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(57) ABSTRACT

The present application provides an organic electrolumines-
cent compound, use thereof in organic optoelectronic
device, and an organic photoelectric device comprising the
same.
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ORGANIC ELECTROLUMINESCENT
COMPOUNDS AND ORGANIC
OPTOELECTRONIC DEVICES COMPRISING
THE SAME

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of Chinese
patent application No. 201510810708.8, filed on Nov. 20,
2015, of which the disclosure is incorporated by reference in
its entirety.

TECHNICAL FIELD

[0002] The present application relates to the field of
organic electroluminescent material, and particularly to an
organic electroluminescent material, and application of the
material in organic photoelectric device.

BACKGROUND

[0003] In recent years, organic light emitting diode
(OLED) becomes a very popular new generation display
products domestically and abroad due to its advantages of
self-illumination, high efficiency, wide color gamut, wide
viewing angle, etc. Meanwhile, organic materials for pre-
paring OLED play a crucial role.

[0004] Wherein, the material for OLED luminescent layer
produces singlet excited state (S;) excitons and triplet
excited state (T,) excitons upon electroexcitation, and the
numerical ratio of the two excitons is 1:3 according to spin
statistics. Depending on different luminescent mechanisms,
the materials which can be used in the luminescent layer of
organic light emitting diode generally are the following
kinds. Fluorescent materials, only utilizing 25% of the
singlet state S, excitons, go back to the ground state S, by
radiative transition, thus the largest external quantum effi-
ciency of OLED applying such materials can not break this
limit. The second kind is phosphorescent materials, utiliz-
ingnot only 25% of the singlet state S, excitons but also 75%
of the triplet state T, excitons, thus the theoretical internal
quantum efficiency can reach 100%, and the Iuminescent
effect when applying to OLED is absolutely better than
fluorescent materials. However, since most phosphorescent
materials are rare metal complexes, the cost of the materials
is higher, and the blue phosphorescent materials always
havesome problems, such as poor efficiency and lifetime,
when being applied in OLED. In 2011, professor Adachi, et
al., at Kyushu University in Japan reported that a thermally
activated delayed fluorescence (TADF) materials have good
luminescence performance. The energy gap between S, state
and T, state of this material is small, and the lifetime of the
T, state excitons is longer. T, state excitons can achieve the
T, -8, process by reverse intersystem crossing (RISC) and
then the radiation attenuation from the S, state to the ground
state S, under a certain temperature. Therefore, the lumi-
nescence efficiency of OLED devices using such materials
as a luminescent layer can be comparable to that of phos-
phorescent materials, and rare metal elements are not
required and the material cost is low. However, such mate-
rials are still rare currently, and there is an urgent need for
developing novel high-performance TADF materials.
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SUMMARY

[0005] The present application aims at providing a novel
organic electroluminescent compound having thermally
activated delayed fluorescence (TADF) property.

[0006] According to one embodiment of the present appli-
cation, a compound having the structure of Formula (I) is
provided

O
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wherein
[0007] X to X,, are each independently CR, or N;
[0008] Y1isO,S or NR,;
[0009] Y, is a single bond, O, S, CR;R,, NRs or
SiR.R.;
[0010] R, to R, are each independently hydrogen, deu-

terium, C, 5, alkyl, C, 5, aryl or C,_,, heteroaryl;
[0011] L is a linking moiety which enables the structure
of the Formula (I) to form a conjugated system;
[0012] n and m are each independently 1, 2 or 3;
[0013] if n is greater than 1, each Moiety A in the
Formula (I) is the same as each other or different from
each other; and
[0014] if m is greater than 1, each Moiety B in the
Formula (1) is the same as each other or different from
each other. According to one embodiment of the pres-
ent application, use of the above-mentioned com-
pounds in an organic optoelectronic device is provided.
[0015] According to one embodiment of the present appli-
cation, an organic optoelectronic device is provided, the
device comprises an anode, a cathode and one or more
organic layers located between the anode and cathode, and
the organic layers comprise the above-mentioned com-
pound.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIG. 1 illustrates an exemplary structure of an
organic electroluminescent diode according to a first
embodiment of the present invention.
[0017] FIG. 2 illustrates an exemplary structure of an
organic electroluminescent diode according to a second
embodiment of the present invention.
[0018] FIG. 3 illustrates an exemplary structure of an
organic electroluminescent diode according to a third
embodiment of the present invention.
[0019] FIG. 4 illustrates an exemplary structure of an
organic electroluminescent diode according to a fourth
embodiment of the present invention.
[0020] FIG. 5 illustrates an exemplary structure of an
organic electroluminescent diode according to a fifth
embodiment of the present invention.
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DETAILED DESCRIPTION

[0021] In one embodiment, a compound having the struc-
ture of Formula (1) is provided:

Y

Xi—Xio
/2R
X2 X
Xz/ = \
)|(| —N Y,
3
\X4/ o
A Xs Xs
n N /
Xe—X;
B
— —m

wherein
[0022] X, to X, are each independently CR, or N;
[0023] Y1is O, S or NRy;
[0024] Y, is a single bond, O, S, CR;R,, NRs or
SiRR;
[0025] R, to R, are each independently hydrogen, deu-

terium, C, 5, alkyl, C, 5, aryl or C, 5, heteroaryl;
[0026] L is a linking moiety which enables the structure
of Formula (I) to form a conjugated system;

[0027]
[0028] if n is greater than 1, each Moiety A in Formula
(D) is the same as each other or different from each
other; and
[0029] if m is greater than 1, each Moiety B in Formula
(D) is the same as each other or different from each
other.
[0030]
alkyl.
[0031]
alkyl.
[0032]
alkyl.
[0033] In the above embodiment, R, and R, are each
independently hydrogen, deuterium, C, ¢ alkyl.
[0034] In one embodiment, wherein L in the structure of
Formula (1) is Cy4 5, aryl or C,_5, heteroaryl.
[0035] In one embodiment, wherein L in the structure of
Formula (I) is C4_ ¢ aryl.
[0036] In one embodiment, wherein L in the structure of
Formula (I) is Cg_,, aryl.
[0037] In one embodiment, wherein L in the structure of
Formula (I) is C,_,, aryl.
[0038] In one embodiment, wherein L in the structure of
Formula (I) is selected from the following structures:

n and m are each independently 1, 2 or 3;

In the above embodiment, the C, 5 alkylisa C,_,,
In the above embodiment, the C, 5 alkylisa C, ,

In the above embodiment, the C, 5, alkylisa C,

[ p— [ — *, *,

N = =\ */j:\*
PROV200

N
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-continued
ay
[
\ *
/* and

wherein, * represents CRg, N or a site linked to the Moiety
A or Moiety B, the Ry is each independently hydrogen,
deuterium, C, ¢ alkyl, C,_,, aryl or C,_¢ heteroaryl. In the
above embodiments, the substitution positions of the Moiety
A and Moiety B on L are spaced by at least one atom.

[0039] In the above embodiment, the Moiety A is selected
from the following groups:

| N\ N X | AN
s | e : P
s s HN HN
>§N >;N >§N >§N
| Ny | RN N
HN HN HN
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-continued
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[0040] In the above embodiment, Moiety B is selected
from the following groups:

CLO CC

[0041] In the above embodiment, the energy gap AE,,
between the lowest singlet state and the lowest triplet state
of the compound is less than or equal to 0.30 eV.

[0042] In the above embodiment, the energy gap AE,,
between the lowest singlet state and the lowest triplet state
of the compound is less than or equal to 0.25 eV.

[0043] In the above embodiment, the energy gap AE,
between the lowest singlet state and the lowest triplet state
of the compound is less than or equal to 0.15 eV.

[0044] In the above embodiment, the energy gap AE,
between the lowest singlet state and the lowest triplet state
of the compound is less than or equal to 0.1 eV.

[0045] In the above embodiment, the energy gap AE_,
between the lowest singlet state and the lowest triplet state
of the compound is less than or equal to 0.05 eV.
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[0046] In the above embodiment, the energy gap AE,,
between the lowest singlet state and the lowest triplet state
of the compound is less than or equal to 0.02 eV.

[0047] In the above embodiment, the energy gap AE,,
between the lowest singlet state and the lowest triplet state
of the compound is less than or equal to 0.01 eV.

[0048] The present application provides the following
compounds, and the structure and number of the compounds
are shown in the table below.
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[0049] In one embodiment, use of the above-mentioned
compounds in an organic optoelectronic device is provided.
[0050] In one embodiment, an organic optoelectronic
device is provided, the device comprises an anode, a cathode
and one or more organic layers located between the anode
and the cathode, and at least one layer of the organic layers
comprises one or more compounds in the table above.
[0051] In one embodiment, at least one layer of the
organic layers is a luminescent layer, and the Iuminescent
layer comprises the above-mentioned compound.

[0052] In one embodiment, the organic layer further com-
prises a hole transport layer, a hole injection layer, an
electron blocking layer, a hole blocking layer, an electron
transport layer, an electron injection layer or a combination
thereof.

[0053] In one embodiment, materials for manufacture of
the anode comprise the following materials: metals such as
copper, gold, silver, iron, chromium, nickel, manganese,
palladium, platinum, or a mixture thereof; an alloy of
copper, gold, silver, iron, chromium, nickel, manganese,
palladium, or platinum; metal oxides such as indium oxide,
zine oxide, indium tin oxide (ITO), indium zinc oxide (IZ0),
or a mixture thereof; conductive polymers such as polyani-
line, polypyrrole, poly(3-methylthiophene), or a mixture
thereof.

[0054] In one embodiment, materials for manufacture of
the cathode comprise the following materials: metals such as
aluminum, magnesium, silver, indium, tin, titanium, cal-
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cium, sodium, potassium, lithium, ytterbium, lead or a
mixture thereof; multilayer metallic materials such as LiF/
Al, Lig(8-hydroxyquinoline)/Al or a mixture thereof.
[0055] In one embodiment, the above-mentioned com-
pounds are present in the luminescent layer as a doped
material or a co-doped material or a host material.

DEFINITIONS

[0056] Unless otherwise specified, the technical and sci-
entific terms used in the present application have the same
meaning as commonly understood by one of ordinary skill
in the art. As to the terms which are defined in the present
application, the definitions in the application shall prevail.
[0057] “Alky!l” refers to a fully saturated (no double or
triple bonds) hydrocarbyl which may be straight-chain or
branched-chain. Alkyl may contain 1-30 carbon atoms, 1-20
carbon atoms, 1-10 carbon atoms, or 1-6 carbon atoms. For
example, the numerical range of “1-30” refers to all the
integers in the range, including 1, 2, 3, 4, 5, 6, 7, 8, 9, 10,
11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26,
27, 28, 29 or 30. For example, the alkyl may be selected
from methyl, ethyl, propyl, isopropyl, n-butyl, isobutyl,
sec-butyl, tert-butyl, pentyl and hexyl, etc. An alkyl may be
substituted or unsubstituted. “Aryl” refers to a carbocyclic
ring (all atoms are carbon atoms) having a completely
delocalized m-electron system throughout all the rings,
which includes monocyclic aryl or multicyclic aryl. The
multicyclic aryl is a system containing two or more aromatic
rings such as benzene ring, the two or more aromatic rings
may be linked to each other by a single bond or fused to each
other by a common bond. The number of carbon atoms in the
aryl group is variable. For example, the aryl group may
contain 6-30 carbon atoms. For example, the numerical
range of “6-30” refers to all integers in the range, including
6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22,
23, 24, 25, 26, 27, 28, 29 or 30. Examples of the aryl group
include, but are not limited to, phenyl, biphenyl, naphthyl,
anthryl, phenanthryl or pyrenyl. The aryl group may be
substituted or unsubstituted. “Heteroaryl” refers to a mono-
cyclic or multicyclic aromatic ring system containing one or
more heteroatoms, in which the heteroatom is an element
other than carbon, including but not limited to, nitrogen,
oxygen and sulfur. The number of carbon atoms in the
heteroaryl ring can vary. For example, the heteroaryl group
may contain 1-20 carbon atoms in the ring, the numerical
range such as “1-20” refers to all integers in the range,
including 1, 2, 3,4, 5, 6,7, 8,9, 10, 11, 12, 13, 14, 15, 16,
17, 18, 19 or 20. For another example, the heteroaryl group
may contain 1-30 cyclic backbone atoms in the ring, the
numerical range such as “1-30” refers to all integers in the
range, including 1, 2, 3,4, 5,6, 7. 8,9, 10, 11, 12, 13, 14,
15,16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29 or
30. Moreover, the term “Heteroaryl” comprises fused ring
system, in which two rings (e.g., at least one aryl ring and
at least one heteroaryl ring or at least two heteroaryl rings)
share at least one chemical bond. Examples of heteroaryl
rings include, but are not limited to, furan, furazan, thio-
phene, benzothiophene, phthalazine, pyrrole, oxazole, ben-
zoxazole, 1,2,3-oxadiazole, 1,2,4-oxadiazole, thiazole, 1,2,
3-thiadiazole, 1,2,4-thiadiazole, benzothiazole, imidazole,
benzimidazole, indole, indazole, pyrazole, benzopyrazole,
isoxazole, benzisoxazole, isothiazole, triazole, benzotriaz-
ole, thiadiazole, tetrazole, pyridine, pyridazine, pyrimidine,
pyrazine, purine, pteridine, quinoline, isoquinoline, qui-
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nazoline, quinoxaline, cinnoline and triazine. A heteroaryl
group may be substituted or unsubstituted.

Organic Optoelectronic Device

[0058] The organic optoelectronic device in the present
application comprises an organic electroluminescent diode,
an organic solar cell, an organic photoelectric sensor, an
organic memory device and the like. The organic electrolu-
minescent diode will be explained below.

[0059] The organic electroluminescent diode comprises an
anode, a cathode, and one or more organic layers located
between the anode and the cathode. At least one layer of the
organic layers is a luminescent layer, and the luminescent
layer comprises the compounds of the present application.
The organic electroluminescent diode further comprises a
hole transport layer (HTL), a hole injection layer (HIL), an
electron blocking layer (EBL), a hole blocking layer (HBL),
an electron transport layer (ETL), an electron injection layer
(EIL), or a combination thereof, and at least one layer of
these layers comprises the organic compounds described in
the present application. The compounds are present in the
luminescent layer as a doped material, a co-doped material
or a host material.

[0060] FIGS. 1 to 5 are structure schematic drawings of
the organic electroluminescent diode comprising the com-
pounds of the present application, wherein:

[0061] 100, substrate;

[0062] 110, anode;

[0063] 120, cathode;

[0064] 130, luminescent layer;

[0065] 140, hole transport layer;

[0066] 150, electron transport layer;

[0067] 160, hole injection layer;

[0068] 170, electron injection layer;

[0069] 180, electron blocking layer;

[0070] 190, hole blocking layer.
[0071] According to FIGS. 1 to 5, the structure of the

organic electroluminescent diode comprises an anode layer
110 and a cathode layer 120 on the substrate layer 100. At
least a luminescent layer 130 is comprised between the
anode layer 110 and the cathode layer 120.

[0072] According to FIG. 1, the organic electrolumines-
cent diode only comprises a luminescent layer 130 between
the anode layer 110 and the cathode layer 120. Electrons and
holes excite the luminescent layer to emit light after the
luminescent layer is combined.

[0073] According to FIG. 2, the organic electrolumines-
cent diode comprises a hole transport layer (HTL) 140 and
a luminescent layer 130 between the anode layer 110 and the
cathode layer 120. The hole transport layer mainly plays a
role of transferring the holes to the luminescent layer.
[0074] According to FIG. 3, the organic electrolumines-
cent diode comprises a hole transport layer (HTL) 140, a
luminescent layer 130 and an electron transport layer (ETL)
150 between the anode layer 110 and the cathode layer 120.
The electron transport layer mainly plays a role of transfer-
ring the electrons to the luminescent layer.

[0075] According to FIG. 4, the organic electrolumines-
cent diode comprises a hole injection layer (HIL) 160, a hole
transport layer (HTL) 140, a luminescent layer 130, an
electron transport layer (ETL) 150 and an electron injection
layer (EIL)170 between the anode layer 110 and the cathode
layer 120. The hole injection layer mainly improves the
ability to transferring the holes to the organic layer from the
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anode, and the electron injection layer mainly improves the
ability to transferring the electrons to the organic layer from
the cathode, so as to reduce the driving voltage of the diode.
[0076] According to FIG. 5, the organic electrolumines-
cent diode comprises a hole injection layer (HIL) 160, a hole
transport layer (HTL) 140, an electron blocking layer (EBL)
180, a luminescent layer 130, a hole blocking layer (HBL)
190 and an electron transport layer (ETL) 150 between the
anode layer 110 and the cathode layer 120.

[0077] The materials of each layer are illustrated by
examples below, and thus are not limited to the materials
below.

[0078] The anode layer 110 can use electrode materials
having a large work function. The materials which can be
used as the anode may comprise: metals such as copper,
gold, silver, iron, chromium, nickel, manganese, palladium,
platinum, or a mixture thereof; an alloy of copper, gold,
silver, iron, chromium, nickel, manganese, palladium, or
platinum and the like; metal oxides such as indium oxide,
zinc oxide, indium tin oxide (ITO), indium zinc oxide (IZ0),
or a mixture thereof;, conductive polymers such as polyani-
line, polypyrrole, poly(3-methylthiophene), or a mixture
thereof. Preferably, indium tin oxide (ITO) is used in the
examples comprising the organic compounds of the present
application as the material of the anode layer.

[0079] The cathode layer 120 can use electrode materials
having a low work function. The materials which can be
used as the cathode may comprise: metals such as alumi-
num, magnesium, silver, indium, tin, titanium, calcium,
sodium, potassium, lithium, ytterbium, lead or a mixture
thereof; multilayer metallic materials comprising LiF/Al,
Liq(8-hydroxyquinoline)/Al or a mixture thereof. Prefer-
ably, magnesium-silver alloy or LiF/Al bilayer material was
used in the examples comprising the organic compounds of
the present application as the material of the cathode layer.
[0080] The hole injection layer (HIL) 160 can use mate-
rials which benefit to increase the hole injection of the
interface between the anode the organic layer and have good
binding property with ITO anode surface. The materials
which can be used as the hole injection layer may include:
polymeric porphyrin compounds, such as copper phthalo-
cyanine (CuPc); stellate triphenylamine derivatives contain-
ing naphthylenediamine, such as 4,4',4"-tris-N-naphthyl-N-
phenylamino-triphenylamine (TNATA); polymer materials
in which HOMO energy level matches the work function of
ITO, such as poly(3,4-ethylenedioxythiophene): polystyrene
sulfonate (PEDOT:PSS); electron-withdrawing nitrogen-
containing heterocyclic compounds and the like, such as
2,3,6,7,10,11-hexacyano-1,4,5,8,9,12-hexaazatriphenylene
(HATCN).

[0081] The hole transport layer (HTL) 140 and electron
blocking layer (EBL) 180 can use materials having a high
glass transition temperature and hole mobility. The materials
which can be used as the hole transport layer and electron
blocking layer comprise: biphenyldiamine derivatives, such
as diphenyl naphthyl diamine (NPD); cross-structure
diaminebiphenyl derivatives, such as 2,2',7.7'-tetrakis(di-
phenylamino)-9,9'-spirobifluorene (spiro-TAD); stellate tri-
phenylamine derivatives and the like, such as 4,4'.4"-tris
(N-carbazolyl)triphenylamine (TCTA).

[0082] The hole blocking layer (HBL) 190 and electron
transport layer (ETL) 150 can use materials having a low
HOMO level and a high electron mobility. The materials
which can be used as the hole blocking layer and electron
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transport layer include: quinoline-based metal complexes,
such as bis(8-hydroxy-2-methylquinoline)-aluminum diphe-
nolate (BAlq), tris(8-hydroxyquinoline) aluminum (Alg)
and 8-hydroxyquinolinatolithium; phenanthroline deriva-
tives, such as 4,7-diphenyl-1,10-phenanthroline (Bphen);
imidazole derivatives, such as 1,3,5-tris(N-phenyl-benzimi-
dazol-2-yl)benzene (TPBI); triazine derivatives, such as
2,4 6-tricarbazolyl-1,3.5-triazine.

[0083] The manufacture method of the organic electrolu-
minescent diode is as follows: forming an anode on a
transparent or opaque smooth substrate, forming an organic
layer on the anode, and forming a cathode on the organic
layer. The organic layer can be formed using well-known
film forming method, such as vapor deposition, sputtering,
spin coating, dipping, ion plating, etc.

[0084] Hereinafter, the present application will be
explained in detail by the following examples in order to
better understand the various aspects and advantages of the
present application. However, it should be understood that
the following examples are non-limiting and merely used to
illustrate certain embodiments of the present application.

Examples

Simulation Caleulation of the Compounds

[0085] The simulation calculation of the energy gap
between the singlet state and triplet state of the organic
material was accomplished by Guassian 09 software (Guas-
sian Inc.). The specific simulation method of the energy gap
AE,, refers to J. Chem. Theory Comput., 2013, DOLI:
10.1021/ct400415r, molecular structure optimization and
excitation was accomplished using TD-DFT method
“B3LYP” and basis set “6-31 g (d)”.

Example 1

[0086] Compound 29 was simulated according to the
above simulation scheme.

Example 2

[0087] Compound 30 was simulated according to the
above simulation scheme.

Example 3

[0088] Compound 55 was simulated according to the
above simulation scheme.

Example 4

[0089] Compound 40 was simulated according to the
above simulation scheme.

Example 5

[0090] Compound 174 was simulated according to the
above simulation scheme.

Example 6

[0091] Compound 1 was simulated according to the above
simulation scheme.

Example 7

[0092] Compound 65 was simulated according to the
above simulation scheme.
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Example 8
[0093] Compound 70 was simulated according to the
above simulation scheme.

Example 9
[0094] Compound 33 was simulated according to the
above simulation scheme.

Example 10
[0095] Compound 80 was simulated according to the

above simulation scheme.

Example 11
[0096] Compound 168 was simulated according to the
above simulation scheme.

Example 12
[0097] Compound 151 was simulated according to the
above simulation scheme.

Example 13
[0098] Compound 84 was simulated according to the
above simulation scheme.

Example 14
[0099] Compound 91 was simulated according to the

above simulation scheme.

Example 15

[0100] Compound 103 was simulated according to the
above simulation scheme.

[0101] The simulation calculation results are shown in
Table 1.
TABLE 1
Compound SleV) T1(eV) AE_(eV)

Example 1 29 255 253 0.02
Example 2 30 2.51 245 0.06
Example 3 55 2.80 2.66 0.14
Example 4 40 2.66 261 0.05
Example 5 174 2,02 2.00 0.02
Example 6 1 255 252 0.03
Example 7 65 2.29 2.26 0.03
Example 8 70 234 2.28 0.06
Example 9 33 246 244 0.02
Example 10 80 291 261 0.30
Example 11 168 2,07 1.85 0.22
Example 12 151 2,07 2.06 0.03
Example 13 84 277 2.62 0.15
Example 14 91 2.90 2.69 0.21
Example 15 103 2.56 2.26 0.30
[0102] According to the results shown in Table 1, energy

gap AE,, between the singlet state and triplet state in
Examples 1-15 are small. This suggests that the compounds
in Table 1 can achieve eflicient reverse intersystem crossing
and have TADF performance.

33
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Preparation of the Compounds

Example 16: Synthesis of Compound 29

[0103]

NO, R
Br @
0

Pd(OAc)s, P(Bu)s, C5:C03

o)

NO, 6]
N reduction Pd/C, H,
_—  »
or Fe/NH4Cl
0 o
29-a
NH, 6]
N NaNQ,, CuBr, HBr
B ———
H,0, 0° C—at
0 o
20-b
Br O
N LiOH/MeOH
—_—
2h, 1t
0 o
29-¢
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-continued -continued

NH»

Br 0]
Br
(1) SOCL,, DMF, reflux, 20 h N
+
Oj@
N

(2) TEA, DCM

o]
Z,
o
/ :

2
o
o

o] Pd{dppf)Cl,,
Cul, Cs,CO3, ﬂ
X 1,10- . 0 N Toluene,
- Phenanthroline \ / reflux
— > B
HN Dioxane, /
120° C. 0 0
Br
0 B 0
29-e
N
@:O O Q N
0 ¢} N ¢}
\B B/
- N
/N
Br O o 0
N
KOAc, Pd(dppH)Cly 0
Dioxane, reflux, o/n - 29
0] \N

Step 1: Synthesis of Compound 29-a

[0104] Methyl 3-bromo-4-nitrobenzoate (20 g, 76.9
mmol), phenoxazine (14.1 g, 76.9 mmol), palladium acetate
(0.8 g, 3.8 mmol), t-butyl phosphine (1.1 g, 5.8 mmol) and
20-f cesium carbonate (37.5 g, 115.4 mmol) were dissolved in
toluene, and heated to reflux for 8 hours under a nitrogen
atmosphere. The solvent was evaporated off in vacuo. To the
residue was added pentane and stirred. The resulting mixture
was filtered and purified by silica gel chromatography

o column to give a solid Compound 29-a (15.6 g, yield of
56%).
N .
Step 2: Synthesis of Compound 29-b
0] N
\ J [0105] The above intermediate 29-a (15.6 g, 43.1 mmol)
/B was dissolved in methanol, and 3 g Pd/C was added slowly
0 0 under argon protection. The reaction was kept under a
hydrogen atmosphere for 20 hours after the gas in the
2. reaction vessel was replaced with hydrogen. After filteration

and evaporation of the solvent, an intermediate 29-b (13.3 g,
vield of 93%) was obtained.
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Step 3: Synthesis of Compound 29-¢

[0106] Sodium nitrite (7.5 g, 108.7 mmol) was dissolved
in 10 mL of water, and the solution was slowly added
dropwise into the mixture of the intermediate 29-b (12.0 g,
36.1 mmol) and 11 mL of 48% hydrobromic acid (approxi-
mately 91.0 mmol) under an ice bath (0° C.), and stirred for
1 hour. To the above mixture was added 10 mL of cuprous
bromide (5.4 g, 37.9 mmol) solution in hydrobromic acid
under an ice bath. The mixture was reacted for 1 hour under
an ice bath, and then heated to 60° C. for 2 hours. After being
cooled, the resulting mixture was extracted with 50 mL of
ethyl acetate. The organic layer was washed with water for
several times, dried over anhydrous magnesium sulfate and
filtered. After evaporation of the solvent, an intermediate
29-¢ (10.3 g, yield of 72%) was obtained.

Step 4: Synthesis of Compound 29-d

[0107] 29-c (10.3 g, 26.0 mmol) was dissolved in 30 mL
of methanol, to this solution was added LiOH (3.1 g, 130.0
mmol), and stirred for 2 hours at room temperature. The
methanol was evaporated, and the resulting mixture was
extracted with 50 mL of ethyl acetate and 20 mL of water.
The organic phase was washed with water for several times,
dried over anhydrous magnesium sulfate and filtered. After
evaporation of the solvent, an intermediate 29-d (8.4 g, yield
of 85%) was obtained.

Step 5: Synthesis of Compound 29-e

[0108] The intermediate 29-d (8.4 g, 22.1 mmol) was
dissolved in 100 mL of thionyl chloride. A few drops of
DMF was added dropwise as catalyst, and heated to reflux
for 20 hours. After the residual thionyl chloride was evapo-
rated off in vacuo, the resulting mixture was dissolved in 300
mL of dichloromethane. 2-bromoaniline (7.6 g, 44.2 mmol)
was added when being cooled in an ice bath, and 15 mL of
triethylamine was slowly added dropwise. After completion
of the addition, the mixture was stirred overnight at room
temperature. The reaction suspension was filtered, and
washed with dichloromethane twice to give the intermediate
29-¢ (10.6 g, yield of 73%).

COOH
NH,

B ‘ N e,
PPA, 140°C., 51
ﬂllii Br

HOOC
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Step 6: Synthesis of Compound 29-f

[0109] The above Compound 29-¢ (8.7 g, 16.1 mmol),
cuprous iodide (0.3 g, 1.7 mmol), cesium carbonate (10.5 g,
32.2 mmol), and 1,10-phenanthroline (0.7 g, 3.3 mmol) were
dissolved in 200 mL of dioxane under an argon stream
protection, and reacted overnight at a constant temperature
of 120° C. The resulting mixture was diluted with 300 mL
of ethyl acetate and 500 mL of water after being cooled to
room temperature. The suspension was filtered and washed
with water and ethanol to give the intermediate 29-f (5.7 g,
vield of 78%).

Step 7: Synthesis of Compound 29-g

[0110] Palladium catalyst Pd(dppf)Cl, (0.2 g, 0.3 mmol),
potassium acetate (0.3 g, 3.0 mmol), bis(pinacolato)diboron
(2.3 g, 8.9 mmol) were mixed into a reaction flask under a
nitrogen stream. The intermediate 29-f (2.5 g, 5.5 mmol)
solution dissolved in 150 mL of dioxane was added to the
reaction flask and refluxed for 10 hours. After being cooled,
the resulting mixture was extracted with toluene, washed
with water for several times, and dried over anhydrous
magnesium sulfate. After filteration and evaporation of the
solvent, purification was carried out by silica gel chroma-
tography column to give the intermediate 29-g (1.4 g, yield
of 49%).

Step 8: Synthesis of Compound 29

[0111] The intermediate 29-g (1.4 g, 2.7 mmol), interme-
diate 29-f (1.2 g, 2.7 mmol), Pd(dppf)Cl, (0.04 g, 0.05
mmol), and 10 mL of 2M Na,CO; aqueous solution were
mixed into 100 mL of toluene under an argon stream, and
heated to reflux for 10 hours. The resulting mixture was
extracted with dichloromethane after being cooled. The
organic phase was washed with water for several times,
dried over anhydrous magnesium sulfate and filtered. After
evaporation, purification was carried out by silica gel chro-
matography column to give a solid Compound 29 (0.7 g,
yield of 33%).

[0112] ESI-MS(m/z) was obtained by Liquid Chromato-
graph-Mass Spectrometer analysis: 751.2[M+H]".

Example 17: Synthesis of Compound 30
[0113]
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-continued

. S Yy N
{ H
N
o 0 N
B . Pd(OAc)y, P(Bu);, Cs,CO;
N [0)
N
30-a N
30
[0114] 2.2'-dibromo-4,4'-dicarboxybiphenyl (20 g, 50.0 Example 18: Synthesis of Compound 55
mmol), 2-aminothiophnol (12.5 g, 100.0 mmol) and 100.0 g 0116
of polyphosphoric acid (PPA) were heated at 140° C. for § [ ]
h with stirring, and then naturally cooled to room tempera-
ture. 100.0 ml of deionized water was slowly added for full Br NH»
hydrolyzation. After filtration, the filter residue was fully
dissolved with dichloromethane and filtered. Then the fil-
trate was pumped to remove the solvent under vacuum and ~ HOOC — 9",

PPA, 140°C.,5h
purified using silica gel chromatography column to give the

intermediate 30-a (12.7 g, yield of 44%). COOH

Step 2: Synthesis of Compound 30 Br

[0115] The above intermediate 30-a (12.7 g, 22.0 mmol),
phenoxazine (8.1 g, 44.0 mmol), palladium acetate (0.5 g,
2.2 mmol), t-butyl phosphine (0.7 g, 3.3 mmol) and cesium

Br
carbonate (21.5 g, 66.0 mmol) were dissolved in toluene, o -
and heated to reflux for 10 hours under a nitrogen atmo- @: ) O N
sphere. The solvent was evaporated off in vacuo. To the N 0
. . . . 0
residue was added pentane and stirred. The resulting mixture O A\ :O _ =
N
Br

Pd(OAc),, P(‘Bu)s,

was filtered and purified by silica gel chromatography 5,005

column to give a solid Compound 30 (4.8 g, yield of 28%).
ESI-MS (m/z) was obtained by Liquid Chromatograph- 55-a
Mass Spectrometer analysis: 783.1[M+H]*.
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-continued -continued
@]
(@) (6]
reduction Pd/C, Hy
N, _— -
o~ orFeNHI
NO,
40-a
O 0
0 NaNOQO,, CuBr, HBr
N
o Hp(°C —rt
55
NO,

Step 1: Synthesis of Compound 55-a

40-b
[0117] A mixture of 2,2'-dicarboxy-4,4'-dibromobiphenyl
(20 g, 50.0 mmol), 2-hydroxyaniline (10.9 g, 100.0 mmol)
and 100.0 g of polyphosphoric acid (PPA) was heated at

140° C. for 5 h with stirring, and then naturally cooled to
room temperature. 100.0 mL of deionized water was slowly
added for full hydrolyzation. After filtration, the filter resi-

due was fully dissolved with dichloromethane and filtered. 0
LIOHMeOH
O/ 2h,1t

Then the filtrate was pumped to remove the solvent under
vacuum and purified using silica gel chromatography col-
umn to give the intermediate 55-a (6.8 g, yield of 25%)).
O

Step 2: Synthesis of Compound 55

[0118] The above intermediate 55-a (6.8 g, 12.5 mmol),
phenoxazine (4.6 g, 25.0 mmol), palladium acetate (0.3 g,
1.3 mmol), t-butyl phosphine (0.4 g, 1.9 mmol) and cesium
carbonate (12.2 g, 37.5 mmol) were dissolved in toluene,
and heated to reflux for 10 hours under a nitrogen atmo-

0-c

: NH,
sphere. The solvent was evaporated off in vacuo. To the

OH Br N
(1) SOCly, DMF, reflux,
20h
(2) TEA, DCM

N
Mass Spectrometer analysis: 751.2[M+H]*.
Example 19: Synthesis of Compound 40
40

[0119]

Zm

N
N
Dioxane, 120° C.

@)
residue was added pentane and stirred. The resulting mixture
was filtered and purified by silica gel chromatography
column to give a solid Compound 55 (2.9 g, yield of 31%).
ESI-MS (m/z) was obtained by Liquid Chromatograph-
o - ©

0
Pd(OAc), P(Bu)s, Cs,C0;

0]
Br
4
0}
Br
-d
B
o CuL, Cs,COs,
1,10-Phenanthroline
N >
H
Br
40-e

NO,
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KOAc, Pd(dppf)Cl

Dioxane, reflux, o'n

0~ ; 0
N, ™
N
B
é/_\%
40-g
0 0 +
N =
N
Br
0
Pd(dppH)Cl,
Xy NayCOs
_—

Toluene, reflux

Q
S
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-continued

Step 1: Synthesis of Compound 40-a

[0120] 3-bromo-5-nitrobenzoate (20 g, 76.9 mmol), phe-
noxazine (14.1 g, 76.9 mmol), palladium acetate (0.8 g, 3.8
mmol), t-butyl phosphine (1.1 g, 5.8 mmol) and cesium
carbonate (37.5 g, 115.4 mmol) were dissolved in toluene,
and heated to reflux for 8 hours under a nitrogen atmosphere.
The solvent was evaporated off in vacuo. To the residue was
added pentane and stirred. The resulting mixture was filtered
and purified by silica gel chromatography column to give a
solid Compound 40-a (14.5 g, yield of 52%).

Step 2: Synthesis of Compound 40-b

[0121] The above intermediate 40-a (14.5 g, 40.0 mmol)
was dissolved in methanol, and 3 g Pd/C was added slowly
under argon protection. The reaction was kept under a
hydrogen atmosphere for 20 hours after the gas in the
reaction vessel was replaced with hydrogen. After filteration
and evaporation of the solvent, an intermediate 40-b (12.0 g,
yield of 90%) was obtained.

Step 3: Synthesis of Compound 40-¢

[0122] Sodium nitrite (7.5 g, 108.7 mmol) was dissolved
in 10 mL of water, and this solution was slowly added
dropwise into the mixture of the intermediate 40-b (12.0 g,
36.1 mmol) and 11 mL of 48% hydrobromic acid (approxi-
mately 91.0 mmol) under an ice bath (0° C.), and stirred for
1 hour. To the above mixture was added 10 mL of cuprous
bromide (5.4 g, 37.9 mmol) solution in hydrobromic acid
under an ice bath. The mixture was reacted for 1 hour under
an ice bath, and then heated to 60° C. for 2 hours. After being
cooled, the resulting mixture was extracted with 50 mL of
ethyl acetate. The organic layer was washed with water for
several times, dried over anhydrous magnesium sulfate and
filtered. After evaporation of the solvent, an intermediate
40-c (11.3 g, yield of 79%) was obtained.

Step 4: Synthesis of Compound 40-d

[0123] The intermediate 40-c (11.3 g, 28.5 mmol) was
dissolved in 30 mL of methanol, to this solution was added
LiOH (3.4 g, 142.5 mmol), and stirred for 2 hours at room
temperature. The methanol was evaporated, and the result-
ing mixture was extracted with 50 mL of ethyl acetate and
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20 mL of water. The organic phase was washed with water
for several times, dried over anhydrous magnesium sulfate
and filtered. After evaporation of the solvent, an intermedi-
ate 40-d (9.7 g, yield of 89%) was obtained.

Step 5: Synthesis of Compound 40-¢

[0124] The intermediate 40-d (9.7 g, 25.4 mmol) was
dissolved in 100 mL of thionyl chloride. A few drops of
DMF was added dropwise as catalyst, and heated to reflux
for 20 hours. After the residual thionyl chloride was evapo-
rated off in vacuo, the resulting mixture was dissolved in 300
mL of dichloromethane. 2-bromoaniline (8.7 g, 50.8 mmol)
was added when being cooled in an ice bath, and 15 mL of
triethylamine was slowly added dropwise. After completion
of the addition, the mixture was stirred overnight at room
temperature. The reaction suspension was filtered, and
washed with dichloromethane twice to give the intermediate
40-¢ (10.6 g, yield of 78%).

Step 6: Synthesis of Compound 40-f

[0125] The above Compound 40-e (10.6 g, 19.8 mmol),
cuprous iodide (0.4 g, 2.1 mmol), cesium carbonate (12.9 g,
39.6 mmol), and 1,10-phenanthroline (0.8 g, 4.0 mmol) were
dissolved in 200 mL of dioxane under an argon stream
protection, and reacted overnight at a constant temperature
of 120° C. The resulting mixture was diluted with 300 mL
of ethyl acetate and 500 mL of water after being cooled to
room temperature. The suspension was filtered and washed
with water and ethanol to give the intermediate 40-f (7.5 g,
yield of 83%).

Step 7: Synthesis of Compound 40-g

[0126] Catalyst Pd(dppf)Cl, (0.2 g, 0.3 mmol), potassium
acetate (0.3 g, 3.0 mmol), bis(pinacolato)diboron (2.3 g, 8.9
mmol) were mixed into a reaction flask under a nitrogen
stream. The intermediate 40-f (3.7 g, 8.1 mmol) solution
dissolved in 150 mL of dioxane was added to the reaction
flask and refluxed for 10 hours. After being cooled, the
resulting mixture was extracted with toluene, washed with
water for several times, and dried over anhydrous magne-
sium sulfate. After filteration and evaporation of the solvent,
purification was carried out by silica gel chromatography
column to give the intermediate 40-g (2.2 g, yield of 53%).

Step 8: Synthesis of Compound 40

[0127] The intermediate 40-g (2.2 g, 4.3 mmol), interme-
diate 40-f (2.0 g, 4.3 mmol), Pd(dppfH)Cl, (0.06 g. 0.09
mmol), and 20 mL of 2M Na,CO, aqueous solution were
mixed into 100 mL of toluene under an argon stream, and
heated to reflux for 10 hours. The resulting mixture was
extracted with dichloromethane after being cooled. The
organic phase was washed with water for several times,
dried over anhydrous magnesium sulfate and filtered. After
evaporation, purification was carried out by silica gel chro-
matography column to give a solid Compound 40 (1.2 g,
yield of 36%). ESI-MS (m/z) was obtained by Liquid
Chromatograph-Mass Spectrometer analysis: 751.1[M+H]*.
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Example 20: Synthesis of Compound 1

[0128]
NI,
HOOC COOH
Br
(1) SOCly, DMF, reflux, 20 h

(2) TEA, DCM

CuI CS2C03,
1 10-Phenanthroline
Dloxane 120°C

@ 00

Pd(OAc)s, P(Bu)s, Cs2CO;

(¢} \N

Step 1: Synthesis of Compound 1-a

[0129] 5-bromoisophthalic acid (20 g, 81.6 mmol) was
dissolved in 100 mL of thionyl chloride. A few drops of
DMF was added dropwise as catalyst, and heated to reflux
for 20 hours. After the residual thionyl chloride was evapo-
rated off in vacuo, the resulting mixture was dissolved in 300
mL of dichloromethane. After cooling in an ice bath, 2-bro-
moaniline (28.1 g, 163.2 mmol) was added, and 30 mL of
triethylamine was slowly added dropwise. The mixture was
stirred overnight at room temperature after the addition. The
reaction suspension was filtered, and washed with dichlo-
romethane twice to give the intermediate 1-a (38.4 g, yield
of 85%).

(I
&

Br
1-b

Step 2: Synthesis of Compound 1-b

[0130] The above Compound 1-a (38.4 g, 69.4 mmol),
cuprous iodide (1.3 g, 6.9 mmol), cesium carbonate (45.2 g,
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138.7 mmol), and 1,10-phenanthroline (2.5 g, 13.9 mmol)
were dissolved in 300 mL of dioxane under an argon stream
protection, and reacted overnight at a constant temperature
of 120° C. The resulting mixture was diluted with 500 mL
of ethyl acetate and 700 mL of water after being cooled to
room temperature. The suspension was filtered and washed
with water and ethanol to give a white solid intermediate 1-b
(19.8 g, yield of 73%).

Step 3: Synthesis of Compound 1

[0131] The above intermediate 1-b (19.8 g, 50.6 mmol),
phenoxazine (9.3 g, 50.6 mmol), palladium acetate (0.6 g,
2.7 mmol), t-butyl phosphine (0.8 g, 3.8 mmol) and cesium
carbonate (24.7 g, 75.9 mmol) were dissolved in toluene,
and heated to reflux for 8 hours under a nitrogen atmosphere.
The solvent was evaporated off in vacuo. To the residue was
added pentane and stirred. The resulting mixture was filtered
and purified by silica gel chromatography column to give a
solid Compound 1 (8.1 g, yield of 31%).

[0132] ESI-MS (m/z) was obtained by Liquid Chromato-
graph-Mass Spectrometer analysis: 494.1[M+H]*.

Example 21: Synthesis of Compound 70

[0133]
NH,
HOOC COOH (:[
6 OH
PPA, 140°C.,5h
Br Br

Q0

Pd(OAc)s, P(Bu);, Cs,CO;
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Step 1: Synthesis of Compound 70-a

[0134] 2.9-dibromophenanthrene-4,7-dicarboxylic  acid
(20 g, 47.2 mmol), 2-hydroxyaniline (10.4 g, 94.4 mmol)
and 100.0 g of polyphosphoric acid (PPA) were heated at
140° C. for 5 h with stirring, and then naturally cooled to
room temperature, 100.0 mL of deionized water was slowly
added for full hydrolyzation. After filtration, a gray-green
filter residue was obtained. The filter residue was fully
dissolved with dichloromethane and filtered to obtain an
orange-red clear filtrate. Then the solvent was pumped away
under vacuum, and purification was carried out using silica
gel chromatography column to give the intermediate 70-a
(19.4 g, yield of 72%).

Step 2: Synthesis of Compound 70

[0135] The above intermediate 70-a (19.4 g, 34.0 mmol),
phenoxazine (12.5 g, 68.0 mmol), palladium acetate (0.4 g,
1.8 mmol), t-butyl phosphine (0.5 g, 2.5 mmol) and cesium
carbonate (16.6 g, 51.0 mmol) were dissolved in toluene,
and heated to reflux for 8 hours under a nitrogen atmosphere.
The solvent was evaporated off in vacuo. To the residue was
added pentane and stirred. The resulting mixture was filtered
and purified by silica gel chromatography column to give a
solid Compound 70 (9.9 g, yield 0£39%). ESI-MS (m/z) was
obtained by Liquid Chromatograph-Mass Spectrometer
analysis: 775.1[M+H]".

Example 22: Synthesis of Compound 33

[0136]

COOH NE.

2

IS

Br g,

PPA, 140°C,5h

Br
HOOC
N—
S

Br

33-a
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Pd(OAc),, P(‘Bu)z, Cs:CO3
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Step 1: Synthesis of Compound 33-a

[0137] 2,2'-dibromo-4,4'-dicarboxybiphenyl (20 g, 50.0
mmol), 3-amino-4-hydroxypyridine (11.0 g, 100.0 mmol)
and 100.0 g of polyphosphoric acid (PPA) were heated at
140° C. for 5 h with stirring, and then naturally cooled to
room temperature. 100.0 mL of deionized water was slowly
added for full hydrolyzation. After filtration, the filter resi-
due was fully dissolved with dichloromethane and filtered.
Then the filtrate was pumped to remove the solvent under
vacuum and purified using silica gel chromatography col-
umn to give the intermediate 33-a (18.9 g, yield of 69%).

Step 2: Synthesis of Compound 33

[0138] The above intermediate 33-a (18.9 g, 34.5 mmol),
phenoxazine (12.6 g, 69.0 mmol), palladium acetate (0.4 g,
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1.8 mmol), t-butyl phosphine (0.5 g, 2.5 mmol) and cesium
carbonate (16.9 g, 51.9 mmol) were dissolved in toluene,
and heated to reflux for 8 hours under a nitrogen atmosphere.
The solvent was evaporated off in vacuo. To the residue was
added pentane and stirred. The resulting mixture was filtered
and purified by silica gel chromatography column to give a
solid Compound 33 (8.8 g, vield 0f34%). ESI-MS (m/z) was
obtained by Liquid Chromatograph-Mass Spectrometer
analysis: 753.1[M+H]".

Example 23: Synthesis of Compound 80

[0139]
Br Br
O NH,
OH
I PPA, 140°C., 5h
HOOC COOH

Br Br

H
] " ©
O/N N\G Pd(OAC)s, P(Bu)s, Cs:C03

Step 1: Synthesis of Compound 80-a

[0140] 3.5-dibromo-3',5'-dicarboxybiphenyl (20 g, 50.0
mmol), 2-hydroxyaniline (10.9 g, 100.0 mmol) and 100.0 g
of polyphosphoric acid (PPA) were heated at 140° C. for 5
h with stirring, and then naturally cooled to room tempera-
ture. 100.0 mL of deionized water was slowly added for full
hydrolyzation. After filtration, the filter residue was fully
dissolved with dichloromethane and filtered. Then the fil-
trate was pumped to remove the solvent under vacuum and
purified using silica gel chromatography column to give the
intermediate 80-a (10.4 g, yield of 38%).
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Step 2: Synthesis of Compound 80

[0141] The above intermediate 80-a (10.4 g, 19.0 mmol),
phenoxazine (7.0 g, 38.0 mmol), palladium acetate (0.4 g,
1.9 mmol), t-butyl phosphine (0.6 g, 2.9 mmol) and cesium
carbonate (18.6 g, 57.0 mmol) were dissolved in toluene,
and heated to reflux for 10 hours under a nitrogen atmo-
sphere. The solvent was evaporated off in vacuo. To the
residue was added pentane and stirred. The resulting mixture
was filtered and purified by silica gel chromatography
column to give a solid Compound 80 (3.3 g, yield of 23%).

[0142] ESI-MS (m/z) was obtained by Liquid Chromato-
graph-Mass Spectrometer analysis: 751.1[M+H]*.

Example 24: Synthesis of Compound 84
[0143]

d(OAC)Z7 P(’Bu)3, CS2CO3

N
=)
N
=
N

84

Step 1: Synthesis of Compound 84

[0144] The intermediate 1-b (5.0 g, 12.8 mmol), 9,9-
dimethylacridan (5.4 g, 25.6 mmol), palladium acetate (0.3
g, 1.3 mmol), t-butyl phosphine (0.4 g, 1.9 mmol) and
cesium carbonate (12.5 g, 38.4 mmol) were dissolved in
toluene, and heated to reflux for 8 hours under a nitrogen
atmosphere. The solvent was evaporated off in vacuo. To the
residue was added pentane and stirred. The resulting mixture
was filtered and purified by silica gel chromatography
column to give a solid Compound 84 (1.9 g, yield of 28%).
ESI-MS (m/z) was obtained by Liquid Chromatograph-
Mass Spectrometer analysis: 520.1[M+H]*.
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Example 25: Synthesis of Compound 91
[0145]

HOOC Br

OH
PPA, 140°C., 5h

COOH

Br

Pd(OAc), P(Bu),
C82C03

91

Step 1: Synthesis of Compound 91-a

[0146] 3.3'-dicarboxy-5,5'-dibromobiphenyl (20 g, 50.0
mmol), 2-hydroxyaniline (10.9 g, 100.0 mmol) and 100.0 g
of polyphosphoric acid (PPA) were heated at 140° C. for §
h with stirring, and then naturally cooled to room tempera-
ture. 100.0 mL of deionized water was slowly added for full
hydrolyzation. After filtration, the filter residue was fully
dissolved with dichloromethane and filtered. Then the fil-
trate was pumped to remove the solvent under vacuum, and
purified using silica gel chromatography column to give the
intermediate 91-a (10.1 g, yield of 37%).

Step 2: Synthesis of Compound 91

[0147] The above intermediate 91-a (10.1 g, 18.5 mmol),
9,9-dimethylacridan (7.7 g, 37.0 mmol), palladium acetate
(0.4 g, 1.9 mmol), t-butyl phosphine (0.6 g, 2.8 mmol) and
cesium carbonate (18.1 g, 55.5 mmol) were dissolved in
toluene, and heated to reflux for 10 hours under a nitrogen
atmosphere. The solvent was evaporated off in vacuo. To the
residue was added pentane and stirred. The resulting mixture
was filtered and purified by silica gel chromatography
column to give a solid Compound 91 (4.2 g, yield of 28%).
ESI-MS (m/z) was obtained by Liquid Chromatograph-
Mass Spectrometer analysis: 803.2[M+H]*.
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Example 26: Synthesis of Compound 103
[0148]

HOOC

PPA 140°C.,5h
COOH

Br

H
Q N
/\g\/@ Pd1OA0)7, P(‘Bu)s,

CSZCO3

103-a

103

Step 1: Synthesis of Compound 103-a

[0149] 4,9-dibromophenanthrene-2,7-dicarboxylic  acid
(20 g, 47.2 mmol), 2-hydroxyaniline (10.3 g, 94.4 mmol)
and 100.0 g of polyphosphoric acid (PPA) were heated at
140° C. for 5 h with stirring, and then naturally cooled to
room temperature. 100.0 mL of deionized water was slowly
added for full hydrolyzation. After filtration, the filter resi-
due was fully dissolved with dichloromethane and filtered.
Then the filtrate was pumped to remove the solvent under
vacuum and purified using silica gel chromatography col-
umn to give the intermediate 103-a (5.7 g, yield of 21%).

Step 2: Synthesis of Compound 103

[0150] The above intermediate 103-a (5.7 g, 9.9 mmol),
9,9-dimethylacridan (4.1 g, 19.8 mmol), palladium acetate
(0.2 g, 1.0 mmol), t-butyl phosphine (0.3 g, 1.5 mmol) and
cesium carbonate (9.7 g, 29.7 mmol) were dissolved in
toluene, and heated to reflux for 10 hours under a nitrogen
atmosphere. The solvent was evaporated off in vacuo. To the
residue was added pentane and stirred. The resulting mixture
was filtered and purified by silica gel chromatography
column to give a solid Compound 103 (2.2 g, vield of 27%).
[0151] ESI-MS (m/z) was obtained by Liquid Chromato-
graph-Mass Spectrometer analysis: 827.3[M+H]*.
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Example 27: Synthesis of Compound 6

[0152]
AN
HOOC N
N &
H
NH>
. .
(1) SOCl>, DMF, reflux
(2) TEA, DCM
HOOC

NH HN.
7 | 0 0 7 ‘ POCI
™ . Dioxane,
N N N

N 100° C.
H H

Br
6-a

O@D
r

NZ

Pd(OAc)s, P(Bu);,
C52C03

Step 1: Synthesis of a Intermediate 6-a

[0153] 5-bromoisophthalic acid (10 g, 40.8 mmol) was
dissolved in 50 mL of thionyl chloride. A few drops of DMF
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was added dropwise as catalyst, and heated to reflux over-
night under an argon condition. After the residual thionyl
chloride was evaporated off in vacuo, the resulting mixture
was dissolved in 150 mL of dichloromethane. After being
cooled in an ice bath, N'-3'-phenyl-2,3-diaminopyridine
(15.1 g, 81.6 mmol) was added, and 15 mL of triethylamine
was slowly added dropwise. After the addition, the mixture
was stirred overnight at room temperature. The reaction
suspension was filtered, and washed with dichloromethane
twice to give the intermediate 6-a (19.6 g, yield of 83%).

Step 2: Synthesis of a Intermediate 6-b

[0154] POCI; (20.8 g, 135.6 mmol) was slowly added to
the intermediate 6-a (19.6 g, 33.9 mmol) solution in dioxane
when being cooled in a water bath. The mixture was heated
to 100° C. and stirred overnight. Ice cubes were added after
the mixture was cooled to room temperature, and the mix-
ture was neutralized to be neutral with Na,COj solution. The
resulting mixture was extracted twice with dichloromethane,
and dried over anhydrous Na,SO,. The organic phase was
concentrated, and then purified using silica gel chromatog-
raphy column to give the intermediate 6-b (13.6 g, yield of
74%).

Step 3: Synthesis of Compound 6

[0155] The above intermediate 6-b (13.6 g, 25.1 mmol),
phenoxazine (5.1 g, 27.6 mmol), palladium acetate (0.3 g,
1.3 mmol), t-butyl phosphine (0.4 g, 1.9 mmol) and cesium
carbonate (12.3 g, 37.7 mmol) were dissolved in toluene,
and heated to reflux for 8 hours under an argon atmosphere.
The solvent was evaporated off in vacuo. To the residue was
added pentane and stirred. The resulting mixture was filtered
and purified by silica gel chromatography column to give a
solid Compound 6 (6.0 g, yield of 37%). ESI-MS (m/z) was
obtained by Liquid Chromatograph-Mass Spectrometer
analysis: 646.1[M+H]".

Example 28: Synthesis of Compound 12

[0156] Except that 3-amino-4-hydroxypyridine was
replaced with 3-aminopyridine-2-thiol and 2,2'-dibromo-4,
4'-dicarboxybiphenyl was replaced with 5-bromoisophthalic
acid, the other synthetic procedures are the same as those in
Example 22. Purification was carried out by silica gel
chromatography column to give a solid Compound 12 (9.0
g, yield of 21%).

[0157] ESI-MS (m/z) was obtained by Liquid Chromato-
graph-Mass Spectrometer analysis: 528.1[M+H]".

Example 29: Synthesis of Compound 17

[0158] Except that 5-bromoisophthalic acid was replaced
with 3,5-dibromobenzoic acid and N'-3'-phenyl-2,3-diamin-
opyridine was replaced with N'-2'-phenyl-2,3-diaminopyri-
dine, the other synthetic procedures are the same as those in
Example 27. Purification was carried out by silica gel
chromatography column to give a solid Compound 17 (5.4
g, yield of 24%).

[0159] ESI-MS (m/z) was obtained by Liquid Chromato-
graph-Mass Spectrometer analysis: 634.2[M+H]*.
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Example 30: Synthesis of Compound 24

[0160] Except that 3-aminopyridine-2-thiol was replaced
with 2-amino-3-hydroxypyridine and 5-bromoisophthalic
acid was replaced with 3,5-dibromobenzoic acid, the other
synthetic procedures are the same as those in Example 22.
Purification was carried out by silica gel chromatography
column to give a solid Compound 24 (7.6 g, yield of 19%).

[0161] ESI-MS (m/z) was obtained by Liquid Chromato-
graph-Mass Spectrometer analysis: 559.1[M+H]*.

Example 31: Synthesis of Compound 51

[0162] Except that 5-bromoisophthalic acid was replaced
with 3,3'-dibromo-5,5"-dicarboxybiphenyl and N'-3'-phenyl-
2,3-diaminopyridine was replaced with N'-2'-phenyl-2,3-
diaminopyridine, the other synthetic procedures are the
same as those in Example 27. Purification was carried out by
silica gel chromatography column to give a solid Compound
51 (3.8 g, yield of 17%).

[0163] ESI-MS (m/z) was obtained by Liquid Chromato-
graph-Mass Spectrometer analysis: 903.2[M+H]*.

Example 32: Synthesis of Compound 76

[0164] Except that 2.,9-dibromophenanthrene-4,7-dicar-
boxylic acid was replaced with 4,7-dibromophenanthrene-
2,9-dicarboxylic acid and 2-hydroxyaniline was replaced
with 2-amino-3-hydroxypyridine, the other synthetic proce-
dures are the same as those in Example 21. Purification was
carried out by silica gel chromatography column to give a
solid Compound 76 (8.8 g, yield of 24%).

[0165] ESI-MS (m/z) was obtained by Liquid Chromato-
graph-Mass Spectrometer analysis: 777.2[M+H]".

Example 33: Synthesis of Compound 128

Br (0]
i N

0] NH

H

N

128-e

[0166]

POCI;
_

Dioxane, 100° C.
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-continued

o} N N
29-g

0] (0]
\B/
Pd(dppf)Cla, NayCO3
N O —»
E ; Toluene, reflux
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Step 1: Synthesis of a Intermediate 128-¢

[0167] Except that 2-hydroxyaniline was replaced with
N-phenylbenzene-1,2-diamine, the other synthetic proce-
dures are the same as those of the intermediate 29-e in
Example 16. A solid intermediate 128-¢ (9.7 g, yield 0of 23%)
was obtained after purification.

Step 2: Synthesis of a Intermediate 128-f

[0168] POCI; (5.4 g, 35.4 mmol) was slowly added to the
intermediate 128-e (9.7 g, 17.7 mmol) solution in dioxane
when being cooled in a water bath. The mixture was heated
to 100° C. and stirred overnight. Ice cubes were added after
the mixture was cooled to room temperature, and the mix-
ture was neutralized to be neutral with Na,COj solution. The
resulting mixture was extracted twice with dichloromethane,
and dried over anhydrous magnesium sulfate. The organic
phase was concentrated, and then purified using silica gel
chromatography column to give the intermediate 128-f (7.4
g, yield of 79%).

Step 3: Synthesis of Compound 128

[0169] The intermediate 29-g (7.0 g, 14.0 mmol), inter-
mediate 128-f (7.4 g, 14.0 mmol), Pd(dppf)Cl, (0.2 g, 0.3
mmol), and 50 mL of 2M Na,CO; aqueous solution were
mixed into 200 mL of toluene under an argon stream, and
heated to reflux for 10 hours. The resulting mixture was
extracted with dichloromethane after being cooled. The
organic phase was washed with water for several times,
dried over anhydrous magnesium sulfate and filtered. After
evaporation, purification was carried out by silica gel col-
umn chromatography to give a solid Compound 128 (3.0 g,
vield of 26%). ESI-MS (m/z) was obtained by Liquid
Chromatograph-Mass Spectrometer analysis: 826.2[M+H]".

Example 34: Synthesis of Compound 138

[0170]

Oj@
N
|
( ]\ _N
=
B 0]
%CF

138-a
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-continued

I N I Pd(dppf)Cly, NayCO;3
N,
=
Br (0]

_——
Toluene, reflux

138-b

Step 1: Synthesis of a Intermediate 138-a

[0171] Methyl 3-bromo-4-nitrobenzoate was replaced
with methyl 2-nitro-5-bromobenzoate, the other synthetic
procedures are the same as those of the intermediate 29-g in
Example 16. Purification was carried out by silica gel
chromatography column to give a solid intermediate 138-a
(3.1 g, yield of 8%).

Step 2: Synthesis of a Intermediate 138-b

[0172] Methyl 3-bromo-4-nitrobenzoate was replaced
with methyl 2-nitro-5-bromobenzoate, and phenoxazine was
replaced with 9,9-dimethylacridan, the other synthetic pro-
cedures are the same as those of the intermediate 29-f in
Example 16. Purification was carried out by silica gel
chromatography column to give a solid intermediate 138-b
(5.9 g, yield of 16%).

Step 3: Synthesis of Compound 138

[0173] The intermediate 138-a (3.1 g, 6.1 mmol), inter-
mediate 138-b (2.9 g, 6.1 mmol), Pd(dppH)Cl, (0.08 g, 0.11
mmol), and 25 mL of 2M Na,CO, aqueous solution were
mixed into 150 mL of toluene under an argon stream, and
heated to reflux for 10 hours. The resulting mixture was
extracted with dichloromethane after being cooled. The
organic phase was washed with water for several times,
dried over anhydrous magnesium sulfate and filtered. After
evaporation, purification was carried out by silica gel col-
umn chromatography to give a solid Compound 138 (1.3 g,

46
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vield of 27%). ESI-MS (m/z) was obtained by Liquid
Chromatograph-Mass Spectrometer analysis: 777.1[M+H]".

Example 35: Synthesis of Compound 162

[0174] Except that 2,9-dibromophenanthrene-4,7-dicar-
boxylic acid was replaced with 1,5-dinitro-3,7-dibro-
monaphthalene, the other synthetic procedures are the same
as those of Example 21. Purification was carried out by silica
gel chromatography column to give a solid Compound 162
(6.2 g, yield of 16%).

[0175] ESI-MS (m/z) was obtained by Liquid Chromato-
graph-Mass Spectrometer analysis: 725.1[M+H]*.

Example 36: Manufacture of Organic
Optoelectronic Device

[0176] The anode substrate of ITO film with a film thick-
ness of 100 nm was ultrasonically washed with distilled
water, acetone and isopropanol, and placed in an oven to be
dried. The surface thereof was treated by UV for 30 minutes,
and then moved to the vacuum evaporation chamber. Each
film was began to be evaporated at a vacuum degree of
2x107% Pa, diphenyl naphthyl diamine (NPD) with a thick-
ness of 60 nm and then 4,4',4"-tris(N-carbazolyl)triph-
enylamine (TCTA) with a thickness of 10 nm were evapo-
rated to form a hole transport layer (HTL). 6 wt % of
Ir(ppy); was used as a green phosphorescent dopant material
and 94 wt % of Compound 29 was used as a host material
on the hole transport layer. The green phosphorescent dopant
material and the host material were evaporated simultane-
ously to form a luminescent layer with a thickness of 30 nm.
Then a thick bis(8-hydroxy-2-methylquinoline)aluminum
diphenolate (BAlq) layer with a thickness of 5 nm was
evaporated on the luminescent layer to form a hole blocking
layer (HBL). 4,7-diphenyl-1,10-phenanthroline (Bphen)
was evaporated on the hole blocking layer to form an
electron transport layer (ETL) with a thickness of 20 nm.
LiF with a thickness of 1 nm and Al with a thickness of 100
nm were evaporated in sequence on the electron transport
layer as an electron injection layer (EIL) and a cathode.
Thereby an organic optoelectronic device was produced.

[0177] The organic optoelectronic device has a structure
of ITO(100 nm)/NPD(60 nm)/TCTA(10 nm)/Tr(ppy);: Com-
pound 29(6 wt %:94 wt %,30 nm)/BAlq(5 nm)/Bphen(20
nm)/LiF(1 nm)/Al(100 nm).

Example 37: Manufacture of Organic
Optoelectronic Device

[0178] Except that Compound 29 was replaced with Com-
pound 30 as the host material, the organic optoelectronic
device was manufactured according to the same method as
that in Example 36.

Example 38: Manufacture of Organic
Optoelectronic Device

[0179] Except that Compound 29 was replaced with Com-
pound 55 as the host material, the organic optoelectronic
device was manufactured according to the same method as
that in Example 36.
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Example 39: Manufacture of Organic
Optoelectronic Device

[0180] Except that Compound 29 was replaced with Com-
pound 40 as the host material, the organic optoelectronic
device was manufactured according to the same method as
that in Example 36.

Example 40: Manufacture of Organic
Optoelectronic Device

[0181] Except that Compound 29 was replaced with Com-
pound 1 as the host material, the organic optoelectronic
device was manufactured according to the same method as
that in Example 36.

Example 41: Manufacture of Organic
Optoelectronic Device

[0182] Except that Compound 29 was replaced with Com-
pound 33 as the host material, the organic optoelectronic
device was manufactured according to the same method as
that in Example 36.

Example 42: Manufacture of Organic
Optoelectronic Device

[0183] Except that Compound 29 was replaced with Com-
pound 80 as the host material, the organic optoelectronic
device was manufactured according to the same method as
that in Example 36.

Example 43: Manufacture of Organic
Optoelectronic Device

[0184] Except that Compound 29 was replaced with Com-
pound 84 as the host material, the organic optoelectronic
device was manufactured according to the same method as
that in Example 36.

Example 44: Manufacture of Organic
Optoelectronic Device

[0185] Except that Compound 29 was replaced with Com-
pound 91 as the host material, the organic optoelectronic
device was manufactured according to the same method as
that in Example 36.

Example 45: Manufacture of Organic
Optoelectronic Device

[0186] Except that Compound 29 was replaced with Com-
pound 6 as the host material, the organic optoelectronic
device was manufactured according to the same method as
that in Example 36.

Example 46: Manufacture of Organic
Optoelectronic Device

[0187] Except that Compound 29 was replaced with Com-
pound 12 as the host material, the organic optoelectronic
device was manufactured according to the same method as
that in Example 36.
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Example 47: Manufacture of Organic
Optoelectronic Device

[0188] Except that Compound 29 was replaced with Com-
pound 17 as the host material, the organic optoelectronic
device was manufactured according to the same method as
that in Example 36.

Example 48: Manufacture of Organic
Optoelectronic Device

[0189] Except that Compound 29 was replaced with Com-
pound 24 as the host material, the organic optoelectronic
device was manufactured according to the same method as
that in Example 36.

Example 49: Manufacture of Organic
Optoelectronic Device

[0190] Except that Compound 29 was replaced with Com-
pound 51 as the host material, the organic optoelectronic
device was manufactured according to the same method as
that in Example 36.

Example 50: Manufacture of Organic
Optoelectronic Device

[0191] Except that Compound 29 was replaced with Com-
pound 76 as the host material, the organic optoelectronic
device was manufactured according to the same method as
that in Example 36.

Example 51: Manufacture of Organic
Optoelectronic Device

[0192] Except that Compound 29 was replaced with Com-
pound 128 as the host material, the organic optoelectronic
device was manufactured according to the same method as
that in Example 36.

Bxample 52: Manufacture of Organic
Optoelectronic Device

[0193] Except that Compound 29 was replaced with Com-
pound 138 as the host material, the organic optoelectronic
device was manufactured according to the same method as
that in Example 36.

Example 53: Manufacture of Organic
Optoelectronic Device

[0194] Except that Compound 29 was replaced with Com-
pound 162 as the host material, the organic optoelectronic
device was manufactured according to the same method as
that in Example 36.

Example 54: Manufacture of Organic
Optoelectronic Device

[0195] Except that the co-evaporated layer (wherein 1 wt
% TBRb was used as the doped material, 25 wt % Com-
pound 29 was used as the co-doped material and 74 wt %
CBP was used as the host material) with a thickness of 30
nm was used as the luminescent layer, the organic optoelec-
tronic device was manufactured according to the same
method as that in Example 36.

[0196] The organic optoelectronic device has a structure
of ITO(100 nm)/NPD(60 nm)/TCTA(10 nm)/TBRb: Com-
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pound 29:CBP(1 wt %:25 wt %:74 wt %, 30 nm)/BAlq(5
nm)/Bphen(20 nm)/LiF(1 nm)/Al(100 nm).

9089
SiS

TBRb

Example 55: Manufacture of Organic
Optoelectronic Device

[0197] Except that Compound 29 was replaced with Com-
pound 30 as the host material, the organic optoelectronic
device was manufactured according to the same method as
that in Example 54.

Example 56: Manufacture of Organic
Optoelectronic Device

[0198] Except that Compound 29 was replaced with Com-
pound 1 as the host material, the organic optoelectronic
device was manufactured according to the same method as
that in Example 54.

Example 57: Manufacture of Organic
Optoelectronic Device

[0199] Except that Compound 29 was replaced with Com-
pound 33 as the host material, the organic optoelectronic
device was manufactured according to the same method as
that in Example 54.

Example 58: Manufacture of Organic
Optoelectronic Device

[0200] Except that Compound 29 was replaced with Com-
pound 103 as the host material, the organic optoelectronic
device was manufactured according to the same method as
that in Example 54.
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Comparative Example 1: Manufacture of Organic
Optoelectronic Device

[0201] Except that the co-evaporated layer (wherein 1 wt
% TBRb was used as the doped material and 99 wt % CBP
was used as the host material) with a thickness of 30 nm was
used as the luminescent layer, the organic optoelectronic
device was manufactured according to the same method as
that in Example 54.

Performance Evaluation of the Organic Optoelectronic
Devices

[0202] Currents of the organic optoelectronic devices
manufactured in Examples 36-58 and Comparative Example
1 were tested at different voltages using Keithley 2365A
digital nanovoltmeter, and then the current density of the
organic optoelectronic devices at different voltages were
obtained by dividing the currents by luminescence areas.
Brightness and radiant energy flux density of the organic
optoelectronic devices manufactured in Examples 36-58 and
Comparative Example 1 were tested at different voltages
using Konicaminolta CS-2000 Spectroradiometer. Current
efficiency (Cd/A) and external quantum efficiency (EQE) at
the same current density (10 mA/ecm®) were obtained
according to the current density and brightness of the
organic optoelectronic devices at different voltages.

[0203] As shown in the experiments, as for the compounds
in Examples 36-53, the test voltage is less than 5V, the
current efficiency is higher than or equal to 39 Cd/A and
EQE is higher than 15, which indicates that the tested
compounds have a function as a host material. The results of
Examples 36-44 are shown in Table 2.

[0204] The results of Examples 54-58 and Comparative
Example 1 are shown in Table 3.

TABLE 2

The tested compounds used as a host material

Current efficiency

Voltage (V) (Cd/A) EQE
Example 36 43 42.8 17.2
Example 37 4.6 43.1 169
Example 38 40 48.6 18.8
Example 39 42 451 17.9
Example 40 44 46.2 17.4
Example 41 43 47.8 18.4
Example 42 47 41.4 16.7
Example 43 47 40.9 15.8
Example 44 49 39.0 15.2
TABLE 3

The tested compounds used as the co-doped material

Current efficiency

Voltage (V) (Cd/A) EQE
Example 54 6.9 35.4 9.5
Example 55 8.2 25.2 8.1
Example 56 7.6 32.2 93
Example 57 74 389 10.7
Example 58 8.5 19.2 7.2
Comparative 9.3 7.9 2.5

Example 1
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[0205] According to the test results of the compounds in
Examples 36-53, at the same current density of 10 mA/cm?,
the driving voltages of these compounds are less than 5V, the
current efficiencies are higher than 39Cd/A, and EQEs are
higher than 13. Therefore, all the compounds tested in
Examples 36-53 have a lower driving voltage, higher current
efficiency and higher external quantum efficiency, which
indicates that the compounds of the present application have
a function as a host material.

[0206] The test results in Table 3 show that the compounds
tested in Examples 54-58 have lower driving voltage, higher
current efliciency and higher external quantum efficiency
with respect to comparative Example 1, which indicates that
the compounds of the present application have a function as
a co-doped material or a doped material.

[0207] In view of the above, the organic photoelectric
devices comprising the compounds of the present applica-
tion have excellent luminescence performance.

[0208] The above general description of the technical
solutions involved in present application and the description
of the specific embodiments thereof should not be construed
as constituting any limitation to the technical solutions of the
present application. According to the present application,
one of ordinary skill in the art could add, delete or combine
the technical features disclosed in the above general descrip-
tion or/and the specific embodiments (comprising the
examples) to form other technical solutions belonging to the
present application without departing from the inventive
concept involved.

What is claimed is:

1. A compound of Formula (I):

M

Xi—Xio
A\Y
12 Xy
Xz/ = \
)|(| —N Y,
3\X4/ ¥
A Xs Xs
n 4
X— X
B
— —m
wherein

X, to X, are each independently CR, or N;

Y, is O, S or NR,;

Y, is a single bond, O, S, CR;R,, NR; or SiRR.;

R, to R, are each independently hydrogen, deuterium,
C, 50 alkyl, Cq 5, aryl or C, 5, heteroaryl;

L is a linking moiety which enables the structure of
Formula (T) to form a conjugated system;

n and m are each independently 1, 2 or 3;
if n is greater than 1, each Moiety A in Formula (1) is the
same as each other or different from each other; and
if m is greater than 1, each Moiety B in Formula (I) is the
same as each other or different from each other.
2. The compound according to claim 1, wherein said L is
Ce_30 aryl or C, 5, heteroaryl.
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3. The compound according to claim 1, wherein said L is
selected from the following structures:

OO0 T
N N7 N\ //, NN
A
|
N
*/ * and

wherein, * represents CRy, N or a site linked to said
Moiety A or said Moiety B, and said R, is each
independently hydrogen, deuterium, C,  alkyl, Cq 4
aryl or C,_¢ heteroaryl.

4. The compound according to claim 3, wherein substi-
tution positions of said Moiety A and said Moiety B on said
L are spaced by at least one atom.

5. The compound according to claim 1, wherein said
Moiety A is selected from the following groups:

Q ‘ X | Xy | N\
, 2N e P
0 0 0 0
>;N >7N >7N >;N

| 7 ’ zN s
O S S S
>;N >;

|

>;N
| Xy | N\ N
HN HN HN
>§N >§N )ﬁN
X
P
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_continued 14. The compound according to claim 1, selected from:

Xy N
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Ph—N Ph—
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>/ N 0]
==N
N/ @
O

6. The compound according to claim 1, wherein said
Moiety B is selected from the following groups:

N

\_/
N
’ N 0O
7. The compound according to claim 1, wherein the N
energy gap AE,, between the lowest singlet state and the -
S

lowest triplet state of said compound is less than or equal to
030 ¢V.

8. The compound according to claim 7, wherein the
energy gap AE,, between the lowest singlet state and the
lowest triplet state of said compound is less than or equal to
0.25 V.

9. The compound according to claim 7, wherein the
energy gap AE,, between the lowest singlet state and the
lowest triplet state of said compound is less than or equal to
0.15 eV, 3

10. The compound according to claim 7, wherein the
energy gap AE,, between the lowest singlet state and the
lowest triplet state of said compound is less than or equal to
0.1 eV. /N

11. The compound according to claim 7, wherein the
energy gap AE,, between the lowest singlet state and the
lowest triplet state of said compound is less than or equal to
0.05 eV.

12. The compound according to claim 7, wherein the
energy gap AL, between the lowest singlet state and the Ne==
lowest triplet state of said compound is less than or equal to N
0.02 eV.

13. The compound according to claim 7, wherein the
energy gap AE,, between the lowest singlet state and the
lowest triplet state of said compound is less than or equal to
0.01 eV.
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171

15. A process for manufacturing an organic optoelectronic
device, comprising providing an anode, a cathode and one or
more organic layers located between the anode and the
cathode, wherein at least one layer of the organic layers
comprises a compound of claim 1.

16. An organic optoelectronic device, comprising an
172 anode, a cathode and one or more organic layers located
between the anode and the cathode, wherein at least one
layer of the organic layers comprises a compound of For-
mula (I):

O

(@)

# N
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wherein
X, to X, are each independently CR, or N;
Y, is O, S or NR,;
Y, is a single bond, O, S, CR;R,, NR; or SiR;R;
R, to R, are each independently hydrogen, deuterium,
C, 50 alkyl, C, 5, aryl or C,_,, heteroaryl;

L is a linking moiety which enables the structure of
Formula (I) to form a conjugated system;

n and m are each independently 1, 2 or 3;

if n is greater than 1, each Moiety A in Formula (I) is the
same as each other or different from each other; and

if m is greater than 1, each Moiety B in Formula (1) is the
same as each other or different from each other.

17. The organic optoelectronic device according to claim
16, wherein at least one layer of the organic layers is a
luminescent layer and the luminescent layer comprises the
compound of the compound of Formula (I).

18. The organic optoelectronic device according to claim
16, wherein the organic layer further comprises a hole
transport layer, a hole injection layer, an electron blocking
layer, a hole blocking layer, an electron transport layer, an
electron injection layer, or a combination thereof.

19. The organic optoelectronic device according to claim
17, wherein the organic layer further comprises a hole
transport layer, a hole injection layer, an electron blocking
layer, a hole blocking layer, an electron transport layer, an
electron injection layer, or a combination thereof.

20. The organic optoelectronic device according to claim
17, wherein the compound of Formula (I) is present in the
luminescent layer as a doped material, a co-doped material
or a host material.
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