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7) ABSTRACT

A blue phosphorescent compound and an organic electrolu-
minescent device using the same are provided. The blue
phosphorescent compound can emit deep blue light and can
improve color purity and reduce power consumption when
used in an organic electroluminescent device.
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FIG. 12
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IRIDIUM COMPOUND AND ORGANIC
ELECTROLUMINESCENT DEVICE USING THE
SAME

BACKGROUND OF THE INVENTION

[0001] This application claims priority from Korean
Patent Application No. 2003-54778, filed on Aug. 7, 2003,
and No. 2004-10414, filed on Feb. 17, 2004 in the Korean
Intellectual Property Office, the disclosures of which are
incorporated herein in their entirety by reference.

[0002]

[0003] The present invention relates to an organometallic
compound that contains iridium (Ir) and an organic elec-
troluminescent device using the same, and more particularly,
to an iridium compound that may be used as a blue phos-
phorescent material and an organic electroluminescent
device using the same.

[0004] 2. Description of the Related Art

[0005] Electroluminescent (EL) devices, known as self-
luminous displays, have the advantages of large viewing
angle, high contrast, and short response time. EL devices can
be classified depending on the material used for the emissive
layer as inorganic or organic EL devices. As compared with
inorganic EL devices, organic EL devices have the advan-
tages of higher luminance, lower driving voltage, shorter
response time, and the ability to display a wider range of
colors.

1. Field of the Invention

[0006] A typical organic EL device includes an anode on
the top surface of a substrate. A hole transporting layer, an
emissive layer, an electron transporting layer, and a cathode
are formed sequentially on the anode. The hole transporting
layer, the emissive layer, and the electron transporting layer
are thin films made of organic compounds.

[0007] Organic EL devices with the above-described
structure operate according to the following principles.
When a voltage is applied across the anode and the cathode,
holes injected from the anode migrate via the hole trans-
porting layer into the emissive layer. Electrons injected from
the cathode migrate via the electron transporting layer into
the emissive layer and combine with the holes therein to
generate exitons. When the exitons transit from excited state
to base state, molecules in the emissive layer emit light to
form visible images.

[0008] Materials for the emissive layer can be classified
depending on their light emission mechanism as fluorescent
materials that emit light from exitons in a singlet state or
phosphorescent materials that emit light from exitons in a
triplet state. In general, phosphorescent materials are orga-
nometallic compounds that contain a heavy atom and an
organic ligand. In phosphorescence from phosphorescent
materials, exitons which are in a non-emissive triplet state
due to the heavy atom are allowed to change state and
participate in emission. Such phosphorescent materials use
75% of triplet state exitons for emission and offer higher
luminescent efficiency compared to fluorescent materials
that use only 25% of singlet state exitions for emission.

[0009] A number of triple state phosphorescent materials,
such as metallic compounds, for example, iridium and
platinum, have been reported. Blue phosphorescent materi-
als developed so far include (4,6-F2 ppy)2lrpic, Ir com-
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pounds with a fluorinated ppy ligand structure, etc. How-
ever, these materials emit light in a sky blue range and lack
suitable host materials, thereby leading to very low effi-
ciency and short lifetime compared to red and green phos-
phorescent materials. Therefore, there is an urgent need for
the development of deep blue, high-efficiency, long lifespan
phosphorescent materials.

SUMMARY OF THE INVENTION

[0010] Embodiments of the present invention provide a
deep blue phosphorescent compound that has improved
color purity and consumes less power than conventional
blue phosphorescent materials, and a metallic phosphores-
cent compound containing a new ligand.

[0011] Embodiments of the present invention also provide
an organic electroluminescent (EL) device using the com-
pound and having improved luminescent efficiency, color
purity, and consumption power

[0012] One aspect of the present invention provides an
iridium compound of formula (1) below:

N
< Ir(X)o
C a

[0013] in which:
Ry Ry
[ )
N Ry N \
C Ir = Ir

C Ry

RS Ry

R
[0014] where R, R,, R;, R, Ry, Ry, and R, are indepen-

dently selected from the group consisting of a halogen atom,
a cyano group, a hydroxy group, a thiol group, a halogen
atom, a substituted or unsubstituted C1-C30 alkyl group, a
substituted or unsubstituted C1-C30 alkoxy group, a substi-
tuted or unsubstituted C2-C30 alkenyl group, a substituted
or unsubstituted C6-C30 aryl group, a substituted or unsub-
stituted C6-C30 arylalkyl group, a substituted or unsubsti-
tuted C6-C30 aryloxy group, a substituted or unsubstituted
C2-C30 heteroaryl group, a substituted or unsubstituted
C2-C30 heteroarylalkyl group, a substituted or unsubstituted
C2-C30 heteroaryloxy group, a substituted or unsubstituted
C5-C30 cycloalkyl group, a substituted or unsubstituted
C2-C30 heterocycloalkyl group, a C1-C30 alkylthio group,
—Si(RYR")(R™) where each of R', R" and R™ is indepen-
dently a hydrogen atom or a C1-C30 alkyl group, and
—N(R')(R") where each of R' and R" is independently a
hydrogen atom or a C1-C30 alkyl group, wherein at least
two among R;, R,, R3, R, Rs, Re, and R, can be combined
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together, X is a monoanionic, bidentate ligand; a is an
integer from 1 to 3; b is an integer from 0 to 2; and the sum
of a and b equals to 3, wherein all of R, R,, R, Ry, R, Ry,
and R, are hydrogen when a=3 and b=0, and all of R,, R,,
R;, R,, and R, are hydrogen when both Ry and Ry are
fluorine, X is picolinate (pic), a=2, and b=1, are excluded.

[0015] Another aspect of the present invention provides a
metallic compound having a bidentate ligand of formula
(31) below:

(3D
R, Ri

Rs R,
R
[0016] in which:
Ry Ry

Ry

[0017] is selected from the group consisting of
Ry N/Rl RZ\N R{
[\ \
Ry 2T NN
Ry Ry Ry

S ps
&A( \ Ry T/ A \
and

[0018] R,, R,, R, R,, Ry, Ry, and R, are independently
selected from the group consisting of a hydrogen atom, a
cyano group, a hydroxy group, a thiol group, a halogen
atom, a substituted or unsubstituted C1-C30 alkyl group, a
substituted or unsubstituted C1-C30 alkoxy group, a substi-
tuted or unsubstituted C2-C30 alkenyl group, a substituted
or unsubstituted C,-C,, aryl group, a substituted or unsub-
stituted C6-C30 arylalkyl group, a substituted or unsubsti-
tuted C6-C30 aryloxy group, a substituted or unsubstituted
C2-C30 heteroaryl group, a substituted or unsubstituted
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C2-C30 heteroarylalkyl group, a substituted or unsubstituted
C2-C30 heteroaryloxy group, a substituted or unsubstituted
C5-C30 cycloalkyl group, a substituted or unsubstituted
C2-C30 heterocycloalkyl group, a substituted or unsubsti-
tuted C1-C30 alkylcarbonyl group, a substituted or unsub-
stituted C7-C30 arylcarbonyl group, a C1-C30 alkylthio
group, —Si(R')(R")(R") in which each of R, R", and R" is
independently a hydrogen atom or a C1-C30 alkyl group,
and —N(R")(R") in which each of R' and R" is independently
a hydrogen atom or a C1-C30 alkyl group, wherein at least
two among R, R,, R;, R, R, R, and R, can be combined
together, and adjacent substituted groups form an unsatur-
ated or saturated ring.

[0019] Another aspect of the present invention provides an
organic EL device that includes an organic film containing
the above-described compound between a pair of electrodes.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The above and other features and aspects of the
present invention will become more apparent by describing
in detail exemplary embodiments thereof with reference to
the attached drawings in which:

[0021] FIG. 1is a sectional view illustrating a structure of
a typical organic electroluminescent (EL) device in accor-
dance with embodiments of the present invention,

[0022] FIG. 2 is the photoluminescence (PL) spectra of
iridium compounds having formulae (4), (5), (7), and (8)
according to the embodiments of the present invention in
CH Cl, solution;

[0023] FIG. 3 is the PL spectrum at 77K of the iridium
compound of formula (7) according to the present invention;

[0024] FIG. 4 is the PL spectrum at 77K of the iridium
compound of formula (8) according to the embodiments of
the present invention;

[0025] FIG. 5 is the PL spectrum of a solid film manu-
factured by doping 94 parts by weight of polymethyl-
methacrylate (PMMA) with 6 parts by weight of the com-
pound of formula (8) according to the embodiments of the
present invention;

[0026] FIG. 6 is the NMR spectrum of an iridium com-
pound of formula (17) according to the embodiments of the
present invention in CHCl, solution;

[0027] FIG. 7 is the PL spectra of Ir(ppz), and iridium
compounds of formulae (9), (10), and (11) in CH,CI,
solution,

[0028] FIG. 8 is the PL spectra of the iridium compound
of formula (11) in CH,Cl, solution at room temperature and
77K

[0029] FIG. 9 is the PL spectra of iridium compounds of
formulae (12), (13), (16), and (17) according to the embodi-
ments of the present invention in CH,Cl, solution;

[0030] FIG. 10 is the PL spectrum of an iridium com-
pound of formula (15) according to the embodiments of the
present invention in CH,Cl, solution;

[0031] FIG. 11 is the PL spectrum of the iridium com-
pound of formula (17) according to the embodiments of the
present invention at 77K;
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[0032] FIG. 12 illustrates the crystalline structure of the
iridium compound of formula (9) according to the embodi-
ments of the present invention,

[0033] FIG. 13A is the NMR spectrum of a compound of
formula (A-1) according to the embodiments of the present
invention in CHCL, solution;

[0034] FIG. 13B is the differential scanning calorimetry
(DSC) curve of an organic electroluminescent (EL) com-
pound of formula (33) according to the embodiments of the
present invention;

[0035] FIG. 14 is the NMR spectrum of the organic EL
compound of formula (33) according to the embodiments of
the present invention in CHCL, solution;

[0036] FIG. 15 is a graph illustrating the result of a mass
analysis performed on the organic EL compound of formula
(33) according to the embodiments of the present invention;

[0037] FIG. 16 is the PL spectrum of the organic EL
compound of formula (33) in solid state according to the
embodiments of the present invention;

[0038] FIG. 17 is the NMR spectrum of a compound of
formula (C-1) according to the embodiments of the present
invention in CHCl; solution;

[0039] FIG. 18 is a graph illustrating the result of a mass
analysis performed on the compound of formula (C-1)
according to the embodiments of the present invention;

[0040] FIG. 19 is the absorption spectrum of an organic
EL compound of formula (34) according to the embodiments
of the present invention,

[0041] FIG. 20 is a graph illustrating the result of a mass
analysis performed on the organic EL compound of formula
(34) according to the embodiments of the present invention;

[0042] FIG. 21 is the DSC curve of the organic EL
compound of formula (34) according to the embodiments of
the present invention;

[0043] FIG. 22 is the NMR spectrum of a compound of
formula (D-1) according to the embodiments of the present
invention in CHCl, solution;

[0044] FIG. 23 is a graph illustrating the result of a mass
analysis performed on the compound of formula (D-1)
according to the embodiments of the present invention;

[0045] FIG. 24 is the DSC curve of an organic EL
compound of formula (37) according to the embodiments of
the present invention;

[0046] FIG. 25 is a graph illustrating the result of a mass
analysis performed on the organic EL compound of formula
(37) according to the embodiments of the present invention;

[0047] FIG. 26 is a graph illustrating the result of a mass
analysis performed on an organic EL compound of formula
(36) according to the embodiments of the present invention;

[0048] FIG. 27 is the DSC curve of the organic EL
compound of formula (36) according to the embodiments of
the present invention;

[0049] FIG. 28 is the NMR spectrum of a compound of
formula (E-1) according to the embodiments of the present
invention in CHCl; solution;
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[0050] FIG. 29 is the NMR spectrum of an organic EL
compound of formula (35) according to the embodiments of
the present invention in CHCl, solution;

[0051] FIG. 30 is a graph illustrating the result of a mass
analysis performed on the organic EL compound of formula
(35) according to the embodiments of the present invention;

[0052] FIG. 31 is the DSC curve of the organic EL
compound of formula (35) according to the embodiments of
the present invention;

[0053] FIG. 32 is the NMR spectrum of a compound of
formula (F-1) according to the embodiments of the present
invention in CHCl, solution; and

[0054] FIG. 33 is a graph illustrating the result of a mass
analysis performed on the compound of formula (F-1)
according to the embodiments of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0055] Embodiments of the present invention provide an
iridium compound of formula (1) below that emits deeper
blue light than conventional blue luminescent molecules and
may be used as a blue phosphorescent dopant for full-color
organic electroluminescent devices:

)

N
C Ir(X)y
C a

[0056] in which:
Ry Ry
[\
N Ry N \
( Ir = Ir

C Ry

Rs Ry

R
[0057] and in which R, R, R3, R, Ry, Re, and R,

are independently selected from the group consisting
of a hydrogen atom, a cyano group, a hydroxy group,
a thiol group, a halogen atom, a substituted or
unsubstituted C1-C30 alkyl group, a substituted or
unsubstituted C1-C30 alkoxy group, a substituted or
unsubstituted C2-C30 alkenyl group, a substituted or
unsubstituted C6-C30 aryl group, a substituted or
unsubstituted C6-C30 arylalkyl group, a substituted
or unsubstituted C6-C30 aryloxy group, a substituted
or unsubstituted C2-C30 heteroaryl group, a substi-
tuted or unsubstituted C2-C30 heteroarylalkyl group,
a substituted or unsubstituted C2-C30 heteroaryloxy
group, a substituted or unsubstituted C5-C20
cycloalkyl group, a substituted or unsubstituted
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C2-C30 heterocycloalkyl group, a C1-C20 alkylthio
group, —Si(R')(R")R") in which cach of R, R" and
R™ is independently a hydrogen atom or a C1-C30
alkyl group, and —N(R")(R") in which each of R' and
R" is independently a hydrogen atom or a C1-C30
alkyl group, wherein at least two among R,, R,, R,
R,, R, R, and R, are combined together;

[0058] X is a monoanionic, bidentate ligand;

[0059] aisaninteger from 1 to 3; b is an integer from
0 to 2; and the sum of a and b equals to 3,

[0060] wherein the following cases are excluded: all
of R;, R,, Ry, Ry, Ry, R, and R, are hydrogen, a=3,
and b=0, and all of R,, R,, R;, R, and R, are
hydrogen, both of Ry and Ry are fluorine, X is
picolinate (pic), a=2, and b=1.

[0061] At least two selected among from R, R,, R5, R,
Rs, R, and R,

[0062] may be combined together to form a cyclic
system. For example, R, and R,; R, and R4; R, R,,
andR;; R, and Ry; Ry and R R, R, and Re; R and
R; or Rs, R, and R, may be combined to form a
cyclic system.

[0063] The iridium compound of formula (1) may be
expressed by formula 2a or 2b below depending on the
combination of a and b. Formula 2b represents an iridium
compound with a=3 and b=0, and formula 2c represents an
iridium compound with a=2 and b=1.

Cho
Ch

[0064] Examples of X in formula (1) above include acety-
lacetonate (acac), hexafluoroacetylacetonate (hfacac), sali-
cylidene (sal), picolinate (pic), 8-hydroxyquinolinate
(hquin), a-amino acid L-proline (L-pro), dibenzoylmethane
(dbm), tetrametylheptanedionate (tmd), 1-(2-hydoxyphe-
nyl)pyrazolate (oppz), 3-isoquinolinecarboxylate (3iq),
1-isoquinolinecarboxylate (1ig), 1,5-dimethyl-3-pyrazole-
carboxylate (dm3PC), phenylpyrazole (ppz), quinolinecar-
boxylate (quin) and phenylpyridine (ppy), which have the
following formulae:

(22)

(@)

acac

Ir\ /

-continued

| AN
Ir/N /
\
O 6]
N
Ir
(0]

i} o N

=
O/ \Z
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hfacac

tmd

dbm

pic

quin

L-pro

oppz
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-continued
3iq
B
/N /
Ir\
O 0]
ppz
sal
hquin
dm3PC
liq
PPy

[0065] In formula (1) above, R,, Ry, Ry, Ry, Rs, Ry, and
R, may be independently selected from among a methyl
group, an ethyl group, a propyl group, an n-butyl group, an
isopropyl group, a tert-butyl group, a sec-butyl group, a
tert-amyl group, a trifluoromethyl group, a pentafluoroethyl
group, a perfluoroalkyl group, a benzyl group, 4-(tert-butyl-
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Yoenzyl, 3,5-di-(tert-butyl)benzyl, 3,5-di-(isopropyl)benzyl,
a naphthyl group, a phenyl group, a furyl group, a thienyl
group, a pyridyl group, a cyano group, a methoxy group, an
ethoxy group, and a halogen atom, with the halogen atom,
the methyl group, the ethyl group, the propyl group, the
phenyl group, and the cyano group being preferred.

[0066] In the iridium compound of formula (1) according
to the embodiments of the present invention, R;, R,, and R4
may be independently methyl or ethyl, and R, R5, R, and
R, may be independently selected from among a halogen
atom, a methyl group, an ethyl group, a phenyl group, and
a cyano group. Examples of these iridium compounds
include:

| N | N
R12_| R14_|
X 7
Rz
.
/N /N
T \[r T \Ir
| N | >
R15_| R18_|
N 7
Rie

[0067] in which all of Ry, Ry, Ryo, Ry and R, are
methyl groups, R,, and R, is a methyl group, a
phenyl group, a cyano group, a methoxy group or a
halogen atom, and each of R,,, R;5, R;5 and Ry is
independently a methyl group, a phenyl group, a
cyano group, a methoxy group or a halogen atom.

[0068] The iridium compound of formula (1) according to
the embodiments of the present invention is a deep blue
luminescent material. The ability of the iridium compound
of formula (1) to emit deep blue light is attributed to a
pyrazol 5-membered ring structure in the ppy ligand that is
transformed from a pyridine 6-membered ring structure that
appears in conventional materials. The pyrazol 5-membered
ring structure with shorter p-conjugation length and greater
bandgap energy (Eg) leads to blue shifting. In particular, the
introduction of —CN substituent as an electron withdrawing
group into a phenyl ring increases the molecular repulsion
and volatility, thereby allowing for easy deposition. The
—CN substituent also hinders molecular interactions,
thereby suppressing concentration dilution effects and crys-
tallization and raising film stability and emission efficiency.
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The substitution of a phenyl group with an aromatic ring
substituent raises thermal stability, film stability, and emis-
sion efficiency. The introduction of an alkyl group, such as
methyl, leads to a steric hindrance effect and reduces
molecular interactions, thereby preventing concentration
dilution effects that appear due to molecular interactions. As
a result, the emission efficiency is greatly improved as
shown in FIG. 8. The reduced molecular interaction sup-
presses crystallization in thin films and improves the prop-
erties of the thin films, thereby resulting in a greater emis-
sion efficiency.

[0069] Examples of the iridium compound of formula (1)
include compounds of formulae (4) through (24) below.

O]

®
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[0070] The iridium compound of formula (1) according to
the present invention may be synthesized via various reac-
tion paths that are common in the art. An exemplary method
of synthesizing the iridium compound of formula (1) will be
described below.

[0071] Initially, a phenylpyrazole compound is synthe-
sized according to reaction scheme (1) below.

Reaction scheme (1)
Ry Ry
[\
N
Ve
Ry N
H
X
Ry
dioxane
Rs Ry dodecane
Rg
Ry Ry
B!
e
R3 N
Ry
Rs Ry
Re
phenylpyrazole compound
[0072] Inreaction scheme (1), Ry, Ry, Ry, Ry, Ry, Ry, and

R are the same as described above, and X is a halogen atom.

[0073] This phenylpyrazole compound is reacted with an
iridium compound, for example, Ir(acac),, to obtain the
iridium compound of formula (2b) that contains no ligand X.

[0074] The iridium compound of formula (2a) that con-
tains the ligand X may be synthesized by reacting the
phenylpyrazole compound, an iridium compound, for
example, IrCl,, and a compound (XH) that contains the
ligand X.

[0075] The metallic compound having a novel bidentate
ligand of formula (31) above according to the present
invention is an organic metallic compound, which may
contain Ir, etc. as a metallic component. Unlike a conven-
tional ppy(2-phenylpyridine) ligand having a pyridine ring,
the bidentate ligand of formula (31) contains a pyrazole ring,
an imidazole ring or an oxazole ring.

[0076] An example of a compound of formula (31) with a
bidentate ligand is the metallic compound of formula (32)
below.
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(32)
MX)o
[0077] wherein M is one of Ir, Pt, and Os;
R, Ry R, Ry R, Ry
. N/ \N_<
[\ \
R3 Ry R Ry N N
Ry Ry R;
" I\
N N
Ry N ~ R; N/ ~
or |
[0078] R,, R,, R, R, R, R, and R, are the same as

described above; X is a monoanionic, bidentate ligand; and
a is an integer from 1 to 3; and b is an integer from 0 to 2
where a+b=3.

[0079] Examples of X in formula (32) above include
acetylacetonate (acac), hexafluoroacetylacetonate (hfacac),
salicylidene (sal), picolinate (pic), 8-hydroxyquinolinate
(hquin), o-amino acid L-proline (L-pro), dibenzoylmethane
(dbm), tetrametylheptanedionate (tmd), 1-(2-hydoxyphe-
nyl)pyrazolate (oppz), 3-isoquinolinecarboxylate (3ig), 1-
isoquinolinecarboxylate (1iq), 1,5-dimethyl-3-pyrazolecar-
boxylate (dm3PC), phenylpyrazole (ppz), and quinolinecar-
boxylate (quin) and phenylpyridine (ppy). These ligands
have formulae that are given below. In the following for-
mulae, Ir is an exemplary metallic component.

acac

hfacac
CF3
O—
Ir/
\_/
e}
CF3
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-continued
3iq
| AN
N
e
AN
O 0]
ppz
sal
hquin
dm3PC
lig
i A
/ N
Ir\
[6) 6}
PPy
| x
NFA

[0080] In the compound of formula (32) above, it is
preferable that R,, R,, R;, R, Rs, R, and R, are indepen-
dently a C1-C12 alkyl group, a C5-C10 carbocyclic group,
C6-C20 aryl group, a C1-C12 alkoxy group, a cyano group,
a C2-C20 heterocycloalkyl group, a C2-C20 heteroaryl
group, a fused C6-C20 aryl group, etc.
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10
[0081] Examples of the metallic compound of formula (1)
above having bidentate ligand include compounds of for- -continued
mulae (33) through (44) below. (38)
(33)
Ly
N
g
\ (39)
(34)
fo—
(40)
Ir< /
0
(35) D
A O
oY N—N
7
I
\
0
2
NC >
\ (36) 42)
N N
_\\ m
oY N—N
Ir/
\
0
2
#3)

@37

Ir

/\

Q
]

D
4
A
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52)

47
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(48)
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-continued -continued
(54) )
AN
I\,
N / A
Ir
b3 \O 6]
(62)
(56) / \ AN
|
B -
N A Ir
2 [6) 6]
0 0
(63)
(57 /
] l \
AN N
| e
AN
0 o)
o) 0
(64)
\
(58) N—\\ | x
x AN N A
Ir/
7 \
O $
(59) (65)

\ /
-

)
/

NN N
Ir/ /
[6) (6] \
2 O O
(60) NC
X
s

[0082] There are many reaction pathways for synthesizing

) the metallic compound having the bidentate ligand of for-
mula (31) above. An exemplary method of synthesizing the
metallic compound having the bidentate ligand of formula
(31) will be described.
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[0083] As illustrated in a reaction scheme below, initially,
a compound containing the bidentate ligand of formula (31)
is synthesized. This compound is reacted with an iridium
compound to obtain an iridium dimmer. The iridium com-
pound may be IrCl,.

[0084] Next, the iridium dimmer is reacted with a com-
pound (XH) containing ligand X.

Reaction Scheme 2
R, Ry
R4 I
—
Ry .
R R,
Re
R, Ry
Ry . /Cl <i
—_—
Ry
2
Rs Ry A
R¢
Ry Ry

A

[r—X
Ry
2

Rs R7

R¢

[0085] Examples of an unsubstituted C1-C30 alkyl group
that may act as a substitute group for the iridium compound
according to the embodiments of the present invention
include methyl, ethyl, propyl, isobutyl, sec-butyl, pentyl,
iso-amyl, hexyl, etc. At least one hydrogen atom of the alkyl
group may be substituted with halogen atom, a C1-C30 alkyl
group, a C1-C30 alkoxy group, a lower alkylamino group, a
hydroxy group, a nitro group, a cyano group, an amino
group, a amidino group, hydrazine, hydrazone, a carboxyl
group, a sulfonic acid group, a phosphoric acid group, etc.

[0086] Examples of an unsubstituted C2-C30 alkenyl
group that may act as a substitute group for the iridium
compound according to the embodiments of the present
invention include ethylene, propylene, isobutylene, vinyl,
allyl, etc. At least one hydrogen atom of the alkenyl group
may be substituted with halogen atom, a C1-C30 alkyl
group, a C1-C30 alkoxy group, a lower alkylamino group, a

Feb. 10, 2005

hydroxy group, a nitro group, a cyano group, an amino
group, a amidino group, hydrazine, hydrazone, a carboxyl
group, a sulfonic acid group, a phosphoric acid group, etc.

[0087] Examples of an unsubstituted C1-C30 alkoxy
group that may act as a substitute group for the iridium
compound according to the embodiments of the present
invention include methoxy, ethoxy, propoxy, isobutyloxy,
sec-butyloxy, pentyloxy, iso-amyloxy, hexyloxy, etc. At
least one hydrogen atom of the alkoxy group may be
substituted with any substitute group that is described above
as being suitable for the C1-C30 alkyl group.

[0088] The aryl group used as a substitute group for the
iridium compound may be a C6-C30 carbocyclic aromatic
system that contains at least one ring. The rings of the aryl
group may be attached together in a pendent manner or may
be fused. The term “aryl” embraces aromatic systems, such
as phenyl, naphthyl, tetrahydronaphthyl, etc. At least one
hydrogen atom of the aryl group may be substituted with any
substitute group described above as being suitable for the
C1-C20 alkyl group.

[0089] The arylalkyl group used as a substitute group for
the iridium compound may be one of the above-defined aryl
groups with lower alkyl groups, for example, methyl, ethyl,
propyl, ete. substituted for some hydrogen atoms. Examples
of such an arylalkyl group include benzyl, phenylethyl,
4-(tertbutyl)benzyl, 3,5-di-(tertbutyl)benzyl, 3,5-di(isopro-
pyl)benzyl, etc. At least one hydrogen atom of the arylalkyl
group may be substituted with any substitute group
described above as being suitable for the C1-C30 alkyl
group.

[0090] The heteroaryl group used as a substitute group for
the iridium compound may be a C2-C30 monocarbocyclic
system that contains one, two, or three hetero atoms selected
from the group consisting of N, O, P, and S and has at least
one ring. The rings of the heteroaryl group may be attached
together in a pendent manner or may be fused. Examples of
such a heteroaryl group include pyridyl, thienyl, furyl, etc.

[0091] The heteroarylalkyl group used as a substitute
group for the iridium compound may be one of the above-
defined heteroaryl groups with lower alkyl groups substi-
tuted for some hydrogen atoms. At least one hydrogen atom
of the heteroarylalkyl group may be substituted with any
substitute group described above as being suitable for the
C1-C20 alkyl group.

[0092] The cycloalkyl group used as a substitute group for
the iridium compound may be a C5-C30 monovalent mono-
cyclic system. At least one hydrogen atom of the cycloalkyl
group may be substituted with any substitute group
described above as being suitable for the C;-C30 alkyl
group.

[0093] The heterocycloalkyl group used as a substitute
group for the iridium compound may be a C1-C30 monova-
lent monocarbocyclic system that contains one, two, or three
hetero atoms selected from the group consisting of N, O, P,
and S and has lower alkyl groups substituted for some
hydrogen atoms. At least one hydrogen atom of the hetero-
cycloalkyl group may be substituted with any substitute
group described above as being suitable for the C1-C20
alkyl group.

[0094] The compounds of formulae (1) and (31) according
to the embodiments of the present invention can be used as



US 2005/0031903 Al

deep blue luminescent materials for various display systems,
and in particular, as host materials or dopants in the manu-
facturing of red (R), green (G), and blue (B) emissive layers
of an organic electroluminescent (EL) device.

[0095] An organic EL device according to an embodiment
of the present invention that includes the compound of
formula (1) or (31), and a method of manufacturing the
organic EL device will be described below with reference to
FIG. 1.

[0096] As shown in FIG. 1, a first electrode 12 is initially
formed as a pattern on a surface of a substrate 11. Any
substrate that is commonly used for organic EL devices may
be used as the first electrode 12. In most embodiments, glass
substrates and transparent plastic substrates are used because
they are easy to handle and waterproof and have an even
surface. The substrate 11 may have a thickness of 0.3-0.7
mm.

[0097] The first electrode 12 is made of a conductive
metal, which allows for easy hole injection, or a conductive
metal oxide. Examples of materials for the first electrode 12

include indium tin oxide (ITO), indium zinc oxide (IZO),
nickel (Ni), platinum (Pt), gold (Au), iridium (Ir), etc.

[0098] The substrate 11 with the first electrode 12 is
washed, for example, using an organic solvent, such as
isopropanol (IPA), acetone, etc. After washing, the substrate
11 is subjected to UV/ozone treatment.

[0099] Next, a hole injecting layer (HIL) 13 is optionally
formed on the first electrode 12 on the substrate 11. The HIL
13 reduces contact resistance between the first electrode 12
and a hole transporting layer (HTL) 14 to be formed thereon
and improves the ability of the HTL 14 to transport holes
from the first electrode 12 to an emissive layer (EML) 15. It
also improves the driving voltage and lifespan of the device.
Suitable materials for the HIL 13 include water-soluble
PEDOT {poly(3,4-cthylenedioxythiophene)}, PSS (polysty-
rene parasulfonate), starburst amines, such as IDE 406
(available from Idemitsu Kosan Co.), etc. The first electrode
12 is coated with such a material and dried to form the HIL

13.

[0100] When water-soluble PEDOT is used for the HIL
13, it is preferable to dry the coated layer may be dried at a
temperature of 100-250° C., for example, at about 200° C.
When a material that is compatible with vacuum deposition
is used to form the HIL 13, no additional process, such as
drying, is required after the formation of the HIL 13 prior to
deposition of an overlaying layer.

[0101] Next, the HTL 14 is formed on the HIL 13.
Exemplary materials for the HTL 14 include N,N'-bis(3-
methylphenyl)-N,N'-diphenyl-[1,1-biphenyl]-4,4'-diamine
(TPD), N,N'-di(naphthalene-1-yl)-N,N'-diphenyl
benzidine {N,N'-di(naphthalene-1-y1)-N,N'-diphenyl-benzi-
dine (NPB)} of formula (25) below, etc. The HTL 14 may
be formed by any method, including spin coating and
vacuum deposition. Vacuum deposition may be advanta-
geous when using lower molecular weight materials.
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[0102] Next, the EML 15 is formed on the HTL 14. The
EML 15 may be made of the compound of formula (1) alone
or in combination with a common host material. In the latter
case, the compound of formula (1) acts as a dopant. Suitable
host materials include 4,4'-bis(carbazol-9-yl)-biphenyl
(CBP) of formula (26) below, etc.

[0103] The EML 15 may be made of the compound of
formula (31) alone or in combination with a common dopant
material. In the latter case, the phosphorescent metallic
compound of formula (31) acts as a host material.

[0104] Any method, for example, simultaneous deposi-
tion, can be used when forming the EML layer 15. The
amount of the compound of formula (1) that is used as a
dopant is not limited. However, in some embodiments, the
amount of the compound of formula (1) that is used as a
dopant may be in a range of 5-40 parts by weight with
respect to 100 parts by weight of the material of the EML
layer 15. Greater or lesser amounts of dopant may affect the
luminescent properties of the EL device.

[0105] Any method, for example, simultaneous deposi-
tion, can be applied when forming the EML layer 15. The
amount of the compound of formula (31) that is used as a
host material is not limited. However, in some embodiments
the amount of the compound of formula (31) that is used as
a host material may be in a range of 60-95 parts by weight
with respect to 100 parts by weight of the material of the
EML layer 15. Greater or lesser amounts of host material
may affect the luminescent properties of the EL device
deteriorate.

[0106] The EML layer 15 may have a thickness of 100-
500 A. If the thickness of the EML layer 15 is smaller than
100 A, luminescent efficiency may drop. If the thickness of
the EML layer 15 is greater than 500 A, the driving voltage
may increase.
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[0107] A hole barrier layer (HBL) 16 is formed on the
EML layer 15. The HBL 16 blocks exitons, which are -continued
generated from the emissive material in the EML layer 15,
or holes from migrating into an electron transporting layer
(ETL) 17. Suitable materials for the HBL 16 include phenan-
throlines, such as BCP available from Universal Display
Corporation (UDC); imidazoles; triazoles; oxadiazoles, such
as PBD; aluminum complexes, such as BAlq having a
formula below (available from UDC), etc. Any method may
be applied when forming the HBL 16 without limitation. For
example, vacuum deposition or spin coating may be used
when forming the HBL 16, depending on the material used
for the HBL 16.

[0108] The ETL 17 is formed on the HBL 16. Suitable
materials for the ETL 17 include a compound of formula
(27) below; oxazoles; isooxazoles; triazoles; isothiazoles;
oxadiazoles; thiadiazoles; perylenes (see the formula
below); aluminum complexes, such as Alg3 (tris(8-quinoli-
nolato)-aluminum), BAlg, SAlq, and Almq3 (refer to the
following formulae); gallium complexes, such as
Gagq',0Piv, Gaq',0Ac, and 2(Gaq',) (refer to the following
formulae), etc. Vacuum deposition or spin coating may be
used to form the ETL 17, depending on the material for the
ETL 17.

@7 SAlq

HyC

perylenes

Almg3

AN
—=NO \
NFH
6] (¢]
N,
/ N
——
Alg3

Gaq',OPiv
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-continued

CH,

Gaq',0Ac

2(Gaq'2)

[0109] Next, an electron injecting layer (EIL) 18 is formed
on the ETL 17. Suitable materials for the EIL 18 include
Alg3, LiF, NaCl, CsF, etc. Vacuum deposition or spin
coating may be used to form the EIL 18. The EIL 18 may
have a thickness of 1-15 A.

[0110] Next, a second electrode 19 is formed on the EIL
18, and the device is sealed to complete its manufacture. The
second electrode 19 is made of a low work function metal,
for example, Li, Ca, LiF/Ca, LiF/Al, Al, Mg, or a Mg alloy,
by deposition. The second electrode 19 may have a thickness
of 800-3000 A.

[0111] An organic EL device according to the present
invention may have a stacked structure as illustrated in FIG.
1 or may may have an additional single or dual intermediate
layer if required. The HIL, the HBL, and the EIL are
optional.

[0112] The present invention will be described in greater
detail with reference to the following examples. The fol-
lowing examples are illustrative purposes and are not
intended to limit the scope of the invention.

[0113]

[0114] Potassium phosphate tribasic monohydrate, 1,4-
dioxane, copper iodide, and (+,-) trans-1,2-diaminocyclo-
hexane were purchased from Acros Co. Iridium chloride
hydrate, iridium chloride acetylacetonate, glycerol, 2-meth-
oxyethanol, 2-ethoxyethanol, 1-pyrazole, 3-methyl-1-phe-

Reagents Used

16
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nylpyrazole, 3-methyl-1-m-tolylpyrazole, 3,5-dimethyl-1-
phenylpyrazole, 3-iodobenzonitrile, 4-iodebenzonitrile,
acetylacetone, and picolinic acid were purchased from Ald-
rich Co. Methylene chloride, methanol, hexane, magnesium
sulfate, and magnesium carbonate were purchased from
Ducksan Chemicals Co.

[0115] Pyrazole, 2-iodoanisol, acetophenone, N,N-dim-
ethylformamide, dimethylformamide dimethylacetal, dim-
ethyl sulfate, 1H-4-phenylimidazole, 2-bromoacetophe-
none, and acetoamide were purchased from Tokyo Kasei Co.
Ltd. (TCI).

[0116] Nitrobenzene, potassium carbonate (K,CO5), HBr,
hydrazine monohydrate, ethanol, acetone, ethylcellosolve,
sodium carbonate, 1,2-dichloroethane, 2-pyridine carboxy-
lic acid, acetylacetone, THF, NaHa were purchased from
Wako Pure Chemical Co. Ltd. (WAKO). Iridium chloride
hydrochloride hydrate, iridium chloride, 3,4-difluoroac-
etophenone,  3-cyanoacetophenone,  1-phenylpyrazole,
1-isoquinoline carboxylic acid, and 3-isoquinolinecarboxy-
lic acid were purchased from Aldrich Co.

[0117] Analysis Methods

[0118] The structure of compounds synthesized in the
following examples was identified using 'H-NMR, C-
NMR, a UV spectrometer, and a spectrofluorometer.
'H-NMR and *C-NMR were measured using a Bruker
AM-300 spectrometer. The UV spectrometer used was a
BECKMAN DU-650. The spectrofluorometer used was a
JASCO FP-750. Chemical shift in solvent was measured in

SYNTHESIS EXAMPLE 1

Synthesis of 3-pyrazol benzonitrile of Formula (3)
[0119]

+
P N
N
H
I
Cul
K3PO,
dioxane
NC dodecane
/N
N
NC
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[0120] 0.01 mmol of copper iodide, 2.1 mmol of potas-
sium phosphate tribasic monohydrate, 1.2 mmol of 1-pyra-
zole, and 10 mL of 1,4-dioxane were placed in a sealed tube,
followed by injection of nitrogen and stirring for 30 minutes.
3-iodobenzonitrile and 0.01 mmol of (+,-)-trans-1,2-dimi-
nocyclohexane were added into the reaction mixture, the
tube was plugged and heated at 110° C. for 24 hours while
stirring.

[0121] The progress of the reaction was checked using
thin layer chromatography (TLC) to determine if the reac-
tion had completed. After the completion of the reaction, the
solvent was removed by high-vacuum distillation. The reac-
tion product was extracted using methylene chloride and
washed with a saturated NaCl solution. The extracted meth-
ylene chloride phase was dried using MgSO, and purified
into solid form using flash column chromatography (cluent
of methylene chloride and methanol). This resulting solid
material was dried in a vacuum for 3 hours to provide a
compound of formula (3) with a yield of 50%.

[0122] 'H-NMR(CDCL,, 300 MHz): d(ppm) 8.04(d,J=
1.11.1H) 7.99~7.95(m 2H) 7.78(d,J=1.53,1H) 7.62~7.53(m,
2H) 6.54(1,J=2.11.1H)

SYNTHESIS EXAMPLE 2

Synthesis of Compound (A)
[0123]

[\
s [rCl3*H,0+HCl
or IrCl3*H,0

_— =
2-methoxy ethanol
/H20(3/1)

N

NC
(SCNppz),lr(p-Cl)Ir(SCNppz),
A
[0124] 100 mL of 2-methoxy ethanol was stirred in a

nitrogen atmosphere at room temperature for 30 minutes,
and 4 mmol of iridium chloride hydrochloride hydrate and
10 mmol of the compound (3) were added and heated in a
nitrogen atmosphere for 12 hours.

[0125] After reaction was completed, the reaction product
was distilled in a high vacuum to remove the solvent,
followed by extraction using methylene chloride. The
extracted methylene chloride phase was washed with a
saturated NaCl solution and dried using MgSO,, followed
by distillation under reduced pressure to minimize the
remaining solvent. Hexane was added to precipitate a solid
material. This solid material was filtered and dried in a
vacuum for about 3 hours to provide compound A with a
yield of 50%.
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SYNTHESIS EXAMPLE 3

Synthesis of Ir(5-CNphenyl-pyrazol), (acac) of
Formula (4)

[0126]

solvent
(5CNppz),Ir(n-Cl),Ir(SCNppz),
ONa

@]

NC

[0127] 100 mL of 2-ethoxy ethanol was stirred in a nitro-
gen atmosphere at room temperature for 30 minutes, and 5
mmol of compound (A), 15 mmol of acac salt, and 2.5 mL
of 3N Na,CO; were added and heated in a nitrogen atmo-
sphere while stirring for 12 hours and checking the progress
of the reaction using TLC to determine if the reaction had
completed. The reaction product was distilled in a high
vacuum to remove the solvent, followed by extraction using
methylene chloride. The extracted methylene chloride phase
was washed with a saturated NaCl solution and dried using
MgSO0,, followed by distillation under reduced pressure to
minimize the remaining solvent. Hexane was added to
precipitate a solid material. This solid material was filtered,
purified using column chromatography, and dried in a
vacuum for 3 hours to provide the compound of formula (4)
with a yield of 50%.

[0128] 'H-NMR(CDCl,, 300 MHz): d(ppm) 8.82(d,
J=2.874 Hz, 2H), 7.86(d, I=1.5 Hz, 2H), 7.81(d, J=2.157 Hz,
2H), 6.97~6.52(m, 4H), 6.41(d, J=7.773 Hz, 2H), 5.34(s,
1H), 1.77(s, 6H)

SYNTHESIS EXAMPLE 4

Synthesis of Ir(5-CNphenyl-pyrazol), (pic) of
Formula (5)

[0129]

lvent
(5CNppz),lr(u-Cl),Lr(SCNppz), solven

picH
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-continued

[0130] 100 mL of 2-ethoxy ethanol was stirred in a nitro-
gen atmosphere at room temperature for 30 minutes, 5 mmol
of compound (A), 15 mmol of picolinic acid, and 2.5 mL of
3N Na,CO; were added and heated in a nitrogen atmosphere
while stirring for 12 hours and checking the progress of the
reaction using TLC to determine if the reaction had com-
pleted.

[0131] The reaction product was distilled in a high
vacuum to remove the solvent, followed by extraction using
methylene chloride. The extracted methylene chloride phase
was washed with a saturated NaCl solution and dried using
MgSQ,, followed by distillation under reduced pressure to
minimize the remaining solvent. Hexane was added to
precipitate a solid material. This solid material was filtered,
purified using column chromatography, and dried in a
vacuum for 3 hours to provide the compound of formula (5)
with a yield of 50%.

[0132] 'H-NMR(CDCl,, 300 MHz): d(ppm) 8.38(d,
J=7.626 Hz, 1H), 8.19(d, ]=2.859 Hz, 1H), 8.165(d, J=2.87
Hz, 1H), 8.017(td, J=1.45 Hz, 7.713 Hz, 1H), 7.467(m, 3H),
7.029(dd, J=1.53 Hz, 7.78 Hz, 1H), 6.96(dd, J=1.428 Hz,
7.73 Hz, 11), 6.8392(d, 1=2.172 Hz, 1H), 6.7514(t, J=5.154
Hz, 1H), 6.5772(1, J=5.05 Hz, 1H), 6.5022(d, J=7.82 Hz,
1H), 6.1772(d, J=7.797 Hz, 1H)

SYNTHESIS EXAMPLE 5

Synthesis of 4-pyrazol benzonitrile of Formula (6)

[0133]

dioxane
dodecane

18
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-continued
N
N
CN
(©)
[0134] 0.01 mmol of copper iodide, 2.1 mmol of potas-

sium phosphate tribasic monohydrate, 1.2 mmol of 1-pyra-
zole, and 10 mL of 1,4-dioxane were placed in a sealed tube,
followed by stirring for 30 minutes in a nitrogen atmosphere.
4-iodobenzonitrile and 0.01 mmol of (+,-)-trans-1,2-dimi-
nocyclohexane were added into the reaction mixture, the
tube was plugged and heated at 110° C. for 24 hours while
stirring.

[0135] The progress of the reaction was checked using
TLC to determine if the reaction had completed. After the
completion of the reaction, the solvent was removed by
high-vacuum distillation. The reaction product was
extracted using methylene chloride and washed with a
saturated NaCl solution. The extracted methylene chloride
phase was dried using MgSO, and purified into solid form
using flash column chromatography (cluent of methylene
chloride and methanol). This resulting solid material was
dried in a vacuum for 3 hours to provide the compound of
formula (6) with a yield of 75%.

[0136] 'H-NMR(CDCl,, 300 MHz): d(ppm) 8.00(d,J=
2.86,1H) 7.84~7.81(m,2H) 7.77~7.71(m,3H) 6.53(1,]=2.06,
1H)

SYNTHESIS EXAMPLE 6

Synthesis of Compound (B)
[0137]

/N

N/N I:Cly H,0 HCI
or IrCl; H;O
_—
2-methoxy ethanol (4-CNppz),Ir(u-Cl),lr(4-CNppz),
/H,003/1) (®)
CN
®
[0138] 100 mL of 2-methoxy ethanol was stirred in a

nitrogen atmosphere at room temperature for 30 minutes,
and 4 mmol of iridium chloride hydrochloride hydrate and
10 mmol of the compound (6) were added and heated in a
nitrogen atmosphere while stirring.
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[0139] The progress of the reaction was checked using
TLC to determine if the reaction had completed. After the
completion of the reaction, the reaction product was distilled
in a high vacuum to remove the solvent, followed by
extraction using methylene chloride. The extracted methyl-
ene chloride phase was washed with a saturated NaCl
solution and dried using MgSO,, followed by distillation
under reduced pressure to minimize the remaining solvent.
Hexane was added to precipitate a solid material. This solid
material was filtered and dried in a vacuum for about 3 hours
to provide compound B with a yield of 75%.

SYNTHESIS EXAMPLE 7

Synthesis of Ir(4-CNphenyl-pyrazol), (acac) of
Formula (7)

[0140]

solvent

(4-CNppz)lr(u-Clalr (4-CNppz)y
®

[0141] 100 mL of 2-ethoxy ethanol was stirred in a nitro-
gen atmosphere at room temperature for 30 minutes, 5 mmol
of the compound (B), 15 mmol of acac salt, and 2.5 mL of
3N Na,CO; were added and heated in a nitrogen atmosphere
for 12 hours while stirring.

[0142] The progress of the reaction was checked using
TLC to determine if the reaction had completed. After the
completion of the reaction, the reaction product was distilled
in a high vacuum to remove the solvent, followed by
extraction using methylene chloride. The extracted methyl-
ene chloride phase was washed with a saturated NaCl
solution and dried using MgSO,, followed by distillation
under reduced pressure to minimize the remaining solvent.
Hexane was added to precipitate a solid material. This solid
material was filtered, purified using column chromatogra-
phy, and dried in a vacuum for 3 hours to provide the
compound of formula (7) with a yield of 50%.

[0143] 'H-NMR(CDCl,, 300 MHz): d(ppm)3.15(d,
J=2.78 Hz, 2H), 7.66(d, J=1.74 Hz, 2H), 7.22(d, J=4.59 Hz,
4H), 6.78(t, J=4.734 Hz, 2H), 6.4778(s, 2H), 5.2902(s, 1H),
1.8508(s, 6H), 1.5848(s, SH)
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SYNTHESIS EXAMPLE 8
Synthesis of Ir(4-CNphenyl-pyrazole), (pic) of
Formula (8)
[0144]

, solvent
(4-CNppz),lr(u-Cl),Ir(4CNppz),

picH

®

[0145] 100 mL of 2-cthoxy ethanol were stirred in a
nitrogen atmosphere at room temperature for 30 minutes, 5
mmol of compound (B), 15 mmol of picolinic acid, and 2.5
mL of 3N Na,CO, were added and heated in a nitrogen
atmosphere while stirring for 12 hours and checking the
progress of the reaction using TLC to determine if the
reaction had completed.

[0146] The reaction product was distilled in a high
vacuum to remove the solvent, followed by extraction using
methylene chloride. The extracted methylene chloride phase
was washed with a saturated NaCl solution and dried using
MgSO,, followed by distillation under reduced pressure to
minimize the remaining solvent. Hexane was added to
precipitate a solid material. This solid material was filtered,
purified using column chromatography, and dried in a
vacuum for 3 hours to provide the compound of formula (8)
with a yield of 50%.

[0147] 'H-NMR(CDCl;, 300 MHz): 3(ppm)8.37(d,
J=7.79 Hz, 1H), 8.176(t, J=5.28 Hz, 2H), 8.0084(td, 1H),
8.3834(d, J=2.364 Hz, 2H), 7.4492(td, 14.29 Hz, 1H),
7.3456(s, 2H), 7.2812(m, 3H), 6.8580(d, J=2.18 Hz, 1H),
6.77422(t, J=5.187 Hz, 1H), 6.64209(m,2H), 6.45282(s, 1H)

SYNTHESIS EXAMPLE 9
Synthesis of Fac Ir(5-methyl-phenylpyrazol), of
Formula (9)
[0148]

/N

Ve

[\
N/ Ir(acac)s N
B E————
glycerol

N
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[0149] 100 mL of glycerol was stirred in a nitrogen
atmosphere at room temperature for 30 minutes, Ir(acac),
and 6 equivalents of 3-methyl-1-phenylpyrazol were added
and heated at 180-200° C. for 24 hours while stirring.

[0150] After the completion of the reaction, water was
added to the reaction product and filtered through a glass
filter to obtain a crude product. This crude product was
washed with hexane, dissolved in methylene chloride, puri-
fied using flash column chromatography, and dried in a
vacuum for 3 hours to provide the compound of formula (9)
with a yield of 20%. A dispersion of hexane in a solution of
1 part by weight of methanol dissolved in methylene chlo-
ride was used to identify the crystalline structure of the
compound 9 illustrated in FIG. 12.

[0151] 'H-NMR(CDCL,, 300 MHz): 7.93(d,J=2.31,3H)
7.18(d,J=13.443H) 6.92(1,]=3.58,3H) 6.74~6.62(m,6H)
6.14(d,J=2.55 3H) 1.708(s,9H)

SYNTHESIS EXAMPLE 10
Synthesis of Fac Ir(3,5-dimethyl-phenylpyrazol), of

Formula (10)
[0152]
I\ [\
N/ Ir(acac)s N/
glycerol [r
3
[0153] 100 mL of glycerol was stirred in a nitrogen

atmosphere at room temperature for 30 minutes, Ir(acac),
and 6 equivalents of 3,5-dimethyl-1-phenylpyrazol were
added and heated at 180-200° C. for 24 hours while stirring.

[0154] After the completion of the reaction, water was
added to the reaction product and filtered through a glass
filter to obtain a crude product. This crude product was
washed with hexane, dissolved in methylene chloride, puri-
fied using flash column chromatography, and dried in a
vacuum for 3 hours to provide the compound of formula (10)
with a yield of 20%.

[0155] 'H-NMR(CDCL,300  MHz):7.39(d,J=8.04,3H)
6.90~6.84(m,3H) 6.70~6.61 (m,6H) 5.86(s,3H) 2.75(s,9H)
1.62(s,9H)

SYNTHESIS EXAMPLE 11
Synthesis of Fac
Ir(5-methylphenyl-4-methylpyrazol), of Formula
)

[0156]

N Ir(acac)y
—_—
glycerol
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[0157] 100 mL of glycerol was stirred in a nitrogen
atmosphere at room temperature for 30 minutes, Ir(acac),
and 6 equivalents of 3-methyl-1-m-tolyl-pyrazol were added
and heated at 180-200° C. for 24 hours while stirring.

[0158] After the completion of the reaction, water was
added to the reaction product and filtered through a glass
filter to obtain a crude product. This crude product was
washed with hexane, dissolved in methylene chloride, puri-
fied using flash column chromatography, and dried in a
vacuum for 3 hours to provide the compound of formula (11)
with a yield of 20%.

[0159] 'H-NMR(CDCl,,300 MHz):8.36(s,3H) 7.20(s,3H)
6.81(s,3H) 6.48~6.41(m,6H) 2.17(s,9H) 2.02(s,9H)

SYNTHESIS EXAMPLE 12

Synthesis of Ir(5-methyl-phenylpyrazol), (oppz) of
Formula (12)

[0160]

/

N IClH,0°HC

N or IrCl3*H,0
_— =
2-methoxy ethanol
JH20(3/1)
/N
N e 2-ethoxyethanol
Ir =
N
2 T /
N
A HO
(B-1)
Oy O
e N—N
N /
Ir\

(12)

[0161] 100 mL of 2-methoxy ethanol was stirred in a
nitrogen atmosphere at room temperature for 30 minutes,
and 4 mmol of iridium chloride hydrochloride hydrate and
10 mmol of 3-methyl-1-phenylpyrazol were added and
heated in a nitrogen atmosphere for 12 hours while stirring.
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[0162] The progress of the reaction was checked using
TLC to determine if the reaction had completed. After the
completion of the reaction, the reaction product was distilled
in a high vacuum to remove the solvent, followed by
extraction using methylene chloride. The extracted methyl-
ene chloride phase was washed with a saturated NaCl
solution and dried using MgSO,, followed by distillation
under reduced pressure to minimize the remaining solvent.
Hexane was added to precipitate a solid material. This solid
material was filtered and dried in a vacuum for about 3 hours
to provide a dimer with a yield of 50%.

[0163] 100 mL of 2-cthoxy ethanol were stirred in a
nitrogen atmosphere at room temperature for 30 minutes, 5
mmol of the dimer, 15 mmol of compound (B-1), and 2.5 mL
of 3N Na,CO, were added and heated in a nitrogen atmo-
sphere while stirring for 12 hours and checking the progress
of the reaction using TLC to determine if the reaction had
completed.

[0164] After the completion of the reaction, the reaction
product was distilled in a high vacuum to remove the
solvent, followed by extraction using methylene chloride.
The extracted methylene chloride phase was washed with a
saturated NaCl solution and dried using MgSO,, followed
by distillation under reduced pressure to minimize the
remaining solvent. Hexane was added to precipitate a solid
material. This solid material was filtered, purified using
column chromatography, and dried in a vacuum for 3 hours
to provide the compound of formula (12) with a yield of
50%.

[0165] 'H-NMR(CDCl,, 300 MHz): 8.02(d,J=2.76,2H)
7.98(d,J=2.12,2H) 7.857(d,J=2.76,1H) 7.205(d,=7.638,1H)
7.134~7.082(m,2H) 6.955~6.86(m,3H) 6.749~6.636(m,4H)
6.539~6.48(m,2H) 6.34~6.28(m,3H) 6.099(d,J=2.73,1H)

SYNTHESIS EXAMPLE 13

Synthesis of Ir(2-(4-phenyl-phenyl)-5-methylpyra-
zol), (oppz) of Formula (13)

[0166]

/

N LClLeH0HC
d or 1l H,0

_—
2-methoxy ethanol
/H20(3/1)
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-continued
[\
N/ Cl 2-ethoxyethanol
I
T _=
N
2 2 S~ /
N
HO
(B-1)

[0167] 100 mL of 2-methoxy ethanol was stirred in a
nitrogen atmosphere at room temperature for 30 minutes,
and 4 mmol of iridium chloride hydrochloride hydrate and
10 mmol of 1-biphenyl-4-yl-3-methyl-1H-pyrazol were
added and heated in a nitrogen atmosphere for 12 hours
while stirring.

[0168] The progress of the reaction was checked using
TLC to determine if the reaction had completed. After the
completion of the reaction, the reaction product was distilled
in a high vacuum to remove the solvent, followed by
extraction using methylene chloride. The extracted methyl-
ene chloride phase was washed with a saturated NaCl
solution and dried using MgSO,, followed by distillation
under reduced pressure to minimize the remaining solvent.
Hexane was added to precipitate a solid material. This solid
material was filtered and dried in a vacuum for about 3 hours
to provide a dimer with a yield of 50%.

[0169] 100 mL of 2-cthoxy ethanol were stirred in a
nitrogen atmosphere at room temperature for 30 minutes, 5
mmol of the dimer, 15 mmol of the compound (B-1), and 2.5
mL of 3N Na,CO, were added and heated in a nitrogen
atmosphere while stirring for 12 hours and checking the
progress of the reaction using TLC to determine if the
reaction had completed.

[0170] After the completion of the reaction, the reaction
product was distilled in a high vacuum to remove the
solvent, followed by extraction using methylene chloride.
The extracted methylene chloride phase was washed with a
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saturated NaCl solution and dried using MgSO,, followed
by distillation under reduced pressure to minimize the
remaining solvent. Hexane was added to precipitate a solid
material. This solid material was filtered, purified using
column chromatography, and dried in a vacuum for 3 hours
to provide the compound of formula (13) with a yield of
50%

[0171] 'H-NMR(CDCl;, 300 MHz):8.57(d,J=2.79,1H)
8.37(d,J=2.65,2H) 7.55(d,J=8.17,1H) 7.44~7.09(m,14H)
6.87~6.80(m,2H)  6.72(dJ=1.94,1H)  6.56~6.40(m,5H)
6.32(d,J=2.75,1H)

SYNTHESIS EXAMPLE 14
Synthesis of Ir(2-(4-phenyl-phenyl)-5-methylpyra-
zol), (pic) of Formula (14)
[0172]

/

P N IrCly*H,O<HCl1
N or [rCl3*H»O

_——
2-methoxy ethanol
/H20(3/1)

[\
N/ Cl 2-ethoxyethanol
—_—
Ir
X
O T |
N A
X
I HO' o]

(14
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[0173] 100 mL of 2-methoxy ethanol was stirred in a
nitrogen atmosphere at room temperature for 30 minutes,
and 4 mmol of iridium chloride hydrochloride hydrate and
10 mmol of 1-biphenyl-4-yl-3-methyl-1H-pyrazol were
added and heated in a nitrogen atmosphere for 12 hours
while stirring.

[0174] The progress of the reaction was checked using
TLC to determine if the reaction had completed. After the
completion of the reaction, the reaction product was distilled
in a high vacuum to remove the solvent, followed by
extraction using methylene chloride. The extracted methyl-
ene chloride phase was washed with a saturated NaCl
solution and dried using MgSO,, followed by distillation
under reduced pressure to minimize the remaining solvent.
Hexane was added to precipitate a solid material. This solid
material was filtered and dried in a vacuum for about 3 hours
to provide a dimer with a yield of 50%.

[0175] 100 mL of 2-cthoxy ethanol were stirred in a
nitrogen atmosphere at room temperature for 30 minutes, 5
mmol of the dimer, 15 mmol of picolinic acid, and 2.5 mL
of 3N Na,CO, were added and heated in a nitrogen atmo-
sphere while stirring for 12 hours and checking the progress
of the reaction using TLC to determine if the reaction had
completed.

[0176] After the completion of the reaction, the reaction
product was distilled in a high vacuum to remove the
solvent, followed by extraction using methylene chloride.
The extracted methylene chloride phase was washed with a
saturated NaCl solution and dried using MgSO,, followed
by distillation under reduced pressure to minimize the
remaining solvent. Hexane was added to precipitate a solid
material. This solid material was filtered, purified using
column chromatography, and dried in a vacuum for 3 hours
to provide the compound of formula (14) with a yield of
50%

[0177] 'H-NMR(CDCl,, 300
8.00~7.96(m4H)  7.39~7.19(m,17H)
2.51(s,3H) 1.65(s,3H)

MHz):8.37(s,1H)
6.44~6.40(m,2H)

SYNTHESIS EXAMPLE 15

Synthesis of Ir(2-(5-phenyl-phenyl)-5-methylpyra-
zol), (pic) of Formula (15)

[0178]

]\

/

[:Cl3*H,OHCl
or [rCl3*H,0O

—_—_—
2-methoxy ethanol

H20(3/1)
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-continued

I /Cl 2-ethoxyethanol
I
B
N F
2
HO (¢}

(13

[0179] 100 mL of 2-methoxy ethanol was stirred in a
nitrogen atmosphere at room temperature for 30 minutes,
and 4 mmol of iridium chloride hydrochloride hydrate and
10 mmol of 1-biphenyl-4-yl-3-methyl-1H-pyrazol were
added and heated in a nitrogen atmosphere for 12 hours
while stirring.

[0180] The progress of the reaction was checked using
TLC to determine if the reaction had completed. After the
completion of the reaction, the reaction product was distilled
in a high vacuum to remove the solvent, followed by
extraction using methylene chloride. The extracted methyl-
ene chloride phase was washed with a saturated NaCl
solution and dried using MgSQ,, followed by distillation
under reduced pressure to minimize the remaining solvent.
Hexane was added to precipitate a solid material. This solid
material was filtered and dried in a vacuum for about 3 hours
to provide a dimer with a yield of 50%.

[0181] 100 mL of 2-cthoxy ethanol were stirred in a
nitrogen atmosphere at room temperature for 30 minutes, 5
mmol of the dimer, 15 mmol of picolinic acid, and 2.5 mL
of 3N Na,CO; were added and heated in a nitrogen atmo-
sphere while stirring for 12 hours and checking the progress
of the reaction using TLC to determine if the reaction had
completed.

[0182] After the completion of the reaction, the reaction
product was distilled in a high vacuum to remove the
solvent, followed by extraction using methylene chloride.
The extracted methylene chloride phase was washed with a
saturated NaCl solution and dried using MgSO,, followed
by distillation under reduced pressure to minimize the
remaining solvent. Hexane was added to precipitate a solid
material. This solid material was filtered, purified using
column chromatography, and dried in a vacuum for 3 hours
to provide the compound of formula (15) with a yield of
50%
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[0183] 'H-NMR(CDClL,, 300 MHz):9.01(t,J=358,2H)
8.11(s,2H) 7.98(d,J=1.70,1H)  7.94~7.90(m2H)
7.70~7.62(m,6H)  7.44~7.38(m4H)  7.31~7.29(m,2H)
7.09~7.06(m2H)  7.01(d,J=7.41,1H) 6.81(1,J=2.49,1H)
6.76(1,J=2.54,1H) 6.35(d,J=7.80,1H) 6.23(d,J=7.80,1H)

SYNTHESIS EXAMPLE 16

Synthesis of Fac Ir(ppz), (oppz) of Formula (16)
[0184]

AN

/

<
|

IrCly»H,0HCI
or IrCl3*H,0

_ =
2-methoxy ethanol

JH20(3/1)

2-ethoxyethanol

(16)

[0185] 100 mL of 2-methoxy ethanol was stirred in a
nitrogen atmosphere at room temperature for 30 minutes,
and 4 mmol of iridium chloride hydrochloride hydrate and
10 mmol of ppz were added and heated in a nitrogen
atmosphere for 12 hours while stirring.

[0186] The progress of the reaction was checked using
TLC to determine if the reaction had completed. After the
completion of the reaction, the reaction product was distilled
in a high vacuum to remove the solvent, followed by
extraction using methylene chloride. The extracted methyl-
ene chloride phase was washed with a saturated NaCl
solution and dried using MgSQ,, followed by distillation
under reduced pressure to minimize the remaining solvent.
Hexane was added to precipitate a solid material. T his solid
material was filtered and dried in a vacuum for about 3 hours
to provide a dimer with a yield of 50%.

[0187] 100 mL of 2-cthoxy ethanol were stirred in a
nitrogen atmosphere at room temperature for 30 minutes, 5
mmol of the dimer, 15 mmol of compound (B-1), and 2.5 mL
of 3N Na,CO; were added and heated in a nitrogen atmo-
sphere while stirring for 12 hours and checking the progress
of the reaction using TLC to determine if the reaction had
completed.
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[0188] After the completion of the reaction, the reaction
product was distilled in a high vacuum to remove the
solvent, followed by extraction using methylene chloride.
The extracted methylene chloride phase was washed with a
saturated NaCl solution and dried using MgSO,, followed
by distillation under reduced pressure to minimize the
remaining solvent. Hexane was added to precipitate a solid
material. This solid material was filtered, purified using
column chromatography, and dried in a vacuum for 3 hours
to provide the compound of formula (16) with a yield of
50%.

[0189] 'H-NMR(CDCl,, 300 MHz): 8.02(d,=2.76,1H)
7.96~7.92(m2H)  7.32(dJ=1.89,1H)  7.17~7.02(m,7H)
6.89~6.82(m,2H)  6.74~6.66(m,2H)  6.62~6.54(m, H)
6.50~6.36(m,4H) 6.23(d,J=7.35,1H)

SYNTHESIS EXAMPLE 17

Synthesis of Ir(2-(5-phenyl)-phenylpyrazol), (oppz)
of Formula (17)

/ \ [1Cl;*H,O*HCl
Z /N 1Cl3*Hy

N or IrCl3*H,0

[0190]

2-methoxy ethanol
/H20(3/1)

2-ethoxyethanol

an

[0191] 100 mL of 2-methoxy ethanol was stirred in a
nitrogen atmosphere at room temperature for 30 minutes,
and 4 mmol of iridium chloride hydrochloride hydrate and
10 mmol of 1-biphenyl-3-yl-1H-pyrazol were added and
heated in a nitrogen atmosphere for 12 hours while stirring.

[0192] The progress of the reaction was checked using
TLC to determine if the reaction had completed. After the
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completion of the reaction, the reaction product was distilled
in a high vacuum to remove the solvent, followed by
extraction using methylene chloride. The extracted methyl-
ene chloride phase was washed with a saturated NaCl
solution and dried using MgSQ,, followed by distillation
under reduced pressure to minimize the remaining solvent.
Hexane was added to precipitate a solid material. This solid
material was filtered and dried in a vacuum for about 3 hours
to provide a dimer with a yield of 50%.

[0193] 100 mL of 2-cthoxy ethanol were stirred in a
nitrogen atmosphere at room temperature for 30 minutes, 5
mmol of the dimer, 15 mmol of the compound (B-1), and 2.5
mL of 3N Na,CO, were added and heated in a nitrogen
atmosphere while stirring for 12 hours and checking the
progress of the reaction using TLC to determine if the
reaction had completed.

[0194] After the completion of the reaction, the reaction
product was distilled in a high vacuum to remove the
solvent, followed by extraction using methylene chloride.
The extracted methylene chloride phase was washed with a
saturated NaCl solution and dried using MgSO,, followed
by distillation under reduced pressure to minimize the
remaining solvent. Hexane was added to precipitate a solid
material. This solid material was filtered, purified using
column chromatography, and dried in a vacuum for 3 hours
to provide the compound of formula (17) with a yield of
50%. An NMR spectrum of the compound of formula (17)
dissolved in CHCl, is illustrated in FIG. 6.

[0195] The hotoluminescence (PL) characteristics of the
iridium compounds with formulae (4), (5), (7), and (8)
produced in the above synthesis examples were observed.
The resulting PL spectra are illustrated in FIG. 2.

[0196] Asis apparent from FIG. 2, the iridium compounds
were found to be photoluminescent in a deep blue range
from 435 nm to 450 nm.

[0197] The PL characteristics at a low temperature of 77K,
not at room temperature, were observed using the iridium
compounds of formulae (7) and (8) to identify emission
peaks originating from, for example, a metal-to-ligand
charge transfer state or the ligand centered state. The results
are shown in FIGS. 3 and 4.

[0198] As is apparent from FIGS. 3 and 4, the main
emission peaks of the two iridium compounds appear in the
deep blue region in the range of 454 nm to 448 nm.

[0199] The solid PL characteristics of the iridium com-
pound of formula (8) was measured using a solid film
manufactured by doping polymethylmethacrylate (PMMA)
with the iridium compound of formula (8). PMMA is a
non-emissive polymer and does not affect the emission
properties of the iridium compound film. In particular, the
solid film was manufactured by doping 94 parts by weight
of PMMA with 6 parts by weight of the iridium compound
of formula (8). The results are shown in FIG. 5. As shown
in FIG. 5, the compound of formula (8) has a main emission
peak near 452 nm in the blue range even when processed
into a thin film, indicating that red shifting due to self-
aggregation is minimal.

[0200] The PL characteristics of the iridium compounds of
formulas (9), (10), and (11) prepared in the above synthesis
examples and Ir(ppz); when dissolved in CH,Cl, solution
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were measured. The results are shown in FIG. 7. As is
apparent from FIG. 7, the iridium compounds of formulas
(9), (10), and (11) emit light near 440 nm in the deep blue
region and have greater emission efficiencies than Ir(ppz),.

[0201] The PL characteristics of the iridium compound of
formula (11) in CH,CL, solution were measured at room
temperature and at 77K. The results are shown in FIG. 8. As
is apparent from FIG. 8, the iridium compound of formula
(11) emits light near 435 m in the deep blue range both at
room temperature and at 77K.

[0202] The PL characteristics of the compounds of for-
mulae (12), (13), (16), and (17) prepared in the above
synthesis examples were measured when dissolved in
CH Cl, solution. The results are shown in FIG. 9. As shown
in FIG. 9, the iridium compounds of formulae (12), (13),
(16), and (17) emit light near 430 nm and 440 nm in the blue
range, and the emission intensity of the iridium compound
of formula (13) is greater than the emission intensities of the
compounds of formulae (12), (16), and (17) when the
concentrations of the compounds are all equal.

[0203] The PL characteristics of the iridium compound of
formula (15) in CH,Cl, solution and the PL characteristics
of the iridium compound of formula (17) at 77K were
measured. The results are shown in FIGS. 10 and 11,
respectively. As is apparent from FIGS. 10 and 11, the
iridium compound of formula (15) has a main emission peak
at 432 nm, and the iridium compound of formula (17) has a
main emission peak at 463 nm, which are both in the blue
range.

SYNTHESIS EXAMPLE 18

Synthesis of Compound (A-1)
[0204]

HC(OCH3);N(CHs),
COCH,

NH,NH, 0,0
ETOH

A

[0205] 249.8 mmol of acetophenone was added to 1399
mmol of N,N-dimethylformamide dimethylacetal and
refluxed for 1 hour. 217.6 mmol of hydrazine monohydrate
and 100 mL of ethanol were added to the reaction product
and refluxed further for 1 hour.

[0206] The progress of the reaction was checked using
TLC to determine if the reaction had completed. After the
completion of the reaction, 213.5 mmol of dimethyl sulfate,
acetone, and 234.9 mmol of potassium carbonate were
added to the reaction product and refluxed for 1 hour to
obtain compound (A-1) with a yield of 29.6%.
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[0207] The structure of compound (A-1) was identified
using NMR. The result is shown in FIG. 13a.

SYNTHESIS EXAMPLE 19

Synthesis of Compound (B-1)
[0208]

I
Z/ \ OCHs  (y, k2003,
+ e we———
N HBr
N
H

/N

Ve
N

N

OH

(B-1)

[0209] 7.86 mmol of copper, 210.6 mmol of potassium
carbonate, and 10 mL of nitrobenzene were placed in a
sealed tube. 35.10 mmol of pyrazole and 35.10 mmol of
2-1dozoanisole were added into the reaction mixture, and the
tube was plugged and heated under reflux for 10 hours while
stirring the mixture. 50 mL of 48% HBr was added into the
product and refluxed further 10 hours to obtain compound
(B-1) with a yield of 83.5%.

SYNTHESIS EXAMPLE 20

Synthesis of Compound of Formula (33)

[0210] 20 mL of ethylcellosolve was stirred in a nitrogen
atmosphere at room temperature for 30 minutes, and 26.1
mmol of compound (A-1) and 13.05 mmol of iridium
chloride hydrochloride hydrate were added thereto and
heated while stirring for 24 hours and checking the progress
of the reaction using TLC to determine if the reaction had
completed. The reaction products were subjected to extrac-
tion using methylene chloride. The extracted methylene
chloride phase was treated using MgSO, to remove water,
filtered, and dried in a vacuum for 3 hours to obtain a dimer
with a yield of 70.7%.

[0211] 3.755 mmol of the dimer and 7.51 mmol of com-
pound (B-1) were added to 20 mL of ethylcellosolve at room
temperature, and 8.26 mL of Na,CO, were added, as a basic
component, to the mixture, followed by heating in a nitrogen
atmosphere for 24 hours while stirring the mixture and
checking the progress of the reaction using TLC to deter-
mine if the reaction had completed. As a result, the com-
pound of formula (33) was obtained with a yield of 20%.

[0212] The structure and mass of the compound of for-
mula (33) were analyzed using NMR and mass spectrom-
etry, respectively. The results are shown in FIGS. 14 and 5.
The thermal characteristics of the compound of formula (33)
can be inferred based on data obtained by the analysis of the
DSC curve of FIG. 13B. As shown in FIG. 13B, the Tm of
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the compound of formula (33) is 296° C. FIG. 16 is a PL
spectrum of the compound of formula (33) in solid state. As
shown in FIG. 16, the compound of formula (33) emits blue
light at 460 nm.

SYNTHESIS EXAMPLE 21

Synthesis of Compound (C-1)

[0213]
F
HC(OCH3),N(CHz);  NH;NH, H;0
F COCH; FTon
NH
/
N
(CH3)2804
K;CO,
F
F
[0214] 171.5 mmol of 3,4-difluoroacetophenoene and 686

mmol of N,N-dimethylformamide dimethylacetal were
mixed together and refluxed for 1 hour. 106.7 mmol of
hydrazine monohydrate was added to the reaction product
and refluxed using ethanol solvent for 1 hour. 103 mmol of
dimethyl sulfate and 113.3 mmol of K,CO, were added to
the resulting product and refluxed using 100 mL of acetone
for 3 hours to obtain compound (C-1) with a yield of 30%.

[0215] The structure and mass of compound (C-1) were
analyzed using NMR and mass spectrometry, respectively.
The results are shown in FIGS. 17 and 18.

SYNTHESIS EXAMPLE 22

Synthesis of Compound of Formula (34)
[0216]

/
|\

7 IrClyH,0-HCl

or IrCl3*H,0

(C-1)
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-continued

(34

[0217] 10 mL of ethylcellosolve was stirred in a nitrogen
atmosphere at room temperature for 30 minutes, and 13.7
mmol of compound (C-1) and 6.85 mmol of iridium (III)
chloride were added thereto and heated while stirring for 24
hours and checking the progress of the reaction using TLC
to determine if the reaction had completed. The reaction
products were subjected to extraction using methylene chlo-
ride. The extracted methylene chloride phase was treated
using MgSO, to remove water, filtered, and dried in a
vacuum for 3 hours to obtain a dimer with a yield of 95.1%.

[0218] 10 mL of ethylcellosolve was stirred in a nitrogen
atmosphere at room temperature for 30 minutes, 2.46 mmol
of the dimer, 4.92 mmol of acetyl acetone, and 5.412 mL of
Na,COj; as a base component were added thereto, followed
by heating in a nitrogen atmosphere for 24 hours while
stirring the mixture and checking the progress of the reaction
using TLC to determine if the reaction had completed. As a
result, the compound of formula (34) was obtained with a
yield of 30%.

[0219] The mass of the compound of formula (34) was
measured using mass spectrometry. The result is shown in
FIG. 20. FIG. 19 illustrates the light absorption character-
istics of the compound of formula (34), and FIG. 21 is the
DSC curve of the compound of formula (34). As shown in
FIGS. 19 and 21, the compound of formula (34) has an
absorption peak at 230 nm, and the Tm thereof is 324° C.
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SYNTHESIS EXAMPLE 23

Synthesis of Compound (D-1)

[0220]
HN N
A\ A
A NN
(CH3)280,4
Acetone KyCO3
(D-1)

[0221] 92.04 mmol of 1H-4-phenylimidazole, 92.04 mmol

of dimethyl sulfate, and 101.2 mmol of K,CO, were placed
in a sealed tube, and the tube was plugged and heated under
reflux for about 3 hours while stirring the mixture and
checking the progress of the reaction using TLC to deter-
mine if the reaction had completed. As a result, compound
(D-1) was obtained with a yield of 41.2%.

[0222] The structure and mass of compound (D-1) were
analyzed using NMR and mass spectrometry, respectively.
The results are shown in FIGS. 22 and 23.

SYNTHESIS EXAMPLE 24

Synthesis of Compound of Formula (37)
[0223]

\

N

\
\ N

IrCl3*HyOHCl
or [rCl3*H,O

(D-1)

2

Feb. 10, 2005

-continued

\
Ay (]
\ / AN
\O (0]

2

37

[0224] 10 mL of ethylcellosolve was stirred in a nitrogen
atmosphere at room temperature for 30 minutes, and 16.58
mmol of the compound of the compound (D-1) and 8.292
mmol of iridium (III) chloride were added thereto and
heated while stirring for 24 hours and checking the progress
of the reaction using TLC to determine if the reaction had
completed. The reaction products were subjected to extrac-
tion using methylene chloride. The extracted methylene
chloride phase was treated using MgSO, to remove water,
filtered, and dried in a vacuum for 3 hours to obtain a dimer
with a yield of 44.5%.

[0225] 10 mL of 1,2-dichloroethane was stirred in a nitro-
gen atmosphere at room temperature for 30 minutes, 1.487
mmol of the dimmer, 2.974 mmol of 2-pyrridine carboxylic
acid, and 5.412 mL of Na,CO; as a base component were
added thereto, followed by heating in a nitrogen atmosphere
for 24 hours while stirring the mixture and checking the
progress of the reaction using TLC to determine if the
reaction had completed. As a result, the compound of
formula (37) was obtained with a yield of 53.5%.

[0226] FIG. 24 is the DSC curve of the compound of
formula (37). As shown in FIG. 24, the Tm of the compound
of formula (37) is 361° C. The mass of the compound (37)
is shown in FIG. 25.

SYNTHESIS EXAMPLE 25

Synthesis of Compound of Formula (36)
[0227]

\

N

A
\ N

[rCly*H,OHCl
or [rCl3*H,0
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-continued

Na2C03

{J
%

/
\

Ir/%
2

(36)
[0228] 10 mL of ethylcellosolve was stirred in a nitrogen
atmosphere at room temperature for 30 minutes, and 24.88
mmol of the compound of the compound (D-1) and 12.44
mmol of iridium (III) chloride were added thereto and
heated while stirring for 24 hours and checking the progress
of the reaction using TLC to determine if the reaction had
completed. The reaction products were subjected to extrac-
tion using methylene chloride. The extracted methylene
chloride phase was treated using MgSO, to remove water,

filtered, and dried in a vacuum for 3 hours to obtain a
dimmer with a yield of 44.5%.

[0229] 10 mL of ethylcellosolve was stirred in a nitrogen
atmosphere at room temperature for 30 minutes, 2.504 mmol
of the dimer, 5.007 mmol of compound (B-1), and 5.508 mL.
of Na,CO; as a base component were added thereto, fol-
lowed by heating in a nitrogen atmosphere for 24 hours
while stirring the mixture and checking the progress of the
reaction using TLC to determine if the reaction had com-
pleted. As a result, the compound of formula (36) was
obtained with a yield of 30%.

[0230] The mass of the compound of formula (36) was
measured using mass spectrometry. The result is shown in
FIG. 26. FIG. 27 is the DSC curve of the compound of
formula (36). As shown in FIG. 27, the Tm of the compound
of formula (36) is 306° C.

)

SYNTHESIS EXAMPLE 26

Synthesis of Compound (E-1)
[0231]

QCOCHZBr + CH3CONH? —»

28
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-continued
a
PA
(E-1)
[0232] 109.1 mmol of 2-bromoacetophenone and 218.2

mmol of acetoamide were reacted under reflux for 2 hours
to obtain the compound (E-1) with a yield of 16.5%.

[0233] The structure of the compound (E-1) was identified
using NMR. The result is shown in FIG. 28.

SYNTHESIS EXAMPLE 27

Synthesis of Compound of Formula (35

[0234]
&
N [rClyH,0°HCl
\ or [rCl3*H,O
(E-1)

N,
\ /Cl N32C03
Ir =
N
2 \ =
N
OH
? ®1)
O
AN N—N
/
Ir
\
(¢]
2
(35)

[0235] 30 mL of ethylcellosolve was stirred in a nitrogen
atmosphere at room temperature for 30 minutes, and 18
mmol of the compound of the compound (E-1) and 9 mmol
of iridium (III) chloride were added thereto and heated while
stirring for 24 hours and checking the progress of the
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reaction using TLC to determine if the reaction had com-
pleted. The reaction products were subjected to extraction
using methylene chloride. The extracted methylene chloride
phase was treated using MgSO, to remove water, filtered,
and dried in a vacuum for 3 hours to obtain a dimer with a
yield of 31.1%.

[0236] 40 mL of ethylcellosolve was stirred in a nitrogen
atmosphere at room temperature for 30 minutes, 1.345 mmol
of the dimer, 2.69 mmol of compound (B-1), and 2.6 mmol
of Na,CO, as a base component were added thereto, fol-
lowed by heating in a nitrogen atmosphere for 24 hours
while stirring the mixture and checking the progress of the
reaction using TLC to determine if the reaction had com-
pleted. As a result, the compound of formula (35) was
obtained with a yield of 56.7%.

[0237] The structure and mass of the compound of for-
mula (35) were analyzed using NMR and mass spectrom-
etry, respectively. The results are shown in FIGS. 29 and 30.
FIG. 31 is the DSC curve of the compound of formula (35).
As shown in FIG. 31, the Tm of the compound of formula
(31) is 271° C.

SYNTHESIS EXAMPLE 28

Synthesis of Compound (F-1)

[0238]
NC
HC(OCH),N(CHz);  NH,NH, H;0
COCH; ETOH/1hr
NH
\
N
CH3I
THF/NaH
NC
(F-1)
[0239] 68.49 mmol of 3-cyanoacetophenone was mixed

with 274 mmol of N,N-dimethylformamide and refluxed for
1 hour. 48.42 mmol of hydrazine monohydrate was added to
the reaction product and refluxed for 1 hour using 100 mL
of ethanol solvent. 61.51 mmol of NaH, 55.92 mmol of
methyl iodide and 50 mL of THF were added to the reaction
product and refluxed for 3 hours to obtain compound (F-1)
with a yield of 48.8%.

[0240] The structure and mass of the compound (F-1)
were measured using NMR and mass spectrometry, respec-
tively. The results are shown in FIGS. 32 and 33.

SYNTHESIS EXAMPLE 29

Synthesis of Compound of Formula (47)

[0241] The compound of formula (47) was synthesized in
the same manner as in Synthesis Example 20, except that
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1-phenylpyrazole, instead of compound (A-1), and 3-iso-
quinolinecarboxylate (3iq), instead of compound (B-1),
were used.

SYNTHESIS EXAMPLE 30

Synthesis of Compound of Formula (48)

[0242] The compound of formula (48) was synthesized in
the same manner as in Synthesis Example 20, except that
3-methyl-1-phenyl-1H-pyrazole, instead of compound
(A-1), and 3-isoquinolinecarboxylate (3iq), instead of com-
pound (B-1), were used.

SYNTHESIS EXAMPLE 31

Synthesis of Compound of Formula (49)

[0243] The compound of formula (49) was synthesized in
the same manner as in Synthesis Example 20, except that
4-methyl-1-phenyl-1H-pyrazole (synthesized using a
method disclosed in Korean Patent Application No. 2003-
54778, the contents of which are incorporated by reference
herein to the extent that they disclose that method), instead
of compound (A-1), and 3-isoquinolinecarboxylate (3iq),
instead of compound (B-1), were used.

SYNTHESIS EXAMPLE 32

Synthesis of Compound of Formula (50)

[0244] The compound of formula (50) was synthesized in
the same manner as in Synthesis Example 20, except that
3,5-dimethyl-1-phenyl-1H-pyrazole (synthesized using a
method disclosed in Korean Patent Application No. 2003-
54778, the contents of which are incorporated by reference
herein to the extent that they disclose that method), instead
of compound (A-1), and 3-isoquinolinecarboxylate (3iq),
instead of compound (B-1), were used.

SYNTHESIS EXAMPLE 33

Synthesis of Compound of Formula (51)

[0245] The compound of formula (51) was synthesized in
the same manner as in Synthesis Example 20, except that
1-p-tolyl-1H-pyrazole (synthesized using a method dis-
closed in Korean Patent Application No. 2003-54778, the
contents of which are incorporated by reference herein to the
extent that they disclose that method), instead of compound
(A-1), and 3-isoquinolinecarboxylate (3iq), instead of com-
pound (B-1), were used.

SYNTHESIS EXAMPLE 34

Synthesis of Compound of Formula (52)

[0246] The compound of formula (52) was synthesized in
the same manner as in Synthesis Example 20, except that
1-m-tolyl-1H-pyrazole (synthesized using a method dis-
closed in Korean Patent Application No. 2003-54778, the
contents of which are incorporated by reference herein to the
extent that they disclose that method), instead of compound
(A-1), and 3-isoquinolinecarboxylate (3iq), instead of com-
pound (B-1), were used.

SYNTHESIS EXAMPLE 35

Synthesis of Compound of Formula (53)

[0247] The compound of formula (53) was synthesized in
the same manner as in Synthesis Example 20, except that
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1-m-tolyl-1H-pyrazole (synthesized using a method dis-
closed in Korean Patent Application No. 2003-54778, the
contents of which are incorporated by reference herein to the
extent that they disclose that method), instead of compound
(A-1), and 3-isoquinolinecarboxylate (3iq), instead of com-
pound (B-1), were used.

SYNTHESIS EXAMPLE 36

Synthesis of Compound of Formula (54)

[0248] The compound of formula (54) was synthesized in
the same manner as in Synthesis Example 20, except that
4-methyl-1-m-tolyl-1H-pyrazole (synthesized using a
method disclosed in Korean Patent Application No. 2003-
54778, the contents of which are incorporated by reference
herein to the extent that they disclose that method), instead
of compound (A-1), and 3-isoquinolinecarboxylate (3iq),
instead of compound (B-1), were used.

SYNTHESIS EXAMPLE 37

Synthesis of Compound of Formula (55)

[0249] The compound of formula (55) was synthesized in
the same manner as in Synthesis Example 20, except that
1-phenylpyrazole (synthesized using a method disclosed in
Korean Patent Application No. 2003-54778, the contents of
which are incorporated by reference herein to the extent that
they disclose that method), instead of compound (A-1), and
1-isoquinolinecarboxylate (1iq), instead of compound (B-1),
were used.

SYNTHESIS EXAMPLE 38

Synthesis of Compound of Formula (56)

[0250] The compound of formula (56) was synthesized in
the same manner as in Synthesis Example 20, except that
3-methyl-1-phenyl-1H-pyrazole  (synthesized using a
method disclosed in Korean Patent Application No. 2003-
54778, the contents of which are incorporated by reference
herein to the extent that they disclose that method), instead
of compound (A-1), and 1-isoquinolinecarboxylate (1ig),
instead of compound (B-1), were used.

SYNTHESIS EXAMPLE 39

Synthesis of Compound of Formula (57)

[0251] The compound of formula (57) was synthesized in
the same manner as in Synthesis Example 20, except that
4-methyl-1-phenyl-1H-lpyrazole ~(synthesized using a
method disclosed in Korean Patent Application No. 2003-
54778, the contents of which are incorporated by reference
herein to the extent that they disclose that method), instead
of compound (A-1), and 1-isoquinolinecarboxylate (1iq),
instead of compound (B-1), were used.

SYNTHESIS EXAMPLE 40

Synthesis of Compound of Formula (58)

[0252] The compound of formula (58) was synthesized in
the same manner as in Synthesis Example 20, except that
3,5-dimethyl-phenylpyrazole (synthesized using a method
disclosed in Korean Patent Application No. 2003-54778, the
contents of which are incorporated by reference herein to the
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extent that they disclose that method), instead of compound
(A-1), and 1-isoquinolinecarboxylate (1iq), instead of com-
pound (B-1), were used.

SYNTHESIS EXAMPLE 41

Synthesis of Compound of Formula (59)

[0253] The compound of formula (59) was synthesized in
the same manner as in Synthesis Example 20, except that
1-o-tolyl-1H-pyrazole (synthesized using a method dis-
closed in Korean Patent Application No. 2003-54778, the
contents of which are incorporated by reference herein to the
extent that they disclose that method), instead of compound
(A-1), and 1-isoquinolinecarboxylate (1iq), instead of com-
pound (B-1), were used.

SYNTHESIS EXAMPLE 42

Synthesis of Compound of Formula (60)

[0254] The compound of formula (60) was synthesized in
the same manner as in Synthesis Example 20, except that
1-m-tolyl-1H-pyrazole (synthesized using a method dis-
closed in Korean Patent Application No. 2003-54778, the
contents of which are incorporated by reference herein to the
extent that they disclose that method), instead of compound
(A-1), and 1-isoquinolinecarboxylate (1iq), instead of com-
pound (B-1), were used.

SYNTHESIS EXAMPLE 43

Synthesis of Compound of Formula (61)

[0255] The compound of formula (61) was synthesized in
the same manner as in Synthesis Example 20, except that
1-p-tolyl-1H-pyrazole (synthesized using a method dis-
closed in Korean Patent Application No. 2003-54778, the
contents of which are incorporated by reference herein to the
extent that they disclose that method), instead of compound
(A-1), and 1-isoquinolinecarboxylate (1iq), instead of com-
pound (B-1), were used.

SYNTHESIS EXAMPLE 44

Synthesis of Compound of Formula (62)

[0256] The compound of formula (62) was synthesized in
the same manner as in Synthesis Example 20, except that
4-methyl-1-m-tolyl-1H-pyrazole (synthesized using a
method disclosed in Korean Patent Application No. 2003-
54778, the contents of which are incorporated by reference
herein to the extent that they disclose that method), instead
of compound (A-1), and 1-isoquinolinecarboxylate (1iq),
instead of compound (B-1), were used.

[0257] The photoluminescence spectra of the compounds
obtained in the synthesis examples were measured. The
results are summarized in Table 1 below.

TABLE 1
Compound PL (nm)
formula (36) 420
formula (47) 532
formula (48) 544
formula (49) 537
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TABLE 1-continued

Compound PL (nm)
formula (50) 555
formula (51) 542
formula (52) 553
formula (53) 540
formula (54) 558
formula (55) 574
formula (56) 587
formula (57) 575
formula (58) 599
formula (59) 582
formula (60) 594
formula (61) 577
formula (62) 603
EXAMPLE 1

[0258] An indium tin oxide (ITO) substrate (available
from Corning Co.) having a resistance of 10 Q/cm* was used
for an anode. A hole injecting layer was formed of IDE 406
on the anode to a thickness of 600 A by vacuum deposition.
Next, a hole transporting layer was formed on the hole
injecting layer by depositing N,N'-bis(3-methylphenyl)-N,
N'-diphenyl-{1,1-biphenyl]-4,4'-diamine (TPD) in a vacuum
to a thickness of 300 A. An emissive layer was formed on
the hole transporting layer by spin coating 4 4‘-bls(carbazol
9-yl)-biphenyl (CBP) to a thickness of 200 A.

[0259] A hole barrier layer was formed on the emissive
layer by depositing BCP in a vacuum to a thickness of 50 A
An electron transporting layer was formed on the hole
barrier layer by depositing Alg3 in a vacuum to a thickness
of 200 A. Finally, a LiF/Al clectrode was formed on the
electron transportlng layer by sequentially depositing L1F to
a thickness of 10 A and Al to a thickness of 3,000 A in a
vacuum, thereby resulting in a complete organic EL device.

[0260] The luminance, chromaticity coordinate, and effi-
ciency of the organic EL device manufactured in Example 1
were measured. As a result, it was found that the organic EL
device has greater efficiency, can operate at low voltage, and
has a chromaticity coordinate that provides optimal blue
luminance.

EXAMPLE 2

[0261] An indium tin oxide (ITO) substrate (available
from Corning Co.) having a resistance of 10 Q/cm* was used
for an anode. A hole injecting layer was formed of IDE 406
on the anode to a thickness of 600 A by vacuum deposition.
Next, a hole transporting layer was formed on the hole
injecting layer by depositing N,N'-bis(3-methylphenyl)-N,
N'-diphenyl-[1,1-biphenyl]-4,4'-diamine (TPD) in a vacuum
to a thickness of 300 A. An emissive layer was formed on
the hole transporting layer by spin coating the compound of
formula (33) to a thickness of 200 A.

[0262] A hole barrier layer was formed on the emissive
layer by depositing BCP in a vacuum to a thickness of 50 A
An electron transporting layer was formed on the hole
barrier layer by depositing Alq3 in a vacuum to a thickness
of 200 A. Finally, a LiF/Al electrode was formed on the
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electron transporting layer by sequentially depositing LiF to
a thickness of 10 A and Al to a thickness of 3,000 Aina
vacuum, thereby resulting in a complete organic EL device.

[0263] The luminance, chromaticity coordinate, and effi-
ciency of the organic EL device manufactured in Example 2
were measured. As a result, it was found that the organic EL
device has greater efficiency, can operate at low voltage, and
can be used as an effective organic EL material.

[0264] As described above, an iridium compound of for-
mula (1) above according to the present invention cab emit
deeper blue light than conventional blue phosphorescent
materials and can improve color purity and reduce power
consumption when used in an organic EL device. In addi-
tion, a metallic compound according to the embodiments of
the present invention includes a novel bidentate of formula
(31) above, can be synthesized with a high yield, and can be
used as a full-color organic EL material for organic EL
devices.

[0265] While the present invention has been particularly
shown and described with reference to exemplary embodi-
ments thereof, it will be understood by those of ordinary
skill in the art that various changes in form and details may
be made therein without departing from the spirit and scope
of the present invention as defined by the following claims.

What is claimed is:
1. An iridium compound of formula (1) below:

)

N
C Ir(X)o
C

a

in which

Ry Ry
[\
Ve
N R; N \
( Ir = Ir
C Ry
Rs R,
R¢

wherein R , R, R5, R, R, Ry, and R, are independently
selected from the group consisting of a halogen atom,
a cyano group, a hydroxy group, a thiol group, a
halogen atom, a substituted or unsubstituted C1-C30
alkyl group, a substituted or unsubstituted C1-C30
alkoxy group, a substituted or unsubstituted C2-C30
alkenyl group, a substituted or unsubstituted C6-C30
aryl group, a substituted or unsubstituted C6-C30 ary-
lalkyl group, a substituted or unsubstituted C6-C30
aryloxy group, a substituted or unsubstituted C2-C30
heteroaryl group, a substituted or unsubstituted C2-C30
heteroarylalkyl group, a substituted or unsubstituted



US 2005/0031903 Al

C2-C30 heteroaryloxy group, a substituted or unsub-
stituted C5-C30 cycloalkyl group, a substituted or
unsubstituted C2-C30 heterocycloalkyl group, a
C1-C30 alkylthio group, —Si(R)R")R™), in which
each of R, R" and R" is independently a hydrogen
atom or a C1-C30 alkyl group, and —N(R')(R"), in
which each of R' and R" is independently a hydrogen
atom or a C1-C30 alkyl group, wherein at least two
among R, R,, R, R, Ry, Ry, and R, can be combined
together;

X is a monoanionic, bidentate ligand;

aisan integer from 1 to 3; b is an integer from 0 to 2; and
the sum of a and b equals to 3;

wherein all of R;, R,, R5, Ry, Ry, R, and R, are hydrogen
when a=3 and b=0, and all of R}, R,, R5, R, and R are
hydrogen when both Ry and R, are fluorine, X is
picolinate (pic), a=2, and b=1, are excluded.

2. The iridium compound of claim 1, wherein a=3 and
b=0, or a=2 and b=1.

3. The iridium compound of claim 1, wherein X in
formula (1) is selected from the group consisting of acety-
lacetonate, hexafluoroacetylacetonate, salicylidene, picoli-
nate, 8-hydroxyquinolinate, ci-amino acid L-proline, diben-

zoylmethane, tetrametylheptanedionate, 1-(2-
hydoxyphenyl)pyrazolate, 3-isoquinolinecarboxylate,
1-isoquinolinecarboxylate, 1,5-dimethyl-3-pyrazolecar-

boxylate, phenylpyrazole, quinolinecarboxylate, and phe-
nylpyridine.

4. The iridium compound of claim 1, wherein each of R,
R,, R, R, Ry, Re, and R, is independently selected from the
group consisting of a methyl group, an ethyl group, a propyl
group, an n-butyl group, an isopropyl group, a tert-butyl
group, a sec-butyl group, a tert-amyl group, a trifluorom-
ethyl group, a pentafluoroethyl group, a perfluoroalkyl
group, a benzyl group, 4-(tert-butyl)benzyl, 3,5-di-(tert-
butylbenzyl, 3,5-di-(isopropyl)benzyl, a naphthyl group, a
phenyl group, a furyl group, a thienyl group, a pyridyl group,
a cyano group, a methoxy group, an ethoxy group, and a
halogen atom.

5. The iridium compound of claim 1, wherein each of said
R;,R,, R5, Ry, Ry, Ry, and R is independently selected from
the group consisting of a halogen atom, a methyl group, an
ethyl group, a propyl group, a phenyl group, a methoxy
group and a cyano group.

6. The iridium compound of claim 1, wherein each of said
R, R,, and R, is independently one of a methyl group and
an ethyl group, and each of said R,, Rs, Ry, and R, is
independently selected from the group consisting of a halo-
gen atom, a methyl group, an ethyl group, a phenyl group,
a methoxy group and a cyano group.

7. The iridium compound of claim 1, wherein the iridium
compound is selected from the group consisting of com-
pounds having formulas (4), (5), and (7) through (24):
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8. An organic electroluminescent device comprising an
organic layer between a pair of electrodes, the organic layer
including a compound according to claim 1.

9. An organic electroluminescent device comprising an
organic layer between a pair of electrodes, the organic layer
including a compound according to claim 7.

10. An organic electroluminescent device of claim 8, the
organic layer is an emissive layer.

11. A metallic compound having a bidentate ligand of
formula (31) below:

(31

R; Ry
Ry I
Ry
R R,

R

R Ry

Rs

is selected from the group consisting of:

2 Ry
N/ \N
[\ \
Ry 7 "\ Ry N ~
R; Ry R,

R, R,, Ry, R, R, Ry, and R, are independently selected

from the group consisting of a hydrogen atom, a cyano
group, a hydroxy group, a thiol group, a halogen atom,
a substituted or unsubstituted C1-C30 alkyl group, a
substituted or unsubstituted C1-C30 alkoxy group, a
substituted or unsubstituted C2-C30 alkenyl group, a
substituted or unsubstituted C6-C30 aryl group, a sub-
stituted or unsubstituted C6-C30 arylalkyl group, a
substituted or unsubstituted C6-C30 aryloxy group, a
substituted or unsubstituted C2-C30 heteroaryl group, a
substituted or unsubstituted C2-C30 heteroarylalkyl
group, a substituted or unsubstituted C2-C30 heteroary-
loxy group, a substituted or unsubstituted C5-C30
cycloalkyl group, a substituted or unsubstituted
C2-C30 heterocycloalkyl group, a substituted or unsub-
stituted C1-C30 alkylcarbonyl group, a substituted or
unsubstituted C7-C30 arylcarbonyl group, a C1-C30
alkylthio group, —Si(R')(R")(R") in which each of R',
R", and R" is independently a hydrogen atom or a
C1-C30 alkyl group, and —N(R")(R") in which each of
R' and R" is independently a hydrogen atom or a
C1-C30 alkyl group, wherein at least two among R,
R,, R3, Ry, R, Ry, and R, can be combined together,
and adjacent substituted groups form an unsaturated or
saturated ring.

12. The metallic compound of claim 11, wherein the
bidentate ligand has formula (32) below:

(32

R Ry
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in which M is Ir, Pt, or Os;

and in which

Ry Ry

Ry

is selected from the group consisting of:

Ry N/Rl RZ\N Ry
[\ \
Rj Y AN

R, Ry R,

S ps
R3§/ \ Ry T/ A \
and

wherein R, R,, R;, R, Ry, R, and R, are the same as
defined in claim 8; X is a monoanionic, bidentate
ligand; a is an integer from 1 to 3; b is an integer from
0 to 2; and the sum of a and b is equal to 3.

13. The metallic compound of claim 12, wherein X is
selected from the group consisting of acetylacetonate (acac),
hexafluoroacetylacetonate  (hfacac), salicylidene (sal),
picolinate (pic), 8-hydroxyquinolinate (hquin), c-amino
acid L-proline (L-pro), dibenzoylmethane (dbm), tet-
rametylheptanedionate  (tmd), 1-(2-hydoxyphenyl)pyra-
zolate (oppz), 3-isoquinolinecarboxylate (3iq), 1-isoquino-
linecarboxylate (liq), 1,5-dimethyl-3-pyrazolecarboxylate
(dm3PC), phenylpyrazole (ppz), quinolinecarboxylate
(quin), and phenylpyridine (ppy).

14. The metallic compound of claim 12, wherein M is
iridium (Ir) a=2 and b=1, or a=3 and b=0.

15. The metallic compound of claim 12, wherein R, R,,
R;, Ry, R, Ry, and R, are independently a C1-C12 alkyl
group, a C5-C10 carbocyclic group, a C6-C20 aryl group, a
C1-C12 alkoxy group, a cyano group, a C2-C20 heterocy-
cloalkyl group, a C2-C20 heteroaryl group, or a C6-C20
fused aryl group.

16. The metallic compound of claim 12, wherein the

metallic compound has a formula selected from the group
consisting of:
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NF 17. An organic electroluminescent device comprising an
organic layer between a pair of electrodes, the organic layer
including a compound according to claim 11.

18. An organic electroluminescent device comprising an
organic layer between a pair of electrodes, the organic layer
including a compound according to claim 16.

19. An organic electroluminescent device of claim 17,
wherein the organic layer is an emissive layer.
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