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BLUE-LIGHT-EMITTING IRIDIUM
COMPLEX, IRIDIUM COMPLEX MONOMER,
PHOSPHORUS POLYMER, AND ORGANIC
ELECTROLUMINESCENCE DEVICE USING
SAME

TECHNICAL FIELD

[0001] The present invention relates to an iridium complex
and an organic electroluminescent device using the same and,
more particularly, to a blue-light-emitting iridium complex,
and a blue phosphorescent polymer and an organic electrolu-
minescent device prepared using the same.

BACKGROUND ART

[0002] An electroluminescent device does not require a
backlight, has a fast response speed, and also has excellent
brightness and viewing angle characteristics as it is a self-
light-emitting device. In particular, an organic electrolumi-
nescent device may be manufactured in the form of a thin film
with a bendable structure. Moreover, the formation of pat-
terns and the mass production by thin film manufacturing
techniques are easy, and the driving voltage is low. Further-
more, the organic electroluminescent device can theoretically
emit light of all colors in a visible light region. Thus, great
efforts to develop light-emitting materials used in the organic
electroluminescent devices have continued. However, since
blue-light-emitting materials should have a wide band gap, it
is difficult to synthesize and drive the blue-light-emitting
materials compared to green and red-light-emitting materials.
Therefore, in order to implement the organic electrolumines-
cent device as a natural-color flat-panel display, it is necessary
to continuously develop blue-light-emitting materials with
improved efficiency, color, and stability.

DISCLOSURE
Technical Problem

[0003] A technical problem of the present invention is to
provide a blue-light-emitting iridium complex and a blue
phosphorescent polymer comprising the blue-light-emitting
iridium complex and having improved stability and effi-
ciency.

[0004] Another technical problem of the present invention
is to provide an organic electroluminescent device compris-
ing a blue-light-emitting iridium complex or a blue phospho-
rescent polymer containing the blue-light-emitting iridium
complex.

Technical Solution

[0005] In one aspect, the present invention provides an
iridium complex. The iridium complex may be an iridium
complex represented by the following formula 1:

N.., e
Ty,
N

[Formula 1]
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[0006] In the above formula 1,

g

may be any one selected from the group consisting of com-
pounds represented by the following formulas 2 to 5:

[Formula 2]
/ |
N N
H
of
\

N

PN

Rx

[0007] In the above formula 2, Rx may be hydrogen, a
substituted or unsubstituted C1-C20 alkyl group, or a trifluo-
romethyl group;

[Formula 3]

Z
@
e \Z/|

\

g

[0008] In the above formula 3, Ry may be hydrogen, a
substituted or unsubstituted C1-C20 alkyl group, or an amine
group (—NR'R", where R' and R" may be, independently
from each other, hydrogen or a C1-C20 alkyl group);

a
\N;and

z

[Formula 4]

H
N "N
/i
N=N
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-continued
N—N
/(:2
N\ WN
H
o

Ry

[Formula 5]

[0009] In the above formula 5, Ry may be hydrogen, a
substituted or unsubstituted C1-C20 alkyl group, or an amine
group (—NR'R", where R' and R" may be, independently
from each other, hydrogen or a C1-C20 alkyl group).

[0010] In the above formula 1,

N
L

may be any one selected from the group consisting of com-
pounds represented by the following formulas 6 to 8:

[Formula 6]
R,
Ry R;
Ry
Rs
I
| P
Rg R
Rs

[0011] In the above formula 6, R1 to R4 may be, indepen-
dently from each other, a fluorine group or a cyano group, and
RS to R8 may be, independently from each other, hydrogen,
a substituted or unsubstituted C1-C20 alkyl group, a substi-
tuted or unsubstituted C1-C20 alkoxy group, or an amine
group (—NR'R", where R' and R" may be, independently
from each other, hydrogen or a C10-C20 alkyl group);

[Formula 7]
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[0012] In the above formula 7, R1 may be hydrogen, a
substituted or unsubstituted C1-C20 alkyl group, or a trifluo-
romethyl group, and R2 to RS may be, independently from
each other, hydrogen, a substituted or unsubstituted C1-C20
alkyl group, a substituted or unsubstituted C1-C20 alkoxy
group, or an amine group (—NR'R", where R' and R" may be,
independently from each other, hydrogen or a C1-C20 alkyl
group); and

[Formula 8]
N—=N
10 )\
N N
H
Ry
N7
Rs Z R;
Ry

[0013] In the above formula 8, R1 to R4 may be, indepen-
dently from each other, hydrogen, a substituted or unsubsti-
tuted C1-C20 alkyl group, a substituted or unsubstituted
C1-C20 alkoxy group, or an amine group (—NR'R", whereR'
and R" may be, independently from each other, hydrogen ora
C1-C20 alkyl group).

[0014] In another aspect, the present invention provides an
iridium complex monomer. The iridium complex monomer
may be a polymer represented by the following formula 9:

[Formula 9]

n
N, X
I
N( N,
2

[0015] Inthe above formula 9, n may be an integer from O

to 2, and

N
L

may be any one selected from the group consisting of the
compounds represented by the above formulas 6 to 8.

[0016]
N
N

Moreover,
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may be any one selected from the group consisting of com-
pounds represented by the following formulas 10 to 12:

[Formula 10]

)
‘Z

<

Rx

[0017] In the above formula 10, Rx may be hydrogen, a
substituted or unsubstituted C1-C20 alkyl group, or a trifluo-
romethyl group;

[Formula [ 1]

>

Ry

[0018] In the above formula 11, Ry may be hydrogen, a
substituted or unsubstituted C1-C20 alkyl group, or an amine
group (—NR'R", where R' and R" may be, independently
from each other, hydrogen or a C1-C20 alkyl group); and

9

N N.
u
N@N
\ !
N=N

[0019] In still another aspect, the present invention pro-
vides an organic polymer comprising the above-described
iridium complex. The polymer may be a polymer represented
by the following formula 13:

[Formula [2]

[Formula [3]
R

|
%—T—CHZ‘]X—[‘TH—CHz'}y_

A

[0020] In the above formula 13, R may be hydrogen or a
substituted or unsubstituted C1-C20 alkyl group, 2=x+
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y=100, and y is an integer from 1 to 99, A may be any one
selected from the group consisting of carbazole derivatives
represented by the following formulas 14 to 17, and B may be
an iridium complex represented by the following formula 18:

[Formula 14]
$
/
‘i‘
[Formula 15]

[Formula 16]

[Formula 17]

[Formula 18]

[0021]
to 2, and

In the above formula 18, n may be an integer from 0
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N
h

may be any one selected from the group consisting of the
compounds represented by the above formulas 6 to 8.

[0022] Moreover,
N
N

may be any one selected from the group consisting of com-
pounds represented by the above formulas 10 to 12.

[0023] Inyetanother aspect, the present invention provides
an organic electroluminescent device. The organic electrolu-
minescent device comprises a first electrode, a second elec-
trode disposed opposite to the first electrode, and a light-
emitting layer interposed between the first electrode and the
second electrode, and the light-emitting layer comprises the
above-described iridium complex as a dopant or comprises
the above-described polymer as a light-emitting material.
[0024] Moreover, the organic electroluminescent device
may further comprise at least one of a hole transporting layer
disposed between the first electrode and the light-emitting
layer and an electron transporting layer disposed between the
light-emitting layer and the second electrode.

Advantageous Effects

[0025] As described above, according to the present inven-
tion, it is possible to increase the blue-light-emitting effi-
ciency by synthesizing an iridium complex containing a
ligand with a low electron density and to improve the stability
and efficiency of an organic light-emitting material by poly-
merizing an iridium complex monomer containing a vinyl
group with carbazole derivatives.

[0026] However, the effects of the present invention should
not be limited to the foregoing description, and additional
effects and advantages of the invention will be made more
apparent to those skilled in the art from the following descrip-
tion.

DESCRIPTION OF DRAWINGS

[0027] FIG. 1 shows a '"H-NMR spectrum of a 5-vinylpi-
colinonitrile intermediate prepared by reaction scheme 1.
[0028] FIG. 2 shows a "H-NMR spectrum of 2-(4H-1,2,4-
triazol-3-y1)-5-vinylpyridine prepared by reaction scheme 1.
[0029] FIG. 3 shows a "H-NMR spectrum of a 2-(5-(4-
bromophenyl)-4H-1,2,4-triazol-3-yl)pyridine intermediate
prepared by reaction scheme 12.

[0030] FIG. 4 shows a ‘H-NMR spectrum of 2-(5-(4-vi-
nylphenyl)-4H-1,2 4-triazol-3-yl)pyridine prepared by reac-
tion scheme 12.

[0031] FIG. 5 shows a '"H-NMR spectrum of a 5-(4-vi-
nylphenyl)picolinonitrile intermediate prepared by reaction
scheme 16.

[0032] FIG. 6 shows a "H-NMR spectrum of 2-(4H-1,2,4-
triazol-3-yl)-5-(4-vinylphenyl)pyridine prepared by reaction
scheme 16.
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[0033] FIG. 7 shows a '"H-NMR spectrum of (2-(2,4-dif-
luorophenyl)pyridine),(2-(5-(4-vinylphenyl)-4H-1,2,4-tria-
zol-3-yl)pyridineiridium) prepared by reaction scheme 20.
[0034] FIG. 8 shows the SEC-LS profile of the molecular
weight and molecular weight distribution of a polymer (No.
1) prepared by a polymer synthesis example.

[0035] FIG. 9 shows a 'H-NMR spectrum of a polymer
(No. 2) prepared by a polymer synthesis example.

[0036] FIG. 10 shows UV-Vis spectra of a polymer pre-
pared by a polymer synthesis example.

[0037] FIG.11 shows photoluminescence spectra ofa poly-
mer prepared by a polymer synthesis example.

[0038] FIG. 12 is a schematic diagram showing an organic
electroluminescent device according to another exemplary
embodiment of the present invention.

MODE FOR INVENTION

[0039] Hereinafter, specific embodiments according to the
present invention will be described with reference to the
accompanying drawings. However, the present invention is
not limited to the disclosed embodiments, but may be imple-
mented in various manners. The embodiments are provided to
complete the disclosure of the present invention and to allow
those having ordinary skill in the art to understand the present
invention. In the drawings, the thicknesses of layers and
regions are exaggerated for clarity. The same reference
numerals denote the same elements throughout the specifica-
tion.

Example 1
Blue-Light-Emitting Iridium Complex
[0040] An iridium complex according to an exemplary

embodiment of the present invention may be an iridium com-
plex represented by the following formula 1:

N., X
73 Ir
N TN

In the above formula 1,

[Formula 1]

[0041]

may be any one selected from the group consisting of com-
pounds represented by the following formulas 2 to 5:

[Formula 2]

7\

o

g
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[0042] In the above formula 2, Rx may be hydrogen, a
substituted or unsubstituted C1-C20 alkyl group, or a trifluo-
romethyl group;

[Formula 3]

Z~

Z
@)

\

N

"

Ry

In the above formula 3, Ry may be hydrogen, a substituted or
unsubstituted C1-C20 alkyl group, or an amine group
(—NR'R", where R' and R" may be, independently from each
other, hydrogen or a C1-C20 alkyl group);

[Formula 4]

[Formula 5]

[0043] In the above formula 5, Ry may be hydrogen, a
substituted or unsubstituted C1-C20 alkyl group, or an amine
group (—NR'R", where R' and R" may be, independently
from each other, hydrogen or a C1-C20 alkyl group).

[0044] Moreover, in the above formula 1,
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may be any one selected from the group consisting of com-
pounds represented by the following formulas 6 to 8:

[Formula 6]
R,
R R;
Ry
Rs
N
| P
Rg R¢
R;

[0045] In the above formula 6, R1 to R4 may be, indepen-
dently from each other, a fluorine group or a cyano group, and
RS to R8 may be, independently from each other, hydrogen,
a substituted or unsubstituted C1-C20 alkyl group, a substi-
tuted or unsubstituted C1-C20 alkoxy group, or an amine
group (—NR'R", where R' and R" may be, independently
from each other, hydrogen or a C1-C20 alkyl group);

[Formula 7]
R
5
/
N N
H
R;
NN
Rs Z Rs
Ry

[0046] In the above formula 7, R1 may be hydrogen, a
substituted or unsubstituted C1-C20 alkyl group, or a trifluo-
romethyl group, and R2 to RS may be, independently from
each other, hydrogen, a substituted or unsubstituted C1-C20
alkyl group, a substituted or unsubstituted C1-C2 alkoxy
group, or an amine group (—NR'R", where R' and R" may be,
independently from each other, hydrogen or a C1-C20 alkyl
group); and

[Formula 8]
N—N
1)\
NJ N
H
R,
N
Ry Ry
Rs

[0047] In the above formula 8, R1 to R4 may be, indepen-
dently from each other, hydrogen, a substituted or unsubsti-
tuted C1-C20 alkyl group, a substituted or unsubstituted
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C1-C20 alkoxy group, or an amine group (—NR'R", where R’
and R" may be, independently from each other, hydrogen or a
C1-C20 alkyl group).

Example 2
Blue-Light-Emitting Iridium Complex Monomer
[0048] An iridium complex monomer according to another
exemplary embodiment of the present invention may be an

iridium complex monomer represented by the following for-
mula 9:

[Formula 9]

[0049]
to 2, and

In the above formula 9, n may be an integer from 0

Z,

may be any one selected from the group consisting of the
compounds represented by the above formulas 6 to 8.

[0050] Moreover,

may be any one selected from the group consisting of com-
pounds represented by the following formulas 10 to 12:

[Formula 10]

iy

/

)\z' =

[0051] In the above formula 10, Rx may be hydrogen, a
substituted or unsubstituted C1-C20 alkyl group, or a trifluo-
romethyl group;
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[Formula 11]

L0

>

Ry

[0052] In the above formula 11, Ry may be hydrogen, a
substituted or unsubstituted C1-C20 alkyl group, or an amine
group (—NR'R", where R' and R" may be, independently
from each other, hydrogen or a C1-C20 alkyl group); and

[Formula 12]

P
H
N \ N
N/
N=N

[0053] For example, the iridium complex monomer repre-
sented by the above formula 9 may be prepared by the fol-
lowing synthesis process:

Synthesis process

IrCI3+xH20
B —

X .\\‘\\Cl I"'l:. X
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-continued

[0054] The iridium complex monomer of the above for-
mula 9 is synthesized by reacting a ligand having no vinyl
group with hydrated iridium trichloride (IrCl;.xH,O) to pro-
duce an intermediate in the form of a dinuclear with a chlorine
atom via a ligand and then reacting the intermediate with a
ligand having a vinyl group in the presence of a metal catalyst
(MO).

Example 3

Blue-Light-Emitting Polymer Containing Iridium
Complex

[0055] A polymer according to still another exemplary
embodiment of the present invention may be a polymer rep-
resented by the following formula 13:

[Formula [3]
R

I
—[—(li—CHz—]x—{—(llH—CHz—]T

A B

[0056] In the above formula 13, R may be hydrogen or a
substituted or unsubstituted C1-C20 alkyl group, 2=x+
y=100, and y is an integer from 1 to 99, A may be any one
selected from the group consisting of carbazole derivatives
represented by the following formulas 14 to 17, and B may be
an iridium complex represented by the following formula 18:

[Formula 14]
p4
| A

s
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-continued
[Formula 15]
/X
\
/T
[Formula 16]
|
?CHZCHZ
N
[Formula 17]
N
\
/
[Formula 18]

[0057)]
to and

In the above formula 18, n may be an integer from 0

)

X
N

/

may be any one selected from the group consisting of the
compounds represented by the above formulas 6 to 8.
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[0058] Moreover,

may be any one selected from the group consisting of com-
pounds represented by the above formulas 10 to 12.

[0059] The polymer represented by the above formula 13
may be prepared by copolymerizing a carbazole derivative
with an iridium complex monomer. For example, the copo-
lymerization may be prepared by performing radical poly-
merization by adding a compound containing at least one
selected from the group consisting of carbazole derivatives
having a vinyl group and represented by the above formulas
14 to 17 in an organic solvent together with the iridium
complex represented by the above formula 9 and a radical
initiator. The radical initiator may include 2,2'-azo-bis(isobu-
tyronitrile) (AIBN), benzoyl-peroxide (BM, etc., and the
organic solvent may include tetrahydrofuran (THF), toluene,
dioxane, xylene, etc.

Ligand Synthesis Example 1
Synthesis of 2-(4H-1,2,4-triazol-3-yl)-5-vinylpyri-

dine
[0060]
Reaction Scheme |
C=N C=N
o N 1. Pd(PPh;)4, BHT in toluene N N
+
2. vinylSnBu
F ’ F
Br —_—
(-1 (1-2)
a
! N
OY N\ Na metal in MeOH \
NHy —4m8M
H
N 7z NH
(1-3) \
N=—
H

(1-4)

[0061] A 5-vinylpicolinonitrile intermediate (1-2) was pre-
pared by adding 5-bromopicolinonitrile (1-1), tetrakis(triph-
enylphosphine) (Pd(PPH3)4), and 2,6-di-t-butyl-4-meth-
ylphenol (BHT) in toluene, adding tributyl(vinyl)stannane
thereto, and reacting the resulting mixture at 80° C. for 24
hours. The intermediate (1-2) was added to a methanol solu-
tion, in which sodium metal was dissolved, and reacted at 70°
C. for 3 hours and then cooled. Formohydrazide (1-3) was
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added to the reaction solution and reacted at 70° C. for 15
minutes. Then, the temperature was lowered to 25° C. and the
reaction solution was reacted for 24 hours until yellow crys-
tals were formed. Upon completion of the reaction, the yellow
crystals were collected by filtration, and 2-(4H-1,2,4-triazol-
3-yl)-5-vinylpyridine (1-4) was purified by column chroma-
tography using chloroform and methanol as solvents.

[0062] FIG. 1 shows the '"H-NMR spectrum of the 5-vi-
nylpicolinonitrile intermediate prepared by the above reac-
tion scheme 1.

[0063] FIG. 2 shows the "H-NMR spectrum of the 2-(4H-
1,2,4-triazol-3-yl)-5-vinylpyridine prepared by the above
reaction scheme 1.

Ligand Synthesis Example 2
Synthesis of 2-(5-methyl-4H-1,2,4-triazol-3-yl)-5-

vinylpyridine
[0064]
Reaction Scheme 2
C=N c=
= N 1. Pd(PPh3)4, BHT in toluene N N .
& 2. vinylSnBus -
Br —_—
(1-1) (1-2)
7z |
R N
0 N\ Na metal in MeOH AN
\[/ Ny, —ememwmMert,
CH.
’ NZ
@-h \ <
N—
CH;
(22
[0065] Synthesis was performed in the same manner

described in the above reaction scheme 1 to purify 2-(5-
methyl-4H-1,2.4-triazol-3-yl)-5-vinylpyridine (2-2), except
that the compound that reacted with the 5-vinylpicolinonitrile
intermediate (1-2) was acetohydrazide (2-1).

Ligand Synthesis Example 3
Synthesis of 2-(5-trifluoromethyl-4H-1,2,4-triazol-3-
y1)-5-vinylpyridine

[0066]
Reaction Scheme 3
CcC= C=N
N

+

1. Pd(PPh3)4, BHT in toluene | \ N

F

| & 2. vinylSnBuj

Br =

(-1 (1-2)
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-continued
Z
H
O N\ Na metal in MeOH \ N
NHy —m8M
o N7 Nm
G-1) \
N=
CF;
(3-2)
[0067] Synthesis was performed in the same manner

described in the above reaction scheme 1 to purify 2-(5-
trifluvoromethyl-4H-1,2,4-triazol-3-yl)-5-vinylpyridine

(3-2), except that the compound that reacted with the 5-vi-
nylpicolinonitrile intermediate (1-2) was acetohydrazide
(3-1).

Ligand Synthesis Example 4

Synthesis of 2-(1H-1,2,4-triazol-5-y1)-5-vinylpyri-

dine
[0068]
Reaction Scheme 4
N N
7 H,NNH,+H,0 formic anhydride
N in EtOH at 25° C. C formic acid (1:1)
AN HIT/ Sy
N=cC NH,
(1-2) (4-1)
HN A N
-
N—
H
42
[0069] S5-vinylpicolinimidohydrazine (4-1) was synthe-

sized by adding the 5-vinylpicolinonitrile intermediate (1-2)
to a methanol solution, in which hydrazine was dissolved, and
reacted at 24° C. 2-(1H-1,2,4-triazol-5-yl)-5-vinylpyridine
(4-2) was prepared by reacting the 5-vinylpicolinimidohydra-
zine (4-1) with a mixed solution of formic anhydride and
formic acid (in a volume ratio of 1:1).
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Ligand Synthesis Example 5

Synthesis of 2-(3-methyl-1H-1,2,3-triazol-5-y1)-5-

vinylpyridine
[0070]
Reaction Scheme 5
Z
“ |
H,oNNH,H,O N N acetic anhydride
—_—
N N in EtOH at 25° C. acetic acid (1:1)
C
>
N=C Iﬂl\I 7S NH
(1-2) NH,
(4-1)
0071] Synthesis was performed in the same manner
Y p

described in the above reaction scheme 4 to prepare 2-(3-
methyl-1H-1,2,3-triazol-5-y1)-5-vinylpyridine (5-1), except
that a mixed solution of acetic anhydride and acetic acid was
used as the reaction solution.

Ligand Synthesis Example 6

Synthesis of 2-(3-trifluoromethyl)-1H-1,2,4-triazol-
5-yl)-5-vinylpyridine

[0072]
Reaction Scheme 6
7 H,NNH,*H20
—_—
\ N in EtOH at 25° C.
N=C

(1-2)
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-continued

/
= |
| e
N N trifluoroacetic anhydride
trifluoroacetic acid (1:1)
C AN
X HN N
N7 SNH \
| N=
NH,
CF3

(6-1)

[0073] Synthesis is performed in the same manner
described in the above reaction scheme 4 to prepare 2-(3-
trifluvoromethyl)-1H-1,2,4-triazol-5-y1)-5-vinylpyridine
(6-1), except that a mixed solution of trifluoroacetic anhy-
dride and trifluoroacetic acid was used as the reaction solu-
tion.

Ligand Synthesis Example 7
Synthesis of 2-(3-vinyl-1H-1, 2-4-triazol-3-yl)pyri-

dine
[0074]
Reaction Scheme 7
(0]
)]\ H,NNH,H,0
H2C=I?I OCH,CH; in THF at reflux
7-1
X
(e}
N
)J\ ~NH * 7 e
H,C=C N
H H
(1-2) HN NH,-HC1
(7-3)
N N N
\ NH
NZ |
x
(7-4)

[0075] Acrylohydrazide (7-2) was prepared by dissolving
ethyl acrylate (7-1) and hydrazine in tetrahydrofuran (THF)
and reacting the resulting solution at 80° C. for 1 hour. After
the temperature of the resulting solution containing the acry-
lohydrazide (7-2) was lowered to room temperature, 2-ami-
dino pyridine hydrochloride (7-3) and sodium hydroxide
(NaOH) were added thereto and reacted at 80° C. for 1 hour,

10
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thereby preparing 2-(3-vinyl-1H-1, 2-4-triazol-3-yl)pyridine
(7-4). After the temperature was lowered to room temperature
again, the reaction was terminated with sodium hydrogen
carbonate (NaHCQO,) and then extracted with ethyl acetate.
Then, purification was performed by column chromatogra-
phy using hexane and ethy] acetate (1:1) as a solvent.

Ligand Synthesis Example 8

Synthesis of 4-methyl-2-(3-vinyl-1H-1,2,4-triazol-5-

yDpyridine
[0076]
Reaction Scheme 8
@]
)J\ H,NNH,*H,0
HC= IC{ OCH,CH; in THF at reflux
(7-1)
H;C N
O
)J\ SNH - -
HLC=C N
H H
(7-2) HN NH,-HCl
(8-1)
N \N
\ /
NH
NZ |
A CH;
8-2)
[0077] Synthesis was performed in the same manner

described in the above reaction scheme 7 to purify 4-methyl-
2-(3-vinyl-1H-1,2,4-triazol-5-yl)pyridine (8-2), except that
4-methylpicolinimidamide (8-1) was added to the reaction
solution containing the acrylohydrazide (7-2).

Ligand Synthesis Example 9

Synthesis of 5-methyl-2-(3-vinyl-1H-1,2,4-triazol-5-

yl)pyridine
[0078]
Reaction Scheme 9
o
)k H,NNH,H,0
o= I@[ OCH,CI; in THF at reflux

(7-)
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-continued
CH;
O \
)J\ NH, * —
mLCe=C N7 2N
H H
(7-2)
HN NH,*HC1
©-1
N \N
\ NH
NZ |
x
CH;
©-2)
[0079] Synthesis was performed in the same manner

described in the above reaction scheme 7 to purify 5-methyl-
2-(3-vinyl-1H-1,2,4-triazol-5-yl)pyridine (9-2), except that
5-methylpicolinimidamide (9-1) was added to the reaction
solution containing the acrylohydrazide (7-2).

Ligand Synthesis Example 10

Synthesis of N,N-dimethyl-2-(3-vinyl-1H-1,2,4-
triazol-5-yl)pyridin-4-amine

[0080]
Reaction Scheme 10

[0}
)]\ H>NNH,*H,0
H2C=I% OCH,CH, in THF at reflux

7-1)

(@]
4
)I\N/NHZ
H

7-2)

HC=C

Jun. 7,2012

-continued
CH; I
| \ N
N,
me”” X NH
P
= N7 |
N _CH;
HN NH,*HC1 Il\I
(10-1) CHj,

(10-2)

[0081] Synthesis was performed in the same manner
described in the above reaction scheme 7 to purify N,N-
dimethyl-2-(3-vinyl-1H-1,2 4-triazol-5-yl)pyridin-4-amine
(10-2), except that 4-(dimethylamino)picolinimidamide (10-
1) was added to the reaction solution containing the acrylo-
hydrazide (7-2).

Ligand Synthesis Example 11

Synthesis of N,N-dimethyl-6-(3-vinyl-1H-1,2,4-
triazol-5-yl)pyridin-3-amine

[0082]
Reaction Scheme 11
(@]
HzNNHrHZo
LC—C OCH.CH in THF at reflux
2 " 2 3
(7-1)
H;C CH;
~ N e
O
AN
P NH2 + —_—
H,C=C N N
2 5 o Z
(7-2)
HN NH,+HCl1
(11-1)
N A N
\ ./
NH
NZ |
AN
N
e e
(11-2)

[0083] Synthesis was performed in the same manner

described in the above reaction scheme 7 to purify N,N-
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dimethyl-6-(3-vinyl-1H-1,2 4-triazol-5-yl)pyridin-3-amine
(11-2), except that 5-(dimethylamino)picolinimidamide (11-
1) was added to the reaction solution containing the acrylo-
hydrazide (7-2).

Ligand Synthesis Example 12

Synthesis (1) of 2-(5-(4-vinylphenyl)-4H-1,2 4-tria-
zol-3-yl)pyridine

[0084]
Reaction Scheme 12
o N
~ NH,
C=N
N Na metal in MeOIl
+ —_—
A Br
(12-1) (12-2)
Br —
i N _Pd(PPhs), BHT VinylSnBus e
/ in toluene/MeOH /
—N —N
N N
F F
(12-3) (12-4)
[0085] Picolinonitrile (12-1) was added to a methanol solu-

tion, in which sodium metal was dissolved, and reacted at 70°
C. for 3 hours and then cooled. 4-bromobenzohydrazide (12-
2) was added thereto and reacted at 70° C. for 15 minutes.
Then, the temperature was lowered to 25° C. and the reaction
solution was reacted for 24 hours until yellow crystals were
formed. Upon completion of the reaction, the yellow crystals
were collected by filtration, dissolved in ethylene glycol, and
reacted at 180° C. for 3 hours. Then, the temperature of the
reaction solution was lowered to room temperature, and the
reaction solution was subjected to crystallization for 24
hours, thereby preparing a 2-(5-(4-bromophenyl)-4H-1,2,4-
triazol-3-yl)pyridine) intermediate (12-3). After the interme-
diate (12-3) was added to toluene together with tetrakis(triph-
enylphosphine)  (Pd(PPH3)4) and  2,6-di-t-butyl-4-
methylphenol (BHT), tributyl(vinyl)stannane was added
thereto and reacted at 80° C. for 24 hours, thereby preparing
2-(5-(4-vinylphenyl)-4H-1,2,4-triazol-3-yl)pyridine (12-4).
[0086] FIG. 3 shows the "H-NMR spectrum of the 2-(5-(4-
bromophenyl)-4H-1,2,4-triazol-3-yl)pyridine intermediate
prepared by the above reaction scheme 12.

Jun. 7,2012

[0087] FIG. 4 shows the "H-NMR spectrum of the 2-(5-(4-
vinylphenyl)-4H-1,2,4-triazol-3-yl)pyridine prepared by the
above reaction scheme 12.

Ligand Synthesis Example 13

Synthesis (2) of 2-(5-(4-vinylphenyl)-4H-1,2 4-tria-
70l1-3-yl)pyridine

[0088]
Reaction Scheme 13
H,NNH,+H,0
4
in THF
HN
H;CO 0 N Y
(13-1) (13-2)
C=N
Na metal in MeOH
S
o Ny
F —N
12-1
(12-1) X
=
(12-4)
[0089] 4-vinylbenzohydrazide (13-2) was prepared by dis-

solving methyl 4-vinylbenzoate (13-1) and hydrazine in tet-
rahydrofuran (THF), reacting the resulting solution at 80° C.
for 1 hour, and then lowering the temperature to room tem-
perature. Picolinonitrile (12-1) was added to a methanol solu-
tion, in which sodium metal was dissolved, and reacted at 70°
C. for 3 hours and then cooled. The 4-vinylbenzohydrazide
(13-2) was added to the reaction solution and reacted at 70° C.
for 15 minutes. Then, the temperature was lowered to 25° C.
and the reaction solution was reacted for 24 hours until yellow
crystals were formed. Upon completion of the reaction, the
yellow crystals were collected by filtration, dissolved in eth-
ylene glycol, and reacted at 180° C. for 3 hours. Then, the
temperature of the reaction solution was lowered to room
temperature, and the reaction solution was subjected to crys-
tallization for 24 hours, thereby preparing 2-(5-(4-vinylphe-
nyl)-4H-1,2,4-triazol-3-yl)pyridine (12-4).



US 2012/0138917 Al

Ligand Synthesis Example 14

Synthesis-1 of 2-(5-(4-vinylphenyl)-1H-1,2 4-tria-
zol-3-yl)pyridine

[0090]
Reaction Scheme 14
HzNNHz‘Hzo
—_— +
in THF at 70° C.
HZN\ N o
H;CO 0 N
(13-1) (13-2)
C=N
Ny
NaOH
G solvent HN A N
\
N—
HN NH,+HCL
2 / N
(7-3) |
X
(14-1)
[0091] First, synthesis was performed in the same manner

described in the above reaction scheme 13 to prepare 4-vi-
nylbenzohydrazide (13-2). 2-amidino pyridine hydrochloride
(7-3) and sodium hydroxide (NaOH) were added thereto and
reacted at 80° C. for 1 hour, thereby preparing 2-(5-(4-vi-
nylphenyl)-1H-1,2 4-triazol-3-yl)pyridine (14-1). After the
temperature was lowered to room temperature again, the
reaction was terminated with sodium hydrogen carbonate
(NaHCO,) and then extracted with ethyl acetate. Then, puri-
fication was performed by column chromatography using
hexane and ethyl acetate (1:1) as a solvent.

Ligand Synthesis Example 15

Synthesis-2 of 2-(5-(4-vinylphenyl)-1H-1,2 4-tria-
zol-3-yl)pyridine

[0092]
Reaction Scheme 15

MeAl(CI)NH,
—_—

CN HN NH,
(15-1) (15-2)
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-continued
ooV oy
SNH \—
A N NaOMe =z N
solvent |
F AN

(15-3) (14-1)

[0093] A toluene solution in which trimethylaluminum was
dissolved was slowly added to an anhydrous toluene solution
in which chloroammonium was dissolved in suspension to
synthesize an aluminum amide reagent. Then, 4-cyanosty-
rene (15-1) was added thereto and reacted at 80° C. until the
4-cyanostyrene was exhausted by TLC, thereby preparing
4-vinylbenzimidamide (15-2). Next, picolinohydrazide (15-
3) and sodium methoxide (NaOMe) were added thereto and
reacted at 80° C. for 1 hour, thereby preparing 2-(5-(4-vi-
nylphenyl)-1H-1,2,4-triazol-3-yl)pyridine (14-1). After the
temperature was lowered to room temperature again, the
reaction was terminated with sodium hydrogen carbonate
(NaHCO,) and then extracted with ethy] acetate. Then, puri-
fication was performed by column chromatography using
hexane and ethyl acetate (1:1) as a solvent.

Ligand Synthesis Example 16
Synthesis of 2-(4H-1,2,4-triazol-3-y1)-5-(4-vinylphe-

nyl)pyridine
[0094]
Reaction Scheme 16
C=N —
Ny 2MK,CO5/H,0
n T .
Pd(PPhs), in THF
7~ at 80° C. for 24 h
Br B(OH),
-1 (16-1)
a
| u
N N O, N\
NH; Na metal in MeOH
v - .
C=N H

(16-2) (1-3)
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-continued

=
\ N
N/ NH
\
N=—

H

[0095] S5-bromopicolinonitrile (1-1) and vinyl-phenyl
boronic acid (16-1) were subjected to Suzuki coupling reac-
tionin the presence of potassium carbonate and tetrakis(triph-
enylphosphine) (Pd(PPH3)4), thereby preparing a 5-(4-vi-
nylphenyl)picolinonitrile  intermediate  (16-2).  The
intermediate (16-2) was added to a methanol solution, in
which sodium metal was dissolved, and reacted at 70° C. for
3 hours. Then, the reaction solution was cooled, and formhy-
drazide (1-3) was added to the reaction solution and reacted at
70° C. for 15 minutes. Next, the temperature was lowered to
25° C. and the reaction solution was reacted for 24 hours until
yellow crystals were formed. Upon completion of the reac-
tion, the yellow crystals were collected by filtration, and
2-(4H-1,2,4-triazol-3-y1)-5-(4-vinylphenyl)pyridine (16-3)
was purified by column chromatography using chloroform
and methanol as solvents.

[0096] FIG. 5 shows the 'H-NMR spectrum of the 5-(4-
vinylphenyl)picolinonitrile intermediate prepared by the
above reaction scheme 16.

[0097] FIG. 6 shows the "H-NMR spectrum of the 2-(4H-
1,2,4-triazol-3-yl)-5-(4-vinylphenyl)pyridine prepared by
the above reaction scheme 16.

Ligand Synthesis Example 17
Synthesis of 2-(5-methyl-4H-1,2,4-triazol-3-y1)-5-(4-

vinylphenyl)pyridine
[0098]
Reaction Scheme 17
— N —
N 2MK,CO4/H,0
+ R A +
Pd(PPhs)s in THF
7 at80°C. for24h (2 |
Br B(OH), ~N

(1-1) (16-1)
=N

(16-2)
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-continued
0 §\ Nametal in MeOH 77
Y NE, —memmverr,
CH; "
(2-1)
N? Snu
\
=

CH;

17-1)

[0099] Synthesis was performed in the same manner
described in the above reaction scheme 16 to purify 2-(5-
methyl-4H-1,2 4-triazol-3-y1)-5-(4-vinylphenyl)pyridine
(17-1), except that the compound that reacted with the 5-(4-
vinylphenyl)picolinonitrile intermediate (16-2) was acetohy-
drazide (2-1).

Ligand Synthesis Example 18

Synthesis of 2-(1H-1,2,4-triazol-5-yl)-5-(4-vinylphe-

nyl)pyridine
[0100]
Reaction Scheme 18
C=N —
| Ny 2MK,CO3/H,0
n -
Pd(PPh3), in THF
7 at 80° C. for 24 h
Br B(OH),
-1 (16-1)
H,NNH,*H,0 Z | formic anhydride
R ————— —_—
in EtOH at 25° C. N formic acid (1:1)
7 | N

C=N NH,
(16-2) (18-1)
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-continued

HN A N
S
&
H
(18-2)

[0101] First, synthesis was performed in the same manner
described in the above reaction scheme 16 to prepare a 5-(4-
vinylphenyl)picolinonitrile intermediate (16-2). The inter-
mediate (16-2) was added to a methanol solution, in which
hydrazine was dissolved, and reacted at 25° C. to prepare
5-(4-vinylphenyl)picolinimidohydrazide (18-1). Then, the
5-(4-vinylphenyl)picolinimidohydrazide was reacted with a
mixed solution of formic anhydride and formic acid (in a
volume ratio of 1:1) to prepare 2-(1H-1,2,4-triazol-5-y1)-5-
(4-vinylphenyl)pyridine (18-2).

Ligand Synthesis Example 19

Synthesis of 2-(3-methyl-TH-1,2,4-triazol-5-y1)-5-
(4-vinylphenyl)pyridine

[0102]
Reaction Scheme 19
C=N —
Ny 2MEK,CO5/H,0
N e
Pd(PPhs), in THF
e at 80° C. for 24 h
Br B(OH),
(1-1) (16-1)
HZNNHZ H,0 acetic anhydride
—_—
“ | nFOHat25°C. acetic acid (1:1)
N
C=N / AN
162
(16-2) .
(18-1)
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[0103] Synthesis was performed in the same manner
described in the above reaction scheme 18 to prepare 2-(3-
methyl-1H-1,2 4-triazol-5-y1)-5-(4-vinylphenyl)pyridine)
(19-1), except that a mixed solution of acetic anhydride and
acetic acid was used as the reaction solution.

Synthesis Example of Iridium Complex Monomer

Synthesis of (2-(2,4-difluorophenyl)pyridine),(2-(5-
(4-vinylphenyl)-4H-1,2 4-triazol-3-yl)pyridineiri-

dium
[0104]
Reaction Scheme 20
— . —
2-ethoxyethanol
and HO (3:1)
IrCl33H,0 + 4 F S —
reflux for 24 hr
N7
/
F. F 1‘{/ NH
N=
] o F
F 1 Cly, N
S o
e F  MC/EtOH

8
W
N

Z““““"';._
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-continued

[0105] Iridium(III) chloride trihydrate (IrCl;.3H,0O) and
2-(2,4-difluorophenyl)pyridine were added to a mixed sol-
vent of ethoxyethanol and distilled water (in a volume ratio of
3:1) and reacted at about 130° C. to prepare tetrakis(2-(2,4-
difluorophenyl)pyridine)(dichloro)diiridium. Then, the tet-
rakis(2-(2,4-difluorophenyl)pyridine)(dichloro)diiridium
and 2-(5-(4-vinylphenyl)-4H-1,2,4-triazol-3-y1)pyridine
were reacted with 2-(5-(4-vinylphenyl)-4H-1,2 4-triazol-3-
yl)pyridine at about 90° C. in the presence of silver trifluo-
romethanesulfonate catalyst after turning off the light,
thereby preparing (2-(2,4-difluorophenyl)pyridine),(2-(5-
(4-vinylphenyl)-4H-1,2,4-triazol-3-yl)pyridineiridium.
[0106] FIG. 7 shows the '"H-NMR spectrum of the (2-(2,4-
difluorophenyl)pyridine),(2-(5-(4-vinylphenyl)-4H-1,2,4-
triazol-3-yl)pyridineiridium) prepared by the above reaction
scheme 20.

Synthesis Example of Polymer Containing Iridium
Complex Monomer

Synthesis of poly(9-(4-vinylphenyl)carbazole)-ran-
dom-poly(iridium(2-(4H-1,2,4-triazol-3-yl)-5-vi-
nylpyridine)(2-(2,4-difluorophenyl)pyridine),

[0107] Radical polymerization was performed at 110° C.
for 24 hours, in which 9-(4-vinylphenyl)carbazole (VPC,)
was used as a carbazole derivative and iridium(2-(4H-1,2,4-
triazol-3-yl)-5-vinylpyridine) (2-(2,4-di fluorophenyl)pyri-
dine), was used as an iridium complex monomer under nitro-
gen atmosphere by changing the content of iridium complex
monomer. During the reaction, tetrahydrofuran (THF) was
used as a solvent, and AIBN was used as a radical initiator.
After the polymerization, methanol was added to terminate
the reaction and removed by filtration. The prepared polymer
was dissolved in benzene and freeze-dried, thereby preparing
poly(9-(4-vinylphenyl)carbazole)-random-poly(iridium(2-
(4H-1,2,4-triazol-3-y1)-5-vinylpyridine)(2-(2,4-difluorophe-
nyl)pyridine),.

16
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TABLE 1
Reactant (g) Polymer
Ir NAMW
No. AIBN  VPC, complex (10%) MWD Fcompiex
1 0.0020 0.5 0.01 315 1.47 1.96
2 0.0022 0.5 0.02 22.7 1.89 3.85
3 0.0019 0.5 0.03 18.3 2.06 5.66

VPC,: Vinylphenylcarbazole

NAMW Number-Average Molecular Weight

MWD: Molecular Weight Distribution

F - complext Content (mol %) of iridium complex in copolymer

[0108] ReferringtoFIG.1, the higher the content of iridium
complex, the lower the number-average molecular weight,
and thus the broader the molecular weight distribution. The
reason for this is that when the content of large iridium com-
plex increases, the steric hindrance that may act as a disturb-
ing element increases, thereby limiting the formation of a
polymer having a large molecular weight.

[0109] FIG. 8 shows the SEC-LS profile of the molecular
weight and molecular weight distribution of the polymer (No.
1) prepared by the polymer synthesis example.

[0110] FIG. 9 shows the 'H-NMR spectrum of the polymer
(No. 2) prepared by the polymer synthesis example.

Analysis Example 1

Analysis of Optical Properties of Polymer Contain-
ing Iridium Complex

[0111] The polymer prepared by the polymer synthesis
example was analyzed by UV-Vis spectra and photolumines-
cence spectra.

[0112] FIG. 10 shows the UV-Vis spectra of the polymer
prepared by the polymer synthesis example.

[0113] FIG. 11 shows the photoluminescence spectra of the
polymer prepared by the polymer synthesis example.

[0114] Referring to FIG. 10, it can be seen that the metal-
ligand charge transfer (MLCT) of the ligand containing iri-
dium and phenylpyridine was observed at 345 nm. Referring
to FIG. 11, it can be seen from the photoluminescence spec-
tra, in which the maximum excited state was 345 nm, that
Mmax Was observed at 467 nm in the blue wavelength range.
[0115] Thus, it can be understood that the polymer prepared
by the polymer synthesis example is a material that can emit
blue light.

[0116] According to the present invention, the polymer
containing an iridium complex having both phosphorescent
and fluorescent properties that exhibit blue-light emission is
synthesized using a vinyl group bound to a ligand of an
iridium complex monomer, and thus it is possible to improve
the stability and efficiency of the light-emitting polymer.
Moreover, it is possible to improve the processability and
reduce the manufacturing cost by introducing the iridium
complex into the vinyl-based polymer.

Example 4
Organic Electroluminescent Device

[0117] FIG. 12 is a schematic diagram showing an organic
electroluminescent device according to yet another exem-
plary embodiment of the present invention.

[0118] Referring to FIG. 12, the organic electrolumines-
cent device comprises a first electrode 12 formed on a sub-
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strate 10, a second electrode 20 disposed opposite to the first
electrode, and a light-emitting layer 16 interposed between
the first electrode 12 and the second electrode 20. Moreover,
the organic electroluminescent device may further comprise a
hole transporting layer 14 disposed between the first elec-
trode 12 and the light-emitting layer 16 and an electron trans-
porting layer 18 disposed between the light-emitting layer 16
and the second electrode 20. The light-emitting layer 16 may
comprise a blue-light emitting iridium complex represented
by the above formula 1 as a dopant and a carbazole-based
compound such as 4,4'-N,N'-dicarbazolbiphenyl (CBP) as a
host. Otherwise, the light-emitting layer 16 may comprise a
blue phosphorescent polymer containing an iridium complex
and represented by the above formula 13.

[0119] The invention has been described in detail with ref-
erence to preferred embodiments thereof. However, it will be
appreciated by those skilled in the art that changes may be
made in these embodiments without departing from the prin-
ciples and spirit of the invention, the scope of which is defined
in the appended claims and their equivalents.

1. An iridium complex represented by the following for-

mula 1:
N, X
I
N/ N
2

wherein in formula 1,

[Formula 1]

is any one selected from the group consisting of compounds
represented by the following formulas 2 to 5:

[Formula 2]

where Rx is hydrogen, a substituted or unsubstituted
C1-C20 alkyl group, or a trifluoromethyl group;
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[Formula 3]

'Z,
g
)

Tz

\

-

Ry

where Ry is hydrogen, a substituted or unsubstituted
C1-C20 alkyl group, or an amine group (—NR'R",
where R' and R" are, independently from each other,
hydrogen or a C1-C20 alkyl group);

[Formula 4]
=4 |
N N; and
H
N7 AN
W/
N—N
NN [Formula 5]
/()
N /N
H
Z N

>

where Ry is hydrogen, a substituted or unsubstituted
C1-C20 alkyl group, or an amine group (—NR'R",
where R' and R" are, independently from each other,
hydrogen or a C1-C20 alkyl group), and

wherein in formula 1,

)

X
N

-/

is any one selected from the group consisting of compounds
represented by the following formulas 6 to 8:

[Formula 6]
R,
Ry R3
Ry
Rs
N
| P
Rg R¢
Ry
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where R1 to R4 are, independently from each other, a
fluorine group or a cyano group, and R5 to RS are,
independently from each other, hydrogen, a substituted
or unsubstituted C1-C20 alkyl group, a substituted or
unsubstituted C1-C20 alkoxy group, or an amine group
(—NR'R", where R' and R" are, independently from
each other, hydrogen or a C1-C20 alkyl group);

[Formula 7]
R,
N_<
/
NS: )N
H
R
NN
Rs ~ Rs
Ry

where R1 is hydrogen, a substituted or unsubstituted
C1-C20 alkyl group, or a trifluoromethyl group, and R2
to RS are, independently from each other, hydrogen, a
substituted or unsubstituted C1-C20 alkyl group, a sub-
stituted or unsubstituted C1-C20 alkoxy group, or an
amine group (—NR'R", where R' and R" are, indepen-
dently from each other, hydrogen or a C1-C20 alkyl

group); and
[Formula 8]
N—N
/Q\
NA¢ /N
H
R
NN
Ry 7>y
R;

where R1 to R4 are, independently from each other, hydro-
gen, a substituted or unsubstituted C1-C20 alkyl group,
a substituted or unsubstituted C1-C20 alkoxy group, or
an amine group (—NR'R", where R' and R" are, inde-
pendently from each other, hydrogen or a C1-C20 alkyl
group).

2. An iridium complex monomer represented by the fol-

lowing formula 9:

[Formula 9]

/
n
N, X
‘v
Ir
N/ N
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wherein in formula 9, n is an integer from O to 2,

e

/

is any one selected from the group consisting of compounds
represented by the following formulas 10 to 12:

[Formula 10]

where Rx is hydrogen, a substituted or unsubstituted
C1-C20 alkyl group, or a trifluoromethyl group;

[Formula 11]

Ry

where Ry is hydrogen, a substituted or unsubstituted
C1-C20 alkyl group, or an amine group (—NR'R",
where R' and R" are, independently from each other,
hydrogen or a C1-C20 alkyl group); and

9

[Formula 12]

N
H
N \N, and
W/
N=N

C D
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is any one selected from the group consisting of compounds
represented by the following formulas 6 to 8:

[Formula 6]
R;
Ry R;
R4
Rs
N
/
Rg Re
Ry

where R1 to R4 are, independently from each other, a
fluorine group or a cyano group, and R5 to RS8 are,
independently from each other, hydrogen, a substituted
or unsubstituted C1-C20 alkyl group, a substituted or
unsubstituted C1-C20 alkoxy group, or an amine group
(—NR'R", where R' and R" are, independently from
each other, hydrogen or a C1-C20 alkyl group);

[Formula 7]

b(

/|

N N
H

|

R,
R
N XY
Rs 7 R
Ry

where R1 is hydrogen, a substituted or unsubstituted
C1-C20 alkyl group, or a trifluoromethyl group, and R2
to RS are, independently from each other, hydrogen, a
substituted or unsubstituted C1-C20 alkyl group, a sub-
stituted or unsubstituted C1-C20 alkoxy group, or an
amine group (—NR'R", where R' and R" are, indepen-
dently from each other, hydrogen or a C1-C20 alkyl
group); and

[Formula 8]
N—N
/Q\
N\¢ /N
H
R,
NN
Ry 7>,
R3

where R1 to R4 are, independently from each other, hydro-
gen, a substituted or unsubstituted C1-C20 alkyl group,
a substituted or unsubstituted C1-C20 alkoxy group, or
an amine group (—NR'R", where R' and R" are, inde-
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pendently from each other, hydrogen or a C1-C20 alkyl

group). )
3. A phosphorescent polymer represented by the following

formula 13:

[Formula 13]
R

|
—PT—CHZHTH—CHzﬂy—

A B

wherein in formula 13, R is hydrogen or a substituted or
unsubstituted C1-C20 alkyl group, 2=x+y=100, and y
is an integer from 1 to 99, A is any one selected from the
group consisting of carbazole derivatives represented by
the following formulas 14 to 17, and B is an iridium
complex represented by the following formula 18:

[Formula 14]
@
/
‘i‘
[Formula 15]
\ 5
/X
/0
| [Formula 16]
L
?CHZCHZ
‘i‘
[Formula 17]
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-continued

[Formula [8]

2, and

wherein in formula 18, n is an integer from 0 to 2,

is any one selected from the group consisting of compounds
represented by the following formulas 10 to 12:

[Formula 10]

where Rx is hydrogen, a substituted or unsubstituted
C1-C20 alkyl group, or a trifluoromethyl group;

[Formula [ 1]

where Ry is hydrogen, a substituted or unsubstituted
C1-C20 alkyl group, or an amine group (—NR'R",
where R' and R" are, independently from each other,
hydrogen or a C1-C20 alkyl group); and
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[Formula 12]

N
H
N \N, and
\/i
N=N
X
N

is any one selected from the group consisting of compounds
represented by the following formulas 6 to 8:

[Formula 6]
R
Ry Rs
Ry
Rs
I
| P
Rg R¢
Ry

where R1 to R4 are, independently from each other, a
fluorine group or a cyano group, and RS to R8 are,
independently from each other, hydrogen, a substituted
or unsubstituted C1-C20 alkyl group, a substituted or
unsubstituted C1-C20 alkoxy group, or an amine group
(—NR'R", where R' and R" are, independently from
each other, hydrogen or a C1-C20 alkyl group);

R, [Formula 7]
N4<
@)
N\ /N
H
R,
o
Rs Z Ry
Ry

where R1 is hydrogen, a substituted or unsubstituted
C1-C20 alkyl group, or a trifluoromethyl group, and R2



US 2012/0138917 Al

to R5 are, independently from each other, hydrogen, a
substituted or unsubstituted C1-C20 alkyl group, a sub-
stituted or unsubstituted C1-C20 alkoxy group, or an
amine group (—NR'R", where R' and R" are, indepen-
dently from each other, hydrogen or a C1-C20 alkyl
group); and

[Formula 8]
N—N
/Q\
N\¢ /N
H
R
o
Ry 7 >x,
R;

where R1 to R4 are, independently from each other, hydro-
gen, a substituted or unsubstituted C1-C20 alkyl group,
a substituted or unsubstituted C1-C20 alkoxy group, or
an amine group (—NR'R", where R' and R" are, inde-
pendently from each other, hydrogen or a C1-C20 alkyl

group).
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4. An organic electroluminescent device comprising:
a first electrode;

a second electrode disposed opposite to the first electrode;
and
a light-emitting layer interposed between the first electrode
and the second electrode,
wherein the light-emitting layer comprises the iridium
complex of claim 1.
5. An organic electroluminescent device comprising:
a first electrode;
a second electrode disposed opposite to the first electrode;
and
a light-emitting layer interposed between the first electrode
and the second electrode,
wherein the light-emitting layer comprises the phospho-
rescent polymer of claim 3.
6. The organic electroluminescent device of claim 4 or 5,
further comprising at least one of a hole transporting layer
disposed between the first electrode and the light-emitting

layer and an electron transporting layer disposed between the
light-emitting layer and the second electrode.
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