ring A and Ring B include the residues of imida-
zole, benzimidazole, pyrrole, furan, thiophene, ben-
zothiophene, oxadiazoline, indoline, carbazole, pyridine,
quinoline, isoquinoline, benzoquinone, pyralozine, imidazo-
lidine, piperidine, pyrazole, thiazole, oxazole, benzofuran,
and the like. Of those, the residues of pyridine, pyrazole,
thiazole, oxazole, and the benzofuran are preferred. The het-
erocyclic group corresponding to Ring B is particularly pref-
erably pyridine.

[0077] Further, examples of a substituent for each of the
groups include a halogen atom, a hydroxyl group, a substi-
tuted or unsubstituted amino group, a nitro group, a cyano
group, a substituted or unsubstituted alkyl group, an alkyl
group substituted with a fluorine atom, a substituted or unsub-
stituted alkenyl group, a substituted or unsubstituted
cycloalkyl group, a substituted or unsubstituted alkoxyl
group, a substituted or unsubstituted heterocyclic group, a
substituted or unsubstituted arylalkyl group, a substituted or
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unsubstituted aryloxy group, a substituted or unsubstituted
alkoxycarbonyl group, and a carboxyl group.

[0078] In the general formula (I), Land 7 each indepen-
dently represent an organic group containing an atom belong-
ing to any one of Groups 14 to 16 in the periodic table.

[0079] Examples of the atom belonging to any one of
Groups 14 to 16 in the periodic table included in the L. and Z
include carbon (C), nitrogen (N), oxygen (0O), silicon (Si),
phosphorus (P), sulfur (S), germanium (Ge), arsenic (As),
and selenium (Se) atoms. Of those, carbon, nitrogen, and
oxygen atoms are preferred.

[0080] Further, it is preferred that organic groups denoted
by L and Z be each independently, for example, a hydrogen
atom, a cyano group, a halogen atom, an alkyl group which
has 1to 12 carbon atoms and which may have a substituent, an
alkylamino group which has 1 to 12 carbon atoms and which
may have a substituent, an arylamino group which has 6 to 20
carbon atoms and which may have a substituent, an alkoxy
group which has 1 to 12 carbon atoms and which may have a
substituent, a halogenated alkoxy group which has 1 to 12
carbon atoms and which may have a substituent, an aryloxy
group which has 6 to 20 carbon atoms and which may have a
substituent, an aromatic hydrocarbon group which has 6 to 20
carbon atoms and which may have a substituent, a heterocy-
clic group which has 2 to 20 carbon atoms and which may
have a substituent, a halogenated alkyl group which has 1 to
12 carbon atoms and which may have a substituent, an alkenyl
group which has 2 to 12 carbon atoms and which may have a
substituent, an alkynyl group which has 2 to 12 carbon atoms
and which may have a substituent, or a cycloalkyl group
which has 3 to 20 carbon atoms and which may have a
substituent.

[0081] Examples of the halogen atom include fluorine,
chlorine, bromine, and iodine atoms.

[0082] Examples of the alkyl group include a methyl group,
an ethyl group, a propyl group, an isopropyl group, an n-butyl
group, an s-butyl group, an isobutyl group, a t-butyl group, an
n-pentyl group, an n-hexyl group, an n-heptyl group, and an
n-octyl group.

[0083] Examples of the aromatic hydrocarbon group
include residues such as benzene, naphthalene, anthracene,
phenanthrene, pyrene, biphenyl, terphenyl, and fluoranthene.

[0084] Examples of the heterocyclic group include residues
such as imidazole, benzimidazole, pyrrole, furan, thiophene,
benzothiophene, oxadiazoline, indoline, carbazole, pyridine,
quinoline, isoquinoline, benzoquinone, pyralozine, imidazo-
lidine, and piperidine.

[0085] Examples of the alkylamino group include groups
each obtained by substituting a hydrogen atom of an amino
group with the alkyl group.

[0086] Examples of the arylamino group include groups
each obtained by substituting a hydrogen atom of an amino
group with the aromatic hydrocarbon group.

[0087] The alkoxy group is represented as —OY', and
examples of Y' include the groups described above as the
examples of the alkyl group.

[0088] Examples of the halogenated alkoxy group include
groups each obtained by substituting a hydrogen atom of the
alkoxy group with the halogen atom.

[0089] The aryloxy group is represented as —OY™", and
examples of Y" include the groups described above as the
examples of the aromatic hydrocarbon group.
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[0090] Examples of the halogenated alkyl group include
groups each obtained by substituting a hydrogen atom of the
alkyl group with the halogen atom.

[0091] Examples of the alkenyl group include a vinyl
group, an allyl group, a 2-butenyl group, and a 3-pentenyl
group.

[0092] Examples of the alkynyl group include an ethinyl

group and a methylethinyl group.

[0093] Examples of the cycloalkyl group include a cyclo-
propyl group, a cyclobutyl group, a cyclopentyl group, and a
cyclohexyl group.

[0094] In addition, examples of a substituent for each of
those groups include examples similar to those described for
Rings A and B.

[0095] In the general formula (I), X represents a monova-
lent ligand containing an atom belonging to any one of
Groups 14 to 17 in the periodic table.

[0096] Examples of the atom belonging to any one of
Groups 14 to 17 in the periodic table to be incorporated into
X include carbon (C), nitrogen (N), oxygen (O), fluorine (F),
silicon (S1), phosphorus (P), sulfur (S), chlorine (C1), germa-
nium (Ge), arsenic (As), selenium (Se), bromine (Br), andio-
dine (T) atoms. Of those, carbon, nitrogen, chlorine, bromine,
and iodine atoms are preferred.

[0097] Inaddition, examples of the ligand represented by X
include a cyano group, a chlorine atom, a bromine atom, an
iodine atom, an alkoxy group, a hydrogen atom, Si(R'); (R’
represents a group similar to that represented by R below), a
substituted or unsubstituted phenyl group, and the following

o
i <

Preferred examples of the ligand include a cyano group, a
chlorine atom, a bromine atom, an iodine atom, an alkoxy
group, a hydrogen atom. Si(R');, and a substituted phenyl
group.

[0098] In the general formula (I), R represents a hydrogen
atom, a cyano group, a nitro group, a halogen atom, an alkyl
group which has 1 to 12 carbon atoms and which may have a
substituent, an alkylamino group which has 1 to 12 carbon
atoms and which may have a substituent, an arylamino group
which has 6 to 20 carbon atoms and which may have a
substituent, an alkoxy group which has 1 to 12 carbon atoms
and which may have a substituent, a halogenated alkoxy
group which has 1 to 12 carbon atoms and which may have a
substituent, an aryloxy group which has 6 to 20 carbon atoms
and which may have a substituent, an aromatic hydrocarbon
group which has 6 to 20 carbon atoms and which may have a
substituent, a heterocyclic group which has 2 to 20 carbon
atoms and which may have a substituent, a halogenated alkyl
group which has 1 to 12 carbon atoms and which may have a
substituent, an alkenyl group which has 2 to 12 carbon atoms

O

Y

\\_

----N
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and which may have a substituent, an alkynyl group which
has 2 to 12 carbon atoms and which may have a substituent, or
a cycloalkyl group which has 3 to 20 carbon atoms and which
may have a substituent. Specific examples of each of those
groups may be the same as is represented by [ and 7.

[0099] Of those, a hydrogen atom, an isopropyl group, a
t-butyl group, or a methy! group is preferred.

[0100] In addition, the number of R is specifically 0 to 4,
multiple Rs may be identical to or different from each other,
and adjacent Rs may be bonded to each other to form a cyclic
structure.

[0101] Examples of the cyclic structure include: cycloal-
kanes (such as cyclopropane, cyclobutane, cyclopropane
cyclohexane, and cycloheptane); aromatic hydrocarbon rings
(such as benzene, naphthalene, anthracene, phenanthrene,
pyrene, biphenyl, terphenyl, and fluoranthene); and hetero-
cyclic rings (such as imidazole, benzimidazole, pyrrole,
furan, thiophene, benzothiophene, oxadiazoline, diphenylan-
thracene, indoline, carbazole, pyridine, quinoline, isoquino-
line, benzoquinone, pyralozine, imidazolidine, and piperi-
dine).

[0102] In addition, examples of a substituent for each of
those groups include examples similar to those described
above.

[0103] The metal complex compound of the present inven-
tionis suchthatatleast one of the tridentate chelate ligand and
the bidentate chelate ligand in the general formula (I) contains
an electron withdrawing group. In addition, each of both the
tridentate chelate ligand and the bidentate chelate ligand pref-
erably contains an electron withdrawing group because light
having an additionally short wavelength can be emitted, or an
additionally high quantum vield can be obtained.

[0104] Examples of the electron withdrawing group
include a halogen atom (such as a fluorine, chlorine, bromine,
or iodine atom), a cyano group, a nitro group, a halogen
atom-containing alkyl or ester group, and an aldehyde group.
Of those, a halogen atom or a halogen atom-containing alkyl
group is preferred.

[0105] The metal complex compound of'the present inven-
tion can emit blue light having an additionally short wave-
length because the introduction of the electron withdrawing
group as described above acts to stabilize the HOMO of the
metal complex compound so that an energy difference
between the HOMO and LUMO of the metal complex com-
pound may enlarge. The action becomes particularly strong
when a fluorine atom is used as the electron withdrawing
group. In addition, a metal complex compound into which a
fluorine atom is introduced is efficient for the production of an
organic EL device by vapor deposition because the com-
pound is excellent in sublimation property.

[0106] In addition, the metal complex compound of the
present invention has improved stability and an increased
quantum yield because the tridentate chelate ligand has a
pyridine ring as an essential structure.

[0107] In the general formula (I), the tridentate chelate
ligand is preferably represented by the following general
formula (1) or (2), and is preferably a compound represented
by any one of the following general formulae (3) to (16).
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(In the formulae, Ring B, Y, and R each have the same mean-
ing as that described above.)
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[0108] (In the formulae, R’ to R** each have the same
-continued meaning as that of R described above, adjacent groups of R*
(13)  to R** may be bonded to each other to form a cyclic structure,
and specific examples of each of R* to R*? include examples
similar to those of R.)
[0109] Further, examples of the tridentate chelate ligand
include the following ligands.

(P1)

(14)

?2)
(15)
3
(16)
Rl3
Rl4
7N (P4)
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(P6)

®7)

(P8)
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(P10)

(P11)

P12)

@13)

(P14)
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(P15)

(P16)

(P17)

(P18)

(P19)
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®21)
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(P23)
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(P43)
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(S15)
(511)

(S16)

(812)

KC

[0110] In the general formula (I), the bidentate chelate
ligand formed of L-Z is preferably a compound represented
(813) by any one of the following general formulae (17) to (22).
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(In the formulae, R** to R*® each have the same meaning as
that of R described above, adjacent groups of R**to R* may
be bonded to each otherto form a cyclic structure, and specific
examples of each of R** to R* include examples similar to

those of R.)

[0111] Further, examples of the bidentate chelate ligand

include the following ligands.
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[0112] The metal complex compound of the present inven-
tion is preferably represented by any one of the following
general formulae (I-1) to (I-12) and (I-13) to (I-24).
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[0113] (Inthe formulae (I-1)to (I-12), R*® to R each have
the same meaning as that of R described above, the number of
each of R* to R*® may be two or more, and, in this case, R*%,
R47S, R4SS, R4QS, RSOS, RSIS, Rszs’ Rsss’ R54S, RSSS, RS6S’
R*’s, or R*®s may be identical to or different from each other,
adjacent groups of R*® to R*® may be bonded to each other to
form a cyclic structure, and specific examples of each of R*
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to R>® include examples similar to those of R, provided that
one or more of R*® to R*® must each represent an electron
withdrawing group.

[0114] In the formulae (I-13) to (I-24), R*® and R*® 10 R>
each have the same meaning as that of R described above, the
number of each of R*® and R*® to R*® may be two or more,
and, in this case, R*%, R*%s, R*s, R%%, R>'s, R3%s, R>%,
R3%, Rs, R>%, R*7s, R%, or R*”s may be identical to or
different from each other, adjacent groups of R* and R* to
R>* may be bonded to each other to form a cyclic structure,
and specific examples of each of R*® and R*® to R*® include
examples similar to those of R, provided that one or more of
R*® to R* must each represent an electron withdrawing
group.)

[0115] Inaddition, preferred specific examples of the metal
complex compound of the present invention include, but not
limited to, the following exemplified compounds each
formed of a combination of partial structures shown in Table
1 below.

TABLE 1
Tridentate ligand
Compound No. including Rings A and B Z-L X
1 P4 PP1 Cl
2 P4 PP1 CN
3 P4 PP2 Cl
4 P4 PP2 CN
5 P4 PP3 Cl
6 P4 PP3 CN
7 P4 PC1 Cl
8 P4 PC1 CN
9 P4 PP4 Cl
10 P4 PP4 CN
11 PS5 PP2 Cl
12 PS5 PP2 CN
13 P32 PP4 Cl
14 P32 PP4 CN
15 P32 PP2 Cl
16 P32 PP2 CN
17 P25 PP4 Cl
18 P25 PP4 CN
19 P25 PP2 Cl
20 P25 PP2 CN
21 P33 PP4 Cl
22 P33 PP4 CN
23 P33 PP2 Cl
24 P33 PP2 CN
25 P26 PP4 Cl
26 P26 PP4 CN
27 P26 PP2 Cl
28 P26 PP2 CN
29 3 PP2 Cl
30 3 PP2 CN
31 3 PP4 Cl
32 3 PP4 CN
33 4 PP2 Cl
34 4 PP2 CN
35 4 PP4 Cl
36 4 PP4 CN
37 P42 PP2 Cl
38 P42 PP2 CN
39 P43 PP2 Cl
40 P43 PP2 CN
41 P4y PP2 Cl
42 P4y PP2 CN
43 P49 PP2 Cl
44 P49 PP2 CN
[0116] A material for an organic EL device of the present

invention is formed of the metal complex compound of the
present invention.
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[0117] An organic EL device of the present invention is an
organic EL device including an organic thin film layer formed
of one or more layers including at least a light emitting layer,
the organic thin film layer being interposed between a pair of
electrodes formed of an anode and a cathode, in which at least
one layer of the organic thin film layer contains the metal
complex compound of the present invention, and emits light
by applying a voltage between both the electrodes.

[0118] The light emitting layer of the organic EL device of
the present invention preferably contains the metal complex
compound of the present invention; the light emitting layer
preferably contains the metal complex compound of the
present invention at a content of 1 to 30 wt % with respect to
the total weight of the light emitting layer.

[0119] In addition, the light emitting layer is typically
formed into a thin film by vacuum vapor deposition or appli-
cation; the layer containing the metal complex compound of
the present invention is preferably formed by application
because a production process for the organic EL device can be
simplified by application as compared to vacuum vapor depo-
sition.

[0120] The device structure of the organic EL device in the
present invention is a structure obtained by laminating one or
two or more organic layers between electrodes, and examples
of the structure include (1) a structure formed of an anode, a
light emitting layer, and a cathode, (ii) a structure formed of
an anode, a hole injecting/transporting layer, a light emitting
layer, an electron injecting/transporting layer, and a cathode,
(ii1) a structure formed of an anode, a hole injecting/trans-
porting layer, a light emitting layer, and a cathode, and (iv) a
structure formed of an anode, a light emitting layer, an elec-
tron injecting/transporting layer, and a cathode.

[0121] Thecompound in the present invention may be used
in any one of the above organic layers, and any other hole
transporting material, light emitting material, or electron
transporting material can be doped with the compound. A
method of forming each layer of the organic EL device is not
particularly limited; in addition to a vapor deposition method,
a light emitting medium or a light emitting layer can be
formed by any one of various wet methods each involving the
use of a solution prepared by dissolving a light emitting
composition of the present invention or the respective com-
pounds of which the composition is formed. The solution can
be formed into the light emitting medium or the light emitting
layer by any one of the known methods including: an appli-
cation method such as a dipping method, a spin coating
method, a casting method, a bar coat method, or a roll coat
method; and an ink-jet method. The thickness of each organic
layer of the organic EL device of the present invention, which
is not particularly limited, is preferably in the range of several
nanometers to 1 um in ordinary cases because, in general, an
excessively small thickness is apt to cause a defect such as a
pinhole, and an excessively large thickness requires a high
applied voltage to result in poor efficiency of the organic EL
device.

[0122] Examples ofa solvent to be used in preparing a light
emitting solution forming a light emitting layer include: halo-
gen-based hydrocarbon-based solvents such as dichlo-
romethane, dichloroethane, chloroform, carbon tetrachlo-
ride, tetrachloroethane, trichloroethane, chlorobenzene,
dichlorobenzene, and chlorotoluene; ether-based solvents
such as dibutyl ether, tetrahydrofuran, dioxane, and anisole;
alcohol-based solvents such as methanol, ethanol, propanol,
butanol, pentanol, hexanol, cyclohexanol, methyl cellosolve,



US 2009/0039767 Al

ethyl cellosolve, and ethylene glycol; hydrocarbon-based sol-
vents such as benzene, toluene, xylene, ethylbenzene, hex-
ane, octane, and decane; and ester-based solvents such as
ethyl acetate, butyl acetate, and amyl acetate. Of those, the
halogen-based hydrocarbon-based solvents and the hydrocar-
bon-based solvents are preferred. In addition, one kind of
those solvents may be used alone, or two or more kinds of
them may be used as a mixture. It should be noted that the
solvent that can be used is not limited to the foregoing. In
addition, the metal complex compound of the present inven-
tion may be dissolved as a dopant in the light emitting solu-
tion in advance.

[0123] In addition, when the metal complex compound of
the present invention is used as a dopant, an organic EL device
capable of emitting white light can be obtained by using the
compound in combination with any other luminous dopant in
a light emitting layer. The above other luminous dopant may
be a fluorescent material or a phosphorescent material, and is
not particularly limited; a dopant having a maximum lumi-
nous wavelength in a yellow-to-red region is desirable.
[0124] An electron injecting/transporting material to be
used in the present invention is not particularly limited, and
any compound may be used as long as the compound is
typically used as an electron injecting/transporting material.
Examples of the material include: a nitrogen-containing ring
derivative; an oxadiazole derivative such as 2-(4-biphenylil)-
5-(4-t-butylphenyl)-1,3,4-oxadiazole or bis{2-(4-t-butylphe-
nyl)-1,3,4-oxadiazole } -m-phenylene; a triazole derivative;
and a quinolinol-based metal complex. In addition, an insu-
lator or a semiconductor is preferably used as an inorganic
compound of which the electron injecting/transporting layer
is constituted.

[0125] In addition, when the organic EL device of the
present invention has at least one of an electron injecting layer
and an electron transporting layer between the light emitting
layer and the cathode, at least one of the electron injecting
layer and the electron transporting layer preferably contains a
nitrogen-containing ring derivative as a main component.
[0126] The nitrogen-containing ring derivative is prefer-
ably an aromatic heterocyclic compound having a hetero
atom in any one of its molecules.

[0127] Preferred examples of the nitrogen-containing ring
derivative include derivatives each represented by a general
formula (A).

(4)

[0128] R*!toR“°eachindependently represent ahydrogen
atom, a halogen atom, an oxy group, an amino group, or a
hydrocarbon group having 1 to 40 carbon atoms, and each of
them may be substituted.

[0129] Examples of the halogen atom include examples
similar to those described above. In addition, examples of the
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amino group which may be substituted include examples
similar to those described for the alkylamino group, the ary-
lamino group, and the aralkylamino group (examples of an
arylalkyl group include examples similar to those described
for the aromatic hydrocarbon group and the alkyl group).
[0130] Examples of the hydrocarbon group having 1 to 40
carbon atoms include a substituted or unsubstituted alkyl
group, a substituted or unsubstituted alkenyl group, a substi-
tuted or unsubstituted cycloalkyl group, a substituted or
unsubstituted alkoxy group, a substituted or unsubstituted
aryl group (aromatic hydrocarbon group), a substituted or
unsubstituted heterocyclic group, a substituted or unsubsti-
tuted aralkyl group, a substituted or unsubstituted aryloxy
group, and a substituted or unsubstituted alkoxycarbonyl
group. Examples of each of the alkyl group, the alkenyl
group, the cycloalkyl group, the alkoxy group, the aryl group,
the heterocyclic group, the aralkyl group, and the aryloxy
group include examples similar to those described above. The
alkoxycarbonyl group is represented by —COOY", and
examples of Y' include examples similar to those described
for the alkyl group.

[0131] M represents aluminum (Al), gallium (Ga), or
indium (In), and preferably represents In.

[0132] LA inthe general formula (A) is a group represented
by the following general formula (A') or (A").

(a9
RAT RAS
RA?  or
RAI 1 RAI 0
Al
RA14 ( )
RAI 3 RAI 5

RA12 RA16 RA17 RAIS
—Si RAL
RA26 RA22
RAZI RAZO
RAZS RA23
RA24
[0133] (In the formulae, R*” to R*!* each independently

represent a hydrogen atom, or a substituted or unsubstituted
hydrocarbon group having 1 to 40 carbon atoms, and groups
adjacent to each other of R*” to R“!' may form a cyclic
structure, and R*'* to R**° each independently represent a
hydrogen atom, or a substituted or unsubstituted hydrocarbon
group having 1 to 40 carbon atoms, and groups adjacent to
each other of R*!? to R*?° may form a cyclic structure.)
[0134] Examples of the hydrocarbon group having 1 to 40
carbon atoms represented by any one of R*” to R*'* and R*'?
to R*™*® of the general formulae (A") and (A") include
examples similar to specific examples of each of R** to R
described above.
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[0135] 1In addition, a divalent group in the case where
groups adjacent to each other of R*” to R*!* and R*!? to R*2° -continued

forms a cyclic structure is, for example, a tetramethylene (A-6)
group, a pentamethylene group, a hexamethylene group, a
diphenylmethane-2,2'-diyl group, a diphenylethane-3,3'-diyl
group, or a diphenylpropane-4,4'-diyl group.

[0136] Specific examples of the metal chelate complex of
the nitrogen-containing ring represented by the general for-
mula (A) are shown below. However, the complex is not
limited to those exemplified compounds.

G

(Aa-D

(A-T)
(A-2)
(A-8)
CH;
(A-3)
(A-9)
3
(A-4)
(A-10)
CH;
CH;
(A-5) (A-11)
LC
H,C
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(A-12)
t-CuH

t-C4Hg

(A-13)

(A-14)

(A-15)

(A-16)

(A-17)
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(A-24)

CH,

(A-25)

(A-26)
CH,
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[0137] A nitrogen-containing five-membered ring deriva-
tive is also preferably used as the nitrogen-containing ring
derivative. A nitrogen-containing five-membered ring for the
derivative is, for example, an imidazole ring, a triazole ring, a
tetrazole ring, an oxadiazole ring, a thiadiazole ring, an
oxatriazole ring, or a thiatriazole ring, and the nitrogen-con-
taining five-membered ring derivative is preferably a benz-
imidazole ring, a benzotriazole ring, a pyridinoimidazole
ring, a pyrimidinoimidazole ring, or a pyridazinoimidazole
ring, or particularly preferably a derivative represented by the
following general formula (B).

LBA<</ \/l 78!

XBIT - LBl

[0138] In the general formula (B), L represents a linking
group which is divalent or more, and examples of the linking
group include a carbon atom, a silicon atom, a nitrogen atom,
aboron atom, an oxygen atom, a sulfur atom, a metal (such as
barium or beryllium), an aromatic hydrocarbon ring, and an
aromatic heterocyclic ring. Of those, a carbon atom, a nitro-
gen atom, a silicon atom, a boron atom, an oxygen atom, a
sulfur atom, an aryl group, or an aromatic heterocyclic group
is preferred, and a carbon atom, a silicon atom, an aryl group,
or an aromatic heterocyclic group is more preferred.

[0139] The aryl group and the aromatic heterocyclic group
each represented by [” may each have a substituent, and the
substituent is preferably an alkyl group, an alkenyl group, an
alkynyl group, an aryl group, an amino group, an alkoxy
group, an aryloxy group, an acyl group, an alkoxycarbonyl
group, an aryloxycarbonyl group, an acyloxy group, an acy-
lamino group, an alkoxycarbonylamino group, an aryloxy-
carbonylamino group, a sulfonylamino group, a sulfamoyl
group, a carbamoyl group, an alkylthio group, an arylthio
group, a sulfonyl group, a halogen atom, a cyano group, or an
aromatic heterocyclic group, more preferably an alkyl group,
an aryl group, an alkoxy group, an aryloxy group, a halogen

®)
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atom, a cyano group, or an aromatic heterocyclic group, still
more preferably an alkyl group, an aryl group, an alkoxy
group, an aryloxy group, or an aromatic heterocyclic group,
or particularly preferably an alkyl group, an aryl group, an
alkoxy group, or an aromatic heterocyclic group.

[0140] Specific examples of LB include the following.

CH; CH, CH, \ /
c
[
0N I I
CH; CH; CH;

CH,
CH,
e CH;
HiC CH,

CH HC CH;
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-continued
HC

[0141] X®' in the general formula (B) represents —O—,
—S—, or =N—RP'. R®! represents a hydrogen atom, an
aliphatic hydrocarbon group, an aryl group, or a heterocyclic
group.

[0142] The aliphatic hydrocarbon group represented by
R?! is a linear, branched, or cyclic alkyl group (alkyl group
having preferably 1 to 20 carbon atoms, more preferably 1 to
12 carbon atoms, or particularly preferably 1 to 8 carbon
atoms such as a methyl, ethyl, isopropyl, t-butyl, n-octyl,
n-decyl, n-hexadecyl, cyclopropyl, cyclopentyl, or cyclo-
hexyl group), a linear, branched, or cyclic alkenyl group
(alkenyl group having preferably 2 to 20 carbon atoms, more
preferably 2 to 12 carbon atoms, or particularly preferably 2
to 8 carbon atoms such as a vinyl, allyl, 2-butenyl, or 3-pen-
tenyl group), or a linear, branched, or cyclic alkynyl group
(alkynyl group having preferably 2 to 20 carbon atoms, more
preferably 2 to 12 carbon atoms, or particularly preferably 2
to 8 carbon atoms such as a propargyl or 3-pentynyl group),
and is preferably an alkyl group.

[0143] The aryl group represented by R®* is a monocyclic
group or a fused ring group, and is an aryl group having
preferably 6 to 30 carbon atoms, more preferably 6 to 20
carbon atoms, or still more preferably 6 to 12 carbon atoms,
and examples of the group include phenyl, 2-methylphenyl,
3-methylphenyl, 4-methylphenyl, 2-methoxyphenyl, 3-trif-
luoromethylphenyl, pentafluorophenyl, 1-naphthyl, and
2-naphthyl groups.

[0144] The heterocyclic group represented by RZ' is a
monocyclic group or a fused ring group, is a heterocyclic
group having preferably 1 to 20 carbon atoms, more prefer-
ably 1 to 12 carbon atoms, or still more preferably 2 to 10
carbon atoms, and is preferably an aromatic heterocyclic
group containing at least one of a nitrogen atom, an oxygen
atom, a sulfur atom, and a selenium atom. Examples of the
heterocyclic group include pyrrolidine, piperidine, pipera-
zine, morpholine, thiophene, selenophene, furan, pyrrole,
imidazole, pyrazole, pyridine, pyrazine, pyridazine, pyrimi-
dine, triazole, triazine, indole, indazole, purine, thiazoline,
thiazole, thiadiazole, oxazoline, oxazole, oxadiazole, quino-
line, isoquinoline, phthalazine, naphthylidine, quinoxaline,
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quinazoline, cinnoline, pteridine, acridine, phenanthroline,
phenazine, tetrazole, benzimidazole, benzoxazole, ben-
zothiazole, benzotriazole, tetrazaindene, carbazole, and
azepine. Of those, furan, thiophene, pyridine, pyrazine, pyri-
midine, pyridazine, triazine, quinoline, phthalazine, naphthy-
lidine, quinoxaline, or quinazoline is preferred, furan,
thiophene, pyridine, or quinoline is more preferred, and
quinoline is still more preferred.

[0145] The aliphatic hydrocarbon group, the aryl group,
and the heterocyclic group each represented by R®! may each
have a substituent. Examples of the substituent include
examples similar to those described for the substituent for the
group represented by L?, and the same holds true for a pre-
ferred substituent for each of the groups.

[0146] RZ' represents preferably an aliphatic hydrocarbon
group, an aryl group, or a heterocyclic group, more preferably
an aliphatic hydrocarbon group (aliphatic hydrocarbon group
having preferably 6 to 30 carbon atoms, more preferably 6 to
20 carbon atoms, or still more preferably 6 to 12 carbon
atoms) or an aryl group, or still more preferably an aliphatic
hydrocarbon group (aliphatic hydrocarbon group having
preferably 1 to 20 carbon atoms, more preferably 1 to 12
carbon atoms, or still more preferably 2 to 10 carbon atoms).
[0147] X®! represents preferably —O— or —=N—R”!,
more preferably —N—R”",

[0148] 77! represents an atomic group needed for the for-
mation of an aromatic ring. The aromatic ring formed of 77!
may be either an aromatic hydrocarbon ring or an aromatic
heterocyclic ring, and specific examples of the aromatic ring
include a benzene ring, a pyridine ring, a pyrazine ring, a
pyrimidine ring, a pyridazine ring, a triazine ring, a pyrrole
ring, a furan ring, a thiophene ring, a selenophene ring, a
tellurophene ring, an imidazole ring, a thiazole ring, a selena-
zole ring, a tellurazole ring, a thiadiazole ring, an oxadiazole
ring, and a pyrazole ring. Of those, a benzene ring, a pyridine
ring, a pyrazine ring, a pyrimidine ring, or a pyridazine ring is
preferred, a benzene ring, a pyridine ring, or a pyrazine ring is
more preferred, a benzene ring or a pyridine ring is still more
preferred, and a pyridine ring is particularly preferred.
[0149] Thearomatic ring formed of Z*' may further form a
fused ring with any other ring, and may have a substituent.
Examples of the substituent include examples similar to those
described for the substituent for the group represented by L,
and the substituent is preferably an alkyl group, an alkenyl
group, an alkynyl group, an aryl group, an amino group, an
alkoxy group, an aryloxy group, an acyl group, an alkoxycar-
bonyl group, an aryloxycarbonyl group, an acyloxy group, an
acylamino group, an alkoxycarbonylamino group, an ary-
loxycarbonylamino group, a sulfonylamino group, a sulfa-
moyl group, a carbamoyl group, an alkylthio group, an
arylthio group, a sulfonyl group, a halogen atom, a cyano
group, or a heterocyclic group, more preferably an alkyl
group, an aryl group, an alkoxy group, an aryloxy group, a
halogen atom, a cyano group, or a heterocyclic group, still
more preferably an alkyl group, an aryl group, an alkoxy
group, an aryloxy group, or an aromatic heterocyclic group,
or particularly preferably an alkyl group, an aryl group, an
alkoxy group, or an aromatic heterocyclic group.

[0150] n®!represents an integer of 1 to 4, or preferably 2 or
3

[0151] Of the nitrogen-containing five-membered ring
derivatives each represented by the general formula (B), a
derivative represented by the following general formula (B')
is more preferred.
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[0152] In the general formula (B"), R?% R??, and R®* each
have the same meaning as that of R®" in the general formula
(B), and the same holds true for preferred examples of each of
R??, R?*, and R%*,

[0153] ZP2, 777, and Z* each have the same meaning as
that of Z®" in the general formula (B), and the same holds true
for preferred examples of each of 772, 7%*, and 7%*.

[0154] L% 173 and L?* each represent a linking group,
and examples of the linking group include examples each
obtained by making each of the examples of L? in the general
formula (B) divalent. The linking group is preferably a single
bond, a divalent aromatic hydrocarbon ring group, a divalent
aromatic heterocyclic group, or a linking group obtained by
combining two or more of them, or more preferably a single
bond. Each of L?%, L?® and L”* may have a substituent,
examples of the substituent include examples similar to those
described for the substituent for the group represented by LB
in the general formula (B), and the same holds true for a
preferred substituent for each of 172, .72, and [.%*.

[0155] Y represents a nitrogen atom, a 1,3,5-benzenetriyl
group, a 2,4,6-triazinetriyl group, or a 2.4,6-pyridinetriyl
group. A 1,3,5-benzenetriyl group may have a substituent at
2, 4, or 6-position, and examples of the substituent include an
alkyl group, an aromatic hydrocarbon ring group, and a halo-
gen atom.

[0156] Specific examples of the nitrogen-containing five-
membered ring derivative represented by the general formula
(B) or (B') are shown below. However, the derivative is not
limited to those exemplified compounds.

(B-1)

OO~ 10
\N N \N F
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(B-13) (B-16)
N. N
/ =
N CH; N

CH,

CH,

[0157] The examples of the electron injecting/transporting

material further include compounds each having a structure

obtained by combining an electron deficient nitrogen-con-

taining five-membered ring skeleton or an electron deficient

nitrogen-containing six-membered ring skeleton with a sub-

stituted or unsubstituted indole skeleton, a substituted or

unsubstituted carbazole skeleton, or a substituted or unsub-

NN stituted azacarbazole skeleton. In addition, suitable examples

of the electron deficient nitrogen-containing five-membered

CH, ring skeleton or the electron deficient nitrogen-containing

six-membered ring skeleton include pyridine, pyrimidine,

pyrazine, triazine, triazole, oxadiazole, pyrazole, imidazole,

= quinoxaline, and pyrrole skeletons, and molecular skeletons

l each obtained by the condensation of two or more of the

skeletons such as benzimidazole and imidazopyridine. Of the

combinations, a combination of a pyridine, pyrimidine, pyra-

zine, ortriazine skeleton and a carbazole, indole, azacarba-

zole, or quinoxaline skeleton is preferred. Each of the above-
mentioned skeletons may be substituted or unsubstituted.

(B-14)

CH;

CH;

[0158] Specific examples of such compounds are shown
below.

(B-15)
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[0159] Each of the electron injecting layer and the electron
transporting layer may be of a single-layered structure
formed of one or two or more kinds of the above materials, or

CN material for each of the layers preferably has a n-electron
deficient nitrogen-containing heterocyclic group.

[0160] When the electron injecting/transporting layer is
formed of an insulator or a semiconductor, the electron inject-
ing/transporting layer effectively prevents leak in the electric
current and improves the electron injecting capability. It is
preferred that at least one metal compound selected from the
group consisting of alkali metal chalcogenides, alkaline earth
metal chalcogenides, alkali metal halides, and alkaline earth
metal halides be used as the insulator. It is preferred that the

CN
may be of a multi-layered structure formed of multiple layers
N Q having the same composition or different compositions. A
CN
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electron injecting/transporting layer be constituted of the
above alkali metal chalcogenide because the electron inject-
ing property can be improved.

[0161] More specifically, preferred examples of the alkali
metal chalcogenide include Li,O, Na,S, and Na,Se. Pre-
ferred examples of the alkaline earth metal chalcogenide
include CaO, BaO, SrO, BeO, BaS, and CaSe. Preferred
examples of the alkali metal halide include LiF, NaF, KF,
LiCl, KCl, and NaCl. Preferred examples of the alkaline earth
metal halide include fluorides such as CaF,, BaF,, SrF,,
MgF,, and BeF, and halides other than the fluorides.

[0162] Examples of the semiconductor constituting the
electron injecting/transporting layer include oxides, nitrides,
and oxide nitrides of at least one element selected from Ba,
Ca, Sr,Yb, Al, Ga, In, Li, Na, Cd, Mg, Si, Ta, Sb, and Zn used
alone or in combination of two or more. It is preferred that the
inorganic compound including the electron injecting/trans-
porting layer form a crystallite or amorphous insulating thin
film. When the electron injecting layer is formed of the insu-
lating thin film described above, amore uniform thin film can
be formed, and defects of pixels such as dark spots can be
decreased.

[0163] Examples of the inorganic compound include alkali
metal chalcogenides, alkaline earth metal chalcogenides,
alkali metal halides, and alkaline earth metal halides that are
described above.

[0164] Further, a reductive dopant with a work function of
2.9 eV or smaller may be contained in the electron injecting/
transporting layer. Here, the reducing dopant is defined as a
substance that can reduce a compound having the electron-
transporting property. Various compounds can be used as the
reducing dopant as long as the compounds have a uniform
reductive property. For example, at least one substance
selected from the group consisting of alkali metals, alkaline
earth metals, rare earth metals, alkali metal oxides, alkali
metal halides, alkaline earth metal oxides, alkaline earth
metal halides, rare earth metal oxides, rare earth metal
halides, organic complexes of alkali metals, organic com-
plexes of alkaline earth metals, and organic complexes of rare
earth metals can be preferably used.

[0165] Examples of the preferred reductive dopant include
at least one alkali metal selected from the group consisting of
Na (work function: 2.36 ¢V), K (work function: 2.28 ¢V), Rb
(work function: 2.16 eV), and Cs (work function: 1.95 eV) or
at least one alkaline earth metal selected from the group
consisting of Ca (work function: 2.9 ¢V), Sr (work function:
2.0 to 2.5 eV), and Ba (work function: 2.52 €V), and those
with work function of 2.9 eV are particularly preferred. Of
those, at least one kind selected from the group consisting of
K, Rb, and Cs, Rb and Cs is more preferred, and Cs is most
preferred. Those alkaline metals have particularly high reduc-
ing capability, and only an addition of relatively small amount
of them into an electron injection zone provides improvemnent
of luminance and lifetime extension of the organic EL device.
[0166] Further, with regard to the reductive dopant with
work function of 2.9 eV or smaller, a combination of two or
more kinds of alkali metals is also preferred, and particularly,
combinations including Cs, for example, combinations of Cs
and Na, Cs and K, Cs and Rb, Cs and Na and K are preferred.
Including Cs in combination effects the reducing capability
efficiently, and the addition into the electron injection zone
provides improvement of luminance and lifetime extension of
the organic EL device.

[0167] The light emitting layer of the organic EL device of
the present invention has: a function with which a hole can be
injected from the anode or the hole injecting layer and an
electron can be injected from the cathode or the electron
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injecting layer upon application of an electric field; a function
of moving injected charge (the electron and the hole) with the
force of the electric field; and a function with which a field for
recombination between the electron and the hole is provided
so that the recombination can lead to light emission. The light
emitting layer of the organic EL device of the present inven-
tion preferably contains at least the metal complex compound
of the present invention, and may contain a host material
using the metal complex compound as a dopant material.
Examples of the host material include a host material having
a carbazole skeleton, a host material having a diarylamine
skeleton, a host material having a pyridine skeleton, a host
material having a pyrazine skeletor, a host material having a
triazine skeleton, and a host material having an arylsilane
skeleton. The energy level of the lowest triplet excited state
(T1) of the host material is preferably larger than the T1 of the
dopant material. A light emitting layer in which the host
material is doped with a light emitting material can be formed
by, for example, the co-deposition of the host material and the
light emitting material such as the metal complex compound.

[0168] Thehost material is preferably, for example, a mate-
rial represented by each of general formulae (C-I) and (C-1I).

(Het-)nA (C-D
Het(-A)m (C-In)

[0169] [In the formulae, Het represents a nitrogen-, oxy-
gen-, or sulfur-containing heteroaromatic compound group
typified by a substituted or unsubstituted carbazolyl group, a
substituted or unsubstituted arylcarbazolyl group, or a sub-
stituted or unsubstituted carbazolylalkylene group, A repre-
sents a group formed of a site represented by the following
general formula (E), and n and m each represent an integer of
1to 3.

(M)p-(L)g-(M")r ®

(M'and M" each independently represent a nitrogen-contain-
ing heteroaromatic ring which is formed of 2 to 40 carbon
atoms and which may have or may not have a substituent, and
M' and M" may be identical to or different from each other, L
represents a single bond, an arylene group having 6 to 30
carbon atoms, a cycloalkylene group having 5 to 30 carbon
atoms, or a heteroaromatic ring which has 2 to 30 carbon
atoms and which may have or may not have a substituent
bonded to itself, and p represents an integer of 0 to 2, q
represents an integer of 1 to 3, and r represents an integer of 0
to 2, provided that p+r is equal to or greater than 1.)]

[0170] Specific examples of the material represented by
each of the general formulae (C-1) and (C-II) include, but not
limited to, the following structures.

€D
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[0171]
following general formulae (D-I) and (D-IT) can also be used
as a host material. In the formulae, Q" to Q* each represent a
group similar to that represented by R?* of the general for-
mula (B), and L and q each have the same meaning as that
defined in the general formula (E).

(O
-0

In addition, a compound represented by each of the

O-D
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Q' Q'

I I
@C—Si—FLH—Si—
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[0172] Specific examples of the compound represented by
each of the general formulae (D-1) and (D-II) include, but not
limited to, the following structures.

[0173] The anode in the organic EL device plays a tole of
injecting holes into a hole injecting/transporting layer and/or
into a light emitting layer, and it is effective that the anode has
awork function of 4.5 eV or larger. Specific examples of the
material for the anode used in the present invention include
indium tin oxide (ITO) alloy, tin oxide (NESA), gold, silver,
platinum, copper. With regard to the cathode, its material
preferably has a small work function with the aim of injecting
electrons into an electron injecting/transporting layer and/or
into a light emitting layer. Further in the organic EL device, a
hole injecting (transporting) layer may be disposed over the
anode. Various organic compounds and polymers usually
used for the organic ELL device, for example, which are
described in Japanese Patent Application Laid-Open Nos.
Sho 63-295695 and Hei 02-191694 may be employed as the
hole injecting/transporting layer. Examples thereof include
aromatic tertiary amine, hydrazone derivatives, carbazole
derivatives, triazole derivatives, imidazole derivatives, or
polyvinylcarbazole, polyethylenedioxythiophene poly sul-
fonic acid (PEDOT/PSS).

[0174] Materials for the cathode of the organic EL device
are not particularly limited, but include indium, aluminium,
magnesium, magnesium-indium alloy, magnesium-alu-
minium alloy, aluminium-lithium alloy, aluminium-scan-
dium-lithium alloy, magnesium-silver alloy.

(O-1)

EXAMPLES

[0175] Next, the present invention will be described in
more detail by way of examples. However, the present inven-
tion is not limited to those examples.

Synthesis Example 1
Synthesis of Compound 3

[0176] The above Compound 3 was synthesized via the
following route.
F F F F
Fe/Br,
Br Br Br
Bfb
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(1) Synthesis of Bfb

[0177] 39 mmol (7.52 g) of 1-bromo-2,4-difluorobenzene
were loaded into a 100-ml flask, and the 1-bromo-2,4-difluo-
robenzene was heated to 60° C. Next, 0.15 g of iron was
added, and then 39 mmol (6.23 g) of bromine were dropped
over 3 hours while the temperature of the mixture was kept at
60° C. After the completion of the dropping, the resultant was
further subjected to a reaction at 60° C. for 2 hours.

[0178] After theresultant reaction liquid had been cooled to
room temperature, the reaction liquid was charged into a cold
aqueous solution of sodium hydroxide, and the reaction prod-
uct was extracted with hexane. The resultant organic layer
was washed with pure water and a saturated sodium chloride
solution, and was dehydrated with anhydrous sodium sulfate.
After that, the solvent was removed. The resultant residue was
purified by means of silica gel chromatography (developing
solvent: hexane), whereby 8.81 g of Bfb as colorless oil were
obtained (84% yield).

[0179] 'H-NMR (CDCl,): 87.70 (t, 1H, J=7.2 Hz), 6.92 (t,
1H, J=8.0 Hz)

(2) Synthesis of Fppy

[0180] 77 mmol (10.7 g) of 4-fluorophenylboronic acid, 70
mmol (11.0 g) of 2-bromopyridine, 1.4 mmol (1.6 g) of tet-
rakistriphenylphosphinepalladium(0), 22 g of a 2-M aqueous
solution of sodium carbonate, and 140 ml of 1,2-dimethoxy-
ethane were loaded into a 500-ml three-necked flask, and the
air in the system was replaced with nitrogen. The mixture was
refluxed under heat for 9 hours while being stirred, and was
then cooled to room temperature. After that, water and ethyl
acetate were added to extract the mixture, and the organic
layer was dried with magnesium sulfate.

[0181] After filtration, the solution was concentrated,
whereby an orange slurry-like substance was obtained. The
substance was purified with a silica gel column (developing
solvent dichloromethane:hexane=1:2 to 2:1), whereby Fppy
was obtained (9.7 g, 80% yield).

[0182] 'H-NMR (CDCl,): & 8.68 (d, 1H, J=5.7 Hz), 8.00-
7.97 (m, 2H), 7.75 (t, 1H, 1=7.7 Hz), 7.68 (d, 1H, J=8.0 Hz),
7.24-7.22 (m, 1H), 7.16 (t, 2H, J=8.6 Hz)

(3) Synthesis of Fpyb

[0183] A 200-ml three-necked flask was replaced with
nitrogen. 207 mmol (8.78 g) of lithium chloride and 1.61
mmol (1.1 g) of bistriphenylphosphine palladium dichloride
were added, and the flask was replaced with nitrogen again.
Next, 80 ml of toluene and 20.7 mmol (5.62 g) of Bfb were
added. Further, 62.1 mmol (15.0 g) of trimethyl(2-pyridyl) tin
were dropped, and the whole was refluxed under heat for 3
days in a stream of nitrogen. After the resultant had been left
standing to cool, 150 ml of a saturated aqueous solution of
potassium fluoride were added, and the whole was stirred for
30 minutes. A solid was removed by filtration, and the
remainder was extracted with methylene chloride and a 5%
aqueous solution of sodium hydrogen carbonate. After that,
sodium sulfate was added to an organic layer for dehydration.
The solvent was removed under reduced pressure, whereby a
brown solid was obtained. The resultant was washed with
ether, whereby a 4.3 g of white solid of Fpyb were obtained
(78% yield).

[0184] 'H-NMR (CDCl,): 88.66(d, 2H,J=5.2 Hz), 8.55 t,
1H,J=8.9 Hz), 7.72-7.68 (m, 4H), 7.21-7.19 (m, 2H), 6.97 (t,
1H, J=10.9 Hz)

[0185] '°F-NMR (CDCl,): §-112.95
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(4) Synthesis of Fpyblr

[0186] To a 100-ml two-necked flask, 1.33 mmol (0.469 g)
of iridium chloride hydrate, 1.86 mmol (0.5 g) of Fpyb, and
20 ml of 2-ethoxyethanol were added, and the whole was
stirred under heat for 20 hours in a stream of nitrogen. After
the resultant had been left standing to cool, the solvent was
removed by filtration, whereby 0.51 g of a yellow solid was
obtained (73% yield).

(5) Synthesis of Compound 3

[0187] 0.283 mmol (0.3 g) of Fpyblr, 0.283 mmol (0.49 g)
of Fppy, and 10 ml of glycerol were added to a 100-ml egg
plant flask, and the mixture was refluxed under heat for 6
minutes while being irradiated with a microwave in a stream
of nitrogen. After the mixture had been left standing to cool,
water was added to the mixture, and the resultant precipitate
was recovered by filtration and washed with hexane, whereby
Compound 3 as a yellow solid was obtained (0.221 g, 58%
yield).

[0188] 'H-NMR (CDCL,): 6 10.08 (d, 1H, J=5.2 Hz), 8.10
(d, 2H, I=8.0 Hz), 8.00-7.99 (m, 2H), 7.62 (t, 2H, J=8.6 Hz),
7.63-7.61 (m, 3H), 6.85 (t, 2H, J=6.6 Hz), 6.79 (t, 1 H, I=11.5
Hz), 6.47 (t, 1H, J=8.6 Hz), 5.72 (d, 1H, J=10.3 Hz)

[0189] Anal. caled for C,,H, N,F,IrCl: C, 48.61; H, 2.42;
N, 6.30

[0190] Found: C, 48.35; H, 2.42; N, 6.10

Synthesis Example 2
Synthesis of Compound 4

[0191] Compound 4 was synthesized from Compound 3 in
accordance with the synthesis route shown in Synthesis
Example 1.

[0192] 0.3 mmol (0.2 g) of Compound 3, 3.0 mmol (0.194
2) of potassium cyanide, and 10 ml of methanol were added to
a 50-ml egg plant flask, and the mixture was refluxed under
heat for 1 hour in a stream of nitrogen.

[0193] After the mixture had been left standing to cool, the
solvent was removed under reduced pressure, pure water was
added to the remainder, and the resultant precipitate was
recovered by filtration and washed with hexane. Further, the
precipitate was purified by silica gel column chromatography
(developing solvent chloroform), whereby Compound 4 as a
yellow solid was obtained (0.135 g, 70% yield).

[0194] 'H-NMR (CDCl,): 8 10.02 (d, 1H, J=4.6 Hz), 8.13
(d, 2H, J=8.0 Hz), 8.02 (d, 2H, 4.0), 7.66-7.61 (m, 5H), 7.50
(g, 1H, I=4.8 Hz), 6.85-6.81 (m, 3H), 6.51 (t, 1H, J=8.6 Hz),
5.70 (d, 1H, 1=9.2 Hz)

[0195] Anal. caled for C, H, ([N,F,Ir: C,51.14; H,2.45; N,
8.52

[0196] Found: C, 51.12; H, 2.52; N, 8.26

[0197] FT-IR(KBr): 2105 cm™ [v(CN)]

Synthesis Example 3
Synthesis of Compound 5
[0198] Compound 5 was synthesized via the following

route. Compounds Bfb, Fpyb, and Fpyblr were each synthe-
sized in the same manner as in Synthesis Example 1.
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(1) Synthesis of dFppy

[0199] 63.3 mmol (10 g) of 2,4-difluorophenylboronic acid
and 1.73 mmol (2.0 g) of tetrakistriphenylphosphine-
palladium(0) were loaded into a 1,000-ml flask, and the air in
the system was replaced with nitrogen. After that, 500 ml of
1,2-dimethoxyethane, 120 ml of a 1.3-M aqueous solution of
sodium carbonate, and 63.3 mmol (10 g) of 2-bromopyridine
were added to the mixture, and the whole was subjected to a
reaction for 8 hours under reflux.

[0200] The solvent was removed by distillation from the
resultant reaction solution, and the remainder was extracted
with ether. The separated organic layer was washed with
water twice and dried with magnesium sulfate. The dried
product was concentrated, and then the resultant oily product
was purified by silica column chromatography (developing
solvent methylene chloride:hexane=1:1), whereby dFppy as
yellow oil was obtained (8.0 g, 67% yield).

[0201] *‘H-NMR (CO(CD,).-d6): 88.71 (d, 1H, J=4.6 Hz),
8.11 (q, 1H, I=8.0 Hz), 7.88 (t, 1H, J=7.7 Hz), 7.81 (d, 1H,
J=8.0 Hz), 7.36 (t, 1H, J=6.0 Hz), 7.16-7.14 (m, 2H)

(2) Synthesis of Compound 5

[0202] 0.094 mmol (0.1 g) of Fpyblr, 0.934 mmol (0.18 g)
of dFppy, and 10 ml of glycerol were added to a 100-ml egg
plant flask, and the mixture was refluxed under heat for 26
hours. After the mixture had been left standing to cool, water
was added to the mixture, and the resultant precipitate was
recovered by filtration and washed with hexane, whereby
Compound 5 as a yellow solid was obtained (0.04 g, 65%
vield).

[0203] 'H-NMR (CDCL,): 8 10.15 (d, 1H, J=4.0 Hz), 8.46
(d, 1H, J=8.0 Hz), 8.11 (d, 2H, J=8.6 Hz), 8.02 (t, 1H, J=7.7
Hz), 7.64 (t, 2H, J=8.0 Hz), 7.56 (t, 1H, ]=6.3 Hz), 7.52 (d,
2H,1=5.7Hz), 6.88 (t, 2H, J=6.9 Hz), 6.79 (t, 1 H, I=11.5 Hz),
6.25 (t, 1H, JI=11.2 Hz), 5.56 (d, 1H, J=9.7 Hz)

Synthesis Example 4
Synthesis of Compound 6

[0204] Compound 6 was synthesized from Compound 5 in
accordance with the synthesis route shown in Synthesis
Example 3.

[0205] 0.3 mmol (0.2 g) of Compound 5, 3.0 mmol (0.194
g) of potassium cyanide, and 10 ml of methanol were added to
a 50-ml egg plant flask, and the mixture was refluxed under
heat for 1 hour in a stream of nitrogen.

[0206] After the mixture had been left standing to cool, the
solvent was removed under reduced pressure, pure water was
added to the remainder, and the resultant precipitate was
recovered by filtration and washed with hexane. Further, the
precipitate was purified by silica gel column chromatography
(developing solvent chloroform), whereby Compound 6 as a
yellow solid was obtained (0.127 g, 63% yield).

Synthesis Example 5
Synthesis of Compound 7
[0207] Compound 7 was synthesized via the following

route. Compound Fpyblr was synthesized in the same manner
as in Synthesis Example 1.
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methanol

(1) Synthesis of pmi

[0208] 13.8 mmol (2.0 g) of 1-phenylimidazole and 30.5
mmol (1.9 ml) of methyl iodide were loaded into 15 ml of
toluene in a 50-ml egg plant flask in a stream of nitrogen, and
the whole was subjected to a reaction at 30° C. for 24 hours.
The product was recovered by filtration and washed with
toluene, whereby pmi as a white solid was obtained (3.65 g,
92% yield).

[0209] 'H-NMR (CDCL,): 810.55 (s, 1H), 7.78-7.76 (m,
2H), 7.61-7.56 (m, 5H), 4.29 (s, 3H)

(2) Synthesis of Compound 7

[0210] 0.094 mmol (0.1 g) of Fpyblr, 0.282 mmol (0.081 g)
of pmi, 1.22 mmol (0.283 g) of silver oxide, and 25 ml of
2-ethoxyethanol were loaded into a 50-ml eggplant flask, and
the mixture was refluxed under heat for 6 hours in a stream of
nitrogen. After the mixture had been left standing to cool, the
solvent was removed under reduced pressure, the remainder
was dissolved in methylene chloride, and the solution was



US 2009/0039767 Al

filtrated through cerite. The solid after the removal of the
solvent under reduced pressure was purified by silica gel
column chromatography (developing solvent chloroform
methanol=100:1). Further, the purified product was recrys-
tallized with methylene chloride/chloroform/hexane,
whereby Compound 7 was obtained (82 mg, 67% yield).
[0211] Anal. caled for C,H, NSF,Cllr: C, 47.81; H, 2.93;
N, 8.58

[0212] Found: C, 47.66; H, 2.53; N, 8.18

[0213] "H-NMR (CDCI,): 88.05(d, 2H, J=8.0Hz), 7.88 (d,
2H,J=5.2Hz),7.62 (d, 1H, I=2.3Hz), 7.56 (t,2H,J=7.7 Hz),
7.24 (d, 2H, J=2.3 Hz), 7.04 (d, 1H, J=9.2 Hz), 6.77 (t, 2H,
J=6.6Hz),6.71 (t, 1H, I=6.9 Hz), 6.47 (t, 1H, ]=7.4 Hz), 5.99
(d, 1H, J=5.99 Hz)

[0214] '°F-NMR (CDCL,): §-108.62

Synthesis Example 6
Synthesis of Compound 8

[0215] Compound 8 was synthesized from Compound 7 in
accordance with the synthesis route shown in Synthesis
Example 5.

[0216] 0.077 mmol (0.05 g) of Compound 7, 0.766 mmol
(0.05 g) of potassium cyanide, and 10 ml of methanol were
loaded into a 50-ml egg plant flask, and the mixture was
refluxed under heat for 14 hours in a stream of nitrogen. After
the mixture had been left standing to cool, the solvent was
removed under reduced pressure, pure water was added to the
remainder, and the solution was filtrated and washed with
hexane. Further, the washed product was purified by silica gel
column chromatography (developing solvent methylene
chloride:methanol=25:1), whereby Compound 8 as a bright
yellow solid was obtained (33 mg, 67% yield).

[0217] Anal. caled for C,.H, N.F,Ir: C, 50.38; H,2.98; N,
10.88

[0218] Found: C, 50.20; H, 2.69; N, 10.52

[0219] ‘H-NMR (CDCI,): 88.06 (d,2H,J=8.6 Hz), 7.83 (d,
2H, J=5.7 Hz), 7.62 (s, 1H), 7.58 (t, 2H, J=8.0 Hz), 7.23 (s,
1H), 7.09 (d, 1H, J=8.0 Hz), 6.82-6.78 (m, 2H), 6.73 (t, 2H,
J=6.6 Hz), 6.53 (t, 1H, J=7.2 Hz), 6.02 (d, 1H, J=7.4 Hz)
[0220] '°F-NMR (CDCL,): 8-108.49

[0221] FT-IR(KBr): 2103 cm™" [v(CN)]

Synthesis Example 7

Synthesis of Compound 9

[0222] Compound 9w as synthesized via the following
route. Compound Fpyblr was synthesized in the same manner
as in Synthesis Example 1.

F,C

B(OH),

\ / Br

Pd(PPhy),

CF;
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-continued

(1) Synthesis of CFppy

[0223] 13 mmol (1.49 g) of 2-chloropyridine, 16 mmol (3.0
2) of 2-trifluoromethylphenylboronic acid, 20 ml of 1,2-
dimethoxyethane, 12 m1 of a 2-M aqueous solution of potas-
sium carbonate, and 0.65 mmol (0.751 g) of tetrakistriph-
enylphosphinepalladium(0) were loaded into a 100-ml two-
necked flask, and the mixture was refluxed under heat for 19
hours. After having been left standing to cool, the mixture was
extracted with ethyl acetate and dehydrated with sodium sul-
fate, and then the solvent was removed. The remainder was
purified by distillation under reduced pressure, whereby
CFppy was obtained (1.83 g, 63% yield).

[0224] 'H-NMR (CDCL,): $8.73 (d, 1H, J=4.6 Hz), 8.28 (s,
1H), 8.18 (d, 1H, J=7.4 Hz), 7.82-7.76 (m, 2H), 7.67 (d, 1H,
J=1.4 Hz), 7.60 (t, 1H, J=7.7 Hz), 7.30-7.29 (m, 1H)
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(2) Synthesis of Compound 9

[0225] 0.189 mmol (0.2 g) of Fpyblr, 1.89 mmol (0.421 g)
of CFppy, and 10 ml of glycerol were loaded into a 100-ml
eggplant flask, and the mixture was refluxed underheat for 12
minutes while being irradiated with a microwave in a stream
of nitrogen. After the mixture had been left standing to cool,
water was added to the mixture, and the resultant precipitate
was recovered by filtration and washed with hexane. The
washed product was purified by silica gel column chroma-
tography (developing solvent chloroform) and recrystalliza-
tion with methylene chloride/hexane, whereby Compound 9
as a whitish yellow solid was obtained (0.216 g, 80% yield).
[0226] 'H-NMR (CDCL,):510.1(d, 1H,J=6.3 Hz),8.15(d,
1H,J=6.3 Hz), 8.10 (d, 2H, I=8.0 Hz), 8.06 (t, 1H, ]=8.0 Hz),
7.80 (s, 1H), 7.66-7.61 (m, 3H), 7.53 (d, 2H, J=5.7 Hz), 6.86
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added to a 50-ml egg plant flask, and the mixture was refluxed
under heat for 1 hour in a stream of nitrogen. After the mixture
had been left standing to cool, the solvent was removed under
reduced pressure, pure water was added to the remainder, and
the resultant precipitate was recovered by filtration and
washed with hexane. Further, the precipitate was purified by
silica gel column chromatography (developing solvent meth-
vylene chloride:methanol=50:1), whereby Compound 10 as a
whitish yellow solid was obtained (0.11 g, 52% vield).
[0229] Anal. caled for CooH, (NGF,Ir: C, 49.22; H, 2.28; N,
7.92

[0230] Found: C, 49.34; H, 2.31; N, 7.68

[0231] 'H-NMR (CDCL,): 810.08 (d, 1H, J=5.7 Hz), 8.17
(d, 1H, J=8.0 Hz), 8.13-8.08 (m, 3H), 7.83 (s, 1H), 7.66-7.58
(m, SH), 6.88-6.82 (m, 4H), 6.19 (d, 1H, J=8.0 Hz)

(t, 2, J=6.6 Hz), 6.83-6.78 (m, 2H), 6.22 (d, 1H,J-9.7 Hz) ~ [0232] '"F-NMR (CDCLy): 8-62.10 (CFppy), -107.62
(Fpyb)
Synthesis Example 8 [0233] FT-IR(KBr): 2112 cm™ [v(CN)]
Synthesis of Compound 10
. Synthesis Example 9
[0227] Compound 10 was synthesized from Compound 9
in accordance with the synthesis route shown in Synthesis Synthesis of Compound 11
Example 7.
[0228] 0.301 mmol (0.216 g) of Compound 9, 3.0 mmol [0234] Compound 11 was synthesized via the following
(0.194 g) of potassium cyanide, and 10 ml of methanol were route.
CF; CF;
+ONO
CuBr,
Br NH, Br Br
Befb
CF4
CF
PdClLy(PPh3)»/LiCl IrCl; nH,0
/ N | AN | AN s-ethoxyethanol
\
Br Br Sn(CHz);
Befb — 2N NA
CFpyb

CFpyblr

glycerol
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-continued

KCN

FC methanol

(1) Synthesis of Befb

[0235] 4.79 mmol (1.07 mg) of copper(Il) bromide and 15
ml of acetonitrile were loaded into a three-necked flask.
Under nitrogen, at0° C., 6.4 mmol (0.844 ml) oft-butyl nitrite
and 4.16 mmol (1.0 g) of 3-amino-5-bromobenzotrifluoride
were dropped to the mixture, and the resultant mixture was
stirred for 1.5 hours. After that, the temperature of the mixture
was returned to room temperature, and the mixture was
stirred for 16 hours.

[0236] The resultant solution was concentrated so that its
volume might be reduced by half. The concentrate was
washed with 1N hydrochloric acid and extracted with ether.
After the organic layer had been dehydrated, the solvent was
removed under reduced pressure, and the remainder was puri-
fied with a silica gel column (developing solvent hexane),
whereby Befb as orange oil was obtained (0.84 g, 58% yield).

[0237] 'H-NMR (CD,CN): 3 8.04 (s, 1H), 7.88 (s, 2H)
(2) Synthesis of CFpyb
[0238] CFpyb was synthesized inthe same manner as in the

synthesis of Fpyb in Synthesis Example 1 except that Befb
was used as a bromide as a raw material and tri-n-butyl(2-
pyridyD)tin was used as a tin compound as another raw mate-
rial. Purification was performed by silica gel column chro-
matography (developing solvent hexane ether=4:1) (0.64 g,
26% yield).

[0239] ‘H-NMR(CDCI,): 88.84(s, 1H),8.75(d, 2H,J=5.7
Hz), 8.34 (s, 2H), 7.89 (d, 2H, J=8.0 Hz), 7.82 (t, 2H, J=7.7
Hz), 7.32 (t, 2H, J=6.0 Hz)

(3) Synthesis of CFpyblr

[0240] 0.284 mmol (0.1 g) of iridium chloride hydrate and
10 ml of 2-ethoxyethanol were loaded into a 100-ml two-
necked flask, and the mixture was stirred at 110° C. in a
stream of nitrogen. When the temperature of the mixture
increased, 0.397 mmol (0.119 g) of CFpyb was added to the
mixture, and the resultant mixture was stirred under heat for
20 hours. After having been left standing to cool, the mixture
was filtrated and washed with methanol and ether, whereby an
orange solid was obtained (0.103 g, 65% yield).

(4) Synthesis of Compound 11

[0241] 0.089 mmol (0.1 g) of CFpyblr, 0.712 mmol (0.123
2) of Fppy, and 10 ml of glycerol were loaded into a 100-ml
egg plant flask, and the mixture was refluxed under heat for 12
minutes while being irradiated with a microwave in a stream
of nitrogen. After the mixture had been left standing to cool,

52

Feb. 12,2009

water was added to the mixture, and the resultant precipitate
was recovered by filtration and washed with hexane, whereby
a yellow powder was obtained. The powder was purified by
silica gel column chromatography (developing solvent meth-
ylene chloride:methanol=50:1) and recrystallization with
methylene chloride/hexane, whereby the yellow solid of
Compound 11 was obtained (67 mg, 54% yield).

[0242] 'H-NMR (CDCL,): 8 10.09 (d, 1H, 1=5.7 Hz), 8.02-
8.00 (m, 4H). 7.95 (d, 2H, J=8.0 Hz), 7.67 (t. 2H, J=7.7 Hz),
7.64 (d, 2H, J=5.7 Hz), 7.60-7.55 (m, 2H), 6.92 (t, 2H, J=6.6
Hz), 6.45 (t, 1H, I=8.6 Hz), 5.55 (d, 1H, J=9.7 Hz)

[0243] '°F-NMR (CDCl,): & -60.82 (CF,pyb), -110.71
(fppy)
Synthesis Example 10
Synthesis of Compound 12
[0244] Compound 12 was synthesized from Compound 11

in accordance with the synthesis route shown in Synthesis
Bxample 9.

[0245] Compound 12 was synthesized in the same manner
as in the synthesis of Compound 4 by using 0.086 mmol (60
mg) of Compound 11 as a raw material. Purification was
performed by silica gel column chromatography (developing
solvent methylene chloride methanol=50:1), whereby the
whitish yellow solid of Compound 12 was obtained (37 mg,
63% yield).

[0246] 'H-NMR (CDCl,): 10.04 (d, 1H, J=5.2 Hz), 8.04-
8.03 (m, 4H),7.97 (d, 2H, J=8.0 Hz), 7.72-7.68 (m, 4H), 7.62
(t, 1H, 1=6.9 Hz), 7.51 (t, 1H, J=7.2 Hz), 6.91 (t, 2H, J=6.0
Hz), 6.48 (t, 1H, J=8.9 Hz), 5.50 (d, 1H, J=9.2 Hz)

Synthesis Example 11

Synthesis of Compound 29

[0247] Compound 29 was synthesized via the following
route.
F F
Br Br
A\~ nBuliiZnCl; Bib

N N

\—/
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-continued
F F
\ PACL(PPh3)y/LiCl
N Br N
§/|N / \ SnBus
Itb —

Pyifb

IrCl; HHzo
-ethoxyethanol

=N

glycerol

KCN

methanol
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(1) Synthesis of Ifb

[0248] The air in a 500-ml three-necked flask was replaced
with nitrogen. 38 mmol (3.1 g) of N-methylimidazole and 50
ml of tetrahydrofuran were loaded into the flask, and 27.5 ml
(44 mmol) of 1.6-M n-butyllithium were added to the mixture
at —=70° C. After the mixture had been stirred for 2 hours, 44
mmol (6.0 g) of anhydrous zinc chloride suspended in tet-
rahydrofuran were dropped to the mixture. The resultant mix-
ture was stirred for 1 hour, and then its temperature was
returned to room temperature. Further, a solution prepared by
dissolving 0.504 mmol (0.412 g) of 1,1'-bis(diphenylphos-
phino) ferrocenepalladium(II) dichloride and 25.2 mmol
(6.88 g) of Bib in 20 ml of tetrahydrofuran was added to the
mixture, and the resultant mixture was refluxed for 1.5 hours.
After the mixture had been slightly cooled, 76 mmol (10.4 g)
of anhydrous zinc chloride were added to the mixture, and the
resultant mixture was refluxed for an additional 5 days.

[0249] The resultant reaction solution was charged into an
aqueous solution (1 L) of 236 mmol (88 g) of ethylenedi-
amine-N,N,N',N'-disodium tetraacetate anhydride, and the
pH of the mixture was adjusted to 8 with a 10% aqueous
solution of sodium carbonate. An organic substance was
extracted with methylene chloride and dehydrated with
sodium sulfate, and then the solvent was removed. The
remainder was purified with a silica gel column (developing
solvent acetone), whereby a yellow solid was obtained. Fur-
ther, the solid was sublimated, whereby the white solid of Ifb
was obtained (10.2 g, 46% yield).

[0250] 'H-NMR (CDCl,-d): d 7.84 (t, 1H, I=7.7 Hz), 7.16
(d, 1H, JI=1.1 Hz), 7.03-7.01 (m, 2H), 3.62 (d, 3H, J=2.3 Hz)

(2) Synthesis of Pyifb

[0251] The air in a 500-ml three-necked flask was replaced
with nitrogen. 45.3 mmol (1.92 g) of lithium chloride, 11.3
mmol (3.1 g) of Ifb, 0.354 mmol (0.248 g) of bistriph-
enylphosphinepalladium dichloride, 13.6 mmol (5.0 g) of
tributyl(2-pyridyl)tin, and 40 ml of toluene were added to the
flask, and the mixture was refluxed under heat for 6 days.

[0252] After the mixture had been left standing to cool, a
saturated aqueous solution of potassium fluoride was added
to the mixture, and the resultant mixture was stirred for 3
hours. The solid was removed by filtration, and the remainder
was extracted with methylene chloride and 150 ml of a 5%
aqueous solution of sodium hydrogen carbonate. After that,
anhydrous sodium sulfate was added to the organic layer to
dehydrate the layer. Brown oil obtained after the removal of
the solvent under reduced pressure was purified with a silica
column, whereby the yellow oil of Pyifb was obtained (2.4 g,
78% yield).

[0253] 'H-NMR (Acetone-dy): d 8.72 (g, 1H, J=2.1 Hz),
8.29 (1, 1H, J=8.9 Hz), 7.93-7.89 (m, 2H), 7.42-7.39 (m, 1H),
7.34 (t, 1H, J=11.2 Hz), 7.25 (d, 1H, J=1.1 Hz), 7.06 (d, 1H,
J=1.1 Hz), 3.70 (d, 3H, J=1.7 Hz)

(3) Synthesis of Pyifblr

[0254] 5.9 mmol (2.07 g) of iridium chloride hydrate, 8.8
mmol (2.4 g) of Pyifb, and 30 ml of 2-ethoxyethanol were
added to a 100-ml egg plant flask, and the mixture was stirred
under heat and reflux for 24 hours in a stream of nitrogen.
After the mixture had been left standing to cool, the product
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was filtrated and washed with hexane and ether, whereby a
yellow solid was obtained (2.91 g, 91% yield).

(4) Synthesis of Compound 29

[0255] 0.46 mmol (0.5 g) of Pyifblr, 2.3 mmol (0.4 g) of
Fppy, and 25 ml of ethylene glycol were added to a 100-ml
egg plant flask, and the mixture was refluxed under heat 3
times for 1 minute while being irradiated with a microwave in
a stream of nitrogen. After the mixture had been left standing
to cool, water was added to the mixture, and the resultant
precipitate was filtrated with a centrifugal separator and
washed with hexane. Further, the washed product was puri-
fied with a silica column (developing solvent methanol:di-
chloromethane=1:25), whereby Compound 29 as a yellow
solid was obtained (0.289 g, 47% yield).

[0256] 'H-NMR (CDCl,-d): 8 10.06 (d, 1H, J=5.2 Hz),
8.12(d, 1H, JI=8.6 Hz), 7.95-7.92 (m, 2H), 7.62-7.54 (m, 3H),
7.47 (t, 1H, J=6.0 Hz), 6.83 (1, 1H, J=6.6 Hz), 6.76 (t, 1H,
J=11.7 Hz), 6.65 (d, 1H, J=1.7 Hz), 6.45 (t, 1H, J=8.6 Hz),
6.21 (d, 1H, J=1.7 Hz), 5.63 (d, 1H, J=10.0 Hz), 4.09 (d, 3H,
J=4.6 Hz)

Synthesis Example 12
Synthesis of Compound 30

[0257] Compound 30 was synthesized from Compound 29
in accordance with the synthesis route shown in Synthesis
Example 11.

[0258] 045 mmol (0.3 g) of Compound 29, 4.5 mmol
(0.292 g) of potassium cyanide, and 40 m1 of methanol were
added to a 100-ml egg plant flagk, and the mixture was
refluxed in a stream of nitrogen. The product was recovered
by filtration and washed with hexane, whereby a yellow pow-
der was obtained. The powder was purified by silica gel
column chromatography (developing solvent methanol:m-
ethylene chloride=1:25), whereby the yellow powder of
Compound 30 was obtained (0.113 g, 38% yield).

[0259] 'H-NMR (CDCl;-d): §0.00(d, 1H,J=5.2 Hz), 8.14
(d, 1H, J=8.6 Hz), 7.96-7.95 (m, 2H), 7.70 (d, 1H, J=5.2 Hz),
7.62-7.59 (m, 2H), 7.42 (t, 1H, J=5.7 Hz), 6.82-6.79 (m, 2H),
6.67 (d, 1H, J=1.1 Hz), 6.49 (t, 1H, J=8.6 Hz), 6.26 (d, 1H,
J=1.7Hz), 5.64 (d, 1H, J=9.5 Hz), 4.10 (d, 3H, J=5.2 Hz)
[0260] FIGS.1to 36 show the UV absorption spectra, room
temperature emission spectra, and low temperature emission
spectra at 77 K of the compounds synthesized in Synthesis
Examples 1 to 12 described above. In addition, Table 2 shows
a maximum luminous wavelength or the wavelength of a
representative absorption peak.

TABLE 2

Spectral characteristics of compounds

Room
temperature
luminous 77 K luminous UV absorption
wavelength wavelength wavelength
Compound No. Amax(nm) Amax(nm) (nm)
3 480 470 398
4 461 455 381
5 475 467 396
6 466 459 383
7 480 476 400
8 478 457 384
9 478 468 397
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TABLE 2-continued

Spectral characteristics of compounds

Room
temperature
luminous 77 K luminous UV absorption
wavelength wavelength wavelength
Compound No. Amax{nm) Amax(nm) (nm)
10 460 454 380
11 504 492 406
12 480 471 385,414
29 494 476 388
30 468 459 367
[0261] Inaddition, FIGS. 37 to 40 are each a view showing

the X-ray crystallographic analysis of each of Compounds 3,
4, 9, and 29, Table 3 shows photophysicochemical data (a
quantum yield, an excitation lifetime, and radiation and non-
radiation rates) on synthesized compounds, and Table 4
shows the oxidation-reduction potential of each of the syn-
thesized compounds measured by cyclic voltammetry.

TABLE 3

Photophysicochemical data

Emission
lifetime w(us
Quantum  Room Radiation ~ Non-radiation
Compound yield temper- rate rate

No. ov atre®  77KY Ki(x10%)®  Kur(x10%)©

3 0.24 0.34 170 7.06 224
4 0.21 0.42 2.10 5.0 18.8
7 0.021 0.01 1.93 — —
8 0.021 4.98 1.86 — —

9 0.48 0.5 155 9.6 10.4
10 0.39 0.57 2.11 6.84 10.7
11 0.67 1.04 9.54 6.44 3.17
12 0.75 1.23 327 6.1 2.03
30 0.63 1.43 342 4.41 2.58

Measured in methylene chloride saturated with argon

YMeasured in a solution containing methylene chloride and toluene at a ratio
of 1:1

©XCalculated from Kr = ¢/t and Knr = (1 - ¢)/x

TABLE 4

Oxidation-reduction potential®-®

Oxidation Reduction
Compound No. ~ potential E; ;™ (V)  potential E;,™¢ (V)  AE (V)
3 0.90 -2.34 3.24
4 1.10% -2.33 3.43
7 0.64 -2.35 2.99
8 0.90 -2.41 331
9 0.86 -2.02 2.88
11 0.79 -2.23 3.02
2 1.03 -2.20 3.23
29 0.68 -2.46 3.14
30 0.90 -2.36 3.26

“Calculated with reference to the oxidation-reduction potential of a fer-

rocene/ferricinium salt
®n a DMF solvent (0.1 M TBABF,)
©n an acetonitrile solvent (0.1 M TBABF,)

Example 1

[0262] Anorganic EL device formed of a glass substrate, an
anode, a hole transporting layer, a light emitting layer, a hole
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blocking layer, an electron transporting layer, an electron
injecting layer, and a cathode was produced by using Com-
pound 4.

[0263] A glass substrate measuring 25 mm wide by 75 mm
long by 1.1 mm thick and provided with an ITO transparent
electrode was subjected to ultrasonic cleaning in isopropyl
alcohol for 5 minutes, and was then subjected to UV ozone
cleaning for 30 minutes. 4,4',4"-tris(carbazol-9-yl)-tripheny-
lamine (TCTA) to be used in the hole transporting layer was
formed into a film having a thickness of 95 nm by a vacuum
vapor deposition method on the surface after the cleaning on
the side where the ITO transparent electrode was formed.
Next, the mixture of Compound 4 and Compound (C-3) to be
used in the light emitting layer (a mass ratio between Com-
pound 4 and Compound (C-3) was 1.5:20) was formed into a
film by a vacuum vapor deposition method on the hole trans-
porting layer formed of TCTA, whereby the light emitting
layer was obtained. The thickness of the light emitting layer
was set to 30 nm. Subsequently, Compound (B-20) shown
above was formed into a film having a thickness of 25 nm by
a vacuum vapor deposition method, and then tris(8-hydrox-
yquinoline)aluminum (Alq,) was formed into a film having a
thickness of 5 nm by a vacuum vapor deposition method.
Further, lithium fluoride was formed into a film having a
thickness of | nm by a vacuum vapor deposition method to
serve as the electron injecting layer. Finally, an aluminum
(Al) cathode having a thickness of 150 nm was formed by a
vacuum vapor deposition method, whereby the organic EL
device was produced.

[0264] A DC voltage was applied to the resultant organic
EL device while the Al electrode was defined as a negative
electrode and the ITO transparent electrode was defined as a
positive electrode. As a result, the device emitted light with a
luminance of 111 cd/m?® at a voltage of 5 V and a current
density of 0.6 mA/cm?. The emitted light had chromaticity
coordinates of (0.29, 0.53) and a current efficiency of 18.6
cd/A. Table 5 shows theresults. Inaddition, FIG. 41 shows the
EL spectrum of the device.

v

&
@

O

OO

(TCTA)

Feb. 12,2009

-continued

(Algs)

Example 2

[0265] An organic EL device was produced in the same
manner as in Example 1 except that a mass ratio between
Compound 4 and Compound (C-3) in the mixture of Com-
pound 4 and Compound (C-3) to be used in the light emitting
layer was changed to 0.4:20, and the device was evaluated in
the same manner as in Example 1. Table 5 shows the results.
In addition, FIG. 41 shows the EL spectrum of the device.

Example 3

[0266] An organic EL device was produced in the same
manner as in Example 1 except that a mass ratio between
Compound 4 and Compound (C-3) in the mixture of Com-
pound 4 and Compound (C-3) to be used in the light emitting
layer was changed to 0.8:20, and the device was evaluated in
the same manner as in Example 1. Table 5 shows the results.
In addition, FIG. 41 shows the EL spectrum of the device.

Example 4

[0267] An organic EL device was produced in the same
manner as in Example 1 except that a mass ratio between
Compound 4 and Compound (C-3) in the mixture of Com-
pound 4 and Compound (C-3) to be used in the light emitting
layer was changed to 3.0:20, and the device was evaluated in
the same manner as in Example 1. Table 5 shows the results.
In addition, FIG. 41 shows the EL spectrum of the device.

Example 5

[0268] An organic EL device was produced in the same
manner as in Example 1 except that Compound (C-7) was
used instead of Compound (C-3) to be used in the light emit-
ting layer, and the device was evaluated in the same manner as
in Example 1. Table 5 shows the results. In addition, FIG. 42
shows the EL spectrum of the device.

Example 6

[0269] An organic ELL device was produced in the same
manner as in Example 5 except that a mass ratio between
Compound 4 and Compound (C-7) in the mixture of Com-
pound 4 and Compound (C-7) to be used in the light emitting
layer was changed to 0.8:20, and the device was evaluated in
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the same manner as in Example 3. Table 5 shows the results.
In addition, FIG. 42 shows the EL spectrum of the device.

Example 7

[0270] An organic FL device was produced in the same
manner as in Example 5 except that a mass ratio between
Compound 4 and Compound (C-7) in the mixture of Com-
pound 4 and Compound (C-7) to be used in the light emitting
layer was changed to 3.0:20, and the device was evaluated in
the same manner as in Example 5. Table 5 shows the results.
In addition, FIG. 42 shows the EL spectrum of the device.

Example 8

[0271] An organic EL device was produced in the same
manner as in Example 1 except that: Compound (C-1) was
used instead of Compound (C-3) to be used in the light emit-
ting layer; and BCP shown below was used instead of Com-
pound (B-20), and the device was evaluated in the same
manner as in Example 1. Table 5 shows the results. In addi-
tion, FIG. 43 shows the EL spectrum of the device.

BCP

Example 9

[0272] An organic EL device was produced in the same
manner as in Example 8 except that a mass ratio between
Compound 4 and Compound (C-1) in the mixture of Com-
pound 4 and Compound (C-1) to be used in the light emitting
layer was changed to 0.8:20, and the device was evaluated in
the same manner as in Example 8. Table 5 shows the results.
In addition, FIG. 43 shows the EL spectrum of the device.

Example 10

[0273] An organic FL device was produced in the same
manner as in Example 8 except that a mass ratio between
Compound 4 and Compound (C-1) in the mixture of Com-
pound 4 and Compound (C-1) to be used in the light emitting
layer was changed to 3.0:20, and the device was evaluated in
the same manner as in Example 8. Table 5 shows the results.
In addition, FIG. 43 shows the EL spectrum of the device.

Example 11

[0274] An organic EL device was produced in the same
manner as in Example 1 except that Compound (D-1) was
used instead of Compound (C-3) to be used in the light emit-
ting layer, and the device was evaluated in the same manner as
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in Example 1. Table 5 shows the results. In addition, FIG. 44
shows the EL spectrum of the device.

Example 12

[0275]
manner as in Example 1 except that Compound (C-10) was

An organic EL device was produced in the same

used instead of Compound (C-3) to be used in the light emit-
ting layer, and the device was evaluated in the same manner as
in Example 1. Table 5 shows the results. In addition, FIG. 45
shows the EL spectrum of the device.

Example 13

[0276]
anode, a hole injecting layer, a hole transporting layer, a light

An organic EL device formed of a glass substrate, an

emitting layer, a hole blocking layer, an electron transporting
layer, an electron injecting layer, and a cathode was produced
by using Compound 4.

[0277]
long by 1.1 mm thick and provided with an ITO transparent

A glass substrate measuring 25 mm wide by 75 mm

electrode was subjected to ultrasonic cleaning in isopropyl
alcohol for 5 minutes, and was then subjected to UV ozone
cleaning for 30 minutes. Compound (F-1) shown below to be
used in the hole injecting layer and TCTA to be used in the
hole transporting layer was formed into films having thick-
nesses of 85 nm and 10 nm, respectively, by a vacuum vapor
deposition method on the surface after the cleaning on the
side where the ITO transparent electrode was formed. Next,
the mixture of Compound 4 and Compound (C-3) to be used
in the light emitting layer (amass ratio between Compound 4
and Compound (C-3) was 1.5:20) was formed into a film by
a vacuum vapor deposition method on the hole transporting
layer formed of TCTA, whereby the light emitting layer was
obtained. The thickness of the light emitting layer was set to
30 nm. Subsequently, Compound (B-20) was formed into a
film having a thickness of 25 nm by a vacuum vapor deposi-
tion method, and then Alg; was formed into a film having a
thickness of 5 nm by a vacuum vapor deposition method.
Further, lithium fluoride was formed into a film having a
thickness of 1 nm by a vacuum vapor deposition method to
serve as the electron injecting layer. Finally, an Al cathode
having a thickness of 150 nm was formed by a vacuum vapor
deposition method, whereby the organic EL device was pro-
duced.

[0278]
EL device while the Al electrode was defined as a negative

A DC voltage was applied to the resultant organic

electrode and the ITO transparent electrode was defined as a
positive electrode. As a result, the device emitted light with a
luminance of 109 cd/m? at a voltage of 7.8 V and a current
density of 0.6 mA/cm®. The emitted light had chromaticity
coordinates of (0.31, 0.52) and a current efficiency of 18.3
cd/A. Table 5 shows the results. In addition, FIG. 46 shows the
EL spectrum of the device.
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Example 14

[0279] An organic FL device was produced in the same
manner as in Example 13 except that a mass ratio between
Compound 4 and Compound (C-3) in the mixture of Com-
pound 4 and Compound (C-3) to be used in the light emitting
layer was changed to 0.8:20, and the device was evaluated in
the same manner as in Example 13. Table 5 shows the results.
In addition, FIG. 46 shows the EL spectrum of the device.

Example 15

[0280] An organic ELL device was produced in the same
manner as in Example 13 except that a mass ratio between
Compound 4 and Compound (C-3) in the mixture of Com-
pound 4 and Compound (C-3) to be used in the light emitting
layer was changed to 3.0:20, and the device was evaluated in
the same manner as in Example 13. Table 5 shows the results.
In addition, FIG. 46 shows the EL spectrum of the device.

Example 16

[0281] An organic EL device was produced in the same
manner as in Example 13 except that Compound (D-1) was
used instead of Compound (C-3) to be used in the light emit-
ting layer, and the device was evaluated in the same manner as
in Example 13. Table 5 shows the results. In addition, FIG. 47
shows the EL spectrum of the device.

Example 17

[0282] Anorganic EL device formed of a glass substrate, an
anode, a hole transporting layer, a light emitting layer 1, a
light emitting layer 2, ahole blocking layer, an electron trans-
porting layer, an electron injecting layer, and a cathode was
produced by using Compound 4.

[0283] A glass substrate measuring 25 mm wide by 75 mm
long by 1.1 mm thick and provided with an ITO transparent
electrode was subjected to ultrasonic cleaning in isopropyl

57
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F-1

alcohol for 5 minutes, and was then subjected to UV ozone
cleaning for 30 minutes. TCTA to be used in the hole trans-
porting layer was formed into a film having a thickness of 85
nm by a vacuum vapor deposition method on the surface after
the cleaning on the side where the [TO transparent electrode
was formed. Next, the mixture of Compound (F-2) and Com-
pound (C-3) to be used in the light emitting layer 1 (amass
ratio between Compound (F-2) and Compound (C-3) was
0.4:20) was formed into a film by a vacuum vapor deposition
method on the hole transporting layer formed of TCTA,
whereby the light emitting layer 1 was obtained. The thick-
ness of the light emitting layer 1 was set to 5 nm. Further, the
mixture of Compound 4 and the Compound (C-3) to be used
in a light emitting layer 2 (a mass ratio between Compound 4
and Compound (C-3) was 0.4:20) was formed into a film
having a thickness of 30 nm on the light emitting layer 1,
whereby the light emitting layer 2 was obtained. Subse-
quently, Compound (B-20) was formed into a film having a
thickness of 25 nm by a vacuum vapor deposition method,
and then Alq; was formed into a film having a thickness of 5
nm by a vacuum vapor deposition method. Further, lithium
fluoride was formed into a film having a thickness of 1 nm by
a vacuum vapor deposition method to serve as the electron
injecting layer. Finally, an Al cathode having a thickness of
150 nm was formed by a vacuum vapor deposition method,
whereby the organic EL device was produced.

[0284] A DC voltage was applied to the resultant organic
EL device while the Al electrode was defined as a negative
electrode and the ITO transparent electrode was defined as a
positive electrode. As a result, the device emitted light with a
luminance of 97 cd/m” at a voltage of 8.7 V and a current
density of 1.7 mA/ecm?®. The emitted light had chromaticity
coordinates of (0.35, 0.46) and a current efficiency of 5.7
cd/A. The foregoing confirmed that the emitted light was
white light. Table 5 shows the results. In addition, FIG. 48
shows the EL spectrum of the device.
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F-2

tBu

Example 18

[0285] An additionally high voltage was applied in
Example 17. As a result, the device emitted light with a
luminance of3,921 cd/m? at a voltage of 13.9'V and a current
density of 100 mA/ecm?. The emitted light had chromaticity
coordinates of (0.32, 0.42) and a current efficiency of 3.9
cd/A. The foregoing confirmed that the emitted light was
white light. Table 5 shows the results. In addition, FIG. 48
shows the EL spectrum of the device.

TABLE 5

Volt-  Current Current
age density ~ Luminance Chromaticity -efficiency
(V) (mA/lem?)  (cdm?) coordinates  (cd/A)

Example 1 5 0.6 111 0.29,0.53 18.6
Example 2 7.7 33 99 0.22,0.39 3

Example 3 74 1.9 100 0.26, 0.46 5.3
Example 4 6.2 04 105 0.34,0.58 26.2
Example 5 5.8 2.8 98 0.30,0.51 3.5
Example 6 6 3.7 99 0.29,0.48 2.7
Example 7 5.8 1.9 99 0.34,0.58 5.2
Example 8 5.7 3.2 97 0.32,0.53 3

Example 9 6.6 7.5 98 0.27,0.46 1.3
Example 10 5 0.9 101 0.35,0.58 11.2
Example 11 12.6 1.9 99 0.22,0.35 5.2
Example 12 8 0.4 99 0.34,0.58 24.7
Example 13 7.8 0.6 109 0.31,0.52 18.3
Example 14 8.3 0.9 103 0.25,0.41 11.2
Example 15 7.2 0.4 100 0.33,0.59 28.7
Example 16 14.2 2.7 97 0.19,0.30 3.6
Example 17 8.7 1.7 97 0.35,0.46 5.7
Example 18 13.9 100 3921 0.32,0.42 3.9

INDUSTRIAL APPLICABILITY

[0286] As described above in detail, an organic EL device
using a metal complex compound of the present invention
emits blue light with high purity and of short wavelength with
an enhanced current efficiency, and is capable of white light
emission by combining with other light emitting compounds.
Accordingly, the present invention is applicable in fields of
various display devices, display panels, backlights, illuminat-
ing light sources, beacon lights, signboards, interior designs
and the like, suitable as a display device for color displays,
and particularly suitable for a material for organic EL devices.
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1. A metal complex compound comprising a structure hav-

ing a tridentate chelate ligand and represented by the follow-
ing general formula (T):

O

where:

Ring A comprises an aromatic hydrocarbon group which
has 6 to 20 carbon atoms and which may have a substitu-
ent, or a heterocyclic group which has 2 to 20 carbon
atoms and which may have a substituent;

Ring B comprises a heterocyclic group which has 2 to 20
carbon atoms and which may have a substituent, N rep-
resents a nitrogen atom, and Y represents a carbon atom
or a nitrogen atom;

L and 7 each independently represent an organic group
containing an atom belonging to any one of Groups 14 to
16 in the periodic table;

X represents a monovalent ligand containing an atom
belonging to any one of Groups 14 to 17 in the periodic
table; and

R represents a hydrogen atom, a cyano group, a nitro group,
a halogen atom, an alkyl group which has 1to 12 carbon
atoms and which may have a substituent, an alkylamino
group which has 1 to 12 carbon atoms and which may
have a substituent, an arylamino group which has 6 to 20
carbon atoms and which may have a substituent, an
alkoxy group which has 1 to 12 carbon atoms and which
may have a substituent, an alkoxy halide group which
has 1 to 12 carbon atoms and which may have a substitu-
ent, an aryloxy group which has 6 to 20 carbon atoms
and which may have a substituent, an aromatic hydro-
carbon group which has 6 to 20 carbon atoms and which
may have a substituent, a heterocyclic group which has
2 to 20 carbon atoms and which may have a substituent,
an alkyl halide group which has 1to 12 carbon atoms and
which may have a substituent, an alkenyl group which
has 2 to 12 carbon atoms and which may have a substitu-
ent, an alkynyl group which has 2 to 12 carbon atoms and
which may have a substituent, or a cycloalkyl group
which has 3 to 20 carbon atoms and which may have a
substituent, and the number of R may be two or more,
and, in this case, Rs may be identical to or different from
each other, and adjacent Rs may be bonded to each other
to form a cyclic structure,

provided that at least one of the tridentate chelate ligand

and a bidentate chelate ligand contains an electron with-
drawing group.

2. A metal complex compound according to claim 1,
wherein X in the general formula (I) represents acyano group,
a chlorine atom, a bromine atom, an iodine atom, an alkoxy
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group, a hydrogen atom, Si (R"); where R' represents a group
similar to that represented by R described above, or a substi-
tuted phenyl group.

3. A metal complex compound according to claim 1,
wherein each of both the tridentate chelate ligand and the
bidentate chelate ligand in the general formula (T) contains the
electron withdrawing group.

4. A metal complex compound according to claim 1,
wherein the electron withdrawing group in the general for-
mula (I) comprises a halogen atom, a cyano group, a nitro
group, a halogen atom-containing alkyl or ester group, or an
aldehyde group.

5. A metal complex compound according to claim 1,
wherein the tridentate chelate ligand in the general formula (T)
comprises a compound represented by the following general
formula (1) or (2):

@
Y—N

@

/
N\_/

/_&R

where Ring B, Y, and R each have the same meaning as that
described above.

6. A metal complex compound according to claim 1,
wherein the tridentate chelate ligand in the general formula (1)
comptises a compound represented by any one of the follow-
ing general formulae (3) to (16):

AP

R
@

)

-continued
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R R4
where R' to R? each have the same meaning as that of R N/ \
described above, and adjacent groups of R! to R** may be Ny R®
bonded to each other to form a cyclic structure.
7. A metal complex compound according to claim 1, R
wherein the bidentate chelate ligand formed of L-Z in the
general formula (I) comprises a compound represented by
any one of the following general formulae (17) to (22): o "
R R-
. R3l)
o5 amn
R24 \ RZG R43 R44 (22)
\
| N
NFA 7 . 4 \
"N RS
RZS
R28
R3l R29
R3l R29
R30
(18) R30
R32 R33

R30
R3S R36
/

/ N

N /
R37
R28
R3 1 R29

where R* to R*® each have the same meaning as that of R
described above, and adjacent groups of R** to R** may be
bonded to each other to form a cyclic structure.

8. A metal complex compound according to claim 1,
wherein the compound is represented by any one of the fol-
lowing general formulae (I-1) to (I-12):

T
(19)
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(1-10 (-13)

(I-14)

(-11)

(-15)

(-12)

(1-16)

where R*® to R*® each have the same meaning as that of R
described above, the number of each of R* to R*® may be two
or more, and, in this case, R*%, R*’s, R*%s, R*’s, R>, R%'s,
R, R¥s,R**s, R*%s,R*%, R>7s, or R>®s may be identical to
or different from each other, and adjacent groups of R* to R*®
may be bonded to each other to form a cyclic structure.

9. A metal complex compound according to claim 1,
wherein the compound is represented by any one of the fol-
lowing general formulae (I-13) to (I-24):
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-continued

{(-17) e (1-21)

\ /

1-22)

(1I-18)

(1:23)

(1-19)

(1-24)

(1-20

where R* and R*® to R* each have the same meaning as that
of R described above, the number of each of R*® and R* to
R* may be two or more, and, in this case, R*°s, R**s, R*%s,
R>%, R7Ls, R%%s, R3%s, R™*s, R>%s, R%%s, R%7s, R3®%s, or RS
may be identical to or different from each other, and adjacent
groups of R* and R** to R* may be bonded to each other to
form a cyclic structure.
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10. A material for an organic electroluminescence device
comprising the metal complex compound according to claim
1

11. An organic electroluminescence device comprising an
organic thin film layer formed of one or more layers including
at least a light emitting layer, the organic thin film layer being
interposed between a pair of electrodes, wherein at least one
layer of the organic thin film layer contains the metal complex
compound according to claim 1, and emits light by applying
a voltage between both the electrodes.

12. An organic electroluminescence device according to
claim 11, wherein a luminescent color of the light emitted
from the organic electroluminescence device is white.

Feb. 12,2009

13. An organic electroluminescence device according to
claim 11 or 12, wherein the light emitting layer contains the
metal complex compound.

14. An organic electroluminescence device according to
claim 13, wherein the light emitting layer contains a luminous
dopant.

15. An organic electroluminescence device according to
claim 11 or 12, wherein the layer containing the metal com-
plex compound is formed by application.

® %k % ok
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