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7) ABSTRACT

Organic metal compounds, and organic light-emitting
devices employing the same are provided. The organic metal
compound has a chemical structure represented by formula

(D:

formula (I)
R6
O=—
7/
.
R,

wherein each R is independent and can be hydrogen, C, ,
alkyl group, C, _,, alkoxy group, amine, C,_ alkenyl group,
C,_ ¢ alkynyl group, Cs_,, cycloalkyl group, C; |, heteroaryl
group, or C_,, aryl group; R?, R?, R?*, and R* are indepen-
dent and can be hydrogen, halogen, C, |, alkyl group, C,_|,
fluoroalkyl group, or two adjacent groups of R%, R®, R*, and
R® are optionally combined with the carbon atoms which
they are attached to, to form a cycloalkyl group, or aryl
group; R® and R” are independent and can be C, 4 alkyl
group, or phenyl group; and, n is O or 1.
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ORGANIC METAL COMPOUND, ORGANIC
LIGHT-EMITTING DEVICES EMPLOYING
THE SAME

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] The application is based on, and claims priority
from, Taiwan Application Serial Number 104139355, filed
on Nov. 26, 2015, the disclosure of which is hereby incor-
porated by reference herein in its entirety.

TECHNICAL FIELD

[0002] The disclosure relates to an organic metal com-
pound and an organic light-emitting device employing the
same.

BACKGROUND

[0003] An organic light-emitting diode (OLED) is a light-
emitting diode employing an organic electroluminescent
layer as an active layer. OLED display devices have high
luminescent efficiency and long operating lifespans. In com-
parison with liquid-crystal displays, due to the characteristic
of spontaneous emission, a device employing an organic
light-emitting diode is free of a back-light source.

[0004] Generally, an organic light-emitting device is com-
posed of a light-emission layer sandwiched between a pair
of electrodes. When an electric field is applied to the
electrodes, the cathode injects electrons into the light-emis-
sion layer and the anode injects holes into the light-emission
layer. When the electrons recombine with the holes in the
light-emission layer, excitons are formed. Recombination of
the electron and hole results in light emission.

[0005] Depending on the spin states of the hole and
electron, the exciton, which results from the recombination
of the hole and electron, can have either a triplet or singlet
spin state. Luminescence from a singlet exciton results in
fluorescence whereas luminescence from a triplet exciton
results in phosphorescence. The emissive efficiency of phos-
phorescence is three times that of fluorescence. Therefore, it
is crucial to develop highly efficient phosphorescent mate-
rial, in order to increase the emissive efliciency of an OLED.

SUMMARY

[0006] According to an embodiment of the disclosure, the
disclosure provides an organic metal compound having a
structure of Formula (I):

Formula (I)
RG
O—
7/
R7
n
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[0007] wherein, R" is independently hydrogen, C,_,, alkyl
group, C, |, alkoxy group, amine, C, ¢ alkenyl group, C, 4
alkynyl group, Cs_,, cycloalkyl group, C, ,, heteroaryl
group, or Cy_,, aryl group; R* R*, R?, and R® are indepen-
dent and can be hydrogen, halogen, C, |, alkyl group, C,_,,
fluoroalkyl group, or two adjacent groups of R% R?, R*, and
R® are optionally combined with the carbon atoms which
they are attached to, to form a cycloalkyl group, or aryl
group; R® and R” are independent and can be C,_, alkyl
group, or phenyl group; and, nis 0 or 1.

[0008] According to another embodiment of the disclo-
sure, the disclosure provides an organic light-emitting
device, the device includes a pair of electrodes; and an
organic light-emitting element disposed between the elec-
trodes, wherein the organic light-emitting element includes
the aforementioned organic metal compound.

[0009] A detailed description is given in the following
embodiments with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The disclosure can be more fully understood by
reading the subsequent detailed description and examples
with references made to the accompanying drawings,
wherein:

[0011] FIG. 1 shows a cross section of an organic light-
emitting device disclosed by an embodiment of the disclo-
sure.

DETAILED DESCRIPTION

[0012] In the following detailed description, for purposes
of explanation, numerous specific details are set forth in
order to provide a thorough understanding of the disclosed
embodiments. It will be apparent, however, that one or more
embodiments may be practiced without these specific
details. In other instances, well-known structures and
devices are schematically shown in order to simplify the
drawing.

[0013] According to embodiments of the disclosure, the
disclosure provides an organic metal compound having a
structure of Formula (I):

Formula (I)

RG

[0014] wherein, R' is independently hydrogen, C, . alkyl
group, C, |, alkoxy group, amine, C,_¢ alkenyl group, C, ¢
alkynyl group, Cs_,, cycloalkyl group, C,_, heteroaryl
group, or C,_,, aryl group; R%, R?, R*, and R are indepen-
dent and can be hydrogen, halogen, C, _,, alkyl group, C,_,,
fluoroalkyl group, or two adjacent groups of R?, R, R*, and
R® are optionally combined with the carbon atoms which
they are attached to, to form a cycloalkyl group, or aryl
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group; R and R’ are independent and can be C,_, alkyl
group, or phenyl group; and, nis 0 or 1. For example, R' can
be hydrogen, methyl group, ethyl group, propyl group,
isopropyl group, n-butyl group, isobutyl group. tert-butyl
group, pentyl group, hexyl group, cyclohexyl group, phenyl
group, biphenyl group, or naphthyl group; R? R*, R?, and
R® are independent and can be hydrogen, fluorine, methyl
group, ethyl group, propyl group, isopropyl group, n-butyl
group, isobutyl group, tert-butyl group, pentyl group, or
hexyl group, or R* and R* are combined with the carbon
atoms which they are attached to, to form a phenyl group;
and, R® and R” are independently methyl group, ethyl group,
propyl group, isopropyl group, n-butyl group, isobutyl
group, tert-butyl group, pentyl group, hexyl group, or phenyl
group.

[0015] According to embodiments of the disclosure, at
least one of R, R®, R®, R*, and R can not be hydrogen, in
order to adjust the luminescent color, increase the solubility
of the compound, improve the sublimation yield, and
increase the luminous efliciency and lifetime of the organic
light-emitting device. According to some embodiments of
the disclosure, R* is independently hydrogen, or C,_,, alkyl
group; R% R? R* and R® are independently hydrogen,
halogen, C,_,, alkyl group, or two adjacent groups of R%, R,
R*, and R® are optionally combined with the carbon atoms
which they are attached to, to form an aryl group; R° and R”
are independent C, _ alkyl group; and, n is O or 1.

[0016] The organic metal compounds of the disclosure can
serve as a green phosphorescent dopant material, and can be
applied to an organic light-emitting device for enhancing the
luminous efficiency and lifetime.

[0017] According to some embodiments of the disclosure,
the organic metal compound can be

R?, R? R* and R’ are independent and can be hydrogen,
halogen, C,_,, alkyl group, C,_,, fluoroalkyl group, or two
adjacent groups of R?, R?, R*, and R are optionally com-
bined with the carbon atoms which they are attached to, to
form a cycloalkyl group, or aryl group; R® and R’ are
independent C,  alkyl group, or phenyl group; and, n is 0,
or 1. For example, R?, R?, R*, and R’ are independently
hydrogen, fluorine, methyl group, ethyl group, propyl group,
isopropyl group, n-butyl group, isobutyl group. tert-butyl
group, pentyl group, or hexyl group. Furthermore, R® and R*
can be combined with the carbon atoms which they are
attached to, to form a phenyl group. R® and R’ can be
independently methyl group, ethyl group, propyl group,
isopropyl group, n-butyl group, isobutyl group, tert-butyl
group, pentyl group, hexyl group, or phenyl group. Accord-
ing to embodiments of the disclosure, R, R?, R*, and R® can
not be hydrogen.
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[0018] According to some embodiments of the disclosure,
the organic metal compound can be

or,

— —2

wherein, R* is independent and can be hydrogen, C, |, alkyl
group, C,_;, alkoxy group, amine, C, ¢ alkenyl group, C, ¢
alkynyl group, Cs,, cycloalkyl group, C,_,heteroaryl
group, or C,,, aryl group; and, R*, R, R¥, and R’ are
independent and can be hydrogen, halogen, C, , alkyl
group, C, _, , fluoroalkyl group, or two adjacent groups of R?,
R? R* and R’ are optionally combined with the carbon
atoms which they are attached to, to form a cycloalkyl
group, or aryl group. For example, R' can be hydrogen,
methyl group, ethyl group, propyl group, isopropyl group,
n-butyl group, isobutyl group, tert-butyl group, pentyl
group, hexyl group, cyclohexyl group, phenyl group, biphe-
nyl group, or naphthyl group. For example, R, R*, R*, and
R’ are independently hydrogen, fluorine, methyl group,
ethyl group, propyl group, isopropyl group, n-butyl group,
isobutyl group, tert-butyl group, pentyl group, or hexyl
group. Furthermore, R* and R* can be combined with the
carbon atoms which they are attached to, to form a phenyl
group. According to embodiments of the disclosure, R*, R?,
R?, R?, and R* can not be hydrogen.

[0019] According to some embodiments of the disclosure,
the organic metal compound can be
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R! is independent and can be hydrogen, C, ,, alkyl group,
C,_;, alkoxy group, amine, C, . alkenyl group, C, ¢ alkynyl
group, Cs_,, cycloalkyl group, C,_, heteroaryl group, or
C,._1» aryl group; and, R?, R3, R*, and R’ are independent
and can be hydrogen, halogen, C, ;, alkyl group, C, |,
fluoroalkyl group, or two adjacent groups of R?, R*, R*, and
R® are optionally combined with the carbon atoms which
they are attached to, to form a cycloalkyl group, or aryl
group. For example, R' can be hydrogen, methyl group,
ethyl group, propyl group, isopropyl group, n-butyl group,
isobutyl group, tert-butyl group, pentyl group, hexyl group,
cyclohexyl group. phenyl group, biphenyl group, or naph-
thyl group. For example, R*, R?, R, and R® are indepen-
dently hydrogen, fluorine, methyl group, ethyl group, propyl
group, isopropyl group, n-butyl group, isobutyl group, tert-
butyl group, pentyl group, or hexyl group. Furthermore, R?
and R* can be combined with the carbon atoms which they
are attached to, to form a phenyl group. According to
embodiments of the disclosure, R!, R, R?, R*, and R> can
not be hydrogen.

[0020] For example, the organic metal compound having
a structure of Formula (I) can be

\|/N\
O/
?

/”\

/\
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-continued

[0021] The following examples are intended to illustrate
the disclosure more fully without limiting the scope, since
numerous modifications and variations will be apparent to
those skilled in this art.

EXAMPLE 1

Preparation of Organic Metal Compound (I)

[0022]
Organic metal compound (I)
_ 0 X —
™N Ir/
7\ /
0
L —2
[0023] 130 mmol of nitromethane, 52 mmol of 2-furfural,

and 10 ml of methanol were added into a reaction bottle.
Next, 130 mL of sodium hydroxide aqueous solution (1M)
were dropwisely added into the reaction bottle at 0° C. After
stirring at 0° C. for 15 min, the mixture was added slowly
into a hydrochloric acid aqueous solution (50 ml, 8 M).
Next, the reaction was terminated after being checked by
thin layer chromatography (TLC), and the result was added
into a reaction bottle with CH,Cl, and brine. After extract-
ing, the organic phase was collected. Next, an organic phase
was separated and concentrated, and then dried by anhy-
drous magnesium sulfate. Finally, the result was purified by
column chromatography with petroleum ether and ethyl
acetate, obtaining Compound (I) with a yield of 93%. The
synthesis pathway of the above reaction was as follows:

methanol

O + e
NaOH, HCl

H CH3NO;,
\
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-continued

0 X0
\

Compound (T)

[0024] The physical measurement of the compound (I) is
listed below: "H-NMR (200 MHz, CDCl,, 8): 7.77 (d, 1H),
7.59 (s, 1H), 7.53 (d, 1H), 6.89 (d, 1H), 6.57 (dd, 1H).

[0025] Next, 30 ml of ethyl ether and 81 mmol of lithium
aluminium hydride were added into a reaction bottle. After
stirring at 0° C., 27 mmol of compound (I) and 50 ml of ethyl
ether was added slowly into the reaction bottle at 0° C. After
stirring for 10 min, the reaction bottle was heated to room
temperature and then heated to reflux for 8 hr. Next, the
reaction bottle was cooled to 0° C., and then water was
added slowly to quench reaction. Next, sodium hydroxide
aqueous solution (10 wt %) was added into the reaction
bottle. After diluting with ethyl ether, filtrating, and concen-
trating, compound (II) is obtained. The synthesis pathway of
the above reaction was as follows:

o L o NH,
LiAlHy
—
\ | Et,0, reflux, m
16h
Compound (I) Compound (II)
[0026] Next, 55.1 mmol of compound (II), and 200 ml of

water were added into a reaction bottle. Next, 82.5 mmol of
4-methylbenzoyl chloride was added into the reaction bottle
at 0° C. After the addition was complete, sodium hydroxide
aqueous solution (20 wt %) was added into the reaction
bottle. After stirring for 8 hr and filtrating, compound (I1I)
was obtained. The synthesis pathway of the above reaction
was as follows:

Compound (IT)
Compound (I1I)
[0027] Next, 10 mmol of compound (I1I), 20 ml of tolu-

ene, and 3 mmol of phosphorus oxychloride (POCl;) were
added into the reaction bottle. After heating the reaction
bottle for 2 hr, the mixture was neutralized by saturated
sodium bicarbonate aqueous solution, and extracted with
toluene. After concentrating, Compound (IV) was obtained.
The synthesis pathway of the above reaction was as follows:
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[~

POCl;
e
H reflux, 2 h
Compound (IIT)
o]

P

Compound (IV)

[0028] Next, 10 mmol of Compound (IV), 0.5 g of palla-
dium 10% on carbon (Pd/C catalyst), and 100 ml of toluene
were added into a reaction bottle. Next, the reaction bottle
was heated to reflux for 18 hr. Next, after removing Pd/C
catalyst by filtration, the filtrate was extracted three times
using ethyl acetate (EA) and water as the extraction solvent,
and an organic phase was separated and concentrated, and
then purified by column chromatography, obtaining Com-
pound (V) with a yield of 92%. The synthesis pathway of the
above reaction was as follows:

O O AN
VU R
Pd/C

Compound (IV) Compound (V)

[0029] The physical measurement of the Compound (V) is
listed below: 'H-NMR (200 MHz, CDCl,, 8): 8.56-8.53 (d,
1H), 7.86-7.82 (d, 2H), 7.66-7.65 (m, 1H), 7.39-7.36 (d,
1H), 7.33-7.29 (d, 2H), 7.05-7.04 (m, 1H), 2.42 (s, 3H).

[0030] Next, 1.54 mmol of Compound (V), iridium
trichloride (IrCl;) (0.7 mmol), 15 ml of 2-methoxyethanol,
and 5 ml of water were added into the reaction bottle. Next,
after removing moisture and purging nitrogen gas several
times, the reaction bottle was heated to reflux. After reacting
for 24 hr and cooling down to room temperature, the result
was filtrated. The filter cake was collected, washed with
water and methanol, and dried, obtaining Compound (VI).
The synthesis pathway of the above reaction was as follows:

Jun. 1, 2017
O S
AL
ICl,
2-methoxyethanol:H,O
Compound (V)

— 0 X o — 0 4
A o s
N N\ A
e N
\Cl/

— =12 — -2
Compound (VI)

[0031] Next, 1 mmol of Compound (VI), 3 mmol of

acetylacetone, 2 mmol of sodium carbonate, and 10 ml of
2-methoxyethanol were added into a reaction bottle. Next,
after removing moisture and purging nitrogen gas several
times, the reaction bottle was heated to 120° C. After
reacting for 12 hr and cooling down to room temperature,
the result was filtrated. The filter cake was collected and
washed with water and hexane, and then dissolved in
dichloromethane. Next, the solution was extracted three
times using dichloromethane and water. Next, an organic
phase was separated and concentrated, and then purified by
column chromatography, obtaining Organic metal com-
pound (I) with a yield of 50%. The synthesis pathway of the
above reaction was as follows:

— O X ] r (O
ALY
\Ir/ \Ir/
7 >a” N .
— —12 — —12
Compound (VI)
0=
N3.2CO3
0— 2-methoxyethanol:H,O
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-continued
— 0 | SN
\ N _
7 \\h/o
N

L —2

Organic metal compound (I)

[0032] The physical measurement of Organic metal com-
pound () is listed below: 'H-NMR (200 MHz, CDCl,, d):
8.40-8.37 (d, 2H), 7.83-7.79 (m, 4H), 7.51-7.50 (s, 2H),
7.32-7.28 (d, 2H), 6.70-6.66 (d, 2H), 6.09 (s, 2H), 5.19 (s,
1H), 2.03 (s, 6H), 1.75 (s, 6H).

EXAMPLE 2

Preparation of Organic Metal Compound (IT)
[0033]

Organic metal compound (II)

[0034] First, 55.1 mmol of Compound (II), and 200 ml of
water were added into a reaction bottle. Next, 82.5 mmol of
2,4-difluorobenzoyl chloride was added into the reaction
bottle at 0° C. After the addition was complete, sodium
hydroxide aqueous solution (20 wt %) was added into the
reaction bottle. After stirring for 8 hr, the mixture was
filtrated, obtaining Compound (VII). The synthesis pathway
of the above reaction was as follows:

F 0]
NH,
0 NaOH
| + _—
F
Compound (IT)
F o] | \
N 0
H
F
Compound (VII)
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[0035] Next, 10 mmol of Compound (VII), 20 ml of
toluene, and 3 mmol of phosphorus oxychloride (POCL,)
were added into the reaction bottle. After heating the reac-
tion bottle for 2 hr, the mixture was neutralized by saturated
sodium bicarbonate aqueous solution, and extracted with
toluene. After concentrating, Compound (VIII) was
obtained. The synthesis pathway of the above reaction was
as follows:

| N\

d POCI3

—_— >
reflux, 2 h

Tz,

Compound (VII)

WAL

L.

F
Compound (VIII)

[0036] Next, 10 mmol of Compound (VIII), 0.5 g of
palladium 10% on carbon (Pd/C catalyst), and 100 ml of
toluene were added into the reaction bottle. Next, the
reaction bottle was heated to reflux for 18 hr. Next, after
removing Pd/C catalyst by filtration, the filtrate was
extracted three times using ethyl acetate (EA) and water as
the extraction solvent, and an organic phase was separated
and concentrated, and then purified by column chromatog-
raphy, obtaining Compound (IX) with a yield of 95%. The
synthesis pathway of the above reaction was as follows:

O O RN
\ | /N \ | /N
Pd/C
F - F
F F

Compound (VIII} Compound (IX)

[0037] The physical measurement of Compound (IX) is
listed below: 'H-NMR (200 MHz, CDCl,, 8): 8.61-8.58 (d,
1H), 7.84-7.72 (m, 1H), 7.70-7.68 (d, 1H), 7.49-7.46 (d,
1H), 7.09-6.92 (m, 2H), 6.83-6.80 (m, 1H)

[0038] Next, Compound (IX) (1.54 mmol), and 0.7 mmol
of iridium trichloride (IrCl;), 15 ml of 2-methoxyethanol,
and 5 ml of water were added into the reaction bottle. Next,
after removing moisture and purging nitrogen gas several
times, the reaction bottle was heated to reflux. After reacting
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for 24 hr and cooling down to room temperature, the result
was filtrated. The filter cake was collected, washed with
water and methanol, and dried, obtaining (X). The synthesis
pathway of the above reaction was as follows:

(0] AN
IrCl;
E 2-methoxyethancl:H,O
F

Compound (IX)

Compound (X)

[0039] Next, 1 mmol of Compound (X), 3 mmol of
acetylacetone, 2 mmol of sodium carbonate (Na,CO,), and
10 ml of 2-methoxyethanol were added into a reaction
bottle. Next, after removing moisture and purging nitrogen
gas several times, the reaction bottle was heated to 120° C.
After reacting for 12 hr and cooling down to room tempera-
ture, the result was filtrated. The filter cake was collected
and washed with water and hexane, and then dissolved in
dichloromethane. Next, the solution was extracted three
times using dichloromethane and water. Next, an organic
phase was separated and concentrated, and then purified by
column chromatography, obtaining Organic metal com-
pound (IT) with a yield 0f45%. The synthesis pathway of the
above reaction was as follows:

Compound (X)

Na,CO,

2-methoxyethanol:H,O

Jun. 1, 2017

-continued
6]

L F 2

Organic metal compound (IT)

[0040] The physical measurement of Organic metal com-
pound (IT) is listed below: "H-NMR (200 MHz, CDCl,, 8):
8.40-8.37 (d, 2H), 7.76-7.75 (m, 2H), 7.55 (m, 2H), 7.43-
7.40 (d, 2H), 6.41-6.31 (m, 2H), 5.67-5.61 (m, 2H), 5.24 (s,
1H), 1.78 (s, 6H).

EXAMPLE 3

Preparation of Organic Metal Compound (11I)
[0041]

Organic metal compound (IIT)

_ 0 |\_
\ N _

7N
/\O/

[0042] 55.1 mmol of Compound (II), and 200 ml of water
were added into the reaction bottle. Next, 82.5 mmol of
4-tert-Butylbenzoyl chloride was added into the reaction
bottle at 0° C. After the addition was complete, sodium
hydroxide aqueous solution (20 wt %) was added into the
reaction bottle. After stirring for 8 hr, the mixture was
filtrated, obtaining Compound (XI). The synthesis pathway
of the above reaction was as follows:

o NH,

\

Compound (IT)

Cl NaoH
—_—
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-continued
><©/LN O
H
Compound (XI)

[0043] Next, 10 mmol of Compound (XI), 20 ml of
toluene, and 3 mmol of phosphorus oxychloride (POCL,)
were added into the reaction bottle. After heating the reac-
tion bottle for 2 hr, the mixture was neutralized by saturated
sodium bicarbonate aqueous solution, and extracted with
toluene. After concentrating, Compound (X1I) was obtained.
The synthesis pathway of the above reaction was as follows:

0] | \

0 POCl3
N -
" reflux, 2 h
Compound (XI)
o]

Compeund (XII)

[0044] Next, 10 mmol of Compound (XII), 0.5 g of
palladium 10% on carbon (Pd/C catalyst), and 100 ml of
toluene were added into the reaction bottle. Next, the
reaction bottle was heated to reflux for 18 hr. Next, after
removing Pd/C catalyst by filtration, the filtrate was
extracted three times using ethyl acetate (EA) and water as
the extraction solvent, and an organic phase was separated
and concentrated, and then purified by column chromatog-
raphy, obtaining Compound (XIII) with a yield of 75%. The
synthesis pathway of the above reaction was as follows:

Jun. 1, 2017
O O \
P S
Pd/C

Compound (XII) Compound (XIII)

[0045] The physical measurement of Compound (XIII) is
listed below: 'H-NMR (200 MHz, CDCl,, 8): 8.58-8.55 (d,
1H), 7.92-7.88 (d, 2H), 7.70-7.69 (m, 1H), 7.68 (m, 1H),
7.57-7.53 (d, 2H), 7.42-7.38 (d, 1H), 7.10-7.09 (s, 1H), 1.38
(s, 9H).

[0046] Next, 1.54 mmol of Compound (XIII), and 0.7
mmol of iridium trichloride (IrCly), 15 ml of 2-methoxy-
ethanol, and 5 ml of water were added into the reaction
bottle. Next, after removing moisture and purging nitrogen
gas several times, the reaction bottle was heated to reflux.
After reacting for 24 hr and cooling down to room tempera-
ture, the result was filtrated. The filter cake was collected,
washed with water and methanol, and dried, obtaining
Compound (XIV). The synthesis pathway of the above
reaction was as follows:

0O AN
P
IrCls
2-methoxyethanol:H,O
Compound (XIII)

"
2

Compound (XIV)

[0047] Next, 1 mmol of Compound (XIV), 3 mmol of
acetylacetone, 2 mmol of sodium carbonate (Na,COs,), and
10 ml of 2-methoxyethanol were added into a reaction
bottle. Next, after removing moisture and purging nitrogen
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gas several times, the reaction bottle was heated to 120° C.
After reacting for 12 hr and cooling down to room tempera-
ture, the result was filtrated. The filter cake was collected
and washed with water and hexane, and then dissolved in
dichloromethane. Next, the solution was extracted three
times using dichloromethane and water. Next, an organic
phase was separated and concentrated, and then purified by
column chromatography, obtaining Organic metal com-
pound (I1T) with a yield of 54%. The synthesis pathway of
the above reaction was as follows:

Compound (XIV)
[0}—
Na2C03
o 2-methoxyethanol:H,O

Organic metal compound {I1T)

[0048] The physical measurement of Organic metal com-
pound (II1) is listed below '"H-NMR (200 MHz, CDCl,, 8):
8.44-8.41 (d, 2H), 7.83-7.78 (m, 4H), 7.50-7.49 (m, 2H),
7.35-7.32 (d, 2H), 6.92-6.87 (m, 2H), 6.22-6.21 (m, 2H),
5.29 (s, 1H), 1.77 (s, 6H), 0.99 (s, 9H).
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EXAMPLE 4

Preparation of Organic Metal Compound (TV)
[0049]

\ N
2 \\II/O_
N, /

- -2

Organic metal compound (IV)

[0050] 55.1 mmol of Compound (11), and 200 ml of water
were added into the reaction bottle. Next, 82.5 mmol of
benzoyl chloride was added into the reaction bottle at 0° C.
After the addition was complete, sodium hydroxide aqueous
solution (20 wt %) was added into the reaction bottle. After
stirring for 8 hr, the mixture was filtrated, obtaining Com-
pound (XV). The synthesis pathway of the above reaction
was as follows:

o NH,

\

Compound (IT)

Cl wNaoH
—_—

0 | \

0

Tz

Compound (XV)

[0051] Next, 10 mmol Compound (XV), 20 ml of toluene,
and 3 mmol of phosphorus oxychloride (POCL,) were added
into the reaction bottle. After heating the reaction bottle for
2 hr, the mixture was neutralized by saturated sodium
bicarbonate aqueous solution, and extracted with toluene.
After concentrating, Compound (XVI) was obtained. The
synthesis pathway of the above reaction was as follows:

POCI;
reflux, 2 h

0] ‘ \

=iz

Compound (XV)
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-continued

S

Compound (XVI)

[0052] Next, Compound (XVI) (10 mmol), 0.5 g of pal-
ladium 10% on carbon (Pd/C catalyst), and 100 ml of
toluene were added into the reaction bottle. Next, the
reaction bottle was heated to reflux for 18 hr. Next, after
removing Pd/C catalyst by filtration, the filtrate was
extracted three times using ethyl acetate (EA) and water as
the extraction solvent, and an organic phase was separated
and concentrated, and then purified by column chromatog-
raphy, obtaining Compound (XVII) with a yield of 96%. The
synthesis pathway of the above reaction was as follows:

Compound (XVI) Compound (XVII)

[0053] The physical measurement of Compound (XVII) is
listed below: "H-NMR (200 MHz, CDCl,, ): 8.61 (d, 1H),
7.98-7.94 (d, 2H), 7.71-7.70 (s, 1H), 7.58-7.42 (m, SH), 7.09
(s, 1H).

[0054] Next, 1.54 mmol of Compound (XVII), and 0.7
mmol of iridium trichloride (IrCly), 15 ml of 2-methoxy-
ethanol, and 5 ml of water were added into the reaction
bottle. Next, after removing moisture and purging nitrogen
gas several times, the reaction bottle was heated to reflux.
After reacting for 24 hr and cooling down to room tempera-
ture, the result was filtrated. The filter cake was collected,
washed with water and methanol, and dried, obtaining
Compound (XVIII). The synthesis pathway of the above
reaction was as follows:

O AN
A
Va
ICl3
2-methoxyethanol:H,O
Compound (XVII)

Jun. 1, 2017
-continued
DAy N - AN
A
\Ir/ \Ir/
L7 NN
L -2 — —12
Compound (XVIII)

[0055] Next, 1 mmol of Compound (XVIII), 3 mmol of
acetylacetone, 2 mmol of sodium carbonate (Na,COs,), and
10 ml of 2-methoxyethanol were added into a reaction
bottle. Next, after removing moisture and purging nitrogen
gas several times, the reaction bottle was heated to 120° C.
After reacting for 12 hr and cooling down to room tempera-
ture, the result was filtrated. The filter cake was collected
and washed with water and hexane, and then dissolved in
dichloromethane. Next, the solution was extracted three
times using dichloromethane and water. Next, an organic
phase was separated and concentrated, and then purified by
column chromatography, obtaining Organic metal com-
pound (TV) with a yield of 46%. The synthesis pathway of
the above reaction was as follows:

Y N - — 0. -
N AN o NS
\Ir \Ir/ N
/
cl N
/
L , L 4,
Compound (XVIII)
0=
N32C03
2-methoxyethanol:H,O
0—
_ 0 XN -
A
2N\ O=—
\Ir/
_ | N,_?
AN
Organic metal compound (IV)
[0056] The physical measurement of Organic metal com-

pound (IV) is listed below '"H-NMR (200 MHz, CDCl,, 6):
8.45-8.42 (d, 2H), 7.94-7.90 (d, 2H), 7.80 (m, 2H), 7.52 (m,
2H), 7.37-7.33 (d, 2H), 6.89-6.82 (t, 2H), 6.68-6.61 (t, 2H).
6.29-6.25 (d, 2H), 5.22 (s, 1H), 1.77 (s, 3H).
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EXAMPLE 5

Preparation of Organic Metal Compound (V)

[0057]
- . N -
\ | AN
\ Ir
e
- -3
Organic metal compound (V)
[0058] 1 mmol of Organic metal compound (TV), 2 mmol

of Compound (XVII), and 15 mL of glycerol were added
into a reaction bottle. Next, after removing moisture and
purging nitrogen gas several times, the reaction bottle was
heated to 200° C. After reacting for 48 hr and cooling down
to room temperature, the result was filtrated. The filter cake
was collected and washed with water and dichloromethane,
and then purified by column chromatography, obtaining
Organic metal compound (V) with a yield of 47%. The
synthesis pathway of the above reaction was as follows:

_ 0O X
\ | /N\ O=—

= -

Organic metal compound (IV)

6] x 0 \ _
\ | AN \ | 2
glycerol \ Ir
L
L 3
Compound (XVII)

Organic metal compound (V)

[0059] The physical measurement of Organic metal com-
pound (V) is listed below *H-NMR (200 MHz, CDCl,, 8):
8.05-8.02 (d, 3H), 7.73-7.72 (m, 3H), 7.54-7.40 (m, 3H),
7.40-7.37 (d, 3H), 7.05-6.82 (m, 12H).
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EXAMPLE 6

Preparation of Organic Metal Compound (V1)

[0060]

- 5 N -

\\I /
/ I
l \O /
L —1>
Organic metal compound (VI)

[0061] 55.1 mmol of Compound (II), and 200 ml of water

were added into the reaction bottle. Next, 82.5 mmol of
2-naphthoyl chloride were added into the reaction bottle at
0° C. After the addition was complete, sodium hydroxide
aqueous solution (20 wt %) was added into the reaction
bottle. After stirring for 8 hr, the mixture was filtrated,
obtaining Compound (XIX). The synthesis pathway of the
above reaction was as follows:

o]
0 NH,
J T e
Compound (II)
I I i D
N 0
H

Compound (XIX)

[0062] Next, 10 mmol of Compound (XIX), 20 ml of
toluene, and 3 mmol of phosphorus oxychloride (POCL,)
were added into the reaction bottle. After heating the reac-
tion bottle for 2 hr, the mixture was neutralized by saturated
sodium bicarbonate aqueous solution, and extracted with
toluene. After concentrating, Compound (XX) is obtained.
The synthesis pathway of the above reaction was as follows:

0] | \

N 0 POCl3
H —_—
reflux,2 h
Compound (XIX)
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O
S
Compound (XX)
[0063] Next, 10 mmol of Compound (XX), 0.5 g of

palladium 10% on carbon (Pd/C catalyst), and 100 ml of
toluene were added into the reaction bottle. Next, the
reaction bottle was heated to reflux for 18 hr. Next, after
removing Pd/C catalyst by filtration, the filtrate was
extracted three times using ethyl acetate (FEA) and water as
the extraction solvent, and an organic phase was separated
and concentrated, and then purified by column chromatog-
raphy, obtaining Compound (XXT) with a yield of 72%. The
synthesis pathway of the above reaction was as follows:

O O\
VRN

Pd/C

B =

Compound (XX) Compound (XXT)

[0064] The physical measurement of Compound (XXI) is
listed below: 'H-NMR (200 MHz, CDCl,, 8): 8.66-8.63 (d,
1H), 8.42 (s, 1H), 8.14-7.89 (m, 4H), 7.74-7.72 (d, 1H),
7.56-7.44 (m, 3H), 7.17 (s, 1H).

[0065] Next, Compound (XXI) (1.54 mmol), and 0.7
mmol of iridium trichloride (IrCl,), 15 ml of 2-methoxy-
ethanol, and 5 ml of water were added into the reaction
bottle. Next, after removing moisture and purging nitrogen
gas several times, the reaction bottle was heated to reflux.
After reacting for 24 hr and cooling down to room tempera-
ture, the result was filtrated. The filter cake was collected,
washed with water and methanol, and dried, obtaining
Compound (XXII). The synthesis pathway of the above
reaction was as follows:

0 S
AL

IrCl

_— -
2-methoxyethanol:H,O

Compound (XXT)
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- 9 | XN — — F | O _
\ N N /
g \\Ir/Cl\Ir// N
e \C( AN

— —2 — -2

Compound (XXII)

[0066] Next, 1 mmol of Compound (XXII), 3 mmol of
acetylacetone, 2 mmol of sodium carbonate (Na,COs,), and
10 ml of 2-methoxyethanol were added into a reaction
bottle. Next, after removing moisture and purging nitrogen
gas several times, the reaction bottle was heated to 120° C.
After reacting for 12 hr and cooling down to room tempera-
ture, the result was filtrated. The filter cake was collected
and washed with water and hexane, and then dissolved in
dichloromethane. Next, the solution was extracted three
times using dichloromethane and water. Next, an organic
phase was separated and concentrated, and then purified by
column chromatography, obtaining Organic metal com-
pound (V1) with a yield of 48%. The synthesis pathway of
the above reaction was as follows:

Y N o
A
2N
™~ "
L
L —2 L —12
Compound (XXII)
[0 F—
N32C03
2-methoxyethanol:H,O
0—

— —2

Organic metal compound (VI)
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[0067] The physical measurement of Organic metal com-
pound (V1) is listed below 'H-NMR (200 MHz, CDCl,, 8):
8.60-8.57 (d, 2H), 8.42 (s, 2H), 7.92 (m, 2H), 7.91 (m, 2H),
7.77-7.65 (m, 2H), 7.48-7.45 (d, 2H), 7.16-6.60 (m, 6H),
6.60 (s, 2M0), 5.25 (s, 1H), 1.7 (s, 6H).

EXAMPLE 7

Preparation of Organic Metal Compound (V1)

[0068]
Organic metal compound (VII)
O—
\I /
- /
\O

2

[0069] 130 mmol of nitromethane, 52 mmol of 5-methyl-

2-furaldehyde, and 10 ml methanol were added into a
reaction bottle. Next, 130 mL of sodium hydroxide aqueous
solution (1 M) were dropwisely added into the reaction
bottle at 0° C. After stirring at 0° C. for 15 min, the mixture
was added slowly into a hydrochloric acid aqueous solution
(50 ml, 8 M). Next, the reaction was terminated after being
checked by thin layer chromatography (TLC), and the result
was added into a reaction bottle with CH,Cl, and brine.
After extracting, the organic phase was collected. Next, an
organic phase was separated and concentrated, and then
dried by anhydrous magnesium sulfate. Finally, the result
was purified by column chromatography with petroleum
ether and ethyl acetate, obtaining Compound (XXIII) with a
vield of 70%.

0
0
H methanol
+ CNO, ————
\ | 372 NaOH, HCI

0 N
<7

Compound (XXIII)

[0070] 55.1 mmol of Compound (XXIII), and 200 ml of
water were added into the reaction bottle. Next, 82.5 mmol
of 2,4-difluorobenzoyl chloride was added into the reaction
bottle at 0° C. After the addition was complete, sodium
hydroxide aqueous solution (20 wt %) was added into the
reaction bottle. After stirring for 8 hr, the mixture was
filtrated, obtaining Compound (XXIV). The synthesis path-
way of the above reaction was as follows:
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F 0
Cl NaOH

0 N
ﬂv +
F

Compound (XXIII)
F 6] | \
N (0]
H
F
Compound (XXIV)
[0071] Next, 10 mmol of Compound (XXIV), 20 ml of

toluene, and 3 mmol of phosphorus oxychloride (POCI,)
were added into the reaction bottle. After heating the reac-
tion bottle for 2 hr, the mixture was neutralized by saturated
sodium bicarbonate aqueous solution, and extracted with
toluene. After concentrating, Compound (XXV) was
obtained. The synthesis pathway of the above reaction was
as follows:

F o] | \

N o POClL,

H reflux, 2 h
F

Compound (XXIV)
F
Compound (XXV)

[0072] Next, 10 mmol of Compound (XXV), 0.5 g of

palladium 10% on carbon (Pd/C catalyst), and 100 ml of
toluene were added into the reaction bottle. Next, the
reaction bottle was heated to reflux for 18 hr. Next, after
removing Pd/C catalyst by filtration, the filtrate was
extracted three times using ethyl acetate (EA) and water as
the extraction solvent, and an organic phase was separated
and concentrated, and then purified by column chromatog-
raphy, obtaining Compound (XXVI) with a yield of 71%.
The synthesis pathway of the above reaction was as follows:
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F F
Compound (XXV) Compound (XXVI)

[0073] The physical measurement of Compound (XXVI)
is listed below: ‘H-NMR (200 MHz, CDCl,, 8): 8.54-8.51
(d, 1H), 7.82-7.73 (q, 1H), 7.38-7.36 (d, 1H), 7.09-6.91 (m,
2H), 6.43-6.40 (d, 1H), 2.50 (s, 3H).

[0074] Next, 1.54 mmol of Compound (XXVI), and 0.7
mmol of iridium trichloride (IrCl;), 15 ml of 2-methoxy-
ethanol, and 5 ml of water were added into the reaction
bottle. Next, after removing moisture and purging nitrogen
gas several times, the reaction bottle was heated to reflux.
After reacting for 24 hr and cooling down to room tempera-
ture, the result was filtrated. The filter cake was collected,
washed with water and methanol, and dried, obtaining
Compound (XXVII). The synthesis pathway of the above
reaction was as follows:

0] AN
F ICl3
_ =
2-methoxyethanol:H,O
F
Compound (XXVI)

Cl

- ) = -2

Compound (XX VII)

[0075] Next, 1 mmol of Compound (XXVII), 3 mmol of
acetylacetone, 2 mmol of sodium carbonate (Na,CO;), and
10 ml of 2-methoxyethanol were added into a reaction
bottle. Next, after removing moisture and purging nitrogen
gas several times, the reaction bottle was heated to 120° C.
After reacting for 12 hr and cooling down to room tempera-
ture, the result was filtrated. The filter cake was collected
and washed with water and hexane, and then dissolved in
dichloromethane. Next, the solution was extracted three
times using dichloromethane and water. Next, an organic
phase was separated and concentrated, and then purified by
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column chromatography, obtaining Organic metal com-
pound (VII) with a yield of 50%. The synthesis pathway of
the above reaction was as follows:

IN “ e
AN
Ir Ir
L’ 4
N\ of +
2
Compound (XXVII)
0=
Na,CO;
2-methoxyethanol:H,O
0—

F

- -2

Organic metal compound (VII)

[0076] The physical measurement of Organic metal com-
pound (VII) is listed below: ‘H-NMR (200 MHz, CDCl,, 8):
8.33-8.30 (d, 2H), 7.32-7.28 (d, 2H), 7.14-7.12 (m, 2H),
6.39-6.26 (m, 2H), 5.64-5.59 (m, 2H), 5.23 (s, 1H), 2.58 (s,
6H), 1.77 (s, 6H).

EXAMPLE 8

Preparation of Organic Metal Compound (VIII)
[0077]

— —

Organic metal compound (VIIT)

[0078] Next, 1 mmol of Compound (XIV), 3 mmol of
2,2,6,6-tetramethylheptane-3,5-dione, 2 mmol of sodium



US 2017/0155063 A1l

carbonate (Na,CQ,), and 10 ml of 2-methoxyethanol were
added into a reaction bottle. Next, after removing moisture
and purging nitrogen gas several times, the reaction bottle
was heated to 120° C. After reacting for 12 hr and cooling
down to room temperature, the result was filtrated. The filter
cake was collected and washed with water and hexane, and
then dissolved in dichloromethane. Next, the solution was
extracted three times using dichloromethane and water.
Next, an organic phase was separated and concentrated, and
then purified by column chromatography, obtaining Organic
metal compound (VIII) with a yield of 56%. The synthesis
pathway of the above reaction was as follows:

_ o _
AN /
+
L —l
Compound (XIV)
fo—
Na2C03
_—
2-methoxyethanol:H,O
O0—
o N —_
\ | N 0
PN =
\Ir
N/
[¢]

— —2

Organic metal compound (VIII)

[0079]
pound (VIII) is listed below *H-NMR (200 MHz, CDCl,, 8):
8.34-8.31 (d, 2IT), 7.83-7.75 (m, 4I), 7.50-7.49 (m, 2H),
7.26-7.23 (d, 2H), 6.91-6.86 (d, 2H), 6.36 (m, 2H), 5.44 (s.
1H), 1.52 (s, 9H), 1.02 (s, 9H), 0.95 (s, 9H).

The physical measurement of Organic metal com-
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EXAMPLE 9

Preparation of Organic Metal Compound (IX)
[0080]

Ir

N/

— —3

Organic metal compound (IX)

[0081] 1 mmol of Organic metal compound (III), 1 mmol
of Compound (XIII), and 15 mL of glycerol were added into
a reaction bottle. Next, after removing moisture and purging
nitrogen gas several times, the reaction bottle was heated to
200° C. After reacting for 48 hr and cooling down to room
temperature, the result was filtrated. The filter cake was
collected and washed with water and dichloromethane, and
then purified by column chromatography, obtaining Organic
metal compound (IX) with a yield of 35%. The synthesis
pathway of the above reaction was as follows:

— 0 | X o
\ —
/N\\Ir/o +
N, A

— 2

Organic metal compound (III)

o X
P g
glycerol

= . Ir

N/

— —3

Compormd (XIID Organic metal compound {IX)

[0082] The physical measurement of Organic metal com-
pound (IX) is listed below '"H-NMR (200 MHz, CDCl,, §):
7.94-7.90 (d, 3H), 7.68 (d, 3H), 7.49 (d, 3H), 7.38-7.35 (d,
3H), 7.02-6.95 (m, 9H), 1.10 (s, 27H).
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[0083] Due to the furopyridine derivative functional
group, the organic metal compound having the structure of
Formula (T) of the disclosure can serve as a dapant of the
light emitting layer, resulting in the organic light-emitting
device employing the organic metal compound of the dis-
closure having increased electron conductivity, high lumi-
nous efliciency, and improved life-time.

[0084] In addition, since the reactants and reagents for
synthesizing the compound having furopyridine derivative
functional group are dangerous and the steps are compli-
cated time-consuming, it is generally considered that the
compound having furopyridine derivative functional group
is difficult to be synthesized. As a result, few reports on the
research and development of the compound having furo-
pyridine derivative functional group. The disclosure pro-
vides an iridium complex having furopyridine functional
group and a process for preparing the iridium complex
having furopyridine derivative functional group with a rela-
tively high yield.

[0085] The conventional blue phosphorescent material Flr
(pic) (having a structure represented by

= | N | =
N N
Va \\h/ s
F N
0 0
L -2
F )

has a sublimation yield of about 50%. On the other hand, due
to the furopyridine derivative functional group bonded to I,
the organic metal compound having a structure of Formula
(1) of the disclosure is suitable for being purified by a
sublimation process (i.e. the organic metal compound hav-
ing a structure of Formula (I) of the disclosure has a
sublimation yield that is greater than 80%).

[0086] Organic Light-Emitting Device

[0087] FIG. 1 shows an embodiment of an organic light-
emitting device 10. The organic light-emitting device 10
includes a substrate 12, a bottom electrode 14, an organic
light-emitting element 16, and a top electrode 18, as shown
in FIG. 1. The organic light-emitting device can be a
top-emission, bottom-emission, or dual-emission devices.
The substrate 12 can be a glass, plastic, or semiconductor
substrate. Suitable materials for the bottom and top elec-
trodes can be Ca., Ag, Mg, Al, Li, In, Au, Ni, W, Pt, Cu,
indium tin oxide (ITO), indium zinc oxide (IZ0), aluminum
zine oxide (AZO), or zinc oxide (ZnO), formed by sputter-
ing, electron beam evaporation, thermal evaporation, or
chemical vapor deposition. Furthermore, at least one of the
bottom and top electrodes 14 and 18 is transparent.

[0088] The organic light-emitting element 16 at least
includes an emission layer, and can further include a hole
injection layer, a hole transport layer, an electron transport
layer, and an electron injection layer. In an embodiment of
the disclosure, at least one layer of the organic light-emitting
element 16 includes the organic metal compound having a
structure of Formula (I) of the disclosure.
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[0089] According to another embodiment of the disclo-
sure, the organic light-emitting device can be a phosphores-
cent organic light-emitting device, and the emission layer of
the organic light-emitting element can include a host mate-
rial and a dopant, wherein the dopant can include the organic
metal compound having a structure of Formula (I) of the
disclosure. The dose of the dopant is not limited and can be
optionally modified by a person of ordinary skill in the field

[0090] In order to clearly disclose the organic light-emit-
ting devices of the disclosure, the following examples (hav-
ing an emitting layer employing the organic metal com-
pounds of the disclosure formed by deposition (dry process)
or coating (wet process)) are intended to illustrate the
disclosure more fully without limiting their scope, since
numerous modifications and variations will be apparent to
those skilled in this art.

EXAMPLE 10

Organic Light-Emitting Device ()

[0091] A glass substrate with an indium tin oxide (ITQ)
film with a thickness of 120 nm was provided and then
washed with a cleaning agent, acetone, and isopropanol with
ultrasonic agitation. After drying with nitrogen flow, the ITO
film was subjected to a UV/ozone treatment for 30 min.

[0092] Next, PEDOT:PSS (Poly(3,4-ethylenedioxythio-
phene)-poly(styrenesulfonate)) was coated on the ITO film
by a spin coating process (with a rotation rate of 800 rpm for
3 sec and a rotation rate of 2000 rpm for 40 sec) and baked
at 130° C. for 40 min to form a PEDOT:PSS film serving as
a hole injection layer (with a thickness of 40 nm). Next,
TAPC (1,1-bis[4-[N,N'-di(p-tolyl)amino]|phenyl]cyclobex-
ane, with a thickness of 35 nm), TCTA (4,4',4'-tri(N-carba-
zolyDtriphenylamine) doped with Organic metal compound
(D) (the weight ratio between TCTA and Organic metal
compound (I) was 94:6, with a thickness of 15 nm),
TmPyPB (1,3,5-tri(m-pyrid-3-yl-phenyl)benzene, with a
thickness of 42 nm), LiF (with a thickness of 0.5 nm), and
Al (with a thickness of 120 nm), were subsequently formed
on the PEDOT:PSS film at 107° torr, obtaining the organic
light-emitting device (I) after encapsulation. The materials
and layers formed therefrom are described in the following:
ITO/PEDOT:PSS/TAPC/TCTA:organic metal compound (1)
(6%)/TmPyPB/LiF/Al

[0093] Next, the optical properties (such as maximum
emission peak, driving voltage, current efficiency, power
efficiency, and C.I.E coordinate) of the light-emitting device
(I) were measured by a spectra colorimeter PR650 (pur-
chased from Photo Research Inc.) and a luminance meter
LS110 (purchased from Konica Minolta). The results are
shown in Table 1.

EXAMPLE 11

Organic Light-Emitting Device (I1)

[0094] Example 11 was performed in the same manner as
in Example 10 except that Organic metal compound (IT) was
substituted for Organic metal compound (I), obtaining the
organic light-emitting device (II). The materials and layers
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formed therefrom are described in the following: 1TO/
PEDOT:PSS/TAPC/TCTA:Organic metal compound (II)
(6%)/TmPyPB/LiF/Al

[0095] Next, the optical properties (such as maximum
emission peak, driving voltage, current efficiency, power
efficiency, and C.I.E coordinate) of the light-emitting device
(TT) were measured by a spectra colorimeter PR650 (pur-
chased from Photo Research Inc.) and a luminance meter
LS110 (purchased from Konica Minolta). The results are
shown in Table 1.

COMPARATIVE EXAMPLE 1

Organic Light-Emitting Device (I1I)

[0096] Comparative Example 1 was performed in the
same manner as in Example 10 except that compound (R1)
(having a structure of

was substituted for Organic metal compound (I), obtaining
the organic light-emitting device (I11). The materials and
layers formed therefrom are described in the following:
ITO/PEDOT:PSS/TAPC/TCTA:compound  (R1)  (6%)/
TmPyPB/LiF/Al

[0097] Next, the optical properties (such as maximum
emission peak, driving voltage, current efficiency, power
efficiency, and C.I.E coordinate) of the light-emitting device
(IIT) were measured by a spectra colorimeter PR650 (pur-
chased from Photo Research Inc.) and a luminance meter
LS110 (purchased from Konica Minolta). The results are
shown in Table 1.

COMPARATIVE EXAMPLE 2

Organic Light-Emitting Device (IV)

[0098] Comparative Example 2 was performed in the
same manner as in Example 10 except that compound (R2)
(having a structure of
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was substituted for Organic metal compound (I), obtaining
the organic light-emitting device (IV). The materials and
layers formed therefrom are described in the following:
ITO/PEDOT:PSS/TAPC/TCTA:compound  (R2)  (6%)/
TmPyPB/LiF/Al

[0099] Next, the optical properties (such as maximum
emission peak, driving voltage, current efficiency, power
efficiency, and C.L.E coordinate) of the light-emitting device
(IV) were measured by a spectra colorimeter PR650 (pur-
chased from Photo Research Inc.) and a luminance meter
LS110 (purchased from Konica Minolta). The results are
shown in Table 1.

COMPARATIVE EXAMPLE 3

Organic Light-Emitting Device (V)

[0100] Comparative Example 3 was performed in the
same manner as in Example 10 except that Ir(ppy); (having
a structure of

was substituted for Organic metal compound (I), obtaining
the organic light-emitting device (V). The materials and
layers formed therefrom are described in the following:

ITO/PEDOT:PSS/TAPC/TCTA:Ir(ppy);  (6%)/TmPyPB/
LiF/Al
[0101] Next, the optical properties (such as maximum

emission peak, driving voltage, current efficiency, power
efficiency, and C.I.E coordinate) of the light-emitting device
(V) were measured by a spectra colorimeter PR650 (pur-
chased from Photo Research Inc.) and a luminance meter
LS110 (purchased from Konica Minolta). The results are
shown in Table 1.
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TABLE 1
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measured at

measured at
a brightness

a brightness
of 1000 Cd/m?

of 1000 Cd/m?

maximum
current power  driving luminous
efficiency efficiency voltage C.LE intensity peak
(ed/A) (lm/W) V) coordinate (nm)
organic light-emitting 91.6 86.9 34 (040, 0.58) 540
device (I)
organic light-emitting 86.0 712 35 (0.29, 0.62) 504
device (IT)
organic light-emitting 74 58.2 4.0 047, 0.49) 564
device (I1I)
organic light-emitting 48.9 342 4.5 (039, 0.58) 528
device (IV)
organic light-emitting 56.3 36.8 4.8 (031, 0.62) 516
device (V)
[0102] As shown in Table 1, in comparison with the 107° torr, obtaining the organic light-emitting device (V1)

driving voltage of the organic light-emitting device (IIT) of
Comparative Example 1, the organic light-emitting device
(D (employing the organic metal compound (I) as phospho-
rescent dopant) has a 0.6V decrease of driving voltage.
Furthermore, the current efficiency of the organic light-
emitting device (I) is about 1.2 times higher than that of the
organic light-emitting device (I1I), and the power efficiency
of the organic light-emitting device (I) is about 1.5 times
higher than that of the organic light-emitting device (I11).

EXAMPLE 12

Organic Light-Emitting Device (VI)

[0103] A glass substrate with an indium tin oxide (ITQO)
film with a thickness of 120 nm was provided and then
washed with a cleaning agent, acetone, and isopropanol with
ultrasonic agitation. After drying with nitrogen flow, the ITO
film was subjected to a UV/ozone treatment for 30 min.

[0104] Next, PEDOT:PSS (Poly(3,4-ethylenedioxythio-
phene)-poly(styrenesulfonate)) was coated on the ITO film
by a spin coating process (with a rotation rate of 800 rpm for
3 sec and a rotation rate of 2000 rpm for 40 sec) and baked
at 130° C. for 40 min to form a PEDOT:PSS film serving as
a hole injection layer (with a thickness of 40 nm). Next, a
composition was used for forming a light-emitting layer
coated on the PEDOT:PSS film by a blade coating process
and baked at 100° C. for 40 min to form the light-emitting
layer (with a thickness of 15 nm). The composition used for
forming a light-emitting layer includes TCTA (4,4'4'-tri(N-
carbazolyljtriphenylamine) and Organic metal compound
(1), wherein the weight ratio of TCTA and Organic metal
compound (I) was 94:6, dissolved in chlorobenzene. Next,
TmPyPB  (1,3,5-tri(m-pyrid-3-yl-phenyl)benzene  was
coated on the light-emitting layer by a spin coating process
to form a TmPyPB film (with a thickness of 50 nm). Next,
LiF (with a thickness of 1 nm), and Al (with a thickness of
100 nm) were subsequently formed on the TmPyPB film at

after encapsulation. The materials and layers formed there-
from are described in the following: ITO/PEDOT:PSS/
TCTA:Organic metal compound (I) (6% )/ TmPyPB/LiF/Al

[0105] Next, the optical properties (such as maximum
emission peak, driving voltage, current efficiency, power
efficiency, and C.L.E coordinate) of the light-emitting device
(VI) were measured by a spectra colorimeter PR650 (pur-
chased from Photo Research Inc.) and a luminance meter
LS110 (purchased from Konica Minolta). The results are
shown in Table 2.

EXAMPLE 13

Organic Light-Emitting Device (VII)

[0106] Example 13 was performed in the same manner as
in Example 12 except that Organic metal compound (II) was
substituted for Organic metal compound (I), obtaining the
organic light-emitting device (VII). The materials and layers
formed therefrom are described in the following: 1TO/
PEDOT:PSS/TCTA:Organic metal compound (II) (6%)/
TmPyPB/LiF/Al

[0107] Next, the optical properties (such as maximum
emission peak, driving voltage, current efficiency, power
efficiency, and C.I.E coordinate) of the light-emitting device
(VII) were measured by a spectra colorimeter PR650 (pur-
chased from Photo Research Inc.) and a luminance meter
LS110 (purchased from Konica Minolta). The results are
shown in Table 2.

COMPARATIVE EXAMPLE 4

Organic Light-Emitting Device (VIII)

[0108] Comparative Example 4 was performed in the
same manner as in Example 12 except that compound (R1)
(having a structure of
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was substituted for Organic metal compound (I), obtaining
the organic light-emitting device (VIII). The materials and
layers formed therefrom are described in the following:
ITO/PEDOT:PSS/TCTA:compound (R1) (6%)TmPyPB/
LiF/AL

[0109] Next, the optical properties (such as maximum
emission peak, driving voltage, current efficiency, power

efficiency, and C.I.E coordinate) of the light-emitting device
(VIII) were measured by a spectra colorimeter PR650 (pur-
chased from Photo Research Inc.) and a luminance meter
LS110 (purchased from Konica Minolta). The results are
shown in Table 2.
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COMPARATIVE EXAMPLE 5
Organic Light-Emitting Device (IX)
[0110] Comparative Example 5 was performed in the same

manner as in Example 12 except that compound (R2)
(having a structure of

was substituted for Organic metal compound (T), obtaining
the organic light-emitting device (IX). The materials and
layers formed therefrom are described in the following:
ITO/PEDOT:PSS/TCTA:compound (R2) (6%)/TmPyPB/
LiF/Al.

[0111] Next, the optical properties (such as maximum
emission peak, driving voltage, current efficiency, power
efficiency, and C.L.E coordinate) of the light-emitting device
(IX) were measured by a spectra colorimeter PR650 (pur-
chased from Photo Research Inc.) and a luminance meter
LS110 (purchased from Konica Minolta). The results are
shown in Table 2.

TABLE 2

measured at
measured at a brightness

a brightness of 1000 Cd/m?

of 1000 Cd/m?

maximum
current power  driving luminous
efficiency efficiency voltage CLE intensity peak
(ed/A) (Im/W) V) coordinate (nm)
organic light-emitting 323 26.6 3.8 (041, 0.58) 540
device (VI)
organic light-emitting 39.6 36.5 34 (0.29, 0.62) 504
device (VII)
organic light-emitting 26.7 21.0 4.0 (0.49, 0.51) 560
device (VIII)
organic light-emitting 35 259 4.3 (0.39, 0.59) 528

device (IX)
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[0112] As shown in Table 2, in comparison with the
driving voltage of the organic light-emitting device (VIII) of
Comparative Example 4, the organic light-emitting device
(VI) (employing the organic metal compound (VI) as phos-
phorescent dopant) has a 0.2V decrease of driving voltage.
Furthermore, the current efficiency and power efficiency of
the organic light-emitting device (T) is about 1.2 times higher
than that of the organic light-emitting device (VIII). In
addition, in comparison with the driving voltage of the
organic light-emitting device (IX) of Comparative Example
5, the organic light-emitting device (VII) (employing the
organic metal compound (I1) as phosphorescent dopant) has
a 0.9V decrease of driving voltage. Furthermore, the current
efficiency of the organic light-emitting device (VII) is about
1.1 times higher than that of the organic light-emitting
device (IX), and the power efficiency of the organic light-
emitting device (VII) is about 1.4 times higher than that of
the organic light-emitting device (IX).

EXAMPLE 14

Organic Light-Emitting Device (X)

[0113] A glass substrate with an indium tin oxide (ITO)
film with a thickness of 120 nm was provided and then
washed with a cleaning agent, acetone, and isopropanol with
ultrasonic agitation. After drying with nitrogen flow, the ITO
film was subjected to a UV/ozone treatment for 30 min.
[0114] Next, PEDOT:PSS (Poly(3,4-ethylenedioxythio-
phene)-poly(styrenesulfonate)) was coated on the ITO film
by a spin coating process (with a rotation rate of 800 rpm for
3 sec and a rotation rate of 2000 rpm for 40 sec) and baked
at 130° C. for 40 min to form a PEDOT:PSS film serving as
a hole injection layer (with a thickness of 40 nm). Next,
TAPC (1,1-bis[4-[N,N'-di(p-tolyl)amino]phenyl]cyclobex-
ane, with a thickness of 40 nm), NPB (N,N'-bis(naphthalen-
1-yD)-N,N'-bis(phenyl)-benzidine) doped with Organic
metal compound (VI) (the weight ratio between TCTA and
Organic metal compound (VI) was 97:3~96:4, with a thick-
ness of 15 nm), TmPyPB (1,3,5-tri(m-pyrid-3-yl-phenyl)
benzene, with a thickness of 50 nm), LiF (with a thickness
of 0.8 nm), and Al (with a thickness of 120 nm), were
subsequently formed on the PEDOT:PSS film at 107° torr,
obtaining the organic light-emitting device (X) after encap-
sulation. The materials and layers formed therefrom are
described in the following: ITO/PEDOT:PSS/TAPC/NPB:
organic metal compound (VI) (3~4%)/TmPyPB/LiF/Al.
[0115] Next, the optical properties (such as maximum
emission peak, driving voltage, current efficiency, power
efficiency, and C.I.E coordinate) of the light-emitting device
(X) were measured by a spectra colorimeter PR650 (pur-
chased from Photo Research Inc.) and a luminance meter
LS110 (purchased from Konica Minolta). The results are
shown in Table 3.

EXAMPLE 15

Organic Light-Emitting Device (XI)

[0116] A glass substrate with an indium tin oxide (ITO)
film with a thickness of 120 nm was provided and then
washed with a cleaning agent, acetone, and isopropanol with
ultrasonic agitation. After drying with nitrogen flow, the ITO
film was subjected to a UV/ozone treatment for 30 min.

[0117] Next, PEDOT:PSS (Poly(3,4-ethylenedioxythio-
phene)-poly(styrenesulfonate)) was coated on the ITO film
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by a spin coating process (with a rotation rate of 800 rpm for
3 sec and a rotation rate of 2000 rpm for 40 sec) and baked
at 130° C. for 40 min to form a PEDOT:PSS film serving as
a hole injection layer (with a thickness of 40 nm). Next,
TAPC (1,1-bis[4-[N.N'-di(p-tolyl)amino]phenyl]cyclobex-
ane, with a thickness of 40 nm), TCTA (4,4',4'-tri(N-carba-
zolyDtriphenylamine) doped with Organic metal compound
(VID) (the weight ratio between TCTA and Organic metal
compound (VII) was 94:6~92:8, with a thickness of 15 nm),
TmPyPB (1,3,5-tri(m-pyrid-3-yl-phenyl)benzene, with a
thickness of 50 nm), LiF (with a thickness of 0.8 nm), and
Al (with a thickness of 120 nm), were subsequently formed
on the PEDOT:PSS film at 10~° torr, obtaining the organic
light-emitting device (XI) after encapsulation. The materials
and layers formed therefrom are described in the following:
ITO/PEDOT:PSS/TAPC/TCTA:organic metal compound
(VID) (6~8%)/TmPyPB/LiF/Al

[0118] Next, the optical properties (such as maximum
emission peak, driving voltage, current efficiency, power
efficiency, and C.I.E coordinate) of the light-emitting device
(X1I) were measured by a spectra colorimeter PR650 (pur-
chased from Photo Research Inc.) and a luminance meter
LS110 (purchased from Konica Minolta). The results are
shown in Table 3.

EXAMPLE 16

Organic Light-Emitting Device (XII)

[0119] A glass substrate with an indium tin oxide (ITO)
film with a thickness of 120 nm was provided and then
washed with a cleaning agent, acetone, and isopropanol with
ultrasonic agitation. After drying with nitrogen flow, the ITO
film was subjected to a UV/ozone treatment for 30 min.
[0120] Next, PEDOT:PSS (Poly(3,4-ethylenedioxythio-
phene)-poly(styrenesulfonate)) was coated on the ITO film
by a spin coating process (with a rotation rate of 800 rpm for
3 sec and a rotation rate of 2000 rpm for 40 sec) and baked
at 130° C. for 40 min to form a PEDOT:PSS film serving as
a hole injection layer (with a thickness of 40 nm). Next,
TAPC (1,1-bis[4-[N.N'-di(p-tolyl)amino]|phenyl]cyclobex-
ane, with a thickness of 40 nm), NPB (N,N'-bis(naphthalen-
1-yD)-N,N*-bis(phenyl)-benzidine) doped with Organic
metal compound (VIII) (the weight ratio between NPB and
Organic metal compound (VIII) was 95:5~94:6, with a
thickness of 15 nm), TmPyPB (1,3,5-tri(m-pyrid-3-yl-phe-
nyl)benzene, with a thickness of 50 nm), LiF (with a
thickness of 0.8 nm), and Al (with a thickness of 120 nm),
were subsequently formed on the PEDOT:PSS film at 1075
torr, obtaining the organic light-emitting device (X1I) after
encapsulation. The materials and layers formed therefrom
are described in the following: ITO/PEDOT:PSS/NPB:or-
ganic metal compound (VIII) (5~6% )/ TmPyPB/LiF/Al.
[0121] Next, the optical properties (such as maximum
emission peak, driving voltage, current efficiency, power
efficiency, and C.I.E coordinate) of the light-emitting device
(X1II) were measured by a spectra colorimeter PR650 (pur-
chased from Photo Research Inc.) and a luminance meter
LS110 (purchased from Konica Minolta). The results are
shown in Table 3.

EXAMPLE 17

Organic Light-Emitting Device (XIIT)

[0122] A glass substrate with an indium tin oxide (ITO)
film with a thickness of 120 nm was provided and then
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washed with a cleaning agent, acetone, and isopropanol with
ultrasonic agitation. After drying with nitrogen flow, the ITO
film was subjected to a UV/ozone treatment for 30 min.
[0123] Next, PEDOT:PSS (Poly(3,4-ethylenedioxythio-
phene)-poly(styrenesulfonate)) was coated on the ITO film
by a spin coating process (with a rotation rate of 800 rpm for
3 sec and a rotation rate of 2000 rpm for 40 sec) and baked
at 130° C. for 40 min to form a PEDOT:PSS film serving as
a hole injection layer (with a thickness of 40 nm). Next,
TAPC (1,1-bis[4-[N,N'-di(p-tolyl)amino|phenyl]cyclobex-
ane, with a thickness of 40 nm), TCTA(4,4'.4'-tri(N-carba-
zolyD)triphenylamine) doped with Organic metal compound
(IX) (the weight ratio between TCTA and Organic metal
compound (IX) was 94:6~92:8, with a thickness of 15 nm),
TmPyPB (1,3,5-tri(m-pyrid-3-yl-phenyl)benzene, with a
thickness of 50 nm), LiF (with a thickness of 0.8 nm), and
Al (with a thickness of 120 nm), were subsequently formed
on the PEDOT:PSS film at 107° torr, obtaining the organic
light-emitting device (XIII) after encapsulation. The mate-
rials and layers formed therefrom are described in the
following: I1TO/PEDOT:PSS/TAPC/TCTA:organic metal
compound (IX) (6~8%)/TmPyPB/LiF/Al

[0124] Next, the optical properties (such as maximum
emission peak, driving voltage, current efficiency, power
efficiency, and C.IE coordinate) of the light-emitting device
(XIIT) were measured by a spectra colorimeter PR650 (pur-
chased from Photo Research Inc.) and a luminance meter
LS110 (purchased from Konica Minolta). The results are
shown in Table 3.

TABLE 3

Jun. 1, 2017

21

What is claimed is:

1. An organic metal compound, having a structure of
Formula (I):

Formula (I)

wherein, R" is independently hydrogen, C,_, , alkyl group,
C,_;, alkoxy group, amine, C,_ alkenyl group, C, ¢
alkynyl group, C,_,, cvcloalkyl group, C; | , heteroaryl
group, or C,_, aryl group; R*, R? R* and R® are
independently hydrogen, halogen, C,_,, alkyl group,
C,_,» fluoroalkyl group, or two adjacent groups of R?,
R, R* and R’ are optionally combined with the carbon
atoms which they are attached to, to form a cycloalkyl
group, or aryl group; R® and R” are independent C, 4
alkyl group, or phenyl group; and, n is O or 1.

measured at

measured at
a brightness

a brightness
of 1000 Cd/m?

of 1000 Cd/m?

maximum
current power  driving luminous
efficiency efficiency voltage C.LE intensity peak
(cd/A) (lm/W) V) coordinate (nm)
organic light-emitting 44.8 39.2 3.6 (0.51, 0.46) 580
device (X)
organic light-emitting 86.6 73.8 37 (0.28, 0.61) 500
device (XI)
organic light-emitting 64.0 53.8 375 (042,0.56) 544
device (XII)
organic light-emitting 86.6 68.3 408 (041, 0.58) 540

device (XIIT)

[0125] As shown in Table 3, during the formation of the
light-emitting devices (X)-(XIII) via a dry process, it shows
that the organic light-emitting device employing the organic
metal compound having the structure of Formula (I) exhibits
high luminous efficiency. Furthermore, the organic light-
emitting device (XI) fabricated via the dry process has a
current efficiency of 86.6 cd/A and a power efliciency of
73.8 Im/W.

[0126] It will be clear that various modifications and
variations can be made to the disclosed methods and mate-
rials. It is intended that the specification and examples be
considered as exemplary only, with the true scope of the
disclosure being indicated by the following claims and their
equivalents.

2. The organic metal compound as claimed in claim 1,
wherein each R! is independently hydrogen, methyl group,
ethyl group, propyl group, isopropyl group, n-butyl group,
isobutyl group, tert-butyl group, pentyl group, hexyl group,
cyclohexyl group, phenyl group, biphenyl group, or naph-
thyl group.

3. The organic metal compound as claimed in claim 1,
wherein R?, R®, R, and R’ are independently hydrogen,
fluorine, methy! group, ethyl group, propyl group, isopropyl
group, n-butyl group, isobutyl group, tert-butyl group, pen-
tyl group, or hexyl group, or R? and R* are combined with
the carbon atoms which they are attached to, to form a
phenyl group.
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4. The organic metal compound as claimed in claim 1,
wherein at least one of R!, R%, R? R* and R® is not
hydrogen.

5. The organic metal compound as claimed in claim 1,
wherein R® and R” are independently methyl group, ethyl
group, propyl group, isopropyl group, n-butyl group, isobu-
tyl group, tert-butyl group, pentyl group, hexyl group, or
phenyl group.

6. The organic metal compound as claimed in claim 1,
wherein the organic metal compound is

R?, R R* and R’ are independently hydrogen, halogen,
C,.;, alkyl group, C,_,, fluoroalkyl group, or two adjacent
groups of R, R?, R*, and R’ are optionally combined with
the carbon atoms which they are attached to, to form a
cycloalkyl group, or aryl group; R® and R are independent
C,_¢ alkyl group, or phenyl group; and, n is 0 or 1.

7. The organic metal compound as claimed in claim 6,
wherein R% R®, R*, and R® are independently hydrogen,
fluorine, methyl group, ethyl group, propyl group, isopropyl
group, n-butyl group, isobutyl group, tert-butyl group, pen-
tyl group, or hexyl group, or R* and R* are combined with
the carbon atoms which they are attached to, to form a
phenyl group.

8. The organic metal compound as claimed in claim 6,
wherein at least one of R, R?, R* and R’ is not hydrogen.

9. The organic metal compound as claimed in claim 6,
wherein R® and R” are independently methyl group, ethyl
group, propyl group, isopropyl group, n-butyl group, isobu-
tyl group, tert-butyl group, pentyl group, hexyl group, or
phenyl group.

10. The organic metal compound as claimed in claim 1,
wherein the organic metal compound is
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R' is independently hydrogen, C, ,, alkyl group, C,_,,
alkoxy group, amine, C,_ alkenyl group, C, , alkynyl
group, Cs_,, cycloalkyl group, C,_, heteroaryl group, or
C,.,» aryl group; and, R?, R? R? and R® are independently
hydrogen, halogen, C, ;, alkyl group, C, |, fluoroalkyl
group, or two adjacent groups of R%, R*, R*, and R’ are
optionally combined with the carbon atoms which they are
attached to, to form a cycloalkyl group, or aryl group.

11. The organic metal compound as claimed in claim 10,
wherein each R! is independently hydrogen, methyl group,
ethyl group, propyl group, isopropyl group, n-butyl group,
isobutyl group, tert-butyl group, pentyl group, hexyl group,
cyclohexyl group, phenyl group, biphenyl group, or naph-
thyl group.

12. The organic metal compound as claimed in claim 10,
wherein R?, R?, R, and R® are independently hydrogen,
fluorine, methy! group, ethyl group, propyl group, isopropyl
group, n-butyl group, isobutyl group, tert-butyl group, pen-
tyl group, or hexyl group, or R* and R* are combined with
the carbon atoms which they are attached to, to form a
phenyl group.

13. The organic metal compound as claimed in claim 10,
wherein at least one of R!, R% R? R* and R® is not
hydrogen.

14. The organic metal compound as claimed in claim 1,
wherein the organic metal compound is

R! is independently hydrogen, C, ,, alkyl group, C, ;5
alkoxy group, amine, C, , alkenyl group, C, , alkynyl
group, Cs i, cycloalkyl group, C; |, heteroaryl group, or
C,.,, aryl group; and, R? R, R?, and R® are independently
hydrogen, halogen, C, ,, alkyl group, C, |, fluorcalkyl
group, or two adjacent groups of R? R?, R?, and R’ are
optionally combined with the carbon atoms which they are
attached to, to form a cycloalkyl group, or aryl group.

15. The organic metal compound as claimed in claim 14,
wherein each R! is independently hydrogen, methyl group,
ethyl group, propyl group, isopropyl group, n-butyl group,
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isobutyl group, tert-butyl group, pentyl group, hexyl group, _continued
cyclohexyl group. phenyl group, biphenyl group, or naph-

thyl group.

16. The organic metal compound as claimed in claim 14,
wherein R% R®, R*, and R are independently hydrogen,
fluorine, methyl group, ethyl group, propyl group, isopropyl
group, n-butyl group, isobutyl group, tert-butyl group, pen-
tyl group, or hexyl group, or R* and R* are combined with
the carbon atoms which they are attached to, to form a
phenyl group.

17. The organic metal compound as claimed in claim 14,
wherein at least one of R!, R% R? R* and R’ is not
hydrogen.

18. The organic metal compound as claimed in claim 1,
wherein R' is independently hydrogen, or C,_,, alkyl group;
R?, R R* and R’ are independently hydrogen, halogen,
C,_1, alkyl group, or two adjacent groups of R%, R?, R*, and

R’ are optionally combined with the carbon atoms which L 3
they are attached to, to form an aryl group; R® and R” are ™ o -
independent C,  alkyl group; and, nis O or 1. | A
19. The organic metal compound as claimed in claim 1, \ > I\'\ O

wherein the organic metal compound is

\ |/N\
o/ i -
?

/“\

/\
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-continued

20. An organic light-emitting device, comprising:

a pair of electrodes; and

an organic light-emitting element, disposed between the
electrodes, wherein the organic light-emitting element
comprises the organic metal compound as claimed in
claim 1.
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