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(57) ABSTRACT

A Carbazole-N-Benzimidazole bipolar material and organic
light emitting diodes using the same is provided. The
organic light emitting diodes include a substrate, a first
conducting layer, a hole transporting layer, a light emitting
layer, an electron transporting layer, and a second conduct-
ing layer. The first conducting layer is disposed on the
substrate. The hole transporting layer is disposed on the first
conducting layer. The light emitting layer having the Car-
bazole-N-Benzimidazole bipolar material is disposed on the
hole transporting layer. The electron transporting layer is
disposed on the light emitting layer. The second conducting
layer is disposed on the electron transporting layer.
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BIPOLAR MATERIALS AND ORGANIC
LIGHT EMITTING DIODES

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to bipolar materials
for organic light emitting diodes. More particularly, the
present invention relates to bipolar materials with connected
Benzimidazole and Carbazole unit, and organic light emit-
ting diodes using the bipolar materials.

2. Description of the Prior Art

[0002] Liquid crystal displays have become the main-
stream of displaying devices in recent years. For example,
televisions, computers, laptops, monitars, cell phones, and
digital cameras, are electronic products using liquid crystal
displays. A backlight module in a liquid crystal display is for
providing sufficient brightness and uniform distribution of
light so that the liquid crystal display may display images
normally.

[0003] Organic light emitting diodes have gradually
become the common light emitting units in view of their
advantages of wide visual angle, short responding time, low
energy consumption, and wide range of operation tempera-
ture. Recently, host-guest light emitting two-body systems
are generally used by organic light emitting diodes, wherein
a 100% internal quantum efficiency could be achieved
theoretically by selecting appropriate phosphor guest emit-
ter. Bipolar host materials having higher triplet energy gap
and good electron and hole transporting properties would
increase the efficiency and lifetime of organic light emitting
diodes.

SUMMARY OF THE INVENTION

[0004] One object of the present invention is to provide a
bipolar material having higher triplet energy gap and good
electron and hole transporting properties.

[0005] Another object of the present invention is to pro-
vide an organic light emitting diode having better efficiency
and longer lifetime.

[0006] The bipolar material of the present invention is
selected from the group consisting of one of formula (1) to
formula (4) or combinations thereof, wherein:

)
0

formula (1)
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formula (2)
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formula (3)
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formula (4)
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[0007] The organic light emitting diode of the present
invention includes a substrate, a first conducting layer, a hole

z, /Z

transporting layer, a light emitting layer, an electron trans-
porting layer, and a second conducting layer. The first
conducting layer is disposed on the substrate. The hole
transporting layer is disposed on the first conducting layer.
The light emitting layer is disposed on the hole transporting
layer. The light emitting layer includes a bipolar material
selected from the group consisting of one of formula (1) to
formula (4) or combinations thereof, wherein:

Bt

formula (1)
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-continued
formula (2)
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formula (3)
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formula (4)
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X

The electron transporting layer is disposed on the light
emitting layer. The second conducting layer is disposed on
the electron transporting layer.

[0008] In one embodiment of the present invention, the
first conducting layer is an anode.

[0009] In one embodiment of the present invention, the
hole transporting layer includes a hole injection layer and a
hole transporting layer disposed on the hole injection layer.

[0010] In one embodiment of the present invention, the
electron transporting layer includes an electron transporting
layer and an electron injection layer disposed on the electron
transporting layer.

[0011] In one embodiment of the present invention, the
second conducting layer is a cathode.

[0012] In one embodiment of the present invention, the
substrate is a glass substrate.

[0013] In one embodiment of the present invention, the
substrate is a plastic substrate.

[0014] In one embodiment of the present invention, the
material of the first conducting layer is indium tin oxide
(ITO).

[0015] In one embodiment of the present invention, the
material of the second conducting layer is aluminum.

Z /Z
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BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIG. 1is a schematic diagram of an embodiment of
the organic light emitting diode of the present invention.
[0017] FIG. 2 is a schematic diagram of a different
embodiment of the organic light emitting diode of the
present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

[0018] This disclosure introduces Benzimidazole (herein-
after “BImP”) group as an electron-transporting group and
Carbazole (hereinafter “Cz”) group as a hole-transporting
group, wherein a series of bipolar molecules are synthesized
by nitrogen-carbon bonding. The series of bipolar molecules
are quite suitable to be the host materials of phosphor
organic light emitting diodes (PHOLEDs) due to the rela-
tively fine thermal stability of BImP groups and the higher
triplet energy of Cz groups.

[0019] Specifically, the bipolar material of the present
invention is selected from the group consisting of one of
formula (1) to formula (4) or combinations thereof, wherein:

[0020] formula (1), hereinafter as “1-CzBImP”;
N
) C
N,
N
[0021] formula (2), hereinafter as “2-CzBImP”,

formula (3), hereinafter as “3-CzBImP”;

)
O N

[0022]

N
)
N
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[0023] formula (4), hereinafter as “4-CzBImP”.

o0

[0024] The compounds of the above four formulas are
synthesized by chemical method and characterized by mass
spectrometer and element analysis. The results are listed
below.

[0025] 1-CzBImP: 'H NMR (400 MHz, CD,Cl,): 8.06 (d,
J=4.2, 1H), 7.85 (d, J=3.9, 2H), 7.54 (t, ]=7.8, 1H), 7.41-
7.35 (m, 3H), 7.30-7.25 (m, 3H), 7.21-7.11 (m, 4H), 6.92 (d,
J=4.1, 2H), 6.65 (t, I=7.5, 1H), 6.47 (d, 4.2, 2H) 6.34 (1,
1=6.9, 2H); > C NMR (100 MHz, CD,CL,): 153.59, 145 45,
141.88, 135.01, 134.16, 129.87, 129.35, 128.00, 127.75,
127.19, 126.61, 125.46, 125.42, 123.21, 122.76, 12122,
120.80, 119.66, 119.29, 109.74; HRMS calcd for C;;H, N,
(M™) 436.1814, obsd. 436.1835. Anal. Caled for C,;H, N;:
C, 85.49; H, 4.86; N, 9.65. Found: C, 85.51; H, 5.07; N,
9.63.

[0026] 2-CzBImP: 'H NMR (400 MHz, CD,CL,): 8.15 (d,
J=3.9,2H), 8.06 (d, I=4.2, 1H), 7.66-7.64 (m, 2H), 7.53-7.35
(m, 14H), 7.28 (t, J=7.1, 2H); *C NMR (100 MHz,
CD,Cl,): 153.76, 142.57, 141.53, 138.24, 136.70, 133.00,
129.99, 129.93, 129.62, 129.48, 128.80, 128.32, 12735,
125.93, 123.07, 122.58, 120.76, 120.15, 119.74, 109.72,
109.69; HRMS caled for C;;H,,N;(M™) 436.1808, obsd.
436.1813. Anal. Caled for C,,H, Ns: C, 85.49; H, 4.86; N,
9.65. Found: C, 85.51; H, 5.02; N, 9.68.

[0027] 3-CzBImP: 'H NMR (400 MHz, CD,CL,): 8.18 (d,
J=3.9, 2H), 8.02 (s, 1H), 7.65-7.56 (m. SH), 7.44-7.28 (m,
13H); *C NMR (100 MHz, CD,Cl,): 153.77, 143.98,
141.59, 136.88, 132.68, 130.01, 129.93, 129.64, 129.49,
128.87, 128.31, 127.48, 12591, 123.14, 122.73, 120.15,
119.70, 118.54, 111.52, 109.81; HRMS caled for C;,H, N,
(M™) 436.1808, obsd. 436.1805. Anal. Caled for C,,H, N:
C, 85.49; H, 4.86; N, 9.65. Found: C, 85.50; H, 4.71; N,
9.63.

[0028] 4-CzBImP: 'H NMR (400 MHz, CD,Cl): 8.21 (d,
1=3.9, 2H), 7.58-7.22 (m, 19H); *C NMR (100 MHz,
CD,Cl,): 153.40, 142.02, 140.22, 140.04, 137.48, 130.57,
130.30, 130.18, 130.13, 129.46, 129.03, 128.77, 128.14,
126.28, 124.18, 124.02, 122.22, 120.65, 120.34, 111.40,
110.87; HRMS caled for C,;H, N5 (M™) 436.1808, obsd.
436.1823. Anal. Caled for C,,H,,Ns: C, 85.49; H, 4.86; N,
9.65. Found: C, 85.56; H, 4.79; N, 9.60.

[0029] The evaluation methods for the host materials is to
perform measurements of triplet energy (E ), glass transition
temperature (T,), decomposition temperature (T,), highest
occupied molecular orbital level (HOMO), and lowest unoc-
cupied molecular orbital level (LUMO) of the above-men-
tioned compounds, respectively. The triplet energy mea-
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sured at low temperature by spectrometer is the basis for
selecting the host material of phosphorescent luminary. For
blue light-emitting diode, Flrpic (E; of 2.65 eV) is a com-
mon phosphorescent luminary and the E of the host lumi-
nary developed by Flrpic should be higher than 2.65 eV to
avoid back energy transfer which results in reducing lumi-
nous efliciency. The glass transition temperature and the
decomposition temperature respectively measured by differ-
ential scanning calorimeter (DSC) and thermogravimetric
analysis (TGA) is considered to be the basis of stability for
the fabrication and performance of the unit. HOMOs and
LUMOs are acquired receptively from oxidation potential
and reduction potential of the materials by using cyclic
voltammetry, which can facilitate in the search for an
electron injection material with small difference energy gap
and enhance the efficiency of the unit.

[0030] The properties of the compounds of 1-CbBImP,
2-CbBImP, 3-CbBImP, and 4-CbBImP are shown in Table 1.

TABLE 1

Table 1 The properties of the bipolar compounds

Er T, T, HOMO  LUMO
@) rC) Q) @) @)
1-CbBInP 292 53 312 579 2.32
2-CbBImP 293 83 354 572 2.35
3-CbBImP 2.87 86 357 5.70 2.36
4-CbBImP 2.88 90 356 5.68 2.36

[0031] According to Table 1, the decomposition tempera-
tures of the compounds are all higher than 300° C. It is
because that their structures contain aromatic rings which
are rigid structures, so that the decomposition caused by the
heat does not easily occur during the heating process. Based
on the reason mentioned above, their derivatives have fine
thermal stability and high triplet energy and are quite
suitable to be the host materials in organic luminescent layer
of organic light emitting diodes.

[0032] In one embodiment of the present invention, the
preparation of the compounds of 1-CbBImP, 2-ChBImP,
3-CbBImP, and 4-CbBImP are shown by the following
equations.

NH,
NO, Pd(OAc),
BINAP
+ -
C82C03
Br Toluene
F
NO,
N
H
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-continued -continued
N
C82C03
DMs0 N
N,
1
1
NO,
NH,
N
H
N, DMSO
130o
2
R;
R, NO,
NO,
} R; N

N $nClLy+2H,0 o
H R ————

5 EA LtOH 5.R(=BrRy=H Ry=H
6.R1:H RZZBI‘R3:H
7.R1:H RZZH R3:B1‘

2
SnCl«-ZHZO
NH,
EA/EtOH
90° C
N
H
N Iy
Rs NI,
3 R, N
NE, i
8. Ry=Br Rs=H R¢=H
9. Ry=H Rs=BrR¢=H
N 10.R;=H Rs=H Rg=Br
H + Rg
N,
Rs NH,
i
N
3 R4 H
0 (0]
H
H Na,8,05 Nay$,05
—»A —_—
DMF DMF

130°C.
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Ry
Rg N
) C
R7 b
11.R;=BrRg-H Ry-H
12.R;=H Rg-BrRo-H
13.R;=H Rg=H Ro=Br
Rg
Rg N
\>_® +
R N
H
N Cul
K,CO;
—_—
18-crown-6
DMPU
190° C.
Rp
Ry N
) :
Ryp N

14. RIOZCbZ Rll =H R12:H
15.R10:H R“:CbZRu:H
16.Rp=H R;;=H Ry;=0Cbz

[0033] Specifically, in the above equations, N-(2-bromo-
6-nitrophenyl)benzenamine of compound 1 is shown as the
following formula.

NO,

Tz,

Preparation of
N-(2-bromo-6-nitrophenyl)benzenamine

[0034] 2-Bromo-3-fluoronitrobenzene (10.0 g, 45.4
mmol), aniline (4.6 g, 50 mmol), palladium(Il) acetate
(Pd(OAc),, 0.2 g, 0.9 mmol), rac-BINAP((+)-2,2'-Bis(di-
phenylphosphino)-1,1'-binaphthalene) (BINAP, 0.8 g, 1.4
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mmol), Caesium carbonate (45.0 g, 136.4 mmol) were
placed into a two neck flask (250 mlL). Nitrogen was
replaced and toluene (100 mL) was injected. The mixture
was refluxed at 115° C. for 8 hours, followed by cooling to
room temperature. The mixture was filtered through celite
and was dried by vacuum. After the mixture was extracted
by ethyl acetate and saline water and purified by column
chromatography, 11.0 g of red brown liquid was obtained,
and the yield is 96%.

[0035] Spectral data are as follows: 'H NMR (400 MHz,
d,-DMSOY): 8.53 (s, 1H), 7.86 (dt, ,=4.2, I,=1.4, 1H), 7.60
(dd, J,=10.8, I,=4.1, 1H), 7.22-7.17 (m, 3H), 6.90-6.84 (m,
3H); 1*C NMR (100 MHz, d,-DMSO): 155.72 (d, J-z=247.
5), 142.78, 142.44, 128.75, 126.49, 122.00, 121.50, 121.24
(d, 1+=10.0), 121.02, 116.64.

[0036] N-(2-(9H-carbazol-9-yl)-6-nitrophenyl)benze-
namine of compound 2 is shown as the following formula.

NO,

N
H
N

-0

Preparation of N-(2-(9H-carbazol-9-yl)-6-nitrophe-
nyl)benzenamine

[0037] Compound 1 (11.0 g, 47.4 mmol), Carbazole (8.7
g, 52.1 mmol), Caesium carbonate (17 g, 52.1 mmol), and
DMSO (133 mL) were placed into a single neck flask (250
mL). The mixture was heated to 130° C. for 18 hours,
followed by cooling to room temperature. The solvent was
removed by vacuum distillation. The mixture was extracted
by ethyl acetate and saline water. The organic layer is
dehydrated by anhydrous magnesium sulfate, followed by
drying by rotary evaporator. After the mixture was purified
by column chromatography, dried by rotary evaporator,
washed by n-hexane and a little ethyl acetate, and filtered by
suction, 3.9 g of red brown solid was obtained, and the yield
is 22%.

[0038] Spectral data are as follows: m.p. 189-190° C.; 'H
NMR (400 MHz, CD,Cl,): 8.80 (s, 1H), 8.34 (d, J=4.9, 1H),
7.85(d, J=3.9, 1H), 7.74 (d, J=4.9, 1H), 7.42 (t, I=7.8, 2H),
7.27-7.14 (m, 5H), 6.45-6.29 (m, SH); "*C NMR (100 Mz,
CD,Cl,): 140.10, 139.14, 138.78, 137.74, 137.00, 128.67,
127.03, 125.98, 123.46, 12334, 120.89, 120.01, 119.84,
119.18, 110.02.

[0039] 6-(9H-carbazol-9-y1)-N*-phenylbenzene-1,2-di-
amine of compound 3 is shown as the following formula.
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(o8]

NE,

N
H

4%

Preparation of 6-(9H-carbazol-9-y1)-N'-phenylben-
zene-1,2-diamine

[0040] Compound 2 (1.7 g, 4.5 mmol), Tin(Il) chloride
dehydrate (5.1 g, 22.4 mmol), ethanol (15 mL), ethyl acetate
(15 mL) were placed into a single neck flask (250 mL). The
mixture was refluxed at 90° C. for 5 hours, followed by
cooling to room temperature. Potassium hydroxide aqueous
solution was added to cause separate layers and extracted by
ethyl acetate. The organic layer was dehydrated by anhy-
drous magnesium sulfate, and dried by rotary evaporator, 1.6
g of light yellow solid was obtained, and the yield is 99%.
[0041] Spectral data are as follows: m.p. 171-172° C.; 'H
NMR (400 MHz, d,-DMSO): 8.05 (d, J=3.8, 2H), 7.29 (,
J=7.5, 2H), 7.18-7.12 (m, 5H), 6.96 (d, J=6.2, 1H), 6.81 (s,
1H), 6.70 (t, J=7.8, 2H), 6.62 (d, J=4.5. 1H), 6.32 (t, J=8.8,
1H), 6.26 (d, J=3.9, 2H), 5.04 (s, 2H); "*C NMR (100 MHz,
de-DMSO): 147.01, 145.54, 140.77, 134.61, 128.47, 126 .85,
125.98, 124.09, 123.04, 120.44, 119.63, 117.43, 116.43,
115.14, 113.74, 110.83; HRMS caled for C,,H;oN; (M™)
350.1657, obsd. 350.1640.

[0042] 9-(1,2-diphenyl-1H-benzo[d]imidazol-7-y1)-9H-
carbazole of compound 4 is shown as the following formula.

Preparation of 9-(1,2-diphenyl-1H-benzo[d]imida-
701-7-y1)-9H-carbazole

[0043] Compound 3 (1.6 g, 4.6 mmol), Benzaldehyde (0.6
g, 5.1 mmol), Sodium metabisulfite (1.0 g, 5.1 mmol), and
Calcium hydride (CaH,) dehydrated Dimethylformamide
(DMF, 25 mL) were took and reacted at 130° C. for 16
hours, followed by cooling to room temperature. The solu-
tion was dropped into water and filtered by suction to obtain
gray solid. After extracted by dichloromethane and saline
water, organic layer was dehydrated by anhydrous magne-
sium sulfate and dried by rotary evaporator, washed with a
little acetone and ethyl acetate, and recrystallized by dichlo-
romethane and ethanol, 1.5 g of white solid was obtained,
and the yield is 73%.
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[0044] Spectral data as follow: m.p. 219-220° C.; 'H
NMR (400 MHz, CD,CL,): 8.06 (d, I=4.2, 1H), 7.85 (d,
J=3.9, 2H), 7.54 (1, J=7.8, 1H), 7.41-7.35 (m, 3H), 7.30-7.25
(m, 3H), 7.21-7.11 (m, 4H), 6.92 (d, I=4.1, 2H), 6.65 (t,
1=7.5, 1H), 6.47 (d, I=4.2, 2H) 6 34 (t, ]=6.9, 2H); 1*C NMR
(100 MHz, CD,CL,): 153.59, 145.45, 141.88, 135.01, 134.
16, 129.87, 129.35, 128.00, 127.75, 127.19, 126.61, 125 46,
125.42, 123.21, 122.76, 121.22, 120.80, 119.66, 119.29,
109.74; HRMS caled for C,;,H, N,(M*) 436.1814, obsd.
436.1835. Anal. Caled for C5,H,,N;: C, 85.49; H, 4.86; N,
9.65. Found: C, 85.51; H, 5.07; N, 9.63.

[0045] N-(5-bromo-2-nitrophenyl)benzenamine of com-
pound 5 is shown as the following formula.

NO;

Br

=z

Preparation of
N-(5-bromo-2-nitrophenyl)benzenamine

[0046] 4-Bromo-2-fluoro-1-nitrobenzene (10 g, 46.1
mmol), aniline (5.2 g, 55.3 mmol), DMSO (130 mL) were
took and reacted at 130° C. for 16 hours, followed by
cooling to room temperature. The solvent was removed by
vacuum distillation. The mixture was extracted by ethyl
acetate and saline water. The organic layer was dehydrated
by anhydrous magnesium sulfate and dried by rotary evapo-
rator. 12.4 g of red liquid was obtained, and the yield is 92%.
[0047] Spectral data as follow: 'H NMR (400 MHz,
de-DMSO): 9.49 (s, 1H), 8.04 (d, J=4.5, 1H), 7.46 (t, J=7.6,
2H), 7.35 (d, J=3.9, 2H), 7.27 (t, J=7.3, 1H), 7.16 (s, 1H),
7.00 (d, J=4.5, 1H); *C NMR (100 MHz, ds-DMSO):
143.15, 138.45, 132.27, 129.94, 129.71, 128.18, 125.80,
124.63, 120.46, 118.27.

[0048] N-(4-bromo-2-nitrophenyl)benzenamine of com-
pound 6 is shown as the following formula.

Br. NO

'z

Preparation of
N-(4-bromo-2-nitrophenyl)benzenamine

[0049] 5-Bromo-2-fluoro-1-nitrobenzene (10 g, 46.1
mmol), aniline (5.2 g, 55.3 mmol), DMSO (130 mL) were
took and reacted at 130° C. for 16 hours. The solvent was
removed by vacuum distillation. The mixture was extracted
by ethyl acetate and saline water. The organic layer was
dehydrated by anhydrous magnesium sulfate and dried by
rotary evaporator. 13.2 g of red liquid was obtained, and the
yield is 98%.

[0050] Spectral data as follow: 'H NMR (400 MHz,
dg-DMSO): 9.41 (s, 1H), 8.19 (d, J=1.2, 1H), 7.59 (dd,
1,=3.4,1,=2.4, 1H), 7.41 (t, J=7.4, 2H), 7.31-7.29 (m, 2H),
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722 (t, I=7.4, 1H), 7.09 (d, J=4.6, 1H); *C NMR (100
MHz, d,-DMSO): 141.87, 139.28, 138.77, 134.24, 130.05,
128.39, 125.80, 124.54, 119.38, 108.23; HRMS calcd for
C,,HBiN,O, (M*) 290.9769, obsd. 290.9869.

[0051] N-(3-bromo-2-nitrophenyl)benzenamine of com-
pound 7 is shown as the following formula.

NO,

=z,

Preparation of
N-(3-bromo-2-nitrophenyl)benzenamine

[0052] 2-Bromo-6-fluoronitrobenzene (3.0 g, 13.6 mmol),
aniline (1.5 g, 16.4 mmol), DMSO (38 mL) were took and
reacted at 130° C. for 16 hours. The solvent was removed by
vacuum distillation. The mixture was extracted by ethyl
acetate and saline water. The organic layer was dehydrated
by anhydrous magnesium sulfate and dried by rotary evapo-
rator. After purified by column chromatography, 3.1 g of red
liquid was obtained, and the yield is 65%. Spectral data as
follow: 'H NMR (400 MHz, d,-DMSQ): 8.21 (s, 1H),
7.34-7.26 (m, SH), 7.10-7.07 (m, 2H), 7.00 (t, I=8.9, 1H);
13C NMR (100 MHz, d,-DMSO): 142.12, 141.68, 138.10,
132.33, 129.26, 124.35, 122.40, 119.79, 119.09, 113.42;
HRMS caled for C,,HsBrN,O, (M™) 290.9769, obsd. 290.
9789.

[0053] 5-bromo-N*-phenylbenzene-1,2-diamine of com-
pound 8 is shown as the following formula.

/@ NH;@
Br N
H

Preparation of
5-bromo-N"-phenylbenzene-1,2-diamine

[0054] Compound 5 (12.0 g, 41.1 mmol), Tin(IT) chloride
dehydrate (45.0 g, 205.5 mmol), ethanol (150 mL), ethyl
acetate (150 mL) were took and refluxed at 90° C. for 5
hours, followed by cooling to room temperature. Potassium
hydroxide aqueous solution was added to cause separate
layers. After extracted by ethyl acetate and dried by rotary
evaporator, 9.5 g of light pink solid was obtained, and the
vield is 88%.

[0055] Spectral data as follow: m.p. 77-78° C.; *H NMR
(400 MHz, d,-DMSO): 7.22-7.16 (m, 3H), 7.08 (s, 1H), 6.94
(d, I=5.3, 1H), 6.80-6.68 (m, 4H), 4.94 (s, 2H); '*C NMR
(100 MHz, d,-DMSO): 144.78, 141.09, 129.85, 129.02,
125.79, 123.67, 118.76, 116.55, 115.55, 106.41; HRMS
caled for CLH,,BrN, (M") 263.0184, obsd. 263.0207.
[0056] 4-bromo-N*-phenylbenzene-1,2-diamine of com-
pound 9 is shown as the following formula.
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Br NH,
H

Preparation of
4-bromo-N"-phenylbenzene-1,2-diamine

[0057] Compound 6 (14.3 g, 48.8 mmol), Tin(II) chloride
dehydrate (55.0 g, 244.0 mmol), ethanol (170 mL), ethyl
acetate (170 mL) were took and refluxed at 90° C. for 5
hours, followed by cooling to room temperature. Potassium
hydroxide aqueous solution was added to cause separate
layers. After extracted by ethyl acetate and dried by rotary
evaporator, 1.08 g of light pink solid was obtained, and the
yield is 85%.

[0058] Spectral data as follow: m.p. 102-103° C.; 'H
NMR (400 MHz, d-DMSO): 7.16-7.12 (m, 3H), 6.94-6.91
(m, 2H), 6.76-6.64 (m, 4H), 5.07 (s, 2H); >*C NMR (100
MHz, d,-DMSO): 145.34, 144.00, 128.92, 127.15, 124.16,
118.54, 118.16, 116.91, 115.60, 114.91; HRMS caled for
C.H,,BrN, (M*) 263.0184, obsd. 263.0180.

[0059] 3-bromo-N'-phenylbenzene-1,2-diamine of com-
pound 10 is shown as the following formula.

Br
@ NHi@
N
H
Preparation of
3-bromo-N"-phenylbenzene-1,2-diamine
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[0060] Compound 7 (2.4 g, 8.1 mmol), Tin(II) chloride
dehydrate (9.1 g, 40.1 mmol), ethanol (28 mL), ethyl acetate
(28 mL) were took and refluxed at 90° C. for 5 hours,
followed by cooling to room temperature. Potassium
hydroxide aqueous solution was added to cause separate
layers. After extracted by ethyl acetate and dried by rotary
evaporator, 2.1 g of light pink solid was obtained, and the
vield is 97%.

[0061] Spectral data as follow: m.p. 77-78° C.; '"H NMR
(400 MHz, d,-DMSO): 7.33 (s, 1H), 7.18-7.14 (m, 3H), 7.04
(d, J-3.9, 1H), 6.78-6.71 (m, 3H), 6.52 (1, ]=7.9, 1H), 4.87
(s, 2H); '*C NMR (100 MHz, d,-DMSO): 145.21, 139.57,
129.37, 128.97, 126.99, 121.77, 118.48, 126.99, 121.77,
118.48, 11730, 115.15, 108.41; HRMS caled for
C,H,,BrN, (M*) 263.0184, obsd. 263.0190.

[0062] 6-bromo-1,2-diphenyl-1H-benzo[d]imidazole of
compound 11 is shown as the following formula.



US 2018/0123053 Al

11

Preparation of 6-bromo-1,2-diphenyl-1H-benzo[d]
imidazole

[0063] Compound 8 (9.5 g, 36.1 mmol), Benzaldehyde
(4.2 g, 39.7 mmol), Sodium metabisulfite (43 g, 39.7
mmol), and Calcium hydride (CaH,) dehydrated Dimethyl-
formamide (DMF, 195 mL) were took and reacted at 130° C.
for 16 hours, followed by cooling to room temperature. The
solution was dropped into water and filtered to obtain brown
solid. After washed with ether, ethanol and a little ethyl
acetate, and recrystallized by dichloromethane/ethanol, 10.6
g of light yellow solid was obtained, and the yield is 87%.
Spectral data as follow: m.p. 161-162° C.; 'H NMR (400
MHz, d,-DMSO): 7.77 (d, J=4.3, 1H), 7.59-7.35 (m, 11H),
730 (d, =09, 1H); *C NMR (100 MHz, ds-DMSO):
153.24, 142.13, 138.70, 136.40, 130.25, 129.78, 129.60,
128.84, 127.94, 126.22, 121.64, 116.04, 113.55; HRMS
caled for C H,;BrN, (M*) 349.0340, obsd. 349.0330.
[0064] 5-bromo-1,2-diphenyl-1H-benzo[d]imidazole of
compound 12 is shown as the following formula.

Br. N

I

Preparation of 5-bromo-1,2-diphenyl-1H-benzo[d]
imidazole

[0065] Compound 9 (10.2 g, 38.9 mmol), Benzaldehyde
(4.5 g, 42.8 mmol), Sodium metabisulfite (7.45 g, 39.3
mmol), and Calcium hydride (CaH,) dehydrated Dimethyl-
formamide (DMF, 200 mL) were took and reacted at 130° C.
for 16 hours, followed by cooling to room temperature. The
solution was dropped into water and filtered to obtain brown
solid. After washed with ether, ethanol and a little ethyl
acetate, and recrystallized by dichloromethane/ethanol, 9.4 g
of light yellow solid was obtained, and the yield 1s 72%.

[0066] Spectral data as follow: m.p. 168-169° C.; 'H
NMR (400 MHz, d,-DMSO): 8.01 (d, J=0.92, 1H), 7.61-7.
51 (m, 5H), 7.45-7.35 (m, 6H), 7.15 (d, J=4.3, 1 H); 13C
NMR (100 MHz, d,-DMSO): 153.55, 144.35, 136.71, 130.
56, 130.33, 129.76, 129.64, 129.60, 128.87, 127.95, 126.50,
122.20, 115.31, 112.82; HRMS caled for C,,H, ;BN (M*)
349.0340, obsd. 349.0365.
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[0067] 4-bromo-1,2-diphenyl-1H-benzo[d]imidazole of
compound 13 is shown as the following formula.

Br

N
)
N

Preparation of 4-bromo-1,2-diphenyl-1H-benzo[d]
imidazole

[0068] Compound 10 (2.1 g, 7.8 mmol). Benzaldehyde
(0.9 g, 8.6 mmol), Sodium metabisulfite (1.5 g, 8.0 mmol),
and Calcium hydride (CaH,) dehydrated Dimethylforma-
mide (DMF, 42 mL) were took and reacted at 130° C. for 16
hours, followed by cooling to room temperature. The solu-
tion was dropped into water and filtered to obtain brown
solid. After washed with ether, ethanol and a little ethyl
acetate, and recrystallized by dichloromethane/ethanol, 2.0 g
of light yellow solid was obtained, and the yield is 78%.
[0069] Spectral data as follow: mp. 151-152° C.; 'H
NMR (400 MHz, d,-DMSO): 7.60-7.37 (m, 11H), 7.24-7.18
(m, 2H); 1*C NMR (100 MHz, d,-DMSO): 153.08, 141.43,
138.18, 136.60, 130.55, 130.34, 129.79, 129.75, 129.68,
128.86, 128.06, 126.02, 125.02, 112.81, 110.70; HRMS
caled for C,;H,;BrN, (M*) 349.0340, obsd. 349.0332.
[0070] 9-(1,2-diphenyl-1H-benzo[d]imidazol-6-y1)-9H-
carbazole of compound 14 is shown as the following for-
mula.

Preparation of 9-(1,2-diphenyl-1H-benzo[d]imida-
701-6-y1)-9H-carbazole

[0071] Compound 11 (9.9 g, 29.3 mmol), Carbazole (5.6
2, 33.1 mmol), Copper(I) iodide (Cu(I)I) (0.2 g, 0.9 mmol),
1,4,7,10,13,16-hexaoxacyclooctadecane (18-crown-6) (0.2
2, 0.9 mmol), Potassium carbonate (K,CO;) (20.3 g, 146.5
mmol)  1,3-Dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidi-
none (DMPU) (20 mL) were took and heated to 130° C., and
reacted for 48 hours. The solvent was removed by vacuum
distillation. The mixture was filtered through celite, washed
with dichloromethane and dried by vacuum. After extracted
by dichloromethane and saline water, washed with a little
acetone and ethyl acetate, and dried by rotary evaporator,
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gray solid was obtained. After purified by column chroma-
tography, recrystallized by dichloromethane/ethanol, and
sublimation, 9.7 g of white solid was obtained, and the yield
is 76%.

[0072] Spectral data as follow: m.p. 192-193 '*C; 'H
NMR (400 MHz, CD,CL,): 8.15 (d, J=3.9, 2H), 8.06 (d,
J=4.2, 1H), 7.66-7.64 (m, 2H), 7.53-7.35 (m, 14H), 7.28 (1,
1=7.1, 2H); > C NMR (100 MHz, CD,CL,): 153.76, 142.57,
141.53, 138.24, 136.70, 133.00, 129.99, 129.93, 129.62,
129.48, 128.80, 128.32, 127.35, 125.93, 123.07, 122.58,
120.76, 120.15, 119.74, 109.72, 109.69; HRMS caled for
C,,H,N; (M+) 436.1808, obsd. 436.1813. Anal. Calcd for
C;,H, N5: C, 85.49; H, 4.86; N, 9.65. Found: C, 85.51: H,
5.02; N, 9.68.

[0073] 9-(1,2-diphenyl-1H-benzo[d]imidazol-5-y1)-9H-
carbazole of compound 15 is shown as the following for-

Fexy

Preparation of 9-(1,2-diphenyl-1H-benzo[d]imida-
701-5-y1)-9H-carbazole
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[0074] Compound 12 (7.8 g, 23.2 mmol), Carbazole (4.4
g, 26.2 mmol), Copper(l) iodide (Cu()I) (0.1 g, 0.7 mmol),
1,4,7,10,13,16-hexaoxacyclooctadecane (18-crown-6) (0.2
g, 0.7 mmol), Potassium carbonate (K,CO;) (16.0 g, 115.8
mmol)  1,3-Dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidi-
none (DMPU) (15 mL) were took and heated to 200° C., and
reacted for 48 hours. The solvent was removed by vacuum
distillation. The mixture was filtered through celite, washed
with dichloromethane and dried by vacuum. After extracted
by dichloromethane and saline water, washed with acetone
and ethyl acetate, and dried by rotary evaporator, gray solid
was obtained. After purified by column chromatography,
recrystallized by dichloromethane/ethanol, and sublimation,
7.2 g of white solid was obtained, and the yield is 72%.

[0075] Spectral data as follow: m.p. 235-236 *°C; 'H
NMR (400 MHz, CD,CL,): 8.18 (d, J=3.9, 2H), 8.02 (s, 1H),
7.65-1.56 (m, SH), 7.44-7.28 (m, 13H); *C NMR (100
MHz, CD,Cl,): 153.77, 143.98, 141.59, 136.88, 132.68,
130.01, 129.93, 129.64, 129.49, 128.87, 128.31, 12748,
125.91, 123.14, 122.73, 120.15, 119.70, 118.54, 111.52,
109.81; HRMS caled for C; H, N,(M™) 436.1808, obsd.
436.1805. Anal. Calcd for C5 H, N5: C, 85.49; H, 4.86; N,
9.65. Found: C, 85.50; H, 4.71; N, 9.63.

[0076] 9-(1,2-diphenyl-1H-benzo[d]imidazol-4-y1)-9H-
carbazole of compound 16 is shown as the following for-
mula.
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Preparation of 9-(1,2-diphenyl-1H-benzo[d]imida-
701-4-y1)-9H-carbazole

[0077] Compound 13 (2.7 g, 7.9 mmol), Carbazole (1.5 g,
8.7 mmol), Copper(I) iodide (Cu(DI) (0.05 g, 0.24 mmol),
1,4,7,10,13,16-hexaoxacyclooctadecane (18-crown-6) (0.06
g, 0.24 mmol), Potassium carbonate (K,CQ,) (5.5 g, 39.6
mmol)  1,3-Dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidi-
none (DMPU) (5 mL) were took and heated to 200° C., and
reacted for 48 hours. The solvent was removed by vacuum
distillation. The mixture was filtered through celite, washed
with dichloromethane and dried by vacuum. After extracted
by dichloromethane and saline water, washed with acetone
and ethyl acetate, and dried by rotary evaporator, gray solid
was obtained. After purified by column chromatography,
recrystallized by dichloromethane/ethanol, and sublimation,
2.4 g of white solid was obtained, and the yield is 71%.

[0078] Spectral data as follow: m.p. 274-275° C.; 'H
NMR (400 MHz, CD,CL,): 8.21 (d, J=3.9, 2H), 7.58-7.22
(m, 19H); *C NMR (100 MHz, CD,Cl,): 153.40, 142.02,
140.22, 140.04, 137.48, 130.57, 130.30, 130.18, 130.13,
129.46, 129.03, 128.77, 128.14, 126.28, 124.18, 124.02,
122.22, 120.65, 120.34, 111.40, 110.87; HRMS calcd for
C;,H,, N5 (M*) 436.1808, obsd. 436.1822. Anal. Caled for
C,;H, N;: C, 85.49; H, 4.86; N, 9.65. Found: C, 85.56; H,
4.79; N, 9.60.

[0079] As shown in the embodiment in FIG. 1, the organic
light emitting diode 900 of the present invention includes a
substrate 100, a first conducting layer 200, a hole transport-
ing layer 300, a light emitting layer 400, an electron trans-
porting layer 500, and a second conducting layer 600. The
first conducting layer 200 is disposed on the substrate 100.
The hole transporting layer 300 is disposed on the first
conducting layer 200. The light emitting layer 400 is dis-
posed on the hole transporting layer 300. The light emitting
layer 400 includes a bipolar material selected from the group
consisting of one of formula (1) to formula (4) or combi-
nations thereof shown as below. The electron transporting
layer 500 is disposed on the light emitting layer 400. The
second conducting layer 600 is disposed on the electron
transporting layer 500.
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formula (1)
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formula (2)

N,

O

N

J

formula (3)
N N
T
ND
formula (4)

N

X

[0080] In one embodiment of the present invention, the
substrate 100 could be a glass substrate, a plastic substrate,
etc. The substrate could be photo-permeable, and further
could be transparent. In one embodiment of the present
invention, the first conducting layer 200 is an anode,
wherein the first conducting layer 200 has a work function
preferably greater than 4.5 eV. The material of the first
conducting layer could be indium tin oxide (ITO), SnO,, Au,
Ag, Pt, or Cu, etc. No special limit is set to the material of
the hole transporting layer 300 in the present invention.
Compounds which are generally used as the material of the
hole transporting layer are acceptable, e.g. 4,4'-Cyclohexyl
idenebis|N,N-bis(4-methylphenyl)benzenamine] (TAPC),
1,3-Bis(N-carbazolyl)benzene (mCP), N,N'-Bis(3-methyl-
phenyl)-N,N'-diphenylbenzidine (TPD), or a-naphylhenyl-
diamine (NPB).

Z, /Z

10

May 3, 2018

[0081] No special limit is set to the material of the electron
transporting layer 500 in the present invention. Compounds
which are generally used as the material of the electron
transporting layer are acceptable, e.g. Diphenylbis(4-(pyri-
din-3-yl)phenyl)silane (DPPS), LiF, AlQ3, Bebq2 (Bis(10-
hydroxybenzo[h]quinolinato)beryllium). 3-(Biphenyl-4-y1)-
5-(4-tert-butylphenyl)-4-phenyl-4H-1,2,4-triazole (TAZ), or
2,9-Dimethyl-4,7-diphenyl-1,10-phenanthroline (BCP). The
second conducting layer 600 is a cathode, wherein the
second conducting layer 600 has a smaller work function.
The material of the second conducting layer 600 could be
indium, Al, In—Mg alloy, Magnalium, Al—Li alloy, or
Mg—Ag alloy.

[0082] As shown in a different embodiment in FIG. 2, the
hole transporting layer 300 includes a hole injection layer
310 and a hole transporting layer 320 disposed on the hole
injection layer 310. The electron transporting layer 500
includes an electron transporting layer 510 and an electron
injection layer 520 disposed on the electron transporting
layer 510.

[0083] In one embodiment, the organic light emitting
diode is manufactured by an evaporation process, wherein
the structure of the organic light emitting diode is first
conducting layer (ITO)hole injection layer (TAPC, 50 nm)/
hole transporting layer (mCP, 10 nm)/light emitting layer
(30 nm)/electron transporting layer (DPPS, 45 nm)/electron
injection layer (LiF, 0.7 nm)/second conducting layer (Al,
120 nm). The light emitting layer takes the prepared 2-Ch-
BImP, 3-CbBImP, and 4-CbBImP as the host materials and
uses different doping ratios of emitter (e.g. Flrpic (Bis[2-
(4,6-difluorophenyl)pyridinato-C2,N](picolinato )iridium
(1I1)) as the guest material. The driving voltage (V) under the
current density of 20 mA/ecm®, the maximum current effi-
ciency (cd/A), the maximum power efficiency (Im/W), and
the maximum external quantum efficiency (EQE) (%) of the
organic light emitting diodes are measured.

[0084] The results are shown in Table 2.
TABLE 2
maximum
driving current power
voltage  efficiency  efficiency
Unit* v)* (cd/A) (Im/w) EQE, ux(%)
2-CbBImP-18% 6.56 44,07 39.63 20.42
3-CbBImP-15% 7.07 50.25 45.10 23.95
4-CbBImP-15% 691 53.25 47.89 24.82

“The doping concentration of Flrpic
bthe unit of operation voltage under 20 mA/em”

[0085] Although the preferred embodiments of the present
invention have been described herein, the above description
is merely illustrative. Further modification of the invention
herein disclosed will occur to those skilled in the respective
arts and all such modifications are deemed to be within the
scope of the invention as defined by the appended claims.

What is claimed is:

1. A bipolar material selected from the group consisting of
one of formula (1) to formula (4) or combinations thereof,
wherein:
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formula (1)

formula (2)

Z, /Z

formula (3)

U -0
O

formula (4)

Rte

2. An organic light emitting diode, comprising:

a substrate;

a first conducting layer disposed on the substrate;

a hole transporting layer disposed on the first conducting
layer;

a light emitting layer disposed on the hole transporting
layer, wherein the light emitting layer includes a bipo-
lar material selected from the group consisting of one
of formula (1) to formula (4) or combinations thereof,
wherein:

May 3, 2018

formula (1)
N
oy
N,
‘i‘:
formula (2)
N
N\
S
N O
formula (3)
N N
-0
0
formula (4)

an electron transporting layer disposed on the light emit-

ting layer; and

a second conducting layer disposed on the electron trans-

porting layer.

3. The organic light emitting diode of claim 2, wherein the
first conducting layer is an anode.

4. The organic light emitting diode of claim 2, wherein the
hole transporting layer includes a hole injection layer and a
hole transporting layer disposed on the hole injection layer.

5. The organic light emitting diode of claim 2, wherein the
electron transporting layer includes an electron transporting
layer and an electron injection layer disposed on the electron
transporting layer.

6. The organic light emitting diode of claim 2, wherein the
second conducting layer is a cathode.

7. The organic light emitting diode of claim 2, wherein the
substrate is a glass substrate.
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8. The organic light emitting diode of claim 2, wherein the
substrate is a plastic substrate.

9. The organic light emitting diode of claim 2, wherein the
material of the first conducting layer is indium tin oxide
(ITO).

10. The organic light emitting diode of claim 2, wherein
the material of the second conducting layer is aluminum.

® 0% % % %



LR EH(F)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

RIS A

KRN

IPCHRS

CPCH%E=

£
S EREEEE

BEX)

TR AL IL-N-FOF DK AR A R A E R BB ZRE. BRXZ
ZERERE  RER BT ERENEC
S8R, F-SHERRETERL, ZEREREEE —SBEL,
SAWRB-N-FH KRR BN R LR REEZERE L. BFE&E
BRREERXEL, E-SBRREEETFEAE L.

REQEER , F—F2EF,

AR BB YLK ZRE

US20180123053A1

US15/801822

TEKRE

TERF

TERE

CHANG SHU YUN
LIN GUAN TING
HUANG JAU JIUN
LEUNG MAN KIT
CHIU TIEN LUNG
LEE JIUN HAW
LIN CHI FENG

CHANG, SHU-YUN
LIN, GUAN-TING
HUANG, JAU-JIUN
LEUNG, MAN-KIT
CHIU, TIEN-LUNG
LEE, JIUN-HAW
LIN, CHI-FENG

HO1L51/00 CO9K11/02 C07D403/04

2018-05-03

2017-11-02

patsnap

HO01L51/0072 C09K11/025 C07D403/04 HO1L51/5016 HO1L2251/552 H01L2251/556 H01L2251/308
HO01L2251/301 HO1L51/5221 HO1L51/5206 HO1L51/0085

105135777 2016-11-03 TW

Espacenet  USPTO

.00

.

A4

1w

0
0



https://share-analytics.zhihuiya.com/view/06938699-9f2d-4968-83b1-fab2d357c9d1
https://worldwide.espacenet.com/patent/search/family/060048181/publication/US2018123053A1?q=US2018123053A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220180123053%22.PGNR.&OS=DN/20180123053&RS=DN/20180123053

