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(57) ABSTRACT

The present disclosure relates to an organic photoelectric
functional material, a method for the same, usage of the
same, and a light-emitting device. The organic photoelectric
functional material has electroluminescence and electron

transportation properties. The organic photoelectric func-
tional material is selected from a group consisting of com-
pounds represented by formula I and formula II, and com-
binations thereof. If the organic photoelectric functional
material is used as an electroluminescence material, light
emission thereof can be adjusted by modifying a quinoline
moiety thereof with a substituent, and a luminous range
thereof is about 345 nm to about 700 nm. If the organic
photoelectric functional material is used as an electron
transporting-type host material which, together with hole-
type host material, forms an exciplex co-host system, a
light-emitting device prepared therefrom has improved sta-
bility and efliciency when compared with a light-emitting
device prepared from a traditional host material.
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ORGANIC PHOTOELECTRIC FUNCTIONAL
MATERIAL, METHOD FOR PREPARING
THE SAME, USE OF THE SAME, ORGANIC
ELECTRONIC ASSEMBLY, AND
LIGHT-EMITTING DEVICE

TECHNICAL FIELD

[0001] The present disclosure relates to the field of organic
light-emitting material technologies and, particularly, relates
to an organic photoelectric functional material, a method for
preparing the same, a use of the same, an organic electronic
assembly, and a light-emitting device.

BACKGROUND

[0002] An organic light-emitting diode (OLED) refers to a
luminescence phenomenon that luminescent materials such
as small organic molecules, metal organic complex mol-
ecules or polymer molecules convert electrical energy
directly into light energy under a forward bias electric field.
OLED has drawn widespread attention in both academia and
industry, due to its advantages of fast response, low driving
voltage, high luminous efficiency, high resolution, high
contrast, wide viewing angle, self-luminous characteristics,
and requiring no backlight. Besides, OLED can also be
produced on a cheap glass, metals or flexible plastics, and
thus has advantages of low cost, simple production process,
large scale production capability, etc. OLED has become a
new generation of full-color display and lighting technology,
and has a broad application prospect in full-color display
and planar solid-state lighting field.

[0003] Luminescent materials IF d for early devices are
mainly organic small molecule fluorescent materials which
can only use molecules in electro excited singlet state, and
the spin quantum statistics shows that theoretical internal
quantum efficiency thereof is merely 25%. 75% of excited
molecules are in an excited triplet state, and may emit
phosphorescent light by radioactive transition back to
ground state. It is generally difficult for small molecule
organic compounds to emit phosphorescent light at room
temperature until the discovery of the phosphorescence
electroluminescence phenomenon of organometallic com-
plex molecular materials at room temperature. The inter-
system crossing (ISC) of electrons from a singlet state to a
triplet state can be effectively prompted by the strong spin
orbit coupling of heavy metal atoms, so that the OLED
devices can fully use all singlet and triplet excitons, and the
theoretical internal quantum efficiency of the luminescent
materials can reach 100%. So far, the research of lumines-
cent materials has entered a new period.

[0004] At present, the imbalanced carrier transportation is
a problem in OLED devices. For example, mobility of
electrons in electron transporting layer is several orders
lower than mobility of holes in a hole transporting layer, and
the imbalanced electron/hole transportation increases a turn-
on voltage and reduces a service life of a phosphorescent
OLED device.

[0005] In view of the above, the present disclosure is
provided.

BRIEF DESCRIPTION OF DRAWINGS
[0006] FIG. 1 illustrates a schematic diagram of a light-

emitting device;
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[0007]
pound 1;
[0008]
pound 2;
[0009] FIG. 4 illustrates a schematic distribution diagram
of HOMO and LUMO of compound 2;

[0010] FIG. 5 illustrates an energy level diagram of an
exciplex co-host with example 2 ;

[0011] FIG. 6 is a photoluminescence spectrum of pure
TCTA, compound 2, and a co-vapor deposited film of TCTA
and compound 2;

[0012] FIG. 7 is a photoluminescence spectrum of TAPC,
compound 2, and a co-vapor deposited film of TAPC and
compound 2;

[0013] FIG. 8 shows a diagram of comparing a relation
between voltage and luminous intensity of an OLED device
produced by using compound 2 and TCTA together as a
co-host system with a relation between voltage and lumi-
nous intensity an OLED device produced by using pure
TCTA as host;

[0014] FIG. 9 shows a diagram of comparing external
quantum efficiency of an OLED device produced by using
compound 2 and TCTA together as a co-host system with
external quantum efficiency of an OLED device produced by
using pure TCTA as host.

FIG. 2 is a photoluminescence spectrum of com-

FIG. 3 is a photoluminescence spectrum of com-

DESCRIPTION OF EMBODIMENTS

[0015] The present disclosure is further illustrated with
reference to the following embodiments. It should be under-
stood that all of the embodiments are merely intended to
illustrate the present disclosure rather than to limit the
present disclosure.

[0016] The embodiments of the present disclosure provide
anew organic photoelectric functional material. The organic
photoelectric functional material is selected from a group
consisting of compounds represented by formula I and
combinations thereof:

O
X . .
/\Cl/ N e R

Ry | '

X
Rzl Riglg

[0017] R,;, R;;, R;; and R, each are independently
selected from a group consisting of substituted or unsubsti-
tuted C,-C,, alkyl, substituted or unsubstituted C,-C, alk-
enyl, substituted or unsubstituted C,-C;, aryl, substituted or
unsubstituted C,-C heteroaryl, substituted or unsubstituted
heteroalicyclic group, substituted or unsubstituted C,-C,,
alkoxy, substituted or unsubstituted C,-C,, alkylthiol, sub-
stituted or unsubstituted C,-C,, alkenyloxy, substituted or
unsubstituted C,-C,, alkynyloxy, substituted or unsubsti-
tuted C,-C,4 aryloxy, substituted or unsubstituted C,-C,,
alkoxycarbonyl, substituted or unsubstituted C,-C;4 ester
group, substituted or unsubstituted C,-C;, amido group,
substituted or unsubstituted C,-C,, sulfonyl, substituted or
unsubstituted C,-C;; sulfinyl, substituted or unsubstituted
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C,-C,¢ sulfonylamino group, substituted or unsubstituted
C,-C;¢ phosphorylamino group, substituted or unsubstituted
C,-C,, alkoxycarbonylamino group, substituted or unsub-
stituted C,-C,, alkoxycarbonylamino group, substituted or
unsubstituted C,-C, , monoalkylamino group, substituted or
unsubstituted C,-C,, dialkylamino group, substituted or
unsubstituted C,-C, s monoarylamino group, and substituted
or unsubstituted C,-C;4 diarylamino group, wherein the
substituents are selected from a group consisting of deute-
rium, halogen, hydroxyl, mercapto group, nitro-group,
cyano, amino-group, carboxyl, sulpho, diazanyl, carbamido,
C,-C¢ alkyl, and C4-C,, aryl;

[0018] adjacent two or more of R};, R,, R and R, are
capable of being interlinked into a ring;

[0019] Arl represents phenyl, a-naphthyl, or f-naphthyl;
[0020] X is present or is absent; if X is present, X presents
—0—, —CH,—, —CRaRb-, —NH—, or —NRc-; if X is
absent, C, is linked to Arl by a single bond; and

[0021] nl, ml, pl and ql each are independently an
integer selected from a group consisting of 0. 1, 2, 3, and 4.
[0022] In the substituents:

[0023] The C, ;¢ alkyl may be chain alkyl or cyclic alkyl,
and hydrogen on the cyclic alkyl may be substituted by an
alkyl, for example, methyl, ethyl, n-propyl, iso-propyl, n-bu-
tyl, iso-butyl, sec-butyl, tort-butyl, n-pentyl, iso-pentyl, sec-
pentyl, neopentyl, hexyl, heptyl, semi radical, nonyl, decyl,
dodecyl, tetradecyl, hexadecyl, eicosyl, tetracosyl, etc.
[0024] The C,_ ;4 alkenyl may be cyclic alkenyl or chain
alkenyl. The number of double bond in the alkenyl may be
one or more. Examples of the alkenyl at least include: vinyl,
allyl, isopropenyl, pentenyl, cyclopropenyl, cyclobutenyl,
cyclopentenyl, cyclopentadienyl, cyclohexenyl, cyclohexa-
dienyl.

[0025] The Cg,6 aryl includes multi-phenylformed by
connecting multiple phenyls, and fused ring compounds
formed by fusing two or more phenyls, for example: phenyl,
naphthyl, biphenyl, etc.

[0026] The heterocyclic groups include heteroalicyclic
groups and heteroaryl, and the heteroalicyclic groups are
heterocyclic compounds without aromatic character, for
example, azetidinyl, dioxolanyl. The heteroaryl refers to a
monocyclic or polycyclic aromatic ring system, wherein at
least one ring member is not carbon. Examples of the
heteroaryl includes: furyl, imidazolyl, isothiazolyl, isox-
azolyl, morpholinyl, oxazolyl (for example, 1,2,3-oxadiaz-
olyl, 1,2,5-oxadiazolyl, 1,3,4-oxadiazolyl), piperazinyl, pip-
eridyl, pyrazinyl, pyrazolyl, pyridazinyl, pyridyl, pyrimidyl,
pyrryl, pyrrolidinyl, tetrahydrofuryl, tetrahydropyranyl, tet-
razinyl (e.g., 1,2,4,5-tetrazinyl), tetrazolyl (e.g., 1,2,3.4-
tetrazolyl, 1,2,4,5-tetrazolyl), thiadiazoly (e.g., 1,2,3-thiadi-
azoly, 1,2,5-thiadiazoly, and 1.3,4-thiadiazoly), thiazolyl,
thienyl, triazinyl (e.g., 1,3,5-triazinyl, 1,2,4-triazinyl), triaz-
olyl (e.g., 1,2,3-triazolyl, 1,3,4-triazolyl), etc.

[0027] If the mentioned alkyl contains an oxygen atom,
the alkyl may be alkoxy. If the mentioned alkenyl contains
an oxygen atom, the alkenyl may be alkenyloxy. If the
mentioned aryl contains an oxygen atom, the aryl may be
aryloxy.

[0028] The alkoxycarbonyl is represented by —O—C(—
O—)—R', wherein R’ is the alkyl mentioned in the present
disclosure.

[0029] The sulfonyl is represented by —S(—O),R’, and
the sulfinyl is represented as —S(—0)-—R', wherein R’ is
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the alkyl, alkoxy, alkenyl, alkynyl, aryl, heteroaryl, or the
like mentioned in the present disclosure.

[0030] The sulfonylamino group is represented by
—S(=0),—NH—R' or —S(0),-N R'R", wherein R' and
R" each are independently the alkyl, alkoxy, alkenyl, alky-
nyl, acyl, heteroaryl or the like mentioned in the present
disclosure.

[0031] The amido group is represented by —C(=0)—
NH—R' or —S(=—0),—NR'R", wherein W and R" each are
independently the alkyl, alkoxy, alkenyl, alkynyl, aryl, het-
eroaryl, or the like mentioned in the present disclosure.
[0032] The phosphorylamino group is represented by
—P(=0),—NH—R' or —P(—0),—NR'R", wherein R’
and R" each are independently the alkyl, alkoxy, alkenyl,
alkynyl, heteroaryl, or the like mentioned in the present
disclosure.

[0033] The alkoxycarbonylamino group is represented by
—0—C(=0)—-NH—R' or —O—C(=0)—NRR",
wherein R' and R" are independently the alkyl mentioned in
the present disclosure.

[0034] The aryloxycarbonylamino group is represented by
—0—C(—0—)— or O—C(=0)—NR'R", wherein R' and
R" are independently the aryl mentioned in the present
disclosure.

[0035] The dialkylamino group is represented as
—NR'R", wherein R' and R" are independently the alkyl
mentioned in the present disclosure.

[0036] The monoalkylamino group is represented as
—NH—R', wherein R' is the alkyl mentioned in the present
disclosure.

[0037] The diarylamino group is represented as —NRR",
wherein R' and R" are independently the aryl mentioned in
the present disclosure.

[0038] The monoarylamino group is represented as
—NH—R', wherein R' is the aryl mentioned in the present
disclosure.

[0039] The ester group is represented as —C(—0)—O0—
R", wherein R' is the alkyl, alkenyl, alkenyl, aryl, heteroaryl,
or the like mentioned in the present disclosure.

[0040] The halogen may be fluorine, chlorine, bromine
and iodine.
[0041] The new organic photoelectric functional material

provided by the present disclosure has properties of elec-
troluminescence and electron transporting, and thus can be
applied in the organic electroluminescence field. If the
organic photoelectric functional material is used as an elec-
troluminescence material, light emission of the organic
photoelectric functional material can be adjusted to a lumi-
nous range of about 345 nm to about 700 nm by modifying
a quinoline moiety thereof with a substituent. The com-
pounds provided by the present disclosure may be used as
fluorescent light-emitting materials, delayed fluorescent
light-emitting materials, or phosphorescent light-emitting
material. If the organic photoelectric functional material is
used as an electron transporting-type host material which,
together with the hole-type host material, forms an exciplex
co-host system, a light-emitting device prepared therefrom
has improved stability and efficiency when compared with a
light-emitting device prepared from a traditional host mate-
rial. As mentioned above, the imbalanced carrier transpor-
tation problem exists in the OLED devices at present. An
exciplex formed by two host materials, or a combination of
a host material and a doping material is effective solutions
for solving the unbalanced hole/electron transportation
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problem. In the related art, compound molecules containing
a quinoline structure are widely applied in a hole injection
layer and an electron transporting layer of the OLED device.
For example, both 8-Hydroxyquinolinolato-lithium (LiQ)
and 8-hydroxylquinolinolato-aluminum (Alq;) have chemi-
cally stable quinoline core structure, and an OLED device
prepared therefrom has high electron mobility from a cath-
ode to a light-emitting layer wider a certain driving voltage.
Tt is found in researches that a photoelectric functional
compound is formed by modifying the quinoline ¢ with
substituent, or by further forming a Spiro structure based on
the quinoline structure. Due to electroluminescence property
and electron transportation property of the photoelectric
functional compound, on the one hand, the photoelectric
functional compound can be used as a fluorescent emitter, a
delayed fluorescent emitter, or a phosphorescent emitter; on
the other hand, the photoelectric functional compound can
be independently used as a bipolar host material, or as an
electron transporting-type host material which, together with
a hole-type host material, forms an exciplex as a co-host
system, thereby overcoming the imbalanced carrier trans-
portation problem in the OLED device.

[0042] In an embodiment, the organic photoelectric func-
tional material of the present disclosure is used as the
electron transporting-type host material in a co-host system,
whose stability and efliciency is advantageous over a tradi-
tional C—N bonding structure, for example, 1,3,5-tris(1-
phenyl-1H-benzimidazole-2-yl) benzene (TPBi). In addi-
tion, the organic photoelectric functional material of the
present disclosure and a hole transporting material form an
exciplex, the hole transporting material having LUMO is at
least 0.1 eV higher than the organic photoelectric functional
material. Examples of the hole transporting material include
4 4' 4"-tris(carbazole-9-yl) triphenylamine (TCTA), 3,3'-di
(N-carbazolyl)-1,1"-biphenyl (mCP), etc. The luminous
range of the formed exciplex is 445 nm to 700 nm.

[0043] As an improvement of the organic photoelectric
functional material of the present disclosure, the organic
photoelectric functional material is selected from a group
consisting of compounds represented by formula IA, com-
pounds represented by IB, compounds represented by IC,
compounds represented by ID, and combinations thereof;

14

(IB)
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-continued
(16
R,
I
N\_ - Ri2)m1

.
L Arp
A .

Ruadgs

D)
s Ri2)m1

(Riggus

[0044]
selected from a group consisting of substituted or unsubsti-
tuted C,-C alkyl, substituted or unsubstituted C,-C,4 alk-
enyl, substituted or unsubstituted C,-C;, aryl, substituted or

wherein R,, Rg, and R7 each are independently

unsubstituted C,-C; heteroaryl, substituted or unsubstituted
C;-C,5 heteroalicyclic group, substituted or unsubstituted
C,-C,, alkoxy, substituted or unsubstituted C,-C,, alkyl-
thiol, substituted or unsubstituted C,-C,, alkenyloxy, sub-
stituted or unsubstituted C,-C,, alkynyloxy, substituted or
unsubstituted C4-C, aryloxy, substituted or unsubstituted
C,-C,, alkoxycarbonyl, substituted or unsubstituted C,-C4
ester group, substituted or unsubstituted C,-C;¢ amino
group, substituted or unsubstituted C,-C;; sulfonyl, substi-
tuted or unsubstituted C,-C sulfinyl, substituted or unsub-
stituted C,-C;¢ sulfonylamino group, substituted or unsub-
stituted C,-C;4 phosphorylamino group, substituted or
unsubstituted C,-C,, alkoxycarbonylamino group, substi-
tuted or unsubstituted C.-C, aryloxycarbonylamino group,
substituted or unsubstituted C,-C, ; monoalkylamino group,
substituted or unsubstituted C,-C, dialkylamino group,
substituted or unsubstituted C4-C, 4 monoarylamino group,
substituted or unsubstituted C,-C,¢ diarylamino group,
wherein the substituents are selected from a group consisting
of deuterium, halogen, hydroxyl, mercapto group, nitro-
group, cyano, amino-group, carboxyl, sulpho, diazanyl, car-
bamido, C,-C, alkyl, and C4-C,, aryl; and

[0045]
and R, are capable of being interlinked into a ring.

[0046]
functional material of the present disclosure, the organic

adjacent two or more of R |, R;,, R, 5, Ry, Rs, Ry,

As an improvement of the organic photoelectric

photoelectric functional material represented by formula TA
is selected from a group consisting of compounds repre-
sented by formula IA1 and combinations thereof;
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(A1)

Rith— —Ri2mt-
! N
(Riz)p1 (Rigg1
[0047] As an improvement of the organic photoelectric

functional material of the present disclosure, the organic
photoelectric functional material represented by formula IB
is selected from a group consisting of compounds repre-
sented by formula IB1 and combinations thereof;

(IB1)

Rida— —Ri2ui-
\ N
Ryzlp1 (Ria)g1
[0048] As an improvement of the organic photoelectric

functional material of the present disclosure, the organic
photoelectric functional material represented by formula IC
is selected from a group consisting of compounds repre-
sented by formula IC1, compounds represented by formula
IC,, and combinations thereof;

aci)

1C2)

[0049] wherein R,, and R,, each are independently
selected from a group consisting of substituted or unsubsti-
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tuted C,-C,¢ alkyl, substituted or unsubstituted C,-C, alk-
enyl, substituted or unsubstituted C,-C;, aryl, substituted or
unsubstituted C4-C 5 heteroaryl, substituted or unsubstituted
C;-C, ¢ heteroalicyclic group, substituted or unsubstituted
C,-C,, alkoxy, substituted or unsubstituted C,-C,, alkyl-
thiol, substituted or unsubstituted C,-C,, alkenyloxy, sub-
stituted or unsubstituted C,-C,, alkynyloxy, substituted or
unsubstituted C4-C,4 aryloxy, substituted or unsubstituted
C,-C,, alkoxycarbonyl, substituted or unsubstituted C,-Cs
ester group, substituted or unsubstituted C,-C;¢ amido
group, substituted or unsubstituted C,-C,, sulfonyl, substi-
tuted or unsubstituted C,-C sulfinyl, substituted or unsub-
stituted C,-C, sulfonylamino group, substituted or unsub-
stituted C,-C;4 phosphorylamino group, substituted or
unsubstituted C,-C,, alkoxycarbonylamino group, substi-
tuted or unsubstituted C.-C;, aryloxycarbonylamino group,
substituted or unsubstituted C,-C, ; monoalkylamino group,
substituted or unsubstituted C,-C; (dialkylamino group, sub-
stituted or unsubstituted C4-C, 4 monoarylamino group, and
substituted or unsubstituted C,-C¢ diarylamino group,
wherein the substituents are selected from a group consisting
of deuterium, halogen, hydroxyl, mercapto group, nitro-
group, cyano, amino-group, carboxyl, sulpho, diazanyl, car-
bamido, C,-C, alkyl, and C¢-C,, aryl;

[0050] adjacent two or more of R;, Rj,, R;; and R, are
capable of being linked into a ring; and

[0051] the o is an integer selected from a group consisting
of 0, 1, 2, 3, and 4.

[0052] The present disclosure also provides a new organic
photoelectric functional material, the organic photoelectric
functional material being selected from a group consisting of
compounds represented by formula H and combinations
thereof;

an

(R3a)p2

[0053] wherein R,,, R,,, R,; and R, each are indepen-
dently selected from a group consisting of substituted or
unsubstituted C,-C;, alkyl, substituted or unsubstituted
C,-C54 alkenyl, substituted or unsubstituted Cq-Cyg aryl,
substituted or unsubstituted C,-C; s heteroaryl, substituted or
unsubstituted C5-C,4 heteroalicyclic group, substituted or
unsubstituted C,-C,, alkoxy, substituted or unsubstituted
C,-C,, alkylthiol, substituted or unsubstituted C,-C,, alk-
enyloxy, substituted or unsubstituted C,-C,, alkynyloxy,
substituted or unsubstituted C4-C;¢ aryloxy, substituted or
unsubstituted C,-C,, alkoxycarbonyl, substituted or unsub-
stituted C,-C,, ester group, substituted or unsubstituted
C,-C54 amino group, substituted or unsubstituted C,-Cs
sulfonyl, substituted or unsubstituted C,-C,, sulfinyl, sub-
stituted or unsubstituted C,-C,4 sulfonylamino group, sub-
stituted or unsubstituted C,-C,¢ phosphorylamino group,
substituted or unsubstituted C,-C,, alkoxycarbonylamino
group, substituted or unsubstituted C,-C;, aryloxycarbo-
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nylamino group, substituted or unsubstituted C,-C,3 mono-
alkylamino group, substituted or unsubstituted C,-Cyq
dialkylamino group, substituted or unsubstituted C4-C,q
monoarylamino group, and substituted or unsubstituted
Cs-C5 diarylamino group, wherein the substituents are
selected from a group consisting of deuterium, halogen,
hydroxyl, mercapto group, nitro-group, cyano, amino-
group, carboxyl, sulpho, diazanyl, carbamido, C,-C alkyl,
and C4-C,, aryl;

[0054] adjacent two or more of R,;, R5,, Ry3 and R,, are
capable of being interlinked into a ring;

[0055] Arl represents phenyl, a-naphthyl, or f-naphthyl;
and
[0056] n2, m2, p2 and q2 each are independently an

integer selected from a group consisting of 0, 1, 3 and 4.
[0057] As an improvement of the organic photoelectric
functional material of the present disclosure, the organic
photoelectric functional material is selected from a group
consisting of compounds represented by formula I1A, com-
pounds represented by I1B, compounds represented by 11C,
and combinations thereof;

(I14)

— R

(Raz)p2

(IIB)

{1c)

[0058] wherein Ry and R, each are independently selected
from a group consisting of substituted or unsubstituted
C,-C5¢ alkyl, substituted or unsubstituted C,-C;, alkenyl,
substituted or unsubstituted C,-C, aryl, substituted or
unsubstituted C,-C heteroaryl, substituted or unsubstituted
C;-C,¢ heteroalicyclic group, substituted or unsubstituted
C,-C,, alkoxy, substituted or unsubstituted C,-C,, substi-
tuted or unsubstituted C,-C,, alkenyloxy, substituted or
unsubstituted C,-C,, alkynyloxy, substituted or unsubsti-
tuted C¢-C;4 aryloxy, substituted or unsubstituted C,-C,,
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alkoxycarbonyl, substituted or unsubstituted C,-C,4 ester
group, substituted or unsubstituted C,-C;, amino group,
substituted or unsubstituted C,-C4 sulfonyl, substituted or
unsubstituted C,-C;, sulfinyl, substituted or unsubstituted
C,-C,¢ sulfonylamino group, substituted or unsubstituted C
I-C; phosphorylamino group, substituted or unsubstituted
C,-C,, alkoxycarbonylamino group, substituted or unsub-
stituted C,-C,, aryloxycarbonylamino group, substituted or
unsubstituted C,-C,, monoalkylamino group, substituted or
unsubstituted C,-C,, dialkylamino group, substituted or
unsubstituted C,-C, , monoarylamino group, and substituted
or unsubstituted C,-C;, diarylamino group, wherein the
substituents are selected from a group consisting of deute-
rium, halogen, hydroxyl, mercapto group, nitro-group,
cyano, amino-group, carboxyl, sulpho, diazanyl, carbamido,
C,-Cy alkyl, and C,-C,, aryl;

[0059] adjacent two or more of R, ;, R,5, Ry5, Ryu, Ry, and
R, are capable of being interlinked into a ring; and

[0060] r and t each are independently an integer selected
from a group consisting of 0, 1, 2, 3 and 4.

[0061] As an improvement of the organic photoelectric
functional material of the present disclosure, the organic
photoelectric functional material is selected from a group
consisting of the following compounds:

compound 1
gh
X
N
compound 2
compound 3
compound 4
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-continued

compound 5

compound 6

compound 7

compound 8

compound 9
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-continued

compound 10

compound 11

compound 12

[0062] Methods for preparing the compounds of the pres-
ent disclosure are illustrated in the embodiments below.
These methods are merely exemplary but not intended to
limit the present disclosure. Based on these methods, those
skilled in the art can modify these methods and obtain other
methods for preparing the compounds of the present disclo-
sure without departing from the invention concept of the
present disclosure. The other methods obtained shall also
fall into protection scope of the present disclosure. The
temperature, catalyst, concentration, composition of the
reactants, and other process conditions may be varied, and
those skilled in the art can select suitable reactants and
reaction conditions for a specific compound to be prepared,
based on the disclosed contents in the present disclosure.

[0063] Method of measurement: in deuterated chloroform
(CDCI,) or deuterated dimethyl sulfoxide (DMSO-d) solu-
tion, spectrums of "H-NMR(H-nuclear magnetic resonance)
and "*C-NMR(C-nuclear magnetic resonance) are recorded
by Varian liquid nuclear magpetic resonance spectrometer,
where the resonant frequency is 300, 400, or 500 MHz, and
the chemical shift is based on the residual protonated
solvent. If CDCI; is used as the solvent, tetramethylsilane
(6=0.00 ppm) is used as an internal reference to record
'H-NMR (H-nuclear magnetic resonance) spectrum, and
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CDCl, (6=77.00 ppm) is used an internal reference to record
3C.NMR (C-nuclear magnetic resonance) spectrum. If
DMSO-d° is used as the solvent, the residual H,O (8=3.33
ppm) is used as an internal reference to record 'H-NMR
(H-nuclear magnetic resonance) spectruni, and DMSO-d°
(8=39.52 ppm) is used as an internal reference to record
3C.NMR (C-nuclear magnetic resonance) spectrum. The
abbreviations (or combinations thereof) below are used to
illustrate diversity of '"H-NMR (H-nuclear magnetic reso-
nance): s=singlet, d=doublet, t=triplet, g=quartet,
p=quintuplet, m=multiplet, br=width.

[0064] In an embodiment, a method for preparing com-
pounds represented by formula I at least includes the fol-
lowing steps:

[0065] step 1: preparing precursors represented by for-
mula A and formula B; and

[0066] step 2: performing nucleophilic addition reaction
of the precursors represented by formula A and formula B,
and then performing dehydrocyclization to obtain the com-
pounds represented by formula I.

[0067] or

[0068] step 1: preparing precursors represented by for-
mula C and formula D; and

[0069] step 2: performing nucleophilic addition reaction
of the precursors represented by formula C and formula D,
and then performing dehydrocyclization to obtain the com-
pounds presented by formula I.

[0070] The chemical equations are shown as follows:

Rizlp1

Ria)g1

/ \ X\/‘__/(Rll)ml

, N

\
t Arp g
| J

—_—

Ri)gss

Ri4)g1
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[0071] In an embodiment, a method for preparing com-
pounds represented by formula II includes at least the
following steps:

[0072] step 1: preparing precursors represented by for-
mula A and formula F are prepared;

[0073] step 2: performing nucleophilic addition reaction
of the precursors represented by formula A and formula F,
and then performing dehydrocyclization to obtain the com-
pounds represented by formula II.

[0074] The chemical equation is shown as follows:
\ Brorl
(Raz)p2
|\\ N 7 B
AN AN
N \(R24)q2
A
RaDw
/\ \ e Razlm
|' Ar1 ‘n
= A —" R —
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SYNTHESIS EXAMPLE 1
Synthesis of Compound 1

(1) Synthesis of 3-bromo-2-phenylquinoline
[0075]

MgBr

Br

\\

Br

\

[0076] In a glove box, tetramethylethylenediamine
(TMEDA, 1 mmol, 0.15 mL), phenylmagnesium bromide (3
mmol, 3 mL), and anhydrous toluene (3 mL) are added to a
sealed tube (15 mL), and mixed for 30 minutes at room
temperature, and then 3-bromoquinoline (1 mmol, 208 mg)
is added to the sealed tube. The sealed tube is then trans-
ferred out of the glove box, heated to 50° C. and stirred for
10 hours. After thin-layer chromatography (TLC) shows that
the reaction in the sealed tube is finished, the reaction liquid
is cooled to 0° C., and the aqueous solution of ammonium
chloride are added dropwise to quench the reaction. The
reaction mixture is extracted by using ethyl acetate, and then
concentrated to obtain 3-bromo-2-phenyl-1,2-dihydroquino-
line crude product. The crude product is then dissolved in
tetrahydrofuran (10 ml), and then iodine (2.5 equiv) is
added. The tetrahydrofuran solution is then stirred for 2
hours at room temperature, until TLC shows that all of the
crude product is oxidized into 3-bromo-2-phenylquinoline.
Then, saturated Na,S,O; solution is added to quench the
reaction, extraction is performed by using ethyl acetate (20
ml.x3), drying with anhydrous Na,SO, and concentration
are preformed, and then purification is performed by using
silica gel column chromatography to obtain a yellow solid
(273 mg, 95.8%).

[0077] ‘H-NMR (300 MHz, Chloroform-d) 8 8.53 (s, 1H),
8.19 (d. J-84 Hz, 1H), 7.83-7.70 (m, 4H), 7.65-7.44 (m,
4H). MS (ESI): 284.00 [M+H]™.

(2) Synthesis of the precursor diphenyl
(2-phenylquinoline-3-yl) methanol of compound 1

[0078]
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[0079] 3-bromo-2-phenylquinoline (0.2 mmol, 57 mg) and
anhydrous ether (2 ml) are added into a threk tube (15 ml),
and nitrogen gas is used to replace the reaction atmosphere
in the threk tube. After the mixture is stirred for 10 minutes
at -78° C., 1.6 M n-butyllithium (0.2 mL) is added dropwise
into the tube and reacts for 1 hour at —=78° C. Diphenylketone
(35 mg, 0.2 mmol) is dissolved in anhydrous ether (2 mL)
and then atmosphere around the solution is replaced with
nitrogen, then injected into the above reaction system drop-
wise with an injector, stirred for several minutes at -78° C.,
and then stirred overnight at room temperature. Subse-
quently, saturated ammonium chloride solution is added to
the reaction system to quench the reaction, extraction is
performed by using ethyl acetate (5 mLx3), the organic
phases are combined, then washed with water and brine
successively, dried with anhydrous Na,SQO,, and filtered.
The filtered solution is vacuum concentrated, and then
purified through column chromatography to obtain a white
solid (30 mg, yield 41%).

[0080] 'H-NMR (300 MHz, DMSO-d®) & 7.91 d, J=8.4
Hz, 1H), 7.80-7.67 (m, 3H), 7.56-7.49 (m, 1H), 7.21-7.11
(m, 10H), 7.08-7.01 (m, 1H), 6.99-6.90 (m, 2H), 6.90-6.82
(m, 2H), 6.34 (s, 1H). MS (ESI): 388.18 [M+H]".

\

(3) Synthesis of Compound 1

[0081]
X/ OH -
7
N
[0082] The precursor diphenyl (2-phenylquinoline-3-y1)

methanol (78 mg, 0.2 mmol) of compound 1, dried dichlo-
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romethane (2 mL) and methane-sulfonic acid (0.5 mL) are
added to a round-bottom flask (25 mL), and stirred overnight
at room temperature. After TLC shows that the reaction is
finished, saturated NaHCO, is added to neutralize and
quench the reaction. The reaction system is extracted with
ethyl acetate (5 mLx3), the organic phases are combined,
washed with water, dried with anhydrous Na,S,0,, and
filtered. The filtered solution is vacuum concentrated, and
purified through column chromatography to obtain a white
solid (68 mg, yield 92%).

[0083] ‘H-NMR (300 MHz, DMSO-d%) 8 8.37 (s, 1H),
8.17-8.10 (m, 1H), 8.07 (d, JI=8.4 Hz, 1H), 7.93 (d, I=7.7 Hz,
1H), 7.75-7.68 (m, 1H), 7.56-7.48 (m, 4H), 7.29-7.20 (m,
6H), 7.19-7.12 (m, 4H). MS (ESI) 370.16 [M+H]*.

[0084] Photoluminescence spectrum of compound 1 is
shown in FIG. 2.

SYNTHESIS EXAMPLE 2
Synthesis of Compound 2

(1) Synthesis of precursor 9-(2-phenylquinoline-3-
y1)-9H-9-hydroxylfluorene of compound 2

[0085]

l N Br

X 8

[0086] 3-bromo-2-phenylquinoline (0.2 mmol, 57 mg) and
anhydrous ether (2 ml) are added into a threk tube (15 ml),
and nitrogen gas is used to replace the reaction atmosphere
in the threk tube. After the mixture is stirred for 10 minutes
at —=78° C., 1.6 M n-butyllithium (0.2 mL) is added dropwise
into the tube and reacts for 1 hour at —78° C. 9-fluorenone
(36 mg, 0.2 mmol) is dissolved in anhydrous ether (2 mL),
then atmosphere of the ether solution is replaced with
nitrogen, the solution is then injected into the above reaction
system dropwise with a injector, stirred for several minutes
at -=78° C., and then stirred overnight at room temperature.
Subsequently, saturated ammonium chloride solution is
added into the reaction system to quench the reaction,
extraction is performed by using ethyl acetate (5 mLx3), the
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organic phases are combined, then washed with water and
brine successively, dried with anhydrous Na,SO,, and fil-
tered. The filtered solution is vacuum concentrated, and then
purified through column chromatography to obtain a white
solid (50 mg,65%).

[0087] 'H-NMR (300 MHz, Chloroform-d) § 9.31 (s, 1H),
8.22(d, J=6.0 Hz, 1H), 7.88 (d, I=8.2 Hz, 1H), 7.79-7.73 (m,
1H), 7.71-7.65 (m, 1H), 7.30-7.07 (m, 8H), 6.94-6.84 (m,
1H), 6.68-6.56 (m, 2H), 6.37 (s, 1H), 5.92 (d, J=7.5 Hz, 2H).
MS (ESI): 386.15 [M+H]".

(2) Synthesis of Compound 2
[0088]

[0089] The precursor (30 mg, 0.078 mmol) of compound
2, dried dichloromethane (2 mL) and methane-sulfonic acid
(0.1 mL) are added into a round-bottom flask (25 mL), and
stirred for 30 minutes at room temperature. After TLC shows
that the reaction is finished, saturated NaHCO, solution is
added to neutralize and quench the reaction. The reaction
system is extracted with ethyl acetate (5 mL.x3), the organic
phases are combined, washed with water, dried with anhy-
drous Na,SO,, and filtered. The filtered solution is vacuum
concentrated, and purified through column chromatography
to obtain a white solid (2.8 mg, 95%).

[0090] 'H-NMR (300 MHz, DMSO-d®) & 8.21 (d, J=7.6
Hz, 1H), 8.10 (d, I=8.4 Hz, 1H), 8.03 (d, J=7.6 Hz, 2H), 7.82
(d,J=8.1 Hz, 1H), 7.78-7.70 (m, 1H), 7.62 (s, 1H), 7.60-7.32
(m, SH) 7.21-7.08 (m, 2H), 6.68 (d, J=7.6 Hz, 3H). MS
(ESI): 368.14 [M+H]™.

[0091] Photoluminescence spectrum of compound 2 is
shown in FIG. 3.

[0092] Distributions of the highest occupied molecular
orbital (HOMO) and the lowest occupied molecular orbital
(LUMO) of compound 2 calculated by Density Functional
Theory (DFT) are shown in FIG. 4.

[0093] FIG. 5 shows an energy level diagram of an exci-
plex formed by compound 2 and 4,4'-cyclohexyl bis[N,N-
di(4-methylphenyl) aniline] (TAPC) and another exciplex
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formed by compound 2 and 4,4',.4"-tris(carbazole-9-yl) tri-
phenylamine (TCTA). A difference between LUMO energy
of the selected hole transporting-type host and the LUMO
energy of the compound of the present disclosure as the
electron transporting-type host is greater than 0.1 eV.

SYNTHESIS EXAMPLE 3
synthesis of Compound 3

(1) Synthesis of the precursor
9-(2-phenylquinoline-3-yl) hydroxy xanthene of
compound 3

[0094]

l N Br

[0095] 3-bromo-2-phenylquinoline (0.2 mmol, 57 mg) and
anhydrous ether (2 ml) are added into a threk tube (15 ml),
and nitrogen gas is used to replace the reaction atmosphere
in the threk tube. After the mixture is stirred for 10 minutes
at -78° C., 1.6 M n-butyllithium (0.2 mL) is added dropwise
into the tube and reacts for 1 hour at =78° C. Xanthone (40
mg, 0.15 mmol) is dissolved in anhydrous ether (2 mL), and
then atmosphere of the ether solution is replaced with
nitrogen, then injected into the above reaction system drop-
wise with an injector, stirred for several minutes at =78° C.,
and then stirred overnight at room temperature. Subse-
quently, saturated ammonium chloride solution is added into
the reaction system to quench the reaction, extraction is
performed by using ethyl acetate (5 mLx3), the organic
phases are combined, then washed with water and brine
successively, dried with anhydrous Na,SO,, and filtered.
The filtered solution is vacuum concentrated, and then
purified through column chromatography to obtain a white
solid (25 mg, yield 42%).

[0096] 'H-NMR (500 MHz, DMSO-d%) & 9.31 (s, 1H),
8.26 (d, J=8.1 Hz, 1H) 7.90 (d, -8.3 Hz, 1H), 7.78 (dd,
J=7.4,7.6 Hz, 1H), 7.74 (dd, J=7.4, 7.6 Hz, 1H), 7. 23 (dd,
1=1.5, 7.6 Hz, 2H), 7.08-7.02 (m, 3H), 7.01-6.96 (m, 2H),
6.86 (s, 1H), 6.83 (d, 1=8.3, 2H), 6.75 (dd, I=7.5, 7.6 Hz,
2H), 5.87 (d. I=7.6 Hz, 2H). MS (ESI): 402.16 [M+H]*.
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(2) Synthesis of Compound 3

[0097]

[0098] The precursor (30 mg, 0.07 mmol) of compound 3,
acetic acid (1 mL 35% hydrochloric acid (0.25 mL) are
added into a sealed tube (10 mL). The reaction solution is
heated to 140° C. and stirred for 4 hours. After TLC shows
that the reaction is finished, saturated NaHCOj, solution is
added to neutralize and quench the reaction. The reaction
system is extracted with ethyl acetate (5 mLx3), the organic
phases are combined, dried with anhydrous Na,SQO,, fil-
tered, concentrated, and purified through column chroma-
tography to obtain a white solid (25 mg, yield 89.3%).

[0099] ‘H-NMR (300 MHz, DMSO-d%) & 8.22 (d, J=7.5
Hz, 1H). 8.13 (d, ]=8.3 Hz, 1H), 8.06 (s, 1), 7.90 (d, J=7.9
Hz, 1H), 7.79-7.71 (m, 1H), 7.61-7.45 (m, 3H), 7.37-7.18
(m, 5H), 6.87-6.81 (m, 2H), 6.36 (d, =8.1 Hz, 2H). MS
(BSI): 384.14 [M+H]".

SYNTHESIS EXAMPLE 4
Synthesis of Compound 4

(1) Synthesis of Compound 4

[0100]
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-continued

[0101] 3-bromo-2-phen quinoline (0.27 mmol, 76 mg) and
anhydrous ether (2 ml) are added to a threk tube (15 ml), and
nitrogen gas is used to replace the reaction atmosphere in the
threk tube. After the mixture is stirred for 10 minutes at =78°
C., 1.6 M n-butyllithium (0.27 mL) is added dropwise into
the tube and reacts for 1 hour at -78° C. 10,10-dimethyl-
anthrone (56.4 mg, 0.254 mmol) is dissolved in anhydrous
ether (2 mL), and then atmosphere of the ether solution is
replaced with nitrogen, then injected into the above reaction
system dropwise with a injector, stirred for several minutes
at -=78° C., and then stirred overnight at room temperature.
Subsequently, saturated ammonium chloride solution is
added into the reaction system to quench the reaction,
extraction is performed by using ethyl acetate (5 mLx3), the
organic phases are combined, then washed with water and
brine successively, dried with anhydrous Na,SO,, and fil-
tered. The filtered solution is vacuum concentrated, and then
purified through column chromatography to obtain a white
solid (30 mg, yield 30%).

[0102] 'H-NMR (300 MHz, DMSO-d% & 9.33 (s, 1H),
8.27 (d, J=9.0, 1.6 Hz, 1H), 7.90 (d, J=6.0 Hz, 1H), 7.82-
7.66 (m, 2H), 7.37 (d, J=8.0 Hz, 2H), 7.31-7.21 (m, 2H),
7.15-7.06 (m, 2H), 6.99-6.89 (m, 3H), 6.71-6.62 (m, 2H),
6.09 (s, 1H), 5.79 (d, J=7.5 Hz 2H), 1.43 (s, 3H), 1.05 (s,
3H). MS (ESI): 428.21 [M+H]".

(2) Synthesis of Compound 4
[0103]
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[0104] The precursor (43 mg, 0.1 mmol) of compound 4,
suitable amount of polyphosphoric acid and methylbenzene
(2 mL) are added into a sealed tube (10 mL). The reaction
solution is heated to 120° C. and stirred for 4 hours. After
TLC shows that the reaction is finished, the reaction solution
is cooled to room temperature and poured into ice water to
quench the reaction. Extraction is performed with ethyl
acetate (10 mlLx3), the organic phases are combined,
washed with wader and saturated NaHCO, solution (20
ml.x3) successively. The organic phase is dried with anhy-
drous Na,SO,, and filtered. The filtered solution is vacuum
concentrated, and purified through column chromatography
to obtain a white solid (38 mg, yield 92.7%).

[0105] 'H NMR (300 MHz, Chloroform-d) d 8.23 (d,
J=7.4 Uz, 1H), 8.14 (d, I=8.5 Hz, 1H), 7.86 (d, I=8.0 Hz.
1H), 7.83-7.70 (m, 4H), 7.55-7.47 (m, 2H), 7.44-7.39 (m,
1H), 7.26-7.21 (m, 2H), 6.96 (d, I=7.6 Hz, 1H), 6.90-6.85
(m, 2H), 6.19 (d, J=8.0, 2H), 1.97 (s, 3H), 1.93 (s, 3H). MS
(ESI): 410.19 [M+H]".

SYNTHESIS EXAMPLE 5
Synthesis of Compound 5

(1) Synthesis of Ketone Fragment

[0106]
0]
CHO
" —
NI,
[¢]
0
1
/ Q
N
[0107] 2-aminobenzaldehyde (1.21 g. 10 mmol) 1.3-in-

danedione (1.46 g, 10 mmol), and deionized water (50 mL)
are added into a round-bottom flask (250 mL). The reaction
solution is heated to 70° C. and stirred for 3 hours. After
TLC shows that the reaction is finished, the reaction solution
is cooled to room temperature, and extracted with ethyl
acetate (50 mLx3). The organic phases are combined,
washed with water, dried with anhydrous Na,SO,, and
filtered. The filtered solution is vacuum concentrated, and
purified through column chromatography to obtain a white
solid (2.1 g, yield 92%).

[0108] ‘H-NMR (300 MHz, DMSO-d%) & 8.61 (s, 1H),
8.15-7.98 (m, 3H), 7.84-7.77 (m, 3H), 7.64-7.60 (m, 2H).
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(2) Synthesis of a Precursor of Compound 5

[0109]

Br

Z,

e

- -
Q
oS

(LI

[0110] 2-bromotriphenylamine (0.8 mmol, 260 mg) and
anhydrous tetrahydrofuran (8 ml) are added into a threk tube
(50 ml), and nitrogen gas is used to replace the reaction
atmosphere in the threk tube. After the mixture is stirred for
10 minutes at =78° C., 1.6 M n-butyllithium (0.8 mL) is
added dropwise into the tube and reacts for 1 hour at -78°
C. The synthesized ketone fragment (185 mg, 0.8 mmol) is
dissolved in anhydrous tetrahydrofuran (5 mL). After the
atmosphere of the tetrahydrofuran solution is replaced with
nitrogen, the solution is then injected into the above reaction
system dropwise with an injected, stirred for several minutes
at =78° C., and then stirred overnight at room temperature.
After the reaction is finished, saturated ammonium chloride
solution is added into the reaction system to quench the
reaction, extraction is performed by using ethyl acetate (20
ml.x3). The organic phases are combined, dried with anhy-
drous Na,SO,, filtered, vacuum concentrated, and then
purified through silica gel column chromatography to obtain
a yellow solid (164 mg, yield 43%).

[0111] 'H-NMR (300 MHz, DMSO-d°) 8 8.59 (d, J=7.9
Hz, 1H), 7.89 (d, ]=8.4 Hz, 1H), 7.75 (dd, J=5.3, 3.2 Hz.
1H), 7.65-7.50 (m, 4H), 7.51-7.24 (m, 5H), 6.78-6.64 (m,
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4H), 6,50-6.40 (m, 3H), 6.23-6.18 (m. 1H), 6.04 (d, J=8.4
Hz, 2H), 5.95 (d, I=7.9 Hz, 2H).MS (ESI): 477.20 [M+H]*.

(3) Synthesis of Compound 5
[0112]

[0113] The precursor (476 mg, 1 mmol) of compound 5
and methane-sulfonic acid (5 mL) are added into a round-
bottom flask (5 mL), and stirred for 30 minutes at room
temperature. After TLC shows that the reaction is finished,
saturated. NaHCO, solution is added to neutralize the reac-
tion solution. The reaction system is extracted with ethyl
acetate (50 mLx3), the organic phases are combined,
washed with water, dried with anhydrous Na,SO,, filtered,
concentrated, and purified through column chromatography
to obtain a white solid (407 mg, yield 89%).

[0114] 'H-NMR (500 MHz, DMSO-d®% 8 8.26 (s, 1H),
8.22 (d,J=7.5Hz, 1H) 8.15 (d, J=8.3 Hz, 1H), 7.99 (d, J=7.9
Hz, 1H), 7.88-7.83 (m, 2H), 7.82-7.77 (m, 1H), 7.70-7.63
(m, 3H), 7.64-7.51 (m, 4H), 7.00-6.95 (m, 2H), 6.64-6.57
(m, 2H), 6.36-6.30 (m, 4H). MS (MALDI-TOF): 457.81
[M+H]™.

SYNTHESIS EXAMPLE 6
Synthesis of Compound 6

(1) Synthesis of Compound 6
[0115]

Br ’

N
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-continued
(6]

ole
(LI

[0116] 9-(2-bromophenyl)carbazole (0.8 mmol, 260 mg)
and anhydrous tetrahydrofuran (8 ml) are added into a threk
tube (50 mL.), and nitrogen gas is used to replace the reaction
atmosphere in the threk tube. After the mixture is stirred for
10 minutes at -78° C., 1.6 M n-butyllithium (0.8 mL) is
added dropwise into the tube and reacts for 1 hour at -78°
C. The ketone fragment (185 mg, 0.8 mmol) is dissolved in
anhydrous tetrahydrofuran (5 mL), then atmosphere of the
tetrahydrofuran solution is replaced with nitrogen, the solu-
tion is then injected into the above reaction system dropwise
with an injector, stirred for several minutes at =78° C., and
then stirred overnight at room temperature. Subsequently,
saturated ammonium chloride solution is added into the
reaction system to quench the reaction, extraction is per-
formed by using ethyl acetate (20 mI.x3). The organic
phases are combined, washed with water, dried with anhy-
drous Na,SO,, filtered, vacuum concentrated, and then
purified through column chromatography to obtain a yellow
solid (164 mg, yield 43%).

[0117] 'H-NMR (300 MHz, DMSO-d°%) & 8.77 (d, J=8.1
Hz, 1H). 7.92 (s, 1H), 7.89-7.84 (m, 1H), 7.74 (d, J=7.7 Hz,
1H), 7.66 (d, J=7.9 Hz, 1H), 7.61-7.44 (m, 4H), 7.40-7.28
(m, 2H), 7.22-7.14 (m, 1H), 7.08-6.88 (m, 4H), 6.77-6.69
(m, 1H), 6.52 (s, 1H), 6.50-6.41 (m, 1H), 6.41-6.32 (m, 1H),
6.06 (d, I=8.1 Hz, 1H), 5.84 (d, J=8.0 Hz, 1H). MS (ESI):
475.18 [M+H]".

(2) Synthesis of Compound 6

\ )
SHSE
(L

[0118]
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[0119] The precursor of (474 mg, 1 mmol) of compound
6 and methane-sulfonic acid (5 ml) are added into a
round-bottom flask (25 mL), and stirred for 30 minutes at
room temperature. After TLC shows that the reaction is
finished, saturated NaHCO, solution is added to neutralize
the reaction solution. The reaction system is extracted with
ethyl acetate (50 mLx3), the organic phases are combined,
washed with water, dried with anhydrous Na,SO,, filtered,
vacuum concentrated, and purified through column chroma-
tography to obtain a white solid (420 mg, yield 92%).

[0120] 'H-NMR (300 MHz, Chloroform-d) & 8.54 (d,
J=8.5 Hz, 1H), 8.44 (d, I=8.6 Hz, 1H), 8.37 (d, I=7.8 Hz.
1H), 827 (d, =7.3 Hz, 1H), 8.16 (d, J=8.4 Hz, 71),
8.10-8.03 (m, 2H), 7.84 (d, 1=8.1 Hz, 1H), 7.79-7.68 (m,
2H), 7.83-7.55 (m, 1H), 7.55-7.41 (m, 4H), 7.22 (d, J=7.5
Hz, 1H), 7.15-7.07 (m, 1H), 6.97-6.89 (m, 1H), 6.55 (d,
J=6.6 Hz, 1H), 6.45 (d, J=7.6 Hz, 1H), MS (MALDI-TOF)
: 45581 [M]*.

SYNTHESIS EXAMPLE 7
Synthesis of Compound 7

(1) Synthesis of a Precursor of Compound 7

[0121]

Br

Sviseel

A
Z
N
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-continued

[0122] 3-bromo-2-phenylquinoline (1 mmol, 284 mg) and
anhydrous ether (5 ml) are added into a threk tube (50 ml),
and nitrogen gas is used to replace the reaction atmosphere
in the threk tube. After the mixture is stirred for 10 minutes
at -78° C., 1.6 M n-butyllithium (1 mL) is added dropwise
into the tube and reacts for 1 hour at -78° C. The corre-
sponding ketone fragment (194 mg, 0.5 mmol) is dissolved
into anhydrous ether (10 mL), then atmosphere of the ether
solution is replaced with nitrogen, the solution is then
injected into the above reaction system dropwise with an
injector, stirred for several minutes at -78° C., and then
stirred overnight at room temperature. Subsequently, satu-
rated ammonium chloride solution is added into the reaction
system to quench the reaction, extraction is performed by
using ethyl acetate (30 mlLx3). The organic phases are
combined, washed with water, dried with anhydrous
Na,SO,, filtered, vacuum concentrated, and then purified
through column chromatography to obtain a milk white solid
(110 mg, yield 37%).

[0123] 'H-NMR (300 MHz, DMSO-d%) & 9.39 (s, 1H),
8.26 (d, 1=9.0, 1H), 7.89 (d, J=8.2 Hz, 1H), 7.80-7.65 (m,
2H), 7.53 (dd, 1=7.9, 1.7 Hz, 2H), 7.41-7.31 (m, 4i), 7.21
(d, I=1.6 Hz, 4H), 6.97-6.90 (m, 3H), 6.70-6.62 (m, 2H).
6.55 (s, 1H), 6.00 (d, J=7.9, 2H), 2.29 (s, 12H). MS (ESI):
594.28 [M+H]+.

(2) Synthesis of Compound 7

[0124]

14
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-continued

[0125] The precursor (59 mg, 0.1 mmol) of compound 6
and methane-sulfonic acid (1 mL) are added into a round-
bottom flask (25 mL), and stirred for 10 minutes at room
temperature. After TLC shows that the reaction is finished,
saturated. NaHCO, solution is added to neutralize the reac-
tion solution. The reaction system is extracted with ethyl
acetate (20 mLx3), the organic phases are combined,
washed with water, dried with anhydrous Na,SO,, filtered,
concentrated, and purified through column chromatography
to obtain a white solid (52 mg, yield 91%).

[0126] 'H-NMR (300 MHz, Chloroform-d®) & 8.39 (d,
J=7.8 Hz, 1H), 8.25 (d, ]=8.5 Hz, 1H), 7.94 (d, ]=8.0 Hz,
2H), 7.74-7.63 (m, 3H), 7.62-7.56 (m, 2H), 7.55-7.48 (m,
1H), 7.47-71.39 (m, 1H), 7.34-7.34 (m, 1H), 7.05-6.86 (m,
9H), 2.26 (s, 12H). MS (ESI): 576.27 [M+H]+.

SYNTHESIS EXAMPLE 8
Synthesis of Compound 8

(1) Synthesis of a Precursor of Compound 8
[0127]

ng

\ /

N

[0128] 3-bromo-2-phenylquinoline (1 mmol, 284 mg) and
anhydrous ether (5 ml) are added into a threk tube (50 mL),
and nitrogen gas is used to replace the reaction atmosphere
in the threk tube. After the mixture is stirred for 10 minutes
at =78° C., 1.6 M n-butyllithium (1 mL) is added dropwise
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into the tube and reacts for 1 hour at -78° C. The corre-
sponding ketone fragment (186 mg, 0.8 mmol) is dissolved
in anhydrous ether (10 mL), then atmosphere of the ether
solution is replaced with nitrogen, the solution is then
injected into the above reaction system dropwise with an
injector, stirred for several minutes at -78° C., and then
stirred overnight at room temperature. Subsequently, satu-
rated ammonium chloride solution is added into the reaction
system to quench the reaction. Extraction is performed by
using ethyl acetate (30 mL.x3), the organic phases are
combined, washed with water, dried with anhydrous
Na,S0,, filtered, vacuum concentrated, and then purified
through column chromatography to obtain a white solid (142
mg, 40.8%).

[0129] 'H-NMR (300 MHz, Chloroform-d) & 8.17 (d,
J=8.7 Hz, 1H), 7.95 (d, ]=8.6 Hz, 1H), 7.90-7.80 (m, 3H),
7.78-7.69 (m, 2H), 7.54-7.47 (m, 1H), 7.41-7,28 (m, 4H),
7.28-7.15 (m, 4H), 7.14-7.07 (m, 1H), 6.95-6.03 (m, 2H),
6.80-6.70 (m, 3H), 6.51 (s, |H). MS (ESI): 438.18 [M+H]+.

(2) Synthesis of Compound 8

[0130]
X OH —
F
N
\ O
/ Q
N
[0131] The precursor (88 mg, 0.2mmol) of compound 8

and methane-sulfonic acid (1 mL) are added into a round-
bottom flask (2.5 mL). The mixture is stirred for 10 minutes
at room temperature, until TLC shows that the reaction is
finished. Saturated NaHCO; solution is added to neutralize
the reaction solution. Extraction is performed with ethyl
acetate (20 mlLx3), the organic phases are combined,
washed with water, dried with anhydrous Na,SO,, filtered,
vacuum concentrated, and purified through column chroma-
tography to obtain a white solid (70 mg, yield 83%).
[0132] ‘H-NMR (300 MHz, CDCI;)  8.22-7.80 (m, 6H),
7.71-717 (m, 14 H), 5.96-5.76 (m, 1H). MS (ESI): 420.18
[M+H]+.

[0133] An embodiment of the present disclosure further
provides an organic electronic assembly. The organic elec-
tronic assembly contains at least one organic photoelectric
functional material. The organic electronic assembly is
organic light-emitting diode, light-emitting diode, compact
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fluorescent lamp, incandescent lamp, organic photovoltaic
cell, or organic field effect transistor.

[0134] An embodiment of the present disclosure further
provides an use of the organic photoelectric functional
material as a host material or as an electron transporting-
type host material in a co-host system in an organic elec-
tronic assembly.

[0135] An embodiment of the present disclosure further
provides a use of the organic photoelectric functional mate-
rial as biomarker or in imaging techniques. For example, the
organic photoelectric functional material is used in biologi-
cal applications, and as luminescent label in an anti-cancer
agent.

[0136] An embodiment of the present disclosure further
provides an light-emitting device. The light-emitting device
includes a cathode, an anode, and at least one organic layer
placed between the cathode and the anode, the organic layer
containing the organic photoelectric functional material. The
organic layer generally contains a hole transporting-type
host material, an electron transporting-type host material,
and a doping material. The compound provided in the
present disclosure may be used as the electron transporting-
type host material. In an specific embodiment, the com-
pound of the present disclosure is used as the electron
transporting-type host material, which, together with a hole
transporting-type host material and a phosphorescent doping
material, forms an organic layer of an OLED device, the
hole transporting-type host material having LUMO is at
least 0.1 eV higher than that of the compound. The electron
transporting-type host material of the present disclosure and
the hole transporting-type host material whose LUMO is at
least 0.1 eV higher are excited to form an exciplex. The
energy difference between a singlet state and a triplet state
of the formed exciplex is smaller than 0.15 eV. In the
meantine, the energy of a triplet state of the phosphorescent
doping material is lower than energy of the triplet state of the
exciplex, achieving a good energy transfer effect. When a
fluorescent doping material is selected for forming the
organic layer, the energy of a singlet state of the selected
fluorescent doping material shall be lower than the energy of
the singlet state of the formed exciplex, in order to achieve
good energy transfer effect.

[0137] The compounds provided in the present disclosure
are applicable for various optical devices and photoelectric
devices, including but not limited to, light-absorbing devices
such as solar sensitive device and light sensitive device,
organic light-emitting diode (OLED), light-emitting device,
devices having both light-absorbing capability and light-
emitting capability, and labels used in biological applica-
tions.

[0138] An embodiment of the present disclosure further
provides a bipolar host material. The bipolar host material is
at least one of the organic photoelectric functional materials
provided in the present disclosure.

[0139] An embodiment of the present disclosure further
provides an electron transporting-type host material, and the
electron transporting-type host material is at least one of the
organic photoelectric functional materials provided in the
present disclosure.

[0140] As mentioned above, the compounds provided in
the present disclosure are pure organic compounds. On one
hand, the compounds may be used as a fluorescent emitter,
a delayed fluorescent emitter, or a phosphorescent emitter.
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[0141] On the other hand, these compounds may be used
independently as the bipolar host material, i.e., having both
good electron transportation property and good hole trans-
portation property, good for charge balance of carriers,
thereby achieving high luminous efficiency; or these com-
pounds are used as an electron transporting-type host mate-
rial which, together with a hole transporting-type host mate-
rial, forms a co-host system, for example, applied in an
OLED device such as a full-color displayer.

[0142] In an embodiment, the compound is used in an
organic light-emitting diode (OLED) 1000. The structure of
the OLED 1000 is schematically shown in FIG. 1. As shown
in FIG. 1, OLED 1000 includes a substrate 1002, an anode
1004, a hole transporting layer (HTL) 1006, a light-emitting
functional layer 1008, an electron transporting layer (ETL)
1010, and a metal cathode layer 1012. The anode 1004 is
generally made of a transparent material, for example,
indium tin oxide. The light-emitting functional layer 1008
may be a light-emitting material layer (EML) which only
contains an emitter, or contains both an emitter and a host or
a co-host. Any one or more layers shown in FIG. 1 may
contain indium tin oxide (ITO), MoQO;, Ni,O;, poly(3.4-
ethylenedioxythiophene)(PEDOT), polystyrene sulfonate
(PSS), NHT-49, NHT-51, 2,3,5,6-tetrafluoro-7,7',8,8'-tetra-
cyanodimethyl-p-benzoquinone (F4-TCNQ), N,N'-di-1-
naphthyl-N,N'-diphenyl-1,1'-biphenyl-4,4'-diamine (NPD),
4.4'-cyclohexyl  bis[N,N-di(4-methylphenyl)  aniline]
(TAPC), 2,6-bis(N-carbazolyl)-pyridine (mCpy), 2,8-bis(di-
phenylphosphoryl) dibenzothiophene (POL15), LiF, LiQ,
Cs,CO;, CaCO,, Al, or combinations thereof.

[0143] In an embodiment, the light-emitting functional
layer 1008 may contain one or more compounds provided by
the present disclosure, and optionally contain a hole-type
host material. The hole-type host material may be any
suitable host material in the related art.

[0144] In an embodiment, the electron transporting layer
1010 and the hole transporting layer 1006 may also contain
one or more compounds provided by the present disclosure,
and may further contain an injection layer close to the
electrode.

[0145] The injection layer includes an electron injection
layer (EIL) and a hole injection layer (HIL). These injection
layers may be formed as a single layer or distributed
separately in the transporting layer.

[0146] Emission color of the OLED depends on emission
energy (optical band gap) of the light-emitting functional
layer 1008. The emission energy (optical band gap) of the
light-emitting functional layer 1008 can be tuned by adjust-
ing the emitter compound, the host material or the electron
structure thereof. The electron transporting material in the
electron transporting layer 1010 may be any suitable elec-
tron transporting material in the related art, or the hole
transporting material in the hole transporting layer 1006 may
be any suitable hole transporting material in the related art.
Both the electron transporting material in the electron trans-
porting layer 1010 and the hole transporting material in the
hole transporting layer 1006 can be selected in the related art
for achieving a better effect.

[0147] The compound listed in present disclosure may be
blended with a small molecule hole transporting-type host
material to form an exciplex. If a photoluminescence spec-
trum of the blend has an obvious red shift with respect to the
photoluminescence spectrum of any component of the
blend, it demonstrates that an exciplex is formed.

Aug. 1,2019
TABLE 1

Electron

transporting-type Band Emission
Hole host material of gap of range of
transporting-type  the present exciplex Emission  exciplex
host material disclosure (V) peak (nm) (nm)
TCTA compound 1 3. 412 360-550
TCTA compound 2 3. 408 360-570
TCTA compound 3 3. 410 360-590
TCTA compound 4 3.28 412 360-550
TCTA compound 3 3.29 485 360-610
TCTA compound 6 3.23 412 360-600
TAPC compound 1 3.06 452 360-580
TAPC compound 2 3.02 452 360-580
TAPC compound 3 3.02 460 360-580
TAPC compound 4 3.08 447 360-580
TAPC compound 3 3.09 483 350-610
TAPC compound 6 3.02 467 350-600
MCP compound 1 3.32 376 350-470
MCP compound 2 3.36 375 350-470
MCP compound 3 3.37 374 350-470
MCP compound 4 3.38 378 355-550
MCP compound 3 3.39 487 360-610
MCP compound 6 3.33 390 355-610
[0148] Table 1 shows photoluminescence spectrum data of

co-vapor deposited films formed by compounds 1-6 and the
hole transporting-type host materials (molar ratio 1:1). The
new emission peaks generated due to charge transfer of the
exciplexes are different from both the emission peak of the
electron transporting-type host material component and the
emission peak of the hole transporting-type host material
component. Compounds 1-6 have narrow photolumines-
cence spectra in a range of 360-380 nm due to local w-*
electron transfer, while the wide spectra in a range of 400 nm
or greater of the exciplexes are generated due to electron
transfer in the molecules.

[0149] As described above, the OLED device provided in
the present disclosure includes the cathode, the anode, and
the organic layer between the cathode and the anode. The
organic layer generally includes the hole-transporting host
material, the electron-transporting host material, and the
doping material. The electron-transporting host material
may use the organic photoelectric functional compounds of
the present disclosure. The electron-transporting host mate-
rial and the hole-transporting host material may be excited
to form an exciplex as a co-host. The energy difference
between a singlet state and a triplet state of the formed
exciplex is less than 0.15 eV. The doping material may be a
fluorescent material or a phosphorescent material. The
energy of the triplet state of the phosphorescent doping
material shall be lower than the energy of the triplet state of
the exciplex.

[0150] For example, the formed host material may be
blended with iridium-based phosphorescent doping mate-
rial, such as (acetylacetone)bis(2-phenylquinoline) iridium
(Ir(PQ),acac), and bis(2-(3,5-dimethylphenyl)quinoline-C2,
N")(acetylacetonato) iridium (IIT) (Ir(DMPQ),acac), thereby
improving efficiency of the phosphorescent OLED device.
[0151] Further, the organic layer may include a light-
emitting layer, a hole transporting layer between the anode
and the light-emitting layer, and an electron transporting
layer between the cathode and the light-emitting layer.
[0152] The compounds listed in the present disclosure
may independently form the electron transporting layer or
may be used as a part of the material for forming the electron
transporting layer. If the compound is used as a part of the
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material for forming the electron transporting layer, prefer-
ably, the compound of the present disclosure is doped by at
least 30 wt % based on the total weight of the material for
forming the electron transporting layer, more preferably at
least 50 wt %.
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using a mask (<107 Pa). The relation between current
density and voltage and the relation between luminous
intensity and voltage were measured by using Keithley
source measure unit 2400 and spectrascan spectrometer
PR735.

TABLE 2
External

Luminous quantum Power
Device Co-host layer (hole Turm-on  efficiency efficiency efficiency
preparing transporting + electron  voltage (Cd/A) (%) (L/W)
method transporting) (V) (1000 cd/m?) (1000 cd/m?) (1000 cd/m?)
Solution manner  TCTA + compound 1 2.8 12.2 1.8 9.9
Vapor-deposition  TAPC + compound 1 2.9 9.8 9.7 7.6
manner
Vapor-deposition  TCTA + compound 1 3.0 7.8 7.6 5.8
manner
Vapor-deposition  TCTA + compound 2 2.6 13.2 12.5 10.0
manner
Vapor-deposition  TCTA + compound 3 2.6 135 1.1 10.5
manner
Vapor-deposition  TCTA + compound 4 3.2 13.0 10.6 9.2
manner
Vapor-deposition  TCTA + compound 5 2.6 13.8 13.1 10.4
manner
Vapor-deposition  TCTA + compound 6 3.2 123 1.2 9.7

manner

[0153] The hole transporting layer is made of a hole
transporting material, and the hole transporting material may
be the same as the hole transporting-type host material. The
electron transporting layer is made of an electron transport-
ing, and the electron transporting material may be the same
as the electron transporting-type host material.

[0154] The light-emitting layer may only contain the emit-
ter provided by the present disclosure, or contain both the
emitter and the host or co-host.

[0155] The co-host material formed by the compound of
the present disclosure and another hole transporting-type
host material may be used to assembly the organic layer in
the device in a solution manner or in a vapor-deposition
manner. The device formed in the vapor-deposition manner
may have the following structure of material layers (the
material layers are separated from one another with “/”,
“nm” represents a thickness unit of each layer): indium tin
oxide/HAT-CN(10 nm)/4,4'-cyclohexyl bis[N,N-di(4-meth-
ylphenyl) aniline] (TAPC) or 4,4',4"-tris(carbazole-9-yl) tri-
phenylamine (TCTA) (40 nm)/TAPC or TCTA: electron
transporting-type host (i.e., the compound of the present
disclosure): red light dopant (20 nm)/1,3,5-tris[(3-pyridyl)-
3-phenyl]benzene (TmPyPB)(60 nm)/8-hydroxylquinolino-
lato-lithium (1 nm)/aluminum (100 nm). The device formed
in the solution manner may have the following structure of
layers: indium tin oxide/PEDOT:PSS (40 nm)/TCTA or
TAPC: electron transporting-type host (i.e., the compound
of the present disclosure): red light dopant (60 nm)/TmPyPB
(60 nm)/8-hydroxylquinolinolato-lithium (1 nm)/aluminum
(100 nm). In both the vapor-deposition manner and the
solution manner, the indium tin oxide substrate needs to be
cleaned with acetone, ultrapurified water, ethanol and ultra-
sonic treatment, then blown to dry with a nitrogen gun and
then exposed to UV-0zone. Subsequently, the organic layers
are successively vapor-deposited onto the indium tin oxide
substrate under vacuum (<107> Pa), or successively spin
coated onto the indium tin oxide substrate in the solution
manner. The inorganic layer is later etched into the device

[0156] In Table 2, luminous efficiency (Cd/A), external
quantum efficiency (%), and power efficiency (L/W) are
device efficiencies measured under a brightness of 1000
cd/m?,

[0157] FIG. 5 shows an energy diagram of an exciplex
formed by compound 2 and 1,1-bis[4-[N,N-bis[4-[N,N-di-
4-tolyamino[phenyl| cyclohexane (TAPC) and an energy
diagram of an exciplex formed by compound 2 and 4,4'4"-
tris(carbazole-9-yl) triphenylamine (TCTA); wherein a dif-
ference between LUMO energy of the hole transporting-type
host (TAPC or TCTA) and LUMO energy of the electron
transporting-type host of the present disclosure (i.e., com-
pound 2) is greater than 0.1 eV.

[0158] FIG. 6 is a photoluminescence spectrum of pure
TCTA, compound 2, and a co-vapor deposited film of TCTA
and compound 2.

[0159] FIG. 7 is a photoluminescence spectrum of TAPC,
compound 2, and a co-vapor deposited film of TAPC and
compound 2.

[0160] FIG. 8 shows a diagram of comparing a relation
between voltage and luminous intensity of an OLED device
produced by using compound 2 and TCTA together as a
co-host system and a doping material with a relation
between voltage and luminous intensity of an OLED device
produced by using pure TCTA as host and a doping material.

[0161] FIG. 9 shows a diagram of comparing external
quantum efficiency of an OLED device produced by using
compound 2 and TCTA together as a co-host system and a
doping material with external quantum efficiency of an
OLED device produced by using pure TCTA as host and a
doping material.

[0162] From the data above and the comparison results, it
can be concluded that the devices assembled by the com-
pounds provided by the present disclosure have low turn-on
voltage, high luminous efficiency, and high device eflicien-
cies even under high luminous intensity.
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[0163] Based on the disclosed contents in the present
disclosure, those killed in the art can make modifications and
obtain other embodiments. Therefore, this description is
merely exemplary for illustration. The elements and mate-
rials explained in the present disclosure may be substituted
by other elements and materials, the components and pro-
cedures may be reverted, and specific features may be
applied independently, which shall fall into the protection
scope of the present disclosure. Those skilled in the art may
make modifications to the elements explained in the present
disclosure, without departing from the principles and scope
of the present disclosure.

What is claimed is:

1. An organic photoelectric functional material selected
from a group consisting of compounds represented by
formula I and combinations thereof;

X e Ri2lmi
AN
Ryp— | :

AN

[

S L
Rz Ria)g1

wherein R,;, R, R;; and R,, each are independently
selected from a group consisting of substituted or
unsubstituted C,-C; alkyl, substituted or unsubstituted
C,-C,4 alkenyl, substituted or unsubstituted Cg-Csg
aryl, substituted or unsubstituted C,-C,4 heteroaryl,
substituted or unsubstituted C,-C,; heteroalicyclic
group, substituted or unsubstituted C,-C,, alkoxy, sub-
stituted or unsubstituted C,-C,, alkylthiol, substituted
or unsubstituted C,-C,, alkenyloxy, substituted or
unsubstituted C,-C,i alkynyloxy, substituted or unsub-
stituted C¢-C5¢ aryloxy, substituted or unsubstituted
C,-C,, alkoxycarbonyl, substituted or unsubstituted
C,-C,4 ester group, substituted or unsubstituted C,-Cs
amido group, substituted or unsubstituted C,-C, sul-
fonyl, substituted or unsubstituted C,-C,¢ sulfinyl sub-
stituted or unsubstituted C,-C,, sulfonylamino group,
substituted or unsubstituted C,-C,, phosphorylamino
group, substituted or unsubstituted C,-C,, alkoxycar-
bonylamine group, substituted or unsubstituted C,-C;,
aryloxycarbonylamino group, substituted or unsubsti-
tuted C,-C,q monoalkylamino group, substituted or
unsubstituted C,-C,, dialkylamino group, substituted
or unsubstituted C,-C,y monoarylamino group, and
substituted and unsubstituted Cy-C,, diarylamino
group, wherein the substituents are selected from a
group consisting of deuterium, halogen, hydroxyl, mer-
capto group, nifro-group, cyano, amino-group, car-
boxyl, sulpho, diazanyl carbamido, C,-C, alkyl, and
Ce-Cyy aryl;

wherein adjacent two or more of R, |, R;,,R;; and R, are
capable of being interlinked into a ring;

wherein Arl represents phenyl, o-naphthyl, or f-naph-
thyl;
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wherein X is present or is absent; if X is present, X
presents —O—, —CH,—, —CRaRb-, —NH—, or
—NRc-; if X is absent, C, is linked to Arl by a single
bond; and

wherein n; m; p, and ql each are independently an
integer selected from a group consisting of 0, 1, 2, 3,
and 4.

2. The organic photoelectric functional material according
to claim 1, wherein the organic photoelectric functional
material is selected from a group consisting of compounds
represented by formula IA, compounds represented by for-
mula IB, compounds represented by formula IC, compounds
represented by formula If), and combinations thereof,

(1)

Ri9)g1
(IB)

Rg

semee. Ri2dnss
4

’

ac

(D)

wherein R, Ry, and R, each are independently selected
from a group consisting of substituted or unsubstituted
C,-C4, alkyl, substituted or unsubstituted C,-C, alk-
enyl, substituted or unsubstituted C,-C,4 aryl, substi-
tuted or unsubstituted C¢-C, ¢ heteroaryl, substituted or
unsubstituted C,-C, 4 heteroalicyclic group, substituted
or unsubstituted C,-C,, alkoxy. substituted or unsub-



US 2019/0237678 Al

stituted C,-C,,, alkylthiol, substituted or unsubstituted
C,-C,, alkenyloxy, substituted or unsubstituted C,-C,,
alkynyloxy, substituted or unsubstituted C4-C; ary-
loxy, substituted or unsubstituted C,-C,, alkoxycarbo-
nyl, substituted or unsubstituted C,-C,, ester group,
substituted or unsubstituted C,-C,4 amino group, sub-
stituted or unsubstituted C,-C, sulfonyl, substituted or
unsubstituted C,-C;, sulfinyl, substituted or unsubsti-
tuted C,-C,4 sulfonyl amino group, substituted or
unsubstituted C,-C;, phosphorylamino group, substi-
tuted or unsubstituted C,-C,, alkoxycarbonylamino
group, substituted or unsubstituted C,-C;, aryloxycar-
bonylamino group, substituted or unsubstituted C,-C
monoalkylamino group, substituted or unsubstituted
C,-C,¢ dialkylamino group, substituted or unsubsti-
tuted C4-C, , monoarylamino group, and substituted or
unsubstituted C4-C,4 diarylamino group, wherein the
substituents are selected from a group consisting of
deuterium, halogen, hydroxyl, mercapto group, nitro-
group, cyano, amino-group, carboxyl, sulpho, diazanyl,
carbamido, C,-C, alkyl, and C-C, , aryl; and
wherein adjacent two or more of R, |, Ry5, Rj3, Rj4, R,
R, and R, are capable of being interlinked into a ring.
3. The organic photoelectric functional material according
to claim 2, wherein the organic photoelectric functional
material is selected from a group consisting of compounds
represented by formula 1A1l, compounds represented by
formula 1B1, compounds represented by formula IC1, com-
pounds represented by formula IC, and combinations
thereof;

(A1)

N
Riz)p1 (Ria)g1
(IB1)

—Rums;

ac

—Rp)ms;
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-continued

acz)

—Rp2)m;

N
Rzt Rig)g1

wherein R, and R, each are independently selected from

a group consisting of substituted or unsubstituted
C,-C,, alkyl, substituted or unsubstituted C,-C, alk-
enyl, substituted or unsubstituted C4-Cs4 aryl, substi-
tuted or unsubstituted C-C, ; heteroaryl, substituted or
unsubstituted C5-C, ¢ heteroalicyclic group, substituted
or unsubstituted C,-C,, alkoxy, substituted or unsub-
stituted C,-C,, alkylthiol, substituted or unsubstituted
C,-C,, alkenyloxy, substituted or unsubstituted C,-C,,
alkynyloxy, substituted or unsubstituted C,-C,; ary-
loxy, substituted or unsubstituted C,-C,, alkoxycarbo-
nyl, substituted or unsubstituted C,-C;4 ester group,
substituted or unsubstituted C,-C,4 amido group, sub-
stituted or unsubstituted C, -C, sulfonyl, substituted or
unsubstituted C,-C;, sulfinyl, substituted or unsubsti-
tuted C,-C;¢ sulfonylamino group, substituted or
unsubstituted C,-C,, phosphorylamino group, substi-
tuted or unsubstituted C,-C,, alkoxycarbonylamino
group, substituted or unsubstituted C.-C, aryloxycar-
bonylamino group, substituted or unsubstituted C,-C, ¢
monoalkylamino group, substituted or unsubstituted
C,-C; dialkylamino group, substituted or unsubsti-
tuted C4-C, 4 monoarylamino group, and substituted or
unsubstituted Cy-C, diarylamino group, wherein the
substituents are selected from a group consisting of
deuterium, halogen, hydroxyl, mercapto group, nitro-
group, cyano, amino-group, carboxyl, sulpho, diazanyl,
carbamido, C,-C, alkyl, and C,-C,, aryl;

wherein adjacent two or more of R;;, R;,, R;5, and R,

are capable of being linked into a ring; and

wherein o is an integer selected from a group consisting

of 0, 1, 2, 3, and 4.

4. The organic photoelectric functional material according
to claim 1, wherein the organic photoelectric functional
material is selected from a group consisting of the following
compounds and combinations thereof:
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-continued
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-continued

5. An organic photoelectric functional material selected

from a group consisting of compounds represented by
formula II and combinations thereof;

an

&
N
Raz)2 Ranp

wherein R,,, R,,, R,; and R,, each are independently
selected from a group consisting of substituted or
unsubstituted C, -C,; alkyl, substituted or unsubstituted
C,-Cygalkenyl, substituted or unsubstituted Cg-Csg
aryl, substituted or unsubstituted C,-Cs4 heteroaryl,
substituted or unsubstituted C;-C,q heteroalicyclic
group, substituted or unsubstituted C,-C,, alkoxy, sub-
stituted or unsubstituted C,-C,, alkylthiol, substituted
or unsubstituted C,-C,, alkenyloxy, substituted or
unsubstituted C,-C,, alkynyloxy, substituted or unsub-
stituted C,-Cs4 aryloxy, substituted or unsubstituted
C,-C,, alkoxycarbonyl, substituted or unsubstituted
C,-C,, ester group, substituted or unsubstituted C,-Cs
amido group, substituted or unsubstituted C,-C,4 sul-
fonyl, substituted or unsubstituted C,-C, sulfinyl, sub-
stituted or unsubstituted C,-C, sulfonylamino group,
substituted or unsubstituted C,-C,¢ phosphorylamino
group, substituted or unsubstituted C,-C,, alkoxycar-
bonylamino group, substituted or unsubstituted C,-C;,
aryloxycarbonylamino group, substituted or unsubsti-
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tuted C,-C,q monoalkylamino group, substituted or
unsubstituted C,-C,, dialkylamino group, substituted
or unsubstituted C4-C,y monoarylamino group, and
substituted or unsubstituted C,-C, ¢ diarylamino group,
wherein the substituents are selected from a group
consisting of deuterium, halogen, hydroxyl, mercapto
group, nitro-group, cyano, amino-group, carboxyl, sul-
pho, diazanyl, carbamido, C,-C alkyl, and C,-C | , aryl;

wherein adjacent two or more of R, ,R,,,R,; and R,, are
capable of being interlinked into a ring;

wherein Arl represents phenyl, a-naphthyl, or p-naph-

thyl; and

wherein n2, m2, p2 and q2 each are independently an

integer selected from a group consisting of 0, 1,2,3 and
4.

6. The organic photoelectric functional material according
to claim 5, wherein the organic photoelectric functional
material is selected from a group consisting of compounds
represented by formula I1A, compounds represented by 11B,
compounds represented by IIC, and combinations thereof;

1)

—Ra2)m:

(IIB)

{1c)

Ros)g

wherein R, and R, each are independently selected from
a group consisting of substituted or unsubstituted
C,-C44 alkyl, substituted or unsubstituted C,-C,, alk-
enyl, substituted or unsubstituted C¢-C;4 aryl, substi-
tuted or unsubstituted C-C, 4 heteroaryl, substituted or
unsubstituted C;-C |, heteroalicyclic group, substituted
or unsubstituted C,-C,, alkoxy, substituted or unsub-
stituted C,-C,, alkylthiol, substituted or unsubstituted
C,-C,, alkenyloxy, substituted or unsubstituted C,-C,,
alkynyloxy, substituted or unsubstituted Cq-C; ary-
loxy, substituted or unsubstituted C,-C,, alkoxycarbo-
nyl, substituted or unsubstituted C,-C,¢ ester group,
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substituted or unsubstituted C,-C,4 amido group, sub-
stituted or unsubstituted C, -C, sulfonyl, substituted or
unsubstituted C,-C;, sulfinyl, substituted or unsubsti-
tuted C,-C;4 sulfonylamino group, substituted or
unsubstituted C,-C,4 phosphorylamino group, substi-
tuted or unsubstituted C,-C,, alkoxycarbonylamino
group, substituted or unsubstituted C,-C;, aryloxycar-
bonyl amino group, substituted or unsubstituted C,-C, ¢
monoalkylamino group, substituted or unsubstituted
C,-C,4 dialkylamino group, substituted or unsubsti-
tuted C4-C, , monoarylamino group, and substituted or
unsubstituted C;-C,4 diarylamino group, wherein the
substituents are selected from a group consisting of
deuterium, halogen, hydroxyl, mercapto group, nitro-
group, cyano, amino-group, carboxyl, sulpho, diazanyl,
carbamido, C,-C, alkyl, and C-C, aryl;

wherein adjacent two or more of R, , R,,, Ry3, Ryus Ry,

and R, are capable of being interlinked into a ring; and
wherein r and t each are independently an integer selected
from a group consisting of 0, 1, 2, 3 and 4.

7. The organic photoelectric functional material according
to claim 5, wherein the organic photoelectric functional
material is selected from a group consisting of the following
compounds and combinations thereof:

ey

8. An organic electronic assembly, comprising the organic
photoelectric functional material according to claim 1.

9. The organic electronic assembly according to claim 8,
wherein the organic electronic assembly is selected from a
group consisting of organic light-emitting diode, light-emit-
ting diode, compact fluorescent lamp, incandescent lamp,
organic photovoltaic cell, and organic field effect transistor.

10. An organic electronic assembly, comprising the

organic photoelectric functional material according to claim
4.
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11. The organic electronic assembly according to claim
10, wherein the organic electronic assembly is selected from
a group consisting of organic light-emitting diode, light-
emitting diode, compact fluorescent lamp, incandescent
lamp, organic photovoltaic cell, and organic field effect
transistor.

12. A light-emitting device, comprising a cathode, an
anode, and at least one organic layer placed between the
cathode and the anode, wherein the organic layer comprises
the organic photoelectric functional material according to
claim 1.

13. A light-emitting device, comprising a cathode, an
anode, and at least one organic layer placed between the
cathode and the anode, wherein the organic layer comprises
the organic photoelectric functional material according to
claim 4.

14. Use of the organic photoelectric functional material
according to claim 1 as a host material or a bipolar host
material or as an electron-transporting host material in a
co-host material system used in an organic electronic assem-
bly.

15. Use of the organic photoelectric functional material
according to claim 4 as a host material or a bipolar host
material or as an electron-transporting host material in a
co-host material system used in an organic electronic assem-
bly.

16. A bipolar host material selected from a group con-
sisting of the organic photoelectric functional material
according to claim 1 and combinations thereof.

17. A bipolar host material selected from a group con-
sisting of the organic photoelectric functional material
according to claim 4 and combinations thereof.

18. An electron transmission host material selected from
a group consisting of the organic photoelectric functional
material according to claim 1 and combinations thereof.

19. An electron transmission host material selected from
a group consisting of the organic photoelectric functional
material according to claim 4 and combinations thereof.

20. A method for preparing the organic photoelectric
functional material according to claim 1, wherein the
method for preparing the compounds represented by formula
11s selected from a group consisting of methods represented
by the following reaction equations and combinations
thereof:

Ri3)p1 Brorl
4
P AN x
N Ri4)g1
R
/ N\ \.-/(Rlz)ml
g " Ary :l
0
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-continued

and

Rizlp1

21. A method for preparing the organic photoelectric
functional material according to claim 4, wherein the
method for preparing the compounds represented by formula
1T is shown as the following reaction equation:

(Raz)p2 Brorl
n
N\ P AN
N (Rag)p2
Ra1)n2
/ N N --o s R
e i Ar ::

N
Raz)p2
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