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(57) ABSTRACT

Disclosed herein is an organic light-emitting diode capable
of operating at a low voltage with high efficiency. It com-
prises: a first electrode; a second electrode facing the first
electrode; and a light-emitting layer interposed between the
first electrode and the second electrode, wherein the light-
emitting layer comprises at least one of the amine com-
pounds represented by the following Chemical Formula A or
B, and the compound represented by the following Chemical
Formula C. Chemical Formulas A, B and C are as described
in the Specification.
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ORGANIC LIGHT-EMITTING DIODE WITH
HIGH EFFICIENCY AND LOW VOLTAGE

CROSS REFERENCE TO RELATED
APPLICATION(S)

[0001] This application claims priority to and incorporates
herein by reference all disclosure in Korean Patent Appli-
cation No. 10-2015-0157063 filed Nov. 10, 2015.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present disclosure relates to an organic light-
emitting diode with high efficiency and low driving voltage.
More particularly, the present disclosure relates to an
organic light-emitting diode wherein host and dopant mate-
rials of specific structures are used in a light-emitting layer.
[0004] 2. Description of the Related Art

[0005] Organic light-emitting diodes (OLEDs), based on
self-luminescence, are used to create digital displays having
the advantage of being able to be made thinner and lighter
than liquid crystal displays. In addition, an OLED display
exhibits a much faster response time than an LCD. Accord-
ingly, organic light-emitting diodes find applications in the
illumination field as well as the full-color display field.
[0006] Materials used as the organic layers in organic light
emitting diodes may be divided into luminescent materials
and charge carrier materials, for example, a hole injection
material, a hole transport material, an electron injection
material, and an electron transport material. According to the
luminescent materials, there are two main families of
OLED: those based on small molecules and those employing
polymers. The light emitting mechanisms allows the lumi-
nescent materials to be classified as fluorescent and phos-
phorescent materials, which use excitons in singlet and
triplet states, respectively.

[0007] Meanwhile, when a single material is employed as
the luminescent material, intermolecular actions cause the
maximum luminescence wavelength to shift toward a longer
wavelength, resulting in a reduction in color purity and light
emitting efficiency. In this regard, a host-dopant system may
be used as a luminescent material so as to increase the color
purity and the light emitting efficiency through energy
transfer.

[0008] This is based on the principle that, when a dopant
is smaller in energy band gap than a host accounting for the
light-emitting layer, the addition of a small amount of the
dopant to the host generates excitons from the light-emitting
layer so that the excitons are transported to the dopant,
emitting light at high efficiency. Here, light of desired
wavelengths can be obtained depending on the kind of the
dopant because the wavelength of the host moves to the
wavelength range of the dopant.

[0009] With regard to the related arts pertaining to dopant
compounds in the light-emitting layer, reference may be
made to Korean Unexamined Patent Application Publication
No. 10-2008-0015865 (Feb. 20, 2008), which describes an
organic light emitting device using an arylamine-coupled
indenofluorene derivative, and to Korean Unexamined Pat-
ent Application Publication No. 10-2012-0047706 (May 14,
2012), which describes an organic photoelectric device
using a compound in which dibenzofuran or dibenzothio-
phene coexists with fluorene or carbazole.
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[0010] As a related art for using a host compound in a
light-emitting layer, mention may be made of Korean Unex-
amined Patent Application Publication No. 10-2015-
0043020, which describes an organic light-emitting diodes
employing anthracene derivatives as fluorescent hosts.

[0011] However, there is still a continued need to develop
organic light-emitting diodes exhibiting a low driving volt-
age and higher efficiency.

RELATED ART DOCUMENT

[0012] Korean Unexamined Patent Application Publica-
tion No. 10-2008-0015865 (Feb. 20, 2008)

[0013] Korean Unexamined Patent Application Publica-
tion No. 10-2012-0047706 (May 14, 2012)

[0014] Korean Unexamined Patent Application Publica-
tion No. 10-2015-0043020 (Apr. 22, 2015)

SUMMARY OF THE INVENTION

[0015] Therefore, the present disclosure aims to provide a
novel organic light-emitting diode (OLED) that can operate
at a low voltage with high efficiency, wherein dopant and
host materials of specific structures are employed.

[0016] In accordance with an aspect thereof, the present
disclosure provides an organic light-emitting diode, com-
prising: a first electrode; a second electrode facing the first
electrode; and a light-emitting layer interposed between the
first electrode and the second electrode, wherein the light-
emitting layer comprises at least one of the amine com-
pounds represented by the following Chemical Formula A or
B, and the compound represented by the following Chemical
Formula C:

[Chemical Formula A]
Ary
Lyt
N—f”
/

(L3)s1

Any

AQ .
(L4)p2 Az :‘—--\\
\ JoQp
N—(Le)> et
/ .-
(Ls)2
/
Ary
Ars
\
L7)ps Arg
W5
/
(Lo)s3 R
M
A5



US 2017/0133600 Al

-continued
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[0017] wherein,
[0018] A,, A,, E, and F may be the same or different, and

are each independently a substituted or unsubstituted aro-
matic hydrocarbon ring of 6 to 50 carbon atoms, or a
substituted or unsubstituted heteroaromatic ring of 2 to 40
carbon atoms wherein two adjacent carbon atoms of the
aromatic ring A; and two adjacent carbon atoms of the
aromatic ring A, form a 5-membered fused ring together
with a carbon atom to which the substituents R, and R, are
bonded;

[0019] linkers L, to L.,, may be the same or different, and
are each independently selected from among a direct bond,
a substituted or unsubstituted alkylene of 1 to 60 carbon
atoms, a substituted or unsubstituted alkenylene of 2 to 60
carbon atoms, a substituted or unsubstituted alkynylene of 2
to 60 carbon atoms, a substituted or unsubstituted cycloalky-
lene of 3 to 60 carbon atoms, a substituted or unsubstituted
heterocycloalkylene of 2 to 60 carbon atoms, a substituted or
unsubstituted arylene of 6 to 60 carbon atoms, and a
substituted or unsubstituted heteroarylene of 2 to 60 carbon
atoms;

[0020] M is any one selected from among N—R;, CR,Rj,
SiRgR,, GeRgR,, O, S, and Se;

[0021] R, to Ry, and Ar, to Ary may be the same or
different, and are each independently any one selected from
among hydrogen, deuterium, a substituted or unsubstituted
alkyl of 1 to 30 carbon atoms, a substituted or unsubstituted
aryl of 6 to 50 carbon atoms, a substituted or unsubstituted
alkenyl of 2 to 30 carbon atoms, a substituted or unsubsti-
tuted alkynyl of 2 to 20 carbon atoms, a substituted or
unsubstituted cycloalkyl of 3 to 30 carbon atoms, a substi-
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tuted or unsubstituted cycloalkenyl of 5 to 30 carbon atoms,
a substituted or unsubstituted heteroaryl of 2 to 50 carbon
atoms, a substituted or unsubstituted heterocycloalkyl of 2 to
30 carbon atoms, a substituted or unsubstituted alkoxy of 1
to 30 carbon atoms, a substituted or unsubstituted aryloxy of
6 to 30 carbon atoms, a substituted or unsubstituted alkyl-
thioxy of 1 to 30 carbon atoms, a substituted or unsubstituted
arylthioxy of 6 to 30 carbon atoms, a substituted or unsub-
stituted alkylamine of 1 to 30 carbon atoms, a substituted or
unsubstituted arylamine of 6 to 30 carbon atoms, a substi-
tuted or unsubstituted alkylsilyl of 1 to 30 carbon atoms, a
substituted or unsubstituted arylsilyl of 6 to 30 carbon
atoms, a substituted or unsubstituted alkyl germanium of 1
to 30 carbon atoms, a substituted or unsubstituted aryl
germanium of 6 to 30 carbon atoms, a cyano, a nitro, and a
halogen, with the proviso that R, and R, together may form
a mono- or polycyclic aliphatic or aromatic ring, which may
be a heterocyclic ring containing a heteroatom selected from
among N, O, P, Si, S, Ge, Se, and Te as a ring member;
[0022] plto p4, R, to R,, and sl to s4 are each indepen-
dently an integer of 1 to 3, with the proviso that when any
of'them is 2 or greater, the corresponding linkers may be the
same or different,

[0023] x is an integer of 1 or 2, and y and z may be the
same or different, and are each independently an integer of
0 to 3; and

[0024] Ar, may form a ring with Ar,, Ar; may form a ring
with Ar,, Arg may form a ring with Ar,, and Ar, may form
a ring with Arg,

[0025] two adjacent carbon atoms of the A, ring moiety of
Chemical Formula A may occupy respective positions * of
Structural Formula Q, to form a fused ring, and

[0026] two adjacent carbon atoms of the A ring moiety of
Chemical Formula B may occupy respective positions * of
structural Formula Q, to form a fused ring,

[Chemical Formula C]

Rz Rig
Rig O Rys
Ay O Lop—X
Ry O Ris
Riz Ri3
[0027] wherein,
[0028] Ar,, is selected from among a substituted or unsub-

stituted aryl of 6 to 50 carbon atoms, and a substituted or
unsubstituted heteroaryl of 3 to 50 carbon atoms containing
O, N or S as a heteroatom:

[0029] L, is selected from among a substituted or unsub-
stituted arylene of 6 to 50 carbon atoms, and a substituted or
unsubstituted heteroarylene of 3 to 50 carbon atoms con-
taining O, N or S as a heteroatom;

[0030] R,, and R, may be the same or different, and are
each independently selected from the group consisting of
hydrogen, deuterium, a substituted or unsubstituted alkyl of
1 to 30 carbon atoms, a substituted or unsubstituted alkenyl
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of 2 to 30 carbon atoms, a substituted or unsubstituted
cycloalkyl of 3 to 30 carbon atoms, a substituted or unsub-
stituted cycloalkenyl of 5 to 30 carbon atoms, a substituted
or unsubstituted alkoxy of 1 to 30 carbon atoms, a substi-
tuted or unsubstituted aryloxy of 6 to 30 carbon atoms, a
substituted or unsubstituted alkylthioxy of 1 to 30 carbon
atoms, a substituted or unsubstituted arylthioxy of 6 to 30
carbon atoms, a substituted or unsubstituted alkylamine of 1
to 30 carbon atoms, a substituted or unsubstituted arylamine
of 6 to 30 carbon atoms, a substituted or unsubstituted aryl
of 6 to 50 carbon atoms, a substituted or unsubstituted
heteroaryl of 3 to 50 carbon atoms containing O, N or S as
a heteroatom, a substituted or unsubstituted silicone, a
substituted or unsubstituted boron, a substituted or unsub-
stituted silane, a carbonyl, a phosphoryl, an amino, a nitrile,
a hydroxyl, a nitro, a halogen, an amide, and an ester;
[0031] R,, and R,¢ may form a saturated or unsaturated
ring with R ; and R, respectively

[0032] X is a substituent represented by the following
Structural Formula A,

[Structural Formula A]

Ry Rog
Y.
Ra D O Ra7
Rys Ry6
Ro4 Rys
P1
Rs
R
X 32
*
/ R3z; or
Ry
P2
R3s
Z
«
R36
*
Ry
Rss
[0033] wherein,
[0034] Y and Z may be the same or different, and are each

independently an oxygen atom or a sulfur atom,

[0035] R,; to Ry may be the same or different, and are
each independently selected from among a hydrogen atom,
a deuterium atom, a substituted or unsubstituted alkyl of 1
to 30 carbon atoms, a substituted or unsubstituted cycloalkyl
of 1 to 30 carbon atoms, a substituted or unsubstituted
alkoxy of 1 to 30 carbon atoms, a substituted or unsubsti-
tuted aryl of 6 to 50 carbon atoms, a cyano, a halogen, and
a silyl,

[0036] two adjacent substituents of R,, to R,, occupy
respective positions ‘*” of P1 or P2, and any one substituent
of R,5 to R, represents a single bond connected to the linker
Loy,

[0037] wherein the term ‘substituted’ in the expression
‘substituted or unsubstituted” for Chemical Formulas A, B
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and C means having at least one substituent selected from
the group consisting of a deuterium, a cyano, a halogen, a
hydroxy, a nitro, an alkyl of 1 to 24 carbon atoms, a
halogenated alkyl of 1 to 24 carbon atoms, an alkenyl of 2
to 24 carbon atoms, an alkynyl of 2 to 24 carbon atoms, a
heteroalkyl of 1 to 24 carbon atoms, an aryl of 6 to 24 carbon
atoms, an arylalkyl of 6 to 24 carbon atoms, a heteroaryl of
2 to 24 carbon atoms or a heteroarylalkyl of 2 to 24 carbon
atoms, an alkoxy of 1 to 24 carbon atoms, an alkylamino of
1 to 24 carbon atoms, an arylamino of 6 to 24 carbon atoms,
a hetero arylamino of 1 to 24 carbon atoms, an alkylsilyl of
1 to 24 carbon atoms, an arylsilyl of 6 to 24 carbon atoms,
and an aryloxy of 6 to 24 carbon atoms.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038] The above and other objects, features and advan-
tages of the present disclosure will be more clearly under-
stood from the following detailed description taken in con-
junction with the accompanying drawing, in which:

[0039] FIG. 1 is a schematic cross-sectional view of the
structure of an organic light-emitting diode according to
some embodiments of the present disclosure.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0040] Hereinafter, some embodiments which can be eas-
ily embodied by those skilled in the art will be described
with reference to the accompanying drawings. In the draw-
ings of the invention, the sizes and dimensions of structures
are illustrated by enlarging or reducing them relative to the
actual sizes and dimensions to clarify the invention, the
known configurations are not illustrated in order to empha-
size characteristic configurations, and the invention is not
limited to the drawings. In describing the phenomena of the
preferred embodiments of the invention in detail, when it is
determined that a detailed description of related known
functions or configurations may unnecessarily obscure the
gist of the invention, such a detailed description is omitted.
[0041] In addition, the size and thickness of each configu-
ration illustrated in the drawings are arbitrarily illustrated for
the sake of convenience of explanation, and thus the present
disclosure may not be necessarily limited to what is shown
in the illustration. Further, in the drawings, the thicknesses
of layers and regions may be exaggerated for clarity. It will
be understood that when an element such as a layer, film,
region or substrate is referred to as being “on” another
element, it may be directly on the other element or inter-
vening elements may also be present.

[0042] Throughout the specification, when a portion may
“include” a certain constituent element, unless specified
otherwise, it may not be construed to exclude another
constituent element but may be construed to further include
other constituent elements.

[0043] In addition, unless explicitly described to the con-
trary, the word “comprise” and variations such as “com-
prises” or “comprising” will be understood to imply the
inclusion of stated elements but not the exclusion of any
other elements. Further, throughout the specification, the
word “on” means positioning on or below the object portion,
but does not essentially mean positioning on the lower side
of the object portion based on a direction of gravity.
[0044] The present disclosure addresses an organic light-
emitting diode, comprising: a first electrode; a second elec-
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trode facing the first electrode; and a light-emitting layer
interposed between the first electrode and the second elec-
trode, wherein the light-emitting layer comprises at least one
of the amine compounds represented by the following
Chemical Formula A or B, and the compound represented by
the following Chemical Formula C:

[Chemical Formula A]
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[0045] wherein,

[0046] A,, A,, E, and F may be the same or different, and
are each independently a substituted or unsubstituted aro-
matic hydrocarbon ring of 6 to 50 carbon atoms, or a
substituted or unsubstituted heteroaromatic ring of 2 to 40
carbon atoms wherein two adjacent carbon atoms of the
aromatic ring A; and two adjacent carbon atoms of the
aromatic ring A, form a 5-membered fused ring together
with a carbon atom to which the substituents R, and R, are
bonded;

[0047] linkers L, to L.,, may be the same or different, and
are each independently selected from among a direct bond,
a substituted or unsubstituted alkylene of 1 to 60 carbon
atoms, a substituted or unsubstituted alkenylene of 2 to 60
carbon atoms, a substituted or unsubstituted alkynylene of 2
to 60 carbon atoms, a substituted or unsubstituted cycloalky-
lene of 3 to 60 carbon atoms, a substituted or unsubstituted
heterocycloalkylene of 2 to 60 carbon atoms, a substituted or
unsubstituted arylene of 6 to 60 carbon atoms, and a
substituted or unsubstituted heteroarylene of 2 to 60 carbon
atoms;

[0048] M is any one selected from among N—R;, CR R,
SiR¢R,, GeRgR,, O, S, and Se;

[0049] R, to Ry, and Ar, to Ary may be the same or
different, and are each independently any one selected from
among hydrogen, deuterium, a substituted or unsubstituted
alkyl of 1 to 30 carbon atoms, a substituted or unsubstituted
aryl of 6 to 50 carbon atoms, a substituted or unsubstituted
alkenyl of 2 to 30 carbon atoms, a substituted or unsubsti-
tuted alkynyl of 2 to 20 carbon atoms, a substituted or
unsubstituted cycloalkyl of 3 to 30 carbon atoms, a substi-
tuted or unsubstituted cycloalkenyl of 5 to 30 carbon atoms,
a substituted or unsubstituted heteroaryl of 2 to 50 carbon
atoms, a substituted or unsubstituted heterocycloalkyl of 2 to
30 carbon atoms, a substituted or unsubstituted alkoxy of 1
to 30 carbon atoms, a substituted or unsubstituted aryloxy of
6 to 30 carbon atoms, a substituted or unsubstituted alkyl-
thioxy of 1 to 30 carbon atoms, a substituted or unsubstituted
arylthioxy of 6 to 30 carbon atoms, a substituted or unsub-
stituted alkylamine of 1 to 30 carbon atoms, a substituted or
unsubstituted arylamine of 6 to 30 carbon atoms, a substi-
tuted or unsubstituted alkylsilyl of 1 to 30 carbon atoms, a
substituted or unsubstituted arylsilyl of 6 to 30 carbon
atoms, a substituted or unsubstituted alkyl germanium of 1
to 30 carbon atoms, a substituted or unsubstituted aryl
germanium of 6 to 30 carbon atoms, a cyano, a nitro, and a
halogen, with the proviso that R, and R, together may form
a mono- or polycyclic aliphatic or aromatic ring, which may
be a heterocyclic ring containing a heteroatom selected from
among N, O, P, Si, S, Ge, Se, and Te as a ring member;
[0050] pl to p4, R, to R,, and sl to s4 are each indepen-
dently an integer of 1 to 3, with the proviso that when any
of'them is 2 or greater, the corresponding linkers may be the
same or different,

[0051] x is an integer of 1 or 2, and y and z may be the
same or different, and are each independently an integer of
0 to 3; and

[0052] Ar, may form a ring with Ar,, Ar; may form a ring
with Ar,, Arg may form a ring with Ar,, and Ar, may form
a ring with Arg,

[0053] two adjacent carbon atoms of the A, ring moiety of
Chemical Formula A may occupy respective positions * of
Structural Formula Q, to form a fused ring, and
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[0054] two adjacent carbon atoms of the A, ring moiety of
Chemical Formula B may occupy respective positions * of
structural Formula Q, to form a fused ring,

[Chemical Formula C]

Ry7 Rig
Ris O Ris
Any) O Lon—X
Ryy O Ry
Rz Ry3
[0055] wherein,

[0056] Ar,, is selected from among a substituted or unsub-
stituted aryl of 6 to 50 carbon atoms, and a substituted or
unsubstituted heteroaryl of 3 to 50 carbon atoms containing
O, N or S as a heteroatom:

[0057] L,, is selected from among a substituted or unsub-
stituted arylene of 6 to 50 carbon atoms, and a substituted or
unsubstituted heteroarylene of 3 to 50 carbon atoms con-
taining O, N or S as a heteroatom;

[0058] R,, and R, may be the same or different, and are
each independently selected from the group consisting of
hydrogen, deuterium, a substituted or unsubstituted alkyl of
1 to 30 carbon atoms, a substituted or unsubstituted alkenyl
of 2 to 30 carbon atoms, a substituted or unsubstituted
cycloalkyl of 3 to 30 carbon atoms, a substituted or unsub-
stituted cycloalkenyl of 5 to 30 carbon atoms, a substituted
or unsubstituted alkoxy of 1 to 30 carbon atoms, a substi-
tuted or unsubstituted aryloxy of 6 to 30 carbon atoms, a
substituted or unsubstituted alkylthioxy of 1 to 30 carbon
atoms, a substituted or unsubstituted arylthioxy of 6 to 30
carbon atoms, a substituted or unsubstituted alkylamine of 1
to 30 carbon atoms, a substituted or unsubstituted arylamine
of 6 to 30 carbon atoms, a substituted or unsubstituted aryl
of 6 to 50 carbon atoms, a substituted or unsubstituted
heteroaryl of 3 to 50 carbon atoms containing O, N or S as
a heteroatom, a substituted or unsubstituted silicone, a
substituted or unsubstituted boron, a substituted or unsub-
stituted silane, a carbonyl, a phosphoryl, an amino, a nitrile,
a hydroxyl, a nitro, a halogen, an amide, and an ester;
[0059] R,, and R,¢ may form a saturated or unsaturated
ring with R ; and R, respectively

[0060] X is a substituent represented by the following
Structural Formula A,

[Structural Formula A]

R33 Rag
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-continued
PL: R P2 Rss
R Py z
32
* N iy Rss

®

Rz

Ray Rig

[0061] wherein,

[0062] Y and Z may be the same or different, and are each
independently an oxygen atom or a sulfur atom,

[0063] R,; to R;z may be the same or different, and are
each independently selected from among a hydrogen atom,
a deuterium atom, a substituted or unsubstituted alkyl of 1
to 30 carbon atoms, a substituted or unsubstituted cycloalkyl
of 1 to 30 carbon atoms, a substituted or unsubstituted
alkoxy of 1 to 30 carbon atoms, a substituted or unsubsti-
tuted aryl of 6 to 50 carbon atoms, a cyano, a halogen, and
a silyl,

[0064] two adjacent substituents of R,; to R,, occupy
respective positions ‘*” of P1 or P2, and any one substituent
of R,5 to R, represents a single bond connected to the linker
L215

[0065] wherein the term ‘substituted’ in the expression
‘substituted or unsubstituted” for Chemical Formulas A, B
and C means having at least one substituent selected from
the group consisting of a deuterium, a cyano, a halogen, a
hydroxy, a nitro, an alkyl of 1 to 24 carbon atoms, a
halogenated alkyl of 1 to 24 carbon atoms, an alkenyl of 2
to 24 carbon atoms, an alkynyl of 2 to 24 carbon atoms, a
heteroalkyl of 1 to 24 carbon atoms, an aryl of 6 to 24 carbon
atoms, an arylalkyl of 6 to 24 carbon atoms, a heteroaryl of
2 to 24 carbon atoms or a heteroarylalkyl of 2 to 24 carbon
atoms, an alkoxy of 1 to 24 carbon atoms, an alkylamino of
1 to 24 carbon atoms, an arylamino of 6 to 24 carbon atoms,
a hetero arylamino of 1 to 24 carbon atoms, an alkylsilyl of
1 to 24 carbon atoms, an arylsilyl of 6 to 24 carbon atoms,
and an aryloxy of 6 to 24 carbon atoms.

[0066] The expression indicating the number of carbon
atoms such as in “a substituted or unsubstituted alkyl of 1 to
30 carbon atoms”, “a substituted or unsubstituted aryl of 6
to 50 carbon atoms”, etc. means the total number of carbon
atoms of, for example, the alkyl or aryl radical or moiety
alone, exclusive of the number of carbon atoms of the
substituent. For instance, a phenyl group with a butyl at the
para position falls within the scope of an aryl of 6 carbon
atoms although it is substituted with a butyl radical of 4
carbon atoms.

[0067] As used herein, the term “aryl” means an organic
radical, derived from an aromatic hydrocarbon by removing
one hydrogen atom. Further, the aromatic system may
include a fused ring that is formed by adjacent substituents
on the aryl radical.

[0068] Examples of the aryl include phenyl, o-biphenyl,
m-biphenyl, p-biphenyl, o-terphenyl, m-terphenyl, p-terphe-
nyl, naphthyl, anthryl, phenanthryl, pyrenyl, indenyl, fluo-
renyl, tetrahydronaphthyl, perylenyl, chrysenyl, naphthace-
nyl, and fluoranthenyl, at least one hydrogen atom of which
may be substituted by a deuterium atom, a halogen atom, a
hydroxy, a nitro, a cyano, a silyl, an amino (—NH,, —NH
(R), —N(R")(R") wherein R' and R" are each independently
an alkyl of 1 to 10 alkyl, in this case called “alkylamino™),
an amidino, a hydrazine, a hydrazone, a carboxyl, a sulfonic
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acid, a phosphoric acid, an alkyl of 1 to 24 carbon atoms, a
halogenated alkyl of 1 to 24 carbon atoms, an alkenyl of 2
to 24 carbon atoms, an alkynyl of 2 to 24 carbon atoms, a
heteroalkyl of 1 to 24 carbon atoms, an aryl of 6 to 24 carbon
atoms, an arylalkyl of 7 to 24 carbon atoms, a heteroaryl of
2 to 24 carbon atoms, or a heteroarylalkyl of 2 to 24 carbon
atoms.

[0069] The substituent heteroaryl used in the compound of
the present disclosure refers to a cyclic aromatic system of
2 to 24 carbon atoms containing one to three heteroatoms
selected from among N, O, P, Si, S, Ge, Se, and Te. In the
aromatic system, two or more rings may be fused. One or
more hydrogen atoms on the heteroaryl may be substituted
by the same substituents as on the aryl.

[0070] As used herein, the term ‘“heteroaromatic ring”
refers to an aromatic hydrocarbon ring containing as a ring
member at least one heteroatom selected from among N, O,
P, Si, S, Ge, Se, and Te.

[0071] Examples of the substituent alkyl useful in the
present disclosure include methyl, ethyl, propyl, isopropyl,
isobutyl, sec-butyl, tert-butyl, pentyl, iso-amyl, and hexyl.
At least one hydrogen atom of the alkyl may be substituted
by the same substituent as in the aryl.

[0072] Examples of the substituent alkoxy useful in the
present disclosure include methoxy, ethoxy, propoxy, isobu-
tyloxy, sec-butyloxy, pentyloxy, iso-amyloxy, and hexyloxy.
At least one hydrogen atom of the alkoxy may be substituted
by the same substituent as in the aryl.

[0073] Representative among examples of the silyl useful
in the present disclosure are trimethylsilyl, triethylsilyl,
triphenylsilyl,  trimethoxysilyl,  dimethoxyphenylsilyl,
diphenylmethylsilyl, diphenylvinylsilyl, methylcyclobutyl-
silyl, and dimethylfurylsilyl. One or more hydrogen atom of
the silyl may be substituted by the same substituent as in the

aryl.

[0074] As used herein, the expression “(the organic layer)
.. . comprising at least one organic compound” is construed
to mean that the organic layer may include one or two or
more different compounds that fall within the scope of the
present disclosure.

[0075] The amine compound represented by Chemical
Formula A or B used in the organic light-emitting diode of
the present disclosure is characterized by a structure in
which the moiety of Chemical Formula Q, in Chemical
Formula A is connected to the ring A; while an amine moiety
containing both Ar, and Ar, is bonded to the ring A,, or in
which the moieties of Chemical Formulas Q, and Q, are
respectively connected to the rings A, and A, while an amine
moiety containing both Ar; and Ar, is bonded to the ring A,.

[0076] In Chemical Formula A or B, A1, A2, E and F may
be the same or different and are each independently a
substituted or unsubstituted aromatic hydrocarbon ring of 6
to 50 carbon atoms.

[0077] When A}, A,, E, and F in Chemical Formula A or
B may be the same or different and are each independently
a substituted or unsubstituted aromatic hydrocarbon ring of
6 to 50 carbon atoms, the aromatic hydrocarbon ring moi-
eties may each be independently any one selected from
among [Structural Formula 10] to [Structural Formula 21].
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[Structural Formula 10]

[Structural Formula 11]

[Structural Formula 12]

[Structural Formula 13]

[Structural Formula 14]

[Structural Formula 15]

[Structural Formula 16]

[Structural Formula 17]
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[Structural Formula 18]

[Structural Formula 19]

R R ®
e .
\
® f
R
R
[Structural Formula 20]
R R
R
—
e
® J
R *
[Structural Formula 21]
R R
R
—
{ R
® Y J
[0078] wherein,
[0079] “—*” denotes a bonding site for forming a 5-mem-

bered ring containing the carbon atom connected to both the
substituents R, and R,, or a bonding site for forming a
5-membered ring containing M of the structural Formula Q,
and Q, with moiety A, or A,,

[0080] when one of the aromatic hydrocarbon rings of
[Structural Formula 10] to [Structural Formula 21] for A, or
A, is bonded to Structural Formula Q, or Structural Formula
Q,, two adjacent carbon atoms of the aromatic hydrocarbon
ring occupy respective positions * of Structural Formula Q,
or QQ, to form a fused ring; and

[0081]

[0082] m is an integer of 1 to 8, with the proviso that when
m is 2 or greater or two or more R’s exist, the corresponding
R’s may be the same or different.

[0083] In a particular embodiment, linkers L, to L, of
Chemical Formulas A and B may each be a single bond, or
any one selected from the following [Structural Formula 22]
to [Structural Formula 30],

[0084]
and

R’s are the same as defined above for R, and R,,

pl to p4, rl to r4, and sl to s4 may each be 1 or 2,

May 11,2017

[0085] x may be 1:

[Structural Formula 22]

[Structural Formula 23]

[Structural Formula 24]

N
[Structural Formula 25]
| XX
/"\/

[Structural Formula 26]

[Structural Formula 27]

[Structural Formula 28]

[Structural Formula 29]

[Structural Formula 30]

[0086] In the linker, each of the unsubstituted carbon
atoms of the aromatic ring moiety is bound with a hydrogen
atom or a deuterium atom.

[0087] In this case, x and y may each be 1, and z may be
Oorl.
[0088] The amine compound represented by Chemical

Formula A or B, useful in the organic light-emitting diode of
the present disclosure, may be selected from compounds
represented by the following [Chemical Formula 1] to
[Chemical Formula 239], but is not limited thereto.



mmmmmmmmmmmmmmmm

mmmmmmmmmmmmmmmm

mmmmmmmmmmmmmmmm



US 2017/0133600 Al May 11, 2017

<Chemical Formula 9>

-0 LS50
® S



US 2017/0133600 Al May 11, 2017
10

Chemical Formula 14> Chemical Formula 15~

folese @§ 3:2 %
N Q. / ! \®>L
9

<Chemical Formula 16>

%5
FRoy oEBRy







US 2017/0133600 Al May 11, 2017
12




US 2017/0133600 Al May 11, 2017
13




:é\ 7 }
S5 S 5,

o::z %;? FRL @

O.Q

Q'O Q# ﬂ Q'O

# |



US 2017/0133600 Al May 11, 2017
15

ormu.

O.Q
Q O

¢ \

00 000

:32 @ Q‘o

O.Q

“" S 8‘%






US 2017/0133600 Al May 11, 2017
17

5 ‘Q

;.
&

i :::
o w‘
@.@ %
Q'O q






US 2017/0133600 Al May 11, 2017
19

55

G “ Qe QO
Q'O Q.O q

@,’ g'g
Q

oy Q
“::



-continued
<Chemical Formula 76> <Chemical Formula 77>
6 e & OO
a0as
20
0 F
O O
<Chemical Formula 78> Chemical Formula 79

T@;%& m
Y N
B OQCN Q

b F:iﬁf
SRARL e

polvssle joleselans
Y O~ {30
CogP oé



Formula 85>

Tase ; o'o

a PRge
CIAD

'3': @&

SO0 E O
H ﬁ ® Q'O

é O O Q
N “‘b



US 2017/0133600 Al May 11, 2017
22

%.3 D Q
O Q

ores e
@
®
0.0
NN
500 & %

Q'O Q‘O
L O



US 2017/0133600 Al May 11, 2017




OD
Q'O

O QL
Q'O

oo

CQ.O

é Cg'g Qk

q

e,
:.:






US 2017/0133600 Al May 11, 2017
26

-continued
<Chemical Formula 119> <Chemical Formula 120>
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<Chemical Formula 121> <Chemical Formula 122>
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<Chemical Formula 123> <Chemical Formula 124>
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<Chemical Formula 125>
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<Chemical Formula 127>
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<Chemical Formula 143> <Chemical Formula 144>

<Chemical Formula 145>

Q &

<Chemical Formula 147>
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<Chemical Formula 177>

<Chemical Formula 179>



<Chemical Formula 183>



<Chemical Formula 185>

<Chemical Formula 187>

<Chemical Formula 189>
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<Chemical Formula 193> <Chemical Formula 194>

<Chemical Formula 195> <Chemical Formula 196>
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<Chemical Formula 197>
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<Chemical Formula 222>
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-continued

<Chemical Formula 234>

| O
5345
~7 O A

<Chemical Formula 236>

<Chemical Formula 235>

<Chemical Formula 237>

<Chemical Formula 238>

[0089]

The compound represented by Chemical Formula
C is an anthracene ring compound to which a fused ring
consisting of the dibenzofuran moiety of Structural Formula
A with the ring of P1 or P2 is connected via the linker L,
at position 10.

[0090] The compound of Chemical Formula C may be
used as a host in the light-emitting layer. In this regard, the
organic light-emitting diode of the present disclosure may
employ the compound of Chemical Formula A or B as a
dopant.

[0091] In some embodiments, the substituent Ar,, on the
compound of Chemical Formula C may be a compound
represented by the following Chemical Formula C-1:

[Chemical Formula C-1]

Ry R4z
R4y *
Rys Rys
[0092] wherein,
[0093] R,; to R,s may be the same or different, and are

each as defined for R, to R, in claim 1; and may form a
saturated or unsaturated ring with respective adjacent sub-
stituents.
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[0094] In a particular embodiment, the linker L, in -continued
Chemical Formula C may be a single bond or a substituted
or unsubstituted arylene of 6 to 20 carbon atoms.

[0095] Concrete examples of the compound represented <Cpd. 204>

by Chemical Formula C include, but are not limited to, the
following [Cpd. 201] to [Cpd. 275].
<Cpd. 201> l

O (L
20 a%g¢

< >

<Cod, 202> Cpd. 205
! o) O

<Cpd. 206>

<Cpd. 203> I l
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<Cpd. 207>

<Cpd. 208>

<Cpd. 209>

-continued
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<Cpd. 210>

<Cpd. 211>
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<Cpd. 212> 5 <Cpd. 215>
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<Cpd. 220>

<Cpd. 221>
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-continued -continued

<Cpd. 222> <Cpd. 224>
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<Cpd. 223>
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<Cpd. 225>
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<Cpd. 226>

<Cpd. 227>

<Cpd. 228>
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<Cpd. 229>

<Cpd. 230>

<Cpd. 231>
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-continued -continued
<Cpd. 232> <Cpd. 235>
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-continued -continued
<Cpd. 230>

<Cpd. 238>

<Cpd. 239>

Q <Cpd. 241>
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<Cpd. 244>

<Cpd. 245>
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-continued -continued
<Cpd. 246>

<Cpd. 249>

<Cpd. 247>
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<Cpd. 248>
<Cpd. 251>
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<Cpd. 252>

<Cpd. 253>

<Cpd. 254>

-continued
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<Cpd. 255>

<Cpd. 256>
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-continued -continued
<Cpd. 259>

<Cpd. 257>

<Cpd. 260>

<Cpd. 258>

<Cpd. 261>
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-continued -continued
<Cpd. 268> <Cpd. 271>
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<Cpd. 272>
<Cpd. 269>
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<Cpd. 274>

<Cpd. 275>

[0096] According to a particular embodiment thereof, the
present disclosure provides an organic light-emitting diode,
comprising: a first electrode; a second electrode facing the
first electrode; a light-emitting layer interposed between the
first electrode and the second electrode, wherein the light-
emitting layer comprises at least one of the amine com-
pounds represented by the following Chemical Formula A or
B as a dopant, and at least one of the compounds represented
by the following Chemical Formula C as a host.

[0097] According to some embodiments of the present
disclosure, the content of the dopant in the light-emitting
layer may range from about 0.01 to 20 parts by weight based
on 100 parts by weight of the host, but is not limited thereto.
[0098] Also, the light-emitting layer may further comprise
various dopant materials in addition to the dopant and the
host.

[0099] When the amine compound represented by Chemi-
cal Formula A or B has suitable substituents in combination
with a suitable host represented by Chemical Formula C in
the light-emitting layer, the organic light-emitting diode can
operate at a low voltage with high efficiency.
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[0100] According to some particular embodiments of the
present disclosure, the organic light-emitting diode may
further comprise at least one of a hole injection layer, a hole
transport layer, a functional layer capable of both hole
injection and hole transport, an electron transport layer, and
an electron injection layer in addition to the light-emitting
layer

[0101] Below, a description will be given of the organic
light-emitting diode of the present disclosure, with reference
to FIG. 1.

[0102] FIG. 1 is a schematic cross-sectional view of the
structure of an organic light-emitting diode according to
some embodiments of the present disclosure.

[0103] As shown in FIG. 1, the organic light-emitting
diode has a structure in which a hole transport layer is
interposed between a first electrode and a light-emitting
layer and an electron transport layer is interposed between
the light-emitting layer and a second electrode, that is, the
organic light-emitting diode comprises an anode 20, a hole
transport layer 40, an organic light-emitting layer 50 com-
prising a host and a dopant, an electron transport layer 60,
and a cathode 80, sequentially.

[0104] Optionally a hole injection layer 30 and an electron
injection layer 70 may be interposed between the anode 20
and the hole transport layer 40 and between the light-
emitting layer 50 and the cathode 80, respectively.

[0105] Reference is now made to FIG. 1 with regard to the
fabrication of the organic light-emitting diode of the present
disclosure.

[0106] First, a substrate 10 is coated with an anode elec-
trode material to form an anode 20. So long as it is used in
a typical organic EL device, any substrate may be taken as
the substrate 10. Preferable is an organic substrate or a
transparent plastic substrate that exhibits excellent transpar-
ency, surface smoothness, ease of handling, and waterproot-
ness. As the anode electrode material, indium tin oxide
(ITO), indium zinc oxide (IZO), tin oxide (SnO,), or zinc
oxide (ZnO) may be used owing to their high transparency
and electroconductivity.

[0107] A hole injection layer material is applied on the
anode electrode 20 by thermal deposition in a vacuum or by
spin coating to form a hole injection layer 30. Subsequently,
thermal deposition in a vacuum or spin coating of a hole
transport layer material may also be conducted to form a
hole transport layer 40 on the hole injection layer 30.

[0108] No particular limitations are imposed on the hole
injection layer material, as long as it is typically used in the
art. A examples, mention may be made of 2-TNATA [4.4",
4"-tris(2-naphthylphenyl-phenylamino)-triphenylamine],
NPD [N,N'-di(1-naphthyl)-N,N'-diphenylbenzidine)], TPD
[N,N'-diphenyl-N,N'-bis(3-methylphenyl)-1,1'-biphenyl-4,
4'-diamine], and DNTPD [N,N'-diphenyl-N,N'-bis-[4-(phe-
nyl-m-tolyl-amino)-phenyl]-biphenyl-4,4'-diamine].

[0109] So long as it is typically used in the art, any
material may be selected for the hole transport layer without
particular limitations. Examples include, but are not limited
to,  N,N'-bis(3-methylphenyl)-N,N'-diphenyl-[1,1-biphe-
nyl]-4,4'-diamine (TPD) or N,N'-di(naphthalen-1-y1)-N,N'-
diphenylbenzidine (a-NPD).

[0110] Then, a light-emitting layer 50 may be deposited on
the hole transport layer 40 by deposition in a vacuum or by
spin coating.
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[0111] Here, the light-emitting layer may consist of a host
and a dopant, and the dopant and host materials are as
mentioned above.

[0112] In some embodiments of the present disclosure, the
light-emitting layer particularly ranges in thickness from 50
to 2,000 A.

[0113] Thereafter, the electron transport layer 60 may be
deposited on the light-emitting layer via vacuum deposition
or spin coating, followed by forming the electron injection
layer 70 on the electron transport layer 60 and then the
cathode 80 on the electron injection layer 70, thereby
fabricating an OLED.

[0114] So long as it functions to stably transport the
electrons from the cathode, any known material may be used
for the electron transport layer. Examples of the known
electron transport material include quinoline derivatives,
particularly tris(8-quinolinolate)aluminum (Alg3), Liq,
TAZ, Balq, beryllium bis(benzoquinolin-10-oate: Bebq2),
compound 201, compound 202, BCP, and the oxadiazole
derivatives PBD, BMD, and BND, but are not limited
thereto.

TAZ

BAlq

-continued

H;C

H,C

CH;

BCP

PBD
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<Cpd. 202>
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[0115] As described above, an electron injection layer
(EIL) is positioned on the electron transport layer in the
organic light-emitting diode of the present disclosure. So
long as it functions to facilitate the injection of electrons
from the cathode, any known material may be available for
forming the electron injection layer, without particular limi-
tations.
[0116] By way of example, the material for the electron
injection layer may be CsF, NaF, LiF, NaCl, Li,0, or BaO.
The conditions for depositing the electron injection layer are
dependent on the compound that is employed, but may fall
within the range of conditions for the formation of the hole
injection layer.
[0117] The electron injection layer may range in thickness
from about 1 A to about 100 A, and particularly from about
3 A to about 90 A. Given this thickness range, the electron
injection layer can exhibit satisfactory electron injection
properties without an actual increase in driving voltage.
[0118] The cathode may be made of a metal or metal alloy
such as lithium (Li), magnesium (Mg), aluminum (Al),
aluminum-lithium (Al—Li), calcium (Ca), magnesium-in-
dium (Mg—In), and magnesium-silver (Mg—Ag). Alterna-
tively, ITO or IZO may be employed to form a transparent
cathode for a top-emitting organic light-emitting diode.
[0119] In another embodiment, the light-emitting diode of
the present disclosure may further comprise a light-emitting
layer, made of a blue light-emitting material, a green light-
emitting material, or a red light-emitting material, which can
emit light in a wavelength range of 380 nm to 800 nm. That
is, the light-emitting layer in the organic light-emitting diode
of the present disclosure may have a multilayer structure in
which the additional blue, green, and/or red light-emitting
layer may be made of a fluorescent or phosphorescent
material.
[0120] Further, one or more layers selected from among
the above-mentioned layers may be deposited using a single
molecule deposition process or a solution process.
[0121] Here, the deposition process is a process by which
a material is vaporized in a vacuum or at a low pressure and
deposited to form a layer, and the solution process is a
method in which a material is dissolved in a solvent and
applied for the formation of a thin film by means of inkjet
printing, roll-to-roll coating, screen printing, spray coating,
dip coating, spin coating, etc.
[0122] Also, the organic light-emitting diode of the pres-
ent disclosure may be applied to a device selected from
among flat display devices, flexible display devices, mono-
chrome or white flat illumination devices, and monochrome
or white flexible illumination devices.
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[0123] A better understanding of the light-emitting diode
according to the present disclosure may be obtained through
the following examples which are set forth to illustrate, but
are not to be construed as the limit of the present disclosure.

Synthesis Example 1: Synthesis of Compound of
Chemical Formula 1

Synthesis Example 1-(1): Synthesis of Intermediate
1-a

[0124]

Br
0, B(OH),
I o\
B

iy

<Intermediate 1-a>

[0125] In a 500-mL round-bottom flask reactor, methyl
5-bromo-2-iodobenzoate (25.0 g, 73 mmol), 4-dibenzofuran
boronic acid (18.7 g, 88 mmol), tetrakis (triphenylphos-
phine)palladium (1.7 g, 0.15 mmol), and potassium carbon-
ate (20.2 g, 146.7 mmol) stirred together with toluene (125
mL), tetrahydrofuran (125 mL), and water (50 mL) for 10
hrs at 80° C. After completion of the reaction, the reaction
mixture was cooled to room temperature and extracted with
ethyl acetate. The organic layer thus formed was separated,
concentrated in a vacuum, and purified by column chroma-
tography to afford <Intermediate 1-a>. (75.0 g, 60.1%).

Synthesis Example 1-(2): Synthesis of
[Intermediate 1-b]

[0126]

<Intermediate 1-a>
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O

<Intermediate 1-b>

[0127] Ina 500-mL round-bottom flask reactor, <Interme-
diate 1-a> (17.0 g, 45 mmol), sodium hydroxide (2.14 g, 54
mmol) and ethanol (170 ml) were stirred together for 48 hrs
under reflux. After the completion of the reaction was
confirmed by thin layer chromatography, the reaction mix-
ture was cooled to room temperature. The chilled solution
was acidified with drops of 2-N HCI, followed by stirring for
30 min. The solid thus formed was filtered, and recrystal-
lized in dichloromethane and n-hexane to afford <Interme-
diate 1-b>. (14.5 g, 88.6%)

Synthesis Example 1-(3): Synthesis of
[Intermediate 1-c]

[0128]

O

<Intermediate 1-b>

e}

r
A

O

<Intermediate 1-c¢>

[0129] In a 250-mL round-bottom flask reactor, <Interme-
diate 1-b> (14.5 g, 39 mmol) and methanesulfonic acid (145
ml) were stirred together for 3 hrs at 80° C. After the
completion of the reaction was confirmed by thin layer
chromatography, the reaction mixture was cooled to room
temperature and dropwise added to ice water (150 ml). After
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stirring for 30 min, the solid thus formed was filtered and
washed with water and methanol to afford <Intermediate
1-c>. (11.50 g, 83.4%)

Synthesis Example 1-(4): Synthesis of
[Intermediate 1-d]

[0130]

<Intermediate 1-c>

<Intermediate 1-d>

[0131] Ina 1-L round-bottom flask reactor, <Intermediate
1-c>(11.5 g, 33 mmol> and dichloromethane (300 ml) were
stirred together at room temperature. A dilution of bromine
(3.4 ml, mmol) in dichloromethane (50 ml) was dropwise
added, followed by stirring at room temperature for 8 hrs.
After completion of the reaction, the reaction mixture was
stirred together with acetone (100 ml). The solid thus formed
was filtered, and washed with acetone. Recrystallization in
monochlorobenzene afforded <Intermediate 1-d>. (11.0 g,
78%)

Synthesis Example 1-(5): Synthesis of
[Intermediate 1-e]

[0132]

<Intermediate 1-d>
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Br

Br

<Intermediate 1-e>

[0133] In a 250-ml round-bottom flask reactor, 2-bromo-
biphenyl (8.4 g, 0.036 mol) and tetrahydrofuran (110 ml)
were chilled at =78° C. under a nitrogen atmosphere. At the
same temperature, n-butyl lithium (19.3 ml, 0.031 mol) was
dropwise added to the reaction solution which was then
stirred for 2 hrs. Thereafter, <Intermediate 1-d> (11.0 g,
0.026 mol) was added little by little to the reaction solution,
and stirred at room temperature. When the reaction mixture
started to change color, the reaction was monitored via thin
layer chromatography. After the reaction was stopped with
H,O (50 ml), extraction was conducted with ethylacetate
and water. The organic layer was separated, concentrated in
a vacuum, and recrystallized in acetonitrile to afford <Inter-
mediate 1-e> as a solid. (12.2 g, 81.5%)

Synthesis Example 1-(6): Synthesis of
[Intermediate 1-f]

[0134]

o
\ Q'O _—

O

<Intermediate 1-e>
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<Intermediate 1-f>

[0135] In a 250-ml round-bottom flask reactor, a mixture
of <Intermediate 1-e> (12.0 g, 0.021 mol), acetic acid (120
ml), and sulfuric acid (2 ml) was stirred for 5 hrs under
reflux. When a precipitate was formed, the completion of the
reaction was monitored using thin layer chromatography.
The reaction mixture was then cooled to room temperature
and filtered. The filtrate was washed with H,0O and methanol
and dissolved in monochlorobenzene. Following silica gel
chromatography, the fraction was concentrated and cooled
to room temperature to give <Intermediate 1-f>. (10.7 g,
90%>

Synthesis Example 1-(7): Synthesis of Compound
of Chemical Formula 1

[0136]

<Intermediate 1-f>
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<Chemical Formula 1>

[0137] In a 250-ml round-bottom flask reactor, a mixture
of <Intermediate 1-f> (5.0 g, 0.009 mol), (4-tert-butylphe-
nyl)-phenylamine (4.7 g, 0.021 mol), palladium (II) acetate
(0.08 g, 0.4 mmol), sodium tert-butoxide (3.4 g, 0.035 mol),
tri-tert-butyl phosphine (0.07 g, 0.4 mmol), and toluene (60
ml) were stirred together for 2 hrs under reflux. After
completion of the reaction, the reaction mixture was cooled
to room temperature and then extracted with dichlorometh-
ane and water. The organic layer thus formed was separated,
dried over magnesium sulfate, and concentrated in a
vacuum. The concentrate was purified by column chroma-
tography and recrystallized in dichloromethane and acetone
to yield the compound of Chemical Formula 1 as a solid (2.9
2, 38%).

[0138] MS (MALDI-TOF): m/z 852.41 [M+]

Synthesis Example: Synthesis of Compound of
Chemical Formula 231

Synthesis Example 2-(1): Synthesis of Intermediate
2-a

[0139]

(HO),B O,N
O. O.
<Intermediate 2-a>

[0140] In a 1-L round-bottom flask reactor, dibenzofuran-
4-bronic acid (85.0 g, 0.401 mol), bismuth (III) nitrate
pentahydrate (99.2 g, 0.200 mol), and toluene (400 ml) were
reacted at 70° C. for 3 hrs under a nitrogen atmosphere while
stirring. After completion of the reaction, the reaction mix-
ture was cooled to room temperature and washed with
toluene. Filtration afforded <Intermediate 2-a> as a solid
(61.5 g, 72%).
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Synthesis Example 2-(2): Synthesis of Intermediate
2-b

[0141]

<Intermediate 2-b>

[0142] In a 2-L round-bottom flask reactor, ethylcyanoac-
etate (202.9 g, 1.794 mol), and dimethylformamide (500 ml)
were added with potassium hydroxide (67.10 g, 1.196 mol),
potassium cyanide (38.95 g, 0.598 mol), and dimethylfor-
mamide (200 ml), followed by stirring at room temperature.
To this reaction solution, <Intermediate 2-a> (127.5 g, 0.737
mol) was slowly added while stirring at 50° C. for 72 hrs.
After completion of the reaction, an aqueous sodium
hydroxide solution (25%, 200 ml) was added, and stirred for
3 hrs under reflux. Subsequently, the reaction mixture was
cooled to room temperature, followed by extraction with
ether acetate and water. The organic layer was separated and
concentrated. Purification by column chromatography
afforded <Intermediate 2-b> (20.0 g, 16%).

Synthesis Example 2-(3): Synthesis of Intermediate
2-c

[0143]

<Intermediate 2-c>

[0144] In a 2-L round-bottom flask reactor, <Intermediate
2-b>(20.0 g, 0.096 mol), ethanol (600 ml), and an aqueous
solution (170 ml) of potassium hydroxide solution (142.26
g, 2.53 mol) were stirred for 12 hrs under reflux. After
completion of the reaction, the reaction mixture was cooled



US 2017/0133600 Al

to room temperature, and acidified with 6 N HC1 (400 ml).
Then, the reaction mixture was stirred for 20 min, and
filtered. The filtrate was washed with ethanol to afford
<Intermediate 2-c> as a solid (17.0 g, 88.5%).

Synthesis Example 2-(4): Synthesis of Intermediate
2-d

[0145]

H,N
HO o)

O

<Intermediate 2-¢c>

<Intermediate 2-d>

[0146] In a 2-L round-bottom flask reactor, <Intermediate
2-¢>(17.0 g, 0.075 mol) and sulfuric acid (15 ml) were
stirring together for 72 hrs under reflux. After completion of
the reaction, the reaction mixture was cooled to room
temperature and extracted with ethylacetate and water. The
organic layer was separated, and washed with an aqueous
sodium hydrogen carbonate solution. An excess of methanol
was added during vacuum concentration, followed by fil-
tration to afford <Intermediate 2-d> as a solid (14.0 g,
77.6%).

Synthesis Example 2-(5): Synthesis of Intermediate
2-e

[0147]

<Intermediate 2-e>

[0148] In a 500-mL round-bottom flask reaction, <Inter-
mediate 2-d> (14.0 g, 0.058 mol), HCI (20 ml), and water
(100 ml) were stirred together for 1 hr at 0° C. At the same
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temperature, an aqueous solution (50 ml) of sodium nitrite
(74 g, 0.116 mol) was dropwise added to the reaction
mixture and then stirred for 1 hr. An aqueous solution (100
ml) of potassium iodide (30.0 g, 0.180 mol) was dropwise
added with care not to increase the temperature of the
reaction solution above 5° C. Stirring was continued for 5
hrs at room temperature, and after completion of the reac-
tion, the reaction mixture was washed with an aqueous
sodium thiosulfate solution, and extracted with ethylacetate
and water. The organic layer was separated and concentrated
in a vacuum. Purification through column chromatography
gave <Intermediate 2-e> (9.1 g, 48%)).

Synthesis Example 2-(6): Synthesis of Intermediate

[0149]

_Oo o_»

<Intermediate 2-e>

o)
_B
CEEEAN
o)
/
o}
o}
o} o}

<Intermediate 2-f>

[0150] Ina 250-mL round-bottom flask reactor, <Interme-
diate 2-e> (9.3 g, 25 mmol), 4-dibenzofuranborate (8.3 g, 28
mmol), tetrakis(triphenylphosphine)palladium (0.6 g, 0.05
mmol), and potassium carbonate (6.7 g, 50 mmol) were
placed, and then toluene (50 mL), tetrahydrofuran (50 mL),
and water (20 mL) were added. The temperature of the
reactor was elevated to 80° C. before stirring for 10 hrs.
After completion of the reaction, the temperature was cooled
to room temperature, and extraction was conducted with
ethylacetate. The organic layer thus formed was concen-
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trated in a vacuum and purified by column chromatography

to afford <Intermediate 2-f> (5.3 g, 52.3%).

Synthesis Example 2-(7): Synthesis of Intermediate
2-g

[0151]

/

(6]
(6]

Q O
O ! O

<Intermediate 2-f>

<Intermediate 2-g>

[0152] Ina 500-ml round-bottom flask reactor, bromoben-
zene (25.5 g, 0.163 mol) and tetrahydrofuran (170 ml) were
cooled to —78° C. in a nitrogen atmosphere. N-butyl lithium
(95.6 ml, 0.153 mol) was dropwise added to the chilled
solution, and stirred for 1 hr at the same temperature. Then,
<Intermediate 4-f> (20.0 g, 0.051 mol) was added at room
temperature while stirring. After completion of the reaction,
the reaction mixture was stirred together with water (50 ml),
and extraction with ethyl acetate and water was conducted.
The organic layer was concentrated and the concentrate was
mixed with acetic acid (200 ml) and HCI (1 ml) by stirring
at 80° C. After completion of the reaction, the reaction
mixture was cooled to room temperature, and the precipitate
thus formed was filtered, and washed with methanol to
afford <Intermediate 2-g> (20.0 g, 78%).
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Synthesis Example 2-(8): Synthesis of Intermediate

[0153]

Q0
o
SIS

<Intermediate 2-g>

’ Q.O ’
O, !
O O
<Intermediate 2-h>

[0154] Ina 100-mL round-bottom flask reactor, <Interme-
diate 2-g> (20 g, 58 mmol) and dichloromethane (40 ml)
were stirred together at room temperature. A dilution of
bromine (5.8 ml, 116 mmol) in dichloromethane (10 ml) was
dropwise added, followed by stirring at room temperature
for 8 hrs. After completion of the reaction, the reaction
mixture was stirred together with acetone (20 ml). The solid
thus formed was filtered, and washed with acetone. Recrys-
tallization in monochlorobenzene afforded <Intermediate
2-h> (15.8 g, 55%)

Synthesis Example 2-(9): Synthesis of Compound
of Chemical 231

[0155]

petach
SIS

<Intermediate 2-h>
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-continued

<Chemical Formula 231>

[0156] In a 100-ml round-bottom flask reactor, a mixture
of <Intermediate 2-h> (4.0 g, 0.006 mol), di-p-tollylamine
(3.2 g, 0.016 mol), palladium (II) acetate (0.08 g, 0.4 mmol),
sodium tert-butoxide (3.2 g, 0.032 mol), tri-tert-butyl phos-
phine (0.08 g, 0.4 mmol), and toluene (50 ml) were stirred
together for 2 hrs under reflux. After completion of the
reaction, the reaction mixture was cooled to room tempera-
ture and then extracted with dichloromethane and water. The
organic layer thus formed was separated, dried over mag-
nesium sulfate, and concentrated in a vacuum. The concen-
trate was purified by column chromatography and recrys-
tallized in dichloromethane and acetone to yield <Chemical
Formula 231> as a solid (2.1 g, 41%)).

[0157] MS (MALDI-TOF): m/z 888.37 [M*]

Synthesis Example 3: Synthesis of Compound 207

Synthesis Example 3-(1): Synthesis of Intermediate

3-a
[0158]
F
OMe
I
—_—
B(OH),
Br
OMe
Br
F
<Intermediate 3-a>
[0159] In a 2-IL round-bottom flask reactor,

2-methoxynaphthalene-1-boronic acid (100.0 g, 495 mmol),
2-fluoro-5-bromoiodobenzene (141.0 g, 470 mmol), tetrakis
(tripheneylphosphine)palladium (10.8 g, 9.4 mmol), and
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potassium carbonate (68.4 g, 495 mmol) were stirred over-
night, together with toluene (500 mL), methanol (500 mL)
and water (300 mL) under reflux. After completion of the
reaction, the reaction mixture was cooled to room tempera-
ture and extracted with ethyl acetate. The organic layer thus
formed was separated, and concentrated in a vacuum, fol-
lowed by column chromatography. Recrystallization in hep-
tanes afforded <Intermediate 3-a> (84.0 g, 54%).

Synthesis Example 3-(2): Synthesis of Intermediate

[0160]

OMe
’E‘/ S
F

<Intermediate 3-a>
OH

Br

F

<Intermediate 3-b>

[0161] In a 2-L round-bottom flask reactor, <Intermediate
3-a> (84.0 g, 253 mmol) was dissolved in dichloromethane
(840 ml). After the temperature was cooled to 0° C., boron
tribromide (63.3 g, 253 mmol) was dropwise added to the
solution and then stirred at room temperature for 24 hrs.
After completion of the reaction, the reaction mixture was
cooled to -78° C. and then added with drops of methanol
(300 ml). The temperature was elevated to room temperature
before water (300 ml) was added and stirred. After concen-
tration in a vacuum, Recrystallization in heptanes afforded
<Intermediate 3-b> (73.0 g, 91%).

Synthesis Example 3-(3): Synthesis of Intermediate
3¢
[0162]

OH

‘ F O

<Intermediate 3-b>

-

Br

<Intermediate 3-¢c>
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[0163] In a 2-L round-bottom flask reactor, <Intermediate
3-b> (73.0 g, 230 mmol) and potassium carbonate (63.6 g,
460 mmol) were dissolved in N-methyl-2-pyrrolidinone
(730 ml), and then stirred for 2 hrs under reflux at 180° C.
After completion of the reaction, the reaction mixture was
cooled to room temperature. Concentration in a vacuum was
followed by column chromatography. Recrystallization in
methylene chloride and heptanes afforded <Intermediate
3-c> (40.4 g, 59%).

Synthesis Example 3-(4): Synthesis of Compound
207

[0164]

O O
Q '
Br

<Intermediate 3-¢c>

B(OH),

<Cpd. 207>

[0165] Ina 250-mL round-bottom flask reactor, <Interme-
diate 3-¢> (10.0 g, 33.7 mmol), 10-phenyl-anthracene-9-
boronic acid (11.0 g, 37 mmol), tetrakis(triphenylphosphine)
palladium (0.8 g, 0.7 mmol), and potassium carbonate (9.3
g, 68 mmol) were placed, followed by toluene (50 mL),
ethanol (50 mL) and water (30 mL). The mixture was heated
to 90° C. and stirred overnight. After completion of the
reaction, the reaction mixture was cooled to room tempera-
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ture, and stirred together with methanol (50 ml). The pre-
cipitate thus formed was filtered and washed with methanol.
Recrystallization in toluene and acetone afforded <Cpd.
207> as a solid.

[0166] MS (MALDI-TOF): m/z 470.17 [M*]

Synthesis Example 4: Synthesis of Compound 209

Synthesis Example 4-(1): Synthesis of Compound
209

[0167)]

<Intermediate 3-¢c>

B(OH),

<Cpd. 209>

[0168] <Compound 209> was synthesized in the same
manner as in Synthesis Example 3-(4), with the exception
that 10-phenyl(d5)-anthracene-9-boronic acid was used
instead of 10-phenyl-anthracene-9-boronic acid.

[0169] MS (MALDI-TOF): m/z 475.20 [M*]
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Synthesis Example 5: Synthesis of Compound 219
Synthesis Example 5-(1): Synthesis of Intermediate
5-a
[0170]
OMe F
1
—_—
B(OH),
Br
OMe
F Br
<Intermediate 5-a>
[0171] <Intermediate 5-a> was synthesized in the same

manner as in Synthesis Example 3-(1), with the exception
that 2-fluoro-4-bromoiodobenzene was used instead of
2-fluoro-5-bromoiodobenzene.

Synthesis Example 5-(2): Synthesis of Intermediate
5-b

[0172]

OMe

F Br

<Intermediate 5-a>

OH

F Br

<Intermediate 5-b>

[0173] <Intermediate 5-b> was synthesized in the same
manner as in Synthesis Example 3-(2), with the exception
that <Intermediate 5-a> was used instead of <Intermediate
3-a>.
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Synthesis Example 5-(3): Synthesis of Intermediate
5-¢

[0174]

OH

F Br

<Intermediate 5-b>

2

<Intermediate 5-¢>

[0175] <Intermediate 5-c> was synthesized in the same
manner as in Synthesis Example 3-(3), with the exception
that <Intermediate 5-b> was used instead of 1<Intermediate
3-b>.

Synthesis Example 5-(4): Synthesis of Compound
219

[0176]

O,

+
Q Br

<Intermediate 5-¢c>

B(OH),
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-continued

<Cpd. 219>

[0177] <Compound 219> was synthesized in the same
manner as in Synthesis Example 3-(4), with the exception
that <Intermediate 5-c> was used instead of <Intermediate
3-c>.

[0178] MS (MALDI-TOF): m/z 470.17 [M*]

Synthesis Example 6: Synthesis of Compound 213

Synthesis Example 6-(1): Synthesis of Compound
213

[0179]

B(OH),
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-continued

Q O
<Cpd. 213>

[0180] <Compound 213> was synthesized in the same
manner as in Synthesis Example 3-(4), with the exception
that 2-bromonaphtho[2,3-b|benzene was used instead of
<Intermediate 3-c>.

[0181] MS (MALDI-TOF): m/z 470.17 [M*]

Examples 1 to 8: Fabrication of Organic
Light-Emitting Diodes

[0182] An ITO glass substrate was patterned to have a
translucent area of 2 mmx2 mm and cleansed. The ITO glass
was mounted in a vacuum chamber that was then set to have
a base pressure of 1x1077 torr. On the ITO glass substrate,
films were formed of DNTPD (400 A) and o.-NPD (200 A)
in that order. A light-emitting layer (200 A) was formed of
a mixture of a host and a dopant (w/w 97:3) as shown in
Table 1, below. Then, [Chemical Formula E-1] was depos-
ited to form an electron transport layer 300 A thick, on
which an electron injection layer (5 A) was formed of
[Chemical Formula E-2] and then covered with an Al layer
(1000 A) to fabricate an organic light-emitting diode.

[0183] The organic light-emitting diode thus obtained was
measured at 10 mA/cm?® for luminescence properties.

[DNTPD]
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-continued

[a-NPD]

[Chemical Formula E-1]

/

[Chemical Formula E-2]

Comparative Examples 1 and 2

[0184] Organic light-emitting diodes were fabricated in
the same manner as in Examples 1 to 8, with the exception
that [BD1 was used as a host in a light-emitting layer.
Luminescence properties of the organic light-emitting
diodes were measured at 10 mA/cm?. The structure of [BD1]
is as follows.
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[BH]
TABLE 1

Ex. # Dopant Host V  Im/W CIEx CIEy

1 Chemical Formula 1 Cpd. 207 33 82 0.137 0.115

2 Chemical Formula 1~ Cpd. 209 33 82 0.137 0.114

3 Chemical Formula 1  Cpd. 213 33 84 0.137 0.117

4 Chemical Formula 1  Cpd. 219 32 83 0.137 0.111

5 Chemical Formula 231 Cpd. 207 33 87 0.136 0.122

6 Chemical Formula 231 Cpd. 209 33 87 0.136 0.115

7  Chemical Formula 231 Cpd. 213 33 88 0.136 0.114

8 Chemical Formula 231 Cpd. 219 33 82 0.136 0.121

C. 1 Chemical Formulal BH 3.9 6.9 0.138 0.107

C. 2 Chemical Formula 231 BH 3.9 7.2 0.138 0.108
[0185] As is understood from the data of Table 1, the

organic light-emitting diodes of the present disclosure
exhibited lower driving voltages and higher luminous effi-
ciency (1 m/V) than the organic light-emitting diodes using
the compounds of Comparative Examples 1 and 2, thereby
demonstrating their high applicability to organic electrolu-
minescence devices.

[0186] Therefore, the organic light-emitting diode accord-
ing to the present disclosure can operate at lower voltages
with higher efficiency than those of the conventional arts.

[0187] Although the preferred embodiments of the present
invention have been disclosed for illustrative purposes,
those skilled in the art will appreciate that various modifi-
cations, additions and substitutions are possible, without
departing from the scope and spirit of the invention as
disclosed in the accompanying claims.

What is claimed is:

1. An organic light-emitting diode, comprising:
a first electrode;

a second electrode facing the first electrode; and

a light-emitting layer interposed between the first elec-
trode and the second electrode,

wherein the light-emitting layer comprises at least one of
the amine compounds represented by the following
Chemical Formula A or B, and the compound repre-
sented by the following Chemical Formula C:
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[Chemical Formula A]

Ary
\L
( l\)pl ——An
N— L2
Ry L3)s1
X
pA HEN
N Q ;
}L )
7)p3
\p _— At
N— (L83
(Lo)sz
% M\ ) ‘
Qi *— E }
[Chemical Formula B]
Ary
\
(Lp1 Ar
2
N— L
Ry (La)s1
Ar R ’
EN s,
(La)p2 VA CA T
\ PN s’ )
N— v Al / ~.(.2—1’
/(Ls)rz (‘\Q;::‘,:
Ary -
Ars
\
(L7)p3 Az
6
N—@oF
(Lo)sz
*/M\ / ’ :
Qi *— E
Arg
>L )
10)p4
N —— Ay
N (L1Dm
L
*/M (L12)s4 .
Qy *—i F ;
wherein,

A, A,, E, and F may be the same or different, and are
each independently a substituted or unsubstituted aro-
matic hydrocarbon ring of 6 to 50 carbon atoms, or a
substituted or unsubstituted heteroaromatic ring of 2 to
40 carbon atoms wherein two adjacent carbon atoms of
the aromatic ring A, and two adjacent carbon atoms of
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the aromatic ring A, form a 5-membered fused ring
together with a carbon atom to which the substituents
R, and R, are bonded;

linkers L; to L,, may be the same or different, and are
each independently selected from among a direct bond,
a substituted or unsubstituted alkylene of 1 to 60 carbon
atoms, a substituted or unsubstituted alkenylene of 2 to
60 carbon atoms, a substituted or unsubstituted alky-
nylene of 2 to 60 carbon atoms, a substituted or
unsubstituted cycloalkylene of 3 to 60 carbon atoms, a
substituted or unsubstituted heterocycloalkylene of 2 to
60 carbon atoms, a substituted or unsubstituted arylene
of 6 to 60 carbon atoms, and a substituted or unsub-
stituted heteroarylene of 2 to 60 carbon atoms;

M is any one selected from among N—R;, CR,Rs,
SiRgR,, GeRgR,, O, S, and Se;

R, to Ry, and Ar, to Arg may be the same or different, and
are each independently any one selected from among
hydrogen, deuterium, a substituted or unsubstituted
alkyl of 1 to 30 carbon atoms, a substituted or unsub-
stituted aryl of 6 to 50 carbon atoms, a substituted or
unsubstituted alkenyl of 2 to 30 carbon atoms, a sub-
stituted or unsubstituted alkynyl of 2 to 20 carbon
atoms, a substituted or unsubstituted cycloalkyl of 3 to
30 carbon atoms, a substituted or unsubstituted
cycloalkenyl of 5 to 30 carbon atoms, a substituted or
unsubstituted heteroaryl of 2 to 50 carbon atoms, a
substituted or unsubstituted heterocycloalkyl of 2 to 30
carbon atoms, a substituted or unsubstituted alkoxy of
1 to 30 carbon atoms, a substituted or unsubstituted
aryloxy of 6 to 30 carbon atoms, a substituted or
unsubstituted alkylthioxy of 1 to 30 carbon atoms, a
substituted or unsubstituted arylthioxy of 6 to 30 car-
bon atoms, a substituted or unsubstituted alkylamine of
1 to 30 carbon atoms, a substituted or unsubstituted
arylamine of 6 to 30 carbon atoms, a substituted or
unsubstituted alkylsilyl of 1 to 30 carbon atoms, a
substituted or unsubstituted arylsilyl of 6 to 30 carbon
atoms, a substituted or unsubstituted alkyl germanium
of 1 to 30 carbon atoms, a substituted or unsubstituted
aryl germanium of 6 to 30 carbon atoms, a cyano, a
nitro, and a halogen, with the proviso that R; and R,
together may form a mono- or polycyclic aliphatic or
aromatic ring, which may be a heterocyclic ring con-
taining a heteroatom selected from among N, O, P, Si,
S, Ge, Se, and Te as a ring member;

pl to p4, R, to R, and s1 to s4 are each independently an
integer of 1 to 3, with the proviso that when any of them
is 2 or greater, the corresponding linkers may be the
same or different,

X is an integer of 1 or 2, and y and z may be the same or
different, and are each independently an integer of 0 to
3; and

Ar, may form a ring with Ar,, Ar; may form a ring with
Ar,, Ar; may form a ring with Ar,, and Ar, may form
a ring with Arg,

two adjacent carbon atoms of the A, ring moiety of

Chemical Formula A may occupy respective positions
* of Structural Formula Q, to form a fused ring, and

two adjacent carbon atoms of the A, ring moiety of
Chemical Formula B may occupy respective positions
* of structural Formula Q, to form a fused ring,
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[Chemical Formula C]

Ry7 Rig
Ris O Ris
Any) O Lop—X
Ryy O Ry
Rz Ry3
wherein,

Ar,, is selected from among a substituted or unsubstituted
aryl of 6 to 50 carbon atoms, and a substituted or
unsubstituted heteroaryl of 3 to 50 carbon atoms con-
taining O, N or S as a heteroatom:

L,, is selected from among a substituted or unsubstituted
arylene of 6 to 50 carbon atoms, and a substituted or
unsubstituted heteroarylene of 3 to 50 carbon atoms
containing O, N or S as a heteroatom;

R, and R, 3 may be the same or different, and are each
independently selected from the group consisting of
hydrogen, deuterium, a substituted or unsubstituted
alkyl of 1 to 30 carbon atoms, a substituted or unsub-
stituted alkenyl of 2 to 30 carbon atoms, a substituted
or unsubstituted cycloalkyl of 3 to 30 carbon atoms, a
substituted or unsubstituted cycloalkenyl of 5 to 30
carbon atoms, a substituted or unsubstituted alkoxy of
1 to 30 carbon atoms, a substituted or unsubstituted
aryloxy of 6 to 30 carbon atoms, a substituted or
unsubstituted alkylthioxy of 1 to 30 carbon atoms, a
substituted or unsubstituted arylthioxy of 6 to 30 car-
bon atoms, a substituted or unsubstituted alkylamine of
1 to 30 carbon atoms, a substituted or unsubstituted
arylamine of 6 to 30 carbon atoms, a substituted or
unsubstituted aryl of 6 to 50 carbon atoms, a substituted
or unsubstituted heteroaryl of 3 to 50 carbon atoms
containing O, N or S as a heteroatom, a substituted or
unsubstituted silicone, a substituted or unsubstituted
boron, a substituted or unsubstituted silane, a carbonyl,
a phosphoryl, an amino, a nitrile, a hydroxyl, a nitro, a
halogen, an amide, and an ester;

R, and R, may form a saturated or unsaturated ring with
R,; and R, respectively

X is a substituent represented by the following Structural

Formula A,
[Structural Formula A]
Ry Rog
Y.
R O O Ry7
Rys Ras
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-continued
P1: Rz P2: R3s
Z
Ra «
* \ R3¢
or %
*
/
Rs;
R37
Ras Rsg
wherein,

Y and Z may be the same or different, and are each

independently an oxygen atom or a sulfur atom,
R,, to R;3 may be the same or different, and are each
independently selected from among a hydrogen atom,
a deuterium atom, a substituted or unsubstituted alkyl
of 1 to 30 carbon atoms, a substituted or unsubstituted
cycloalkyl of 1 to 30 carbon atoms, a substituted or
unsubstituted alkoxy of 1 to 30 carbon atoms, a sub-
stituted or unsubstituted aryl of 6 to 50 carbon atoms,
a cyano, a halogen, and a silyl,

two adjacent substituents of R,, to R,, occupy respective
positions “** of P1 or P2, and any one substituent of R ,5
to R, represents a single bond connected to the linker
Loy

wherein the term ‘substituted’ in the expression ‘substi-
tuted or unsubstituted’ for Chemical Formulas A, B and
C means having at least one substituent selected from
the group consisting of a deuterium, a cyano, a halogen,
a hydroxy, a nitro, an alkyl of 1 to 24 carbon atoms, a
halogenated alkyl of 1 to 24 carbon atoms, an alkenyl
of 2 to 24 carbon atoms, an alkynyl of 2 to 24 carbon
atoms, a heteroalkyl of 1 to 24 carbon atoms, an aryl of
6 to 24 carbon atoms, an arylalkyl of 6 to 24 carbon
atoms, a heteroaryl of 2 to 24 carbon atoms or a
heteroarylalkyl of 2 to 24 carbon atoms, an alkoxy of
1 to 24 carbon atoms, an alkylamino of 1 to 24 carbon
atoms, an arylamino of 6 to 24 carbon atoms, a hetero
arylamino of 1 to 24 carbon atoms, an alkylsilyl of 1 to
24 carbon atoms, an arylsilyl of 6 to 24 carbon atoms,
and an aryloxy of 6 to 24 carbon atoms.

2. The organic light-emitting diode of claim 1, wherein
the light-emitting layer comprises a host and a dopant, the
amine compound of [Chemical Formula A] or [Chemical
Formula B] serving as the dopant, the compound of [Chemi-
cal Formula C] serving as the host.

3. The organic light-emitting diode of claim 1, wherein
A, A,, E, and F of Chemical Formula A or B may be
identical or different, and are each independently a substi-
tuted or unsubstituted aromatic hydrocarbon ring of 6 to 50
carbon atoms.

4. The organic light-emitting diode of claim 3, wherein
the substituted or unsubstituted aromatic hydrocarbon ring
of 6 to 50 carbon atoms is selected from among compounds
represented by [Structural Formula 10] to [Structural For-
mula 21]:

[Structural Formula 10]
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-continued -continued
[Structural Formula 19]
R R
[Structural Formula 11] ¥
* = *
I XX /\
R wr L/
Y R
R
[Structural Formula 20]
. [Structural Formula 12] R R R
I NN
R =~ ,
Y as /\
wr W/
[Structural Formula 13] ®
1 R
N [Structural Formula 21]
R R
I XY R
Ry
NN S R
\
L
[Structural Formula 14] R /
I XX -
Ry

\
\
\

wherein,

113

—* denotes a bonding site for forming a 5-membered
ring containing the carbon atom connected to both the
substituents R, and R,, or a bonding site for forming a
S5-membered ring containing M of the structural For-
mula Q, and Q, with moiety A, or A,,

[Structural Formula 15]

when one of the aromatic hydrocarbon rings of [Structural
Formula 10] to [Structural Formula 21] for A, or A, is
bonded to Structural Formula Q, or Structural Formula
Q,, two adjacent carbon atoms of the aromatic hydro-
carbon ring occupy respective positions * of Structural
[Structural Formula 16] Formula Q, or Q, to form a fused ring; and

R’s are the same as defined above for R, and R,,

m is an integer of 1 to 8, with the proviso that when m is
2 or greater or two or more R’s exist, the corresponding
R’s may be the same or different.

5. The organic light-emitting diode of claim 1, wherein
the substituent Ar,, on the compound of Chemical Formula
C is a compound represented by the following Chemical
Formula C-1:

[Structural Formula 17]

[Chemical Formula C-1]

R4y *

[Structural Formula 18]
R
Rys Rys

wherein,

R,, to R 5 may be the same or different, and are each as
defined for R;; to R;; in claim 1; and may form a
saturated or unsaturated ring with respective adjacent
substituents.
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6. The organic light-emitting diode of claim 1, -continued
wherein
the linkers L; to L,, of Chemical Formulas A and B [Structural Formula 27]
represent single bonds, or are each any one selected /\/\/\
from the following [Structural Formula 22] to [Struc- * : :

tural Formula 30], l P avaVra '

pl to p4, rl to r4, and sl to s4 are each 1 or 2, and
X is 1:
[Structural Formula 28]

S f— V/A\
[Structural Formula 22] y
I\) - [Structural Formula 29]
N
i N
[Structural Formula 23] |—| 2 .
/\/\ i / /
w2 |

[Structural Formula 30]

[Structural Formula 24]

/ \
N */\\ //\*

[Structural Formula 25]

%

wherein hydrogen or deuterium may be positioned on a
R AN carbon atom as a member in aromatic rings of the
| linkers.

7. The organic light-emitting diode of claim 1, wherein
' | the linker [,, in Chemical Formula C is a single bond or a

X ~ substituted or unsubstituted arylene of 6 to 20 carbon atoms.

8. The organic light-emitting diode of claim 1, wherein x

[Structural Formula 26] and y are each 1 and z is 0 in Chemical Formulas A and B.

" /\II‘I 9. The organic light-emitting diode of claim 1, wherein
L / * the amine compound is any one selected from among the

N compounds represented by [Chemical Formula 1] to

[Chemical Formula 239]:

<Chemical Formula 1> <Chemical Formula 2>
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<Chemical Formula 105> <Chemical Formula 106>
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-continued
<Chemical Formula 117> <Chemical Formula 118>

Q.8

Q'O

<Chemical Formula 119> <Chemical Formula 120>
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<Chemical Formula 127>

<Chemical Formula 129>
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<Chemical Formula 145>

<Chemical Formula 146>

<Chemical Formula 147> <Chemical Formula 148>
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<Chemical Formula 170>

<Chemical Formula 172>
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<Chemical Formula 191> <Chemical Formula 192>
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<Chemical Formula 222>
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-continued

<Chemical Formula 236> <Chemical Formula 237>

<Chemical Formula 238> <Chemical Formula 239>

10. The organic light-emitting diode of claim 1, wherein -continued
the compound represented by Chemical Formula C is any
one selected from among the compounds represented by

[Cpd. 201] to [Cpd. 275]:
<Cpd. 201> ‘

<Cpd. 202>
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<Cpd. 209>

<Cpd. 210>

<Cpd. 211>
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<Cpd. 212>

<Cpd. 213>

<Cpd. 214>
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<Cpd. 215>

<Cpd. 216>

<Cpd. 217>
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<Cpd. 220> <Cpd. 222>

<Cpd. 223>

<Cpd. 221> OO
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<Cpd. 226>
<Cpd. 224>
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<Cpd. 225>
<Cpd. 228>
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<Cpd. 229>
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<Cpd. 235>
<Cpd. 238>
<Cpd. 236> O O
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<Cpd. 239>
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<Cpd. 240> <Cpd. 242>

<Cpd. 243>

<Cpd. 241> I
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<Cpd. 252>
<Cpd. 249>
Q . O <Cpd. 253>
<Cpd. 250>
S ‘
<Cpd. 254>
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<Cpd. 255> <Cpd. 257>
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<Cpd. 256> Q
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<Cpd. 261>
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-continued
<Cpd. 274>

<Cpd. 275>

11. The organic light-emitting diode of claim 1, wherein
the organic light-emitting diode comprises at least one of a
hole injection layer, a hole transport layer, a functional layer
capable of both hole injection and hole transport, an electron
transport layer, and an electron injection layer, in addition to
the light-emitting layer.

12. The organic light-emitting diode of claim 11, wherein
at least one of the layers is formed using a deposition process
or a solution process.

13. The organic light-emitting diode of claim 1, wherein
organic light-emitting diode is used for a device selected
from among a flat display device, a flexible display device,
a monochrome or white flat illumination device, and a
monochrome or white flexible illumination device.
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