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ORGANIC METAL COMPOUND AND
ORGANIC LIGHT-EMITTING DEVICE
EMPLOYING THE SAME

CROSS REFERENCE TO RELATED
APPLICATION

[0001] The application is based on, and claims priority
from, Taiwan Application Serial Number 103141945, filed on
Dec. 3, 2014, the disclosure of which is hereby incorporated
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-emission 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 ofthe electron and
hole results in light emission.

[0005] Depending on the spin states of the hole and elec-
tron, 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 phos-
phorescence. The emissive efficiency of phosphorescence is
three times that of fluorescence. Therefore, it is crucial to
develop highly efficient phosphorescent material, in order to
increase the emissive efficiency 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)

[0007] wherein, R is independently hydrogen, C, _,, alkyl
group, Cs_,, cycloalkyl group, C,_ |, heteroaryl group, or
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C,.,» aryl group; R? is independently hydrogen, halogen,
C,.1, alkyl group, Cs_,, cycloalkyl group, C,_,, heteroaryl
group, or Cq_,, aryl group.

[0008] According to another embodiment of the disclosure,
the disclosure provides an organic light-emitting device. The
device includes a pair of electrodes and an organic light-
emitting element, disposed between the electrodes, wherein
the organic light-emitting element includes the aforemen-
tioned 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. 1is a Single-Crystal X-ray diffraction pattern
of the organic metal compound obtained in Example 1.

[0012] FIG. 2 shows a cross section of an organic light-
emitting device disclosed by an embodiment of the disclo-
sure.

DETAILED DESCRIPTION

[0013] The following description is of the best-contem-
plated mode of carrying out the disclosure. This description is
made for the purpose of illustrating the general principles of
the disclosure and should not be taken in a limiting sense. The
scope of the disclosure is best determined by reference to the
appended claims.

[0014]

[0015] Thedisclosure provides an organic metal compound
and an organic light-emitting device employing the same. The
organic metal compound can be a tris-facial six-coordinate
iridium compound including specific thienopyridine-based
ligand, such as thieno[3,2-c]pyridine-based derivative ligand.
Since the thermal stability can be enhanced by means of the
bondings between iridium and ligands, the organic metal
compound of the disclosure can have a thermal degradation
temperature (T ) that is higher than about 400° C. Therefore,
the organic metal compound having Formula (I) of the dis-
closure is suitable for being purified by a sublimation process
(the organic metal compound having Formula (I) of the dis-
closure has a sublimation yield that is higher than about 80%).
In addition, due to the specific chemical structure, the organic
metal compound of the disclosure can have a suitable highest
occupied molecular orbital (HOMO) and lowest unoccupied
molecular orbital (LUMO) energy gap (between about 6.0 eV
and 3.0 eV), thereby facilitating the electrons recombining
with the holes to form excitons, and resulting in lumines-
cence. Therefore, the organic metal compound having For-
mula (T) of the disclosure can serve as phosphorescence light-
emitting material for enhancing the luminous efficiency of the
organic light-emitting device employing the same.

[0016] According to an embodiment of the disclosure, the
disclosure provides an organic metal compound having a
structure of Formula (I):

Organic Metal Compound
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Formula (I)

Ry

[0017] wherein, R' is independently hydrogen, C, |, alkyl
group, Cs_,, cycloalkyl group, C,_;, heteroaryl group, or
Cq.1, aryl group; R? is independently hydrogen, halogen,
C,_,» alkyl group. Cs_,, cycloalkyl group, C,_;, heteroaryl
group, or Cy_, aryl group.

[0018] The organic metal compounds of the disclosure can
serve as a green or yellow phosphorescent dopant material
(having a maximum luminous intensity peak of between
about 520 nm to 570 nm), and can be applied to an organic
light-emitting device for enhancing the luminous efficiency.

[0019] According to an embodiment of the disclosure, each
R' is independently hydrogen, methyl, ethyl, propyl, isopro-
pyl, n-butyl group, isobutyl group, sec-butyl group, tert-butyl
group, pentyl group, hexyl group, cyclohexyl group, cyclo-
pentyl group, octyl group, decyl group, dodecyl group, phe-
nyl group, biphenyl group, or naphthyl.

[0020] In Formula (), the structure

7 | is )

NS

/ S R Ry
(oM

and R? are independent. According to an embodiment of the
disclosure, each R can be independently hydrogen, fluorine,
methyl, ethyl, propyl, isopropyl, n-butyl group, isobutyl
group, sec-buty! group, tert-butyl group, pentyl group, hexyl
group, cyclohexyl group, cyclopentyl group, octyl group,
decyl group, dodecyl group, phenyl group, biphenyl group, or
naphthyl.

[0021] According to some embodiments of the disclosure,
at least one of R' and R? of the organic metal compound
having the structure of Formula (I) is not hydrogen. Accord-
ing to some embodiments of the disclosure, at least one of R*
of the organic metal compound having the structure of For-
mula (I) is not hydrogen. According to some embodiments of
the disclosure, R! of the organic metal compound having the
structure of Formula (1) is not hydrogen and at least one of R?
of the organic metal compound having the structure of For-
mula (1) is not hydrogen.

[0022] According to some embodiments of the disclosure,
the organic metal compound can have a structure of Formula

.
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Formula (I)

(R%)4

[0023] wherein, R? is independently hydrogen, halogen,
C,_,5 alkyl group, C;_,, cycloalkyl group, C;_;, heteroaryl
group, or Cg , aryl group. The organic metal compound
having a structure of Formula (IT) can be
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-continued

-continued

L
S
Ir, or

[0024] According to some embodiments of the disclosure,
the organic metal compound can have a structure of Formula

(II):

Formula (IIT)

[0026] According to some embodiments of the disclosure,
the organic metal compound can have a structure of (IV):

®)4
Formula (IV)

[0025] wherein, R? is independently hydrogen, halogen,
C,., alkyl group, Cs_,, cycloalkyl group, C,_,, heteroaryl
group, or Cg ,, aryl group. The organic metal compound
having a structure of Formula (I1T) can be

[0027] wherein, R' is independently hydrogen, C,_,, alkyl
group, Cs_;, cycloalkyl group, C;_,, heteroaryl group, or
Cy.1» aryl group. The organic metal compound having a struc-
ture of Formula (IV) can be
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Formula (V)

(R,

[0029] wherein, R" is independently hydrogen, C, _,, alkyl
group, Cs_;, cycloalkyl group, C;_,, heteroaryl group, or
Cq. 1 aryl group. The organic metal compound having a struc-
ture of Formula (V) can be

[0028] According to some embodiments of the disclosure, [0030] According to some embodiments of the disclosure,
the organic metal compound can have a structure of Formula the organic metal compound can have a structure of Formula

(V: (VD:
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Formula (VI)

[0031] wherein, R" is independently hydrogen, C,_,, alkyl
group, Cs_,, cycloalkyl group, C,_;, heteroaryl group, or
Cs.;» aryl group. The organic metal compound having a struc-
ture of Formula (VI) can be

[0032] 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.
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Example 1

Preparation of Organic Metal Compound (1)

[0033]
[0034] Organic Metal Compound (T)
[0035] 9.0 g of 2-(2-aminoethyl)thiophene (70.9 mmol)

and 40 mL of water were added into a reaction bottle. Next, 11
mL of benzoyl chloride and 45 mL of sodium hydroxide
aqueous solution (20 wt %) were added into the reaction
bottle at 0° C., and a white powder product was separated out
during the reaction. Next, after reacting for 12 hours, the
mixture was filtrated and the filter cake was collected. Next,
the filter cake was ground to fine powders and washed with
water and hexane, obtaining Compound (1) with a yield of
95%. The synthesis pathway of the above reaction was as
follows:

o]
S
NaOH
@/\/NHZ + O)kcl o
2
(O

.

Tz

Compound (1)

[0036] The physical measurement of the compound (1) is
listed below: *H NMR (200 MHz, CDCl,, 294 K): 8 8.81 (d,
2H), 7.47~7.30 (m, 4H), 7.11 (d, 1H), 7.91 (t, 1H), 6.80 (d,
1H), 3.66 (q, 2H), 3.10 (t, 2H).

[0037] 11.6 g of Compound (1) (50 mmol) and 50 mL of
toluene were added into a reaction bottle and the reaction
bottle was cooled to 0° C. Next, 11.5 g of phosphoryl chloride
(POCI,, 75 mmol) was slowly added into the reaction bottle.
After the addition was complete, the reaction bottle was
heated to reflux. After reacting for 2 hours, the reaction bottle
was cooled to 40° C., and sodium hydrogen carbonate was
added into the reaction bottle to neutralize the mixture. Next,
the result was extracted three times using ethyl acetate (EA)
and water as the extraction solvent. Next, an organic phase
was separated and concentrated, and then purified by column
chromatography, obtaining Compound (2) with a yield of
75%. The synthesis pathway of the above reaction was as
follows:
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0] S \

o POCI;
N R —
H toluene
Compound (1)

Compound (2)

[0038] The physical measurement of the compound (2) is
listed below: 'H NMR (200 MHz, CDCl,, 294 K): 8 7.50 (d,
2H), 7.30-7.22 (m, 3H), 6.91 (d, 1H), 6.84 (d, 1H). 3.78 (,
2H), 2.76 (t, 2H).

[0039] 10.6 g of Compound (2) (50 mmol), 10 g of palla-
dium 10% on carbon (Pd/C catalyst), and 50 mL of toluene
were added into a reaction bottle. Next, the reaction bottle
was heated to reflux. 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 puri-
fied by column chromatography, obtaining Compound (3)
with a yield of 95%. The synthesis pathway of the above
reaction was as follows:

S S AN
A A
7 Pd/C 7

e —

toluene
Compound (2} Compound (3)

[0040] The physical measurement of the compound (3) is
listed below: *H NMR (200 MHz, CDCl,, 294 K): 6 8.53 (d,
1H), 7.81 (d, 2H), 7.77 (d, 1H), 7.60~7.40 (m, 5H).

[0041] Next, 28 mg of Compound (3) (4.4 mmol), and 598
mg of IrCl; (2 mmol), 15 mL of 2-methoxyethanol, and S mL
of water were added into a reaction bottle. Next, after remov-
ing moisture and purging nitrogen gas several times, the
reaction bottle was heated to 120° C. After reacting for 12
hours and cooling down to room temperature, the result was
filtrated. The filter cake was collected and washed with water
and hexane, and then dried under vacuum, obtaining Com-
pound (4) with a yield of 72%. The synthesis pathway of the
above reaction was as follows:
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S AN
\ | N 2-methoxyethanol/
Z H,0
+ Iy —

Compound (3)

Compound (4)

[0042] Next, 1.3 g of Compound (4) (1 mmol), acetyl
acetone, 300 mg, 3 mmol), 212 mg of sodium carbonate
(Na,CO,, 2 mmol), and 2-methoxyethanol (20 ml) 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 hours 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 Compound
(5) with a yield of 72%. The synthesis pathway of the above
reaction was as follows:

Compound (4)

0 2-methoxyethanol/

L0
_—
Na,CO;4
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-continued _
N AN
\ Z N\ i p_
Y Irl
N

L —s

Compound {5)

[0043] The physical measurement of the compound (5) is
listed below: "H NMR (200 MHz, CDCl,, 294 K): 8 8.52 (d,
2H), 8.13 (d, 2H), 7.87 (d, 2H), 7.68 (d, 2H), 7.59 (d, 2H),
6.99 (t, 2H), 6.69 (t, 2H), 6.29 (d, 2H), 5.33 (s, 1H), 1.82 (s,
6H).

[0044] 711 mg of Compound (5) (1 mmol), 422 mg of
Compound (3) (2 mmol), and 10 mL of glycerol were added
into a reaction bottle. Next, afier removing moisture and
purging nitrogen gas several times, the reaction bottle was
heated to 200° C. After reacting for 48 hours, the reaction
bottle was cooled to room temperature, and water was added
into the reaction bottle to produce precipitate. Finally, the
precipitate was collected and washed with ethyl acetate and
water, and then purified by column chromatography, obtain-
ing Organic metal compound (I). The synthesis pathway of
the above reaction was as follows:

— -2

Compound (5)
S x
\ AN
glycerol
—_—
K,COs

Compound (3)

L 3

Organic metal compound (I)

[0045] The physical measurement of the organic metal
compound (1) is listed below: 'H NMR (200 MHz, CDCl,,

Jun. 9, 2016

294 K): 6 8.35 (d, 3H), 8.22 (d, 3H), 7.51 (d, 3H), 7.34 (m,
6H), 6.90 (m, 9H). Elemental analysis: C;oH,,IrN;S;: N,
5.11; C, 56.91; H, 2.94. Found: N, 5.09; C, 56.88; H, 2.97.

[0046] Organic metal compound (I) was analyzed by X-ray
diffraction spectroscopy, and the result was shown in FIG. 1.

[0047] As the result of NMR and X-ray diffraction spec-
troscopy, Organic metal compound (I) of Example 1 has a
facial arrangement.

Comparative Example 1

[0048] Compound (3) (6.6 mmol), IrCl; (2 mmol), and
glycerol were added into a reaction bottle. Next, after remov-
ing moisture and purging nitrogen gas several times, the
reaction bottle was heated to 200° C. After reacting for 12
hours, the reaction bottle was cooled to room temperature,
and a black precipitate was obtained. After analyzing the
black precipitate, iridium organic compound was not
obtained since the iridium intermediate was apt to be decom-
posed.

Comparative Example 2

[0049] Compound (4) (0.5 mmol), Compound (3) (1
mmol), 138 mg of potassium carbonate (K,CO;, 1 mmol),
and 10 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 hours, the reaction bottle was cooled to room tempera-
ture, and a black precipitate was obtained. After analyzing the
black precipitate, iridium organic compound was not
obtained since the iridium intermediate was apt to be decom-
posed.

Example 2

Preparation of Organic Metal Compound (II)
[0050]

Organic metal compound (II)

[0051] 76.3 g of 2-(2-aminoethyl)thiophene (600 mmol)
and 1 L of water were added into a reaction bottle. Next, 91
mL of 4-tert-butylbenzoyl chloride (500 mmol) and sodium
hydroxide aqueous solution (20 wt %, 150 mL) were added
into the reaction bottle at 0° C. A white powder product was
separated out during the reaction. Next, after reacting for 12
hours, the mixture was filtrated and the filter cake was col-
lected. Next, the filter cake was ground to fine powders and
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washed with water and hexane, obtaining compound (6) with
ayield of 99%. The synthesis pathway of the above reaction
was as follows:

o]
NaOH
Ccl —
0
o] S \
>(©/‘L S
N
H
Compound (6)

[0052] 50 g of compound (6)(174 mmol) and 170 mL of
toluene were added into a reaction bottle, and the reaction
bottle was cooled to 0° C. Next, 17 mL of phosphoryl chloride
(POCI;, 174 mmol). After the addition was complete, the
reaction bottle was heated to reflux. After reacting for 12
hours, the reaction bottle was cooled to 40° C., and sodium
hydrogen carbonate was added into the reaction bottle to
neutralize the mixture. Next, the result was extracted three
times using ethyl acetate and water. Next, an organic phase
was separated and concentrated, and then purified by column
chromatography, obtaining Compound (7) with a yield of
72%. The synthesis pathway of the above reaction was as

follows:
(6] S \

— POCK
—_—
toluene

Tz

Compound (6)

Compound (7)

[0053] 46 g of Compound (7) (174 mmol), 50 g of Pd/C
catalyst (palladium 10% on carbon), and 170 mL of toluene
were added into a reaction bottle. Next, the reaction bottle
was heated to reflux for 48 hours. Next, after removing Pd/C
catalyst by filtration, the filtrate was extracted three times

Jun. 9, 2016

using ethyl acetate and water. Next, an organic phase was
separated and concentrated, and then purified by column
chromatography, obtaining Compound (8) with a yield of
90%. The synthesis pathway of the above reaction was as
follows:

S | x
\
Pd/C
 ——
toluene
Compound (7) Compound (8)

[0054] Next, Compound (8) (18.7 g, 70 mmol), 10.4 g of
IrCl; (35 mmol), 262 mL of 2-methoxyethanol, and 88 mL of
water 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 hours and
cooling down to room temperature, the result was filtrated.
The filter cake was collected and washed with water and
hexane, and then dried under vacuum, obtaining Compound
(9) with a yield of 90%. The synthesis pathway of the above
reaction was as follows:

N N
!
2-methoxyethaol/

H0

b Il ——— >

Compound (8)

2

Compound (9)

[0055] Next, 26.6 g of Compound (9) (17.5 mmol), 7 g of
acetyl acetone (70 mmol), 7.4 g of sodium carbonate
(Na,CO,, 70 mmol). and 175 mL of 2-methoxyethanol were
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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 hours 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 Compound
(10) with a yield of 64%. The synthesis pathway of the above
reaction was as follows:

5

Compound (9)

0 2-methoxyethanol/
H,0
N3.2C03

Compound (10)

[0056] 18.3 g of Compound (10) (22.2 mmol), 11.9 g of
Compound (8) (44.5 mmol), and 220 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 hours, the reaction
bottle was cooled to room temperature, and water was added
into the reaction bottle to produce precipitate. Finally, the
precipitate was collected and washed with ethyl acetate and
water, and then purified by column chromatography, obtain-
ing Organic metal compound (II). The synthesis pathway of
the above reaction was as follows:
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Compound (10)
S AN
AL
glycerol
—_
K,CO4

Organic metal compound (IT)

Compound (8)

Example 3

Preparation of Organic Metal Compound (I11)

[0057]

Organic metal compound (III)

[0058] 30.0 gof 2-(2-aminoethyl)thiophene (235.8 mmol),
and 500 mL of water were added into a reaction bottle. Next,
40.1 g of 4-methyl-benzoyl chloride (259.4 mmol) and
sodium hydroxide aqueous solution (20 wt %, 200 mL) were
added into the reaction bottle at 0° C. A white powder product
was separated out during the reaction. Next, after reacting for
12 hours, the mixture was filtrated and the filter cake was
collected. Next, the filter cake was ground to fine powders and
washed with water and hexane, obtaining Compound (11)
with a yield of 89%. The synthesis pathway of the above
reaction was as follows:
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O
S NH
o <
o] S \
ﬁ )
N
H

Compound (11)

[0059] 5.0 gof Compound (11)(23.0 mmol) and 100 mL of
toluene were added into a reaction bottle, and the reaction
bottle was cooled to 0° C. Next, 10.5 g of phosphoryl chloride
(POCI;, 69.1 mmol) were added slowly into a reaction bottle.
After the addition was complete, the reaction bottle was
heated to reflux. After reacting for 2 hours, the reaction bottle
was cooled to 40° C., and sodium hydrogen carbonate was
added into the reaction bottle to neutralize the mixture. Next,
the result was extracted three times using ethyl acetate and
water. Next, an organic phase was separated and concen-
trated, and then purified by column chromatography, obtain-
ing Compound (12) with a yield of 50%. The synthesis path-
way of the above reaction was as follows:

0] S \

N = POC;
—_—
H toluene
Compound (11)

Compound (12)

[0060] 5.0 g of Compound (12) (22.0 mmol), 5 g of Pd/C
catalyst (palladium 10% on carbon), and 30 mL of toluene
were added into a reaction bottle. Next, the reaction bottle
was heated to reflux for 24 hours. Next, after removing Pd/C
catalyst by filtration, the filtrate was extracted three times
using ethyl acetate and water. Next, an organic phase was
separated and concentrated, and then purified by column
chromatography, obtaining Compound (13) with a yield of
83%. The synthesis pathway of the above reaction was as
follows:
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S S AN
\ | Z N \ | Z N
Pd/C
toluene
Compound (12) Compound (13)

[0061] Next, compound (13) (1 g, 4.4 mmol), and 630 mg
of IrCl; (2.1 mmol), 30 mL of 2-methoxyethanol, and 10 mL
of water were added into a reaction bottle. Next, after remov-
ing moisture and purging nitrogen gas several times, the
reaction bottle was heated to 120° C. After reacting for 12
hours and cooling down to room temperature, the result was
filtrated. The filter cake was collected and washed with water
and hexane, and then dried under vacuum, obtaining Com-
pound (14) with a yield of 73%. The synthesis pathway of the
above reaction was as follows:

2-methoxyethaol/

Compound (13)

2

Compound (14)

[0062] Next, 1.04 g of Compound (14) (0.77 mmol), 230
mgofacetyl acetone (2.3 mmol), sodium carbonate (Na,CO,,
250 mg, 2.3 mmol), and 30 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 hours 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 Compound
(15) with a yield of 74%. The synthesis pathway of the above
reaction was as follows:
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cl
CIr
L N

.
A v

2
Compound (14)

2-methoxyethanol/
H,0
Na,CO;

—2

Compound (15)

[0063] 3.0 g of Compound (15) (4.05 mmol), 1.82 g of
Compound (13) (8.1 mmol), 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 hours, the reaction
bottle was cooled to room temperature, and water was added
into the reaction bottle to produce precipitate. Finally, the
precipitate was collected and washed with ethyl acetate and
water, and then purified by column chromatography, obtain-
ing Organic metal compound (II1). The synthesis pathway of
the above reaction was as follows:

-

Compound (15)
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-continued _ _
s A
P
glycerol S
K2CO5 e

-3

Compound {13) Organic metal compound ({III)

Example 4

Preparation of Organic Metal Compound (IV)
[0064]

Organic metal compound (I'V)

[0065] 30.0 g f 2-(2-aminoethyl)thiophene (235.8 mmol),
and 400 mL of water were added into a reaction bottle. Next,
40.9 g of 4-fluorine-benzoyl chloride (259.4 mmol) and
sodium hydroxide aqueous solution (20 wt %, 200 mL) were
added into the reaction bottle at 0° C. A white powder product
was separated out during the reaction. Next, after reacting for
12 hours, the mixture was filtrated and the filter cake was
collected. Next, the filter cake was ground to fine powders and
washed with water and hexane, obtaining Compound (16)
with a yield of 93%. The synthesis pathway of the above
reaction was as follows:

o]
S NH
N Cl NaOH
\ / o
F
o] S \
=
N
H
F
Compound (16)

[0066] 5.0¢gof Compound (16) (20.1 mmol) and 100 mL of
toluene were added into a reaction bottle, and the reaction
bottle was cooled to 0° C. Next, 9.2 g of phosphoryl chloride
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(POCl;, 60.21 mmol) was added slowly into the reaction
bottle. After the addition was complete, the reaction bottle
was heated to reflux. After reacting for 2 hours, the reaction
bottle was cooled to 40° C., and sodium hydrogen carbonate
was added into the reaction bottle to neutralize the mixture.
Next, the result was extracted three times using ethyl acetate
and water. Next, an organic phase was separated and concen-
trated, and then purified by column chromatography, obtain-
ing Compound (17) with a yield of 55%. The synthesis path-
way of the above reaction was as follows:

Q»@

Compound (16}

POCl

to luene

F
Compound (17)

[0067] 5.0 g of Compound (17) (21.6 mmol), 5 g of Pd/C
catalyst (palladium 10% on carbon), and 30 mL of toluene
were added into a reaction bottle. Next, the reaction bottle
was heated to reflux. Next, after removing Pd/C catalyst by
filtration, the filtrate was extracted three times using ethyl
acetate and water. Next, an organic phase was separated and
concentrated, and then purified by column chromatography,
obtaining Compound (18) with a yield of 85%. The synthesis
pathway of the above reaction was as follows:

S S AN
Pd/C
—_—
toluene
F F
Compound (17) Compound (18)

[0068] Next, 1.69 g of Compound (18) (7.4 mmol), and
1000 mg of IrCl; (3.35 mmol), 30 mL of 2-methoxyethanol,
and 10 mL of water 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 hours and cooling down to room temperature, the result
was filtrated. The filter cake was collected and washed with
water and hexane, and then dried under vacuum, obtaining
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Compound (19) with a yield of 70%. The synthesis pathway
of the above reaction was as follows:

2-methoxyethaol/

Compound (18)

2

Compound (19)

[0069] Next, 3.0 g of Compound (19) (2.2 mmol), 880 mg
of acetyl acetone (8.8 mmol), 930 mg of sodium carbonate
(Na,CO,, 8.8 mmol), and 20 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 hours 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 Compound
(20) with a yield of 75%. The synthesis pathway of the above
reaction was as follows:

Compound (19)

0 2-methoxyethanol/
H,0
NazC 03
0]
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-continued

S A
\ | PAN X 0

L Foo,
Compound (20)

[0070] 1000 mgofCompound (20) (1.33 mmol), 610 mg of
Compound (18) (2.7 mmol), and 20 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 hours, the reaction
bottle was cooled to room temperature, and water was added
into the reaction bottle to produce precipitate. Finally, the
precipitate was collected and washed with ethyl acetate and
water, and then purified by column chromatography, obtain-
ing Organic metal compound (IV). The synthesis pathway of
the above reaction was as follows:

L F 1,
Compound (20)
S AN
\ AN
glycerol Ve I
—_—
K,COs
F = P8

Compound (18) Organic metal compound (IV)
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Example 5

Preparation of Organic Metal Compound (V)

[0071]

Organic metal compound (V)

[0072] 30.0 g of 2-(2-aminoethyl)thiophene (235.8 mmol),
and 500 mL of water were added into a reaction bottle. Next,
45.6 g of 2,4-difluorine-benzoyl chloride (259.4 mmol) and
sodium hydroxide aqueous solution (20 wt %, 200 mL) were
added into the reaction bottle at 0° C. A white powder product
was separated out during the reaction. Next, after reacting for
12 hours, the mixture was filtrated and the filter cake was
collected. Next, the filter cake was ground to fine powders and
washed with water and hexane, obtaining Compound (21)
with a yield of 90%. The synthesis pathway of the above
reaction was as follows:

@/\/NHZ : @)‘\a
/‘i}jj/lL /\D

Compound (21)

NeOH
HO

[0073] 5.0 gof compound (21) (18.7 mmol) and 100 mL of
toluene were added into a reaction bottle, and the reaction
bottle was cooled to 0° C. Next, 8.5 g of phosphoryl chloride
(POCI;, 56.2 mmol) was added slowly into the reaction
bottle. After the addition was complete, the reaction bottle
was heated to reflux. After reacting for 2 hours, the reaction
bottle was cooled to 40° C., and sodium hydrogen carbonate
was added into the reaction bottle to neutralize the mixture.
Next, the result was extracted three times using ethyl acetate
and water. Next, an organic phase was separated and concen-
trated, and then purified by column chromatography, obtain-
ing Compound (22) with a yield of 53%. The synthesis path-
way of the above reaction was as follows:
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S POCI;

N —_—

H toluene
F

Compound (21)
F
Compound (22)

[0074] 5.0 g of Compound (22) (20.1 mmol), 5.0 g of Pd/C

catalyst (palladium 10% on carbon), and 30 mL of toluene
were added into a reaction bottle. Next, the reaction bottle
was heated to reflux. Next, after removing Pd/C catalyst by
filtration, the filtrate was extracted three times using ethyl
acetate and water. Next, an organic phase was separated and
concentrated, and then purified by column chromatography,
obtaining Compound (23) with a yield of 85%. The synthesis
pathway of the above reaction was as follows:

Pd/C
—_—
toluene
F T
Compound (22) Compound (23)
[0075] Next, compound (23) (1000 mg, 4.0 mmol), and

IrCl; (548 mg, 1.84 mmol), 2-methoxyethanol, 30 mL), and
10 mL of water 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
hours and cooling down to room temperature, the result was
filtrated. The filter cake was collected and washed with water
and hexane, and then dried under vacuum, obtaining Com-
pound (24) with a yield of 78%. The synthesis pathway of the
above reaction was as follows:
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S AN
A
# 2-methoxyethanol/
H,0
F. + Iy ——
F

Compound (23)

Compound (24)

[0076] Next, Compound (24) (1.04 g, 0.72 mmol), 289 mg
of acetyl acetone (2.9 mmol), 306 mg of sodium carbonate
(Na,CO,, 2.9 mmol), and 30 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 hours 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 Compound
(25) with a yield of 70%. The synthesis pathway of the above
reaction was as follows:

Compound (24)

0 2-methoxyethanol/
H,0
NazCO 3
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-continued

Compound {25)

[0077] 782 mg of Compound (25) (0.99 mmol), 492 mg of
Compound (23) (1.99 mmol), 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 96 hours, the reaction
bottle was cooled to room temperature, and water was added
into the reaction bottle to produce precipitate. Finally, the
precipitate was collected and washed with ethyl acetate and
water, and then purified by column chromatography, obtain-
ing Organic metal compound (V). The synthesis pathway of
the above reaction was as follows:

Compound (25)
S \
A |
glycerol 4 I
F —_—
K00,
F 3
Compound (23) Organic metal compound (V)
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Example 6

Preparation of Organic Metal Compound (V1)
[0078]

Organic metal compound (VI)

[0079] 9.0 g of 2-(2-aminoethyl)-5-benzyl-thiophene, 44.3
mmol), and 40 mL of water were added into a reaction bottle.
Next, benzoyl chloride (6.2 g. 44.3 mmol) and sodium
hydroxide aqueous solution (20 wt %, 45 mL) were added
into the reaction bottle at 0° C. A white powder product was
separated out during the reaction. Next, after reacting for 12
hours, the mixture was filtrated and the filter cake was col-
lected. Next, the filter cake was ground to fine powders and
washed with water and hexane, obtaining Compound (26)
with a yield of 91%. The synthesis pathway of the above
reaction was as follows:

S +
\ / NI,
0]
NaOH

Cl —>HZO

(0] S \

=
N
H
Compound (26)

[0080] 15.4 g of Compound (26) (50 mmol) and 50 mL of
toluene were added into a reaction bottle, and the reaction
bottle was cooled to 0° C. Next, 11.5 gof phosphoryl chloride
(POCI,, 75 mmol) was slowly added into the reaction bottle.
After the addition was complete, the reaction bottle was
heated to reflux. After reacting for 2 hours, the reaction bottle
was cooled to 40° C., and sodium hydrogen carbonate was
added into the reaction bottle to neutralize the mixture. Next,
the result was extracted three times using ethyl acetate and
water. Next, an organic phase was separated and concen-
trated, and then purified by column chromatography, obtain-
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ing Compound (27) with a yield of 71%. The synthesis path-
way of the above reaction was as follows:

0 S \ POCI3
toluene
T
N
H

Compound (26)

Compound (27)

[0081] 14.5 g of Compound (27) (50 mmol), 10 g of Pd/C
catalyst (palladium 10% on carbon), and 50 mL of toluene
were added into a reaction bottle. Next, the reaction bottle
was heated to reflux. Next, after removing Pd/C catalyst by
filtration, the filtrate was extracted three times using ethyl
acetate and water. Next, an organic phase was separated and
concentrated, and then purified by column chromatography,
obtaining Compound (28) with a yield of 94%. The synthesis
pathway of the above reaction was as follows:

Compound (28)
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Pd/C

—_—
toluene

Compound (27)
N N
Q \ | e
Compound (28)
[0082] Next, 600 mg of Compound (28) (2.09 mmol), and

282 mg of TrCl, (0.95 mmol), 30 mL of 2-methoxyethanol,
and 10 mL of water 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 hours and cooling down to room temperature, the result
was filtrated. The filter cake was collected and washed with
water and hexane, and then dried under vacuum, obtaining
Compound (29) with a yield of 65%. The synthesis pathway
of the above reaction was as follows:

X

_ N 2-methoxyethanol/
H,0
+ ICly —

Compound (29)
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[0083] Next, 595 mg of compound (29) (0.37 mmol), 148
mg of acetyl acetone (1.47 mmol), sodium carbonate 157 mg
of (Na,CO;, 1.48 mmol), and 2-methoxyethanol, 30 ml.)
were added into a reaction bottle. Next, after removing mois-
ture and purging nitrogen gas several times, the reaction
bottle was heated to 120° C. After reacting for 12 hours 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 concen-
trated, and then purified by column chromatography, obtain-
ing compound (30) with a yield of 65%. The synthesis path-
way of the above reaction was as follows:

0 2-methoxyethanol/
H0
"
Na,COs
(0]

Compound (29)
0=
)II‘( /
[¢]
Compound (30)
[0084] 373 mg of Compound (30) (0.43 mmol), 248 mg of _continued
Compound (28) (0.86 mmol), and 15 mL of glycerol were S N
added into a reaction bottle. Next, after removing moisture |
and purging nitrogen gas several times, the reaction bottle \ N reerol
was heated to 200° C. After reacting for 72 hours, the reaction %»
23

bottle was cooled to room temperature, and water was added
into the reaction bottle to produce precipitate. Finally, the
precipitate was collected and washed with ethyl acetate and
water, and then purified by column chromatography, obtain-
ing Organic metal compound (VI). The synthesis pathway of
the above reaction was as follows:

Compound (28)

L 3

Organic metal compound (VI)

Compound (30)
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Example 7

Preparation of Organic Metal Compound (VII)
[0085]

Organic metal compound (VII)

[0086] 10.0 g of 2-(2-aminoethyl)thiophene (78.7 mmol)
and 100 mL of water were added into a reaction bottle. Next,
17 g of 4-benzyl-benzoyl chloride (78.7 mmol) and sodium
hydroxide aqueous solution (20 wt %, 50 mL) were added
into the reaction bottle at 0° C. A white powder product was
separated out during the reaction. Next, after reacting for 12
hours, the mixture was filtrated and the filter cake was col-
lected. Next, the filter cake was ground to fine powders and
washed with water and hexane, obtaining Compound (31)
with a yield of 82%. The synthesis pathway of the above
reaction was as follows:

T

Compound (31)

[0087] 5.0 gof compound (31) (16.3 mmol) and 100 mL of
toluene were added into a reaction bottle, and the reaction
bottle was cooled to 0° C. Next, 7.4 g of phosphoryl chloride
(POCI,, 48.8 mmol) was added slowly into the reaction
bottle. After the addition was complete, the reaction bottle
was heated to reflux. After reacting for 2 hours, the reaction
bottle was cooled to 40° C., and sodium hydrogen carbonate
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was added into the reaction bottle to neutralize the mixture.
Next, the result was extracted three times using ethyl acetate
and water. Next, an organic phase was separated and concen-
trated, and then purified by column chromatography, obtain-
ing Compound (32) with a yield of 55%. The synthesis path-
way of the above reaction was as follows:

O B

Compound (31)

Tz,

POCl

—_—
toluene

4
z

N\

X

s

Compound (32)

[0088] 5.0 gof Compound (32) (17.3 mmol), 5.0 g of Pd/C
catalyst (palladium 10% on carbon), and 30 mL of toluene
were added into a reaction bottle, Next, the reaction bottle
was heated to reflux for 24 hours. Next, after removing Pd/C
catalyst by filtration, the filtrate was extracted three times
using ethyl acetate and water. Next, an organic phase was
separated and concentrated, and then purified by column
chromatography, obtaining Compound (33) with a yield of
80%. The synthesis pathway of the above reaction was as
follows:

S~ |
&/ / N
7 | Pd/C
—_—
\ toluene
®
Z
Compound (32) Compound (33)

[0089] Next, 5.0 g of compound (33) (17.4 mmol), and
2360 mg of IrCl; (7.9 mmol), 50 mL of 2-methoxyethanol,
and 17 mL of water were added into a reaction bottle. Next,
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after removing moisture and purging nitrogen gas several
times, the reaction bottle was heated to 120° C. After reacting
for 12 hours and cooling down to room temperature, the result
was filtrated. The filter cake was collected and washed with
water and hexane, and then dried under vacuum, obtaining
Compound (34) with a yield of 65%. The synthesis pathway
of the above reaction was as follows:

; A
\

/N

2-methoxyethanol/
0

+ Il ————————

Compound {33)

—2
Compound (34)

[0090] Next, 3.0 gof Compound (34) (1.87 mmol), 750 mg
of acetyl acetone (7.5 mmol), 790 mg of sodium carbonate
(Na,COy, 7.5 mmol), and 30 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 hours 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 Compound
(35) with a yield of 68%. The synthesis pathway of the above
reaction was as follows:
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) B Cl\h/ +
SN Cl/ \
2
Compound (34)
0 2-methoxyethanol/
H,0
NazCO3

/,O_
Mo Ir”'
L/
— —I>
Compound (35)

[0091] 1000 mgof Compound (35) (1.16 mmol), 660 mg of
Compound (33) (2.3 mmol), and 25 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 72 hours, the reaction
bottle was cooled to room temperature, and water was added
into the reaction bottle to produce precipitate. Finally, the
precipitate was collected and washed with ethyl acetate and
water, and then purified by column chromatography, obtain-
ing Organic metal compound (VII). The synthesis pathway of
the above reaction was as follows:
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0=
~~ Ir"‘
<
N /
0]
+
— —2
Compound (35)
S AN

AL

glycerol
—_—
K,COs

Compound (33)

— —3

Organic metal compound (VII)

Example 8

Preparation of Organic Metal Compound (VIII)

[0092]
Organic metal compound (VIII)

Jun. 9, 2016

[0093] 9.0 gof2-(2-aminoethyl)-5-methyl-thiophene (63.7
mmol) and 40 mL of water were added into a reaction bottle.
Next, 8.9 g of benzoyl chloride (63.7 mmol) and sodium
hydroxide aqueous solution (20 wt %, 45 mL) were added
into the reaction bottle at 0° C. A white powder product was
separated out during the reaction. Next, after reacting for 12
hours, the mixture was filtrated and the filter cake was col-
lected. Next, the filter cake was ground to fine powders and
washed with water and hexane, obtaining Compound (36)
with a yield of 90%. The synthesis pathway of the above
reaction was as follows:

NaOH
—_—
Lo

Tz

Compound (36)

[0094] 5.0 g of Compound (36) (20.4 mmol) and 30 mL of
toluene were added into a reaction bottle, and the reaction
bottle was cooled to 0° C. Next, 4.7 g of phosphoryl chloride
(POCl,, 30.6 mmol) was added slowly into the reaction
bottle. After the addition was complete, the reaction bottle
was heated to reflux. After reacting for 2 hours, the reaction
bottle was cooled to 40° C., and sodium hydrogen carbonate
was added into the reaction bottle to neutralize the mixture.
Next, the result was extracted three times using ethyl acetate
and water. Next, an organic phase was separated and concen-
trated, and then purified by column chromatography, obtain-
ing Compound (37) with a yield of 70%. The synthesis path-
way of the above reaction was as follows:

0] N \

~./ P0Cl

aniz=4

toluene

Compound (36)
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-continued
S
AL
Compound (37)

[0095] 11.4 g of Compound (37) (50 mmol), 10 g of Pd/C
catalyst (palladium 10% on carbon), and 50 mL of toluene
were added into a reaction bottle. Next, the reaction bottle
was heated to reflux for 12 hours. Next, after removing Pd/C
catalyst by filtration, the filtrate was extracted three times
using ethyl acetate and water. Next, an organic phase was
separated and concentrated, and then purified by column
chromatography, obtaining Compound (38) with a yield of
92%. The synthesis pathway of the above reaction was as
follows:

S N
AL
Pd/C
toluene
Compound (37) Compound (38)
[0096] Next, 991 mg of Compound (38) (4.4 mmol), and

598 mg of IrCl; (2 mmol), 15 mL of 2-methoxyethanol, and 5
ml of water 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
hours and cooling down to room temperature, the result was
filtrated. The filter cake was collected and washed with water
and hexane, and then dried under vacuum, obtaining Com-
pound (39) with a yield of 69%. The synthesis pathway of the
above reaction was as follows:

S RN
P
2-methoxyethanol/
10
+ ICly ——
Compound (38)
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-continned

Cl
SIr

/N

Cl

2
Compound (39)

[0097] Next, 1.3 g of Compound (39) (1 mmol), 300 mg of
acetyl acetone (3 mmol), 212 mg of sodium carbonate
(Na,CO,, 2 mmol), and 20 mL of 2-methoxyethano] 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 hours 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 Compound
(40) with a yield of 75%. The synthesis pathway of the above
reaction was as follows:

IS
N

2

Compound (39)

2-methoxyethanol/ 2-methoxyethanol/

H,0 H,0
N5.2CO3 N32CO3
O
Compound (40)
[0098] 3000 mg Compound (40) (4.05 mmol), compound

(38) (1820mg, 8.1 mmol), 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 hours, the reaction
bottle was cooled to room temperature, and water was added
into the reaction bottle to produce precipitate. Finally, the
precipitate was collected and washed with ethyl acetate and
water, and then purified by column chromatography, obtain-



US 2016/0164007 A1l

ing Organic metal compound (VIIT). The synthesis pathway
of the above reaction was as follows:

— -2

Compound (40)
S AN
P
glycerol
K,CO3

Compound (38)

L —3

Organic metal compound (VIII)

Exaniple 9

Preparation of Organic Metal Compound (IX)

[0099]
Organic metal compound (IX)

[0100] 9.0 g of 2-(2-aminoethyl)-5-methyl-thiophene (63.7
mmol) and 40 mL of water were added into a reaction bottle.
Next, 12.5 g of 4-tert-butylbenzoyl chloride (63.7 mmol) and
sodium hydroxide aqueous solution (20 wt %, 45 mL) were
added into the reaction bottle at 0° C. A white powder product
was separated out during the reaction. Next, after reacting for
12 hours, the mixture was filtrated and the filter cake was
collected. Next, the filter cake was ground to fine powders and
washed with water and hexane, obtaining Compound (41)
with a yield of 85%. The synthesis pathway of the above
reaction was as follows:
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S NH
R0
0]
o Noon,

o

Tz

Compound {41)

[0101] 15.1 gof Compound (41) (50 mmol) and 50 mL of
toluene were added into a reaction bottle, and the reaction
bottle was cooled to 0° C. Next, 11.5 g of phosphoryl chloride
(POCl,, 75 mmol) was slowly added into the reaction bottle.
After the addition was complete, the reaction bottle was
heated to reflux. After reacting for 2 hours, the reaction bottle
was cooled to 40° C., and sodium hydrogen carbonate was
added into the reaction bottle to neutralize the mixture. Next,
the result was extracted three times using ethyl acetate and
water. Next, an organic phase was separated and concen-
trated, and then purified by column chromatography, obtain-
ing compound (42) with a yield of 74%. The synthesis path-
way of the above reaction was as follows:

0 SN
~./ Pocy

toluene

jania

Compound (41)

Compound (42)

[0102] 14.2 g of Compound (42) (50 mmol), 10 g of Pd/C
catalyst (palladium 10% on carbon), and 50 mL of toluene
were added into a reaction bottle. Next, the reaction bottle
was heated to reflux. Next, after removing Pd/C catalyst by
filtration, the filtrate was extracted three times using ethyl
acetate and water. Next, an organic phase was separated and
concentrated, and then purified by column chromatography,
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obtaining Compound (43) with a yield of 91%. The synthesis
pathway of the above reaction was as follows:

AE B AE

Compound (42) Compound (43)

[0103] Next, 1238 mg of Compound (43) (4.4 mmol), and
598 mg of IrCl; (2 mmol), 2-methoxyethanol, 15 mL), and 5
ml, of water 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
hours and cooling down to room temperature, the result was
filtrated. The filter cake was collected and washed with water
and hexane, and then dried under vacuum, obtaining Com-
pound (44) with a yield of 76%. The synthesis pathway of the
above reaction was as follows:

2-methoxyethanol/

00
+ Il ————

Compound (43)

2

Compound (44)

[0104] Next, 1.57 g of Compound (44) (1 mmol), 300 mg
acetyl acetone (3 mmol), 212 mg of sodium carbonate
(Na,CO,, 2 mmol), and 2-methoxyethanol, 20 mL) were
added into a reaction bottle. Next, after removing moisture
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and purging nitrogen gas several times, the reaction bottle
was heated to 120° C. After reacting for 12 hours 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 Compound
(45) with a yield of 71%. The synthesis pathway of the above
reaction was as follows:

11
N
C +
2
Compound (44)
0 2-methoxyethanol/ 2-methoxyethanol/
L0 H0
Na,CO3 Na2,CO3
0
0=
.. Ir”’
NG /
(0]
— —
Compound (45)

[0105] 852 mg of Compound (45) (1 mmol), 562 mg of
Compound (43) (2 mmol), and 5 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 hours, the reaction
bottle was cooled to room temperature, and water was added
into the reaction bottle to produce precipitate. Finally, the
precipitate was collected and washed with ethyl acetate and
water, and then purified by column chromatography, obtain-
ing Organic metal compound (IX). The synthesis pathway of
the above reaction was as follows:
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(0]
L —1
Compound (45)
S AN
A
A glycerol
K,COs

Compound (43)

— —3

Organic metal compound (IX)

[0106] Next, thermal degradation temperature (T,) of
Organic metal compounds (I)-(V) was measured by thermo-
gravimetric analyzer (TGA), and the result is shown in Table
1. Next, Organic metal compounds (I)-(V) were dissolved
into CH,Cl, individually obtaining solutions with a concen-
tration of 10~> M. Next, the photoluminescence (PL) spectra
and the maximum luminous intensity peak (Emission A,,,,)
of the solutions were measured, and the results are shown in
Table 1.

TABLE 1

thermal degradation maximum luminous

temperature intensity peak (Emission
(Ts°C) )
Organic metal compound 421 560
@
Organic metal compound 444 556
oY)
Organic metal compound 413 552

ey
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TABLE 1-continued

thermal degradation maximum luminous

temperature intensity peak (Emission
(Ts°C) o 1I1)
Organic metal compound 435 528
Iv)
Organic metal compound 403 534
)
[0107] AsshowninTable 1, the organic metal compound of

the disclosure can have a thermal degradation temperature
(T ) that is higher than 400° C. Therefore, the organic metal
compound is suitable for being purified by a sublimation
process. In addition, Organic metal compound (I) (with
4-phenylthieno[3,2-c]pyridine ligand) has a maximum lumi-
nous intensity peak of 560 nm, and can serve as a yellow
phosphorescent material. Furthermore, the organic metal
compounds with a modified 4-phenylthieno[3,2-c]pyridine
ligand, which the hydrogen bonded in the phenyl group
thereof is replaced with an electron withdrawing group (such
as fluorine), can exhibit a blue-shifted emission in compari-
son with Organic metal compound (I). For example, Organic
metal compounds (IV) and (V) have a maximum luminous
intensity peak of 528 nm and 534 nm respectively, and can
serve as green phosphorescent materials.

[0108]

[0109] FIG. 2 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. 2. The organic light-emitting device 10 can be a top-
emission, bottom-emission, or dual-emission devices. The
substrate 12 can be a glass, plastic, or semiconductor sub-
strate. Suitable materials for the bottom electrode 14 and top
electrode 18 can be Ca, Ag, Mg, Al, Li, In, Au, Ni, W, Pt, Cu,
indium tin oxide (ITO), indium zine oxide (IZO), aluminum
zine oxide (AZ0), or zinc oxide (ZnO), formed by sputtering,
electron beam evaporation, thermal evaporation, or chemical
vapor deposition. Furthermore, at least one of the bottom and
top electrodes 14 and 18 is transparent.

[0110] 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 aforementioned organometallic com-
pound.

[0111]  According to another embodiment of the disclosure,
the organic light-emitting device can be a phosphorescent
organic light-emitting device, and the emission layer of the
organic light-emitting element can include a host material and
a dopant, wherein the dopant can include the aforementioned
organic compounds. The dose of the dopant is not limited and
can optionally be modified by a person of ordinary skill in the
field.

[0112] In order to clearly disclose the organic light-emit-
ting devices of the disclosure, the following examples (having
an emitting layer employing the organic metal compounds 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 modifica-
tions and variations will be apparent to those skilled in this art.

Organic Light-Emitting Device
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Example 10

Organic Light-Emitting Device (1)

[0113] A glass substrate with an indium tin oxide (ITQ)
film with a thickness of 150 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(poly(3,4)-ethylendioxythiophen):
PSS(e-polystyrenesulfonate) was coated on the ITO film by a
blade and spin coating process (with a rotation rate of 4000
rpm) and baked at 100° C. for 40 min to form a PEDOT:PSS
film serving as a hole injection layer (with a thickness of 50
nm). Next, TAPC (1,1-bis[4-[N,N'-di(p-tolyl)amino]phenyl]
cyclobexane, with a thickness of 40 nm), TCTA (4,4'4'-tri(N-
carbazolyljtriphenylamine) doped with Organic metal com-
pound (I) (the weight ratio between TCTA and Organic metal
compound (I) was 100:6, with a thickness of 10 nm),
TmPyPB  (1,3,5-tri(p-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 10~ torr, obtaining the organic light-
emitting device (I) after encapsulation. The materials and
layers formed therefrom are described in the following: ITO/
PEDOT/TAPC/TCTA:Organic metal compound (I) (6%)/
TmPyPB/LiF/Al

[0115] Next, the optical properties of the light-emitting
device (I) were measured by a spectra colorimeter PR650
(purchased from Photo Research Inc.) and a luminance meter
LS110 (purchased from Konica Minolta). The results are
shown in Table 2.

Example 11

Organic Light-Emitting Device (I1)

[0116] Example 11was performed in the same manneras in
Example 10 except that Organic metal compound (II) was
substituted for Organic metal compound (I), obtaining the
organic light-emitting device (II). The materials and layers
formed therefrom are described in the following: ITO/PE-
DOT/TAPC/TCTA:Organic metal compound (II) (6%)/
TmPyPB/LiF/Al

[0117] Next, the optical properties of the light-emitting
device (II) were measured by a spectra colorimeter PR650
(purchased from Photo Research Inc.) and a luminance meter
LS110 (purchased from Konica Minolta). The results are
shown in Table 2.

Example 12

Organic Light-Emitting Device (I1I)

[0118] Example 12 was performed in the same manner as in
FExample 11 except that Cs,CO, was substituted for LiF,
obtaining the organic light-emitting device (III). The materi-
als and layers formed therefrom are described in the follow-
ing: ITO/PEDOT/TAPC/TCTA:organic metal compound (II)
(6%)/TmPyPB/Cs,CO,/Al

[0119] Next, the optical properties of the light-emitting
device (III) were measured by a spectra colorimeter PR650
(purchased from Photo Research Inc.) and a luminance meter
LS110 (purchased from Konica Minolta). The results are
shown in Table 2.
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Example 13

Organic Light-Emitting Device (IV)

[0120] Example 13 was performed in the same manner as in
Example 10 except that Organic metal compound (IIT) 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/PE-
DOT/TAPC/TCTA:Organic metal compound (III) (6%)/
TmPyPB/LiF/Al

[0121] Next, the optical properties of the light-emitting
device (IV) were measured by a spectra colorimeter PR650
(purchased from Photo Research Inc.) and a luminance meter
LS110 (purchased from Konica Minolta). The results are
shown in Table 2.

Example 14

Organic Light-Emitting Device (V)

[0122] Example 14 was performed in the same manner as in
Example 10 except that Organic metal compound (IV) 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/PE-
DOT/TAPC/TCTA:Organic metal compound (IV) (6%)/
TmPyPB/LiF/Al

[0123] Next, the optical properties of the light-emitting
device (V) were measured by a spectra colorimeter PR650
(purchased from Photo Research Inc.) and a luminance meter
LS110 (purchased from Konica Minolta). The results are
shown in Table 2.

TABLE 2
maximum
current power luminous
efficiency  efficiency  intensity peak CLE

(Cd/A) (Im/W) (num) coordinate
organic light- 384 24.1 557 (0.48,0.51)
emitting device
@
organic light- 74.6 46.9 556 (0.48,0.51)
emitting device
oY)
organic light- 73.6 66.0 560 (049,0.51)
emitting device
(1)
organic light- 67.6 38.6 556 (0.48,0.52)
emitting device
v)
organic light- 48.8 30.7 528 (0.38,0.59)
emitting device
)
[0124] As shown in Table 2, the organic light-emitting

devices (I)-(V) of the disclosure have a power efficiency that
is equal to or greater than 24.1 Im/W (measured at a bright-
ness of 1000 Cd/m?). When Organic metal compounds (I)-
(1II) serve as a phosphorescence dopant material of the light-
emitting layer, the obtained organic light-emitting devices are
yellow organic light-emitting devices. In addition, when
Organic metal compound (IV) serves as a phosphorescence
dopant material of the light-emitting layer, the obtained
organic light-emitting device is a green organic light-emitting
device due to the blue-shifted emission resulting from the
fluorine-modified 4-phenylthieno[3,2-c]pyridine ligand.



US 2016/0164007 A1l

[0125] Moreover, since Cs,CO, was substituted for LiF, the
power efficiency of the organic light-emitting device (I1I) is
about 1.41 times higher than that ofthe organic light-emitting
device (II).

Example 15

Organic Light-Emitting Device (V)

[0126] A glass substrate with an indium tin oxide (ITO)
film with a thickness of 150 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.

[0127] PEDOT(poly(3,4)-ethylendioxythiophen): PSS
(e-polystyrenesulfonate) was coated on the ITO film by a
blade and spin coating process (with a rotation rate of 4000
rpm) and baked at 100° C. for 40 min to form a PEDOT:PSS
film serving as a hole injection layer (with a thickness of 50
nm). Next, a composition was used for forming a light-emit-
ting 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 30 nm). The composition
used for forming a light-emitting layer includes TCTA (4,
4' 4'-tri(N-carbazolyl)triphenylamine) and Organic metal
compound (II), wherein the weight ratio of TCTA and
Organic metal compound (IT) was 93:7, dissolved in chlo-
robenzene. Next, TmPyPB (1,3,5-tri(p-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 120 nm) were subsequently formed on the
TmPyPB film at 107° torr, obtaining the organic light-emit-
ting device (V1) after encapsulation. The materials and layers
formed therefrom are described in the following: ITO/PE-
DOT/TCTA: Organic metal compound (II) (7%)/ TmPyPB/
LiF/Al.

[0128] Next, the optical properties of the light-emitting
device (VI) were measured by a spectra colorimeter PR650
(purchased from Photo Research Inc.) and a luminance meter
LS110 (purchased from Konica Minolta).

[0129] During the formation of the light-emitting device
(VI) via a wet process, it shows that Organic metal compound
(TI) exhibits high solubility when the solvent has a solid
content that is greater than 4 wt %. Therefore, the organic
metal compound of the disclosure can be uniformly mixed
with the host material (TCTA). Furthermore, the organic
light-emitting device (V) fabricated via the wet process has
apower efficiency of 13.5 lm/W (measured at a brightness of
1000 Cd/m®).

[0130] While the disclosure has been described by way of
example and in terms of the preferred embodiments, it should
be understood that the disclosure is not limited to the dis-
closed embodiments. On the contrary, it is intended to cover
various modifications and similar arrangements (as would be
apparent to those skilled in the art). Therefore, the scope of
the appended claims should be accorded the broadest inter-
pretation so as to encompass all such modifications and simi-
lar arrangements.
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What is claimed is:

1. An organic metal compound, having a structure of For-
mula (I):

Formula (T)

Ir

Ya

®),

wherein, R" is independently hydrogen, C,_, , alkyl group,
Cs_,o cycloalkyl group, C,_,, heteroaryl group, or Cq_|,
aryl group; R? is independently hydrogen, halogen,
C,_,, alkyl group, Cs_,, cycloalkyl group, C,_,, het-
eroaryl group, or C_,, aryl group.

2. The organic metal compound as claimed in claim 1,
wherein R' is independently hydrogen, methyl group, ethyl
group, propyl group, isopropyl group, n-butyl group, isobutyl
group, sec-butyl group, tert-butyl group, pentyl group, hexyl
group, cyclopentyl group, cyclohexyl group, octyl group,
decyl group, dodecyl group, phenyl group, biphenyl group, or
naphthyl group.

3. The organic metal compound as claimed in claim 1,
wherein R? is independently hydrogen, fluorine, methyl
group, ethyl group, propyl group, isopropyl group. n-butyl
group, isobutyl group, sec-butyl group, tert-butyl group, pen-
tyl group, hexyl group, cyclopentyl group, cyclohexyl group,
octyl group, decyl group, dodecyl group, phenyl group,
biphenyl group, or naphthyl group.

4. The organic metal compound as claimed in claim 1,
wherein the organic metal compound has a structure of For-
mula (1I):

Formula (IT)

Ir

S

®)

wherein, R? is independently hydrogen, halogen, C,_,
alkyl group, Cs_,, cycloalkyl group, C;_,, heteroaryl
group, or C_, , aryl group.

5. The organic metal compound as claimed in claim 4,
wherein R? is independently hydrogen, fluorine, methyl
group, ethyl group, propyl group, isopropyl group. n-butyl
group, isobutyl group, sec-butyl group, tert-butyl group, pen-
tyl group, hexyl group, cyclopentyl group, cyclohexyl group,
octyl group, decyl group, dodecyl group, phenyl group,
biphenyl group, or naphthyl group.



US 2016/0164007 A1l

6. The organic metal compound as claimed in claim 4,
wherein the organic metal compound is
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-continued

7. The organic metal compound as claimed in claim 1,
wherein the organic metal compound has a structure of For-
mula (I1D):

Formula (IIT)

\/\

(R),

wherein, R? is independently hydrogen, halogen, C,_,
alkyl group, Cs_,, cycloalkyl group, C;_,, heteroaryl
group, or C,_, , aryl group.

8. The organic metal compound as claimed in claim 7,
wherein R is independently hydrogen, fluorine, methyl
group, ethyl group, propyl group, isopropyl group. n-butyl
group, isobutyl group, sec-butyl group, tert-butyl group, pen-
tyl group, hexyl group, cyclopentyl group, cyclohexyl group,
octyl group, decyl group, dodecyl group, phenyl group,
biphenyl group, or naphthyl group.

9. The organic metal compound as claimed in claim 7,
wherein the organic metal compound is
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-continued wherein, R' is independently hydrogen, C,_, , alkyl group,
7 B Cs_, cycloalkyl group, C,_, , heteroaryl group, or Cg_|,
aryl group.

11. The organic metal compound as claimed in claim 10,
wherein R' is independently hydrogen, methyl group, ethyl
group, propyl group, isopropyl group, n-butyl group, isobutyl
group, sec-butyl group, tert-butyl group, pentyl group, hexyl
group, cyclopentyl group, cyclohexyl group, octyl group,
decyl group, dodecyl group, phenyl group, biphenyl group, or
naphthyl group.

12. The organic metal compound as claimed in claim 10,
wherein the organic metal compound is

10. The organic metal compound as claimed in claim 1,
wherein the organic metal compound has a structure of For-
mula (IV):

Formula (IV)

.\I
r, or
/ >
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-continued

13. The organic metal compound as claimed in claim 1,
wherein the organic metal compound has a structure of For-
mula (V):

Formula (V)

wherein, R? is independently hydrogen, halogen, C,_,
alkyl group, C;_,, cycloalkyl group, C,_,, heteroaryl
group, or C4_,, aryl group.

14. The organic metal compound as claimed in claim 13,
wherein R is independently hydrogen, fluorine, methyl
group, ethyl group, propyl group, isopropyl group, n-butyl
group, isobutyl group, sec-butyl group, tert-butyl group, pen-
tyl group, hexyl group, cyclopentyl group, cyclohexyl group,
octyl group, decyl group, dodecyl group, phenyl group,
biphenyl group, or naphthyl group.

15. The organic metal compound as claimed in claim 13,
wherein the organic metal compound is
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-continued

16. The organic metal compound as claimed in claim 1,
wherein the organic metal compound has a structure of For-
mula (VI):

Formula (VI)

wherein, R is independently hydrogen, C,_, , alkyl group,
Cs_yo cycloalkyl group, C; 4, heteroaryl group, or Cq |,
aryl group.

17. The organic metal compound as claimed in claim 16,
wherein R* is independently hydrogen, methyl group, ethyl
group, propyl group, isopropyl group, n-butyl group, isobutyl
group, sec-butyl group, tert-butyl group, pentyl group, hexyl
group, cyclopentyl group, cyclohexyl group, octyl group,
decyl group, dodecyl group, phenyl group, biphenyl group, or
naphthyl group.
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18. The organic metal compound as claimed in claim 16, -continued
wherein the organic metal compound is [ s AN ]
N A
I
/
)
AN
A

19. 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.

or

20. The organic light-emitting device as claimed in claim
19, wherein the organic light-emitting element comprises a
light-emitting layer, wherein the light-emitting layer com-
prises a host material and the organic metal compound as
claimed in claim 1.
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