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(57) ABSTRACT

A platinum complex, an OLED using the platinum complex,
and an apparatus emitting visible light or near-IR light are
provided. The platinum complex has a structure represented
by formula (I):

O

wherein Al to A3 are each independently a six-membered
ring or a five-membered ring; R is substituted or unsubsti-
tuted C,-C,, alkyl or substituted or unsubstituted C4-C,,
aryl; each R® is independently hydrogen, substituted or
unsubstituted C,-C,, alkyl, or substituted or unsubstituted
C,-C¢ alkoxy; p is an integer of 1 to 2; when p is equal to
2, two R¥’s can be joined to form a C,-Cy, aromatic ring; and
a first chelating ligand having A1 and a carbene fragment has
a minus one formal charge and a second chelating ligand
having A2 and A3 has a minus one formal charge.
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PLATINUM BASED OLED EMITTER
SHOWING VISIBLE OR NEAR-INFRARED
EMISSION

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the priority benefit of Tai-
wan application serial no. 105117900, filed on Jun. 7, 2016.
The entirety of the above-mentioned patent application is
hereby incorporated by reference herein and made a part of
this specification.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] The invention relates to a metal complex, and more
particularly, to a platinum complex and an application
thereof.

Description of Related Art

[0003] The organic-light emitting diode (OLED) device
has received much attention in the display industry, in
particular the flat panel display industry since the OLED
devices can be operated under low driving voltage and can
generate high luminous efficiency.

[0004] To develop various new light-emitting devices hav-
ing an emission range covering the visible region and the
near-infrared region, the development of various colored
light-emitting materials having high stability and high emis-
sion efficiency is the main object of current OLED research.
The existing tetracoordinated platinum complex has suitable
emission characteristics, but the rigidity and stability thereof
are still sometimes insufficient.

SUMMARY OF THE INVENTION

[0005] The invention provides a platinum complex having
structural stability and excellent luminous efficiency.
[0006] The invention also provides an OLED including
the platinum complex and an apparatus capable of emitting
visible light or near-IR light.

[0007] The platinum complex of the invention has a
structure represented by general formula (I):

@

[0008] wherein Al to A3 are each independently a
six-membered ring or a five-membered ring; R' is
substituted or unsubstituted C,-C, , alkyl or substituted
or unsubstituted C,-C , aryl; each R? is independently
hydrogen, substituted or unsubstituted C,-C, , alkyl, or
substituted or unsubstituted C,-C, alkoxy; p is an
integer of 1 to 2; when p is equal to 2, two R*’s can be
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joined to form a C,-C, aromatic ring; and a first
chelating ligand having Al and a carbene functional
group has a minus one formal charge and a second
chelating ligand having both A2 and A3 has a minus
one formal charge.

[0009] In an embodiment of the invention, the platinum
complex has a structure represented by general formula

(1-1):

9

R!

U ;\"J

®?),

[0010] wherein an inter-ligand hydrogen bond exists
between the first chelating ligand and the second
chelating ligand.

[0011] In an embodiment of the invention, the platinum
complex has a structure represented by general formula
(TA):

1)
RF

®Y),
VX! X8
2
X \ /

%N/HNJN
ﬁ%

X4 \ X3
(R3),

[0012] wherein X' is oxygen, sulfur, or nitrogen; X to
X are each independently carbon or nitrogen; R” is an
electron withdrawing group; R! is substituted or unsub-
stituted C,-C,, alkyl or substituted or unsubstituted
C4-C,, aryl; each R? is independently hydrogen, sub-
stituted or unsubstituted C,-C,, alkyl or substituted or
unsubstituted C,-Cg alkoxy; p is an integer of 1 to 2;
each R? is independently hydrogen, substituted or
unsubstituted C,-C, , alkyl, substituted or unsubstituted
C,-C; alkoxy, or —C,_F,_ .., mis an integer of 0 to 3;
q is an integer of 0 to 3; each R* is independently
hydrogen, fluorine, substituted or unsubstituted C,-C,,
alkyl, substituted or unsubstituted C,-C, , aryl, or sub-
stituted or unsubstituted C, -C, alkoxy; r is an integer of
0 to 2; when p is equal to 2, two R*’s can be joined to
form a C,-Cy aromatic ring; when q is equal to or
greater than 2, two or more R*’s can be joined to form
a C;-Cq aromatic ring; and when r is equal to 2, two
R™s can be joined to form a C;-Cq aromatic ring.
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[0013] In an embodiment of the invention, the platinum
complex has a structure represented by general formula (IB):

(IB)
(RS,

[0014] wherein X> to X° are each independently carbon
or nitrogen; R is an electron withdrawing group; R' is
substituted or unsubstituted C,-C, , alkyl or substituted
or unsubstituted Cs-C,, aryl; each R? is independently
hydrogen, substituted or unsubstituted C,-C,, alkyl or
substituted or unsubstituted C,-C4 alkoxy; p is an
integer of 1 to 2; each R® is independently hydrogen,
substituted or unsubstituted C,-C | , alkyl, substituted or
unsubstituted C,-C, alkoxy, or —C_F, ., in is an
integer of 0 to 3; q is an integer of 0 to 3; each R’ is
independently hydrogen, fluorine, substituted or unsub-
stituted C,-C,, alkyl, or substituted or unsubstituted
C,-C, alkoxy; s is an integer of 0 to 3; when p is equal
to 2, two R*’s can be joined to form a C-C, aromatic
ring; when q is equal to or greater than 2, two or more
R*s can be joined to form a C,-C, aromatic ring; and
when s is equal to or greater than 2, two or more R>’s
can be joined to form a C,;-Cq aromatic ring.

[0015] A hydrogen bond exists between two chelating
ligands of the platinum complex of the invention, and
therefore the bonding strength of the chelating ligands and
a central platinum metal can be increased, such that the
structure of the platinum complex of the invention is more
stable. The total negative charge of two chelating ligands of
the platinum complex of the invention is the same as the
positive charge of the central platinum metal ion, so a neutral
platinum complex can be formed. A neutral complex gen-
erally has better volatility, and therefore a multilayer OLED
light-emitting device can be formed using an evaporation
method, and the luminous efficiency thereof can be
improved. Moreover, the platinum complex of the invention
has two N—Pt coordination bonds and two C—Pt coordi-
nation bonds. Since the bond energy of C—Pt bond is
greater than the bond energy of N—Pt interaction, by
increasing the relative number of C—Pt bonds, the overall
bonding strength between the chelating ligands and the
central metal atom can be increased. Accordingly, the energy
level of metal-centered dd excited states can be increased,
such that influence on the lowest energy excited state from
the dd excited states can be reduced, and non-radiative
quenching can be reduced as well. As a result, the luminous
efficiency of the complex can be increased. Moreover, in the
platinum complex of the invention, the ring structures of Al
and A3 contain nitrogen atoms with high electronegativity,
and such nitrogen atoms are beneficial to increase the
stacking effect between molecules, reduce the Pt—Pt inter-
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molecular distance, and induce metal-metal-to-ligand charge
transfer transition (MMLCT) within the solid state. There-
fore, shorter luminous half-life and better emission effi-
ciency of the complex of the invention are provided.
[0016] It should be understood, however, that this Sum-
mary may not contain all of the aspects and embodiments of
the present disclosure, is not meant to be limiting or restric-
tive in any manner, and that the disclosure as disclosed
herein is and will be understood by those of ordinary skill in
the art to encompass obvious improvements and modifica-
tions thereto.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The accompanying drawings are included to pro-
vide a further understanding of the invention, and are
incorporated in and constitute a part of this specification.
The drawings illustrate embodiments of the invention and,
together with the description, serve to explain the principles
of the invention.

[0018] FIG. 1 shows the absorption spectrum and the
emission spectrum of each of compounds (IA-1). (IA-2),
(TA-4), (1A-5), and (IA-6) synthesized in examples 1 to 5 of
the invention.

[0019] FIG. 2 shows the absorption spectrum and the
emission spectrum of each of compounds (IB-1), (IB-2),
(IB-4), and (IB-5) synthesized in examples 6 to 9 of the
invention.

[0020] FIG. 3 shows the absorption spectrum and the
emission spectrum of each of compounds (IB-8), (IB-9),
(IB-10), and (IB-11) synthesized in examples 10 to 13 of the
invention.

DESCRIPTION OF THE EMBODIMENTS

[0021] In the following, embodiments are provided to
further describe the invention, but the embodiments are only
exemplary and are not intended to limit the scope of the
invention.

[0022] The platinum complex of the invention has a
structure represented by general formula (I):

O

[0023] wherein Al to A3 are each independently a
six-membered ring or a five-membered ring; R’ is
substituted or unsubstituted C,-C,, alkyl or substituted
or unsubstituted C4-C,, aryl; each R* is independently
hydrogen, substituted or unsubstituted C,-C, , alkyl, or
substituted or unsubstituted C,-C, alkoxy; p is an
integer of 1 to 2; when p is equal to 2, two R*’s can be
joined to form a C;-Cy aromatic ring; and a first
chelating ligand having A1 and a carbene fragment (or
a carbene functional group) has a minus one formal
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charge (or valence) and a second chelating ligand
having both A2 and A3 has a minus one formal charge
(or valence).
[0024] Since the total negative charge of two chelating
ligands of the platinum complex of the invention is the same
as the positive charge of the central platinum metal ion, a
neutral platinum complex can be formed. A neutral complex
generally has better volatility, and therefore a multilayer
OLED light-emitting device can be formed using an evapo-
ration method, and the luminous efficiency thereof can be
improved.
[0025] In an embodiment, the platinum complex of the
invention has a structure represented by general formula

(I-1):
-1

A2 A3
C— N—N

/NS
H Pt
< / al

N—C
,""~N/

()

®2),

[0026] wherein an inter-ligand hydrogen bond exists
between the first chelating ligand and the second
chelating ligand.

[0027] A hydrogen bond exists between two chelating
ligands of the platinum complex of the invention, and
therefore the bonding strength of the chelating ligands and
the central platinum metal can be increased, such that the
structure of the platinum complex of the invention is more
stable.

[0028] In an embodiment, when Al is a six-membered
ring, A2 is a five-membered ring, and A3 is a five-membered
ring, the platinum complex of the invention has a structure
represented by general formula (IA):

)
(RQrXI X6 RF
2N
X: / |
W,
N
H Pt
7=
X3 N'l
Vd N\
(R} R
Kg

[0029] wherein X' is carbon, oxygen, sulfur, or nitro-
gen; X? to X° are each independently carbon or nitro-
gen; R” is an electron withdrawing group; R" is sub-
stituted or unsubstituted C,-C,, alkyl or substituted or
unsubstituted C4-C,, aryl; each R* is independently
hydrogen, substituted or unsubstituted C,-C,, alkyl or
substituted or unsubstituted C,-C, alkoxy; p is an
integer of 1 to 2; each R? is independently hydrogen,
substituted or unsubstituted C,-C, , alkyl, substituted or
unsubstituted C,-C, alkoxy, or —C,F,,,,,, m is an
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integer of 0 to 3; q is an integer of 0 to 3; each R* is
independently hydrogen, fluorine, substituted or unsub-
stituted C,-C,, alkyl, substituted or unsubstituted
CsC,, aryl, or substituted or unsubstituted C,-Cg
alkoxy; r is an integer of 0 to 2; when p is equal to 2,
two R¥’s can be joined to form a C,-C, aromatic ring;
when q is equal to or greater than 2, two or more R*’s
can be joined to form a C;-C, aromatic ring; and when
ris equal to 2, two R*’s can be joined to form a C,-Cy
aromatic ring.

[0030] In an embodiment, X* and X> are both carbon,

wherein q is 2, two R*’s are respectively bonded to X* and

X3, ris 1, and R* is bonded to X*.

[0031] Inan embodiment, R” includes —C,F,,,,, and m

is an integer of 0 to 3.

[0032] In an embodiment, the platinum complex of the

invention has a structure represented by one of formula

(TA-1) to formula (TA-8):

y IA-1
N CF;
(T
N N
\Pt/
N e
_ =
) y IA-2
N CFH
LT
\ptg\
N /Plj
Bu / \ ’l’-\.N
B —<N_ N\)
y A3
N CF;
(T
N N
\Pt/
N e
By / \ ’l“\N
B —<N_ N /
[A-4

N\Pt /1\ -
) S N
F3C4</ \ N\)
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-continued

A5
N/ / CF;
LT
\Pt/
N % /Pr
F3C—</ \ Nd
= =
A6
/Ph
N CFs
[}_N
N N/N
\Pt/
N Pr
—d N_ /TN
FC4<N_ N\)
A7
N/ CF;
T
\Pt/
N
F3C4</ \ N o
— =
IA-8
CF,

[0033] In another embodiment, when Al is a six-mem-
bered ring, A2 is a six-membered ring, and A3 is a five-
membered ring, the platinum complex of the invention has
a structure represented by general formula (IB):
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(1B)
(R),

X8 |-X
/4
¥9

7 X5
aad
_ N

H\}N\Pt/N
P e

/ /
X\\ / N \J
XH-x5 ="
®) 0
q

RF

[0034] wherein X to X® are each independently carbon
or nitrogen; R” is an electron withdrawing group; R* is
substituted or unsubstituted C,-C,, alkyl or substituted
or unsubstituted C,-C , aryl; each R? is independently
hydrogen, substituted or unsubstituted C,-C, , alkyl or
substituted or unsubstituted C,-C4 alkoxy; p is an
integer of 1 to 2; each R? is independently hydrogen,
substituted or unsubstituted C, -C | , alkyl, substituted or
unsubstituted C,-C; alkoxy, or —C,F, ..,
integer of 0 to 3; q is an integer of 0 to 3; each R’ is
independently hydrogen, fluorine, substituted or unsub-
stituted C,-C,, alkyl, or substituted or unsubstituted
C,-C, alkoxy; s is an integer of 0 to 3; when p is equal
to 2, two R*’s can be joined to form a C,-C, aromatic
ring; when q is equal to or greater than 2, two or more
R*s can be joined to form a C5-C, aromatic ring; and
when s is equal to or greater than 2, two or more R>’s
can be joined to form a C,-Cy aromatic ring.

[0035] As shown by general formula (I-1), general for-
mula (IA), and general formula (IB), a hydrogen bond exists
between two chelating ligands of the platinum complex of
the invention. For example, a hydrogen bond is present at the
left side of the structures shown in general formula (I-1),
general formula (IA), and general formula (IB). Since a
hydrogen bond exists between two chelating ligands of the
platinum complex of the invention, the square planar struc-
ture of the platinum complex of the invention is more stable.
A stable structure allows better intermolecular stacking of
the platinum complex of the invention, such that a longer
emission wavelength can be more readily achieved.

[0036] The aromatic ring can include an aromatic hydro-
carbon ring or an aromatic heterocyclic ring. Specific
examples of the aromatic ring include a phenyl ring, a
pyridine ring, a pyrazine ring, a pyrimidine ring, a
pyridazine ring, a triazine ring, a pyrrole ring, a furan ring,
a thiophene ring, a selenophene ring, a tellurophene ring, an
imidazole ring, a thiazole ring, a selenazole ring, a tellura-
zole ring, a thiadiazole ring, an oxadiazole ring, and a
pyrazole ring.

[0037] In an embodiment, the platinum complex of the
invention has a structure represented by one of formula
(IB-1) to formula (IB-15):

m is an
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CF,

«}*/

o

«}W

_ _N
N\Pt/N
N— N
Bu4<\N / N\)
CF;
/ \_J/ |
— N/N
\Pt/
Ne— N
F3C—<\N / N\)
N CF3
— x—N
\Pt/
J N/
F3c—<\N / N\)
N CF3
oot
— I\'/N
N,

IB-1

1B-2

IB-3

1B-4

IB-5

IB-6
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-continued
IB-13

1B-14

1B-15

[0038] In an embodiment, the platinum complex of the
invention has an emission wavelength of about 450 nm and
750 nm, so the application thereof is broad. More specifi-
cally, when the emission wavelength of the platinum com-
plex of the invention is in the visible light range, such
platinum complex can be applied in the organic light-
emitting diode (OLED) field. When the emission wave-
length of the platinum complex of the invention is greater
than 700 nm and falls within the near-infrared (IR) range,
such platinum complex can be applied in the military or
medical field to provide a light source invisible to the naked
eye or a light source capable of penetrating the human body
or animal tissue.

[0039] In an embodiment, the invention provides an appa-
ratus emitting visible light or near-IR light and including the
platinum complex.

[0040] In an embodiment, the invention provides an
OLED including two electrodes and a light-emitting layer
disposed between the two electrodes, and the light-emitting
layer contains the platinum complex. The platinum complex
can be used as a dopant for a host material of the light-
emitting layer. The material of each of the two electrodes can
be selected from materials commonly used in the field, and
other functional layers (such as an electron-transport layer,
a hole-injection layer, a hole-transport layer, a hole-blocking
layer or the like) can also be disposed between each of the
electrodes and the light-emitting layer via a known tech-
nique in the art. The OLED can be manufactured on a flat
substrate, such as conductive glass or a plastic substrate.
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[Forming Method of Platinum Complex]

Synthesis of Chelating Ligand Precursor Having Carbene
Structure

[0041] In the invention, a chelating ligand having a car-
bene structure is used as the first chelating ligand of the
platinum complex. In an embodiment, the precursor of the
first chelating ligand of the invention is obtained via the
following method:

S
N N
= . \ Y,

R, =Bu, CF3 Ry

b)orc)

N N

\(
Ry

(b) Ry =Me
(c) Ry =Pr

(a) Cul,, L-proline, K,CO3, DMSO, 70° C., 24 h (b) CH;L, THF, r.t., 24 h (c) Prl,
THF, reflux, 24 h

[0042] The precursor of the first chelating ligand of the
invention can be prepared by adopting suitable reactants and
reaction conditions based on changes of each chelating
ligand, and the reaction preparation method can be modified
based on a known technique in the art.

[0043] In the following, N-(2-tert-butylpyrimidin-5-yl)-
N'-methylimidazolium iodide is used as an example of the
first chelating ligand of the invention, and the specific
synthetic steps thereof are as follows.

[0044] First, the synthesis of N-(2-tert-butylpyrimidin-5-
yl)imidazole (shown below) was performed.

-~ -Q

[0045] The synthetic steps are as follows:

[0046] 2-tert-butyl-5-bromopyrimidine (324 mg, 1.51
mmol), imidazole (68 mg, 1.66 mmol), copper iodide (57
mg, 0.30 mmol), L-proline (69 mg, 0.60 mmol), potassium
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carbonate (833 mg, 6.04 mmol), and dimethyl sulfoxide (5
mL) were placed in a sealed tube to react at 70° C. for 24
hours. The reaction mixture was cooled to room temperature
and stratified in water and ethyl acetate. The organic layers
were separated and the aqueous layer was extracted using
ethyl acetate. The organic layers were combined, washed
with salt water, then dried using anhydrous sodium sulfate,
and then concentrated under reduced pressure. The residue
was separated using column chromatography (silicone, ethyl
acetate/hexane=1:1) to obtain a white solid (198 mg, 0.98
mmol, yield: 65%).

[0047] Spectral data of N-(2-tert-butylpyrimidin-5-y1)imi-
dazole: '"H NMR (400 MHz, CDCl,, 298K): & 8.68 (s, 2H),
7.76 (s, 1H), 7.19 (d, J=4.0 Hz, 1H), 7.17 (d, J=4.0 Hz, 1H),
1.32 (s, 9H). MS (EI) observed (actual): m/z 202 (202) [M"].
[0048] Then, the synthesis of N-(2-tert-butylpyrimidin-5-
yl)-N'-methylimidazolium iodide (shown below) was per-
formed.

N =

[0049] The synthetic steps are as follows:

[0050] N-(2-tert-butylpyrimidin-5-yl)imidazole (1.63 g,
8.0 mmol) and iodomethane (2.6 ml, 40.6 mmol) were
dissolved in tetrahydrofuran (5 mL), the mixture was stirred
at room temperature for 24 hours, the precipitate was filtered
and washed with tetrahydrofuran, and then dried under
vacuum to obtain N-(2-tert-butylpyrimidin-5-y1)-N'-methyl-
imidazolium iodide (1.87 g, 5.43 mmol) with a yield of 67%.
[0051] Spectral data of N-(2-tert-butylpyrimidin-5-y1)-N'-
methylimidazolium iodide: 'H NMR (400 MHz, CDCl,,
298K): 8 10.52 (s, 1H), 9.20 (s, 2H), 7.77 (d, J=8.0 Hz, 1H),

i. Agy0, dichloromethane
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7.73 (d, J=8.0 Hz, 1H), 4.27 (s, 3H), 1.39 (s, 9H). MS (EI)
observed (actual): m/z 202 (344) [M-I—CH,*].

[0052] Another first chelating ligand precursor includes:
[0053] N-(2-tert-butylpyrimidin-5-yl)-N'-isopropylimida-
zolium iodide (shown below)

or
[0054] N-(2-trifluoromethylpyrimidin-5-y1)-N'-isopropy-
limidazolium iodide (shown below)

Fgc—</N;\>—N\/\j\I\ i

® I

[0055] The synthesis method of each of the above-men-
tioned first chelating ligand precursor is similar to that of
N-(2-tert-butylpyrimidin-5-y1)-N'-methylimidazolium
iodide, and those having ordinary skill in the art can select
suitable reactants and reaction conditions for the preparation
based on the changes of each first chelating ligand precursor,
and the reaction preparation method can be modified based
on a known technique in the art, and are therefore not
repeated herein.

Synthesis of Platinum Complex

[0056] The platinum complex of the invention is obtained
via, for instance, the following method:

R =ter-butyl, CF;
R, = methyl, isopropyl

\Rz ii. [PtMea(SMe2)]2 *

Me = methyl

first platinum metal intermediate complex

iii. p-toluenesulfonic acid,
room temperature

SN
iv. sodium acetate, R / \ N/W
. 1
second chelating N\ =N
ligand precursor N =N

TsO/ \SMeZ

second platinum metal intermediate complex
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[0057] The specific method includes the following steps.
The first chelating ligand precursor and silver oxide are
mixed in a dichloromethane suspension to obtain carbene
silver salt of the first chelating ligand precursor. Thereafter,
the carbene silver salt of the first chelating ligand precursor
and a platinum source are mixed to obtain a first platinum
metal intermediate complex. A suitable amount of p-tolu-
enesulfonic acid is then added to remove one methyl group
so as to obtain a second platinum metal intermediate com-
plex. Afterwards, the second chelating ligand precursor and
other required reagents are added and the mixture is reacted
at low temperature to obtain the platinum metal complex of
the invention. The second chelating ligand precursor of the
invention is, for instance, a chelating ligand precursor hav-
ing a nitrogen-containing heterocyclic ring. The platinum
complex of the invention can be prepared by adopting
suitable reactants and reaction conditions based on changes
of each of the chelating ligands, and the reaction preparation
method can be modified based on a known technique in the
art.

EXAMPLES

[0058] In the following, several examples are provided to
further describe the invention, but the examples are only
exemplary and are not intended to limit the scope of the
invention. The platinum complexes represented by formulas
(IA-1), (IA-2), (IA-3) ..., or (IB-1), (IB-2), (IB-3) . . . are
abbreviated as compounds (IA-1), (IA-2), (IA-3) ..., or
(IB-1), (IB-2), (IB-3) . . . hereinafter. The abbreviation also
applies to platinum complexes represented by other chemi-
cal structures in the following.

Example 1

[0059] Preparation of Compound (IA-1):

(A1)

[0060] (1-methyl-3-(2-tert-butylpyrimidin-5-yl) imidazol-
2-ylidine) silver iodide (126 mg, 0.28 mmol), [PtMe,
(SMe,)], (80 mg, 0.14 mmol), and tetrahydrofuran (10 mL)
were added in a 50 mL round-bottom flask. The reaction
mixture was stirred at room temperature for 1 hour, and the
precipitate was filtered. The resulting filtrate was stirred at
55°C. for 2 hours then cooled to room temperature, and then
a tetrahydrofuran (2 mL) solution of p-toluenesulfonic acid
(53 mg, 0.28 mmol) was added thereto. The mixture was
stirred for 30 minutes. The reaction mixture was cooled to
-40° C., then sodium acetate (23 mg, 0.28 mmol) and a
methanol (3 ml) solution of 5-(1-methyl-1H-imidazol-2-
y1)-3-(trifluoromethyl)-1H-pyrazole (60 mg, 0.28 mmol)
were added. The mixture was reacted at —40° C. for 2 hours.
After the reaction was completed, the reaction mixture was
returned to room temperature, and then the solvent was
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removed and the residue was extracted using dichlorometh-
ane. The organic layers were combined, washed with water,
dried with anhydrous sodium sulfate, filtered and evaporated
to dryness, and the residue was then purified with column
chromatography (silicone, ethyl acetate:n-hexane=1:3) to
obtain a green powder with a yield of 45%.

[0061] Spectral data of compound (TA-1): *H NMR (400
MHz, DMSO-d,, 298K): & 8.77 (d, J=1.4 Hz, 1H), 8.45 (s,
1H), 8.07 (d, J=2.0 Hz, 1H), 7.50 (d, J=1.4 Hz, 1H), 7.48 (d,
J=2.0Hz, 1H), 7.04 (s, 1H), 4.50 (s, 3H), 3.95 (s, 3H), 1.44
(s, 9H). °F NMR (376 MHz, DMSO-d,, 298K): 4 -58.87
(s, 3F). MS (FAB, "°Pt): observed (actual) m/z 625 (625)
[M"].

Example 2
[0062] Preparation of Compound (IA-2):
(1A-2)
N/ / CF,
[ />_<\|(
N
Pt
N % /Pri
’Bu4</ \ N 1
S\
N—
[0063] Except that the reactant (1-methyl-3-(2-tert-bu-

tylpyrimidin-5-yl)Jimidazol-2-ylidine) silver iodide was
replaced with (1-isopropyl-3-(2-tert-butylpyrimidin-5-y1)
imidazol-2-ylidine) silver iodide, the synthetic protocols of
compound (TA-2) were similar to the synthetic procedures of
compound (IA-1). After the reaction was completed, the
solvent was removed and the residue was extracted using
dichloromethane. The organic layers were combined,
washed with water, dried with anhydrous sodium sulfate and
filtered, and then purified with column chromatography
(silicone, ethyl acetate:n-hexane=1:3) to obtain a green solid
with a yield of 42%.

[0064] Spectral data of compound (IA-2): *H NMR (400
MHz, CDCl;, 298K): 3 8.95 (d, J=1.6 Hz, 1H), 8.07 (s, 1H),
7.34 (d, J=2.1 Hz, 1H), 7.10 (d, J=2.1 Hz, 1H), 6.99 (septet,
J=6.6 Hz, 1H), 6.93 (d, J=1.6 Hz, 1H), 6.64 (s, 1H). 3.87 (s,
3H), 1.51 (d, J=6.6 Hz, 6H). **F NMR (376 MHz, CDCl,,
208K): 8 -60.37. MS (FAB, '*°Pt): observed (actual) m/z
653 (653) [M*].

Example 3

[0065] Preparation of Compound (IA-4):

(IA-4)
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[0066] Except that the reactant (1-methyl-3-(2-tert-bu-
tylpyrimidin-5-yl)Yimidazol-2-ylidine) silver iodide was
replaced with (1-methyl-3-(2-trifluoromethylpyrimidin-5-
yl)imidazol-2-ylidine) silver iodide, the synthetic steps of
compound (IA-4) were similar to the synthetic steps of
compound (IA-1). Since the solubility of the product was
poor, water was added to the reaction mixture after the
reaction was completed. The mixture was filtered, and the
precipitate was washed with ether for several times. The
crude product was dried under vacuum and sublimed under
the condition of 270° C. to obtain an orange solid with a
vield of 56%.

[0067] Spectral data of compound (IA-4): '"H NMR (400
MHz, acetone-dg, 298K): 8 8.72 (d, I=1.7 Hz, 1H), 8.64 (s,
1H), 8.07 (d, J=2.1 Hz, 1H), 7.49 (d, I=2.1 Hz, 1H), 7.40 (d,
1=1.7 Hz, 1H), 6.94 (s, 1H), 4.66 (s, 3H), 4.08 (s, 3H). '°F
NMR (376 MHz, acetone-d,, 298K): 8 -61.02 (s, 3F),
—69.97 (s, 3F). MS (FAB, '?*Pt): observed (actual) m/z 637
(637) [M*].

Example 4
[0068] Preparation of Compound (IA-5):
(1A-5)
N/ CF,
T
N N7
\Pt/
N >\ A
AR\
F3C—</ \ N'\J
-
N=—
[0069] Except that the reactant (1-methyl-3-(2-tert-bu-

tylpyrimidin-5-yl)imidazol-2-ylidine)silver  iodide  was
replaced with (1-isopropyl-3-(2-trifluoromethylpyrimidin-
5-yl)imidazol-2-ylidine)silver iodide, the synthetic steps of
compound (IA-5) were similar to the synthetic steps of
compound (IA-1). After the reaction was completed, the
solvent was removed and the residue was dissolved in
dichloromethane then washed with water. The organic layers
were dried using anhydrous sodium sulfate, filtered and
evaporated to dryness, and the residue was purified with
column chromatography (silicone, ethyl acetate/n-
hexane=1:1) to obtain a green solid with a yield of 47%.

[0070] Spectral data of compound (IA-5): 'H NMR (400
MHz, CDCl,, 298K): 8 8.66 (d, J=1.5 Hz, 1H), 8.09 (s, 1H),
7.36 (d, J=2.1 Hz, 1H), 7.14 (d, ]=2.1 Hz, 1H), 6.97 (septet,
J=6.7 Hz, 1H), 6.90 (d, J=1.5 Hz, 1H), 6.59 (s, 1H), 3.85 (s,
3H), 1.50 (d, 1=6.7 Hz, 6H). '°F NMR (376 MHz, CDCl,,
298K): & -60.87 (s, 3F), —69.46 (s, 3F). MS (FAB, '*°Pt):
observed (actual) m/z 665 (665) [M™].
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Example 5

[0071] Preparation of Compound (IA-6):

aA-6)
/Ph
N CF
[ W
N N/N
FH/ %

[0072] Except that the reactant (1-methyl-3-(2-tert-bu-
tylpyrimidin-5-ylJimidazol-2-ylidine) silver iodide was
replaced with (1-isopropyl-3-(2-trifluoromethylpyrimidin-
5-yD)imidazol-2-ylidine) silver iodide and the reactant 5-(1-
methyl-1H-imidazol-2-y1)-3-(trifluoromethyl)-1H-pyrazole
was replaced with 5-(1-phenyl-1H-imidazol-2-y1)-3-(trif-
luoromethyl)-1H-pyrazole, the synthesis of compound (1A-
6) were similar to the synthetic steps of compound (IA-1).
After the reaction was completed, the solvent was removed
and the residue was extracted using dichloromethane. The
organic layers were combined, washed with water, dried
with anhydrous sodium sulfate, filtered and evaporated to
dryness, and the residue was then purified with column
chromatography (silicone, ethyl acetate:n-hexane=1:3) to
obtain a yellow solid with a yield of 42%.

[0073] Spectral data of compound (IA-6): *H NMR (400
MHz, CDCl,, 298K):  8.94 (d, J=1.7 Hz, 1H), 8.21 (5, 1H),
7.60-7.59 (m, 4H), 7.52-7.40 (m, 2H), 7.19 (d, J=2.3 Hz,
1H), 7.16 (d, J=1.7 Hz, 1H), 7.09-7.01 (septet, J=6.7 Hz,
1H), 5.88 (s, 1H), 2.15 (dd, J=6.7 Hz, 6H). '°F NMR (376
MHz, CDCl,, 298K) & -60.94 (s, 3F), —69.45 (s, 3F). MS
(FAB, '*°Pt): observed (actual) m/z 727 (727) [M*].

Example 6
[0074] Preparation of Compound (IB-1):
(1B-1)
/ \ CF;
—N N
Pt
=
Bu N
U
N / =
[0075] Except that the reactant 5-(1-methyl-1H-imidazol-

2-y1)-3-(trifluoromethyl)-1H-pyrazole was replaced with
2-(3-(trifluoromethyl)-1H-pyrazol-5-yl)pyridine, the syn-
thesis of compound (IB-1) followed the similar synthetic
steps of compound (IA-1). After the reaction was completed,
the solvent was removed, and the product was purified using
column chromatography (silicone, ethyl acetate:n-
hexane=1:3) to obtain a yellow solid with a yield of 63%.
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[0076] Spectral data of compound (IB-1): ‘H NMR (400
MHz, CDCL,, 298K): 8 11.38 (d, J=5.3 Hz, 1H), 8.10 (s.
1H), 7.91 (dd, J=7.7, 6.7 Hz, 1H), 7.63 (d, J=7.7 Hz, 1H),
736 (dd, J=6.7, 5.3 Hz, 1H), 7.33 (d, ]=2.0 Hz, 1H), 6.96 (d.
1=2.0 Hz, 1H), 6.82 (s, 1H), 4.60 (s, 3H), 1.55 (s, 9H). '°F
NMR (376 MHz, CDCl,, 298K): & -61.15 (s, 3F). MS
(FAB, '°Pt): observed (actual) m/z 622 (622) [M*].

Example 7

[0077] Preparation of Compound (IB-2):

(IB-2)
CF;

(T

AN

- e

[0078] Except that the reactant 5-(1-methyl-1H-imidazol-
2-y1)-3-(trifluoromethyl)-1H-pyrazole was replaced with
2-(3-(trifluoromethyl)-1H-pyrazol-5-yl)pyrazine, the syn-
thesis of compound (IB-2) followed the similar synthetic
steps of compound (IA-1). After the reaction was completed,
the solvent was removed. The residue was purified using
column chromatography (silicone, ethyl acetate/hexane=1:
2) to obtain a dark red solid with a yield of 43%.

[0079] Spectral data of compound (IB-2): *H NMR (400
MHz, acetone-dg, 298K): § 11.47 (dd, J=1.3, 3.3 Hz, 1H),
9.33 (d, J=1.3 Hz, 1H), 8.82 (d, J=3.3 Hz, 1H), 8.47 (s, 1H),
7.98 (d, J=2.1 Hz, 1H), 7.45 (d, J=2.1 Hz, 1H), 7.26 (s, 1H),
4.60 (5, 3H), 1.51 (s, 9H). *F NMR (376 MHz, acetone-d,,
208K): & —61.02 (s, 3F). MS (FAB, '*°Pt): observed (actual)
m/z 623 (623) [M*].

Example 8

[0080] Preparation of Compound (IB-4):

_N\Pt/N/N
N= >’~\~-N/
F3C—<\N:/;N'\)

[0081] Except that the reactant (1-methyl-3-(2-tert-bu-
tylpyrimidin-5-yl)imidazol-2-ylidine) silver iodide was
replaced with (1-methyl-3-(2-trifluoromethylpyrimidin-5-
yl)imidazol-2-ylidine) silver iodide and the reactant 5-(1-
methyl-1H-imidazol-2-y1)-3-(trifluoromethyl)-1H-pyrazole
was replaced with 2-(3-(trifluvoromethyl)-1H-pyrazol-5-y1)
pyridine, the synthesis of compound (IB-4) followed the
similar synthetic steps of compound (IA-1). Since the solu-
bility of the product was poor, water was added to the
reaction mixture and filtering was performed after the reac-
tion was completed. The resulting precipitate was repeatedly

(IB-4)
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washed with ether. The crude product was dried under
vacuum and sublimed under the condition of 270° C. to
obtain a red solid with a yield of 43%.

[0082] Spectral data of compound (IB-4): *H NMR (400
MHz, DMSO-d,, 298K): 8 10.65 (d, I=5.4 Hz, 1H), 8.63 (s,
1H), 8.12-8.10 (dd, J=1.3, 7.6 Hz. 1H), 8.08 (d, J=2.0 Hz,
1H), 7.92 (d, I=7.6 Hz, 1H), 7.46 (d, ]=2.0 Hz, 1H), 7.38
(dd, I=1.2, 5.4 Hz, 1H), 7.11 (s, 1H), 4.35 (s, 3H). *F NMR
(376 MHz, DMSO-d,, 298K): 8 -59.31 (s, 3F), -68.23 (s,
3F). MS (FAB, "°Pt): observed (actual) m/z 634 (634)
[M"].

Example 9

[0083] Preparation of Compound (IB-5):

(IB-5)
CT,

[0084] Except that the reactant (1-methyl-3-(2-tert-bu-
tylpyrimidin-5-yl)Jimidazol-2-ylidine) silver iodide was
replaced with (1-methyl-3-(2-trifluoromethylpyrimidin-5-
yl)imidazol-2-ylidine)silver iodide and the reactant 5-(1-
methyl-1H-imidazol-2-y1)-3-(trifluoromethyl)-1H-pyrazole
was replaced with 2-(3-(trifluvoromethyl)-1H-pyrazol-5-yI)
pyrazine, the synthesis of compound (IB-5) followed the
similar synthetic steps of compound (IA-1). Since the solu-
bility of the product was poor, water was added to the
reaction solution after the reaction was completed and
filtering was performed. The precipitate was washed with
ether for several times. The crude product was dried under
vacuum and sublimed at 270° C. to obtain an orange solid
with a yield of 40%.

[0085] Spectral data of compound (IB-5): 'H NMR (400
MHz, DMSO-d,, 298K): $ 10.42 (d, J=3.2 Hz, 1H), 9.09 (s,
1H), 8.49 (d, J=3.2 Hz, 1H), 8.47 (s, 1H), 7.93 (d, J=1.9 Hz,
1H), 7.31 (d, J=1.9 Hz, 1H), 7.02 (s, 1H), 4.09 (5, 3H). *°F
NMR (376 MHz, DMSO-d,, 298K): & -59.52 (s, 3F),
-68.19 (s, 3F). MS (FAB): observed (actual) m/z 635 (635)
M"].

Example 10

[0086] Preparation of Compound (IB-8):

(IB-8)
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[0087] Except that the reactant (1-methyl-3-(2-tert-bu-
tylpyrimidin-5-yl)Yimidazol-2-ylidine) silver iodide was
replaced with (1-methyl-3-(2-trifluoromethylpyrimidin-5-
yl)imidazol-2-ylidine)silver iodide and the reactant 5-(1-
methyl-1H-imidazol-2-y1)-3-(trifluoromethyl)-1H-pyrazole
was replaced with 4-(trifluoromethyl)-2-(3-(trifluorom-
ethyl)-1H-pyrazol-5-yl)pyridine, the synthesis of compound
(IB-8) followed the similar synthetic steps of compound
(TA-1). Since the solubility of the product was poor, water
was added to the reaction mixture and the mixture was
filtered. The precipitate was washed with ether several
times. The crude product was dried under vacuum and
sublimed at 270° C. to obtain a dark red solid. The yield was
42%.

[0088] Spectral data of compound (IB-8): 'H NMR (400
MHz, DMSO-d,, 298K): & 10.53 (s, br, 1H), 8.30 (s, 1H),
7.96 (s, 1H), 7.80 (s, br, 1H), 7.27 (s, br, 1H), 7.19 (s, br,
1H), 6.91 (s, 1H), 3.92 (s, 3H). ’F NMR (376 MHz,
ds-DMSO, 298K) 8 -59.64 (s, 3F), -64.26 (s, 3F), -68.27
(s, 3F). MS (FAB, 7°Pt): observed (actual) m/z 702 (702)
[M].

Example 11
[0089] Preparation of Compound (IB-9):
(IB-9)
CF,
7~
[0090] Except that the reactant (1-methyl-3-(2-tert-bu-

tylpyrimidin-5-yl)imidazol-2-ylidine) silver iodide was
replaced with (1-methyl-3-(2-trifluoromethylpyrimidin-5-
vlimidazol-2-ylidine)silver iodide and the reactant 5-(1-
methyl-1H-imidazol-2-y1)-3-(trifluoromethyl)-1H-pyrazole
was replaced with 2-(4-methyl-3-(trifluoromethyl)-1H-
pyrazol-5-yl)pyridine, the synthesis of compound (IB-9)
followed the similar synthetic steps of compound (IA-1).
Since the solubility of the product was poor, water was
added to the reaction mixture and the mixture was filtered.
The precipitate was washed with ether for several times. The
crude product was dried under vacuum and sublimed at 270°
C. to obtain an orange solid. The yield was 47%.

[0091] Spectral data of compound (IB-9): ‘H NMR (400
MHz, DMSO-d,, 298K): 10.64 (d, I=5.4 Hz, 1H), 8.51 (s,
1H), 8.04 (t, J=7.8 Hz, 1), 8.00 (d, I=1.7 Hz, 1H), 7.63 (d,
J=7.8 Hz, 1H), 7.37 (d, I=1.7 Hz, 1H), 7.24 (t, ]=5.4 Hz,
1H), 4.24 (s, 3H), 2.30 (s, 3H). °F NMR (376 Mz,
DMSO-d,, 298K): & -58.22 (s, 3F), -68.23 (s, 3F). MS
(FAB, '°Pt): observed (actual) m/z 648 (648) [M*].
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Example 12

[0092] Preparation of Compound (IB-10):

_N\P/;/
Ne— "
F3C—<\N:/;N'\)

[0093] Except that the reactant (1-methyl-3-(2-tert-bu-
tylpyrimidin-5-yl)imidazol-2-ylidine)silver ~ iodide was
replaced with (1-isopropyl-3-(2-trifluoromethylpyrimidin-
5-yl)imidazol-2-ylidine)silver iodide and the reactant 5-(1-
methyl-1H-imidazol-2-y1)-3-(trifluoromethyl)-1H-pyrazole
was replaced with 2-(3-(trifluoromethyl)-1H-pyrazol-5-y1)
pyridine, the synthesis of compound (IB-10) followed the
similar synthetic steps of compound (IA-1). After the reac-
tion was completed, the solvent was removed and the
residue was dissolved in dichloromethane. The organic
layers were combined, washed with water, dried with anhy-
drous sodium sulfate, filtered and evaporated to dryness, and
the residue was then purified with column chromatography
(silicone, ethyl acetate:n-hexane=1:3) to obtain a yellow
solid. The yield was 41%.

[0094] Spectral data of compound (IB-10): 'H NMR (400
MHz, CDCl,, 298K): 6 10.93 (d, J=5.6 Hz, 1H), 8.11 (s,
1H), 7.91 (td, J=7.6, 1.5 Hz, 1H), 7.61 (dd, J=7.6 Hz, 1H),
739 (d, I=2.0 Hz, 1H), 735 (dd, J=5.6, 1.5 Hz, 1H), 7.17 (d,
J=2.0Hz, 1H), 6.91 (septet, J=6.6 Hz, 1H). 6.78 (s, 1H), 1.51
(d, I=6.6 Hz, 6H). '*F NMR (400 MHz, CDCl,, 298K): 8
-61.01 (s, 3F), —69.59 (s, 3F). MS (FAB, '°°Pt): observed
(actual) m/z 662 (662) [M*].

(IB-10)

Example 13

[0095] Preparation of Compound (IB-11):

N,

Pt
PY
ot
F;C N
3 \N / \)

[0096] Except that the reactant (1-methyl-3-(2-tert-bu-
tylpyrimidin-5-yl)imidazol-2-ylidine) silver iodide was
replaced with (1-isopropyl-3-(2-trifluoromethylpyrimidin-
5-yl)imidazol-2-ylidine)silver iodide and the reactant 5-(1-
methyl-1H-imidazol-2-y1)-3-(trifluoromethyl)-1H-pyrazole
was replaced with 5-methyl-2-(3-(trifluoromethyl)-1H-
pyrazol-5-yl)pyridine, the synthetic steps of compound (IB-
11) were similar to the synthetic steps of compound (IA-1).
After the reaction was completed, the solvent was removed
and the residue was dissolved in dichloromethane. The
organic layers were combined, washed with water, dried

{B-11)
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with anhydrous sodium sulfate, filtered and evaporated to
dryness, and the residue was then purified with column
chromatography (silicone, ethyl acetate:n-hexane=1:3) to
obtain a yellow solid with a yield of 45%.

[0097] Spectral data of compound (IB-11): *H NMR (400
MHz, CDCl,, 298K):  10.82 (s, 1H), 8.01 (s, 1H), 7.70 (d,
J=1.0 Hz, 1H), 7.48 (d, J=7.0 Hz, 1H), 7.34 (d, J=1.9 Hz,
1H), 7.14 (d. J=1.9 Hz, 1H), 6.90 (septet, I=6.7 Hz, 1H),
6.71 (s, 1H), 2.45 (s, 3H), 1.48 (d, ]=6.7 Hz, 6H). *°F NMR
(376 MHz, CDClj;, 298K): 8 -60.89 (s, 3F), -69.49 (s, 3F).
MS (FAB, '°Pt): observed (actual) m/z 676 (676) [M*].
[0098] Itshould be mentioned that, a hydrogen bond exists
between two chelating ligands of the platinum complex of
the invention, such that the structure of the platinum com-
plex of the invention is more stable. The formation of such
hydrogen bond between the chelating ligands can be proved
from X-ray crystal structure analysis. Specifically, the nitro-
gen atom and the hydrogen atom on the leftmost side of the
structure shown in general formula (I-1) form an inter-ligand
hydrogen bond, the non-bonding distance between the nitro-
gen atom and the hydrogen atom is reduced to the range of
22 A 1025 A, and the latter is shorter than the total length
of van der Waals radii of nitrogen and hydrogen atoms. The
formation of hydrogen bond can also be confirmed from the
chemical shift of 'H NMR spectrum. Specifically, when a
nitrogen atom and a hydrogen atom form a hydrogen bond,
the chemical shift of the hydrogen atom is shifted to a lower
magnetic field region. In the platinum complex of the
invention, after the nitrogen atom and the hydrogen atom on
the leftmost side of the structure shown in general formula
(I-1) form an inter-ligand hydrogen bond, the chemical shift
of the hydrogen atom is shifted to a lower field regime in
comparison to the case in which a hydrogen bond is not
formed. For instance, the chemical shift of the hydrogen
atom which forms the hydrogen bond with the nitrogen atom
in each of the compounds synthesized in examples 1 to 5 is
greater than 8=8.6 ppm, and the chemical shift of the
hydrogen atom which forms the hydrogen bond with the
nitrogen atom in each of the compounds synthesized in
examples 6 to 13 is greater than 8=10.4 ppm. When a
hydrogen bond is not formed, the chemical shift of the
hydrogen atom is only at about 3=6 ppm and 8 ppm.
[0099] After the chelating ligand of the invention is coor-
dinated to a platinum metal, the acidity of the adjacent C—H
hydrogen atom on the chelating ligands can be increased,
and the basicity of the adjacent nitrogen atom not bonded to
the platinum metal can also be increased, and therefore the
nitrogen atom can more readily form a hydrogen bond with
the adjacent hydrogen atom.

[0100] The absorption spectrum and emission spectrum of
each of compounds (IA-1) to (IA-2), (IA-4) to (IA-6), and
(I-B1) to (IB-2), (IB-4) to (IB-5), (IB-8) to (IB-11) synthe-
sized in examples 1 to 13 are shown in FIG. 1 to FIG. 3, and
the absorption peak position (abs A, ), emission peak
position (em A, ), luminescent lifetime (t), and quantum
yield (@) are listed in Table 1 below.

TABLE 1
abs A, % (nm) em Ayl Tl gl
compound  (€¥107% M~! - em™) (nm) (us) (%)
(IA-1) 290 (1.46), 319 (0.99)[ 540 1.29 81
(1A-2) 289 (1.83), 322 (1.33)l 532 1.89 68
(IA-4) 301 (1.79), 331 (1.24)1 595 1.55 82
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TABLE 1-continued

abs A, /P (nm) em A, 19 Tl gl
compound  (e*107%, M~! - em™) (nm) (us) (%)
(1A-3) 303 (1.69), 331 (1.13)l] 567 185 83
(1A-6) 304 (1.80), 331 (1.24)l@) 451,474,529 807 56
(IB-1) 295 (1.61), 330 (1.49)l! 549 1.04 100
(IB-2) 352 (1.17)l 721 0.22 100
(IB-4) 294 (1.61), 329 (1.48)] 726 110 57
(IB-5) 334 (1.41)% 669 0.87 100
(IB-8) 345 (0.77)4 750 0.56 —
(1B-9) 346 (0.73)" 675 0.94 70
(IB-10) 330 (1.50)l 602 137 100
(IB-11) 333 (1.60)l 570 1.63 90

KTV lightvisible light spectrum measured in CHyCly solution (10~°M)
PIUV light/visible light spectrum measured in THE solution (10~°M)
IEmission characteristics measured in powder state.

[0101] FIGS. 1 to 3 show the absorption spectrum and the
emission spectrum of each of compounds (IA-1) to (IA-2),
(IA-4) to (IA-6) and (I-B1) to (IB-2), (IB-4) to (IB-5), (IB-8)
to (IB-11) synthesized in examples 1 to 13 of the invention.
It can be known from FIGS. 1 to 3 and Table 1 that, the
platinum complex of the invention has an emission wave-
length of about 450 nm and 750 nm, so therefore the
application thereof is relatively broad. For instance, when
the emission wavelengths of the platinum complexes (IB-2),
(IB-4), (IB-8) are greater than 700 nm and fall within the
range of near-IR light, and such platinum complexes can be
applied in the military or medical field. When the emission
wavelengths of platinum complexes (IA-1) to (1A-2), (IA-4)
to (IA-6), (IB-1), (IB-5), (IB-9) to (IB-11) of the invention
are in the visible light range, such platinum complexes can
be applied in the OLED field.

[0102] In the above embodiments, although the platinum
complexes of general formulas (IA) and (IB) are used as
examples, the invention is not limited thereto. Those having
ordinary skill in the art should understand that, any platinum
complex for which intramolecular hydrogen bond exists
between two chelating ligands and at least one chelating
ligand has a carbene fragment is within the scope of the
invention.

[0103] Based on the above, a hydrogen bond exists
between two chelating ligands of the platinum complex of
the invention, and therefore the bonding strength of the
chelating ligands and a central platinum metal can be
increased, such that the structure of the platinum complex of
the invention is more stable. The total negative charge of two
chelating ligands of the platinum complex of the invention
is the same as the positive charge of the central platinum
metal ion, so a neutral platinum complex can be formed. A
neutral complex generally has better volatility, and therefore
a multilayer OLED light-emitting device can be formed
using an evaporation method, and the luminous efficiency
thereof can be improved. Moreover, the platinum complex
of the invention has two N—Pt coordination bonds and two
C—Pt coordination bonds. Since the bond energy of C—Pt
is greater than the bond energy of N—Pt, by increasing the
relative number of C—Pt bonds, the overall bonding
strength between the chelating ligands and the central metal
atom can be increased. Accordingly, the energy level of
metal-centered dd excited states can be increased, such that
influence on the lowest energy excited state from the dd
excited states can be reduced, and non-radiative quenching
can be reduced. As a result, the luminous efficiency of the
complex can be increased. Moreover, in the platinum com-
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plex of the invention, the ring structures of Al and A3
contain nitrogen atoms with high electronegativity, and such
nitrogen atoms are beneficial to increase the stacking effect
between molecules, reduce the Pt—Pt intermolecular dis-
tance, and induce metal-metal-to-ligand charge transfer tran-
sition (MMLCT) in the solid state. Therefore, shorter lumi-
nous half-life and better emission efficiency of the complex
of the invention are provided.

[0104] Although the invention has been described with
reference to the above embodiments, it will be apparent to
one of ordinary skill in the art that modifications to the
described embodiments may be made without departing
from the spirit of the invention. Accordingly, the scope of the
invention is defined by the attached claims not by the above
detailed descriptions.

What is claimed is:

1. A platinum complex having a structure represented by
general formula (I):

M

(Rz)p

wherein

Al to A3 are each independently a five-membered ring or
a six-membered ring;

R! is substituted or unsubstituted C,-C,, alkyl or substi-
tuted or unsubstituted C-C, , aryl,

each R” is independently hydrogen, substituted or unsub-
stituted C,-C,, alkyl, or substituted or unsubstituted
C,-C alkoxy;

p is an integer of 1 to 2;

when p is equal to 2, two R*’s can be joined to form a
C;-Cq aromatic ring; and

a first chelating ligand having A1 and a carbene fragment
has a minus one formal charge and a second chelating
ligand having both A2 and A3 has a minus one formal
charge.

2. The platinum complex of claim 1, having a structure

represented by general formula (I-1):

QY
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wherein a hydrogen bond exists between the first chelat-
ing ligand and the second chelating ligand.

3. The platinum complex of claim 1, having a structure
represented by general formula (TA):

{14
R

wherein

X! is carbon, oxygen, sulfur, or nitrogen;

X2 to X° are each independently carbon or nitrogen;
RY is an electron withdrawing group;

R! is substituted or unsubstituted C,-C,, alkyl or substi-
tuted or unsubstituted C,-C, , aryl;

each R? is independently hydrogen, substituted or unsub-
stituted C,-C,, alkyl, or substituted or unsubstituted
C,-C; alkoxy;

p is an integer of 1 to 2;

each R? is independently hydrogen, substituted or unsub-
stituted C,-C,, alkyl, or substituted or unsubstituted
C,-C¢ alkoxy or —C, F,,,,;, m is an integer of 0 to 3;

q is an integer of 0 to 3;

each R* is independently hydrogen, fluorine, substituted
or unsubstituted C,-C,, alkyl, substituted or unsubsti-
tuted C4-C, 5 aryl, or substituted or unsubstituted C,-Cg
alkoxy;

r is an integer of O to 2;

when p is equal to 2, two R*’s can be joined to form a
C,-C, aromatic ring;

when q is equal to or greater than 2, two or more R*’s can
be joined to form a C,-Cy aromatic ring; and

when r is equal to 2, two R*s can be joined to form a
C,-C, aromatic ring.

4. The platinum complex of claim 3, wherein R” com-

prises —C_F,, ., and m is an integer of 0 to 3.

5. The platinum complex of claim 3, having a structure
represented by one of formula (IA-1) to formula (IA-8):

/ CF;
(T

N\,

Saxul
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-continued

N N7
\Pt/
N e
[N
’Bu4</ \ N’
==

\Pt/l\ ]
F3C 4</N \ Nd/
—

Dec. 7, 2017
14
-continued
A7
IA-2 N/ / CF,
T
[N/ I\'/N
\Pt/
A b
— =
A3 A8
N/ N CFs
aat
N\Pt /N
A b
— =
1A-4

6. The platinum complex of claim 1, having a structure
represented by general formula (IB):

B)

wherein

X to X° are each independently carbon or nitrogen;

RY is an electron withdrawing group;

R! is substituted or unsubstituted C,-C,, alkyl or substi-
tuted or unsubstituted C-C, , aryl;

each R? is independently hydrogen, substituted or unsub-
stituted C,-C,, alkyl, or substituted or unsubstituted
C,-C; alkoxy;

p is an integer of 1 to 2;

each R? is independently hydrogen, substituted or unsub-
stituted C,-C,, alkyl, or substituted or unsubstituted
C,-C, alkoxy or —C_F m is an integer of 0 to 3;

q is an integer of 0 to 3;

each R’ is independently hydrogen, fluorine, substituted
or unsubstituted C,-C,, alkyl, or substituted or unsub-
stituted C,-C alkoxy;

s is an integer of 0 to 3;

IA-6

2m+1°
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when p is equal to 2, two R*’s can be joined to form a _continued
C;-Cq aromatic ring;

when q is equal to or greater than 2, two or more R*’s can
be joined to form a C,-C, aromatic ring; and

when s is equal to or greater than 2, two or more R*’s can / N\ /
be joined to form a C,-C, aromatic ring. |

7. The platinum complex of claim 6, having a structure — ~N

represented by one of formula (IB-1) to formula (IB-15): N,

(TN
IB-1 ’
CF; e \< / N\)

1B-6

N
>\ oF IB-7
Ne e Ve 3
N N
o B2 Ne— }'\N -

N\Pt/ )
IB-8
Ne—e N
Bu4<\N / N\)
B3 AN
N CF; Pt
/ \__/ | N— /\N/
— - F3C4< N
N\Pt/ : \N / \)
N— Pt -
Bu4<\N / N\) 5o
B4
CF;
7\ |
— N/N
\Pt/
%_ Q/
F:C \ / N
=
N IB-10
CF3
N \ / CF, 1B / \ / |
/ | —N N N
<:N N/N \Pt/
N / Ne— /Plj
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-continued -continued
311 IB-14
CF; N CF;
aYa =4t
— N/N _N\ /N/N
\Pt/ Pt
N?%N/Pf N— >\’\j\1/
F3C4< N CH304<\ / N _
\N / \) : IB-15

N A2
LN /N \Pt/
Pt Ne— \>\ -
N—e Ve I,"~~.N
< /=N Fgc—<\ :/S—N
N =
\_/\J X

1B-13

N
/' N ] | | R
N 8. The platinum complex of claim 1, wherein an emission

N N wavelength thereof is between 450 nm and 750 nm.
\Pt/ 9. An apparatus emitting visible light or near-infrared
light, comprising the platinum complex of claim 1.
N= ES N/ 10. An organic light-emitting diode, comprising two elec-
—<\ N'\J trodes and a light-emitting layer disposed between the two
/ == electrodes, wherein the light-emitting layer contains the

platinum complex of claim 1.

I S T T
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