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(7) ABSTRACT

The present disclosure relates to organic electroluminescent
materials and organic electroluminescent devices, in par-
ticular, discloses a compound of formula (1), wherein R;,
R,, R; and R, are each independently selected from hydro-
gen, a substituted or unsubstituted C,_,, alkyl, a substituted
or unsubstituted C;_,, cycloalkyl, a substituted or unsubsti-
tuted aromatic hydrocarbyl, or a substituted or unsubstituted
aromatic heterocyclic group; and at least one of R, R,, Ry
and R, contains a group having a hole-transporting ability;
and at least one of R, R,, R; and R, contains a group having
an electron-transporting ability; A and B each independently
represent hydrogen, a substituted or unsubstituted, fused
aromatic ring, or a substituted or unsubstituted, fused het-
eroaromatic ring containing a heteroatom(s) selected from
O, N and S.

Formula (1)
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ORGANIC ELECTROLUMINESCENT
MATERIALS AND ORGANIC
ELECTROLUMINESCENT DEVICES

TECHNICAL FIELD

[0001] The present disclosure relates to an organic elec-
troluminescent materials and organic electroluminescent
devices.

BACKGROUND

[0002] The basic structure of Organic Light-Emitting
Diode (OLED) includes an anode layer, a functional layer
and a cathode layer. The functional layer includes a hole-
transporting layer, a light-emitting layer and an electron-
transporting layer. When an appropriate voltage is supplied
to a cathode and an anode, electrons and holes are injected
from the cathode and the anode into the electron-transport-
ing and hole-transporting layers, respectively, and migrate to
the light-emitting layer via the electron-transporting and
hole-transporting layers, respectively. Holes and electrons
recombine and emit light in the light-emitting layer, thereby
realizing light-emitting of the OLED device itself. However,
efficiency and life of the OLED needs to be further
improved.

SUMMARY

[0003] The present disclosure provides a compound of
formula (1),

Formula (1)

wherein R, R, R; and R, are each independently selected
from hydrogen, a substituted or unsubstituted C, ,, alkyl, a
substituted or unsubstituted C;_,, cycloalkyl, a substituted or
unsubstituted aromatic hydrocarbyl, or a substituted or
unsubstituted aromatic heterocyclic group; and at least one
of R;, R,, Ry and R, contains a group having a hole-
transporting ability; and at least one of R;, R,, R; and R,
contains a group having an electron-transporting ability; A
and B each independently represent hydrogen, a substituted
or unsubstituted, fused aromatic ring, or a substituted or
unsubstituted, fused heteroaromatic ring containing a het-
eroatom(s) selected from O, N and S.

[0004] Examples of the present disclosure also provide an
organic electroluminescent composition comprising a light-
emitting material and a host material, wherein the host
material comprises the compound as described above.

[0005] Examples of the present disclosure also provide an
organic electroluminescent diode device comprising a cath-
ode, an anode and an organic functional layer formed
between the cathode and the anode, wherein the organic
functional layer comprises at least one light-emitting layer,
and the light-emitting layer comprises a light-emitting mate-
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rial and a host material, and wherein the host material
comprises the compound as described above.

[0006] Examples of the present disclosure also provide a
method for the preparation of the above compounds which
comprises: forming an indolo[3,2-b]indole main aromatic
structure in the compound of formula (1); forming the group
having a hole-transporting ability; and forming the group
having an electron-transporting ability.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] In order to more clearly illustrate the technical
solution of the Examples of the present invention, the
drawings of the examples will be briefly described below. It
will be apparent that the drawings in the following descrip-
tion are merely illustrative of some examples of the inven-
tion and are not intended to limit the invention.

[0008] FIG. 1 is a device energy level diagram of the
comparative example and working example of the present
disclosure;

[0009] FIG. 2 is a schematic structural view of an OLED
device provided in the example of the present disclosure.

DETAILED DESCRIPTION

[0010] In order to make purposes, technical solutions and
advantages of examples of the present invention more clear,
the technical solutions of the examples of the present
invention will be described clearly and completely below
with reference to the accompanying drawings of the
examples of the present invention. Obviously, the described
examples are part of the examples of the present invention,
not all the examples. Based on the described examples of the
present invention, all other examples obtained by one of
ordinary skill in the art without creative labor are within the
scope of the present invention.

[0011] The present disclosure provides a compound of
formula (1),

Formula (1)

wherein R, R, R; and R, are each independently selected
from hydrogen, a substituted or unsubstituted C, ,, alkyl, a
substituted or unsubstituted C,_,, cycloalkyl, a substituted or
unsubstituted aromatic hydrocarbyl, or a substituted or
unsubstituted aromatic heterocyclic group; and at least one
of Ry, R,, R; and R, contains a group having a hole-
transporting ability; and at least one of R}, R,, R; and R,
contains a group having an electron-transporting ability; A
and B each independently represent hydrogen, a substituted
or unsubstituted, fused aromatic ring, or a substituted or
unsubstituted, fused heteroaromatic ring containing a het-
eroatom(s) selected from O, N and S.

[0012] As shown in formula (1), the compound contains
an N-containing aromatic group of 5,10-disubstituted indolo
[3,2-b]indole. A group having a hole-transporting ability and
a group having an electron-transporting ability have been
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incorporated into a linearly extended i-conjugated system of
the compound, so that the compound has both a hole-
transporting ability and an electron-transporting ability.
When used as a host material in an organic light-emitting
material, the compound introduces an O, N, S heteroatom(s)
into a linearly extended i-conjugated system, so that the
chemical activity of the molecule is effectively reduced
while original catrier-transporting properties (i-conjugated
system) is maintained, thereby increasing redox stability.
[0013] In the present application, “A is a fused aromatic
ring” refers to a fused aromatic ring formed by A and a
benzene ring to which A is attached. In the present appli-
cation, “A is a fused heteroaromatic ring” refers to a fused
heteroaromatic ring formed by A and a benzene ring to
which A is attached. In the present application, “B is a fused
aromatic ring” refers to a fused aromatic ring formed by B
and a benzene ring to which B is attached. In the present
application, “B is a fused heteroaromatic ring” refers to a
fused heteroaromatic ring formed by B and a benzene ring
to which B is attached.

[0014] In some embodiments, the aromatic hydrocarbyl is
selected from or includes phenyl, biphenylyl, naphthyl,
phenanthryl, naphthylphenyl and fluorenyl, which are sub-
stituted or unsubstituted.

[0015] In some embodiments, the aromatic heterocyclic
group is selected from or includes pyridyl, imidazolyl,
carbazolyl and benzimidazolyl, which are substituted or
unsubstituted.

[0016] In some embodiments, the substituents at each
occurrence are independently selected from C,-C,, alkyl,
C,-C,, alkoxyl, C5-C,, cycloalkyl, C,-C,, aryl or C,-C,,
heteroaryl.

[0017] In some embodiments, the group having a hole-
transporting ability is selected from aromatic triamine
groups, carbazole groups, organosilicon groups, and orga-
nometallic complex groups.

[0018] In some embodiments, the group having an elec-
tron-transporting ability is selected from groups derived
from metal complexes, oxadiazoles, imidazoles, oxazoles,
triazoles, benzodiazoles, benzothiadiazoles, pyridines,
pyrimidines, pyrazines, quinolines, o-phenanthrolines, qui-
noxalines, anthrazoles, triazines, organoborons, organosili-
cons, and diphenylphosphine oxides.

[0019] In some embodiments, the group having an elec-
tron-transporting ability is a substituted or unsubstituted
diphenylphosphine oxide group.

[0020] In some embodiments, the group having a hole-
transporting ability is a substituted or unsubstituted carba-
zole group.

[0021] Insome embodiments, a w-7 conjugation is formed
between the group having a hole-transporting ability and the
indolo[3.2-bJindole main aromatic structure in the com-
pound of formula (1); and a m-m conjugation is formed
between the group having an electron-transporting ability
and the indolo[3,2-b]indole main aromatic structure in the
compound of formula (1). It should be noted that, in general,
the group having a hole-transporting ability may be an
aromatic group (e.g., comprising an aromatic ring), and thus
can form a m-m conjugation with the indolo[3,2-b]indole
main aromatic structure upon bonding to the indolo[3,2-b]
indole main aromatic structure via a suitable bond (e.g., 6
bond). Similarly, the group having an electron-transporting
ability may be an aromatic group (e.g., comprising an
aromatic ring), and thus can form a 7-7t conjugation with the

Mar. 8, 2018

indolo[3,2-blindole main aromatic structure upon bonding
to the indolo[3,2-bJindole main aromatic structure via a
suitable bond (e.g., o bond).

[0022] The indolo[3,2-b]Jindole main aromatic structure
described in the present disclosure may refer to the moiety
in formula (1) similar to the below formula:

0

|

[0023] A group with an electron-transporting property
(e.g., a diphenylphosphine oxide group) and a group with a
hole-transporting property (e.g., a carbazole group) are
connected by a linearly extending m-conjugated core (i.e.,
the indolo[3,2-bJindole main aromatic structure), thereby
forming a host material with high thermal stability, chemical
stability and bipolar transporting characteristics. The host
material can effectively enhance the efficiency and life of
OLED when it is used for OLED. Therefore, this material
may be used for manufacturing organic electroluminescent
devices and also has a wide range of applications in other
optoelectronic devices.

[0024] The above-mentioned compound containing a
group with an electron-transporting property (e.g., diphe-
nylphosphine oxide group) and a group with a hole-trans-
porting property (e.g., a carbazole group) provided in the
present application can be used as a host material in an
organic electroluminescent layer.

[0025] In some embodiments, the compound has at least
one of the following structural formulas:

C-1

QO ~ O

Q,?QU
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-continued
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[0026] Examples of the present disclosure also provide an
organic electroluminescent composition comprising a light-
emitting material and a host material, wherein the host
material comprises the compound described above.

[0027] In some embodiments, the light-emitting material
comprises at least one selected from the group consisting of
a fluorescent light-emitting material and a phosphorescent
light-emitting material.

[0028] In some embodiments, the phosphorescent light-
emitting material comprises at least one compound selected
from the group consisting of Ir complexes, Pt complexes, Os
complexes, Ru complexes, Re complexes, and Pd com-
plexes.

[0029] In some embodiments, the host material accounts
for about 80 to 98 wt %, for example about 85 to 98 wt %,
for example about 88 to 97 wt %, for example about 90 to
95 wt %, of the composition. Correspondingly, the light-
emitting material accounts for about 2 to 20 wt %, for
example about 2 to 15 wt %, for example about 3 to 12 wt
%, for example about 5 to 10 wt %, of the composition.

[0030] Examples of the present disclosure also provide a
method for preparing the compound of formula (1), com-
prising: forming an indolo[3,2-b]indole main aromatic struc-
ture in the compound of formula (1); forming the group
having a hole-transporting ability; and forming the group
having an electron-transporting ability.

[0031] In some embodiments, the group having an elec-
tron-transporting ability is a substituted or unsubstituted
diphenylphosphine oxide group. The forming of the group
having an electron-transporting ability comprises: forming a
diphenylphosphine group, and then oxidizing it to form a
diphenylphosphine oxide group.

[0032] In some embodiments, the group having a hole-

transporting ability is a substituted or unsubstituted carba-
zole group.

[0033] In some embodiments, the indolo[3,2-blindole
main aromatic structure is formed by the method represented
by any of the following equations (1) to (4):
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[0034] Examples of the present disclosure also provide an
organic electroluminescent diode device comprising a cath-
ode, an anode, and an organic functional layer formed
between the cathode and the anode, wherein the organic
functional layer comprises one or more light-emitting layers,
wherein at least one of said light-emitting layers comprises
a light-emitting material and a host material, and the host
material comprises any of the compounds as described
above.

[0035] An OLED device provided by one example of the
present disclosure, as shown in FIG. 2, includes a substrate
11, an anode layer 12, a hole-transporting layer 13, a
light-emitting layer 14, an electron-transporting layer 15 and
a cathode layer 16. In another example, on the basis of the
structure shown in FIG. 2, the OLED device may further
include a hole injection layer located between the anode
layer and the hole-transporting layer, or an electron injection
layer located between the electron-transporting layer and the
cathode layer. In another example, the cathode layer, the
electron-transporting layer, the light-emitting layer, the hole-
transporting layer and the anode layer may be sequentially
formed on the substrate, i.e., the order of the functional
layers on the substrate is reversed relative to the structure
shown in FIG. 2.

[0036] The organic electroluminescent diode device in the
present disclosure may be a phosphorescent device. Suitable
phosphorescent dyes may be those known in the art, includ-
ing complexes of heavy metals such as Ir, Pt, Os, Ru, Re and
Pd, for example Ir complexes and Pt complexes, such as
green dyes Ir(ppy); and Ir(ppy),(acac), red dye PtOEP, blue
phosphorescent dye Flrpic, and the like.

[0037] Inexamples of the present disclosure, the substrate
may be a glass or plastic substrate.

[0038] The anode material may be a transparent, highly
conductive material such as indium tin oxide (ITO), indium
zine oxide (I1ZO), tin dioxide (Sn0O,), zinc oxide (ZnO), and
the like.

[0039] Cathode can be made of metal and its mixture, such
as Mg:Ag, Ca:Ag, etc., and alternatively be an electron
injection layer/metal layer structure, such as LiF/Al, 1.i,0.
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EXAMPLES

[0040] The preparation, use and the like of the compounds
of the present disclosure will be further described by way of
specific examples. The starting materials and intermediates
used in the present disclosure are commercially available
unless otherwise specified.

[0041] Preparation of intermediate compound M-1
NH,
o NeH, THF
~
O
O
HN
PCIy/CHCl3
—
N
H
0]
M-1-i
Cl
N—
ZW/TFA
e
—N
Cl
M-1-ii
H
O N O
N
H
M-1
[0042] Preparation of compound M-1-i: NaH (14.0 g, 0.4

mol, 68%) and 180 mL anhydrous THF were added to a
three-necked round bottomed flask under an inert atmo-
sphere. 30.2 g (0.2 mol) of methyl 2-aminobenzoate dis-
solved in 150 mL of THF was slowly added dropwise at
room temperature, and the mixture was heated under reflux
for 3 days with magnetic stirring and then cooled to room
temperature. The mixture was then slowly poured into 500
mL of 0.1 mol/L. aqueous hydrochloric acid/ice. A large
amount of precipitate occurred, and was filtered, washed and
dried to give the crude product (compound M-1-i), which
was purified by recrystallization to give 10.4 g of pale
yellow crystals in 68.6% yield.

[0043] Preparation of compound M-1-ii: 9.5 g (0.04 mol)
of compound M-1-i and 16.7 g (0.06 mol) of PCl; were
mixed in 150 mL of chloroform, and refluxed for 3 hours and
cooled to give the product (compound M-1-ii), which was
purified by recrystallization to give 5.4 g of white crystals in
49.6% yield.

[0044] Preparation of intermediate compound M-1: 5.4g
(0.02 mol) of compound M-1-ii was dissolved in 100 mL of
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anhydrous THF and 9.6 g (0.15 mol) of activated Zn was
added portionwise, followed by slow addition of 34 g (0.3
mol) of trifluoroacetic acid (TFA) with magnetic stirring,
and the mixture was stirred at room temperature for 8 hours.
The reaction was quenched by adding NH,C1 solution, and
extracted with ethyl acetate. The organic phase was dried
with anhydrous MgSO,. The organic solvent was removed
by rotary evaporation to give the crude product, which was
recrystallized from ethanol to give 3.1 g of compound M-1
in 75.2% yield. Compound M-1: MS(m/z), 206; Elemental
Analysis (C,,H,(N,): Theoretical Value: C: 81.53%, H:
4.89%, N: 13.58%; Found: C: 81.44%, H: 4.80%, N:
13.51%.

[0045] Preparation of intermediate compound M-2
Br NH,
Nal, THF
0]
~
Br
PCl 5/CHC13
Br
Br
Zn/TFA
Br
M-2-ii
q
N,
Br /
Br
N
H
M-2
[0046] The intermediate compound M-2 was prepared

using the same procedure as the intermediate compound
M-1 except that methyl 2-aminobenzoate was replaced with

methyl 4-bromo-2-aminobenzoate.
[0047] Preparation of intermediate compound M-3

NI,
4
0

NaH, THF
S ~
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[0048] The intermediate compound M-3 was prepared
using the same procedure as the intermediate compound
M-1 except that methyl 2-aminobenzoate was replaced with
methyl 5-aminobenzo[b|thiophene-6-carboxylate.

[0049]

[0050] The intermediate compound M-4 was prepared by
the method shown below.

O,N
P 4
+ 1 N —_—

O &
O OZN
M-4-i

Preparation of intermediate compound M-4
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O X
.

M-4-ii

Oy

[0051] Preparation of compound M-4-i: To a three-necked
round bottom flask were added 1-ethynyl-2-nitrobenzene
(7.35 g, 0.05 mol), 9-(4-iodo-3-nitrophenyl) -9H-carbazole
(20.7 g, 0.05 mol), triethylamine (600 mL), Pd(PPh,),Cl,
(1.42 g, 0.0021 mol), and Cul (0.285 g, 0.001 mol). The
mixture was stirred at room temperature for 24 h. The
precipitate occurred, and was filtered, washed, purified by
column chromatography and then purified by recrystalliza-
tion to give 17.9 g of a solid product in 82.6% yield.

O
LN

[0052] Preparation of compound M-4-ii: The resulting
compound M-4-i (17.3 g, 0.04 mol) was mixed with KMnO,
(18.9 g, 0.12 mol), methyl trialkylammonium chloride (10
mL), CH,Cl, (800 mL), water (500 mL), and acetic acid (50
mL). The mixture was stirred at 80° C. for 4 h and then
extracted with CH,Cl,. The organic phase was dried over
anhydrous MgSQO,. The organic solvent was removed by
rotary evaporation to give the crude product which was
purified by column chromatography to give 9.31 g of a solid
product in 50% yield.

[0053] Preparation of intermediate compound M-4: The
resulting compound M-4-ii (9.31 g, 0.02 mol) was mixed
with SnCl,.H,O (67.5 g, 0.3 mol), acetic acid (1000 mL),
and HCI1 (1.0 mol/L,, 200 mL), and then stirred at 80° C. for
24 h. After distillation under reduced pressure, the mixture
was dissolved in THF and ethyl acetate and washed with
NaHCO; solution. After separation, the organic phase was
dried over anhydrous MgSO, and the organic solvent was
removed by rotary evaporation to give the crude product
which was recrystallized from methanol to give 2.3 g of a
white solid product in 31% yield. Compound M-4 MS(m/z):
206; Elemental Analysis (C,.H,,N;): Theoretical Value: C:
84.07%, H: 4.61%, N: 11.31%; Found: C: 83.88%, H:
4.710%, N: 11.25%.
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Example 1

Preparation of Compound C-1
[0054]

Cul, I&ZCO3
DMPU 18-crown-6

Cul, K,C04
DMPU, 18-crown-6

ofony

n-BuLi, THF, -78° C.

30% Hy05

Mar. 8, 2018
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[0055] Synthesis of compound M-1-1: This step was car- _continued

ried out using a Ullmann condensation reaction, which was

in an inert atmosphere throughout the reaction. To a round

bottom flask were added 10.3 g (0.05 mol) of M-1,338 g Cul, K2C03
(0.12 mol) of 4-bromoiodobenzene, 0.2 g (2 mol %) of Cul, Q DMPU, 18-crown 6
20.7 g (0.15 mol) of K,CO;, 0.8 g (6 mol %) of 18-crown-6,

5 mL of 1,3-dimethylpropyleneurea (DMPU) and 50 mL of

o-dichlorobenzene. The reaction was refluxed under mag-

netic stirring for 18 h, then cooled, dissolved in CH,Cl, and

washed with water. The organic phase was dried and the

organic solvent was removed by rotary evaporation to give

the crude product (compound M-1-1), which was separated

by silica gel column chromatography to give 20.1 g of solid O / Q O
in about 78.3% yield. 7 =
[0056] Synthesis of compound M-1-2: This step was car- Cul, K;COs
ried out using the method described above, except that DMPU, 18-crown-6
4-bromoiodobenzene was replaced with carbazole and the

reaction molar ratio of M-1-1 : carbazole was controlled

within 1:1.2. The reaction time was about 10 h, and finally

the compound M-1-2 was obtained by separation.

[0057] Synthesis of compound M-1-3: Similarly, the syn-

thesis process was carried out in an inert atmosphere. To a

500 ml three-necked round bottom flask, 12.0 g (0.02 mol)

of compound M-1-2 and 200 ml of anhydrous THF were Cl

added. After the mixed liquid was cooled to about -78° C., 1|>
10 ml of n-Buli solution (2.0 mol'L™", 0.025 mol) in / N O/ \©
n-hexane was slowly added dropwise under magnetic stir-

ring. After the addition was complete, the reaction was n-BuLi, THF,
stirred for 40 min, and then 5.5 g (0.025 mol) of diphenyl- 182 C.
phosphine chloride was added. After maintaining the reac-

tion at this temperature for 2 h, the reaction solution was
allowed to warm to room temperature and quenched by
addition of ethanol. The organic solvent was removed to
give a crude product. The crude product was washed several
times with an appropriate amount of methanol and water,
respectively, and then was separated by silica gel column
chromatography to give 9.9 g of the product (compound
M-1-3) in a yield of 70.1%.

[0058] Preparation of compound C-1: 7.1 g (0.01 mol) of
compound M-1-3 was weighed and dissolved in 200 ml of
CH,Cl,. 20 ml of H,O, (W/W concentration was 30%) was
added and stirred at room temperature for 12 h. The organic
phase was then separated and the organic solvent was
removed to give the crude product (compound C-1). The
crude product was separated by silica gel column chroma-
tography to give 6.4 g of white crystals in 88.6% yield.
[0059] Compound C-1 MS(m/z): 723; Elemental Analysis
(C5,H;,N;0OP): Theoretical Value: C: 82.97%, H: 4.73%, N:
5.81%; Found: C: 82.79%, H: 4.62%, N: 5.76%. The energy
level of compound C-1 was determined by cyclic voltam-
metry. HOMO: -6.01 eV, LUMO: -2.76 eV.

30% H0,

|

Example 2

Preparation of Compound C-4
[0060]

H
N -
/ O Br . . .
N [0061] As shown in the above synthetic route, preparation
H

of the compound C-4 was carried out in a manner similar to
M-2 that of example 1, except that the reactants used were
different.
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Example 3

Preparation of Compound C-5
[0062]

0
N
S
/ Cul, K»CO3
. I
/ / I Br “DMPU, 18-crown-6
S
N
H
M-3

11

Cul, K,CO4
DMPU, 18-crown-6

n-Buli, THF, -78° C.

)

Mar. 8, 2018
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-continued

[0063] As shown in the above synthetic route, preparation
of the compound C-3 was carried out in a manner similar to
that of example 1 except that the reactants used were
different.

Example 4

Preparation of Compound C-6

[0064]

NN/V+

M-4

CLlI, K2C03

1 _— =
DMPU, 18-crown-6

O
B 00T

Mar. 8, 2018

-continued

9

C-6

[0065] As shown in the above synthetic route, preparation
of the compound C-6 was carried out in a manner similar to
that of example 1, except that the reactants used were
different. In addition, in the synthesis of M-4-2, the molar
ratio of the reactants (M-4-1:diphenylphosphine chloride)
was controlled as about 1:2.2.
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Example 5

Preparation of Compound C-16
[0066]

H
H
N N

Br
Cul, K,C04
+ I
/ DMPU, 18-crown-6
Br
N

DMPU, 18 crown-6

M-2-4
Br
} . : : n-Buli, THF, -78° C.
Br

M-2-5

s
o8

M-2-6
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14
-continued
N
. y;
O .
4 0
P N

N

C-16

[0067] As shown in the above synthetic route, preparation [0068] According to examples of the present disclosure,
of the compound C-16 is carried out in a manner similar to other compounds can also be synthesized. These compounds
that of example 1, except that the reactants used were were prepared in a manner similar to those described above,
different. In addition, in the synthesis of M-2-4 and M-2-6, and thus not described repeatedly. The analysis and energy
the molar ratio of the reactants (M-2:carbazole, and M-2-5: level results of all the compounds (compound C-1 to C-16)
diphenylphosphine chloride) was controlled as about 1:2.2. synthesized above are listed in Table 1 below.

TABLE 1
Compound MS (m/z) Molecular formula ~ H!-NMR HOMO LUMO
No. of product and MW (CDCly, 300 MHz) (eV) (V)
C-1 723 CsoH34N;0P 0 =874 (2H, 1), 8.55(1H, m), -6.01 -2.76
723.8 8.12(1H, m), 7.94(3H, m),

7.77(6H, m), 7.62(7H, m),
7.45(7H, m), 7.33(7H, m)
c2 723 CsoHauN;OP 8 = 8.74(2H, 1), 8.55(1H, m), -586 -2.59
723.8 8.12(1H, m), 7.94(3H, m),
7.76(6H, m), 7.63(1H, m),
7.45(14H, m), 7.33(7H, m)
c-3 723 CsoHauN;OP 8 = 8.74(2H, 1), 8.55(1H, m), -586 =273
723.8 7.94(4H, m), 7.77(6H, m),
7.45(7H, m), 7.62(3H, m),
7.50(2H, m), 7.58(2H, m),
7.33(4H, m), 7.25(2H, m)
C-4 723 CsoHaaN;OP 8 = 843(2H, 1), 8.55(1H, 1), -588 277
723.8 8.12(1H, m)7.94(1H, m),
7.76(4H, m), 7.83(2H, m),
7.43~7.63(20H, m),
7.25~7.33(3H, m)
c-5 835 C,Hy,N,0PS, 8 = 8.55(1H, 1), 8.12(1H, -579 =265
836.0 m)7.94(1H, m), 7.86(2H, m),
7.7(10H, m), 7.62(9H, m),
7.45(6H, m), 7.50(1H,
m),7.25~7.33(3H, m)
c-6 923 CgoHaaN305P, 8 =8.74(1H, m), 8.55(1H, m),  -6.05 -2.80
924.0 8.43(1H, 1), 8.12(1H, m),
7.94(2H, m), 7.77(12H, m),
7.83(1H, m), 7.62(5H, m),
7.45~754(14H, m),
7.25~7.33(5H, m)
c-7 888  Ceoll, N,OP 8 = 8.74(1H, 1), 8.55(2H, 1), -6.12  -2.79
889.0 8.43(1H, 1), 8.12(2H, m),
7.94(3H, 1), 7.77(4H, m),
7.83(1H, s), 7.62(10H, m),
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H'-NMR
(CDCls, 300 MHz)

Compound MS (m/z) Molecular formula
No. of product and MW

HOMO LUMO
V) (V)

7.43~7.50(9H, m),
7.25~7.33(8H, m)

8 = 8.55(1H, 1), 8.49(21, 1),
8.10(3H, m), 7.94(1H, 1),
7.77(6H, 1), 7.63(9H, m),
7.25~752(20H, m)

8 = 8.55(1H, 1), 8.12(11, 1),
7.94(1H, 1), 7.76(6H, 1),

CeoH,N;0P
876.0

Ceel11N5OP
954.1

7.63(9H, m), 7.25~7.62(33H,

m), 6.52(2H, t)

8 = 8.55(2H, 1), 8.35(2H, 1),
8.12(1H, m), 7.94(1H, 1),
7.77(6H, 1), 7.62(6H, m),
7.45(6H, m), 7.50(1H, m),
7.30(3H, m), 7.03(2H, 1),
1.35(18H, s)

8§ = 8.55(1H, 1), 8.43(2H, 1),
8.30(4H, m), 8.12(1H, 1),
7.94(1H, 1), 7.77(4H, 1),
7.83(2H, s), 7.25~7.50(24H,
t)

8 = 8.74(4H, 5), 8.65(1H, 1),
8.07(4H, ), 8.12(1H, 1),
7.94(1H, 1), 7.77(6H, 1),
7.62(7H, s), 7.45(6H, m),
7.50(1H, m), 7.29~7.33(3H,
m)

8 = 8.55(1H, t), 8.43(2H, 1),
8.12(1H, 1), 8.05(4H, s),
7.94(1H, 1), 7.88(2H, m),
7.77(4H, m), 7.83(2H, m),
7.63(1H, m),
7.29~7.51(32H, m)

8 = 8.55(1H, t), 8.43(2H, 1),
8.28(8H, m), 8.12(1H, t),
7.94(1H, 1), 7.77(4H, m),
7.83(2H, m), 7.63(1H, 1),
7.25~7.51(24H, m)

8 = 8.90(4H, 1), 8.35(1H, 1),
8.43(2H, 1), 8.10(4H, 1),
8.12(1H, 1), 7.77~7.90(16H,
t), 7.94(1H, m),
7.45~7.54(9H, m),
7.25~7.33(3H, m)

8 = 8.55(2H, 1), 8.43(2H, 1),
8.12(2H, 1), 7.94(2H, 1),
7.77(12H, m), 7.83(2H, s),
7.62(6H, m), 7.45(12H, m),
7.50(2H, m), 7.54(2H, m),
7.29~7.35(6H, m)

CsgHsoN;OP
836.0

CooHoN;OP
878.0

c-12 827  C,,H,N,0P

827.9

C-13 1027 CpHsoN,OP

1028.2

C-14 1033 CegH,N,OP

1034.1

c-15 923 CgsHoN;OP

924.0

C-16 1088 C,,HyN,OP,

1089.2

-599  -2.58

-6.00

-2.67

-6.09 -2.73

-6.21 -2.91

-5.79  -2.65

-5.81  -2.66

-593 -2.76

-6.00 -2.81

-5.88 =272

Example 6

Composition Example

[0069] A method of preparing an organic electrolumines-
cent composition for a light-emitting layer comprises mixing
a host material with a light-emitting material.

[0070] In this example, the host material used any one or
more of C-1 to C-16, and the light-emitting material used a
blue phosphorescent dye Firpic, wherein the host material
accounted for 94 wt % of the total composition, and the
light-emitting material accounted for 6 wt % of the total
composition.

Example 7

[0071] The OLED device was fabricated using the organic
electroluminescent compositions of the present disclosure.
The structure of the OLED device in this example was:

substrate/anode (ITO)/hole-transporting layer (HTL)or-
ganic light-emitting layer (EL)/electron-transporting layer
(ETLYelectron injection layer (EIL)/cathode (metal elec-
trode).

[0072] The materials used in this example had the follow-
ing formulas:
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[0073] In the device fabrication of the present example, a
glass substrate was used as a substrate, and ITO (indium tin
oxide) was selected as the anode material.

[0074] In the device fabrication of the present example,
NPB (i.e., N,N'-bis (naphthalen-2-y1)-N,N'-bis(phenyl)bi-
phenyl-4,4'-diamine) was selected as the hole-transporting
material.

[0075] In the device fabrication of the present example,
LiF was selected as the electron injection material, and Al
was the cathode material.

[0076] The specific preparation process was as follows:
[0077] A hole-transporting material NPB having a thick-
ness of 35 nm and a light-emitting layer (a composition
obtained from example 6) were successively deposited by
vacuum evaporation on a cleaned glass substrate covered
with a transparent electrode ITO. 25 nm Bphen was then
deposited as an electron-transporting layer of the device. On
the electron-transporting layer, by vacuum evaporation, 0.5
nm LiF was deposited as an electron injection layer and an
Al layer having the thickness of 100 nm was deposited as a
cathode of the device.

[0078] The OLED device was prepared according to the
process described in the present example, which used com-
pound C-1 as the host material of the light-emitting layer,
and had the following structure:

[0079] ITO/NPB(35 nm)/compound C-1:6% Firpic (30
nm)/Bphen(25 nm)/LiF(0.5 nm)/Al(100 nm).

Example 8

[0080] The OLED device was prepared as described in
Example 7, except that compound C-8 was used as the host
material of the light-emitting layer. It had the following
structure:

[0081] ITO/NPB(35 nm)/compound C-8:6% Firpic (30
nm)/Bphen(25 nm)/LiF(0.5 nm)/Al(100 nm).

Example 9

[0082] The OLED device was prepared as described in
Example 7, except that compound C-16 was used as the host
material of the light-emitting layer. It had the following
structure:

[0083] ITO/NPB(35 nm)/compound C-16:6% Firpic (30
nm)/Bphen(25 nm)/LiF(0.5 nm)/Al(100 nm).

Comparative Example 1

[0084] The OLED device was prepared as described in
Example 7, except that compound CBP was used as the host
material of the light-emitting layer. It had the following
structure:

[0085] ITO/NPB(35 nm)/CBP: 6% Firpic (30 nm)/Bphen
(25 nm)/LiF(0.5 nm)/Al(100 nm).
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[0086] In this structure, the light-emitting layer used 94 wt
% of CBP (4,4-N,N-dicarbazolyl biphenyl) and 6 wt % of
blue phosphorescent dye Firpic.

[0087] The energy levels of the devices of Comparative
Example 1 and Example 7 were shown in FIG. 1. The
properties of the devices of Comparative Example 1 and
Examples 7-9 were tested, and their results were shown in
the following table.

TABLE 2
Luminance Voltage Current

Devices ed/m? v Efficiency cd/A Color
Comparative Example 1 1000 3.46 5.98 blue
Example 7 1000 3.22 6.68 blue
Example 8 1000 3.09 6.23 blue
Example 9 1000 3.16 6.84 blue
[0088] According to the results of the above table, the

organic electroluminescent host materials of the present
disclosure have excellent properties compared to conven-
tional materials: the driving voltage of the organic electrolu-
minescent device can be reduced, the current efficiency can
be increased, and thus the power consumption of the OLED
in illumination and display can be reduced.
[0089] The foregoing is merely illustrative of the present
invention and is not intended to limit the scope of the
invention, and the scope of the invention is defined by the
appended claims.
[0090] This application claims the benefit of priority from
Chinese Patent Application No. 201610236613.4, filed on
Apr. 15, 2016, which is hereby incorporated by reference in
its entirety as part of this application.

1. A compound of formula (1),

Formula (1)

wherein R;, R,, R, and R, are each independently
selected from hydrogen, a substituted or unsubstituted
C,5o alkyl, a substituted or unsubstituted C, .,
cycloalkyl, a substituted or unsubstituted aromatic
hydrocarbyl, or a substituted or unsubstituted aromatic
heterocyclic group; and at least one of R}, R,, R; and
R, contains a group having a hole-transporting ability;
and at least one of R,, R,, R, and R, contains a group
having an electron-transporting ability;

A and B each independently represent hydrogen, a sub-
stituted or unsubstituted, fused aromatic ring, or a
substituted or unsubstituted, fused heteroaromatic ring
containing a heteroatom(s) selected from O, N and S.

2. The compound according to claim 1, wherein the

aromatic hydrocarbyl is selected from the group consisting
of phenyl, biphenylyl, naphthyl, phenanthryl, naphthylphe-
nyl and fluorenyl, which are substituted or unsubstituted.

3. The compound according to claim 1, wherein the

aromatic heterocyclic group is selected from the group
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consisting of pyridyl, imidazolyl, carbazolyl and benzimi-
dazolyl, which are substituted or unsubstituted.

4. The compound according to claim 1, wherein the
substituents at each occurrence are independently selected
from C,-C,, alkyl, C,-C,, alkoxyl, C;-C,, cycloalkyl,
Cs-Cyq aryl or C,-C,, heteroaryl.

5. The compound according to claim 1, wherein the group
having a hole-transporting ability is selected from groups
derived from aromatic triamines, carbazoles, organosilicons,
and organometallic complexes.

6. The compound according to claim 1, wherein the group
having an electron-transporting ability is selected from
groups derived from metal complexes, oxadiazoles, imida-
zoles, oxazoles, triazoles, benzodiazoles, benzothiadiazoles,
pyridines, pyrimidines, pyrazines, quinolines, o-phenanthro-
lines, quinoxalines, anthrazoles, triazines, organoborons,
organosilicons, and diphenylphosphine oxides.

7. The compound according to claim 1, wherein the group
having a hole-transporting ability is a substituted or unsub-
stituted carbazole group.

8. The compound according to claim 1, wherein a m-mt
conjugation is formed between the group having a hole-
transporting ability and the indolo[3,2-b]indole main aro-
matic structure in the compound of formula (1); and a n-%
conjugation is formed between the group having an electron-
transporting ability and the indolo[3,2-b]indole main aro-
matic structure.

9. The compound according to claim 1, wherein the group
having an electron-transporting ability is a substituted or
unsubstituted diphenylphosphine oxide group.

10. The compound according to claim 1, wherein the
compound has at least one of the following structural
formulas:
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11. An organic electroluminescent composition compris-
ing a light-emitting material and a host material, wherein the
host material comprises the compound according to claiml.

12. The composition according to claim 11, wherein the
light-emitting material comprises at least one selected from
the group consisting of a fluorescent light-emitting material
and a phosphorescent light-emitting material.

13. The composition according to claim 12, wherein the
phosphorescent light-emitting material comprises at least
one of Ir complexes, Pt complexes, Os complexes, Ru
complexes, Re complexes, and Pd complexes.

14. The composition according to claim 11, wherein the
host material accounts for 80 to 98 wt % of the composition.

15. The composition according to claim 1, wherein the
host material accounts for 90 to 95 wt % of the composition.

16. An organic electroluminescent diode device, compris-
ing a cathode, an anode, and an organic functional layer
formed between the cathode and the anode, wherein:

the organic functional layer comprises one or more light-

emitting layers, and at least one of the light-emitting
layers comprises a light-emitting material and a host
material, and the host material comprises the com-
pound according to claim 1.

17. A method of preparing the compound according to
claim 1, which comprises:

forming an indolo[3.2-b]indole main aromatic structure in

the compound of formula (1),

forming the group having a hole-transporting ability; and

forming the group having an electron-transporting ability.

18. The method according to claim 17, wherein the group
having an electron-transporting ability is a substituted or
unsubstituted diphenylphosphine oxide group, and

the forming of the group having an electron-transporting

ability comprises: forming a diphenylphosphine group,
and then oxidizing it to form a diphenylphosphine
oxide group.

19. The method according to claim 17, wherein the group
having a hole-transporting ability is a substituted or unsub-
stituted carbazole group.
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20. The method according to claim 17, wherein the
indolo[3,2-blindole main aromatic structure is formed by
any of the following equations (1) to (4):

)

NH,
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(@] —_—
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0
0
N
Cgi PCLy/CHCl
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21. (canceled)
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