US 20180301632A1

12 Patent Application Publication (o) Pub. No.: US 2018/0301632 A1

a9y United States

LEE

43) Pub. Date: Oct, 18, 2018

(54) SPIRALLY CONFIGURED
CIS-STILBENE/FLUORENE HYBRID
MATERIAL AND ORGANIC
ELECTROLUMINESCENT DEVICE USING
THE SAME

(71)  Applicant: JUST ABOUT SHOWING CO.,
LTD., New Taipei City (TW)

(72) Inventor: Jen-Cherng LEE, NEW TAIPEI CITY

(TW)

(21) Appl. No.: 15/656,389

(22) Filed: Jul. 21, 2017
(30) Foreign Application Priority Data
Apr. 13,2017 (TW) et 106112304
Publication Classification
(1) Imt. CL
HOIL 51/00 (2006.01)
CO7C 211/61 (2006.01)
CO7C 255/52 (2006.01)
CO7D 23926 (2006.01)
Co7C 255/61 (2006.01)
CO9K 11/06 (2006.01)
CO9K 11/02 (2006.01)
Co7C 13/72 (2006.01)
(52) U.S. CL
CPC ... HO1L 51/0057 (2013.01); HOIL 51/006

(2013.01); CO7C 211/61 (2013.01); CO7C
255/52 (2013.01); CO7D 239/26 (2013.01);
HOIL 51/5206 (2013.01); CO9K 11/06
(2013.01); HOIL 51/0067 (2013.01); CO9K
11/025 (2013.01); HOIL 51/0085 (2013.01);
CO7C 13/72 (2013.01); CO7C 255/61
(2013.01)

100
™

(57) ABSTRACT

A spirally configured cis-stilbene/fluorene hybrid material is
shown in formula (1),

formula (1)

R'is an alkyl group or represented by formula (2),

formula (2)
Ris Ris

Ryg

Rjg Ry;

wherein R to R,, Rg, Ry to R, and R, ; to R, 4 are indepen-
dently selected from the group consisting of hydrogen atom,
halogen atom, cyano group, alkyl group, cycloalkyl group,
alkoxy group, amino group, haloalkyl group, thioalkyl
group, silyl group and alkenyl group, R, is a hydrogen atom,
tert-butyl group or aryl group, R, and R, are independently
selected from the group consisting of hydrogen atom, aryl
group, diarylamino group, cyano group, heteroaryl (e.g.,
pyridine group, or pyrimidine group).
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SPIRALLY CONFIGURED
CIS-STILBENE/FLUORENE HYBRID
MATERIAL AND ORGANIC
ELECTROLUMINESCENT DEVICE USING
THE SAME

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This Non-provisional application claims priority
under 35 U.S.C. § 119(a) on Patent Application No(s).
106112304 filed in Taiwan, Republic of China on Apr. 13,
2017, the entire contents of which are hereby incorporated
by reference.

BACKGROUND OF THE INVENTION

Field of Invention

[0002] The present invention relates to an organic elec-
troluminescent material and an organic electroluminescent
device using the same and, in particular, to a spirally
configured cis-stilbene/fluorene hybrid material and the
organic electroluminescent device using the same.

Related Art

[0003] With the advances in electronic technology, a light
weight and high efficiency flat display device has been
developed. An organic electroluminescent device becomes
the mainstream of the next generation flat panel display
device due to its advantages of self-luminosity, no restriction
on viewing angle, power conservation, simple manufactur-
ing process, low cost, high response speed, full color and so
on.

[0004] In general, the organic electroluminescent device
includes an anode, an organic luminescent layer and a
cathode. When applying a direct current to the organic
electroluminescent device, holes and electrons are injected
into the organic luminescent layer from the anode and the
cathode, respectively. Charge carriers move and then trans-
port into the organic luminescent layer because of the
potential difference caused by an applied electric field. The
resulting excited luminescent molecules (i.e., excitons) are
generated and followed by the recombination of the elec-
trons and the electron holes may lead to emission in the
organic luminescent layer due to release the energy in the
form of light.

[0005] Nowadays, the organic electroluminescent device
usually adopts a host-guest emitter system. The organic
luminescent layer disposed therein includes a host material
and a guest material. The holes and the electrons are
transmitted to the host material, and further transferred to the
guest material to form excitons and then generate light.
[0006] In addition, regarding to materials which emit red,
green or blue light (three primary colors of light), the energy
gap of the material which emits a blue light is higher than
that emits a red light or a green light. Therefore, the material
which emits a blue light is usually a planar aromatic com-
pound with a short conjugation fragment and simpler struc-
ture. Such material is usually thermally unstable, and the
device comprising such material may have a short lifespan
accordingly. Moreover, molecules having planar or nearly
planar structures tend to stack to each other which may result
to form an excimer, and may further affect colors of emis-
sion lights and luminous efficiencies. Therefore, when used
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in an organic electroluminescent device, such materials may
only be doped to a host material. The value of application
may therefore be limited.

[0007] Besides, the selection of organic electrolumines-
cent material is not only based on the matching of HOMO
and LUMO energy levels but also counts on the high
decomposition temperature in order to avoid pyrolysis dur-
ing thermal vacuum deposition and also thus avoid the
decrease in thermal stability.

[0008] Accordingly, it is an urgent need to provide an
organic electroluminescent material and an organic elec-
troluminescent device using the same which have high
luminous efficiency, and excellent thermal stability and film
forming ability.

SUMMARY OF THE INVENTION

[0009] In view of the foregoing objectives, the invention
provides a spirally configured cis-stilbene/fluorene hybrid
material and an organic electroluminescent device by using
the same. The spirally configured cis-stilbene/fluorene
hybrid material has high luminous efficiency, and excellent
thermal stability and film forming ability.

[0010] To achieve the above objective, one embodiment of
the invention discloses a spirally configured cis-stilbene/
fluorene hybrid material, which comprises a structure of the
following General Formula (1).

General Formula (1)

[0011]
represented by General Formula (2).

In the General formula (1), R' is an alkyl group or

General Formula (2)

Ris

Rys Ry7

[0012] In the General formula (1), R, to R,, Rg, Rgto Ry,
and R,; to R, are each independently selected from the
group consisting of a hydrogen atom, halogen atom, cyano
group, alkyl group, cycloalkyl group, alkoxy group, amino
group, haloalkyl group, thioalkyl group, silyl group and
alkenyl group. R, a hydrogen atom, tert-butyl group or aryl
group. R, and R, are each independently selected from the
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group consisting of a hydrogen atom, aryl group, diarylam-
ine, cyano group and hetero aromatic ring (for example, a
pyridine or a pyrimidine).

[0013] In one embodiment, the alkyl group is selected
from the group consisting of a substituted or unsubstituted
straight-chain alkyl group with the carbon number of 1 to 6,
and a substituted or unsubstituted branched-chain alkyl
group with the carbon number of 3 to 6. The cycloalkyl
group is a substituted or unsubstituted cycloalkyl group with
the carbon number of 3 to 6. The alkoxy group is selected
from the group consisting of a substituted or unsubstituted
straight-chain alkoxy group with the carbon number of 1 to
6, and a substituted or unsubstituted branched-chain alkoxy
group with the carbon number of 3 to 6. The amino group is
selected from the group consisting of secondary amino
group and tertiary amino group. The secondary amino group
is an amino group having one aromatic ring substituent or
having one C1-C6 straight-chain alkyl substituent, branch-
chain alkyl substituent, or non-aromatic ring substituent.
The tertiary amino group is an amino group having two
independent aromatic ring substituents or having two inde-
pendent C1-C6 straight-chain alkyl substituents, branch-
chain alkyl substituents, or non-aromatic ring substituents.
The haloalkyl group is selected from the group consisting of
a substituted or unsubstituted straight-chain haloalkyl group
with the carbon number of 1 to 6, and a substituted or
unsubstituted branched-chain haloalkyl group with the car-
bon number of 3 to 6. The thioalkyl group is selected from
the group consisting of a substituted or unsubstituted
straight-chain thioalkyl group with the carbon number of 1
to 6, and a substituted or unsubstituted branched-chain
thicalkyl group with the carbon number of 3 to 6. The silyl
group is selected from the group consisting of a substituted
or unsubstituted straight-chain silyl group with the carbon
number of 1 to 6, and a substituted or unsubstituted
branched-chain silyl group with the carbon number of 3 to
6. The alkenyl group is selected from the group consisting of
a substituted or unsubstituted straight-chain alkenyl group
with the carbon number of 2 to 6, and a substituted or
unsubstituted branched-chain alkenyl group with the carbon
number of 3 to 6.

[0014] In one embodiment, the spirally configured cis-
stilbene/fluorene hybrid material is represented by following
chemical formula (1), chemical formula (2), chemical for-
mula (3), chemical formula (4a), chemical formula (4b), or
chemical formula (5).

chemical formula (1)
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-continued

chemical formula (2)

[0015] In one embodiment, the spirally configured cis-
stilbene/fluorene hybrid material has glass transition tem-
peratures ranged from 234° C. to 259° C.

[0016] In one embodiment, the spirally configured cis-
stilbene/fluorene hybrid material has decomposition tem-
peratures ranged from 469° C. to 492° C.



US 2018/0301632 A1

[0017] In one embodiment, the spirally configured cis-
stilbene/fluorene hybrid material has oxidation potentials
ranged from 0.33V to 1.03V and reduction potentials ranged
from -1.77V to -2.13V.

[0018] In one embodiment, the spirally configured cis-
stilbene/fluorene hybrid material has highest occupied
molecular orbital energy levels (Epps0) ranged from =5.1
eV to -5.8 eV and lowest unoccupied molecular orbital
energy levels (E,,,,,) ranged from -2.7 eV to -3.0 eV.
[0019] To achieve the above objective, an organic elec-
troluminescent device is also disclosed. The organic elec-
troluminescent device comprises a first electrode layer, a
second electrode layer, and an organic luminescent unit. The
organic luminescent unit is deposited between the first
electrode layer and the second electrode layer. The organic
luminescent unit has at least a spirally configured cis-
stilbene/fluorene hybrid material as shown in General For-
mula (1).

General Formula (1)

[0020]
represented by General Formula (2).

In the General formula (1), R' is an alkyl group or

General Formula (2)

Ry

Rig Ry7

[0021] In the General formula (1), R, to R,, R, Rgto Ry
and R,; to R4 are each independently selected from the
group consisting of a hydrogen atom, halogen atom, cyano
group, alkyl group, cycloalkyl group, alkoxy group, amino
group, haloalkyl group, thioalkyl group, silyl group and
alkenyl group. R is a hydrogen atom, tert-butyl group or
aryl group. R, and R, are each independently selected from
the group consisting of a hydrogen atom, aryl group, dia-
rylamine, cyano group and hetero aromatic ring (for
example, a pyridine and a pyrimidine).

[0022] In one embodiment, the alkyl group is selected
from the group consisting of a substituted or unsubstituted
straight-chain alkyl group with the carbon number of 1 to 6,
and a substituted or unsubstituted branched-chain alkyl
group with the carbon number of 3 to 6. The cycloalkyl
group is a substituted or unsubstituted cycloalkyl group with
the carbon number of 3 to 6. The alkoxy group is selected
from the group consisting of a substituted or unsubstituted
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straight-chain alkoxy group with the carbon number of 1 to
6, and a substituted or unsubstituted branched-chain alkoxy
group with the carbon number of 3 to 6. The amino group is
selected from the group consisting of secondary amino
group and tertiary amino group. The secondary amino group
is an amino group having one aromatic ring substituent or
having one C1-C6 straight-chain alkyl substituent, branch-
chain alkyl substituent, or non-aromatic ring substituent.
The tertiary amino group is an amino group having two
independent aromatic ring substituents or having two inde-
pendent C1-C6 straight-chain alkyl substituents, branch-
chain alkyl substituents, or non-aromatic ring substituents.
The haloalkyl group is selected from the group consisting of
a substituted or unsubstituted straight-chain haloalkyl group
with the carbon number of 1 to 6, and a substituted or
unsubstituted branched-chain haloalkyl group with the car-
bon number of 3 to 6. The thioalkyl group is selected from
the group consisting of a substituted or unsubstituted
straight-chain thioalkyl group with the carbon number of 1
to 6, and a substituted or unsubstituted branched-chain
thioalkyl group with the carbon number of 3 to 6. The silyl
group is selected from the group consisting of a substituted
or unsubstituted straight-chain silyl group with the carbon
number of 1 to 6, and a substituted or unsubstituted
branched-chain silyl group with the carbon number of 3 to
6. The alkenyl group is selected from the group consisting of
a substituted or unsubstituted straight-chain alkenyl group
with the carbon number of 2 to 6, and a substituted or
unsubstituted branched-chain alkenyl group with the carbon
number of 3 to 6.

[0023] In one embodiment, the spirally configured cis-
stilbene/fluorene hybrid material is represented by following
chemical formula (1), chemical formula (2), chemical for-
mula (3), chemical formula (4a), chemical formula (4b), or
chemical formula (5).

chemical formula (1)
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-continued

chemical formula (3)

[0024] In one embodiment, the organic luminescent unit
comptrises an organic luminescent layer.

[0025] In one embodiment, the organic luminescent unit
further comprises a hole transport layer and an electron
transport layer, and the organic luminescent layer is depos-
ited between the hole transport layer and the electron
transport layer.

[0026] In one embodiment, the organic luminescent unit
further comprises a hole injection layer, a hole transport
layer, an electron transport layer and an electron injection
layer, and the hole transport layer, the organic luminescent
layer and the electron transport layer are sequentially depos-
ited between the hole injection layer and the electron injec-
tion layer.

[0027] In one embodiment, the organic luminescent layer
comprises the spirally configured cis-stilbene/fluorene
hybrid material.
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[0028] In one embodiment, the organic luminescent layer
comprises a host material and a guest material, and the host
material comprises the spirally configured cis-stilbene/fluo-
rene hybrid material.

[0029] As mentioned above, in the spirally configured
cis-stilbene/fluorene hybrid material and the organic elec-
troluminescent device by using the same according to some
embodiments of the present invention, the cis-stilbene frag-
ment and the fluorine are doubly ortho-linked at C9 position,
such that the cis-stilbene fragment is fixed and prevented
from isomerization. In addition, two indeno templates are
fused with the spirally configured cis-stilbene/fluorene
hybrid system at C2-C3 and C7-C8 positions, and the
resulting compound has a sterically-hindered structure so as
to prevent the fluorescence quenching effect caused by p-p
stacking. Moreover, the confined cis-stilbene has high fluo-
rescence quantum effect. When the cis-stilbene is incorpo-
rated with the spirally configured fluorine and diindeno-
fused system, the thermal stability and the film forming
ability of the whole material can be further increased.
Therefore, the resulting spirally configured cis-stilbene/
fluorene hybrid material is suitable for an organic electrolu-
minescent device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] The embodiments will become more fully under-
stood from the detailed description and accompanying draw-
ings, which are given for illustration only, and thus are not
limitative of the present invention, and wherein:

[0031] FIG. 11is a cross-sectional schematic diagram of an
organic electroluminescent device of the second embodi-
ment according to the invention;

[0032] FIG. 2 is a cross-sectional schematic diagram of an
organic electroluminescent device of the third embodiment
according to the invention; and

[0033] FIG. 3 is a cross-sectional schematic diagram of an
organic electroluminescent device of the fourth embodiment
according to the invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0034] The embodiments of the invention will be apparent
from the following detailed description, which proceeds
with reference to the accompanying drawings, wherein the
same references relate to the same elements.

[0035] Spirally Configured Cis-Stilbene/Fluorene Hybrid
Material
[0036] A spirally configured cis-stilbene/fluorene hybrid

material according to the first embodiment of the present
invention has a structure of the following General Formula

2

General Formula (1)
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[0037] 1In the General formula (1), R' is an alkyl group or
represented by General Formula (2).

General Formula (2)

Ryg

Ryg Ry7

[0038] Inthe General formula (1), R; toR,, R¢, Rgto R,
and R,; to R, are each independently selected from the
group consisting of a hydrogen atom, halogen atom, cyano
group, alkyl group, cycloalkyl group, alkoxy group, amino
group, haloalkyl group, thioalkyl group, silyl group and
alkenyl group. R; is a hydrogen atom, tert-butyl group or
aryl group. R, and R, are each independently selected from
the group consisting of a hydrogen atom, aryl group, dia-
rylamine, cyano group and hetero aromatic ring (for
example, a pyridine or a pyrimidine).

[0039] In the present embodiment, the alkyl group can be
selected from the group consisting of a substituted or
unsubstituted straight-chain alkyl group with the carbon
number of 1 to 6, and a substituted or unsubstituted
branched-chain alkyl group with the carbon number of 3 to
6. The cycloalkyl group can be a substituted or unsubstituted
cycloalkyl group with the carbon number of 3 to 6. The
alkoxy group can be selected from the group consisting of a
substituted or unsubstituted straight-chain alkoxy group
with the carbon number of 1 to 6, and a substituted or
unsubstituted branched-chain alkoxy group with the carbon
number of 3 to 6. The amino group can be selected from the
group consisting of secondary amino group and tertiary
amino group. The haloalkyl group can be selected from the
group consisting of a substituted or unsubstituted straight-
chain haloalkyl group with the carbon number of 1 to 6, and
a substituted or unsubstituted branched-chain haloalkyl
group with the carbon number of 3 to 6. The thioalkyl group
can be selected from the group consisting of a substituted or
unsubstituted straight-chain thioalkyl group with the carbon
number of 1 to 6, and a substituted or unsubstituted
branched-chain thioalkyl group with the carbon number of 3
to 6. The silyl group can be selected from the group
consisting of a substituted or unsubstituted straight-chain
silyl group with the carbon number of 1 to 6, and a
substituted or unsubstituted branched-chain silyl group with
the carbon number of 3 to 6. The alkenyl group can be
selected from the group consisting of a substituted or
unsubstituted straight-chain alkenyl group with the carbon
number of 2 to 6, and a substituted or unsubstituted
branched-chain alkenyl group with the carbon number of 3
to 6.

[0040] Moreover, the secondary amino group can be an
amino group having one aromatic ring substituent (for
example, a phenyl amino group) or having one C1-C6
straight-chain alkyl substituent, branch-chain alkyl substitu-
ent, or non-aromatic ring substituent (for example, a methyl
amino group). The tertiary amino group can be an amino
group having two independent aromatic ring substituents
(for example, a diphenyl amino group, —NPh,) or having
two independent C1-C6 straight-chain alkyl substituents,
branch-chain alkyl substituents, or non-aromatic ring sub-
stituents (for example, a dimethyl amino group).

[0041] The spirally configured cis-stilbene/fluorene
hybrid material according to the present embodiment rep-
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resented by General Formula (1) can be a material of an
organic luminescent layer in an organic electroluminescent
device, especially can be a host material. An example is the
compound of chemical formula (1), Bis-BnCPSTIF-1,
where R' is represented by General Formula (2), and R, to
R, are all independent hydrogen atoms.

chemical formula (1)

[0042] Alternatively, another example is the compound of
chemical formula (2), Bis-BnCPSTIF-2, where R' is repre-
sented by General Formula (2), R, toR,5andR ; to R,z are
all independent hydrogen atoms, and R, 4 is a methyl group.

chemical formula (2)

[0043] Alternatively, another example is the compound of
chemical formula (3), Bis-NPh,-BnCPSTIF, where R' is
represented by General Formula (2), R, toR¢, Rgto R, and
R,; to R, are all independent hydrogen atoms, and R, and
R, both are diphenyl amino groups.

chemical formula (3)

[0044] Alternatively, another example is the compound of
chemical formula (4a), Bis-CN-BuCPSTIF, where R' is
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represented by General Formula (2), R, to R, Rgto R, and
R,; to R 4 are all independent hydrogen atoms, and R, and
R, both are cyano groups.

chemical formula (4a)

[0045] Alternatively, another example is the compound of
chemical formula (4b), Bis-Pym-BnCPSTIF, where R' is
represented by General Formula (2), R, to R, Rgto R, and
R,; to R 4 are all independent hydrogen atoms, and R, and
R, both are pyrimidine groups.

chemical formula (4b)

[0046] Alternatively, another example is the compound of
chemical formula (5), NPh,-BnCPSTIF-CN, where R' is
represented by General Formula (2), R, to R, Rgto R, and
R,;to R 4 are all independent hydrogen atoms, R, is a cyano
group, and R, is a diphenyl amino group.

chemial formula (5)

[0047] Moreover, in the present embodiment, the spirally
configured cis-stilbene/fluorene hybrid materials have glass
transition temperatures ranged from 234° C. to 259° C,
decomposition temperatures ranged from 469° C. to 492° C.,
oxidation potentials ranged from 0.33V to 1.03V and reduc-
tion potentials ranged from -1.77V to -2.13V. In addition,
the highest occupied molecular orbital energy levels
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(Bromo) of the spirally configured cis-stilbene/fluorene
hybrid materials are ranged from -5.1 eV to -5.8 eV and the
lowest unoccupied molecular orbital energy levels (E; ;0
are ranged from -2.7 eV to -3.0 eV.

[0048] Organic Electroluminescent Device

[0049] Please refer to FIG. 1, an organic electrolumines-
cent device 100 of the second embodiment according to the
invention includes a first electrode layer 120, a second
electrode layer 140 and an organic luminescent unit 160. In
the embodiment, the first electrode layer 120 can be a
transparent electrode material, such as indium tin oxide
(ITO), and the second electrode layer 140 can be a metal,
transparent conductive substance or any other suitable con-
ductive material, such as aluminum. On the other hand, the
first electrode layer 120 can also be a metal, transparent
conductive substance or any other suitable conductive mate-
rial, and the second electrode layer 140 can also be a
transparent electrode material. Overall, at least one of the
first electrode layer 120 and the second electrode layer 140
of the present embodiment is a transparent electrode mate-
rial, so that the light emitted from the organic luminescent
unit 160 may pass through the transparent electrode, thereby
enabling the organic electroluminescent device 100 to emit
light.

[0050] In addition, please also refer to FIG. 1, the organic
luminescent unit 160 can comprise a hole injection layer
162, a hole transport layer 164, an organic luminescent layer
166, an electron transport layer 168 and an electron injection
layer 169. The hole transport layer 164, the organic lumi-
nescent layer 166 and the electron transport layer 168 are
sequentially deposited between the hole injection layer 162
and the electron injection layer 169.

[0051] Herein, the materials of the hole injection layer 162
can be poly(3,4-ethylenedioxythiophene) polystyrene sul-
fonate (PEDOT:PSS), or poly(3,4-ethylenedioxythiophene)
(PEDOT). Moreover, the thickness of the hole injection
layer 162 of the embodiment is, for example, no more than
40 nm. The materials of the hole transport layer 164 can be
1,1-Bis[4-[N.N'-di(p-tolyl)amino]phenyl]cyclohexane
(TAPC), N,N-bis-(1-naphthyl)-N,N-diphenyl-1,1-biphenyl-
4,4-diamine (NPB), N—N'-diphenyl-N—N'bis(3-methyl-
phenyl)-[1-1'-biphenyl]-4-4'-diamine (TPD), or 4,4'.4"-tris
(9-carbazolyl)triphenylamine (TCTA) and so on. In the
embodiment, the hole injection layer 162 and the hole
transport layer 164 can increase the injection rate of hole
transported from the first electrode layer 120 to the organic
luminescent layer 166 and can also reduce the driving
voltage of the organic electroluminescent device 100.
[0052] 1In addition, the thickness of the organic lumines-
cent layer 166 can be between 5 nm and 80 nm. The organic
luminescent layer 166 may include the host material and the
guest material, and the host materials can be the spirally
configured cis-stilbene/fluorene hybrid material as shown in
General Formula (1).

General Formula (1)
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[0053] 1In the General formula (1), R' is an alkyl group or
represented by General Formula (2).

General Formula (2)

Ry

Ryg Ry7

[0054] In the General formula (1), R, toR,, Ro, Rz to Ry
and R,; to R, are each independently selected from the
group consisting of a hydrogen atom, halogen atom, cyano
group, alkyl group, cycloalkyl group, alkoxy group, amino
group, haloalkyl group, thioalkyl group, silyl group and
alkenyl group. R; is a hydrogen atom, tert-butyl group or
aryl group. R, and R, are each independently selected from
the group consisting of a hydrogen atom, aryl group, dia-
rylamine, cyano group and hetero aromatic ring (for
example, a pyridine or a pyrimidine).

[0055] Moreover, the doping concentration (weight per-
centage) of the guest material according to the embodiment
can be ranged from 1 wt % to 20 wt %, for example, 1.5 or
2.0 wt %.

[0056] In addition, the guest material can be any suitable
material for organic luminescent layer 166, including, but
not limited to, Ir(2-phq)s, Ir(ppy)s, or Flrpic.

Ir(ppy)s
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-continued

N\

Flrpic

[0057] In addition, the spirally configured cis-stilbene/
fluorene hybrid material represented by chemical formula
(1) can also be a guest material of an organic luminescent
layer in an organic electroluminescent device.

[0058] The materials of the electron transport layer 168
can be 2,2,2-(1,3,5-benzinetriyl)-tris(1-phenyl-1-H-benz-
imidazole) (TBPI), or 4,7-diphenyl-1,10-phenanthroline
(Bphen). In the embodiment, the thickness of the electron
transport layer 168 is, for example, less than 50 nm. The
electron transport layer 168 may further increase the trans-
port rate of the electron from the electron injection layer 169
to the organic luminescent layer 166. Moreover, the mate-
rials of the electron injection layer 169 can be, for example,
LiF. In the embodiment, the thickness of the electron injec-
tion layer 169 is, for example, 1.0 nm.

[0059] In addition, please refer to FIG. 2, which is a
cross-sectional schematic diagram of an organic electrolu-
minescent device 200 of the third embodiment according to
the invention. The configuration of the organic electrolumi-
nescent device 200 is substantially similar to that of the
organic electroluminescent device 100, and same elements
have substantially the same characteristics and functions.
Therefore, the similar references relate to the similar ele-
ments, and detailed explanation is omitted hereinafter.
[0060] Please refer to FIG. 2, in the embodiment, the
organic luminescent unit 160 can comprise a hole transport
layer 164, an organic luminescent layer 166 and an electron
transport layer 168. The organic luminescent layer 166 is
deposited between the hole transport layer 164 and the
electron transport layer 168.

[0061] In addition, please refer to FIG. 3, which is a
cross-sectional schematic diagram of an organic electrolu-
minescent device 300 of the fourth embodiment according to
the invention. The configuration of the organic electrolumi-
nescent device 300 is substantially similar with that of the
organic electroluminescent device 100, and same elements
have substantial the same characteristics and functions.
Therefore, the similar references relate to the similar ele-
ments, and detailed explanation is omitted hereinafter.
[0062] Please refer to FIG. 3, in the embodiment, the
organic luminescent unit 160 can comprise an organic
luminescent layer 166.

[0063] Moreover, the configuration of the organic elec-
troluminescent device according to the invention is not
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limited to what is disclosed in the second, third or fourth
embodiment. The second, third and fourth embodiments are
embodiments for illustration.

[0064] In addition, the various examples and the selection
of the substituents of R' and R, to R,z in General Formula

Br Br

(1) of the spirally configured cis-stilbene/fluorene hybrid
materials in the second, third or fourth embodiment, as well
as their properties, such as their glass transition tempera-
tures, decomposition temperatures, oxidation potentials,
redox potentials, the highest occupied molecular orbital
energy levels, and the lowest unoccupied molecular orbital
energy levels, are substantially the same as those in the first
embodiment and are therefore omitted here.
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[0065] To illustrate the synthesis of the compounds rep-
resented by chemical formula (1) to chemical formula (5),
there are several examples shown below.
[0066] The synthetic procedure of the compound 1
(chemical formula (1), Bis-BnCPSTIF-1):

n-BuLi, THF -78° Cr.t

2) HOA/HCY, refluxed, 0.5 h
90%

Pd(PPh3)47 K2C03

EtOH/toluene, 80° C.
12h
84%

O
Q Li ) 4©7 Li

THF, -78° C.-r.t

BF;—OEt,
—_—
CH,CL,-15°C.,

Example 1: Synthesis of Compound 7 (3,7-di-
bromo-5,5-spirofluorenyl-SH-dibenzo[a,d]cyclohep-
tene)

[0067] A stir bar was placed in a 250 ml two-necked,
round-bottomed flask, followed by being dried by vacuum
and introduced with nitrogen. An organolithium reagent is
then prepared by dropwisely adding 2.5 M n-butyllithium
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hexane solution (12 ml, 30 mmol) into a solution of 2-bro-
mobiphenyl (6.996 g, 30 mmol) dissolved in anhydryous
tetrahydrofuran (100 ml) and placed in the 250 ml flask at
-78° C., followed by reaction for 30 minutes. 3,7-dibromo-
dibenzo[a,d]cyclo-hepten-5-one (7.28 g, 20 mmol) was dis-
solved in anhydrous tetrahydrofuran (60 ml) and placed into
a 500 ml two-necked flask after the 500 ml flask was dried
by vacuum and introduced with nitrogen. The prepared
organolilthium reagent was then drop-wisely added into the
500 ml flask containing the dissolved 3,7-dibromo-dibenzo
[a,d]cyclo-hepten-5-one through a double-tipped needle.
After the temperature of the reaction mixture was returned
to the room temperature, 10 ml of saturated aqueous sodium
carbonate was added into the reaction mixture to quench the
reaction. The reaction mixture was then extracted with
dichloromethane (3x100 ml). The combined extractant was
then sequentially treated by adding magnesium sulfate
(about 5 g) to dry, filtrating, and removing solvent by rotator
evaporation, so as to obtain an intermediate product.
[0068] The intermediate product dissolved in 30 ml of
acetic acid was placed in a 100 ml single-necked, round-
bottomed flask with another stir bar. After added with 1 ml
of concentrated (12N) hydrogen chloride, the resultant solu-
tion turned into a purple-red color. The 100 ml flask con-
taining the reaction mixture was then placed in an 120° C.
oil bath and installed with a reflux apparatus. After refluxing
for 30 minutes, the flask was then lifted up from the oil bath
for cooling down to the room temperature. The flask was
then removed from the reflux apparatus and further cooled
down to 0° C., followed by adding 40 ml of n-hexane. The
reaction mixture was then filtered through a suction funnel
to collect solid precipitates, followed by washing with
n-hexane for three times. The solid precipitates were recrys-
tallized with a dichoromethane/n-hexane solution to obtain
the compound 7 as colorless crystals (9.011 g, yield: 90%).
[0069] Spectral data as follow: T,, 283° C. (DSC); M.W.:
500.22; ‘H NMR (400 MHz, CDCI,) & 7.91 (d, J=7.7 Hz,
2H), 7.77 (d, J=7.6 Hz, 2H), 7.43 (1, J=7.5 Hz, 2H), 7.33 (dd,
J=8.2, 2.0 Hz, 2H), 7.30 (d, I=7.6 Hz, 2H), 7.21 (d, J=8.2
Hz, 2H), 6.99 (d, I=1.9 Hz, 2H), 6.90 (s, 2H); '*C NMR (100
MHz, CDCl,) & 151.5, 143.4, 138.8, 135.2, 133.5, 132.6,
131.9, 130.5, 128.6, 127.9, 126.6, 122.8, 120.6, 65.2; MS
(FAB) 500.0 (M™, 28); TLC R,0.35 (CH,Cl,/hexanes, 1/5);
High Resolution-MS caled for C,,H, (Br,: 499.9598, found:
499.9600.

Example 2: Synthesis of Compound 8 (diethyl 2,2'-
(spiro[dibenzo[a,d][ 7]annulene-5,9'-fluorene]-3,7-
diyl)di-benzoate)

[0070] A stir bar was placed in a 50 ml two-necked
round-bottomed flask, followed by being dried by vacuum
and introduced with nitrogen. The compound 7 (501 mg, 1
mmol), potassium carbonate (690 mg, S mmol), Pd(PPh,),
as catalyst, 8 ml of toluene and 2 ml of ethanol were added
into the 50 ml flask, followed by stirring for 10 minutes.
After stirring, 2-(ethoxycarbonyl) phenylboronic acid (580
mg, 2.1 mmol) was added. The resulting mixture was then
heated to 80° C. After reacting for 24 hours, the reaction
mixture was then cooled down to the room temperature,
followed by quenching with 20 ml water and then being
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extracted with dichloromethane (3x20 ml). The combined
organic extractant was added with magnesium sulfate (about
500 mg) to dry, followed by filtration and condensation with
a rotary evaporator to remove the solvent, so as to obtain a
crude product. The crude product was then purified through
column chromatography using a mixture of dichlorometh-
ane and n-hexane (2:1) as eluent and compound 8 (537 mg,
vield: 84%) as a white solid was then obtained.

[0071] Spectral data as follow: T,, 138° C. (DSC); M.W.:
638.74; 'H NMR (400 MHz, CDC1,) § 8.00 (d, J=8.0 Hz,
2H), 7.70 (d, J=7.6 Hz, 2H), 7.67 (d, ]=8.0 Hz, 2H), 7.42 (d,
J=7.6Hz, 2H), 7.37 (t, ]=7.6 Hz, 2H), 732 (t, ]=7.6 Hz, 2H),
7.28 (t, J=8.4 Hz, 2H), 7.19 (d, J=8.0 Hz, 2H), 7.19 (1, ]=8.0
Hz, 2H), 7.11 (d, I=7.6 Hz, 2H), 7.04 (s, 2H), 6.89 (s, 2H),
3.71 (g, I=7.2 Hz, 4H), 0.63 (1, J=7.2 Hz, 6H); °C NMR
(100 MHz, CDCl,) d 168.4, 152.3, 141.8, 141.4, 138.8,
1354, 133.0, 132.0, 131.0, 1309, 130.2, 129.7, 129.1,
128.0,127.4,127.1,126.95, 126.90, 120.2, 65.9, 60.7, 13 .2;
TLC R, 0.30 (CH,Cl,/hexanes, 2/1); High Resolution-MS
caled for C,H;,04: 638.2457, found: 638.2450.

Example 3: Synthesis of Compound 1 (12,12,17,
17-tetraphenyl-12,17-dihydrospiro[cyclohepta[ 1,2-b:
5,4-b']-difluorene-6,9'-fluorene])

[0072] A stir bar was placed in a 50 ml two-necked
round-bottomed flask, followed by being dried by vacuum
and introduced with nitrogen. A reaction mixture was pre-
pared by dropwisely adding 2.0 M phenyllithium di-n-butyl
ether solution (2.75 ml, 5.5 mmol) into a solution of the
compound 8 (639 mg, 1 mmol) dissolved in anhydryous
tetrahydrofuran (100 ml) and placed in the 50 ml flask at
-78° C., followed by reaction for 3 hours. After the tem-
perature of the reaction mixture was returned to the room
temperature, 3 ml of saturated aqueous sodium bicarbonate
solution was introduced to quench the reaction. The result-
ing mixture was then extracted with dichloromethane (3x20
ml). The obtained organic extractant was added with mag-
nesium sulfate (about 500 mg) to dry, followed by filtration
and condensation with a rotary evaporator to remove the
solvent, so as to obtain an intermediate product 9 which is
a tertiary alcohol.

[0073] The intermediate product 9 was dissolved in 100
ml of anhydrous dichloromethane and placed in another 250
ml flask with another stir bar. The flask containing the
reaction mixture was placed on a salt-ice bath to cool down
to -15° C., followed by adding with 100 ul of boron
trifluoride diethyl etherate (BF;—OEt,, conc. 48 wt %, 9.7
M, 0.97 mmol). The color of the resulting solution then
became deep-purple. After reaction for 3 hours, 3 ml of
deionized water was added to quench the reaction, followed
by condensation with a rotary evaporator to remove the
solvent and then being extracted by dichloromethane (3x20
ml). The obtained organic extractant was added with mag-
nesium sulfate (about 500 mg) to dry, followed by filtration
and condensation with a rotary evaporator to remove the
solvent, so as to obtain a crude product. The crude product
was purified by column chromatography using a mixture of
dichloromethane and n-hexane (1:2) as eluent and com-
pound 1 (585 mg, yield: 71%) as a white solid was then
obtained.
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[0074] Spectral data as follow: T,, 465° C. (DSC); M.W.:
823.02; ‘H NMR (400 MHz, CDCI,) & 8.10 (d, J=7.6 Hz,
2H), 7.84 (d, J=7.6 Hz, 2H), 7.48 (t, 1=7.6 Hz, 2H), 7.36 (d,
J=2.0 Hz, 4H), 7.32 (t, I=8.0 Hz, 4H), 7.26-7.15 (m, 26H),
6.89 (s, 2H); 3C NMR (100 MHz, CDCL,) § 152.8, 1513,
149.8, 145.6, 141.3, 140.3, 139.7, 139.1, 136.3, 133.2,
1293, 128.2, 128.1, 127.7, 127.6, 127.4, 1273, 126.6,
126.1, 120.7, 1204, 1200, 662, 65.0; TLC R, 0.50
(CH,Cl,/hexanes, 1/2); High Resolution-MS calcd for
CysH,,: 8223287, found: 822.3284.

[0075] The synthetic procedure of the compound 2
(chemical formula (2), Bis-BnCPSTIF-2):

5} Br
N-Buli, THF
-78° C.-rt

2) HOAGHC, refluxed, 0.5 h
80%

Pd(PPhs)s, K005
_ s BV

EtOH/toluene, 80° C.
12h
84%

—_—
THF,-78° C.-r.t

BF;—OEt,
_ =
CEyCly, -15° Cy
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Example 4: Synthesis of Compound 2 (12,1217,
17-tetra-p-tolyl-12,17-dihydrospiro[cyclohepta[1,2-
b:5,4-b]difluorene-6,9'-fluorene])

[0076] A stir bar was placed in a 250 ml two-necked
round-bottomed flask, followed by being dried by vacuum
and introducing with nitrogen. An organolithium reagent is
then prepared by dropwisely adding 2.5 M n-butyllithium
hexane solution (5.6 ml, 14 mmol) into a solution of
2-bromobiphenyl (2.395 g, 14 mmol) dissolved in anhydry-
ous tetrahydrofuran (150 ml) and placed in the 250 ml flask
at -78° C., followed by reaction for 30 minutes. The
compound 8 (1.278 g, 2 mmol) was dissolved in anhydrous
tetrahydrofuran (50 ml) and placed into a 500 ml double-
neck flask after the 500 ml flask was dried by vacuum and
introduced with nitrogen. The prepared organolilthium
reagent was then drop-wisely added into the 500 ml flask
containing the dissolved compound 8 through a double-
tipped needle. After the temperature of the reaction mixture
was returned to the room temperature, 10 ml of saturated
aqueous sodium carbonate was added into the reaction
mixture to quench the reaction. The reaction mixture was
then extracted with dichloromethane (3x50 ml). The com-
bined extractant was then sequentially treated by adding
magnesium sulfate (about 1 g) to dry, filtrating, and remov-
ing solvent by rotator evaporation, so as to obtain an
intermediate product 9 which is a tertiary alcohol.

[0077] The intermediate product 9 was dissolved in 200
ml of anhydrous dichloromethane and placed in another 500
ml flask with another stir bar. The flask containing the
reaction mixture was placed on a salt-ice bath to cool down
to -15° C., followed by adding with 200 pl of boron
trifluoride diethyl etherate (BF,—OFt,, conc. 48 wt %, 9.7
M, 1.94 mmol). The color of the resulting solution then
became deep-purple. After reaction for 3 hours, 6 ml of
deionized water was added to quench the reaction, followed
by condensation with a rotary evaporator to remove the
solvent and then being extracted by dichloromethane (3x50
ml). The obtained organic extractant was added with mag-
nesium sulfate (about 1 g) to dry, followed by filtration and
condensation with a rotary evaporator to remove the solvent,
so as to obtain a crude product. The crude product was
purified by column chromatography using a mixture of
dichloromethane and n-hexane (1:3) as eluent and com-
pound 2 (999 mg, yield: 61%) as a white solid was then
obtained.

[0078] Spectral data as follow: T,, 417° C. (DSC); M.W.:
879.13; 'H NMR (400 MHz, CDCI,) 3 8.09 (d, I=8.0 Hz,
2H), 7.83 (d, J=7.6 Hz, 2H), 7.42 (t, J=7.6 Hz, 2H), 7.34 (s,
4H), 7.33-7.28 (m, 4H), 7.25-7.14 (m, 6H), 7.02 (q, J=8.0
Hz, 16H), 6.88 (s, 2H), 2.27 (s, 12H); *C NMR (100 MHz,
CDCly) 6 152.8, 151.7, 150.2, 142.8, 141.2, 140.2, 139.6,
139.2, 136.3, 136.1, 133.2, 129.2, 1288, 128.1, 128.0,
127.7,127.6,127.3,127.2,126.0, 120.6, 120.3, 119.9, 66.3,
64.4,20.9; TLC R,0.40 (CH,Cl,/hexanes, 1/3); High Reso-
lution-MS caled for CyoHy,: 878.3913, found: 878.3928.



US 2018/0301632 A1

11
[0079] The synthetic procedure of the compound 3
(chemical formula (3), Bis-NPh,-BnCPSTIF):
0] O
\ /
B—B
/ \
0] (0]
PdCh(dppf), KOAc
Br 1,4-dioxane,
80° C.
60%
7
1 0]
O/
Br

Pd(PPh3)s, K2CO5

MeOH/toluene, 70° C.
48h
61%

o !
Li THF, -78° C.r.t

)
2) BF;—OEt,
CHyCly, -15°C., 3h
73%

HNPhy, Pd(OAc),,
t-BuzP, NaOt-Bu
—_——

toluene, reflux
24h
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Example 5: Synthesis of Compound 10 (3,7-bis(4,
4,5,5-tetramethyl-1,3.2-dioxaborolan-2-yl)spiro
[dibenzo[a,d][7]annulene-5,9'-fluorene])

[0080] A stir bar was placed in a 50 ml two-necked
rounded-bottom flask, followed by being dried by vacuum
and introduced with nitrogen. The compound 7 (501 mg, 1
mmol), potassium acetate (410 mg, 5 mmol), the catalyst
PdClL,(dppf) (40 mg, 0.05 mmol), bis(pinacolato)diboron
(635 mg, 2.5 mmol) and 1,4-dioxane (10 ml, removed
oxygen in advance by introducing with argon) were added in
the 50 ml flask. The reaction mixture was then stirred at 80°
C. for 24 hours. After being cooled down to the room
temperature, the solvent was removed by a rotary evaporator
and then extracted by dichloromethane (3x20 ml). The
obtained organic extractant was added with magnesium
sulfate (about 1 g) to dry, followed by filtration and con-
densation with a rotary evaporator to remove the solvent, so
as to obtain a crude product. The crude product was purified
by column chromatography using a mixture of acetone and
n-hexane (1:4) as eluent and compound 10 (357 mg, yield:
60%) as a white solid was then obtained.

[0081] Spectral data as follow: T,, 207° C. (DSC); M.W.:
594.35; 'H NMR (400 MHz, CDCI,) § 7.95 (d, J=8.0 Hz,
2H), 7.73 (d, J=7.6 Hz, 2H), 7.61 (d, ]=7.2 Hz, 2H), 7.40 (s,
2H), 7.35 (t, I=6.8 Hz, 4H), 7.24 (t, I=8.0 Hz, 2H), 7.01 (s,
2H), 1.20 (s, 24H); 13C NMR (100 MHz, CDCI,) 8 152.4,
141.2, 139.0, 138.8, 1353, 1343, 1333, 1314, 127.7,
127.1,127.0, 120.2, 83 .4, 66.0, 24.7; MS (EI, 20 V) 594.3
(M*, 68); TLC R,0.35 (acetone/hexanes, 1/1); High Reso-
lution-MS caled for C;H, B,0,: 594.3113, found: 594.
3120.

Example 6: Synthesis of Compound 11 (Dimethyl
6,6'-(spiro[dibenzo[a,d][ 7 Jannulene-5,9'-fluorene]-3,
7-diyl)bis(3-bromobenzoate))

[0082] A stir bar was placed in a 100 ml two-necked
rounded-bottom flask. The 100 ml flask was then installed
with a reflux system, followed by being dried by vacuum
and introduced with nitrogen. The compound 10 (1486 mg,
0.05 mmol), potassium carbonate (1210 mg, 8.75 mmol), the
catalyst Pd(PPh;), (144 mg, 0.05 mmol), toluene (22.5 ml),
methanol (7.5 ml) and 2-iodo-5-bromo-benzoic acid methyl
ester (1761 mg, 5.75 mmol) were added in the 100 m] flask.
The reaction mixture was then stirred at 70° C. for 48 hours.
After being cooled down to the room temperature, the
reaction mixture was introduced with oxygen to quench the
reaction and then extracted by dichloromethane (3x20 ml).
The obtained organic extractant was added with magnesium
sulfate (about 1 g) to dry, followed by filtration and con-
densation with a rotary evaporator to remove the solvent, so
as to obtain a crude product. The crude product was purified
by column chromatography using a mixture of dichlo-
romethane and n-hexane (3:1) as eluent and compound 11
(1172 mg, yield: 61%) as a white solid was then obtained.
[0083] Spectral data as follow: T,, 138° C. (DSC); M.W.:
768.49; H NMR (400 MHz, CDCl;) 3 7.94 (d, J=8.0 Hz,
2H), 7.79 (d, J=2.0 Hz, 2H), 7.74 (d, I=7.6 Hz, 2H), 7.49
(dd, J=8.0,2.0 Hz, 2H), 7.41 (d, J=7.6 Hz, 2H), 7.33 (t, J=7.6
Hz, 2H), 7.18 (t, J=7.6 Hz, 2H), 7.16 (dd, J=8.0, 1.2 Hz, 2H),
7.03 (s, 2H), 6.96 (d, J=8.4 Hz, 2H), 6.79 (d, J=1.6 Hz, 2H),
3.33 (s, 6H); '*C NMR (100 MHz, CDCl,) & 167.3, 152.3,
141.5, 140.7, 139.9, 138.8, 1358, 134.1, 133.2, 132.7,
132.3, 132.1, 131.9, 129.1, 128.2, 127.5, 126.92, 126.87,

Oct. 18, 2018

121.0, 1203, 65.9, 51.9; TLC R, 035 (CH,C12/hexanes,
3/1); High Resolution-MS caled for C,;H,Br,0,: 766.
0354, found: 766.0347.

Example 7: Synthesis of Compound 12 (2,10-di-
bromo-12,12,17,17-tetraphenyl-12,17-dihydrospiro
[cyclohepta[1,2-b:5,4-b'ldifluorene-6,9'-fluorene])

[0084] A stir bar was placed in a 250 ml two-necked
round-bottomed flask, followed by being dried by vacuum
and introduced with nitrogen. A reaction mixture was pre-
pared by dropwisely adding 2.0 M phenyllithium di-n-butyl
ether solution (7.7 ml, 15.4 mmol) into a solution of the
compound 11 (2.152 mg, 2.8 mmol) dissolved in anhydry-
ous tetrahydrofuran (60 ml) and placed in the 250 m! flask
at -78° C., followed by reaction for 3 hours. After the
temperature of the reaction mixture was returned to the room
temperature, 15 ml of saturated aqueous sodium bicarbonate
solution was introduced to quench the reaction. The result-
ing mixture was then extracted with dichloromethane (3x50
ml). The obtained organic extractant was added with mag-
nesium sulfate (about 1.5 g) to dry, followed by filtration and
condensation with a rotary evaporator to remove the solvent,
s0 as to obtain an intermediate product which is a tertiary
alcohol.

[0085] The intermediate product was dissolved in 280 ml
of anhydrous dichloromethane and placed in a 500 ml
single-neck rounded-bottom flask with another stir bar. The
flask containing the reaction mixture was placed on a salt-ice
bath to cool down to -15° C., followed by adding with 280
ul of boron trifluoride diethyl etherate (BF;—OEt,, conc. 48
wt %, 9.7 M, 2.72 mmol). The color of the resulting solution
then became deep-purple. After reaction for 3 hours, 10 ml
of deionized water was added to quench the reaction,
followed by condensation with a rotary evaporator to
remove the solvent and then being extracted by dichlo-
romethane (3x50 ml). The obtained organic extractant was
added with magnesium sulfate (about 1.5 g) to dry, followed
by filtration and condensation with a rotary evaporator to
remove the solvent, so as to obtain a crude product. The
crude product was purified by column chromatography
using a mixture of dichloromethane and n-hexane (1:2) as
eluent and compound 12 (1950 mg, yield: 73%) as a white
solid was then obtained.

[0086] Spectral data as follow: T,, 446° C. (DSC); M.W.:
980.82; 'H NMR (400 MHz, CDCL,) § 8.06 (d, J=8.6 Hz,
2H), 7.83 (d, J=7.6 Hz, 2H), 7.47 (t, I=7.6 Hz, 2H), 7.41 (d,
J=1.6 Hz, 2H), 7.36-7.29 (m, 8H), 7.22-7.18 (m, 12H),
7.13-7.11 (m, 8H), 7.08 (d, J=8.4 Hz, 2H), 6.88 (s, 2H); **C
NMR (100 MHz, CDCl;) & 153.3, 152.5, 149.7, 144.9,
141.5, 139.2, 139.1, 138.7, 136.6, 133.3, 130.6, 12935,
129.32, 128.4, 128.3, 128.0, 127.50, 127.47, 126.9, 1214,
1213, 120.8, 1205, 66.2, 65.1; TLC R, 030 (CH,CL/
hexanes, 1/2); High Resolution-MS calcd for C4sH,Br,:
978.1497, found: 978.1486.

Example 8: Synthesis of Compound 3 (N?,N%N*°,

N'©,12,12,17,17-octaphenyl-12,17-dihydrospiro[cy-

clohepta[1,2-b:5,4-b'|difluorene-6,9'-fluorene]-2,10-
diamine)

[0087] A stir bar was placed in a 25 ml two-necked
rounded-bottom flask. The 25 ml flask was then installed
with a reflux system, followed by being dried by vacuum
and introduced with nitrogen. The compound 12 (491 mg,
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0.5 mmol), the catalyst Pd(OAc), (6 mg, 0.025 mmol),
sodium tert-butoxide (NaOt-Bu, 116 mg, 1.2 ml), and
dipheyl amine (186 mg, 1.1 mmol) were placed in the 25 ml
flask and dissolved in 10 ml of anhydrous toluene, followed
by adding with a toluene solution of 0.04 M tri(tert-butyl)
phosphine (t-Bu,P, 2.5 ml, 0.1 mmol). The reaction mixture
was then refluxed for 24 hours. After being cooled down to
the room temperature, the reaction mixture was added with
saturated aqueous sodium bicarbonate (5 ml) solution to
quench the reaction and then extracted by trichloromethane
(3%x20 ml). The obtained organic extractant was added with
magnesium sulfate (about 500 mg) to dry, followed by
filtration and condensation with a rotary evaporator to
remove the solvent, so as to obtain a crude product. The
crude product was purified by column chromatography

Oct. 18, 2018

using a mixture of trichloromethane and n-hexane (1:2) as
eluent and compound 3 (498 mg, yield: 86%) as a yellow
solid was then obtained.

[0088] Spectral data as follow: T, 360° C. (DSC); M.W.:
1157.44; ' NMR (400 MHz, CDCI,) 8 8.04 (d, J=8.0 Hz,
2H), 7.78 (d, J=7.6 Hz, 2H), 7.41 (t, J=7.2 Hz, 2H), 7.28 (s,
4H), 7.21 (s, 2H), 7.17-7.05 (m, 32H), 6.98-6.83 (m, 16H);
*C NMR (100 MHz, CDCl,) § 153.0, 152.7, 149.4, 147.50,
14745, 1455, 141.3, 140.0, 139.1, 135.5, 134.1, 132.9,
129.4, 129.1, 128.1, 128.09, 128.04, 127.5, 127.3, 126.5,
1241, 122.9, 122.8, 121.3, 120.5, 120.3, 120.1, 66.3, 65.0;
TLC R, 035 (CHCly/hexanes, 1/2); High Resolution-MS
caled for Co H  N,: 1156.4756, found: 1156.4764.

[0089] The synthetic procedure of the compound 4a
(chemical formula (4a), Bis-CN-BnCPSTIF):

PdCly(dpp), KOAc

1,4-dioxane,
80° C.
60%

o

B/O
0 Br
Pd(PPhs)4, K2CO3

MeOH/toluene, 70° C.
48 h
61%

1y
QU THEF, -78° C.-r.t

2) BFs—OEs,
CH,Cly, -15°C., 3 h
73%

@ 4 equiv CuCN
_

DME, reflux
20h
93%
Br
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Example 9: Synthesis of Compound 4a (12,12,17,
17-tetraphenyl-12,17-dihydrospiro[cyclohepta[ 1,2-b:
5.4-b"|difluorene-6,9'-fluorene]-2,10-dicarbonitrile)

[0090] A stir bar was placed in a 10 ml two-necked
rounded-bottom flask. The 10 ml flask was then installed
with a reflux system, followed by being dried by vacuum
and introduced with nitrogen. The compound 12 (491 mg,
0.5 mmol), copper(I) cyanide (180 mg, 2 mmol), and 2.5 ml
of N,N-dimethyformide (DMF) were added in the 10 ml
flask. The reaction mixture was refluxed for 20 hours and
then was cooled down to the room temperature. Distilled
water (20 ml), FeCl, (3.5 g, 22 mmol), and 2 ml concen-
trated (12N) hydrogen chloride aqueous solution were added
into a 50 ml rounded-bottom flask and well mixed. The
reaction mixture in the 10 ml flask was then added into the
50 ml flask, followed by heating to 70° C. for 30 minutes.
The resulting mixture was then extracted by trichlorometh-
ane (3x20 ml). The obtained organic extractant was added
with magnesium sulfate (about 300 mg) to dry, followed by

filtration and condensation with a rotary evaporator to
remove the solvent, so as to obtain a crude product. The
crude product was purified by column chromatography
using a mixture of dichloromethane and n-hexane (1:1) as
eluent and compound 4a (406 mg, yield: 86%) as a white
solid was then obtained.

[0091] Spectral data as follow: T,, 429° C. (DSC); M.W.:
873.04; 'H NMR (400 MHz, CDCIL,) 4 8.04 (d, J=7.6 Hz,
2H), 7.85 (d, J=7.6 Hz, 2H), 7.57 (s, 2H), 7.50 (t, ]=6.4 Hz,
2H), 7.50 (d, J=9.2 Hz, 2H), 7.38 (s, 2H), 7.37 (s, 2H), 7.35
(t, J=7.2, 1.2 Hz, 2H), 7.28 (t, J=8.0 Hz, 2H), 7.24-7.19 (m,
12H), 7.11-7.08 (m, 8H), 6.94 (s, 2H); "*C NMR (100 MHz,
CDCly) § 152.2, 152.1, 150.7, 144.2, 144.1, 141.9, 139.1,
138.4, 137.8, 133.8, 131.7, 129.8, 129.5, 128.5, 127.9,
127.6, 127.3,127.2, 121.8, 120.6, 119.3, 110.6, 66.1, 65.2;
TLC R, 0.25 (CH,Cl,/hexanes, 1/1); High Resolution-MS
caled for Cg,H,,N,: 872.3139, found: 872.3189.

[0092] The synthetic procedure of the compound 4b
(chemical formula (4b), Bis-Pym-BnCPSTIF):

Pd(PPhs)y
PdCly(dppf)
KOAc
DME/H,0
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Example 10: Synthesis of Compound 4b (12,12,17,
17-tetraphenyl-12,17-dihydrospiro[cyclohepta[ 1,2-b:
5.4-b"difluorene-6,9'-fluorene]-2,10-di-1,6-pyrimi-
dine)

[0093] A stir bar was placed in a 250 ml two-necked
rounded-bottom flask. The 250 ml flask was then installed
with a reflux system, followed by being dried by vacuum
and introduced with nitrogen. The compound 12 (2945 mg,
3 mmol), 2-pyrimidinylboronic acid (893 mg, 7.2 mmol),
potassium carbonate (1656 mg, 12 mmol), and the catalyst
Pd(PPh;), (172 mg, 0.15 mmol) were sequentially added
into the 250 flask, followed by adding with 1,2-dimethoxy-
ethane (DME, 100 ml, deoxygenated in advance) and dis-
tilled water (20 ml). The reaction mixture was refluxed for
48 hours. After being cooled down to the room temperature,
the reaction mixture was condensed by a rotary evaporator
to remove the solvent and extracted by dichloromethane
(3x150 ml). The obtained organic extractant was then added
with magnesium sulfate (about 5.0 g) to dry, followed by

Br
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filtration and condensation with a rotary evaporator to
remove the solvent, so as to obtain a crude product. The
crude product was purified by column chromatography
using a mixture of acetone and n-hexane (1:2) as eluent and
recrystallized to obtain compound 4b (2430 mg, yield: 85%)
as a mild yellow solid.

[0094] Spectral data as follow: T,, 442° C. (DSC); M.W.:
979.20; '"H NMR (400 MHz, CDCL,) 3 8.68 (d, ]=7.6, 4H),
8.06 (d, J=7.8 Hz, 2H), 7.88 (d, J=7.6 Hz, 2H), 7.77 (1, I=6.4,
2H), 7.66 (s, 2H), 7.47 (dd, 1=8.2, 1.8 Hz, 2H), 7.40 (s, 2H),
7.38 (s, 2H), 7.33 (t, I=7.2 Hz, 2H), 7.28 (t, J=8.0 Hz, 2H),
7.18-7.13 (m, 14H), 7.12-7.10 (m, 8H), 6.92 (s, 2H); '*C
NMR (100 MHz, CDCl,) & 167.5, 1583, 152.5, 148.1,
150.69, 1443, 141.6, 140.0, 139.5, 138.9, 138.6, 137.6,
1313, 131.9, 129.1, 128.7, 128.7, 128.5, 128.1, 126.8,
125.1,122.2,120.4,116.3, 66.9, 65.6; TLC R 0.28 (acetone/
hexanes, 1/2); High Resolution-MS caled for C,3H, (N,
978.3722, found: 978.3689.

[0095] The synthetic procedure of the compound 5
(chemical formula (5), NPh,-BnCPSTIF-CN):

0 0
N/
B—B
i/ \i
o 0

PdCly(dppf), KOAc

1,4-dioxane,
80°C.
60%

Br
Pd(PPh3)4, K2C03

McOHtoluene, 70°C.
48h
61%

1y
QLi THF, -78° C.-r.t

2)  BF;—OF -
CHC, -15°C., 3 1
73%
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-continued

Example 11: Synthesis of Compound 13 (2-bromo-

12,12,17,17-tetraphenyl-12,17-dihydrospiro[cyclo-

hepta[1,2-b:5,4-b"|difluorene-6,9'-fluorene]-10-car-
bonitrile)

[0096] A stir bar was placed in a 10 ml two-necked
rounded-bottom flask. The 10 ml flask was then installed
with a reflux system, followed by being dried by vacuum
and introduced with nitrogen. The compound 12 (491 mg,
0.5 mmol), copper(I) cyanide (54 mg, 0.6 mmol), and 2.5 ml
of N,N-dimethyformide were added in the 10 ml flask. The
reaction mixture was refluxed for 20 hours and then was
cooled down to the room temperature. Distilled water (20
ml), FeCl, (3.5 g, 22 mmol), and 2 ml of concentrated (12N)
hydrogen chloride aqueous solution were added into a 50 ml
rounded-bottom flask and well mixed. The reaction mixture
in the 10 ml flask was then added into the 50 ml flask,
followed by heating to 70° C. for 30 minutes. The resulting
mixture was then extracted by trichloromethane (3x20 ml).
The obtained organic extractant was added with magnesium
sulfate (about 300 mg) to dry, followed by filtration and
condensation with a rotary evaporator to remove the solvent,
so as to obtain a crude product. The crude product was
purified by column chromatography using a mixture of
dichloromethane and n-hexane (1:2) as eluent and com-
pound 13 (139 mg, yield: 30%) as a yellow solid was then
obtained.
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1.2 equiv CuCN
—_—
DMF, reflux
24 h
30%

HNPhy, Pd(OAc),,
t-BuzP, NaOt-Bu

toluene, reflux
24h
90%

[0097] Spectral data as follow: T,, 420° C. (DSC); M.W.:
926.93; 'H NMR (400 MHz, CDC1,) § 8.07 (d, J=8.0 Hz,
2H), 7.85 (d, J=8.0 Hz, 2H), 7.58-7.43 (m, 6H), 7.39-3.28
(m, 8H), 7.23-7.20 (m, 12H), 7.14-7.09 (m, 8H), 6.92 (q,
J=12.4 Hz, 2H); **C NMR (100 MHz, CDCl;) § 15333,
153.32,152.4,152.0,150.6, 14981, 149.80, 144.79, 144.78,
14422, 14421, 141.92, 141.91, 141.5, 139.43, 139.42,
139.12, 139.10, 138.60, 138.59, 138.14, 138.13, 138.03,
138.02, 136.43. 136.42, 134.2, 133.0, 131.6, 130.6, 129.8,
129.5,129.35,129.34,128.5, 128.44, 128.38, 128.0. 127.87,
127.86, 127.5, 127.4, 127.2, 126.9, 121.7, 121.6, 121.5,
121.4,120.8, 120.5, 119.3, 110.48, 11047, 66.1, 65.2; TLC
R, 0.35 (CH,Cl,/hexanes, 1/2); High Resolution-MS caled
for C4H,BrN: 925.2344, found: 925.2351.

Example 12: Synthesis of Compound 5 (10-(diphe-
nylamino)-12,12,17,17-tetraphenyl-12,17-dihy-
drospiro[cyclohepta 1,2-b:5,4-b' ]difluorene-6,9'-
fluorene]-2-carbonitrile)

[0098] A stir bar was placed in a 50 ml two-necked
rounded-bottom flask. The 50 ml flask was then installed
with a reflux system, followed by being dried by vacuum
and introduced with nitrogen. The compound 13 (377 mg,
0.4 mmol), the catalyst Pd(OAc), (5 mg, 0.022 mmol),
sodium tert-butoxide (137 mg, 1.43 ml), and dipheylamine
(206 mg, 1.22 mmol) were placed in the 50 ml flask and
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dissolved in 20 ml of anhydrous toluene, followed by adding
with a toluene solution of 0.04 M tri(tert-butyl)phosphine
(2.5 ml, 0.1 mmol). The reaction mixture was then refluxed
for 24 hours. After being cooled down to the room tempera-
ture, the reaction mixture was added with saturated aqueous
sodium bicarbonate (5 ml) solution to quench the reaction
and then extracted by trichloromethane (3x20 ml). The
obtained organic extractant was added with magnesium
sulfate (about 200 mg) to dry, followed by filtration and
condensation with a rotary evaporator to remove the solvent,
so as to obtain a crude product. The crude product was
purified by column chromatography using a mixture of
dichloromethane and n-hexane (1:1) as eluent and com-
pound 5 (370 mg, yield: 90%) as a yellow solid was then
obtained.

[0099] Spectral data as follow: T,, 349° C. (DSC); M.W.:
1015.24; "H NMR (400 MHz, CDCl,) & 8.05 (d, J=7.6 Hz,
2H), 7.82 (d, I=7.6 Hz, 2H), 7.57 (d, J=0.8 Hz, 1H), 747 (q,
J=6.4 Hz, 3H), 7.39 (d, ]=8.0 Hz, 2H), 7.32-7.27 (m, 5H),
7.23-7.07 (m, 27H), 6.99-6.96 (m, SH), 6.94-6.84 (m, 3H);
*C NMR (100 MHz, CDCl,) 8 152.6, 152.0, 150.5, 149.6,
147.7, 147.4, 145.4, 14434, 14429, 141.8, 141.4, 140.5,
139.1, 138.3, 137.9, 135.1, 134.5, 133.8, 132.2, 131.6,
129.8, 129.6, 129.3, 129.1, 128.5, 1283, 128.1, 127.9,
127.46, 127.41, 127.2, 126.6, 124.2, 122.9, 122.8, 121.3,
121.2, 120.6, 120.5, 120.4, 120.1, 119.4, 110.4, 65.2, 65.0;
TLC R, 0.50 (CH,Cl,/hexanes, 1/1); High Resolution-MS
caled for C,gHyoN,: 10143974, found: 1014.3974.

[0100] Evaluation of the Spirally Configured Cis-Stilbene/
Fluorene Hybrid Material as Organic Luminescent Layer

[0101] The compounds of the present examples were
evaluated for their thermal, photophysical, and electro-
chemical properties, such as their wavelengths of maximum
absorpotion (Abs. Amax), wavelengths of maximum emis-
sion (Em, Amax), full width at half maximum (FWHM),
quantum yield (@), oxidation potential (E,,), reduction
potential (E,,,), the highest occupied molecular orbital
(Exoaro), the lowest occupied molecular orbital (E;,,,0),
energy gap (B,), the glass transition temperature (T,) and the
decomposition temperature (T,). Those properties men-
tioned above were measured according to the following
methods and conditions.

[0102] The wavelengths of maximum absorpotion (Abs.
Mna)s the wavelengths of maximum emission (Em, A,,,.),
and full width at half maximum (FWHM) were measured in
a solution using dichloromethane as the solvent. Quantum
yield (@, was measured with the spectrometer Hamamatsu
C9920. The decomposition temperature was measured by a
thermogravimetric analyzer (TGA). And the glass transition
temperature was measured by differential scanning calorim-
eter (DSC).

[0103] The electrochemical properties, including E_,
E..ss Enoaro: and E; ;0 Were measured by way of cyclic
voltammetry (CV) in a solution using dichloromethane or
tetrahydrofuran as a solvent. Platinum wire electrode was
used as a counter electrode and glassy carbon electrode was
used as a working electrode and Ag/Ag® as a reference
electrode. Ferrocene was used as a standard. The CV curves
were calibrated using the ferrocene/ferrocenium (Fc¢/Fc™)
redox couple as an external standard which was measured
under same condition before and after the measurement of
samples. The energy level of Fc/Fe+ was assumed at —4.8 eV
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to vacuum. The energy level of LUMO (E; n0) Was
obtained by adding the bandgap energy (E,) to the HOMO
energy level (Eou0)-

[0104] Measurement Data (Thermal Stabilities, Photo-
physical Properties and Electrochemical Properties) of the
Compounds of Chemical Formula (1), Chemical Formula
(2), Chemical Formula (3), Chemical Formula (4a) and
Chemical Formula (5) are Shown in Table 1.

TABLE 1
Com-
Compound Compound Compound Compound pound
1 2 3 4a 3
AbS. Ny 375 379(38.9) 416 389 416
(Epmeee X 105% (29.5) (46.4) (44.6)  (253)
nm
Em, A’ 421,445 421,445 475,499 432,460 533
nm (fwhm)© (58) (58) (79) (1) (75)
@,° % 99 99 99 99 99
E,.2 (V) +0.81/  +0.85/ +0.43/ +1.03/  +0.33/
E.. (V) -2.09 -2.13 =213 -1.77 -1.84
T, CY N.D.7/ 256/ 234/ 259/ 242/
T, C) 471 470 492 469 482
AE 2.90 298 2.56 2.80 217
(Eg» evVy? (3.06)  (3.07) (2.74) (2.96) (2.68)

“Measured in CH,Cly.

*Measured in THF.

“was full width at half maximum (FWHM).

The bandgap of HOMO-LUMO, Eg, which was derived from the observed optical edge.
°N.D: not detected.

[0105] Regarding to the thermal stabilities, according to
Table 1, the decomposition temperatures of chemical for-
mula (1), chemical formula (2), chemical formula (3),
chemical formula (4a), and chemical formula (5) are higher
than 469° C. Meanwhile, the glass transition temperatures of
chemical formula (1), chemical formula (2), chemical for-
mula (3), chemical formula (4a), and chemical formula (5)
are higher than 234° C. Accordingly, the excellent thermal
stabilities of the serials of the spirally configured cis-
stilbene/fluorene hybrid compounds as disclosed above are
attributed to the intra-molecular spiral configuration and the
diindeno-fused templates. In summary, the chemical for-
mula (1), chemical formula (2), chemical formula (3),
chemical formula (4a), and chemical formula (5) are mate-
rials with high thermal stability.

[0106] Regarding to the electrochemical properties, both
the compounds of the chemical formula (1) and chemical
formula (2) have one set of quasi-reversible oxidation poten-
tials at 0.83+0.02 V. They are attributed to that oxidation
mainly occurs at the spiro fluorene fragments of the com-
pounds. On the other hand, both the compounds of the
chemical formula (1) and chemical formula (2) have reduc-
tion potentials at —2.11x0.02 V. They are attributed to the
reduction mainly occurs at cis-stilbene fragment of the STIF
template. The compound of the chemical formula (4a) has
one set of irreversible oxidation potential at 1.03 V. It is
attributed to that oxidation mainly occurs at the spiro
fluorene fragment of the compound. Also, the compound of
the chemical formula (4a) has one set of quasi-reversible
reduction potential at —1.77 V. It is attributed to that reduc-
tion mainly occurs at cyano group of the compound. Both
the compounds of the chemical formula (3) and chemical
formula (5) have one set of quasi-reversible oxidation poten-
tials between 0.33 and 0.43 V, which is resulted from the
diphenyl amino groups of the compounds. The compound of
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the chemical formula (3) has one set of irreversible reduc-
tion potential at -2.13 V. It is attributed to that reduction
occurs at the cis-stilbene fragment of STIF template in the
compound. The compound of the chemical formula (5) has
one set of irreversible reduction potential at -=1.84 V. It is
attributed to that reduction occurs at cyano group in the
compound.

[0107] In addition, the absorption peaks which appear
around 375 nm for both compounds of the chemical formula
(1) and chemical formula (2) correspond to their HOMO-
LUMO transitions, and their electronic clouds mainly dis-
tribute around dibenzocycloheptene template. The absorp-
tion peaks which appear around 320 nm for both compounds
of the chemical formula (1) and chemical formula (2)
correspond to their orthogonal intramolecular charge trans-
fer between the spiro fluorene fragment and the dibenzocy-
cloheptene moiety (HOMO-1—-LUMO) and the m—m*
absorption of spiro fluorene(HOMO-1—-LUMO+1). As for
the compound of the chemical formula (3), its absorption
peak which appears at 416 nm corresponds to the HOMO-
LUMO ftransition, and its distribution of electronic clouds
switches to the central dibenzocycloheptene template from
the conjugation system of the diphenyl amino substituents
and the dibenzocycloheptene moiety. And its absorption
peak which appears around 340 nm corresponds to the
orthogonal intramolecular charge transfer between its spiro
fluorene fragment and its dibenzocycloheptene moiety
(HOMO-2—-LUMO) and the charge transfer between its
diphenyl amino substituents to its dibenzocycloheptene moi-
ety (HOMO-1—-LUMO). In addition, as for the compound
of the chemical formula (4a), the absorption peak which
appears around 389 nm corresponds to the HOMO-LUMO
transition, and its distribution of electronic clouds switches
to the conjugation system of the indeno moiety and the
dibenzocycloheptene template from the central dibenzocy-
cloheptene template. And its absorption peak which appears
around 350 nm corresponds to the orthogonal intramolecular
charge transfer between its spiro fluorene fragment to the
whole upper panel which includes the two cyano groups
(HOMO-1—-LUMO) and the m—sm*absorption of spiro
fluorene (HOMO-1—-LUMO+2). As for the compound of
the chemical formula (5), its absorption peak which appears
around 416 nm corresponds to the HOMO-LUMO transition
and that appears around 310 nm corresponds to the orthogo-
nal intramolecular charge transfer from its spiro fluorene
fragment to the conjugation system between the cyano
groups and the dibenzocycloheptene moiety (HOMO-
2—LUMO) and the m—m* absorption of its spiro fluorine
(HOMO-2—-LUMO+2). Overall, the energy levels of
HOMO and LUMO of chemical formula (1) to chemical
formula (4a) are majorly contributed from the dibenzocy-
cloheptene moiety. The optical emission of the compounds
mainly appears at their STIF templates with confined cis-
stilbene. Therefore, the serials of the spirally configured
cis-stilbene/fluorene hybrid materials of the present inven-
tion have excellent luminous efliciency of confined cis-
stilbene.

[0108] Moreover, both of the compounds of chemical
formula (1) and chemical formula (2) emit bluish light and
have double emission peaks at 421 nm and 445 nm, and their
full widths at half maximum of the emission peaks are 58
nm, which represents both compounds can be excellent
bluish electroluminescence materials. As for the compound
of the chemical formula (3), because the dibenzocyclohep-
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tene moiety is an electron acceptor, the compound of chemi-
cal formula (3) has charge transfer from the diphenyl amino
groups to the dibenzocycloheptene moiety. The compound
of the chemical formula (3) is a bluish-green emitter whose
emission peaks appear around 475 nm and 499 nm. The
emission peaks of the compound of the chemical formula
(4a), which is a sky-blue emitter, appear around 432 nm and
460 nm and are attributed to the elongated conjugation
system of the whole molecule resulted from the cyano
groups. The extended conjugated intramolecular excited
state charge transfer of the chemical formula (5) results in
that the compound has a greenish yellow luminescence with
an emission peak at 533 nm. In addition, the quantum yield
(@ %) of the series of compounds of the chemical formula
(1), chemical formula (2), chemical formula (3), chemical
formula (4a), and chemical formula (5) are all 99%, which
represents these compounds have excellent luminous effi-
ciency of confined cis-stilbene. The spiro fluorene fragment
and the fused indeno moieties both increase the rigidity of
the molecules greatly and thus reduce the possibilities of
radiationless decay.

[0109] In addition, Egn,n of the compounds of the
chemical formula (1), chemical formula (2), chemical for-
mula (3), chemical formula (4a), and chemical formula (5),
range from -5.1 to -5.8 eV, and their E,,,,,, range from
-2.7to -3.0 eV. Their B, range from 2.17 t0 2.98 eV.
[0110] The Device Efficiency for Compounds of Chemical
Formula (1), Chemical Formula (2), Chemical Formula (3),
Chemical Formula (4a), and Chemical Formula (5) which
were Used in Organic Electroluminescent Device.

[0111] Herein, the devices to be tested (B1 to B24, BG1 to
BG3, SB1 to SB3, and Y1 to Y4) were constructed with
indium tin oxide (ITO) coated glass as the anode substrate,
LiF/Al as the cathode, poly(3,4-ethylenedioxythiophene)
polystyrene sulfonate (PEDOT:PSS) deposited on to the
indium tin oxide (ITO) surface as the hole injection layer,
optionally  N,N-bis-(1-naphthyl)-N,N-diphenyl-1,1-biphe-
nyl-4,4-diamine (NPB) or 1,1-Bis[4-[N,N'-di(p-tolyl)
amino|phenyl]cyclohexane (TAPC) as the hole transport
layer, 2,2',2"-(1,3,5-benzinetriyl )-tris(1-phenyl-1-H-benz-
imidazole) (TPBI) or Bphen as the electron transport layer,
and the compounds of the chemical formula (1), chemical
formula (2), chemical formula (3), chemical formula (4a),
and chemical formula (5) are used as the organic lumines-
cent layer, hole transport layer, and/or the electron transport
layer in the devices.

[0112] The configuration of each device is shown as
follow. B1: ITO/NPB (40 nm)/chemical formula (1) (30
nm)/TPBI (40 nm)/LiF (1 nm)/Al; B2: ITO/NPB (40 nm)/
chemical formula (1) (30 nm)/Bphen (40 nm)/LiF (1 nm)/
Al; B3: ITO/TCTA (40 nm)/chemical formula (1) (30 nm)/
TPBI (40 nm)/LiF (1 nm)/Al; B4: ITO/TCTA (40 nm)/
chemical formula (1) (30 nm)/Bphen (40 nm)/LiF (1 nm)/
Al; BS: ITO/NPB (40 nm)/chemical formula (1) (30 nm)/
Bphen (20 nm)/LiF (1 nm)Al B6: ITO/NPB (60 nm)/
chemical formula (1) (30 nm)/Bphen (10 nm)/LiF (1 nm)/
Al; B7: ITO/NPB (60 nm)/chemical formula (1) (30 nm)/
Bphen (15 nm)/LiF (1 nm)/Al; B8: ITO/NPB (60 nm)/
chemical formula (1) (30 nm)/Bphen (20 nm)/LiF (1 nm)/
Al; B9: ITO/NPB (50 nm)/TCTA (10 nm)/chemical formula
(1) (30 nm)/Bphen (15 nm)/LiF (1 nm)/Al; B10: ITO/NPB
(50 nm)/TCTA (10 nm)/chemical formula (1) (30 nm)/
Bphen (20 nm)/LiF (1 nm)/Al B11: ITO/TCTA (10 nm)/
chemical formula (1) (30 nm)/TPBI (40 nm)/LiF (1 nm)/Al
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B12: ITO/TCTA (20 nm)/chemical formula (1) (30 nm)/
TPBI (40 nm)/LiF (1 nm)/Al; B13: ITO/TCTA (10 nm)/
chemical formula (1) (40 nm)/TPBI (40 nm)/LiF (1 nm)/Al,
B14: ITO/TCTA (20 nm)/chemical formula (1) (40 nm)/
TPBI (40 nm)/LiF (1 nm)/Al B15: ITO/TCTA (30 nm)/
chemical formula (1) (40 nm)/TPBI (40 nm)/LiF (1 nm)/Al,
B16: ITO/chemical formula (1) (80 nm)/LiF (1 nm)/Al,
B17: TTO/PEDOT/chemical formula (1) (80 nm)/LiF (1
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(80 nm)/LiF (1 nm)/AloY2: ITO/PEDOT/NPB (40 nm)/
chemical formula (5) (40 nm)/LiF (1 nm)/Al; Y3: ITO/
PEDOT/chemical formula (5) (40 nm)/TPBI (40 nm)/LiF (1
nm)/Al; Y4: ITO/PEDOT/NPB (40 nm)/chemical formula
(5) (40 nm)/TPBI (40 nm)/LiF (1 nm)/Alo

[0113] The obtained efficiencies of each organic electrolu-
minescent device are shown as in Table 2.

TABLE 2
Em. 3,,0,.° m,’ Ly (Lo)”

Device #  (nm) V2 (V) M (%) (cd/A)/(lm/W) (cd/m?) CIE 1931
Bl 454 (73) 49 (88) 1.29 1.34/0.48 2230 (267) (0.18, 0.16)
B2 456 (76) 29 (32) 373 3.87/2.36 4378 (767) (0.28, 0.22)
B3 432 (69) 59 (81) 217 2.25/0.88 1883 (444) (0.17, 0.13)
B4 456 (75) 49 (72) 238 2.47/1.09 862 (484) (0.16, 0.15)
BS 456 (81) 25 @1)  1.69 1.76/1.37 2020 (347) (0.17, 0.15)
B6 432 (75) 25 @3) 187 1.94/1.44 2456 (383) (0.16, 0.13)
B7 432 (74) 25 @3) 211 2.19/1.60 2571 (430) (0.16, 0.13)
BS 432 (70) 25 @1 172 1.79/1.37 2012 (352) (0.17, 0.13)
B9 432 (68) 27 @5) 134 1.40/0.97 1397 (279) (0.18, 0.15)
B10 432 (65) 27 45 174 1.81/1.26 1453 (361) (0.18, 0.14)
BIl 456 (83) 43 (72) 181 1.88/0.83 1835 (370) (0.17, 0.17)
B12 456 (89) 48 (64) 2.62 2.72/1.34 3058 (529) (0.16, 0.16)
BI3 456 (78) 48 (72) 243 2.52/1.10 2265 (496) (0.17, 0.17)
Bl4 456 (72) 6.0 82) 241 2.51/0.96 2011 (497) (0.17, 0.14)
BI5S 456 (67) 61 87) 274 2.85/1.03 1726 (361) (0.17, 0.13)
Bl6 364 (214 12.6 (15.3) 0.02 0.02/0.004 9 (4) (0319, 0.347)
B17 460 (69) 8.4 (10.7) 0.14 0.14/0.04 226 (28) (0.176, 0.190)
BI§ 432 (72) 49 (72) 027 0.29/0.13 495 (56) (0.167, 0.138)
B19 456 (73) 45 (5.6) 224 2.32/1.31 3524 (457)  (0.165, 0.140)
B20 454 (72) 40 (635) 273 2.84/1.37 4049 (563)  (0.162, 0.138)
B2l 456 (78) 65 (5 012 0.12/0.05 90 (25) (0.17, 0.15)
B22 432 (74) 53 (63) 02 0.21/0.10 277 (43) (0.16, 0.12)
B23 454 (75) 41 (335 192 1.99/1.13 3467 (397) (0.16, 0.13)
B24 456 (74) 33 (3.9) 241 2.50/1.33 4352 (499) (0.16, 0.13)
BGlL 480 (88) 7.5 (89) 0.3 0.03/0.01 104 (6) (0.25, 0.43)
BG2 482 (77) 49 (75) 408 4.23/1.77 84335 (847) (0.23, 0.46)
BG3 480 (73) 45 (80) 335 3.48/1.37 9482 (696) (0.22, 0.45)
SBL 470 (72) 5.6 (81)  0.08 0.09/0.03 757 (17) (0.18, 0.22)
SB2 470 (81) 3.8 (60) 3.24 3.3711.76 6876 (673) (0.18, 0.22)
SB3 472 (88) 6.0 84) 235 2.65/0.99 3862 (537) (0.19, 0.28)
Y1 528 (115) 49 (97) 157 1.63/0.53 5289 (326) (0.37, 0.56)
Y2 330 (107) 2.8 (74) 344 3.57/1.52 8285 (711) (0.35, 0.57)
Y3 528 (105) 42 (73) 522 5.42/233 13990 (1076) (0.3, 0.57)
Y4 520 (95) 42 (7.6) 512 532211 11060 (1063)  (0.34, 0.58)

“The numbers in the brackets represent full width at half maximum (FWHM, nm) of their corresponding Em. A,

bV : turn-on voltage (V); 5 g external quantum efficiency (%); 1+ current efficiency (cd/A); 1),: power efficiency
(lm/W ); Lt luminance (cd/m”).
Vons Nexs Mes Np» and Log (iee., the values in the brackets of the luminance column) are measured at 20 mA/em’.

nm)/Al B18: ITO/PEDOT/TCTA (40 nm)/chemical formula
(D) (40 nm)LiF (1 nm)Al B19: ITO/PEDOT/chemical
formula (1) (40 nm)/TPBI (40 nm)/LiF (1 nm)/Al; B20:
ITO/PEDOT/TCTA (20 nm)/chemical formula (1) (30 nm)/
TPBI (40 nm)/LiF (1 nm)/Al; B21: ITO/PEDOT/chemical
formula (2) (80 nm)/LiF (1 nm)/Al; B22: ITO/PEDOT/
TCTA (40 nm)/chemical formula (2) (40 nm)/LiF (1 nm)/Al,
B23: ITO/PEDOT/chemical formula (2) (40 nm)/TPBI (40
nm)/LiF (1 nm)/Al; B24: ITO/PEDOT/TCTA (20 nm)/
chemical formula (2) (30 nm)/TPBI (40 nm)/LiF (1 nm)/
AleBG1: ITO/PEDOT/chemical formula (3) (80 nm)/LiF (1
nm)/Al; BG2: ITO/PEDOT/chemical formula (3) (40 nm)/
TPBI (40 nm)/LiF (1 nm)/Al; BG3:ITO/PEDOT/TCTA (20
nm)/chemical formula (3) (40 nm)/TPBI (40 nm)/LiF (1
nm)/AloSB1: ITO/PEDOT/chemical formula (4a) (80 nm)/
LiF (1 nm)/Al; SB2: ITO/PEDOT/TCTA (40 nm)/chemical
formula (4a) (40 nm)/LiF (1 nm)/Al; SB3:1TO/PEDOT/
TCTA (20 nm)/chemical formula (4a) (30 nm)/TPBI (40
nm)/LiF (1 nm)/Al; Y1: ITO/PEDOT/chemical formula (5)

[0114] As shown in the measuring results listed above, the
thickness of electron transport layer in device BS was half of
thatin device B2, and the CIE, , coordinates of the device BS
thus returned to the range of ordinary blue light from that of
device B2 (0.28, 0.22), which has dual emittion bands.
Therefore, we can know that the recombination zone of
device B2 was located at the juncture between its organic
luminescent layer and its electron transport layer, which
resulted in dual emission peaks. The device BS has a
shortened electron transport distance, so that the electrons
may enter to the organic luminescent layer faster and the
carriers may also recombine in the organic luminescent
layer, which helps to reduce the occurrence of exciplexes
(hetero-excimers).

[0115] On the other hand, when comparing to the device
B12 which did not have a PEDOT hole injection layer, the
device B20 with the PEDOT hole injection layer had a
slightly improved luminous efficiency, and its bluish emit-
ting light became deeper (CIE ~0.15, CIE,<0.15). In addi-
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tion, the efficiency roff-off under currents of high densities
was also suppressed. These results represent that PEDOT
actually helps to improve the efficiency of hole injection.
[0116] As shown in Table 2, the obtained efficiencies of
the devices B18 and B19 validated that the compound of the
chemical formula (1) had a higher hole transport rate.
Therefore, the device B19, in which the compound of
chemical formula (1) functioned as the hole transport layer
and the organic luminescent layer, had an excellent luminous
efficiency. At 20 mA/em? 1), 1), and 1 , of the device B19
were 2.2%, 2.3 cd/A, and 1.3 Im/W, respectively.

[0117] In the devices with similar configurations, those
devices with the compounds of chemical formula (2), except
the device 22, have lower working voltages at 20 mA/cm?®
and lower V_, than those with the compounds of chemical
formula (1). It might be attributed to that the transport
property of the compound of the chemical formula (2) was
better than that of the compound of the chemical formula
(1). Therefore, the compounds of the chemical formula (2)
can be doped in other host materials so as to reduce the
concentration quenching effect caused by self-quenching
and self-absorption.

[0118] The device BG2, which used the compound of the
chemical formula (3) as both hole transport layer and
organic luminescent layer, at 20 mA/cm?, had av,, 0f4.1%,
an,of 42 cd/A, an, of 1.8 InyW and a luminance of 847
cd/m?, and emitted a bluish green light with a CIE,, coor-
dinate of (0.23, 0.46). When appended with the substituents
of diphenyl amino groups, the hole transport rate of the
compounds of chemical formula (3) was increased. There-
fore, the compounds of chemical formula (3) are suitable to
be used as a material for both the hole transport layer and the
organic luminescent layer.

[0119] The device SB2, which used the compounds of the
chemical formula (4a) as both electron transport layer and
organic luminescent layer, also had a good performance. At
20 mA/em?, the 1., 1., M,, and luminance of the device
SB2 were 3.2%, 3.4 cd/A, 1.8 Im/W, and 673 cd/m?,
respectively. It emitted a sky-blue light with a CIE,, coor-
dinate of (0.18, 0.22).

[0120] The excellent performance of the single-layered
device Y1 represents that the compound of the chemical
formula (5) is an ambipolar molecule and has a good balance
of carrier transport. At 20 mA/em?, the ., 1), and 1 , of the
device Y1 were 1.6%, 1.6 cd/A, and 0.5 Im/W, respectively.
The device Y1 emitted a green light with a CIE,, coordinate
of (0.37, 0.56). The device Y2, which used NPB as the hole
transport layer based on the matching of energy level to the
compound of the chemical formula (5), had improved and
better performance two times more than that of the device
Y1. Moreover, the performance of the device Y3 was three
times more than that of the device Y1. At 20 mA/cm?, the
Mo Of the device Y3 was 5.2%, which was beyond the
maximal theoretical value. Also, the ) and n,, of the device
Y3 were 5.4 cd/A and 2.3 Im/W, respectively. The perfor-
mance of the triple-layered device Y4 was slightly lower
than that of the device Y3. However, at 20 mA/cm®, the 1,
of the device Y4 also exceeded the maximal theoretical
value and reach to 5.1%, and the 1, and 1, of the device Y4
were 5.3 cd/A and 2.1 Im/W, respectively. Those results
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discussed as above represented that the compound of the
chemical formula (5) had a higher rate of hole transport than
the rate of electron transport. Therefore, because the com-
pound of the chemical formula (5) has indeno groups, which
has hole transport properties, its balance of carrier transport
is therefore improved. Accordingly, the device Y1 has an
excellent performance.

[0121] Accordingly, the series of the spirally configured
cis-stilbene/fluorene hybrid materials according to the
embodiments shown as above are suitable to be applied in
the organic luminescent layer of an organic luminescent
device, and they are also suitable to be applied in the layer
with both hole transport and organic luminescent properties,
or be applied in the layer with both electron transport and
organic luminescent properties.

[0122] As mentioned above, in the spirally configured
cis-stilbene/fluorene hybrid material and the organic elec-
troluminescent device by using the same according to some
embodiments of the present invention, the confined cis-
stilbene fragment and the fluorine are doubly ortho-linked at
C9 position, such that the cis-stilbene fragment is fixed and
prevented from isomerization. In addition, two indeno tem-
plates are fused with the spirally configured cis-stilbene/
fluorene hybrid system at C2-C3 and C7-C8 positions, and
the resulting compound has a sterically-hindered structure so
as to prevent the fluorescence quenching effect caused by
n-mt stacking. Moreover, when the confined cis-stilbene,
which has high fluorescence quantum effect, is incorporated
with the spirally configured fluorene and diindeno-fused
system, the thermal stability and the film forming ability of
the whole material can be further increased. Therefore, the
resulting spirally configured cis-stilbene/fluorene hybrid
material is suitable for an organic electroluminescent device.

[0123] Although the invention has been described with
reference to specific embodiments, this description is not
meant to be construed in a limiting sense. Various modifi-
cations of the disclosed embodiments, as well as alternative
embodiments, will be apparent to persons skilled in the art.
It is, therefore, contemplated that the appended claims will
cover all modifications that fall within the true scope of the
invention.

What is claimed is:

1. A spirally configured cis-stilbene/fluorene hybrid mate-
rial, comprising a structure of the following General For-
mula (1),

General Formula (1)
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wherein, R' is an alkyl group or represented by General
Formula (2),

General Formula (2)

Ris

Ryg Ry7

wherein, R, to R,, Rg, Rg to R;; and R, ; to R 4 are each
independently selected from the group consisting of a
hydrogen atom, halogen atom, cyano group, alkyl
group, cycloalkyl group, alkoxy group, amino group,
haloalkyl group, thioalkyl group, silyl group and alk-
enyl group, Rs is a hydrogen atom, tert-butyl group or
aryl group, and R, and R,, are each independently
selected from the group consisting of a hydrogen atom,
aryl group, diarylamine, cyano group and hetero aro-
matic ring.

2. The spirally configured cis-stilbene/fluorene hybrid
material of claim 1, wherein the alkyl group is selected from
the group consisting of a substituted or unsubstituted
straight-chain alkyl group with the carbon number of 1 to 6,
and a substituted or unsubstituted branched-chain alkyl
group with the carbon number of 3 to 6, the cycloalkyl group
is a substituted or unsubstituted cycloalkyl group with the
carbon number of 3 to 6, the alkoxy group is selected from
the group consisting of a substituted or unsubstituted
straight-chain alkoxy group with the carbon number of 1 to
6, and a substituted or unsubstituted branched-chain alkoxy
group with the carbon number of 3 to 6, the amino group is
selected from the group consisting of secondary amino
group and tertiary amino group, the secondary amino group
is an amino group having one aromatic ring substituent or
having one C1-C6 straight-chain alkyl substituent, branch-
chain alkyl substituent, or non-aromatic ring substituent, the
tertiary amino group is an amino group having two inde-
pendent aromatic ring substituents or having two indepen-
dent C1-C6 straight-chain alkyl substituent, branch-chain
alkyl substituent, or non-aromatic ring substituent, the
haloalkyl group is selected from the group consisting of a
substituted or unsubstituted straight-chain haloalkyl group
with the carbon number of 1 to 6, and a substituted or
unsubstituted branched-chain haloalkyl group with the car-
bon number of 3 to 6, the thioalkyl group is selected from
the group consisting of a substituted or unsubstituted
straight-chain thioalkyl group with the carbon number of 1
to 6, and a substituted or unsubstituted branched-chain
thicalkyl group with the carbon number of 3 to 6, the silyl
group is selected from the group consisting of a substituted
or unsubstituted straight-chain silyl group with the carbon
number of 1 to 6, and a substituted or unsubstituted
branched-chain silyl group with the carbon number of 3 to
6, the alkenyl group is selected from the group consisting of
a substituted or unsubstituted straight-chain alkenyl group
with the carbon number of 2 to 6, and a substituted or
unsubstituted branched-chain alkenyl group with the carbon
number of 3 to 6.

3. The spirally configured cis-stilbene/fluorene hybrid
material of claim 1, being represented by following chemi-
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cal formula (1), chemical formula (2), chemical formula (3),
chemical formula (4a), chemical formula (4b), or chemical
formula (5).

chemical formula (1)
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-continued

chemical formula (5)

4. The spirally configured cis-stilbene/fluorene hybrid
material of claim 1, having glass transition temperatures
ranged from 234° C. to 259° C.

5. The spirally configured cis-stilbene/fluorene hybrid
material of claim 1, having decomposition temperatures
ranged from 469° C. to 492° C.

6. The spirally configured cis-stilbene/fluorene hybrid
material of claim 1, having oxidation potentials ranged from
033V to 1.03V and reduction potentials ranged from
-1.77V to -2.13V.

7. The spirally configured cis-stilbene/fluorene hybrid
material of claim 1, having highest occupied molecular
orbital energy levels (E;;o5.0) ranged from -5.1 eV to -5.8
eV and lowest unoccupied molecular orbital energy levels
(Bz o) ranged from -2.7 eV to -3.0 eV.

8. An organic electroluminescent device, comprising:

a first electrode layer;

a second electrode layer; and

an organic luminescent unit, deposited between the first

electrode layer and the second electrode layer, wherein
the organic luminescent unit has at least a spirally
configured cis-stilbene/fluorene hybrid material as
shown in General Formula (1),

General Formula (1)

wherein, R' is an alkyl group or represented by General
Formula (2),

General Formula (2)

Ryg Ry7
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wherein, R, to R,, R, Rg to R}, and R, 5 to R, 4 are each
independently selected from the group consisting of a
hydrogen atom, halogen atom, cyano group, alkyl
group, cycloalkyl group, alkoxy group, amino group,
haloalkyl group, thioalkyl group, silyl group and alk-
enyl group, Ry is a hydrogen atom, tert-butyl group or
aryl group, and R, and R, are each independently
selected from the group consisting of a hydrogen atom,
aryl group, diarylamine, cyano group and hetero aro-
matic ring.

9. The organic electroluminescent device of claim 8,
wherein the alkyl group is selected from the group consist-
ing of a substituted or unsubstituted straight-chain alkyl
group with the carbon number of 1 to 6, and a substituted or
unsubstituted branched-chain alkyl group with the carbon
number of 3 to 6, the cycloalkyl group is a substituted or
unsubstituted cycloalkyl group with the carbon number of 3
to 6, the alkoxy group is selected from the group consisting
of a substituted or unsubstituted straight-chain alkoxy group
with the carbon number of 1 to 6, and a substituted or
unsubstituted branched-chain alkoxy group with the carbon
number of 3 to 6, the amino group is selected from the group
consisting of secondary amino group and tertiary amino
group, the secondary amino group is an amino group having
one aromatic ring substituent or having one C1-C6 straight-
chain alkyl substituent, branch-chain alkyl substituent, or
non-aromatic ring substituent, the tertiary amino group is an
amino group having two independent aromatic ring substitu-
ents or having two independent C1-C6 straight-chain alkyl
substituent, branch-chain alkyl substituent, or non-aromatic
ring substituent, the haloalkyl group is selected from the
group consisting of a substituted or unsubstituted straight-
chain haloalkyl group with the carbon number of 1 to 6, and
a substituted or unsubstituted branched-chain haloalkyl
group with the carbon number of 3 to 6, the thioalkyl group
is selected from the group consisting of a substituted or
unsubstituted straight-chain thioalkyl group with the carbon
number of 1 to 6, and a substituted or unsubstituted
branched-chain thioalkyl group with the carbon number of 3
to 6, the silyl group is selected from the group consisting of
a substituted or unsubstituted straight-chain silyl group with
the carbon number of 1 to 6, and a substituted or unsubsti-
tuted branched-chain silyl group with the carbon number of
3 to 6, the alkenyl group is selected from the group con-
sisting of a substituted or unsubstituted straight-chain alk-
enyl group with the carbon number of 2 to 6, and a
substituted or unsubstituted branched-chain alkenyl group
with the carbon number of 3 to 6.

10. The organic electroluminescent device of claim 8,
wherein the spirally configured cis-stilbene/fluorene hybrid
material has a structure represented by following chemical
formula (1), chemical formula (2), chemical formula (3),
chemical formula (4a), chemical formula (4b), or chemical
formula (5).
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chemical formula (1)

chemical formula (3)
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-continued

chemical formula (4b)

11. The organic electroluminescent device of claim 8§,
wherein the organic luminescent unit comprises an organic
luminescent layer.

12. The organic electroluminescent device of claim 11,
wherein the organic luminescent unit further comprises a
hole transport layer and an electron transport layer, and the
organic luminescent layer is deposited between the hole
transport layer and the electron transport layer.

13. The organic electroluminescent device of claim 11,
wherein the organic luminescent unit further comprises a
hole injection layer, a hole transport layer, an electron
transport layer and an electron injection layer, and the hole
transport layer, the organic luminescent layer and the elec-
tron transport layer are sequentially deposited between the
hole injection layer and the electron injection layer.

14. The organic electroluminescent device of claim 11,
wherein the organic luminescent layer comprises the spirally
configured cis-stilbene/fluorene hybrid material.

15. The organic electroluminescent device of claim 11,
wherein the organic luminescent layer comprises a host
material and a guest material, and the host material com-
prises the spirally configured cis-stilbene/fluorene hybrid
material.



THMBW(EF)

LR
HAEREEEE

E)

REMENIRS - —XKZHB/HFMBIK (1) IR, R&#39REE

patsnap
B EMNINS - ZRZH AR BAERA LN AN BB A S EG

US20180301632A1 NI (AE)E 2018-10-18

US15/656389 RiEH 2017-07-21

LEE JEN CHERNG

LEE, JEN-CHERNG
HO1L51/00 C07C211/61 C07C255/52 C07D239/26 C07C255/61 CO9K11/06 CO9K11/02 CO7C13/72

HO1L51/0057 C07C2603/94 C07C211/61 C07C255/52 C07D239/26 C07C255/61 CO9K11/06 HO1L51
/0067 C09K11/025 HO1L51/0085 C07C13/72 HO1L51/5206 HO1L51/5221 HO1L51/5012 HO1L51/5056
HO1L51/5072 HO1L51/5088 HO1L51/5092 C09K2211/1029 C09K2211/185 C09K2211/1007 HO1L51
/006 HO1L51/0052

106112304 2017-04-13 TW

Espacenet USPTO

HFHN (2)KXK~, EFR1ER4 ,R6 ,R8§ER1M1R13ER 183t
UYERERF  NERT O 8E  kE HREE LKEE SE . X
REEER  BRAKE , FEEENSEFEE R5E2ERF, NTER
FE R7THR12MUMEBASREF , FE, —FERE & #&F
B (M, WRESBRE) . Ris


https://share-analytics.zhihuiya.com/view/09cb80dc-7b92-4f44-b930-4c2914390d36
https://worldwide.espacenet.com/patent/search/family/063790911/publication/US2018301632A1?q=US2018301632A1
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=%2220180301632%22.PGNR.&OS=DN/20180301632&RS=DN/20180301632

