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(57) ABSTRACT

An organic optoelectronic device and a display device
including the same, the organic optoelectronic device
including: an anode and a cathode facing each other; a
light-emitting layer positioned between the anode and the
cathode; a hole transport layer positioned between the anode
and the light-emitting layer; an auxiliary hole transport layer
positioned between the hole transport layer and the light-
emitting layer; an electron transport layer positioned
between the cathode and the light-emitting layer; and an
auxiliary electron transport layer positioned between the
electron transport layer and the light-emitting layer, wherein
the auxiliary electron transport layer includes at least one
kind of first compound represented by chemical formula 1,
and the auxiliary hole transport layer includes at least one
kind of second compound represented by a combination of
a moiety represented by chemical formula 2, a moiety
represented by chemical formula 3 and a moiety represented
by chemical formula 4.
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ORGANIC OPTOELECTRONIC DEVICE
AND DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation of pending Inter-
national Application No. PCT/KR2015/006585, entitled
“Organic Optoelectronic Device and Display Device,”
which was filed on Jun. 26, 2015, the entire contents of
which are hereby incorporated by reference.

[0002] Korean Patent Application No. 10-2014-0150590,
filed on Oct. 31, 2014, in the Korean Intellectual Property
Office, and entitled: “Organic Optoelectronic Device and
Display Device,” is incorporated by reference herein in its
entirety.

BACKGROUND
[0003] (a) Field of the Invention
[0004] An organic optoelectronic device and a display

device are disclosed.

[0005] (b) Description of the Related Art

[0006] An organic optoelectronic device (organic opto-
electric diode) is a device that converts electrical energy into
photoenergy, and vice versa.

[0007] An organic optoelectronic device may be classified
as follows in accordance with its driving principles. One is
a photoelectric device where excitons are generated by
photoenergy, separated into electrons and holes, and are
transferred to different electrodes to generate electrical
energy, and the other is a light emitting device where a
voltage or a current is supplied to an electrode to generate
photoenergy from electrical energy.

[0008] Examples of the organic optoelectronic device may
be an organic photoelectric device, an organic light emitting
diode, an organic solar cell, and an organic photo conductor
drum.

[0009] Of these, an organic light emitting diode (OLED)
has recently drawn attention due to an increase in demand
for flat panel displays. The organic light emitting diode
converts electrical energy into light by applying current to an
organic light emitting material and has a structure in which
an organic layer is interposed between an anode and a
cathode.

[0010] A blue organic light emitting diode having a long
life-span is considered to be one of the critical factors for
realizing a long life-span full color display. Accordingly,
development of a blue organic light emitting diode having a
long life-span is being actively researched. In order to solve
this problem, a blue organic light emitting diode having a
long life-span is provided in this invention.

SUMMARY

[0011] An embodiment provides an organic optoelectronic
device capable of realizing high efficiency characteristics.
[0012] Another embodiment provides a display device
including the organic optoelectronic device.

[0013] According to an embodiment, an organic optoelec-
tronic device includes an anode and a cathode facing each
other, a light-emitting layer positioned between the anode
and the cathode, a hole transport layer positioned between
the anode and the light-emitting layer, a auxiliary hole
transport layer positioned between the hole transport layer
and the light-emitting layer, an electron transport layer
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positioned between the cathode and the light-emitting layer
and an auxiliary electron transport layer positioned between
the electron transport layer and the light-emitting layer,
wherein the auxiliary electron transport layer includes at
least one kind of a first compound represented by Chemical
Formula 1 and the auxiliary hole transport layer includes at
least one kind of a second compound represented by a
combination of a moiety represented by Chemical Formula
2, a moiety represented by Chemical Formula 3, and a
moiety represented by Chemical Formula 4.

[Chemical Formula 1]
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[0014] In Chemical Formula 1,

[0015] Z' to Z'* are independently N, C, or CR?,

[0016] at least one of Z' to Z'? is N,

[0017] R!to R°and R® are independently hydrogen, deu-
terium, a substituted or unsubstituted C1 to C10 alkyl group,
a substituted or unsubstituted C6 to C30 aryl group, a
substituted or unsubstituted C3 to C30 heteroaryl group, or
a combination thereof,

[0018] L' to LS are independently a single bond, a substi-
tuted or unsubstituted C6 to C30 arylene group, a substituted
or unsubstituted heteroarylene group, or a combination
thereof, and

[0019] nl to n6 are independently an integer ranging from
0to 5,

[Chemical Formula 2]
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[Chemical Formula 3]
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[Chemical Formula 4]



US 2017/0222158 Al

[0020] wherein, in Chemical Formulas 2 to 4,

[0021] X! and X are independently O, S, or CR°RY,
[0022] R3*°toR*,Re, and R are independently hydrogen,
deuterium, a substituted or unsubstituted C1 to C10 alkyl
group, a substituted or unsubstituted C6 to C30 aryl group,
a substituted or unsubstituted C3 to C30 heteroaryl group, or
a combination thereof or a linking point with ¢* of Chemical
Formula 5,

[0023] Arl and Ar2 are independently a substituted or
unsubstituted C6 to C30 aryl group or a substituted or
unsubstituted C2 to C30 heteroaryl group,

[0024] L7 to L? are independently a single bond, a substi-
tuted or unsubstituted C6 to C30 arylene group, a substituted
or unsubstituted heteroarylene group, or a combination
thereof,

[0025] adjacent two *’s of Chemical Formula 3 are bound
to two *’s of Chemical Formula 4 to form a fused ring,
[0026] one of a*, b*, and R*® to R*® of above Chemical
Formula 3 or 4 is linked with ¢* of Chemical Formula 5 by
a sigma bond, and

[0027] a* b*, and R*° to R that are not linked with ¢* of
Chemical Formula 5 are independently hydrogen, deute-
rium, a substituted or unsubstituted C1 to C10 alkyl group,
a substituted or unsubstituted C6 to C30 aryl group, a
substituted or unsubstituted C3 to C30 heteroaryl group, or
a combination thereof.

[0028] wherein, “substituted” refers to replacement of at
least one hydrogen by deuterium, a halogen, a hydroxy
group, an amino group, a substituted or unsubstituted C1 to
C30 amine group, a nitro group, a substituted or unsubsti-
tuted C1 to C40 silyl group, a C1 to C30 alkyl group, a C3
to C30 cycloalkyl group, a C2 to C30 heterocycloalkyl
group, a C6 to C30 aryl group, a C2 to C30 heteroaryl group,
a C1 to C20 alkoxy group, a fluoro group, a C1 to C10
trifluoroalkyl group, or a cyano group)

[0029] According to another embodiment, a display
device including the organic optoelectronic device is pro-
vided.

[0030] An organic optoelectronic device having high effi-
ciency may be realized.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] FIGS. 1 and 2 are schematic cross-sectional views
of organic optoelectronic devices according to an embodi-
ment.

DETAILED DESCRIPTION

[0032] Hereinafter, embodiments of the present invention
are described in detail. However, these embodiments are
exemplary, the present invention is not limited thereto and
the present invention is defined by the scope of claims.
[0033] Inthe present specification, when a definition is not
otherwise provided, “substituted” refers to replacement of at
least one hydrogen of a substituent or a compound by
deuterium, a halogen, a hydroxy group, an amino group, a
substituted or unsubstituted C1 to C30 amine group, a nitro
group, a substituted or unsubstituted C1 to C40 silyl group,
a Cl1 to C30 alkyl group, a C1 to C10 alkylsilyl group, a C3
to C30 cycloalkyl group, a C2 to C30 heterocycloalkyl
group, a C6 to C30 aryl group, a C2 to C30 heteroaryl group,
a Cl1 to C20 alkoxy group, a fluoro group, a C1 to C10
trifluoroalkyl group such as a trifluoromethyl group, or a
cyano group.
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[0034] 1In addition, two adjacent substituents of the sub-
stituted halogen, a hydroxy group, an amino group, a sub-
stituted or unsubstituted C1 to C20 amine group, a nitro
group, a substituted or unsubstituted C3 to C40 silyl group,
C1 to C30 alkyl group, C1 to C10 alkylsilyl group, C3 to
C30 cycloalkyl group, C2 to C30 heterocycloalkyl group,
C6 to C30 aryl group, C2 to C30 heteroaryl group, C1 to
C20 alkoxy group, a fluoro group, C1 to C10 trifluoroalkyl
group such as trifluoromethyl group, or cyano group may be
fused with each other to form a ring. For example, the
substituted C6 to C30 aryl group may be fused with another
adjacent substituted C6 to C30 aryl group to form a substi-
tuted or unsubstituted fluorene ring.

[0035] In the present specification, when specific defini-
tion is not otherwise provided, “hetero” refers to one includ-
ing one to three heteroatoms selected from the group con-
sisting of N, O, S, P, and Si, and remaining carbons in one
functional group.

[0036] Inthe present specification, when a definition is not
otherwise provided, “alkyl group” refers to an aliphatic
hydrocarbon group. The alkyl group may be “a saturated
alkyl group” without any double bond or triple bond.
[0037] The alkyl group may be a C1 to C30 alkyl group.
More specifically, the alkyl group may be a C1 to C20 alkyl
group or a C1 to C10 alkyl group. For example, a C1 to C4
alkyl group may have 1 to 4 carbon atoms in an alkyl chain
which may be selected from methyl, ethyl, propyl, iso-
propyl, n-butyl, iso-butyl, sec-butyl, and t-butyl.

[0038] Specific examples of the alkyl group may be a
methyl group, an ethyl group, a propyl group, an isopropyl
group, a butyl group, an isobutyl group, a t-butyl group, a
pentyl group, a hexyl group, a cyclopropyl group, a cyclobu-
tyl group, a cyclopentyl group, a cyclohexyl group, and the
like.

[0039] In the present specification, “aryl group” refers to
a substituent including all element of the cycle having
p-orbitals which form conjugation, and may be monocyclic,
polycyclic or fused ring polycyclic (i.e., rings sharing adja-
cent pairs of carbon atoms) functional group.

[0040] In the present specification, “heteroaryl group”
may refer to an aryl group including one to three heteroa-
toms selected from N, O, S, P, and Si and remaining carbon.
When the heteroaryl group is a fused ring, each ring may
include one to three heteroatoms.

[0041] More specifically, the substituted or unsubstituted
C6 to C30 aryl group and/or the substituted or unsubstituted
C2 to C30 heteroaryl group may be a substituted or unsub-
stituted phenyl group, a substituted or unsubstituted naph-
thyl group, a substituted or unsubstituted anthracenyl group,
a substituted or unsubstituted phenanthryl group, a substi-
tuted or unsubstituted naphthacenyl group, a substituted or
unsubstituted pyrenyl group, a substituted or unsubstituted
bipheny! group, a substituted or unsubstituted p-terphenyl
group, a substituted or unsubstituted m-terphenyl group, a
substituted or unsubstituted chrysenyl group, a substituted or
unsubstituted triphenylenyl group, a substituted or unsub-
stituted perylenyl group, a substituted or unsubstituted inde-
nyl group, a substituted or unsubstituted furanyl group, a
substituted or unsubstituted thiophenyl group, a substituted
or unsubstituted pyrrolyl group, a substituted or unsubsti-
tuted pyrazolyl group, a substituted or unsubstituted imida-
zolyl group, a substituted or unsubstituted triazolyl group, a
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substituted or unsubstituted oxazolyl group, a substituted or
unsubstituted thiazolyl group, a substituted or unsubstituted
oxadiazolyl group, a substituted or unsubstituted thiadiaz-
olyl group, a substituted or unsubstituted pyridyl group, a
substituted or unsubstituted pyrimidinyl group, a substituted
or unsubstituted pyrazinyl group, a substituted or unsubsti-
tuted triazinyl group, a substituted or unsubstituted benzo-
furanyl group, a substituted or unsubstituted benzothiophe-
nyl group, a substituted or unsubstituted benzimidazolyl
group, a substituted or unsubstituted indolyl group, a sub-
stituted or unsubstituted quinolinyl group, a substituted or
unsubstituted isoquinolinyl group, a substituted or unsub-
stituted quinazolinyl group, a substituted or unsubstituted
quinoxaliny] group, a substituted or unsubstituted naphthy-
ridinyl group, a substituted or unsubstituted benzoxazinyl
group, a substituted or unsubstituted benzthiazinyl group, a
substituted or unsubstituted acridinyl group, a substituted or
unsubstituted phenazinyl group, a substituted or unsubsti-
tuted phenothiazinyl group, a substituted or unsubstituted
phenoxazinyl group, a substituted or unsubstituted fluorenyl
group, a substituted or unsubstituted dibenzofuranyl group,
a substituted or unsubstituted dibenzothiophenyl group, a
substituted or unsubstituted carbazolyl group, or a combi-
nation thereof, but are not limited thereto.

[0042] In the present specification, hole characteristics
refer to an ability to donate an electron to form a hole when
an electric field is applied, and that a hole formed in the
anode may be easily injected into the light-emitting layer,
and a hole formed in a light-emitting layer may be easily
transported into an anode and transported in the light-
emitting layer due to conductive characteristics according to
a highest occupied molecular orbital (HOMO) level.

[0043] In addition, electron characteristics refers to an
ability to accept an electron when an electric field is applied,
and that an electron formed in a cathode may be easily
injected into the light-emitting layer (LUMO) level, and an
electron formed in a light-emitting layer may be easily
transported into a cathode and transported in the light-
emitting layer due to conductive characteristics according to
a lowest unoccupied molecular orbital (LUMO) level.

[0044] Hereinafter, an organic optoelectronic device
according to an embodiment is described.

[0045] The organic optoelectronic device may be any
device to convert electrical energy into photoenergy and vice
versa without particular limitation, and may be, for example
an organic photoelectric device, an organic light emitting
diode, an organic solar cell, and an organic photo conductor
drum.

[0046] Herein, an organic light emitting diode as one
example of an organic optoelectronic device is described,
but the present invention can be applied to other organic
optoelectronic devices in the same way.

[0047] In the drawings, the thickness of layers, films,
panels, regions, etc., are exaggerated for clarity. Like refer-
ence numerals designate like elements throughout the speci-
fication. 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 can be directly on the other element or
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intervening elements may also be present. In contrast, when
an element is referred to as being “directly on” another
element, there are no intervening elements present.

[0048] FIGS. 1 and 2 are schematic cross-sectional views
of an organic optoelectronic device according to an embodi-
ment.

[0049] Referring to FIG. 1, an organic optoelectronic
device according to an embodiment includes an anode 10
and a cathode 20 facing each other and an organic layer 30
between the anode 10 and the cathode 20.

[0050] The anode 10 may be made of a conductor having
a large work function to help hole injection, and may be for
example a metal, a metal oxide, and/or a conductive poly-
mer. The anode 10 may be, for example a metal such as
nickel, platinum, vanadium, chromium, copper, zinc, and
gold or an alloy thereof, metal oxide such as zinc oxide,
indium oxide, indium tin oxide (ITO), indium zinc oxide
(IZ0), and the like; a combination of metal and oxide such
as Zn0 and Al or SnO, and Sb; a conductive polymer such
as poly(3-methylthiophene), poly(3,4-(ethylene-1,2-dioxy)
thiophene) (PEDT), polypyrrole, and polyaniline, but is not
limited thereto.

[0051] The cathode 20 may be made of a conductor having
a small work function to help electron injection, and may be
for example a metal, a metal oxide, and/or a conductive
polymer. The cathode 20 may be for example a metal or an
alloy thereof such as magnesium, calcium, sodium, potas-
sium, titanium, indium, yttrium, lithium, gadolinium, alu-
minum silver, tin, lead, cesium, barium, and the like; a
multi-layer structure material such as LiF/Al, LiO/Al, LiF/
Ca, LiF/Al, and BaF,/Ca, but is not limited thereto.

[0052] The organic layer 30 includes a hole transport layer
31, a light-emitting layer 32, and an auxiliary hole transport
layer 33 between the hole transport layer 31 and the light-
emitting layer 32.

[0053] In addition, the organic layer 30 includes an elec-
tron transport layer 34 and an auxiliary electron transport
layer 35 between the electron transport layer 34 and the
light-emitting layer 32.

[0054] Referring to FIG. 2, the organic layer 30 may
further include a hole injection layer 37 between the hole
transport layer 31 and the anode 10, and an electron injection

layer 36 between the electron transport layer 34 and the
cathode 20.

[0055] The hole injection layer 37 between the hole trans-
port layer 31 and the anode 10 the improves interface
characteristics an organic material used as the hole transport
layer 31 and ITO used as the anode 10 and is coated on the
ITO to smooth uneven upper surface of ITO. For example,
the hole injection layer 37 may be selected from materials
having a median value between work functions of the ITO
and HOMO of the hole transport layer 31 to adjust a
difference between the work functions of the ITO and the
HOMO of the hole transport layer 31 and particularly,
materials having appropriate conductivity. The materials
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forming the hole injection layer 37 of the present invention
may be N4,N4'-diphenyl-N4,N4'-bis(9-phenyl-9H-carbazol-
3-yl)biphenyl-4,4'-diamine, but is not limited thereto. A
conventional material of the hole injection layer 37 may be
also used together, for example, copper phthlalocyanine
(CuPc), aromatic amines such as N,N'-dinaphthyl-N,N'-
phenyl-(1,1'-biphenyl)-4,4'-diamine ~ (NPD), 4,4'4"-tris
[methylphenyl(phenyl)amino|triphenyl — amine (m-MT-
DATA), 4.4' 4" -tris[ 1 -naphthyl(phenyl)amino |triphenyl
amine (1-TNATA), 4,4',4"-tris[2-naphthyl(phenyl)amino]
triphenyl amine (2-TNATA), 1,3,5-tris[N-(4-diphenylam-
inophenyl)phenylamino|benzene (p-DPA-TDAB), a com-
pound  such  4,4-bis[N-[4-{N,N-bis(3-methylphenyl)
amino }phenyl]-N-phenylamino]biphenyl (DNTPD),
hexaazatriphenylene-hexacarbonitirile (HAT-CN), and the
like, a conductive polymer such as a polythiophene deriva-
tive of poly(3,4-ethylenedioxythiophene)-poly(styrnesul-
fonate) (PEDOT). The hole injection layer 37 may be coated
with a thickness, for example of 10 to 300 A on ITO used
as an anode.

[0056] The electron injection layer 36 is disposed on the
electron transport layer and thus, facilitates injection of
electrons from a cathode and ultimately improves power
efficiency and may, for example, include LiF, Liq, NaCl,

CsF, Li,0, BaO, and the like, which are conventionally used
in a related art.

[0057] The hole transport layer 31 is a layer that makes
hole transport from the anode 10 into the light-emitting layer
32, and may include, for example an amine compound but
is not limited thereto.

[0058] The amine compound may include, for example at
least one aryl group and/or heteroaryl group. The amine
compound may be represented by, for example Chemical
Formula a or b, but is not limited thereto.

[Chemical Formula a]

i
Arb/N\Af
[Chemical Formula b]
A# A
\
N—AM—N
/
A AY
[0059] In Chemical Formula a or b,
[0060] Ar®to Ar® are independently hydrogen, deuterium,

a substituted or unsubstituted C1 to C20 alkyl group, a
substituted or unsubstituted C6 to C30 aryl group, a substi-
tuted or unsubstituted C2 to C30 heteroaryl group, or a
combination thereof,

[0061] at least one of Ar® to Ar® and at least one of Ar? to
Ar® are a substituted or unsubstituted C6 to C30 aryl group,
a substituted or unsubstituted C2 to C30 heteroaryl group, or
a combination thereof, and

[0062] Ar”is a single bond, a substituted or unsubstituted
C1 to C20 alkylene group, a substituted or unsubstituted C6
to C30 arylene group, a substituted or unsubstituted C2 to
C30 heteroarylene group, or a combination thereof.

[0063] The electron transport layer 34 is a layer that makes
electron transport from the cathode 20 into the light-emitting
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layer 32, and for example a material of the electron transport
layer may be aluminum trihydroxyquinoline (Alqs), 2-(4-
biphenylyl)-5-phenyl-1,3,4-oxadiazole (PBD) that is a 1,3,
4-oxadiazole derivative, 1,3.4-tris[(3-phenyl-6-trifluorom-
ethyl)quinoxaline-2-yl]benzene (TPQ) that is a quinoxaline
derivative, a triazole derivative, and a triazine derivative, but
is not limited thereto.

[0064] The light-emitting layer 32 is an organic layer
emitting light and includes a host and a dopant when a
doping system is adopted. Herein, the host mainly promotes
a recombination of electrons and holes and holds excitons in
a light-emitting layer, while the dopant efficiently emits light
from the excitons obtained from the recombination.

[0065] The light-emitting layer may include a known host
and dopant.
[0066] The known host may be, for example, Alq3, CBP

(4,4'-N,N'-dicarbazole-biphenyl), PVK (poly(n-vinylcarba-
zole)), 9,10-di(naphthalen-2-yl)anthracene (ADN), TCTA,
TPBI (1,3,5-tris(N-phenylbenzimidazol-2-y1l)benzene),
TBADN (3-tert-butyl-9,10-di(naphth-2-yl)anthracene),
mCP, OXD-7, and the like, but is not limited thereto.

PVK

mCP

OXD-7

[0067] The dopant may be at least one of a fluorescent
dopant and a phosphorescent dopant.

[0068] The phosphorescent dopant may be an organometal
complex including Ir, Pt, Os, Re, Ti, Zr, Hf, or a combination
of two or more, but is not limited thereto.

[0069] Examples of known blue dopants may be F,Irpic,
(Foppy),Ir(tmd), Ir(dfppz)s, ter-fluorene(fluorene), 4,4'-bis
(4-diphenylaminostyryl)biphenyl (DPAVBIi), 2,5,8,11-tetra-
tert-butyl perylene (TBPe), DPVBI, a pyrene derivative
(KR0525408, LG Electronics Inc.), and the like, but are not
limited thereto.
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Fylipic (F2ppy)aIr(tmd) Ir{dfppz)s

%b

DPAVBI

L Goot

TBPe DPVBI

R o
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[0070] Examples of known red dopants may include,
PtOEP, Ir(piq),, Btplr, and the like, but are not limited
thereto.

7
| CH;
N N O—
Ir
e
s \O /
CH;
Btplr
i \i
PtOEP
A
Z N\
\Ir
e
— —3
Ir(piq)s

[0071] Examples of known green dopant may be Ir(ppy),

(ppy=phenylpyridine), Ir(ppy),(acac), Ir(mpyp);, and the
like, but are not limited thereto.

Ir(ppy)s
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- -continued
AN N
/N\ O0— | N
\Ir/ 7 AN
N "
0
L =12 L —3
Ir(ppy)a(acac) Ir(mpyp)s

[0072] When the light-emitting layer includes hosts and
dopants, an amount of the dopants may be generally about
0.01 to about 15 wt % based on 100 wt % of the light-
emitting layer, without limitation.

[0073] The light-emitting layer may have a thickness of
about 200 A to about 700 A.

[0074] The auxiliary electron transport layer 35 includes at
least one kind of a first compound represented by Chemical
Formula 1.

[Chemical Formula 1]

RI—(Y,  (12),,—R?
X~
o0y
4
7107 711
K= | o (PR
Z I Z
N YA
Z5\/ \/zﬁ 27\?\429
R*=(Lhy (L5)6—R®
[0075] In Chemical Formula 1,
[0076] Z' to Z'* are independently N, C, or CR?,
[0077] at least one of Z' to Z'? is N,
[0078] R!to R®and R® are independently hydrogen, deu-

terium, a substituted or unsubstituted C1 to C10 alkyl group,
a substituted or unsubstituted C6 to C30 aryl group, a
substituted or unsubstituted C3 to C30 heteroaryl group, or
a combination thereof,

[0079] L' to LS are independently a single bond, a substi-
tuted or unsubstituted C6 to C30 arylene group, a substituted
or unsubstituted heteroarylene group, or a combination
thereof, and

[0080] nl to n6 are independently an integer ranging from
Oto5.
[0081] The first compound may include a ring containing

at least one nitrogen and thus has a structure easily accepting
electrons when an electric field is applied thereto and
accordingly, may increase the injection amount of electrons
and may decrease a driving voltage when used to manufac-
ture an organic optoelectronic device.

[0082] In one example of the present invention, nl to n6
may independently may an integer ranging from 0 to 5, and
nl+n2+n3+n4+n5+n6z1, nl+n2+n3+n4+n5+n622, nl+n2+
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n3+n4+n5+n6=3, or nl+n2+n3+n4+n5+n6=4. In addition,
nl+n2+n3+n4+n5+n6=15, nl+n2+n3+n4+n5+n6=<12,
nl+n2+n3+n4+n5+n6<10, nl+n2+4n3+n4+n5+n6<8,
nl+n2+n3+n4+n5+n6<7, or nl+n2+n3+n4+n5+n6<6.

[0083] The first compound represented by Chemical For-
mula 1 has at least one of a kink structure in the center of an
arylene group and/or a heteroarylene group.

[0084] For example, the first compound may be repre-
sented by Chemical Formula 1-I or Chemical Formula 1-II.
The Chemical Formulas are examples but it is not limited to
the following disclosure.

[Chemical Formula 1-I)

L3, —R?

Z 78 L%),s—R’
5 \ ( )nS

L

A z 2l \2?
7\/ ha e
RE= (L (L6~ R®
[Chemical Formula 1-I]

(I3),2—R?

zt
R R?
~ <
), 2‘10 Neg (57
—
e
Z3, \/ZG 27\?<29
R* =L (L9)—RS

[0085] In Chemical Formulas 1-I and Chemical Formula
1-11, definitions of Z* to Z'%, R to R%, L' to L%, and nl to
n6 are the same as described above.

[0086] The kink structure indicates a structure that arylene
group and/or a heteroarylene group are not linked linearly at
the linking point. For example, as for phenylene, ortho-
phenylene (o-phenylene) and meta phenylene (m-phe-
nylene) have the kink structure in which their linking point
are not straight, while para phenylene (p-phenylene) has no
kink structure.

[0087] L' to LS of the first compound may be specifically
a single bond, a substituted or unsubstituted phenylene
group, a substituted or unsubstituted biphenylene group, a
substituted or unsubstituted terphenylene group, a substi-
tuted or unsubstituted quaterphenylene group, or a substi-
tuted or unsubstituted naphthalenylene group, and the like,
and may be for example one of the following linking groups.
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[0088] The first compound may be for example repre-
sented by at least one of Chemical Formula 1-I11 to Chemi-
cal Formula 1-IX, but is not limited thereto.
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[Chemical Formula 1-III]

ZZ
o
71 /23
RSa
7107 X711 7 /
73 | Z 78 e ]
\ le \ \
| RS
73 78 VA 7’
\/ \/
[Chemical Formula 1-1V]
72
Y
" 4
Z];Z“
RSa
b | 2 VA N
| R 712 | N \]
5 6 7 9 |
V4 /Z Z\/Z //
RS
[Chemical Formula 1-V]
ZZ
)
27
RSC RSa
W 717 71 w? Vo
L\ | Z | z Z N J
W X z”? X vv\\ 5
R | | R
5 6 7 9
Z\/Z Z\/Z
[Chemical Formula 1-VI]
72
Y
71 / 73
7107 711
RS( | Rsll
\,24 z zf\/
A
5 6 7 9
Y A
R R?
[Chemical Formula 1-VII]
ZZ
A
)
VA /23
ZD;Z“
RSc 4 | . 8 RSa
N | Zﬁ/Lzlz I 2N SA
[ 75 78 71 7° | 2z
N ~F ~F 2
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[Chemical Formula 1-VIII]

ZZ

- i

x
W RSa
7\ 73
[ T 4
N\ N N ]
R Zlo le \RSb
A L1
N 712 | RS
AN

[Chemical Formula 1-IX]

ZZ
)
RSb RSa
W, 7! 73 W,
Y0
N 710 \an AV
L
| AN z2 | A
rA” AT
[0089] In Chemical Formulas 1-III to Chemical Formula
1-IX,
[0090] Z' to Z'? are the same as described above,

[0091] W is independently N, C, or CR,

[0092] R>? to R>? and R? are independently hydrogen,
deuterium, a substituted or unsubstituted C1 to C10 alkyl
group, a substituted or unsubstituted C6 to C30 aryl group,
a substituted or unsubstituted C3 to C30 heteroaryl group, or
a combination thereof.

[0093] R’*to R>? are specifically hydrogen, deuterium, a
substituted or unsubstituted phenyl group, a substituted or
unsubstituted biphenyl group, a substituted or unsubstituted
terphenyl group, a substituted or unsubstituted quaterphenyl
group, a substituted or unsubstituted naphthalene group, a
substituted or unsubstituted pyridine group, a substituted or
unsubstituted pyrimidine group, a substituted or unsubsti-
tuted triazine group, a substituted or unsubstituted quinoli-
nyl group, a substituted or unsubstituted isoquinolinyl
group, a substituted or unsubstituted phenanthroline, or a
substituted or unsubstituted quinazoline, and may be for
example, one selected from substituted or unsubstituted
groups of Group 1.

[Group 1]
I\ I\
W’
|\
A
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[Group 2]

-continued

11

[A-1]
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[0094] In Group 1, * is a linking point,

[0095] wherein, “substituted” refers to replacement of at
least one hydrogen by deuterium, a halogen, a C1 to C20
alkyl group, a C3 to C20 cycloalkyl group, a C1 to C20
alkoxy group, a C3 to C20 cycloalkoxy group, a C1 to C20
alkylthio group, a C6 to C30 aralkyl group, a C6 to C30 aryl
group, a C6 to C30 aryloxy group, a C6 to C30 arylthio
group, a C2 to C30 heteroaryl group, a C2 to C30 amino
group, a C3 to C30 silyl group, a cyano group, a nitro group,
a hydroxyl group, or a carboxyl group.

[0096] For example, the first compound may be repre-
sented by Chemical Formula 1-IV or Chemical Formula
1-VIIL.

[0097] The first compound may be for example com-
pounds of Group 2, but is not limited thereto.

OOOOOO%Q

[A-3]

N [A-4]
| X

P

O o o
N7 N
|/N
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[B-59]

[B-60]

[c-4]

(€3]

[0098]

The first compound may be one or more kinds of
the compounds of Group 2.

[0099] The auxiliary hole transport layer 33 includes the
second compound having excellent hole transport charac-
teristics and thus, may reduce a HOMO energy level differ-
ence between the hole transport layer 31 and the light-
emitting layer 32, and adjust hole injection characteristics
and resultantly, decrease accumulation of holes on the
interface of the auxiliary hole transport layer 33 and the

light-emitting layer 32 and thus, a quenching phenomenon
that excitons become extinct on the interface due to polaron.
Accordingly, the device may be less deteriorated and stabi-
lized and thus, have improved efficiency and life-span.

[0100] The second compound may be a compound repre-
sented by a combination of a moiety represented by Chemi-
cal Formula 2, a moiety represented by Chemical Formula
3, and a moiety represented by Chemical Formula 4.
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[Chemical Formula 2]
R30
Rz% | \ ==
/ i
A \ 7
& 2 X!
[Chemical Formula 3]
R33 R34

% / | R35
NP
b*
[Chemical Formula 4]
1
Ar\L7 LS/AIZ
\N/
I
L9
J

[0101] In Chemical Formulae 2 to 4,

[0102] X' and X* are independently Q, S, or CRRY,
[0103] R3*°toR®, R, and R? are independently hydrogen,
deuterium, a substituted or unsubstituted C1 to C10 alkyl
group, a substituted or unsubstituted C6 to C30 aryl group,
a substituted or unsubstituted C3 to C30 heteroaryl group, or
a combination thereof, or a linking point with c¢* of Chemi-
cal Formula 5,

[0104] Ar' and Ar® are independently a substituted or
unsubstituted C6 to C30 aryl group or a substituted or
unsubstituted C2 to C30 heteroaryl group,

[0105] L7 to L* are independently a single bond, a substi-
tuted or unsubstituted C6 to C30 arylene group, a substituted
or unsubstituted heteroarylene group, or a combination
thereof,

[0106] adjacent two *’s of Chemical Formula 3 are bound
to two *’s of Chemical Formula 4 to form a fused ring,
[0107] one of a*, b*, and R to R* of above Chemical
Formula 3 or 4 is linked with c* of

[0108] Chemical Formula 5 by a sigma bond, and
[0109] a*, b*, and R*° to R that are not linked with c* of
Chemical Formula 5 are independently hydrogen, deute-
rium, a substituted or unsubstituted C1 to C10 alkyl group,
a substituted or unsubstituted C6 to C30 aryl group, a
substituted or unsubstituted C3 to C30 heteroaryl group, or
a combination thereof.

[0110] The second compound may be for example repre-
sented by one of Chemical Formula 2-1 to Chemical For-
mula 2-3.

[Chemical Formmla 2-1]
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-continued

[Chemical Formula 2-2]

[Chemical Formula 2-3]

[0111] In Chemical Formulas 2-1 to 2-3, X', X%, Ar', Ar?,
and L7 to L? are the same as described above,

[0112] R?® and R*7 are independently hydrogen, deute-
rium, a substituted or unsubstituted C1 to C10 alkyl group,
a substituted or unsubstituted C6 to C30 aryl group, a
substituted or unsubstituted C3 to C30 heteroaryl group, or
a combination thereof

[0113] For example, the second compound may be for
example represented by one of Chemical Formula 2-4 to
Chemical Formula 2-6.

[Chemical Formula 2-4]
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-continued

[Chemical Formmla 2-5]

[Chemical Formmula 2-6]

[0114] In Chemical Formulae 2-4 to 2-6, X', X*, Ar', Ar?,
and L7 to L? are the same as described above.

[0115] Ar' and Ar® may specifically be a substituted or
unsubstituted phenyl group, a substituted or unsubstituted
biphenyl group, a substituted or unsubstituted terphenyl
group, a substituted or unsubstituted quaterphenyl group, a
substituted or unsubstituted naphthyl group, a substituted or
unsubstituted anthracenyl group, a substituted or unsubsti-
tuted phenanthrenyl group, a substituted or unsubstituted
pyrenyl group, a substituted or unsubstituted triphenylene
group, a substituted or unsubstituted fluorenyl group, a
substituted or unsubstituted pyridinyl group, a substituted or
unsubstituted pyrimidinyl group, a substituted or unsubsti-
tuted triazinyl group, a substituted or unsubstituted carba-
zolyl group, a substituted or unsubstituted dibenzofuranyl
group, a substituted or unsubstituted dibenzothiophenyl
group, Chemical Formula w, Chemical Formula x, Chemical
Formula y, Chemical Formula z, or a combination thereof.

[Chemical Formula w]

38

Aug. 3, 2017
-continued
[Chemical Formula x|
[Chemical Formula y]
S
| 0
| |
g
H:C  CH;
[Chemical Formula 7]
L
" / \ O CH;
=
[0116] More specifically, they may be a substituted or

unsubstituted phenyl group, a substituted or unsubstituted
biphenyl group, a substituted or unsubstituted terphenyl
group, a substituted or unsubstituted naphthyl group, a
substituted or unsubstituted anthracenyl group, a substituted
or unsubstituted phenanthrenyl group, a substituted or
unsubstituted pyrenyl group, a substituted or unsubstituted
triphenylene group, a substituted or unsubstituted fluorenyl
group, a substituted or unsubstituted dibenzofuranyl group,
a substituted or unsubstituted dibenzothiophenyl group, or a
combination thereof.

[0117] For example, the second compound may be repre-
sented by Chemical Formula 2-1 or Chemical Formula 2-2.
[0118] The second compound may be, for example
selected from compounds of Group 3, but is not limited
thereto.

[Group 3]
(E-1]
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[G-33]

[0119] An organic optoelectronic device according to an
embodiment of the present invention may include an aux-
iliary electron transport layer including the first compound
having strong electron characteristics and an auxiliary hole
transport layer including the second compound having hole
transport characteristics which is capable of adjusting hole
injection characteristics by reducing a HOMO energy level
difference between the hole transport layer 31 and the
light-emitting layer 32 simultaneously.

[0120] When these are used together, efficiency may be
improved by adjusting a charge balance through hole injec-
tion-adjusting capability of the auxiliary hole transport layer
and electron injection-adjusting capability of the auxiliary
electron transport layer, and a life-span may be also
improved by applying the hole and auxiliary electron trans-
port layers and thus, preventing accumulation of charges on
each interface of the organic layers and accordingly, reduc-
ing degradation of a device and stabilizing it.

[0121] Specifically, the auxiliary electron transport layer
may include at least one of the first compound represented
by Chemical Formula 1-1V or Chemical Formula 1-VII and
the auxiliary hole transport layer may include at least one of
the second compound represented by Chemical Formula 2-1
or Chemical Formula 2-2.

[0122] In one example of the present invention, the aux-
iliary electron transport layer may include at least one of the
first compound represented by Chemical Formula 1-IV or
Chemical Formula 1-VII and the auxiliary hole transport
layer may include at least one of the second compound
represented by Chemical Formula y or Chemical Formula z.

[0123] The auxiliary hole transport layer 33 and the aux-
iliary electron transport layer 35 may be coated on the hole
transport layer by a deposition or inkjet process with a
thickness of 0.1 nm to 20.0 nm, for example 0.2 nm to 10.0
nm, 0.3 nm to 5 nm, 0.3 nm to 2 nm, or 0.4 nm to 1.0 nm.

[0124] The organic layer 30 may further include a hole
injection layer 37 between the anode 10 and the hole
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transport layer 31 and/or an electron injection layer 36
between the cathode 20 and the electron transport layer 34
as needed.

[0125] In an organic optoelectronic device according to
one example of the present invention, the auxiliary hole
transport layer may contact the hole transport layer and the
light-emitting layer respectively and the auxiliary electron
transport layer may contact the electron transport layer and
the light-emitting layer.

[0126] In an example of the present invention, the light-
emitting layer may further include a dopant, for example, a
phosphorescent dopant, a fluorescent dopant, and the like.
[0127] In an embodiment, the organic optoelectronic
device may be selected from an organic light emitting diode,
an organic photoelectric device, an organic solar cell, an
organic transistor, an organic photo conductor drum, and an
organic memory device.

[0128] The organic light emitting diode may be applied to
an organic light emitting display device.

[0129] Hereinafter, the embodiments are illustrated in
more detail with reference to examples. These examples,
however, are not in any sense to be interpreted as limiting
the scope of the invention.

[0130] Hereinafter, starting materials and reactants used in
Synthesis Examples and Examples were purchased from
Sigma-Aldrich Corporation or TCI Inc. unless there was
particularly mentioned.

[0131] Synthesis of First Compound

Synthesis Example 1: Synthesis of Intermediate 1-1
[0132]

Reaction Scheme 1
B(OH),
Cl N
W A PA(PPh),
N N K,CO3
n
7 THF,
Br 80° C.
N
Br N
/ N

I-1

[0133] The compound, 2-chloro-4,6-diphenyl-1,3,5-triaz-
ine (50 g, 187 mmol, TCI Inc.) was dissolved in THF (1 L)
under a nitrogen environment, (3-bromophenyl)boronic acid
(45 g, 224.12 mmol, TCI Inc.) and tetrakis(triphenylphos-
phine)palladium (2.1 g, 1.87 mmol) were added thereto, and
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the mixture was stirred. Potassium carbonate saturated in
water (64 g, 467 mmol) was added thereto, and the obtained
mixture was heated and refluxed at 80° C. for 12 hours.
When the reaction was complete, water was added to the
reaction solution, and the mixture was extracted with dichlo-
romethane (DCM), filtered after removing moisture with
anhydrous MgSO,, and concentrated under a reduced pres-
sure. The obtained residue was separated and purified
through column chromatography to obtain Intermediate 1-1
(69 g and 95%).

[0134] FIRMS (70 eV, El+): m/z caled for C, H,,BrN,:
387.0371. found: 387.

[0135] Elemental Analysis: C, 65%; H, 4%

Synthesis Example 2: Synthesis of Intermediate 1-2

[0136]

Reaction Scheme 2

Ny +
P Br
N
L1

Pd(PPhz}4, K,CO3
_—m

THF, 80° C.
(HO),B Cl

N7 Xy
O)\ Va
N al
12

[0137] Intermediate I-2 (51 g, 95%) was obtained accord-
ing to the same synthesis method as the method of synthe-
sizing and purifying Intermediate I-1 by using Intermediate
1-1 and 3-chlorophenyl boronic acid (TCI Inc.).

[0138] HRMS (70 eV, El+): m/z caled for C,,H, ;CIN;:
419.1189. found: 419.

[0139] Elemental Analysis: C, 77%; H, 4%
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Synthesis Example 3: Synthesis of Intermediate 1-3

[0140]

Reaction Scheme 3
NN -
O)\ H
N O Cl
1.2
[0} 0
A4
B—B
/ \
0 ¢}

NT XY
P4
N B/O
0

13

Pd(dppf), K(acac)

DMF, 15¢° C.

[0141] Intermediate I-2 (100 g, 238 mmol) was dissolved
in dimethylformamide (DMF, 1 L) under a nitrogen envi-
ronment, bis(pinacolato)diboron (72.5 g, 285 mmol, Sigma
Aldrich Co., Ltd.), (1,1'-bis(diphenylphosphine)ferrocene)
dichloropalladium (II) (2 g, 2.38 mmol), and potassium
acetate (58 g, 595 mmol) were added thereto, and the
mixture was heated and refluxed at 150° C. for 48 hours.
When the reaction was complete, water was added to the
reaction solution, and the mixture was filtered and dried in
a vacuum oven. The obtained residue was separated and
purified through column chromatography to obtain Interme-
diate 1-3 (107 g, 88%).

[0142] HRMS (70 eV, El+): m/z caled for C,3H;,BN;O,:
511.2431. found: 511.

[0143] Elemental Analysis: C, 77%; H, 6%

Aug. 3, 2017

Synthesis Example 4: Synthesis of Intermediate 1-4

[0144]

Reaction Scheme 4

I O
n
N/ 1|3/O
0

13

Pd(PPhy)y, K>CO3
THF, 80° C.

Br

NN
P Br
N O O
14

[0145] Intermediate I-3 (50 g, 98 mmol) was dissolved in
THF (1 L) under a nitrogen environment, 1-bromo-3-iodo-
benzene (33 g, 117 mmol, Sigma Aldrich Co., [td.) and
tetrakis(triphenylphosphine)palladium (1 g, 0.98 mmol)
were added thereto, and the mixture was stirred. Potassium
carbonate saturated in water (34 g, 245 mmol) was added
thereto, and the obtained mixture was heated and refluxed at
80° C. for 12 hours. When the reaction was complete, water
was added to the reaction solution, and the mixture was
extracted with dichloromethane (DCM), filtered after
removing moisture with anhydrous MgSO,, and concen-
trated under a reduced pressure. This obtained residue was
separated and purified through column chromatography to
obtain Intermediate 1-4 (50 g and 95%).

[0146] HRMS (70 eV, El+): nvz caled for C,,H,,BO,:
539.0997. found: 539.

[0147] Elemental Analysis: C, 73.34; H, 4.10
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Synthesis Example 5: Synthesis of Intermediate 1-5

[0148]

Reaction Scheme 5

R
pogis

oo

[0149] 95 g (88%) of Intermediate 1-5 was obtained by
synthesis and purification in the same method as Interme-
diate 1-3.

[0150] FIRMS (70 eV, El+): m/z caled for C,H,,BN;O;:
587.2744. found: 587.

[0151] Elemental Analysis: C, 80%; H, 6%

Pd(dppf), K(acac)
_———
DMF, 150° C

w—0

Synthesis Example 6: Synthesis of Intermediate

1-10
[0152]
Reaction Scheme 6
N7 XN
+
Z
N p—C

13
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-continued
Pdl:PPh3)4, K2C03
—_—

THF, 80° C.
Br

1-10

[0153] 50 g (95%) of Intermediate I-10 was obtained by
synthesis and purification in the same method as Interme-
diate 1-4.

[0154] HRMS (70 eV, El+): nvz caled for C;,H,,BO,:
539.0997. found: 539.

[0155] Elemental Analysis: C, 73.34; H, 4.10

Synthesis Example 7: Synthesis of Intermediate
I-11

[0156]

Reaction Scheme 7

Ny N
/
) O O
Br
I-10
0] O
Pd(dppf), K(acac)
B—B e ——
DMEF, 150 C.

0] 0]

NN

I-11
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[0157] 95 g (88%) of Intermediate I-11 was obtained by
synthesis and purification in the same method as Interme-
diate 1-3.

[0158] HRMS (70 eV, El+): nv/z caled for C,oH;,BN,O,:
587.2744. found: 587.

[0159] Elemental Analysis: C, 80%; H, 6%

Synthesis Example 8: Synthesis of Intermediate
1-27

[0160]

Reaction Scheme 8

CRassacas

Pd(PPhs)s, KoCO;

THF, 80° C.
Br
l \
O)\ O O ’

[0161] 50 g (95%) of Intermediate 1-27 was obtained by
synthesis and purification in the same method as Interme-
diate 1-4.

[0162] HRMS (70 eV, El+): m/z caled for C;oH,,BrN;:
615.1310. found 616.

[0163] Elemental Analysis: C, 76%; H, 4%

Synthesis Example 9: Synthesis of Intermediate
1-28

[0164]

Reaction Scheme 9

NN

gy
F
U

48
O Br
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-continued

X
oMo e

[-28

Pd(dppt) K(acac)
DMF 150°C

[0165] 86 g (80%) of Intermediate 1-28 was obtained by
synthesis and purification in the same method as Interme-
diate 1-3.

[0166] HRMS (70 eV, El+): m/z caled for C,H,,BN,O,:
663.3057. found: 663.

[0167] Elemental Analysis: C, 81%; H, 6%

Synthesis Example 10: Synthesis of Intermediate

1-37
[0168]
Reaction Scheme 10
N
Br Z
N\ N +
I-1
[0} O
\B B/ Pd(dppf), K(acac)
/ N\ DMF, 150° C.
o] ¢}
N
O\B Va
0] N\ N

1-37
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[0169]

diate 1-3.

Synthesis Example 11: Synthesis of Intermediate

1-38

[0170]

[0171]

[Reaction Scheme 11]

G0

137

Pd(PPhs)y, KoCO5
—_—

THF, 80° C.

Br

N\/L‘/‘\
©)\/
N Br

54 g (73%) of Intermediate 1-38 was obtained by
synthesis and purification in the same method as Interme-

diate 1-4.

[0172]

mediate Having Pyridine Core

Reaction Scheme 12
x
N +

100 g (89%) of Intermediate 1-37 was obtained by
synthesis and purification in the same method as Interme-

Synthesis Examples 12 to 16: Synthesis of Inter-

64

—Z

\ 7/
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-continued

B(OH),

Pd(PPhs)y, K,CO5
—_—
THF, 80° C.

Br \

I-12

Reaction Scheme 13

1-12
—_—
/©\ THF, 80° C.
(HO),B cl

N
7 a

1-13
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Reaction Scheme 14

\ /

Cl

113
0 0
N Pd(dpp), K(acac)
7/ \ DME, 150° C.
d 0

NN

I-14

Reaction Scheme 15

SN
A B

Aug. 3, 2017
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-continued
N
| A Br
1-15
Reaction Scheme 16

N +
Z 3O |
P Br
LT U
15

Pd(dppf) K(acac)
DMF 150°C

YA OO
& oMore

I-14

Pd(PPhs)., K,CO4
THF, 80° C.
Br

[0173] Intermediate 1-12 to Intermediate [-16 were
obtained by synthesis and purification in the same method as
Intermediate I-1 to Intermediate 1-5, Intermediate 1-10, and
Intermediate 1-11 except for using 4-chloro-2,6-diphe-
nylpyridine (TCT) instead of the 2-chloro-4,6-diphenyl-1,3,
S-triazine.
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Synthesis Examples 17 to 21: Synthesis of
Intermediate Having Pyrimidine Core

[0174]

Reaction Scheme 17

Cl N,

B(OH),
Pd(PPhs)y, K>CO;
—_—
THF, 80° C.

N

Br/@( x

I\f/‘
1-17

Reaction Scheme 18

. Br

1-17

Pd(PPhs),, K,CO;

THF, 80° C.
(HO),B cl

66
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-continued
NN
Z
N Cl
1-18
Reaction Scheme 19
Z
N Cl

1-19

L18
O\ /O Pd(dppf), K(acac)
_—m
/B_B\ DME, 150° C.
o 0

N

S

N B/O
0

Reaction Scheme 20
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-continued Synthesis Examples 22 to 26: Synthesis of
Intermediate having Phenylene Core
I
[0176]
Pd(PPh3)s, K2CO3
THF, 80°C.
Br Reaction Scheme 22
7 N
Br. N |
Ny
Br Z
N
1-20
B(OH),
Pd(PPhy )y, K>CO;
THF, 80° C.
Reaction Scheme 21 Br
O /
Br A
x N O +
\
Pd(dppﬁ K{(acac)
DMF 150°C
Reaction Scheme 23
O N
x
| Xy O O>§< L
I
B
oo C +
Br

121 N
s

[0175] Intermediate I-17 to Intermediate I-21 were 122

obtained by synthesis and purification in the same method as
h : : Pd(PPhy),, K,CO5
Intermediate I-1 to Intermediate I-5, Intermediate 1-10, and
THE, 80° C.

Intermediate I-11 except for using 2-chloro-4,6-diphenyl-1,
3-pyrimidine (TCI) instead of the 2-chloro-4,6-diphenyl-1,
3,5-triazine.

(HOKB cl
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-continued -continued
N,
N
| I
%

Pd(PPhg)s, K»CO;3

_— =
THF, 80° C.
Br
Cl

AN
| N
N _# | =
123 S
[Reaction Scheme 24| N O ‘ Br
Vs 125
+
\ O a Reaction Scheme 26
/

Pd(dppf), K(acac)
—_— -
DMEF, 150° C O O *

N Br
AN |
N A
A 1-25
0 0]
O \ / Pd(dppf), K(acac)
B—B T Tve—
| N B/O O/ \O DMEF, 150° C.
N _# 0 N,
S

0]
Reaction Scheme 25 O O | %<

AN P~o
RN |
| N
7 I-26
n

[0177] Intermediate 1-22 to Intermediate [-26 were
N _0 obtained by synthesis and purification in the same method as
]|3 Intermediate I-1 to Intermediate 1-5, Intermediate 1-10, and
/ 0 Intermediate 1-11 except for using 4,4'-(5-bromo-1,3-phe-

nylene)dipyridine (refer to Example 1 of JP 2008-127326A,
CHEMIPROKASEI KAISHA) instead of the 2-chloro-4,6-
diphenyl-1,3,5-triazine.
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Synthesis Example 27: Synthesis of Intermediate

1-39
[0178]
Reaction Scheme 27
B(OH),
n
Cl

Pd(PPh3)4, KoCO3

THEF, 80° C.

Br Br
Cl
Br |

1-39

[0179] 35 g (57%) of Intermediate 1-39 was obtained by
synthesis and purification in the same method as Interme-
diate 1-4.

Synthesis Example 28: Synthesis of Intermediate
1-40

[0180]

Reaction Scheme 28

-39

B(OH),

Pd(PPhy)s, K,CO3

_—
O THF, 80° C.

Aug. 3,2017
-continued
Cl
1-40

[0181] 44 g (99%) of Intermediate 1-40 was obtained by
synthesis and purification in the same method as Interme-
diate 1-4.

Synthesis Example 29: Synthesis of Intermediate

1-41
[0182]
Reaction Scheme 29
Cl
+
[-40

0} 0

\ / Pd(dppf), K(acac)

B—B —_—

/ \ DMEF, 150° C.

o] [0}
O\ /O

141

[0183] 42 g (72%) of Intermediate 1-41 was obtained by
synthesis and purification in the same method as Interme-
diate 1-3.
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Synthesis Example 30: Synthesis of Intermediate

L-1
[0184]
Reaction Scheme 30
Cl N Cl Pheny!l
Magnesium
| bromide
N\(N THF
Cl
Cl N, J: ]
Y \
N\(N
Cl
L1
[0185] 2.4.6-trichloro-1,3,5-triazine (30 g, 162.68 mmol,

Sigma Aldrich Co., Ltd.) was dissolved in a solvent of
tetrahydrofuran (325 ml) in a 500 mL flask. Then, phenyl-
magnesiumbromide (54.23 ml, 162.68 mmol) in a concen-
tration of 3 M was dripped under a nitrogen stream through
a dropping funnel, after cooling down the solvent of tetra-
hydrofuran by using ice water. When the phenyl magnesium
bromide was completely added, a reaction was completed by
stirring the obtained mixture for 30 minutes. The tetrahy-
drofuran was separated from water to remove the water and
then, removed through a distiller to obtain a solid. The solid
was stirred in 100 ml of methanol and then, filtered. The
solid was stirred again in hexane and filtered to obtain
Intermediate L-1 (27 g, 73%).

[0186] calcd. C,H,C1,N,: C, 47.82; H, 2.23; C1, 3137,
N, 18.59;

[0187] found: C, 47.56; I, 2.12; C1, 31.42; N, 18.43

Synthesis Examples 31 to 32: Synthesis of
Intermediate L-7 and Intermediate -8

[0188] Intermediates -7 and L-8 were obtained according
to the same synthesis method as the method of synthesizing
Intermediates 1-39, 1-40, and I-41 according to Synthesis
Examples 27 to 29 as specific examples of the compound of
the present invention. (Use of three basic reactions: a Suzuki
reaction, a Br boration reaction, a C1 boration reaction)

[Reaction Scheme 31]

Aug. 3, 2017

-continued

—_—
Br
Cl
O O
/
B
~\,

O O O

L-7

[Reaction Scheme 32]

Seatha

‘ ‘ Br

O O B/O
6]

L-8
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Synthesis Example 33: Synthesis of Compound A-1
[0189]

Reaction Scheme 33

SOYS %

Br

oHHoMote

PPy KoCOs
THF 80° C.

71

Aug. 3, 2017

[0190] Intermediate I-5 (20 g, 34 mmol) was dissolved in
tetrahydrofuran (THF, 0.2 L) under a nitrogen environment,
3-bromo-1,1'-biphenyl (9.5 g, 40 mmol) and tetrakis(triph-
enylphosphine)palladium (0.39 g, 0.34 mmol) were added
thereto, and the mixture was stirred. Potassium carbonate
saturated in water (12 g, 85 mmol) was added thereto, and
the obtained mixture was heated and refluxed at 80° C. for
20 hours. When the reaction was complete, water was added
to the reaction solution, and the mixture was extracted with
dichloromethane (DCM), filtered after removing moisture
with anhydrous MgSQO,, and concentrated under a reduced
pressure. This obtained residue was separated and purified
through column chromatography to obtain Compound A-1
(24 g and 70%).

[0191] HRMS (70 eV, El+): m/z caled for C,;H; N;:
613.2518. found: 613.

[0192] Elemental Analysis: C, 88%; H, 5%
Synthesis Example 34 to 39: Synthesis of
Compound
[0193] Products in [Table 1] were manufactured by

respectively synthesizing starting materials 1 and starting
materials 2 in [Table 1] according to the synthesis method of
Synthesis Example 33, and their yields and LC-Mass’s were
shown in [Table 1].

TABLE 1

Synthesis

Examples Starting material 1

Starting material 2

34

©*\B‘O

-
A

(KR 2009-
0126978A
CATHOLIC
UNIVERSITY
INDUSTRY-
ACADEMIC

COOPERATION
FOUNDATION,

Br

Reaction Scheme 1)
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TABLE 1-continued

35

36

Br
(TCI Inc.)

37

YYYQ . A 9 e

-7
38
CIYN\(Q O O llg,o
NzN O\(
Cl 1-8
-1

39 N,
@ OaW,
A
Br
O /& (TCI Inc.)
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TABLE 1-continued

HRMS

(70 eV,
Synthesis El+)
Examples Products Found

34 ‘ 689

35 689

A-24

36 O 611

B-1

37 765
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TABLE 1-continued
38 765
N
. 0. . a0
JTUTU O
A-46
39 N 612
| AN
P

C-1

[0194] Synthesis of Second Compound

Synthesis Example 40: Synthesis of Intermediate

M-9
[0195]
Reaction Scheme 34
B(OH},
0]
O

0]

o~ Pd(PPhy), aq. K,C0;
_—

Toluene, reflux, 12 h

[0196] 4-dibenzofuranboronic acid (20 g, 94.3 mmol,
ACROS Organics) and methyl-2-bromobenzoate (20.3 g,
94.3 mmol, TCI Inc.) were put in a round-bottomed flask,

toluene (313 ml) was added thereto to dissolve them, a
solution obtained by dissolving potassium carbonate (19.5 g,
141.5 mmol) in an aqueous solution (117 ml) was added
thereto, and the mixture was stirred. Then, tetrakistriphenyl-
phosphine palladium (1.09 g, 0.94 mmol) was added thereto,
and the obtained mixture was refluxed and stirred under a
nitrogen atmosphere for 12 hours. When the reaction was
complete, the resultant was extracted with ethylacetate, the
extracted solution was dried with magnesium sulfate and
filtered, and the filtered solution was concentrated under a
reduced pressure. A product therefrom was purified through
silica gel column chromatography with n-hexane/ethylac-
etate (9:1 of a volume ratio) to obtain a target compound,
Intermediate M-9, (26.5 g, 93%).

[0197] LC-Mass (Theoretical value: 302.09 g/mol, Mea-
sured value: M+=302.18 g/mol)

Synthesis Example 41: Synthesis of Intermediate
M-10

[0198]

Reaction Scheme 35

(0)
Diethyl ether, 8 h
(0]

M-9

0 CH3MgBrin Et;0
_—
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-continued

[0199] Intermediate M-9 (26 g, 86 mmol) was put in a
round-bottomed flask heated and dried under a reduced
pressure, anhydrous diethylether (430 ml) was added thereto
to dissolve it, and the solution was cooled down to 0° C. and
stirred under a nitrogen atmosphere. Subsequently, a 3.0 M
methylmagnesium bromide diethylether solution (72 ml,
215 mmol) was slowly added thereto, and the mixture was
stirred at room temperature under a nitrogen atmosphere for
12 hours. The reaction solution was cooled down to 0° C.,
a small amount of distilled water was added thereto to
complete a reaction, a 2.0 M ammonium chloride aqueous
solution (108 ml) was added thereto, the mixture was
extracted with diethylether, the extracted solution was dried
with magnesium sulfate and filtered, and the filtered solution
was concentrated under a reduced pressure. A product there-
from was not additionally purified to obtain a target com-
pound, Intermediate M-10 (25.7 g, 99%).

Synthesis Example 42: Synthesis of Intermediate
M-11

[0200]

Reaction Scheme 36

0. - .
Dichloromethane, 4 h
Q O N
M-10

M-11

BF3°Et,O

[0201] Intermediate M-10 (25.7 g, 85.1 mmol) was put in
a round-bottomed flask heated and dried under a reduced
pressure, anhydrous dichloromethane (255 ml) was added
thereto to dissolve it, and the solution was cooled down to
0° C. and then, stirred under a nitrogen atmosphere. Then,
boron trifluoride diethyl etherate (12.1 g, 85.1 mmol) was
slowly added thereto, and the mixture was stirred at room

Aug. 3, 2017

temperature under a nitrogen atmosphere for 4 hours. The
reaction solution was cooled down to 0° C., a small amount
of distilled water was added thereto to complete a reaction,
a 1.0 M sodium bicarbonate aqueous solution (85 ml) was
added thereto, the mixture was extracted with dichlorometh-
ane, dried with magnesium sulfate, and filtered, and the
filtered solution was concentrated under a reduced pressure.
A product therefrom was purified through silica gel column
chromatography with n-hexane/dichloromethane (9:1 of a
volume ratio) to obtain a target compound, Intermediate
M-11 (18.1 g, 75%).

[0202] LC-Mass (Theoretical value: 284.12 g/mol, Mea-
sured value: M+=284.18 g/mol)

Synthesis Example 43: Synthesis of Intermediate
M-12

[0203]

Reaction Scheme 37

Q 1. n-Buli in Hexane
. THF, -20° C. ->1t, 6 h

2. Triisopropylborate
3. 2Maq.HCL 1h, 1t

OM

-11

[0204] Intermediate M-11 (18 g, 63.3 mmol) was put in a
round-bottomed flask heated and dried under a reduced
pressure, anhydrous tetrahydrofuran (190 ml) was added
thereto to dissolve it, and the solution was cooled down to
-20° C. and then, stirred under a nitrogen atmosphere.
Subsequently, a 2.5 M n-butyllithium normal hexane solu-
tion (31 ml, 76 mmol) was slowly added thereto, and the
mixture was stirred at room temperature under a nitrogen
atmosphere for 6 hours. The reaction solution was cooled
down to -20° C., triisopropylborate (14.3 g, 76 mmol) was
slowly added thereto, and the mixture was stirred at room
temperature under a nitrogen atmosphere for 6 hours. The
reaction solution was cooled down to 0° C., a small amount
of distilled water was added thereto to complete a reaction,
a 2.0 M hydrochloric acid aqueous solution (114 ml) was
added thereto, the mixture was extracted with diethylether,
the extracted solution was dried with magnesium sulfate and
filtered, and the filtered solution was concentrated under a
reduced pressure. The obtained residue was dissolved in
acetone and recrystallized by adding n-hexane thereto. A
solid produced therein was filtered under a reduced pressure
to obtain a target compound, Intermediate M-12 (15.6 g,
75%).
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[0205] LC-Mass (Theoretical value: 328.13 g/mol, Mea-
sured value: M+=328.21 g/mol)

Synthesis Example 44: Synthesis of Intermediate

M-13
[0206]
Reaction Scheme 38
IO Br
(HO),B

Pd(PPh3)4, aq. K2C03

O
Q O Toluene, reflux, 12 h
M-12

-13

Br

O

M
[0207] Intermediate M-12 (30.9 g, 94.3 mmol), 1-bromo-
4-iodobenzene (26.7 g, 94.3 mmol) were put in a round-
bottomed flask, toluene (313 ml) was added thereto to
dissolve them, an aqueous solution (117 ml) obtained by
dissolving potassium carbonate (19.5 g, 141.5 mmol) was
added thereto, and the mixture was stirred. Subsequently,
tetrakistriphenylphosphine palladium (1.09 g, 0.94 mmol)
was added thereto, and the mixture was refluxed and stirred
under a nitrogen atmosphere for 12 hours. When the reaction
was complete, the resultant was extracted with ethylacetate,
the extracted solution was dried with magnesium sulfate and
filtered, and the filtered solution was concentrated under a
reduced pressure. A product therefrom was purified through
silica gel column chromatography with n-hexane/dichlo-
romethane (9:1 of a volume ratio) to obtain a target com-
pound, Intermediate M-13 (37 g, 90%).

[0208] LC-Mass (Theoretical value: 438.06 g/mol, Mea-
sured value: M+=438.17 g/mol, M+2=440.21 g/mol)

Synthesis Examples 45 to 49: Synthesis of
Intermediate M-14 to Intermediate M-18

[0209]
Reaction Scheme 39
B(OH),
S
+

&
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-continued

0"~ Pd(PPhy), aq. K;CO;
—_

Toluene, reflux, 12 h

&

Br

Reaction Scheme 40

CH3;MgBr in Et,0
—_—
Diethyl ether, 8 h

SO
aSol
0
HO

M-15
Reaction Scheme 41
BF;+Et,0

S

e ——
Dichloromethane, 4 h
Q O N

M-15
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-continued Synthesis Example 50: Synthesis of Intermediate

M-19
Q [0211]
N
Q Reaction Scheme 44
M

B(OH),
16

0]

Reaction Scheme 42 Q
Q 1. n-Buli in Hexane Q

s THE, -20° C. -> 11, 6 b
a _ \
2. Triisopropylborate 0 Pd(PPhs)y, aq. K,CO;3
3. IMagHCL 1h, 1t Toluene, reflux, 12 h
Br
Cl
M-16
(HO),B Q O
s (0}
O
O
M-17
M-19

React [0212] 30 g (94%) of Intermediate M-19 was obtained by
eaction Scheme 43 . . . .
synthesis and purification in the same method as Interme-

diate M-9.
(HO)B ! Br [0213] LC-Mass (Theoretical value: 336.06 g/mol, Mea-
72

PA(PPhs)y, g, KoCOs sured value: M+=336.18 g/mol)

S
Toluene, reflux, 12 h . R .
Synthesis Example 51: Synthesis of Intermediate
M-20
M-17

[0214]

Br

Reacticn Scheme 45
Cl
| O
Q 6] CH;3;MgBrin Et,0
(0]
M

—_—
Diethyl ether, 8 h
-18 0
~

[0210] Intermediate M-14 to Intermediate M-18 were
obtained by synthesis and purification in the same method as M-19
Intermediate M-9 to Intermediate M-13.
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78
-continued Synthesis Examples 53 to 55: Synthesis of
Intermediate M-22 to Intermediate M-24
Cl
[0220]
0 Reaction Scheme 47

Ho B(OH),
0

[0215] 28.7 g (99%) of Intermediate M-20 was obtained
by synthesis and purification in the same method as Inter- 0
mediate M-10.

[0216] LC-Mass (Theoretical value: 336.09 g/mol, Mea-
sured value: M+=336.15 g/mol)

o Pd(PPhy)s, 2q.K>CO;
_— -

Toluene, reflux, 12 h

Cl Br

Synthesis Example 52: Synthesis of Intermediate
M-21 cl

[0217] O
Reaction Scheme 46 fo)
Cl \

BF3Et,O

0. - .

Dichloromethane, 4 h
HO
Reaction Scheme 48
Cl
M-20 O
CH3;MgBr in Er,O
— "

0 O Diethyl ether, $ 1

- 3-OA
2

[0218] 20.1 g (74%) of Intermediate M-21 was obtained HO
by synthesis and purification in the same method as Inter-

mediate M-11.

[0219] LC-Mass (Theoretical value: 318.08 g/mol, Mea-

sured value: M+=318.15 g/mol)
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Reaction Scheme 49
Cl

&

0 Dichloromethane, 4 h

BF3+Et,O

Cl

o

O
M-24
[0221] Intermediate M-22 to Intermediate M-24 were

obtained by synthesis and purification in the same method as
Intermediate M-19 to Intermediate M-21.

Synthesis Examples 56 to 58: Synthesis of
Intermediate M-25 to Intermediate M-27

[0222]
Reaction Scheme 50
B(OH});
S
+
0]
Cl o P Pd(PPh3)y, aq.K,CO3
P e

Toluene, reflux, 12 h

Br
Cl

SEOR

M-25

Aug. 3, 2017

Reaction Scheme 51
Cl

D CH;MgBr in Et,0
—_—

g O Diethyl ether, 81

-0 8

Cl

C

Reaction Scheme 52
Cl

O BF3+Et,0

S Dichloromethane, 4 h

CL

Q;Q

[0223] Intermediate M-25 to Intermediate M-27 were
obtained by synthesis and purification in the same method as
Intermediate M-19 to Intermediate M-21.
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Synthesis Examples 59 to 61: Synthesis of
Intermediate M-28 to Intermediate M-30

[0224]

Reaction Scheme 53
B(OH),

S

&

e Pd(PPhs)s, aq.K»CO;
_—

Toluene, reflux, 12 h

Cl Br

Cl

-0

M-28

Reaction Scheme 54
Cl

O CH3zMgBr in Et,O
- =

3 O Diethyl ether, §

Cl

Aug. 3, 2017

Reaction Scheme 55

O BF3+Et,0

s .
g Dichloromethane, 4 h

Cl

Cl

s
8Sey

[0225] Intermediate M-28 to Intermediate M-30 were
obtained by synthesis and purification in the same method as
Intermediate M-19 to Intermediate M-21.

Synthesis Examples 62 and 63: Synthesis of
Intermediate M-33 and Intermediate M-34

[0226]
Reaction Scheme 56
Cl
O PhMgBr in Et,O
e ————
0 O  Diethyl ether, 8 h

a0
a2e 1A%

M-33
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Reaction Scheme 57

M-33

a
e

M-34

BF3 Et,O
chhloromethane 4h

[0227] Intermediate M-33 and Intermediate M-34 were
obtained by synthesis and purification in the same method as
Intermediate M-10 and Intermediate M-11.

Synthesis Example 64: Synthesis of Intermediates
K-1to K-3

Synthesis of Intermediate K-1
[0228]

Reaction Scheme 58

Pd,(dba)s/P(t-Buz
——
NaOt-Bw/Toluene

HN

K-1

Aug. 3, 2017

[0229] 4-bromo-1-1'-biphenyl (50.00 g, 214.49 mmol) as
a starting material was dissolved in toluene in a round flask,
[1,1'-biphenyl]-4-amine (72.60 g, 428.98 mmol), Pd,(dba),
(4.59 g, 5.0 mmol), 50% P(t-Bu), (4.92 ml, 10.0 mmol), and
NaOt-Bu (61.84 g, 643.47 mmol) were added thereto, and
the mixture was stirred at 40° C. When a reaction was
complete through a check with TLC, an organic layer
extracted with CH,Cl, and water was dried with MgSO, and
concentrated, and a compound produced therein was silica-
gel columned and recrystallized to obtain Compound K-1
(51.71 g, 160.87 mmol, 75%).

[0230] HRMS (70 eV, El+): nvz caled for C,,HgN:
321.15. found: 321.

[0231] Elemental Analysis: C, 90%; H, 6%

Synthesis of Intermediate K-2

(7%“

[0233] Compound K-2 was synthesized in the synthesis
method of a) Intermediate K-1 of Synthesis Example 64
except for using bromopheny! instead of the 4-bromo-1-1'-
biphenyl as a starting material.

[0234] HRMS (70 eV, El+): m/z caled for C;HN: 245.
32. found: 245.

[0232]

Synthesis of Intermediate K-3
[0235]

K-3

0

Step 1: Synthesis of Intermediate M-1
[0236]

B(OH),

S

-

Molecular Weight:
228.07

+
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-continued
Pd(PPhy),, aq.K,CO;
_—

Br NH,
Toluene, reflux, 12 h

Molecular Weight: 172.02
Exact Mags: 275.08
Molecular Weight: 275.37

S O
NI,
M-1

[0237] 4-dibenzothiopheneboronic acid (21.5 g, 94.3
mmol) and 4-bromoaniline (16.2 g, 94.3 mmol) were put in
a round-bottomed flask, toluene (300 ml) was added thereto
to dissolve them, an aqueous solution (117 ml) obtained by
dissolving potassium carbonate (19.5 g, 141.5 mmol) was
added thereto, and the mixture was stirred. Subsequently,
tetrakistriphenylphosphine palladium (1.09 g, 0.94 mmol)
was added thereto, and the mixture was refluxed and stirred
under a nitrogen atmosphere for 12 hours. When the reaction
was complete, the resultant was extracted with ethylacetate,
the extracted solution was dried with magnesium sulfate and
filtered, and the filtered solution was concentrated under a
reduced pressure. A product therefrom was purified through
silica gel column chromatography with n-hexane/dichlo-
romethane (7:3 of a volume ratio) to obtain a target com-
pound, white solid Intermediate M-1 (18.7 g, 72%).

[0238] HRMS (70 eV, El+): m/z calcd for C, H,;;NS:
275.37. found: 275.

Step 2: Synthesis of Intermediate K-3
[0239]

Molecular Weight: 275.37

Pd(doa),, P(t-Bu)s, NaOtBu

Toluene, reflux, 4 h

Exact Mass: 427.14
Molecular Weight: 427.56

H
N.
S
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[0240] 4-bromobiphenyl (30.9 mmol), Intermediate M-1
(10.2 g, 37.08 mmol), and sodium t-butoxide (5.35 g, 55.6
mmol) were dissolved by adding toluene (155 ml) thereto in
a round-bottomed flask. Subsequently, Pd(dba), (0.178 g,
0.31 mmol) and tri-tertiary-butylphosphine (0.125 g, 0.62
mmol) were sequentially added thereto, and the mixture was
refluxed and stirred under a nitrogen atmosphere for 4 hours.
When the reaction was complete, the resultant was extracted
with toluene and distilled water, an organic layer was dried
with magnesium sulfate and filtered, and the filtered solution
was concentrated under a reduced pressure. A product there-
from was purified through silica gel column chromatography
with n-hexane/dichloromethane (7:3 of a volume ratio) to
obtain a target compound, white solid intermediate K-3 (10
g, 76%).

[0241] HRMS (70 ¢V, El+): m/z caled for C; H,;NS:
427.56. found: 427.

Synthesis Example 63: Synthesis of Compound F-1
[0242]

Reaction Scheme 59

Pd(dba),,
P(t-Bu)s,
NaOtBu
Toluene
reflux, 12 h

F-1

[0243] Intermediate M-21 (9.9 g, 30.9 mmol), bis(4-bi-
phenyl)amine (9.9 g, 30.9 mmol), and sodium t-butoxide
(4.5 g, 46.35 mmol) were dissolved in toluene (155 ml) in
a round-bottomed flask. Then, Pd(dba), (0.178 g, 0.31
mmol) and tri-tertiary-butylphosphine (0.125 g, 0.62 mmol)
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were sequentially added thereto, and the mixture was
refluxed and stirred under a nitrogen atmosphere for 12
hours. When the reaction was complete, the resultant was
extracted with toluene and distilled water, an organic layer
was dried with magnesium sulfate and filtered, and the
filtered solution was concentrated under a reduced pressure.
A product therein was purified through silica gel column
chromatography with n-hexane/dichloromethane (8:2 of a
volume ratio) to obtain a target compound F-1 (17.0 g, 91%).
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[0244] T.C-Mass (Theoretical value: 603.26 g/mol, Mea-
sured value: M+=603.30 g/mol)

Synthesis Example 66 to 75: Synthesis of
Compounds

[0245] Product in [Table 2] were obtained by synthesizing
a starting material 1 and a starting material 2 in the method
of Synthesis Example 65, and their yields and LC-Mass’s
were shown in [Table 2].

TABLE 2
Synthesis
Exam-
ple Starting material 1 Starting material 2
66 H
! N ‘
(synthesis method: WO
2010-136109A (Merck)
page. 57)
67 H
I N\‘\‘
(synthesis method: WO
2006-073059
(IDEMITSU) Synthesis
Example 19,
(Intermediate 20))
68
69

M-24
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TABLE 2-continued

I

N
S ©/ .
(synthesis method:

synthesized by the same
method as WO 2010-

M-30 136109 (Merck) P.57,

70

and aniline was used
instead of [1,1'-

biphenyl]-4-amine)

o o %

71

(synthesis method: WO
2010-136109A (Merck)
P.57)

73

0
I I N :
S {manufacturer: Aldrich
Br Corporation)
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TABLE 2-continued

74
H
‘,/ N ‘ N ‘ 7 ‘
(synthesis method: WO
2006-073059
(IDEMITSU) Synthesis
Example 10
(Intermediate 11))
75
H
: N
S
Br
. K_z
M-18
Yield
Synthesis (%) LC-
Exam- Mass
ple Products M+ H"
66 89%
659.31

F-3
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TABLE 2-continued

| 00«
QA0

()

CO

E-5

9

S

-0

F-13

88%
653.30

88%
709.31

69 89%
603.29

47
W,

\Z
/
/

\

%

Vs

G-1



US 2017/0222158 A1l Aug. 3,2017
87
TABLE 2-continued
70 90%
O 598.33
S
& N g9
G-6
71 93%
679.32
7 92%
735.32
73 85%
593.26

E-20
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TABLE 2-continued
74 83%
O 679.34
8 ) s
el
F-33
73 90%
O 619.26
N
O |
E-57
[0246] Manufacture of Organic Light Emitting Diode positing Compound E-57 according to Synthesis Example
74. Subsequently, on the auxiliary hole transport layer, a 200
Example 1 A-thick light-emitting layer was formed by depositing
[0247] A glass substrate coated with TTO (indium tin BH113 and BD370 available from SFC as a blue fluorescent

oxide) to be 1500 A thick was ultrasonic wave-washed with
a distilled water. Subsequently, the glass substrate was
ultrasonic wave-washed with a solvent such as isopropyl
alcohol, acetone, methanol, and the like, moved to a plasma
cleaner, cleaned by using oxygen plasma for 10 minutes, and
then, moved to a vacuum depositor. This ITO transparent
electrode was used as an anode, a 700 A-thick hole injection
layer (HIL) was formed thereon by vacuum-depositing
N4,N4'-diphenyl-N4,N4'-bis(9-phenyl-9H-carbazol-3-y1)bi-
phenyl-4,4'-diamine) (Compound A), and a hole transport
layer was formed on the hole injection layer (HIL) by
depositing  1,4,5,8,9,11-hexaazatriphenylene-hexacarboni-
trile (HAT-CN) (Compound B) to be 50 A thick and then,
N-(biphenyl-4-y1)-9,9-dimethyl-N-(4-(9-phenyl-9H-carba-

z0l-3-yl)phenyl)-9H-fluoren-2-amine) (Compound C) to be
700 A thick. On the hole transport layer, a 50 A-thick
auxiliary hole transport layer was formed by vacuum-de-

light emitting host and a dopant wherein 5 wt % of BD370
was used. Then, Compound A-37 was vacuum-deposited on
the light-emitting layer upper to form a 50 A-thick auxiliary
electron transport layer.

[0248] Then, 8-(4-(4-(naphthalen-2-yl)-6-(naphthalen-3-
y1)-1,3,5-triazin-2-y1)phenyl)quinoline) (Compound E) and
Liq were simultaneously vacuum-deposited in a 1:1 ratio on
the auxiliary electron transport layer to form a 310 A-thick
electron transport layer and Liq (15 A) and Al (1200 A) were
sequentially vacuum-deposited on the electron transport
layer to form a cathode, manufacturing an organic light
emitting diode.

[0249] The organic light emitting diode had a six-layered
organic thin film structure and specifically,

[0250] ITO/A (700 AYB (50 A)C (700 A)/auxiliary hole
transport layer [E-57 50 A)/EML [BH113:BD370 (95:5 wt
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%)]200 A/auxiliary electron transport layer [A-37 50 A/E:
Lig=1:1 (300 A)Liq (15 A)/Al (1200 A).

Example 2

[0251] An organic light emitting diode was manufactured
according to the same method as Example 1 except for using
Compound F-5 according to Synthesis Example 67 instead
of Compound E-57 to form the auxiliary hole transport layer.

Example 3

[0252] An organic light emitting diode was manufactured
according to the same method as Example 1 except for using
Compound F-33 according to Synthesis Example 74 instead
of Compound E-57 to form the auxiliary hole transport layer.

Example 4

[0253] An organic light emitting diode was manufactured
according to the same method as Example 1 except for using
Compound F-13 according to Synthesis Example 68 instead
of Compound E-57 to form the auxiliary hole transport layer.

Example 5

[0254] An organic light emitting diode was manufactured
according to the same method as Example 1 except for using
Compound F-13 according to Synthesis Example 68 instead
of Compound E-57 to form the auxiliary hole transport layer
and Compound A-7 according to Synthesis Example 34
instead of Compound A-37 to form the auxiliary electron
transport layer.

Example 6

[0255] An organic light emitting diode was manufactured
according to the same method as Example 1 except for using
Compound F-13 according to Synthesis Example 68 instead
of Compound E-57 to form the auxiliary hole transport layer
and Compound A-24 according to Synthesis Example 35
instead of Compound A-37 to form the auxiliary electron
transport layer.

Reference Example 1

[0256] An organic light emitting diode was manufactured
according to the same method as Example 1 except for using
Compound C instead of Compound E-57 to form the aux-
iliary hole transport layer.

Reference Example 2

[0257] An organic light emitting diode was manufactured
according to the same method as Example 1 except for using
Compound A-24 according to Synthesis Example 35 instead
of Compound A-37 to form the auxiliary electron transport
layer.

Comparative Example 1

[0258] An organic light emitting diode was manufactured
according to the same method as Example 1 except for
forming no auxiliary electron transport layer.

[0259] Evaluation

[0260] Luminous efficiency and roll-off of each organic
light emitting diode according to Examples 1 to 6, Reference
Examples | and 2 and Comparative Example 1 were evalu-
ated.
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[0261] Specific measurement methods are as follows, and
the results are shown in Table 3.

[0262] (1) Measurement of Current Density Change
Depending on Voltage Change

[0263] The obtained organic light emitting diodes were
measured for current value flowing in the unit device while
increasing the voltage from 0 V to 10 V using a current-
voltage meter (Keithley 2400), and the measured current
value was divided by area to provide the results.

[0264] (2) Measurement of Luminance Change Depend-
ing on Voltage Change

[0265] Luminance was measured by using a luminance
meter (Minolta Cs-1000A), while the voltage of the organic
light emitting diodes was increased from 0 V to 10 V.
[0266] (3) Measurement of Luminous Efficiency

[0267] Current efliciency (cd/A) at the same current den-
sity (10 mA/cm?) were calculated by using the luminance,
current density, and voltages (V) from the items (1) and (2).
[0268] (4) Roll-Off Measurement

[0269] Efficiency roll-off was calculated as a percentage
through (Max measurement—-Measurement at 6000 cd/m?/
Max measurement) among the measurements of (3).

TABLE 3
Auxiliary
electron Driving Luminous
Auxiliary hole transport  voltage efficiency Roll-off
transport layer layer V) (cd/A) (%)
Example 1 E-57 A-37 4.22 7.0 4.1
Example 2 F-5 A-37 4.11 7.4 1.4
Example 3 F-33 A-37 4.15 7.2 3.0
Example 4  F-13 A-37 4.07 7.8 24
Example 5 F-13 A-T 3.74 7.9 0.6
Example 6  F-13 A-24 3.85 8.1 0.3
Reference Compound C  A-37 4.23 6.2 11.5
Example 1
Reference Compound C  A-24 4.06 6.9 104
Example 2
Comparative Compound C ~ — 4.25 6.0 8.4
Example 1
[0270] Referring to Table 3, the organic light emitting

diodes according to Examples 1 to 6 showed remarkably
improved luminous efficiency and roll-off characteristics
simultaneously compared with the organic light emitting
diodes according to Reference Example 1, Reference
Example 2, and Comparative Example 1.

[0271] While this invention has been described in connec-
tion with what is presently considered to be practical
example embodiments, it is to be understood that the inven-
tion is not limited to the disclosed embodiments, but, on the
contrary, is intended to cover various modifications and
equivalent arrangements included within the spirit and scope
of the appended claims. Therefore, the aforementioned
embodiments should be understood to be exemplary but not
limiting the present invention in any way.

<Description of Symbols>

10: anode 20: cathode

30: organic layer 31: hole transport layer

32: light-emitting layer 33: auxiliary hole transport layer
34: electron transport layer 35: auxiliary electron transport layer
36: electron injection layer 37: hole injection layer
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What is claimed is:

1. An organic optoelectronic device comprising

an anode and a cathode facing each other,

a light-emitting layer positioned between the anode and
the cathode,

a hole transport layer positioned between the anode and
the light-emitting layer,

an auxiliary hole transport layer positioned between the
hole transport layer and the light-emitting layer,

an electron transport layer positioned between the cathode
and the light-emitting layer, and

an auxiliary electron transport layer positioned between
the electron transport layer and the light-emitting layer,

wherein the auxiliary electron transport layer includes at
least one kind of a first compound represented by
Chemical Formula 1, and

the auxiliary hole transport layer includes at least one kind
of a second compound represented by a combination of
a moiety represented by Chemical Formula 2, a moiety
represented by Chemical Formula 3, and a moiety
represented by Chemical Formula 4:

[Chemical Formula 1]

RI—LY, L2,,—R2
ZZ
7
7! /23
7107 X711
RP=(),s | (L%),5—R’
z: P 78
NN
25\/ \/zﬁ 27\//<z9
R* =L (L%)—RE

wherein, in Chemical Formula 1,

7' to Z'* are is independently N, C, or CR?,

at least one of Z' to Z'?is N,

R to RS and R* are independently hydrogen, deuteriun,
a substituted or unsubstituted C1 to C10 alkyl group, a
substituted or unsubstituted C6 to C30 aryl group, a
substituted or unsubstituted C3 to C30 heteroaryl
group, or a combination thereof,

L' to L° are independently a single bond, a substituted or
unsubstituted C6 to C30 arylene group, a substituted or
unsubstituted heteroarylene group, or a combination
thereof, and

nl to n6 are independently an integer ranging from 0 to 5,

[Chemical Formula 2]

R30
shg®
3k
a*/\;|/ \ */
2 X!
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[Chemical Formula 3]
. R3 R
AN
e
® | J_ R*
Z
* Z
X
[Chemical Formula 4]
Art AP
i 187
~ N/
I
Lo
J

wherein, in Chemical Formulas 2 to 4,
X! and X? are independently O, S, or CR°R?,

R*° to R*, R%, and R? are independently hydrogen,
deuterium, a substituted or unsubstituted C1 to C10
alkyl group, a substituted or unsubstituted C6 to C30
aryl group, a substituted or unsubstituted C3 to C30
heteroaryl group, or a combination thereof, or a linking
point with c* of Chemical Formula 5,

Ar' and Ar® are independently a substituted or unsubsti-
tuted C6 to C30 aryl group or a substituted or unsub-
stituted C2 to C30 heteroaryl group,

L7 to L’ are independently a single bond, a substituted or
unsubstituted C6 to C30 arylene group, a substituted or
unsubstituted heteroarylene group, or a combination
thereof,

adjacent two *’s of Chemical Formula 3 are bound to two
*’s of Chemical Formula 4 to form a fused ring,

one of a*, b*, and R*° to R*® of above Chemical Formula
3 or 4 is linked with ¢* of Chemical Formula 5 by a
sigma bond, and

a*, b* and R to R*® that are not linked with ¢* of
Chemical Formula 5 are independently hydrogen, deu-
terium, a substituted or unsubstituted C1 to C10 alkyl
group, a substituted or unsubstituted C6 to C30 aryl
group, a substituted or unsubstituted C3 to C30 het-
eroaryl group, or a combination thereof.

wherein, “substituted” refers to replacement of at least
one hydrogen by deuterium, a halogen, a hydroxy
group, an amino group, a substituted or unsubstituted
C1 to C30 amine group, a nitro group, a substituted or
unsubstituted C1 to C40 silyl group, a C1 to C30 alkyl
group, a C3 to C30 cycloalkyl group, a C2 to C30
heterocycloalkyl group, a C6 to C30 aryl group, a C2
to C30 heteroaryl group, a Cl1 to C20 alkoxy group, a
fluoro group, a C1 to C10 trifluoroalkyl group, or a
cyano group.

2. The organic optoelectronic device as claimed in claim

1, wherein the first compound is represented by Chemical
Formula 1-1 or Chemical Formula 1-IT:
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[Chemical Formula 1-I)

(LAp—R2

Aug. 3, 2017

wherein, in Chemical Formulas 1-I and 1-II,
7' to Z'* are independently N, C, or CR¢,
at least one of Z is N,

R to R® and R” are independently hydrogen, deuterium,
a substituted or unsubstituted C1 to C10 alkyl group, a
substituted or unsubstituted C6 to C30 aryl group, a
substituted or unsubstituted C3 to C30 heteroaryl

Z|10 N1 group, or a combination thereof,
RI—(? — . . .
1 24\ le/ ZS\ (L2 —R L' to L° are independently a single bond, a substituted or
\( | Y unsubstituted C6 to C30 arylene group, a substituted or
z \/Zﬁ Z7\$\¢Z9 unsubstituted heteroarylene group, or a combination
thereof, and
R = ()4 (L= R
[Chemical Formula 1-11] nl to n6 are independently an integer ranging from 0 to 5.
R , LY,n—R? wherein, “substituted” refers to replacement of at least
o Z\\\ one hydrogen by deuterium, a halogen, a hydroxy
T W group, an amino group, a substituted or unsubstituted
A4 C1 to C30 amine group, a nitro group, a substituted or
unsubstituted C1 to C40 silyl group, a C1 to C30 alkyl
R R? oup, a C3 to C30 cycloalkyl group, a C2 to C30
\(Lg)n 7107 X 11 (LS;S group, ycloalkyl group,
| heterocycloalkyl group, a C6 to C30 aryl group, a C2
N 7 N to C30 heteroaryl group, a C1 to C20 alkoxy group, a
| z | fluoro group, a C1 to C10 trifluoroalkyl group, or a
25\/ \/zﬁ 27\;<z9 cyano group.
Ré— (L4 (L5),+—RS 3. The organic optoelectronic device of claim 1, wherein
the first compound is represented by at least one of Chemical
Formulae 1-1II to 1-X:
[Chemical Formula 1-IIT] [Chemical Formula 1-IV]
ZZ ZZ
[ [
2 24
RSa
7107 X711 / 7107 X711
z} | z z3 e | Z | z 78 R
Dt et T | \/j
27 27\/29 27t 27\/29 P
RSb
[Chemical Formula 1-V] [Chemical Formula 1-VI]
8 8
A Pz A
RSC RSH
W&é\ 7107 R g1 W/\/\W 710”7 X711
| | RS( | Sa
L\ z z 2 | z P 2R
5/,1\ )\( ﬁ)\zlz SN 5 r/ N 712 \\/j
* |5 6 |7 9 : |5 6 |7 9
Z 7 z Z 7z, 7 71 2
A A NP AKX
RSd R517
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ZZ
mg
ZIO le
Z4 8
\
/ z \/
RSd
ZZ
()
RSC
[// Zl /23
A 7107 X711
R |
74 78
| AN 712 | AN
2AY SN
[Chemical Formula 1-IX]
ZZ
AN
RS |1 RSa
,W\ Z /Z rW\\ [
AN 710 \lew AV
| \ zll/ | \
A" AN

wherein, in Chemical Formulas 1-I11 to 1-IX,

7' to 7' are independently N, C, or CR?,

at least one of Z' to Z'*is N,

W is independently N, C, or CR?, and

R*® to R*?, R% and R® are independently hydrogen,
deuterium, a substituted or unsubstituted C1 to C10
alkyl group, a substituted or unsubstituted C6 to C30
aryl group, a substituted or unsubstituted C3 to C30
heteroaryl group, or a combination thereof.

wherein, “substituted” refers to replacement of at least
one hydrogen by deuterium, a halogen, a hydroxy
group, an amino group, a substituted or unsubstituted
C1 to C30 amine group, a nitro group, a substituted or

[Group 1]

[A-1]

Mootte

[Chemical Formula 1-VII]

[Chemical Formula 1-VIII]

unsubstituted C1 to C40 silyl group, a C1 to C30 alkyl
group, a C3 to C30 cycloalkyl group, a C2 to C30
heterocycloalkyl group, a C6 to C30 aryl group, a C2
to C30 heteroaryl group, a C1 to C20 alkoxy group, a
fluoro group, a C1 to C10 triftuoroalkyl group, or a
cyano group.

4. The organic optoelectronic device as claimed in claim

3, wherein the first compound represented by Chemical
Formula 1-1V or Chemical Formula 1-VII.

5. The organic optoelectronic device as claimed in claim
1, wherein the first compound is at least one of compounds
of Group 1.

Yoot
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6. The organic optoelectronic device as claimed in claim
1, wherein the second compound is represented by one of
Chemical Formula 2-1 to Chemical Fornwla 2-3:

[Chemical Formmla 2-1]

[Chemical Formmla 2-3]

wherein, in Chemical Formulae 2-1 to 2-3,

X' and X are independently O, S, or CR°RY,

R*® and R¥, R%, and R? are independently hydrogen,
deuterium, a substituted or unsubstituted C1 to C10
alkyl group, a substituted or unsubstituted C6 to C30
aryl group, a substituted or unsubstituted C3 to C30
heteroaryl group, or a combination thereof,

Ar' and Ar* are independently a substituted or unsubsti-
tuted C6 to C30 aryl group or a substituted or unsub-
stituted C2 to C30 heteroaryl group, and

1.7 to L. are independently a single bond, a substituted or
unsubstituted C6 to C30 arylene group, a substituted or
unsubstituted heteroarylene group, or a combination
thereof

wherein, “substituted” refers to replacement of at least
one hydrogen by deuterium, a halogen, a hydroxy
group, an amino group, a substituted or unsubstituted
C1 to C30 amine group, a nitro group, a substituted or
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unsubstituted C1 to C40 silyl group, a C1 to C30 alkyl
group, a C3 to C30 cycloalkyl group, a C2 to C30
heterocycloalkyl group, a C6 to C30 aryl group, a C2
to C30 heteroaryl group, a C1 to C20 alkoxy group, a
fluoro group, a C1 to C10 trifluoroalkyl group, or a
cyano group.

7. The organic optoelectronic device as claimed in claim
1, wherein Ar' and Ar* are independently a substituted or
unsubstituted phenyl group, a substituted or unsubstituted
biphenyl group, a substituted or unsubstituted terphenyl
group, a substituted or unsubstituted quaterphenyl group, a
substituted or unsubstituted naphthyl group, a substituted or
unsubstituted anthracenyl group, a substituted or unsubsti-
tuted phenanthrenyl group, a substituted or unsubstituted
pyrenyl group, a substituted or unsubstituted triphenylene
group, a substituted or unsubstituted fluorenyl group, a
substituted or unsubstituted pyridinyl group, a substituted or
unsubstituted pyrimidinyl group, a substituted or unsubsti-
tuted triazinyl group, a substituted or unsubstituted carba-
zolyl group, a substituted or unsubstituted dibenzofuranyl
group, a substituted or unsubstituted dibenzothiophenyl
group, Chemical Formula w, Chemical Formula x, Chemical
Formula y, Chemical Formula z, or a combination thereof.

[Chemical Formula w]

[Chemical Formula x]

[Chemical Formula y]

[Chemical Formula 7]
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(wherein “substituted” refers to replacement of at least
one hydrogen by deuterium, a halogen, a hydroxy
group, an amino group, a substituted or unsubstituted
C1 to C30 amine group, a nitro group, a substituted or
unsubstituted C1 to C40 silyl group, a C1 to C30 alkyl
group, a C3 to C30 cycloalkyl group, a C2 to C30
heterocycloalkyl group, a C6 to C30 aryl group, a C2
to C30 heteroaryl group, a C1 to C20 alkoxy group, a
fluoro group, a C1 to C10 trifluoroalkyl group, or a
cyano group.

8. The organic optoelectronic device as claimed in claim
6, wherein the second compound is represented by Chemical
Formula 2-1 or Chemical Formula 2-2.

9. The organic optoelectronic device as claimed in claim
1, wherein the auxiliary electron transport layer includes at
least one of the first compound represented by Chemical
Formula 1-IV or Chemical Formula 1-VII, and

the auxiliary hole transport layer includes at least one of
the second compound represented by Chemical For-
mula 2-1 or Chemical Formula 2-2:

[Chemical Formula 1-IV]

ZZ
M
VA /23
7107 X711
Sa
74 | 2z 78 X R
| X 712 | N \]
5 6 7 9 |
Z /Z Z\/Z PG
RSb
[Chemical Formula 1-VII]
ZZ
N
Y
77
7107711
RSC 4 | . 3 R5£
\\ I Z\')\le I Z\ S
[ 73 78 7l 70 | J
o A 7 2
R R
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[Chemical Formula 2-2]

wherein, in Chemical Formulas 1-IV and 1-VII,

7' to Z'? are independently N or CR?,

at least one of Z' to Z'?is N,

R*“to R> and R” are independently hydrogen, deuterium,
a substituted or unsubstituted C1 to C10 alkyl group, a
substituted or unsubstituted C6 to C30 aryl group, a
substituted or unsubstituted C3 to C30 heteroaryl
group, or a combination thereof,

wherein, in Chemical Formulae 2-1 and 2-2,

X'isOorS$,

X? is CR'RY,

R*® and R*, R, and R? are independently hydrogen,
deuterium, a substituted or unsubstituted C1 to C10
alkyl group, a substituted or unsubstituted C6 to C30
aryl group, a substituted or unsubstituted C3 to C30
heteroaryl group, or a combination thereof,

Ar' and Ar? are independently a substituted or unsubsti-
tuted C6 to C30 aryl group or a substituted or unsub-
stituted C2 to C30 heteroaryl group, and

L7 to L7 are independently a single bond, a substituted or
unsubstituted C6 to C30 arylene group, a substituted or
unsubstituted heteroarylene group, or a combination
thereof.

wherein, “substituted” refers to replacement of at least
one hydrogen by deuterium, a halogen, a hydroxy
group, an amino group, a substituted or unsubstituted
C1 to C30 amine group, a nitro group, a substituted or
unsubstituted C1 to C40 silyl group, a C1 to C30 alkyl
group, a C3 to C30 cycloalkyl group, a C2 to C30
heterocycloalkyl group, a C6 to C30 aryl group, a C2
to C30 heteroaryl group, a C1 to C20 alkoxy group, a
fluoro group, a C1 to C10 trifluoroalkyl group, or a
cyano group.
10. The organic optoelectronic device as claimed in claim
1, wherein the auxiliary hole transport layer contacts the
hole transport layer and the light-emitting layer respectively,
and

the auxiliary electron transport layer contacts the electron

transport layer and the light-emitting layer respectively.

11. The organic optoelectronic device as claimed in claim

1, wherein the light-emitting layer further includes a fluo-
rescent dopant.

12. The organic optoelectronic device as claimed in claim

1, wherein the organic optoelectronic device is selected from

an organic light emitting diode, an organic photoelectric
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device, an organic solar cell, an organic transistor, an organic
photo conductor drum, and an organic memory device.

13. A display device comprising the organic optoelec-
tronic device as claimed in claim 1.

N I I
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