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(7) ABSTRACT

The present invention provides a compound having the fol-
lowing formula (I):

)
R

R, is an electron withdrawing group; A represents a structure
with 0 to 20 benzene rings connected in sequence, R, is an
electron donating group or to form a cyclic electron donating
group with parts of C atoms of the last benzene ring. The
present invention also provides an organic layer of OLED
devices. The present invention also provides a method for
synthesizing the compound represented by formula (I). The
OLED material with the novel structure provided by the
present invention can be applied to an electron-transporting
layer, a light emitting layer, a hole transporting layer. Hence,
the display devices consisting of the aforesaid OLED material
have the advantages of swift response, low power consump-
tion, and wide viewing angle.
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COMPOUND AND METHODS FOR
PREPARING THE SAME AND ITS

APPLICATIONS
CROSS-REFERENCE TO RELATED
APPLICATIONS
[0001] The present application claims priority to and the
benefit of Chinese Patent Application No. CN

201410640789.7, filed on Nov. 3, 2014, the entire content of
which is incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a compound, more
specifically, relates to acompound used for OLED host mate-
rial, and the method for preparing the same, as well as appli-
cations of the same.

[0004] 2. Description of the Related Art

[0005] Currently, displays mainly consist of TFTs (Thin
Film Transistor, thin-film transistor)-LLCD. Since the TFT-
LCD is non-self-luminous display which emits light through
backlight. The light generated from the backlight passes in
sequence through the polarizing sheet, glass substrate, liquid
crystal layer, color filters, and other related components in the
TFT-LCD panel to achieve the final arrival at people’s sight
and for imaging, which realizes the function of the display.
[0006] LED display integrates microelectronic technology,
computer technology, information processing and has
become the most advantageous display media used in the
public due to its beautiful color, wide dynamic range, high
brightness, long service life as well as the advantages of stable
and reliable and so on. Hence, LED display has been widely
used in large squares, commercial advertisements, sports ven-
ues, Stock Exchanges to meet the demand of different envi-
ronments.

[0007] OLED display is the next generation flat panel dis-
play which is similar to and better than the LCD. OLED has
avery simple sandwich structure, i.e., having a very thin layer
of organic materials between two layers of electrodes. When
any current is passed through, these organic materials will
emit light. Compared with LCD display, OLED has many
advantages: as the OLED emits light itself with no backlight,
OLED display can be designed and manufactured to be thin-
ner and lighter with a larger viewing angle, beautiful color
and significantly low energy consumption. Due to the afore-
said advantages, OLED has been widely used in MP3, mobile
phones and other mobile electronic devices, and has been
gradually applied to PC monitors, laptops, televisions and
other large-size display areas.

[0008] The basic structure of an OLED is formed by a thin
and transparent indium tin oxide (ITO), with a characteristic
of semi conductive, connected to the positive electrode, and a
metal cathode, by which a sandwich structure is formed, such
an OLED as disclosed in U.S. Pat. No. 4,769,292. The entire
structure layers include: a hole transport layer (HTL), an
emitting layer (EL) and an electron transport layer (ETL).
When the a suitable voltage is supplied to the device, the
positive holes and the cathode charge will be combined in the
light emitting layer to emit lights which comprises RGB
primary lights, i.e., red light, green light and blue light, gen-
erated based on different formulations, to constitute the basic
colors. One of the properties of the OLED is light-emitting by
itself with no backlight, which is different from the TFT LCD.
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Hence, visibility and brightness of the OLED are higher, and
the demand for voltage is low while the electrical efficiency is
higher. Moreover, the OLED also possess the advantages of
swift in response, light in weight, thin in thickness and simple
in structure, and low in cost.

SUMMARY OF THE INVENTION

[0009] An aspect of an embodiment of the present disclo-
sure is directed toward a compound applied to an electron-
transporting layer. a light emitting layer, a hole transporting
layer of an OLED having the advantages of swift response,
low power consumption, and wide viewing angle.

[0010] Another aspect of an embodiment of the present
disclosure is directed toward an OLED device employing the
aforesaid compound.

[0011] Another aspect of an embodiment of the present
disclosure is directed toward a method for preparing the
aforesaid compound.

[0012] Anembodiment ofthe present disclosure provides a
compound, having the following formula (I):

O
R

[0013] wherein, R, is an electron withdrawing group; A
represents a structure with 0 to 20 benzene rings connected in
sequence; R, is an electron donating group or to form a cyclic
electron donating group with parts of carbon atoms of the last
benzene ring.

[0014] According to one embodiment of the present disclo-
sure, wherein the A at least has a structure represented by the
following formula:

[0015] wherein, R, and R is independently selected from a
group consisting of H, C1 to C5 alkyl, phenyl, and benzyl.
[0016] According to one embodiment of the present disclo-
sure, wherein the electron donating group R, is:

Rl
—N
RZ.

i

[0017] wherein, R' and R? are independently selected from
a group consisting of H, C1 to C5 alkyl, C1 to C2 alkyl
replaced by aryl, and aryl, or R* and R? together with N forms
a nitrogen heterocycle; wherein, the aryl is contained in at
least one of the R and R?;

[0018] wherein, the aryl is contained in at least one of the R*
and R?,
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[0019] According to one embodiment of the present disclo-
sure, wherein R' and R? is selected from a group consisting of
H, C1 to C5 alkyl and

OO
00 P
O

[0020] According to one embodiment of the present disclo-
sure, wherein the nitrogen heterocycle formed by R* and R*
together with N is selected from

N N
O 0

[0021] According to one embodiment of the present disclo-
sure, wherein the cyclic electron donating group formed by
R1 with parts of carbon atoms of the last benzene ring is
selected from

[0022] wherein, R is selected from a group consisting of H,
C1 to CS5 alkyl, and aryl.

[0023] According to one embodiment of the present disclo-
sure, wherein the R, is selected from

R3 R3 , 3

AR / A
)~ -t~ Ly
Ry N }\ p
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[0024] wherein, R® and R* is independently selected froma
group consisting of H, C1 to C5 alkyl, C1 to C2 alkyl replaced
by aryl, and aryl.

[0025] According to one embodiment of the present disclo-
sure, wherein the compound has the following formula (11):

n

[0026] wherein, n is an integer from 0 to 20, R’ is selected
from a group consisting of H, C1 to C5 alkyl, C1 to C2 alkyl
replaced by aryl, and aryl.

[0027] According to one embodiment of the present disclo-
sure, wherein the compound has the following formula (11I):

(i

R,
N \ ;
N
[0028] wherein, nis an integer from O to 20, N heterocyclic

is a polycyclic electron donating group.

[0029] Another embodiment of the present disclosure pro-
vides an OLED device, comprising;: a cathode; an anode; and
an organic layer located between the cathode and the anode;
wherein, the organic layer comprises the compound repre-
sented by formula (I):

)
R;
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[0030] wherein, R, is an electron withdrawing group; A
represents a structure with 0 to 20 benzene rings connected in
sequence; R, is an electron donating group or to form a cyclic
electron donating group with parts of carbon atoms of the last
benzene ring.

[0031] Another embodiment of the present disclosure pro-
vides amethod for synthesizing the compound represented by
formula (I), wherein the compound is synthesized by Suzuki
reaction synthesis;

[0032] wherein, R, is an electron withdrawing group; A
represents a structure with 0 to 20 benzene rings connected in
sequence, R, is an electron donating group or to form acyclic
electron donating group with parts of carbon atoms of the last
benzene ring.

DETAILED DESCRIPTION

[0033] The present invention will now be described more
fully hereinafter, in which exemplary embodiments of the
invention are shown. This invention may, however, be embod-
ied in many different forms and should not be construed as
limited to the embodiments set forth herein. Rather, these
embodiments are provided so that this disclosure will be
thorough and complete, and will fully convey the scope of the
invention to those skilled in the art.

[0034] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended to
be limiting of the invention. As used herein, the singular
forms “a”, “an” and “the” are intended to include the plural
forms as well, unless the context clearly indicates otherwise.
It will be further understood that the terms “comprises” and/
or “comprising,” or “includes” and/or “including” or “has”
and/or “having” when used herein, specify the presence of
stated features, regions, integers, steps, operations, elements,
and/or components, but do not preclude the presence or addi-
tion of one or more other features, regions, integers, steps,
operations, elements, components, and/or groups thereof.
[0035] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same meaning
as commonly understood by one of ordinary skill in the art to
which this invention belongs. It will be further understood
that terms, such as those defined in commonly used dictio-
naries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art
and the present disclosure, and will not be interpreted in an
idealized or overly formal sense unless expressly so defined
herein.

[0036] As used herein, “around”, “about” or “approxi-
mately” shall generally mean within 20 percent, preferably
within 10 percent, and more preferably within 5 percent of a
given value or range. Numerical quantities given herein are
approximate, meaning that the term “around”, “about” or
“approximately” can be inferred if not expressly stated.
[0037] Asusedherein, the term “plurality” means a number
greater than one.
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[0038] The present invention provides a compound which
can be applied to an electron-transporting layer, a light emit-
ting layer, a hole transporting layer of the OLED material.
The compound has the following formulas:

o0f
22
ool

N=—
N
O
Ys
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-continued

p oY

PREPARATION EXAMPLE 1

[0039] Compound A is prepared by the following method:

A

©**©r
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-continued
1
NN
A Br
N
2

[0040] Introduce a mixture comprising 0.1 mol of Interme-
diate 1, 0.1 mol of Intermediate 2, potassium tert-butoxide,
palladium acetate tri-tert-butylphosphine tetrafluoroborate
and toluene (1000 ml) into a reaction container. Heat and
reflux the aforesaid mixture for 24 hours with the protection
of nitrogen gas, and then, cooling and removing the toluene.
Dichloromethane is added into the reaction container, and
then a washing process with water and a drying process are
performed, the crude product was passed through the column,
and then performing a recrystallization process and a purify-
ing process with dichloromethane and ethanol to obtain the
Compound A.

[0041] Characterization of the molecular weight of the
obtained compound A is: MS 590.24;

[0042] H-NMR: 1.67(6H), 7.22(2H), 7.32(4H). 7.43(4H),
7.50(2H), 7.3(1H), 7.21(1H), 7.43(2H), 7.0(2H), 7.33(1H),
8.06(1H), 7.61(2H), 7.36(2H).

PREPARATION EXAMPLE 2

[0043] Compound B is prepared by the following method:

®)

O
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-continued

o
03
G

[0044] The preparation for the compound B is the same as
described in the preparation example 1.

[0045] Characterization of the molecular weight of the
obtained compound B is: MS 666.27;

[0046] H-NMR: 1.67(6H), 7.22(2H), 7.32(4H), 7.48(4H),
7.50(2H), 7.3(2H), 7.21(2H), 7.43(2H), 7.0(2H), 7.33(2H),
8.06(1H), 7.61(3H), 7.36(2H).

PREPARATION EXAMPLE 3

[0047] Compound C is prepared by the following method:

©

OH

P

OH
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-continued

[0048] The preparation for the compound C is the same as
described in the preparation example 1.

[0049] Characterization of the molecular weight of the
obtained compound C is: MS 666.27;

[0050] H-NMR: 1.67(6H), 7.22(2H), 7.32(4H), 7.43(4H),
7.50(2H), 7.3(2H), 7.21(2H), 7.43(2H), 7.0(2H), 7.33(2H).
8.06(1H), 7.61(3H), 7.36(2H).

PREPARATION EXAMPLE 4

[0051] Compound D is prepared by the following method:

O

S

L0
SRgvRs

N7 N

™
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[0052] The preparation for the compound D was the same PREPARATION EXAMPLE 6

as described in the preparation example 1. [0059] Compound F is prepared by the following method:

[0053] Characterization of the molecular weight of the
obtained compound D is: MS 580.69;

[0054] H-NMR: 7.22(2H), 7.32(4H), 7.48(4H), 7.50(2H),

73(1H), 7.21(1H), 7.43(2H), 7.0(2H), 7.33(1H), 8.06(1H),
7.61(2H), 7.36(2H).
N=
PREPARATION EXAMPLE 5 ©_<\ N
/
OO

N
. § *SNg
\ N
N— N S N—
N
\
O aw
O O Br
2
N_—: HN
N
< > <\
\_7
Br
[0060] The preparation for the compound F is the same as

described in the preparation example 1.

[0061] Characterization of the molecular weight of the

obtained compound F is: MS 626.74;

[0062] H-NMR: 7.22(2H), 7.32(4H), 7.48(4H), 7.50(2H),
2 73(2H), 7.21(2H), 7.43(2H), 7.0(2H), 7.33(2H), 8.06(1 H),

7.61(3H), 7.36(2H).
O [0063] The manufacture of the device:
O Embodiment 1

S [0064] The transparent anode electrode ITO substrate is
ultrasonically cleaned in isopropanol for 5-10 minutes, and
then is exposed to UV light for 20-30 minutes, then is treated
by plasma for 5-10 minutes. The treated ITO substrate is then
) . put into an evaporation apparatus. Firstly, it was in sequence
[005§] T.he preparatlon. for the compound E is the same as deposited with an NPB layer of 30-50 nm, a compound A, an
described in the preparation example 1. Ir(ppy)3 of 5-10%, an Alq3 (8-hydroxyquinoline aluminum)
layer of 20-40 nm, and LiF layer of 0.5-2 nm, and metal Al
layer of 100-200 nm.

@

[0055] Compound E is prepared by the following method:

—_

L7

[0057] Characterization of the molecular weight of the
obtained compound E 1s: MS 656.79;

[0058] H-NMR: 7.22(2H), 7.32(4H), 7.48(4H), 7.50(2H), Embodiment 2
7.3(2H), 7.21(2H), 7.43(2H), 7.0(2H), 7.33(2H), 8.06(1H), [0065] The compound A in Embodiment 1 is replaced by
7.61(3H), 7.36(2H). Compound B.
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Embodiment 3

[0066] The compound A in Embodiment 1 is replaced by
Compound C.

Embodiment 4

[0067] The compound A in Embodiment 1 is replaced by
Compound D.

Embodiment 5

[0068] The compound A in Embodiment 1 is replaced by
Compound E.

Embodiment 6

[0069] The compound A in Embodiment 1 is replaced by
Compound F.

Embodiment 7

[0070] The compound A in Embodiment 1 is replaced by
CBP, and Alp3 in Embodiment 1 is replaced by Compound A.

Embodiment 8

[0071] The compound A in Embodiment 1 is replaced by
CBP, and Alp3 in Embodiment 1 is replaced by Compound B.

Embodiment 9

[0072] The compound A in Embodiment 1 is replaced by
CBP, and Alp3 in Embodiment 1 is replaced by Compound C.

Embodiment 10

[0073] The compound A in Embodiment 1 is replaced by
CBP, and Alp3 in Embodiment 1 is replaced by Compound D.

Embodiment 11

[0074] The compound A in Embodiment 1 is replaced by
CBP, and Alp3 in Embodiment 1 is replaced by Compound E.

Embodiment 12

[0075] The compound A in Embodiment 1 is replaced by
Compound CBP, and Alp3 in Embodiment 1 is replaced by
Compound F.

Comparative Embodiment

[0076]
[0077]

The compound A in Example 1 is replaced by CBP.
Wherein,

NN .

CBP
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N

NPB

Ir
| N
A

Alg3 Ir(ppy)3

[0078] The materials of an OLED are as follows:

[0079] Embodiment 1: ITO/NPB/Compound A: Ir(ppy)3/
Alq3/LiF/Al

[0080] Embodiment 2: ITO/NPB/Compound B: Ir(ppy)3/
Alq3/LiF/Al

[0081] Embodiment 3: ITO/NPB/Compound C: Ir(ppy)3/
Alq3/LiF/Al

[0082] Embodiment 4: ITO/NPB/Compound D: Ir(ppy)3/
Alg3/LiF/Al

[0083] Embodiment 5: ITO/NPB/Compound E: Ir(ppy)3/
Alq3/LiF/ Al

[0084] Embodiment 6: ITO/NPB/Compound F: Ir(ppy)3/
AlQ3/LiF/Al

[0085] Embodiment 7: ITO/NPB/CBP: Ir(ppy)3/Com-
pound A/LiF/Al;

[0086] Embodiment 8: ITO/NPB/CBP: Ir(ppy)3/Com-
pound B/LiF/Al;

[0087] Embodiment 9: ITO/NPB/CBP: Ir(ppy)3/Com-
pound C/LiF/Al,

[0088] Embodiment 10: ITO/NPB/CBP: Ir(ppy)3/Com-

pound D/LiF/Al,

[0089] Embodiment 11: ITO/NPB/CBP: Ir(ppy)3/Com-
pound E/LiF/Al,

[0090] Embodiment 12: ITO/NPB/CBP: Ir(ppy)3/Com-
pound F/LiF/Al,

[0091] Comparative embodiment: ITO/NPB/CBP: Ir(ppy)
3/Alq3/LiF/Al

[0092] The test results of OLED devices under the test
conditions lower than 1000 nits are shown in Table 1 below.
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TABLE 1

the test results of the OLED devices

Device Cd/A Driver Voltage CIEx  CIEy
Comparative 10 cd/A 4.6V 0.33 0.64
example

Embodiment 1 20 cd/A 45V 0.33 0.64
Embodiment 2 15 cd/A 44V 0.33 0.64
Embodiment 3 19 cd/A 43V 0.33 0.64
Embodiment 4 15 ed/A 45V 0.33 0.64
Embodiment 3 12 cd/A 47V 0.33 0.64
Embodiment 6 23 cd/A 48V 0.33 0.64
Embodiment 7 21 cd/A 49V 0.33 0.64
Embodiment & 14 cd/A 48V 0.33 0.64
Embodiment 9 22 cd/A 5.0V 0.33 0.64
Embodiment 10 17 ed/A 47V 0.33 0.64
Embodiment 11 15 cd/A 4.6V 0.33 0.64
Embodiment 12 21 ed/A 45V 0.33 0.64

[0093] The above specific embodiments of the present
invention have been described in detail, but only as an
example, the present invention is not limited to the specific
embodiments described above. The skilled in the art, any
equivalent modifications and substitutions of the present
invention are also in the scope of the invention. Therefore,
equalization changes and modifications without departing
from the spirit and scope of the present invention made should
fall within the scope of the present invention.

What is claimed is:

1. A compound, having the following formula (I):

o
Ry

wherein, R, is an electron withdrawing group; A represents
a structure with 0 to 20 benzene rings connected in
sequence; R, is an electron donating group or to form a
cyclic electron donating group with parts of carbon
atoms of the last benzene ring.

2. The compound according to claim 1, wherein the A at
least has a structure represented by the following formula:

wherein, R, and R is independently selected from a group
consisting of H, C1 to C5 alkyl, phenyl and benzyl.
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3. The compound according to claim 1, wherein the elec-
tron donating group R, is:

Rl
—N

\
RZ;

wherein, R' and R? are independently selected from a
group consisting of H, C1 to C5 alkyl, Cl1 to C2 alkyl
replaced by aryl, and aryl, or R* and R* together with N
form a nitrogen heterocycle; wherein, the aryl is con-
tained in at least one of the R' and R>.

4. The compound according to claim 3, wherein R' and R*
is independently selected from a group consisting of H, C1 to
CS5 alkyl and

OO
OO0

5. The compound according to claim 3, wherein the nitro-
gen heterocycle formed by R' and R* together with N is
selected from

6. The compound according to claim 1, wherein the cyclic
electron donating group formed by R1 with parts of carbon
atoms of the last benzene ring is selected from

R R

wherein, R is selected from a group consisting of H, C1 to
C5 alkyl, and aryl.
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7. The compound according to claim 1, wherein the R, is
selected from

R? R3 R3

!

@_,KU_ |
\

NS E\\\

wherein, R* and R* is independently selected from a group
consisting of H, C1 to C5 alkyl, C1 to C2 alkyl replaced

by aryl, and aryl.

8. The compound according to claim 1, wherein the com-
pound has the following formula (11):

a

wherein, n is an integer from 0 to 20, R” is selected from a
group consisting of H, C1 to C5 alkyl, Cl to C2 alkyl
replaced by aryl, and aryl.
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9. The compound according to claim 1, wherein the com-
pound has the following formula (I11):

(i

wherein, n is an integer from 0 to 20, N heterocyclic is a
polycyclic electron donating group.

10. An OLED device, comprising:

a cathode;

an anode; and

an organic layer located between the cathode and the
anode;

wherein, the organic layer comprises the compound repre-
sented by formula (I):

@
Ry

wherein, R, is an electron withdrawing group; A represents
a structure with 0 to 20 benzene rings connected in
sequence; R, is an electron donating group or to form a
cyclic electron donating group with parts of carbon
atoms of the last benzene ring.
11. A method for synthesizing the compound represented
by formula (I), wherein the compound is synthesized by
Suzuki reaction synthesis;

O
R

wherein, R, is an electron withdrawing group; A represents
a structure with 0 to 20 benzene rings connected in
sequence, R is an electron donating group or to form a
cyclic electron donating group with parts of carbon
atoms of the last benzene ring.

* #* * #* #®
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