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(57) ABSTRACT

An organic electroluminescent compound containing Iri-
dium, preparation method thereof and an organic electrolu-
minescent device aredisclosed. The compound is represented
by the structure (2), wherein, R is C,~C, alkyl. The structure
of the compound contains bipyridine ligand, also carries
alkoxy group and fluorine atom, which improves its carrier
injection and transfer ability, and increases its internal quan-
tum efficiency and electroluminescent efficiency. Further-
more, the compound uses strong field ligand 2-pyridine car-
boxylic acid as assistant ligand, which causes an effective
blue shift of its emission spectrum and increases light-emit-
ting efficiency of blue light phosphorescence greatly.
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ORGANIC ELECTROLUMINESCENT
COMPOUND CONTAINING IRIDIUM,
PREPARATION METHOD THEREOF AND
ORGANIC ELECTROLUMINESCENT
DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] The present application is the U.S. National Phase
of International Patent Application Serial No. PCT/CN11/
76723, filed Jun. 30, 2011, the contents of which are hereby
incorporated by reference in its entirety.

TECHNICAL FIELD

[0002] Thepresentinvention relates to the field of optoelec-
tronic materials, in particular to an organic electrolumines-
cent compound containing Iridium, preparation method
thereof. The present invention further relates to an organic
electroluminescent device using the organic electrolumines-
cent compound containing Iridium as the light emitting layer.

BACKGROUND ART

[0003] Organic electroluminescent (EL) is a luminous phe-
nomenon of an organic material under the effect of an electric
field, of which the electrical energy is directly converted to
light energy. In an early time, due to the high driving voltage
and low luminous efficiency of the thus prepared device,
study on organic electroluminescent devices was at a stand-
still. Until 1987, Tang et al from the United States Kodak as
disclosed in the literature and U.S. Pat. No. 4,356,429
invented a dense and high-quality film by making use of
8-hydroxyquinoline aluminum (Alq;) as the light-emitting
material together with an aromatic diamine, and resulted in
the formation of an organic electroluminescence device
exhibiting high efficiency, low operating voltage, high bright-
ness, and opened a new prologue on organic electrolumines-
cent materials research. However, due to spin-statistical
theory, the limit of the theoretical internal quantum efficiency
of a fluorescent material is just 25%, since then the way of
making full use of the remaining 75% of the phosphorescence
to achieve higher efficiency has become a hot research direc-
tion in this field. In 1997, Forrest et al discovered the phe-
nomenon of electrophosphorescence, the internal quantum
efficiency of the organic electroluminescent material
exceeded the 25% limit, which took the research on the
organic electroluminescent materials into a new era.

[0004] In subsequent studies, the small molecule-doped
transition metal complexes such as Iridium, ruthenium, and
platinum complexes have become a research focus. The
advantage of such complexes lies in achievement of high
emission energy obtained from their triplet state. And among
them, due to the good stability of the metallic Iridium (III)
compounds which allows a mild reaction condition during
synthesis, and to their high electroluminescent properties,
these compounds has been occupied a dominant position in
the subsequent study process. And in order to get a full color
display device, generally red-, green- and blue-emitting
materials having excellent performance must also be
obtained. As compared with the red- and green-emitting
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materials, the development of blue-emitting material is lag-
ging behind, the improvement of the efficiency and color
purity of blue materials has become one of the breakthrough
point. To date, Iridium(IIT) bis[2-(4,6-difluorophenyl)pyridi-
nato-N,C*|(picolinato) (Fltpic) is one of the Ir(Ill) metal-
organic complexes blue electrophosphorescence materials
the most frequently reported in the patent literature. Although
various optimization have been conducted on Flrpic based
OLED structure, and the device performance has also been
improved greatly, the biggest weakness of Flrpic is that it
emits sky blue, the color purity of blue light is poor, making
the CIE of the thus prepared OLED device varyingin (0.13 to
0.17,0.29100.39). Therefore, the development of high-purity
blue phosphorescent organic electroluminescent materials
has become a major trend in expanding the research work on
blue electrophosphorescence materials.

DISCLOSURE OF THE INVENTION

[0005] The object of the present invention is to provide an
organic electroluminescent compound containing Iridium
capable of emitting blue light phosphorescence.

[0006] The organic electroluminescent compound contain-
ing Iridium according to the present invention has the follow-
ing structural formula:

[0007]

[0008] Another object of the present invention is to provide
a method of preparing the above-mentioned organic elec-
troluminescent compound containing Iridium, which com-
prises the following steps:

[0009] SI:under an oxygen-free atmosphere, compound A
of structural formula

wherein R is C,~C, alkyl.

and Iridium trichloride trihydrate in a molar ratio of 3:1 to 5:1
are added to the first organic solvent (such as 2-ethoxyetha-
nol), and dissolved to react in the formation of double-
bridged compound B of structural formula
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F
RO / | / |N
N x
\\Ir/Cl\Ir/ F
E PRI
] )
N
N _\ o |,
F

wherein, R is C,~C, alkyl,

[0010] S2: under an oxygen-free atmosphere, the said
double-bridged compound B and 2-picolinic acid in a molar
ratio of 1:2.5 to 1:3.5 are added to the second organic solvent
(such as 1,2-dichloroethane, glycerol, 2-ethoxyethanol or tet-
rahydrofuran) to undergo ligand exchange in the formation of
said organic electroluminescent compound containing Iri-
dium of structural formula

[0011] 1In step S1 of said method of preparing the above-
mentioned organic electroluminescent compound containing
Tridium, said compound A is prepared according to the fol-
lowing steps:

[0012] SI1: under an oxygen-free and anhydrous atmo-
sphere, compound D of structural formula

and lithium diisopropylamide in a molar ratio of 1.2:1 are
added to a solution of tetrahydrofuran (THF) and undergo
reaction at —78° C.; trimethyl borate is then added to the
reaction mixture to undergo a reaction at room temperature in
the formation of compound E of structural formula
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B(OH)z;

AN

[0013]
formula

S12: said compound E and compound F of structural

RO

Br

in a molar ratio of 1.5:1~2:1 are added to the third organic
solvent (e.g. tetrahydrofuran, dioxane, toluene or dimethyl
sulfoxide) containing a catalyst (e.g. a mixture of K,CO,
solution and Pd(PPh;),, the molar amount of K,COj; is
10-fold over the molar amount of compound F, the molar
amount of Pd (PPh,), is 0.5% of the molar amount of com-
pound F) to undergo Suzuki coupling reaction in the forma-
tion of said compound A; wherein in said compound F, R is
C,~C, alkyl.

[0014] Further, said step S11 comprises the step of purify-
ing said compound E:

[0015] quenching the reaction in the reaction mixture with
an addition of an aqueous solution of 5 wt % NaOH; followed
by adjusting the pH of the reaction mixture to neutral using an
aqueous solution of 3N HCl; and then extracting the mixture
several times with ethyl acetate and combining the organic
phases; finally concentrating the organic phrase to give the
purified compound E.

[0016] Further, said step S12 comprises the step of purify-
ing said compound A:

[0017] adding an appropriate amount of distilled water to
the reaction mixture containing said compound A: then
extracting several times with ethyl acetate, and combining the
organic phases; drying the organic phase over anhydrous
MgSO,, followed by filtration and concentration of the fil-
trate; finally subjecting the filtrate residue to silica gel column
chromatography using a mixture of ethyl acetate and n-hex-
ane as eluent to obtain said purified compound A.

[0018] Still another object of the present invention is to
provide an electroluminescent device, the light emitting layer
of said electroluminescent device comprises an organic elec-
troluminescent compound containing Iridium, said organic
electroluminescent compound containing Iridium has the fol-
lowing structural formula:
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[0019]

[0020]
compound containing Iridium according to the present inven-
tion contains bipyridine ligand, and carries alkoxy group and
fluorine atom, which improves its carrier injection and trans-
fer ability, and increases its internal quantum efficiency and
electroluminescent efficiency. Furthermore, the organic elec-
troluminescent compound containing Iridium uses strong

wherein R is C,~C, alkyl.

The structure of the organic electroluminescent

field ligand 2-picolinato as assistant ligand, which causes an
effective blue shift of its emission spectrum and increases
light-emitting efficiency of blue light phosphorescence
greatly.

BRIEF DESCRIPTION OF THE DRAWING

[0021]
electroluminescent
Example 1.

[0022] FIG. 2 shows schematically the structure of an elec-
troluminescent device of Example 5.

FIG. 1 shows the emission spectrum of the organic

compound containing Iridium of

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0023] The present invention provides an organic electrolu-
minescent compound containing Iridium, which metal Iri-
dium (Ir)-organic complex is a phosphorescent material hav-
ing a relatively short phosphorescence lifetime (1~14 ps);
said organic electroluminescent compound containing Iri-
dium has the formula (dfpyORpy).,Irpic; wherein, dfpy rep-
resents a pyridine ring of the cyclometalated ligand on which
the 2 and 6-position of the pyridine ring are substituted by two
fluorine atoms; ORpy represents another pyridine ring of the
cyclometalated ligand on which the 4-position of the pyridine
ring is alkoxy-substituted; the two pyridine rings are con-
nected to each other in forming a bipyridine via 2- and 3-po-
sition, respectively; pic represents picolinato that acts as aux-
iliary ligand complex. Said organic electroluminescent
compound containing Iridium has the following structural
formula:
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RO i |_ 7 |
AN N\\Ir/N\
NG | /\O/ “
N

F

[0024] wherein, “2” means the structural formula contains
two ligands of formula

RO,

7\

A

Expansion of the structural formula gives the structure as
follows:

[0025] wherein, R is C,~C, alkyl.

[0026] The structure of the organic electroluminescent
compound containing Iridium according to the present inven-
tion contains bipyridine ligand, and carries alkoxy group and
fluorine atom, which improves its carrier injection and trans-
fer ability, and increases its internal quantum efficiency and
electroluminescent efficiency. Furthermore, the organic elec-
troluminescent compound containing Iridium uses strong
field ligand 2-picolinato as assistant ligand, which causes an
effective blue shift of its emission spectrum and increases
light-emitting efficiency of blue light phosphorescence
greatly.

[0027] The method of preparing said organic electrolumi-
nescent compound containing Iridium comprises the follow-
ing steps:



US 2014/0142310 Al

[0028] SI:underan oxygen-free atmosphere (consisting of
inert gas, e.g. nitrogen or argon atmosphere), compound A of
structural formula

and Iridium trichloride trihydrate (IrCl;.3H,0) in a molar
ratio of 3:1to 5:1 (preferably 4:1) are added to the first organic
solvent (such as 2-ethoxyethanol), and dissolved to react in
the formation of a double-bridged compound B of structural
formula

OR_|

((dfpyORpy),Ir(pu-CD)-(dfpyORpy),); wherein, R is C,~C,
alkyl; the reaction formula is as follows:

RO
a
|N L0 2-ethoxyethanol
+ 3 _ =
AN R reflux, 25 h
F
7 |
AN
F
F
RO ]
= | Z N
NN N ;
\I R I.'
LI T
F AN N
s | ; NZ |
N
N \ OR .
— —2
L Fooo_d,
[0029] S2:under an oxygen-free atmosphere (consisting of

inert gas, e.g. nitrogen or argon atmosphere), said double-
bridged compound B and 2-picolinic acid in a molar ratio of
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1:2.5t0 1:3.5 (preferably 1:3) are added to the second organic
solvent (such as 1,2-dichloroethane, glycerol, 2-ethoxyetha-
nol or tetrahydrofuran (THF)) to undergo ligand exchange in
the presence of a co-catalyst consisting of sodium methoxide
and silver trifluoroacetate under reflux condition to form said

organic electroluminescent compound containing Iridium of
structural formula

F
~ ro -
< | N
N N AN |
\ ;Cl i F
NG N L +
ety r
F "’ Pd
7 | , Cl \N V |
N
X A OR
— —
7z 2-ethoxyethanol,
N sodium methoxide
X silver trifluoroacetate
COOH
~ 20 -
NN N
N/
Ir
F
7 | 0 0
AN
F

[0030] In step S1 of said method of preparing the above-
mentioned organic electroluminescent compound containing
Iridium, said compound A is prepared according to the fol-
lowing steps:

[0031] SI11: under an oxygen-free and anhydrous atmo-
sphere (consisting of inert gas, e.g. nitrogen or argon atmo-
sphere), compound D of structural formula
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AN

(i.e,, 2,6-difluoropyridine) and lithium diisopropylamide
(LDA) in a molar ratio of 1.2:1 are added to a solution of
tetrahydrofuran (THF) and undergo reaction at -78° C. for
0.5 to 2 h to form 2,6-difluoropyridyl-3-lithium; 12.5 mmol of
trimethyl borate (B(OMe),) is then added to the reaction
mixture to allow a reaction between 2,6-difluoropyridyl-3-
lithium and trimethyl borate (B(OMe), ) at room temperature
in the formation of compound E of structural formula

B(OH),

(i.e., 2,6-difluoro-pyridyl-3-boronic acid); the reaction for-
mula is as follows:

[0032]
formula

S12: said compound E and compound F of structural

(i.e., 4-alkyl-2-bromopyridine) in a molar ratio of 1.5:1~2:1
(preferably 1.6:1) are added to the third organic solvent (e.g.
tetrahydrofuran, dioxane, toluene or dimethyl sulfoxide) con-
taining a catalyst (e.g. a mixture of K,CO; solution and
Pd(PPh,),, the molar amount of K,CO, is 10-fold over the
molar amount of compound F, the molar amount of Pd
(PPh,), is 0.5% of the molar amount of compound F) to
undergo Suzuki coupling reaction in the formation of said
compound A; wherein in said compound F, R is C,~C, alkyl;
the reaction formula is as follows:

B(OH),
F RO e aqueous solution of
= | 5% K>CO3, PA(PPhs)s
+ .
N XV THF, reflux, 18 h
X
Br

F
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-continued
RO / |
\ N.
F / |
AN
F

[0033] Further, said step S11 comprises the step of purify-
ing said compound E:

[0034] quenching the reaction in the reaction mixture with
an addition of an aqueous solution of 5 wt % NaOH: followed
by adjusting the pH of the reaction mixture to neutral using an
aqueous solution of 3N HCl; and then extracting the mixture
several times with ethyl acetate and combining the organic
phases; finally concentrating the organic phrase to give the
purified compound E.

[0035] Further, said step S12 comprises the step of purify-
ing said compound A:

[0036] adding an appropriate amount of distilled water to
the reaction mixture containing said compound A; then
extracting several times with ethyl acetate, and combining the
organic phases; drying the organic phase over anhydrous
MgSO,, followed by filtration and concentration of the fil-
trate; finally subjecting the filtrate residue to silica gel column
chromatography using a mixture of ethyl acetate and n-hex-
ane as eluent to obtain said purified compound A.

[0037] In the above-mentioned method of preparing said
organic electroluminescent compound containing Iridium, in
order for obtaining compound B of higher purity, compound
B prepared from step S1 are subjected to a purification pro-
cess as follows:

[0038] SI11: concentrating the reaction mixture under
reduced pressure;

[0039] S12: subjecting the concentrated solution to silica
gel column chromatography using dichloromethane as eluent
to obtain said purified compound B.

[0040] Similarly, in the above-mentioned method of pre-
paring said organic electroluminescent compound containing
Iridium, in order for obtaining an organic electroluminescent
compound containing Tridium of higher purity, said organic
electroluminescent compound containing Iridium prepared
from step S2 are subjected to a purification process as fol-
lows:

[0041] S21: properly concentrating the reaction mixture
containing the organic electroluminescent compound con-
taining Iridium, that is to remove part of the solvent, adding a
suitable amount of distilled water for precipitating the solid.
[0042] S22: filtering the crude product, and subjecting to
ultrasonic washing with sequential use of n-hexane, diethyl
ether.

[0043] S23: subjecting the crude product to silica gel col-
umn chromatography using a mixture of n-hexane and
dichloromethane as eluent to obtain said purified organic
electroluminescent compound containing Iridium.

[0044] The organic electroluminescent compound contain-
ing Iridium and the main material in the light emitting layer of
the organic electroluminescent device has good compatibil-
ity, which can be used in the light emitting layer as the doping
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guest widely used for the preparation of blue or white phos-
phorescent electroluminescent devices; said organic elec-
troluminescent compound containing Iridium has the follow-
ing structural formula:

RO 7
| < |
A
\ AN
iy
F 7 \
| O/C§O;
NY
F

[0045] wherein, R is C,~C, alkyl.

[0046] The structure of the organic electroluminescent
compound containing Iridium according to the present inven-
tion contains bipyridine ligand, and carries alkoxy group and
fluorine atom, which improves its carrier injection and trans-
fer ability, and increases its internal quantum efficiency and
electroluminescent efficiency. Furthermore, the organic elec-
troluminescent compound containing Iridium uses strong
field ligand 2-picolinato as assistant ligand, which causes an
effective blue shift of its emission spectrum and increases
light-emitting efficiency of blue light phosphorescence
greatly.

[0047] Detailed description to the best embodiments of the
present invention will now be given with reference to the
drawings below:

Example 1

[0048] The organic electroluminescent compound contain-
ing Iridium of the embodiment according to the present
invention, namely Iridium(III) bis(2',6"-difluoro-4-methoxy-
2,3"-bipyridinato-N,C*') (2-picolinato) [(dfypmopy),lrpic],
wherein R is methyl:

H;CO 7
| <
N L]
SRy
Ir
F \
7 /C\O

)

%

[0049] The method of preparing Iridium(IIT) bis(2",6'-dif-
luoro-4-methoxy-2,3-bipyridinato-N,C™) (2-picolinato) is as
follows:

(1) Synthesis of 2,6-difluoro-pyridyl-3-boronic acid

[0050] Under a nitrogen atmosphere, 7.5 mL (12 mmol) of
1.6 M lithium diisopropylamine and 0.91 mL (10 mmol) of
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2,6-difluoropyridine were added to 40 mL of tetrahydrofuran,
and kept reacting at =78° C. for 1 h. After the addition of 1.40
mL (12.5 mmol) of trimethyl borate, the temperature was
naturally warmed to room temperature and the mixture was
kept mixing to react for 1 h. The reaction mixture was
quenched by slowly adding 20 mL of an aqueous solution of
5 wt % NaOH, after stirring for 10 min, an aqueous solution
of 3N HCl was added dropwisely to adjust the pH to neutral.
The mixture was extracted several times with ethyl acetate
and the organic phases were combined, solvent was removed
by rotary evaporation to give 1.43 g of white solid in 90%
yield.

[0051] “H NMR (400 MHz, CDCl,, ppm): § 8.45 (d, 1H),
6.94 (d, 1H), 5.33 (s, 2H).

B(OH),
F
7z F.
i) LDA 7
_—
AN ii) BOMe); N
F F

(2) Synthesis of 2',6'-difluoro-4-methoxy-2.3'-bipyri-
dine[dfpymopy]

[0052] Undera nitrogen atmosphere, 0.75 g (4.00 mmol) of
2-bromo-4-methoxy-pyridine, 1.02 g (6.40 mmol) of 2,6-
difluoro-pyridyl-3-boronic acid, 0.0374 g (0.032 mmol) of
Pd(PPh,), were dissolved in 25 mL THF, followed by addi-
tion of 10mL of an aqueous solution of 5 wt % K,CO,, heated
to reflux, stirred for 18 h. After naturally cooled to room
temperature, an appropriate amount of distilled water was
added, and the solution was extracted several times with ethyl
acetate, the organic phase were combined and dried over
anhydrous MgSQ,. After filtration, solvent was removed
from the filtrate under reduced pressure to give the crude
product. The crude product was purified to silica gel column
chromatography using a mixture of ethyl acetate and n-hex-
ane (v/v=1:5) as eluent to obtain 0.54 g of a colorless solid
product in 60.7% yield.

[0053] 'H NMR (400 MHz, CDCL,, ppm): 88.91 (d, 1H),
8.63 (d, 110), 7.75 (d, 1H), 7.43 d, 111), 6.86 (s, 1), 3.85 (s,
3H).

B(CH),
F HC0 =z aqueous solution of
= | 5% K>COs, PA(PPhs)
N
N oY THE, reflux, 181
Br
F
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-continued
H;CO y |
~
N
L
F

(3) Synthesis of double-bridged compound (dfpy-
mopy),Ir(u-ChIr(dfpymopy),

[0054] Under a nitrogen atmosphere, 1.78 g (8 mmol) of
2',6'-difluoro-4-methoxy-2,3'-bipyridine, and 0.71 g (2
mmol) of Iridium trichloride trihydrate were dissolved in 30
mL of 2-ethoxyethanol and heated to reflux, and the reaction
solution was stirred for 25 h. After naturally cooled to room
temperature, the solution was concentrated under reduced
pressure; the crude product was then subjected to silica gel
column chromatography using dichloromethane as eluent to
obtain 0.94 g of product in 70.1% yield.

[0055] ‘H NMR (400 MHz, CDCl,, ppm): 8 8.82 (d, 4H),
7.66 (d, 4H), 7.35 (d, 4H), 6.74 s, 4H), 3.89 (s, 12H).

H,;C0

7z
\ N
2-ethoxyethanol
. _
T / | +  IrCl3*3H,O refle, 25 1
BN
T
T Hco y | N
SN cl
N
’,Ir\
F. 7 // o
BN
L P,
(4) Synthesis of ligand (dfpymopy),Irpic
[0056] Under a nitrogen atmosphere, 0.37 g (3 mmol) of

2-picolinic acid and 1.34 g (1 mmol) of double-bridged com-
pound (dfpymopy),Ir(n-Chlr(dfpymopy), were dissolved in
60 mL of 1,2-dichloroethane, under the catalytic effect of
0.54 g (10 mmol) of sodium methoxide and 0.44 g (2 mmol)
of silver trifluoroacetate, the reaction solution was stirred and
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heated to reflux for 24 h. After naturally cooled to room
temperature, the reaction solution was concentrated by
removing a portion of solvent, an appropriate amount of
distilled water was added, and a solid was precipitated out.
After filtration, the crude product was collected and the solid
was subjected to ultrasonic washing with a sequential use of
n-hexane and diethyl ether, which was then subjected to silica
gel column chromatography using a mixture of n-hexane: and
dichloromethane (v/v=1:3) as eluant to obtain 1.33 g of pure
product (dfpymopy),Ilrpym in 87.9% yield.

[0057] H NMR (400 MHz, CDCL,, ppm): § 9.03 (d, 1H),
8.51 (d, 1H), 8.49 (d, 1H), 8.32 (d, 1H), 7.92 (t, 1H), 7.78 (1,
1H),7.55 (m, 1H),7.52 (m, 1H1), 7.20(d, 1H),7.18(d, 1), 6.85
(d, 1H), 6.79 (d, 1H), 3.90 (s, 6H).

— . —
[ H;c0 7]
7 | N
e N\ a FaN ;
NG N L +
Ve Jr
r A o \\
/ | . N z |
N
N OCH;
— —2
L I
/
sodium methoxide,
silver trifluoracetate
AN
1,2-dichloroethane
¢ reflux, 24 h
HO/ \O
HsCO
N AN AN
N,
iy
F 4 C
/ | \O/ %O
AN
L P,
[0058] FIG. 1 is the emission spectrum of an organic elec-

troluminescent compound containing Iridium (dfpymopy)
Llrpic in Example 1; wherein, the measurement condition
was: at 298K, in a CH,Cl, solution of molar concentration of
~107°M; when i, , “*=449 nm, a shoulder peak was found at
471 nm.

Example 2

[0059] Theorganic electroluminescent compound contain-
ing Iridium of the present embodiment, namely Iridium(I1I)
bis(2',6"-difluoro-4-ethoxy-2,3'-hipyridinato-N,C*")(2-pi-
colinato), wherein R is ethyl:
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[0060] The method of preparing Iridium(III) bis(2',6'-dif-
luoro-4-ethoxy-2,3"-bipyridinato-N,C*")(2-picolinato):

(1) Synthesis of 2,6-difluoro-pyridyl-3-boronic acid
is identical to step (1) of Example 1

(2) Synthesis of 2',6"-difluoro-4-ethoxy-2,3'-bipyri-
dine

[0061] Under an argon atmosphere, 0.81 g (4.00 mmol) of
2-bromo-4-ethoxy-pyridine, 1.02 g (6.40 mmol) of 2,6-dif-
luoro-pyridyl-3-boronic acid, 0.0374 g (0.032 mmol) of
Pd(PPh,), were dissolved in 30 mL of dioxane, followed by
addition of 10 mL of an aqueous solution of 5 wt % K,CO;,
heated to reflux, stirred for 18 h. After naturally cooled to
room temperature, an appropriate amount of distilled water
was added, and the solution was extracted several times with
ethyl acetate, the organic phase were combined and dried over
anhydrous MgSQO,. After filtration, solvent was removed
from the filtrate under reduced pressure to give the crude
product. The crude product was purified to silica gel column
chromatography using a mixture of ethyl acetate and n-hex-
ane (v/v=1:4) as eluent to obtain 0.56 g of a colorless solid
product in 59.6% yield.

[0062] *H NMR (400 MHz, CDCl,, ppm): & 8.92 (d, 1H),
8.65 (d, 1), 7.75 (d, 1H), 7.43 d, 1H), 6.92 (s, 1H), 4.12 (m,
2H), 1.90 (m, 3H).

B(OH aqueous
(O CHO solution of 5%
F s F K,CO3,
7 | Pd(PPhy)s
+
N X N Dioxane,
AN reflux, 18 h
Br
F
CoHs0
7 |
N N
F
7 |
AN
F
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(3) Synthesis of Double-Bridged Compound

[0063] Under an argon atmosphere, 1.89 g (8 mmol) of
2',6'-difluoro-4-ethoxy-2,3'"-bipyridine, and 0.71 g (2 mmol)
of Iridium trichloride trihydrate were dissolved in 30 mL of
2-ethoxyethanol and heated to reflux, and the reaction solu-
tion was stirred for 24 h. After naturally cooled to room
temperature, the solution was concentrated to remove a por-
tion of solvent; the crude product was then subjected to silica
gel column chromatography using dichloromethane as eluent
to obtain 0.99 g of product in 70.9% yield.

[0064] H NMR (400 MHz, CDCL,, ppm): 8 8.83 (d, 4H),
7.66 (d, 4H),7.35 (d, 4H), 6.74 (s, 4H), 4.11 (m, 8H), 188 (1m,
12H).

CH50

= |
N N
. L3O 2-ethoxyethanol
+ .

e | S reflux, 24 h

N
F [— —

T
[ 50 ]
2 Hs F | 7 N
N al e |
\\ UUN e F
’,Ir\ ’Ir\
E cr NG
SIRAe
N 0C,H;
L 1,
L 1
(4) Synthesis of Ligand
[0065] Under an argon atmosphere, 0.37 g (3 mmol) of

2-picolinic acid and 1.40 g (1 mmol) of double-bridged com-
pound were dissolved in 60 mL of 1,2-dichloroethane, under
the catalytic effect of 0.54 g (10 mmol) of sodium methoxide
and 0.44 g (2 mmol) of silver trifluoroacetate, the reaction
solution was stirred and heated to reflux for 24 h. After natu-
rally cooled to room temperature, the reaction solution was
concentrated by removing a portion of solvent, an appropriate
amount of distilled water was added, and a solid was precipi-
tated out. After filtration, the crude product was collected and
the solid was subjected to ultrasonic washing with a sequen-
tial use of n-hexane and diethyl ether, which was then sub-
jectedtosilica gel column chromatography using a mixture of
n-hexane: and dichloromethane (v/v=1:3) as eluant to obtain
1.26 g of pure product in 80.3% yield.

[0066] “H NMR (400 MHz, CDCl,, ppm): 8 9.01 (d, 1H),
8.53 (d, 1H),8.50 (d, 1H), 8.31 (d, 1H), 7.93 (t, 1H), 7.77 (1,
1H), 7.54 (m, 1H), 7.52 (m, 1H), 7.19 (d 1H), 7.17 (d, 1H),
6.82 (d, 1H), 6.78 (d, 1H), 4.13 (m, 4H), 1.89 (m. 6H).
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1,2-dichloroethane
¢ reflux, 24 h
HO/ \O_ _
C,H50. i |
N
N
N,
F L C
\O/ %O
F

Example 3

[0067] The organic electroluminescent compound contain-
ing Iridium of the present embodiment, namely Iridium(I1I)
bis(2',6'-difluoro-4-propoxy-2,3'-bipyridinato-N,C>)(2-pi-
colinato), wherein R is propyl:

C,H:0

[0068] The method of preparing Iridium(III) bis(2',6'-dif-
luoro-4-propoxy-2,3'-bipyridinato-N,C*)(2-picolinato):

(1) Synthesis of 2,6-difluoro-pyridyl-3-boronic acid
is identical to step (1) of Example 1

(2) Synthesis of 2',6'-difluoro-4-propoxy-2,3'-bipyri-
dine
[0069] Under a nitrogen atmosphere, 0.86 g (4.00 mmol) of
2-bromo-4-propoxy-pyridine, 1.02 g (6.40 mmol) of 2,6-di-
fluoro-pyridyl-3-boronic acid, 0.0374 g (0.032 mmol) of
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Pd(PPh;), were dissolved in 25 mL of dimethyl sulfoxide,
followed by addition of 10 mL of an aqueous solution of 5 wt
% K,CO,, heated to reflux, stirred for 18 h. After naturally
cooled to room temperature, an appropriate amount of dis-
tilled water was added, and the solution was extracted several
times with ethyl acetate, the organic phase were combined
and dried over anhydrous MgSO,. After filtration, solvent
was removed from the filtrate under reduced pressure to give
the crude product. The crude product was purified to silica gel
column chromatography using a mixture of ethyl acetate and
n-hexane (v/v=1:4) as eluent to obtain 0.57 g of a colorless
solid product in 57.0% yield.

[0070] “H NMR (400 MHz, CDCl,, ppm): § 8.91 (d, 1H),
8.66 (d, 1H), 7.76 (d, 1H), 7.44 d, 1H), 6.91 (s, 1H), 4.08 (m,
2H), 1.76 (m, 2H), 0.98 (m, 3H).

BOH aqueous
(OH) CHO solution of
F TN 5% K,COs,
7 | Pderhs,
+ P —
N oY @ DMSO,
™
reflux, 18 h
Br
F
CH,0
7 |
\ N;
F
7 |
AN
F

@ indicates text missing or illegible when filed

(3) Synthesis of Double-Bridged Compound

[0071] Under a nitrogen atmosphere, 2.00 g (8 mmol) of
2'6'-difluoro-4-propoxy-2,3'-bipyridine, and 0.71 g (2 mmol)
of Iridium trichloride trihydrate were dissolved in 30 mL of
2-ethoxyethanol and heated to reflux, and the reaction solu-
tion was stirred for 24 h. After naturally cooled to room
temperature, the solution was concentrated under reduced
pressure: the crude product was then subjected to silica gel
column chromatography using dichloromethane as eluent to
obtain 0.99 g of product in 68.2% yield.

[0072] 'HNMR (400 MHz, CDCl,, ppm):  8.80 (d, 4H),
7.64 (d,4H),7.34 (d, 4H), 6.71 (s, 4H), 4.10 (m, 8H), 1.87 (m.
8H), 0.98 (m, 12H).
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(4) Synthesis of Ligand

[0073] Under a nitrogen atmosphere, 0.37 g (3 mmol) of
2-picolinic acid and 1.45 g (1 mmol) of double-bridged com-
pound were dissolved in 60 mL of 1,2-dichloroethane, under
the catalytic effect of 0.54 g (10 mmol) of sodium methoxide
and 0.44 g (2 mmol) of silver trifluoroacetate, the reaction
solution was stirred and heated to reflux for 24 h. After natu-
rally cooled to room temperature, the reaction solution was
concentrated by removing a portion of solvent, an appropriate
amount of distilled water was added, and a solid was precipi-
tated out. After filtration, the crude product was collected and
the solid was subjected to ultrasonic washing with a sequen-
tial use of n-hexane and diethyl ether, which was then sub-
Jjectedto silica gel column chromatography using amixture of
n-hexane: and dichloromethane (v/v=1:3) as eluant to obtain
1.34 g of pure product in 82.4% vield.

[0074] 'H NMR (400 MHz, CDCl,, ppm): 8 9.02 (d, 1H),
8.52(d, 1H), 8.49 (d, 1H), 8.32 (d, 1H), 7.94 (t, 1H), 7.78 (t,
1H), 7.53 (m, 1H), 7.51 (m, 1H), 7.18 (d, 1H), 7.16 (d, 1H),
6.81 (d, 1H), 6.78 (d, 1H), 4.13 (m, 4H), 1.88 (m, 4H), 0.96
(m, 6H).

F
[C;H,0 ]

7 | 7N

N N\ a N .

NG N e +
I Jr
F ANy N
/ | . N/ |
N
X 0C;H;
— —2
F
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-continued

sodium methoxide,
silver trifluoracetate

1,2-dichloroethane
reflux, 24 h

Example 4

[0075] The organic electroluminescent compound contain-
ing Iridium of the present embodiment, namely Iridium(I1I)
bis(2',6"-difluoro-4-butoxy-2,3'-bipyridinato-N,C*)(2-pi-
colinato), wherein R is butyl:

[0076] The method of preparing Iridium(III) bis(2',6'-dif-
luoro-4-butoxy-2,3"-bipyridinato-N,C*)(2-picolinato):

(1) Synthesis of 2,6-difluoro-pyridyl-3-boronic acid
is identical to step (1) of Example 1

(2) Synthesis of 2',6"-difluoro-4-butoxy-2,3"-bipyri-
dine

[0077] Under a nitrogen atmosphere, 0.92 g (4.00 mmol) of
2-bromo-4-butoxypyridine, 1.02 g (6.40 mmol) of 2,6-dif-
luoro-pyridyl-3-boronic acid, 0.0374 g (0.032 mmol) of
Pd(PPh,), were dissolved in 25 mL of toluene, followed by
addition of 10 mL of an aqueous solution of 5 wt % K,CO,,
heated to reflux, stirred for 18 h. After naturally cooled to
room temperature, an appropriate amount of distilled water
was added, and the solution was extracted several times with
ethyl acetate, the organic phase were combined and dried over
anhydrous MgSO,. Solvent was removed from the filtrate
under reduced pressure to give the crude product. The crude
product was purified to silica gel column chromatography
using a mixture of ethyl acetate and n-hexane (v/v=1:4) as
eluent to obtain 0.59 g of a colorless solid product in 55.7%
yield.
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[0078] 'H NMR (400 MHz, CDCl,, ppm):  8.93 (d, 1H),
8.67 (d, 1H), 7.75 (d, 1H), 7.45 (d, 1H), 6.95 (s, 1H), 4.07 (m,
2H), 1.75 (m, 2H), 1.54 (m, 2H), 0.89 (m, 3H).

aqueous
B0 solution of
F G40 5% K,CO;,
7z | pdephs,
ks R ——
N THEF,
N X reflux, 18 h
Br
F
C4H,0 y
N
F
9
RN
F
(3) Synthesis of Double-Bridged Compound
[0079] Under a nitrogen atmosphere, 2.11 g (8 mmol) of

2',6'-difluoro-4-butoxy-2,3'-bipyridine, and 0.71 g (2 mmol)
of Iridium trichloride trihydrate were dissolved in 30 mL of
2-ethoxyethanol and heated to reflux, and the reaction solu-
tion was stirred for 24 h. After naturally cooled to room
temperature, the solution was concentrated under reduced
pressure; the crude product was then subjected to silica gel
column chromatography using dichloromethane as eluent to
obtain 1.00 g of product in 66.3% yield.

[0080] 'H NMR (400 MHz, CDCI,, ppm): & 8.82 (d, 4H),
7.66 (d,4H), 735 (d,4H), 6.73 (s, 4H), 4.08 (m, 8H), 1.77 ml
8H), 1.53 (m, 8H), 0.90 (m, 12H).

C4H,O
N N
2-ethoxyethanol
F. + ICl3H,0 ——
/ | . reflux, 24 h
AN
F

11
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(4) Synthesis of Ligand
[0081] Under a nitrogen atmosphere, 0.37 g (3 mmol) of

2-picolinic acid and 1.45 g (1 mmol) of double-bridged com-
pound were dissolved in 60 mL of 1,2-dichloroethane, under
the catalytic effect of 0.54 g (10 mmol) of sodium methoxide
and 0.44 g (2 mmol) of silver trifluoroacetate, the reaction
solution was stirred and heated to reflux for 24 h. After natu-
rally cooled to room temperature, the reaction solution was
concentrated by removing a portion of solvent, an appropriate
amount of distilled water was added, and a solid was precipi-
tated out. After filtration, the crude product was collected and
the solid was subjected to ultrasonic washing with a sequen-
tial use of n-hexane and diethyl ether, which was then sub-
jectedtossilica gel column chromatography using a mixture of
n-hexane: and dichloromethane (v/v=1:3) as eluant to obtain
1.30 g of pure product in 77.3% yield.

[0082] H NMR (400 MHz, CDCl,, ppm): & 9.00 (d, 1H),
8.50 (d, 1H), 8.47 (d, 1H), 8.30 (d, 1H), 7.92 (t, 1H), 7.79 (i,
1H), 7.54 (m, 1H), 7.52 (m, 1H), 7.17 (d, 1H), 7.14 (d, 1H),
6.82 (d, 1H), 6.79 (d, 1H), 4.06 (m, 4H), 1.75 (m, 4H), 1.54
(m, 4H), 0.89 (m, 6H).

F
["C4H0 ]
7 e\
| |
N a AN .
NG N L +
Vr r
F N \\
/ | . N = |
N.
X 0OC4Hy
— —I2
u P,
/
sodium methexide,
N X silver trifluoracetate
1,2-dichloroethane
¢ reflux, 24 h
X
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[0083] The following Example 5 shows an embodiment of
the use of an organic electroluminescent compound contain-
ing Iridium in the light emitting layer of an electrolumines-
cent device.

Exaniple 5

[0084] In this embodiment, Iridium(IIT) bis(2',6'-difluoro-
4-methoxy-2,3"-bipyridinato-N,C*")(picolinato) (hereinafter
referred (dfpymopy),Irpic) obtained in Example 1 was used
in the light emitting layer as guest material of doping in the
preparation of an organic electroluminescent device. As
shown in FIG. 2, the organic electroluminescent device is
laminated in structured in the following order: glass 11/TTO
layer 12/PEDOT: PSS layer 13/PVK: (dfpymopy),lrpic layer
14/BCP layer 15/Alq, layer 16/LiF layer 17/Al layer 18:
wherein, PVK is polyvinyl carbazole women; BCP is 2,9-
dimethyl-4,7-diphenyl-1,10-phenanthroline; PEDOT is 3,4~
ethylenedioxy thiophene; PSS is a polystyrene-sulfonic acid
composite material.

[0085] The method of preparing said organic electrolumi-
nescent device is as follows:

[0086] 1. On a glass substrate was deposited a layer of
indium tin oxide (ITO) having a sheet resistance of 10~20/
Q/[ as a transparent anode;

[0087] 2. By spin coating, a PEDOT:PSS layer for modifi-
cation was provided on the ITO layer as a hole transport layer;
[0088] 3.Alight emitting layer was then spin-coated on the
surface of the PEDOT:PSS layer, the host material of said
light emitting layer is PVK, and the doping material is Iridium
(III)  bis(2',6'-difluoro-4-methoxy-2,3'-bipyridinato-N,C>')
(picolinato) (hereinafter referred (dfpymopy),Irpic) obtained
in Example 1, the doping ratio of PVK:(dfpymopy),Irpic is 7
wt %;

[0089] 4. By vacuum deposition, a BCP layer and a LiF
layer were deposited successively on the light emitting layer
as a hole blocking layer and an electron injection buffer layer,
respectively;

[0090] 5. Finally, a metallic Al layer was deposited on the
buffer layer as the cathode of said organic electroluminescent
device by vacuum deposition.

[0091] Due to the presence of an organic electrolumines-
cent compound containing Iridium having a relatively high
color purity and fluorescence quantum efficiency in said
organic electroluminescent device, said organic electrolumi-
nescent device exhibits relatively high energy conversion
efficiency and luminous efficiency, which allows its use in the
field of blue or white luminescence.

[0092] Although the present invention has been described
and illustrated in detail, it is clearly understood that the same
is by way of illustrating the preferred embodiment of the
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present invention and is not to be taken by way of limitation.
The present invention should be in the scope of the appended
claims prevail.

What is claimed is:

1. An organic electroluminescent compound containing
Iridium, characterized in that said organic electroluminescent
compound containing Iridium has the following structural
formula:

RO %
| < |
N
lr/N\
F % \
| O/C\O,
NY
F

wherein, R is C,~C, alkyl.

2. A method of preparing an organic electroluminescent
compound containing Iridium, characterized in that said
method comprises the following steps:

S1: under an oxygen-free atmosphere, compound A of

structural formula

and Iridium trichloride trihydrate in a molar ratio of3:1 to 5:1
are added to the first organic solvent, and dissolved to react in
the formation of double-bridged compound B of structural
formula

z
A

OR

[
/
L

wherein, R is C,~C, alkyl;

S2: under an oxygen-free atmosphere, said double-bridged
compound B and 2-pyridinecarboxylic acid in a molar
ratio of 1:2.5 to 1:3.5 are added to the second organic
solvent to undergo ligand exchange in the formation of
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said organic electroluminescent compound containing
Iridium of structural formula

o0 P ]
| 7 |
N lr/N\
F
a SN
NY
F

3. A method of preparing an organic electroluminescent
compound containing Iridium according to claim 2, charac-
terized in thatin step S1, said compound A is prepared accord-
ing to the following steps:

S11: under an oxygen-free and anhydrous atmosphere,
compound D of structural formula

and lithium diisopropylamide in a molar ratio of 1.2:1 are
added to a solution of tetrahydrofuran and undergo reaction at
-78° C.; trimethyl borate is then added to the reaction mixture
to undergo a reaction at room temperature in the formation of
compound E of structural formula

B(OH)y;

AN

S12: said compound E and compound F of structural for-
mula

in a molar ratio of 1.5:1~2:1 are added to the third organic
solvent containing a catalyst to undergo Suzuki coupling
reaction in the formation of said compound A; wherein in said
compound F, R is C,~C, alkyl.
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4. A method of preparing an organic electroluminescent
compound containing Iridium according to claim 3. charac-
terized in that said step S11 further comprises the step of
purifying said compound E:

quenching the reaction in the reaction mixture with an

addition of an aqueous solution of 5 wt % NaOH; adjust-
ing the pH of the reaction mixture to neutral using an
aqueous solution of 3N HCI; extracting the mixture sev-
eral times with ethyl acetate and combining the organic
phases; finally concentrating the organic phrase to give
the purified compound E.

5. A method of preparing an organic electroluminescent
compound containing Iridium according to claim 3. charac-
terized in that said step S12 further comprises the step of
purifying said compound A:

adding distilled water to the reaction mixture containing

said compound A; then undergoing extraction, combin-
ing the organic phases; drying the organic phase over
anhydrous MgSQ,, followed by filtration and concen-
tration of the filtrate; finally subjecting the filtrate resi-
due to silica gel column chromatography using a mix-
ture of ethyl acetate and n-hexane as eluent to obtain said
purified compound A.

6. A method of preparing an organic electroluminescent
compound containing Iridium according to ¢laim 3. charac-
terized in that in said step S12, said catalyst is a mixture of
K,CQ; solution and Pd(PPh,),, the molar amount of K,CO,
is 10-fold over the molar amount of compound F, the molar
amount of Pd (PPh,), is 0.5% of the molar amount of com-
pound F.

7. A method of preparing an organic electroluminescent
compound containing Iridium according to claim 3. charac-
terized in that in said step S12, said third organic solvent is
tetrahydrofuran, dioxane, toluene or dimethyl sulfoxide.

8. A method of preparing an organic electroluminescent
compound containing Iridium according to claim 2, charac-
terized in that in said step S1, said first organic solvent is
2-ethoxyethanol.

9. A method of preparing an organic electroluminescent
compound containing Iridium according to claim 2, charac-
terized in that in said step S2, said second organic solvent is
1,2-dichloroethane, glycerol, 2-ethoxyethanol or tetrahydro-
furan.

10. An electroluminescent device, characterized in that the
light emitting layer of said electroluminescent device com-
prises an organic electroluminescent compound containing
Iridium, said organic electroluminescent compound contain-
ing Tridium has the following structural formula:

RO
=
| =
N L]
S
Ir’
F.
Z \ C
O/%O;
NY
F

L —I>

wherein R is C,~C, alkyl.

* #* * #* #®
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