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NOVEL COMPOUND AND
ELECTROLUMINESCENT DEVICE
INCLUDING SAME

TECHNICAL FIELD

[0001] The present invention relates to a novel compound
and an organic electroluminescent device including the same,
and more particularly, to a novel compound having excellent
hole injection and transport capabilities, light-emitting capa-
bilities, and the like, and an organic electroluminescent
device which comprises the compound as a material for an
organic material layer to improve characteristics, such as
light-emitting efficiency, driving voltage, and lifespan.

BACKGROUND ART

[0002] Studies on an organic electroluminescent (EL)
device (hereinafter, simply referred to as ‘organic FL device”)
have continued from the start point of observing an organic
thin film light emission by Bernanose in the 1950s to blue
electroluminescence using an anthracene single crystal in
1965, and then an organic EL, device having a laminated
structure including functional layers ofahole layerand a light
emitting layer was proposed by Tang in 1987. Since then, the
organic EL device has been developed in a form in which a
specific organic material layer is introduced into the device
and a specific material used therein has been developed in
order to enhance the efficiency and lifespan of an organic EL
device.

[0003] When voltage is applied between two electrodes of
the organic EL device, holes are injected into the organic
material layer at the anode, and electrons are injected into the
organic material layer at the cathode. When the injected holes
and electrons meet each other, an exciton is formed, and then
exciton falls down to a bottom state to emit light. Materials
used as the organic material layer may be classified into a
light-emitting material, a hole injection material, ahole trans-
porting material, an electron transporting material, an elec-
tron injection material, and the like according to the function.
[0004] Light-emitting materials of the organic EL. device
may be divided into blue, green, and red light-emitting mate-
rials according to the light-emitting color. In addition, the
light-emitting materials may be classified into yellow and
orange light-emitting materials which are necessary for
implementing a more natural color. Furthermore, a host/
dopant system may be used as a light-emitting material for the
purpose of enhancing color purity and light-emitting effi-
ciency through energy transfer. Dopant materials may be
divided into a fluorescent dopant using an organic material
and a phosphorescent dopant using a metal complex com-
pound including heavy atoms such as Ir and Pt. Since the
development of the phosphorescent material may theoreti-
cally can enhance light-emitting efficiency by up to 4 times
compared to the fluorescent material, interests in not only
phosphorescent dopants, but also phosphorescent host mate-
rials have been focused.

[0005]

transporting layer, a hole blocking layer, and an electron

As materials used as a hole injection layer, a hole

transporting layer, NPB, BCP, Alq, and the like represented
by the following Formulae have been widely known until
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now, and for a light-emitting material, anthracene derivatives
have been reported as a fluorescent dopant/host material In
particular, for the phosphorescent material having a great
advantage in terms of enhancing the efficiency among the
light-emitting materials, there are metal complex compounds
including Ir, such as Firpic, Ir(ppy); and (acac)lr(btp),, and
these materials are used as blue, green and red dopant mate-
rials. Until now, CBP exhibits excellent characteristics as a
phosphorescent host material.

Alg3

BCP
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[0006] However, since the light-emitting materials accord-

ing to the prior art are good in terms of light-emitting char-
acteristics, but have a low glass transition temperature and
thus are very poor in thermal stability, these materials fail to
reach a level which is satisfactory in terms of lifespan for an
organic EL device. Accordingly, there is a need for develop-
ing a light-emitting material having excellent performance.

Invention

Technical Problem

[0007]
novel compound which has excellent hole injection capabili-

An object of the present invention is to provide a

ties, hole transport capabilities, light-emitting capabilities
and the like, and thus may be used as a light-emitting layer
material, a hole transporting layer material, and a hole injec-
tion layer material.

[0008] Further, another object of the present invention is to
provide an organic electroluminescent device which includes
the novel compound to have a low driving voltage, high
light-emitting efficiency, and enhanced lifespan.

Technical Solution

[0009] In order to achieve the above-described objects, the
present invention provides a compound represented by the
following Formula 1.
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[Formula 1]
X~ X
I Y,
N/
/"
Y4~\\Y3
[0010] InFormulal,
[0011] X, is selected from the group consisting of NR |, O,

S, Se, SiR,R,, and CR,Rs;

[0012] X, isNorCRg;

[0013] Y, toY, are each independently N or CR,, and in
this case, a plurality of CR,’s is the same as or different from
each other,

[0014] provided that at least one of Y, to Y, is CR,, and is
fused with an adjacent group to form a fused ring represented
by the following Formula 2;

[0015] R, to R, are each independently selected from the
group consisting of hydrogen, deuterium, halogen, cyano, a
substituted or unsubstituted C, to C,,, alkyl group, a substi-
tuted or unsubstituted C; to C,,, cycloalkyl group, a substi-
tuted or unsubstituted heterocycloalkyl group having 3 to 40
nuclear atoms, a substituted or unsubstituted Cy to C, aryl
group, a substituted or unsubstituted heteroaryl group having
5 to 60 nuclear atoms, a substituted or unsubstituted C, to C,,
alkyloxy group, a substituted or unsubstituted C to Cy,, ary-
loxy group, a substituted or unsubstituted C, to C,, alkylsilyl
group, a substituted or unsubstituted C, to C, arylsilyl group,
a substituted or unsubstituted C, to C,, alkylboron group, a
substituted or unsubstituted C4 to Cq, arylboron group, a
substituted or unsubstituted C to Cy, arylphosphine group, a
substituted or unsubstituted C, to Cg, arylphosphine oxide
group, and a substituted or unsubstituted C, to C,, arylamine
group, or may be fused with an adjacent group to form a fused
ring, and

[0016] the alkyl group, the cycloalkyl group, the heterocy-
cloalkyl group, the aryl group, the heteroaryl group, the alky-
loxy group, the aryloxy group, the alkylsilyl group, the aryl-
silyl group, the alkylboron group, the arylboron group, the
arylphosphine group, the arylphosphine oxide group, and the
arylamine group of R, to R, may be each independently
substituted with one or more substituents selected from the
group consisting of deuterium, halogen, cyano, a C, to Cyq
alkyl group, a C; to C,, cycloalkyl group, a heterocycloalkyl
group having 3 to 40 nuclear atoms, a C, to C,, aryl group, a
heteroaryl group having 5 to 60 nuclear atoms, a C; to Cy,
alkyloxy group, a C4to C, aryloxy group, a C, to C, arylbo-
rane group, a C,4 to Cg, arylsilyl group, a C, to C,, alkylsilyl
group, a C, to Cg, arylsilyl group, a C, to C,, alkylboron
group, a C,to Cg, arylboron group, a Cyto Cg, arylphosphine
group, a C, to Cg, arylphosphine oxide group, anda Cgto Cy,
arylamine group;

[Formula 2]

ot

YS\Y7
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[0017] InFormula 2,

[0018] a dotted line means a site where fusion with the
compound of Formula 1 occurs;

[0019] X, is selected from the group consisting of O, S, Se,
N(Ar,), C(Ar,)(Ars), and Si(Ar,)(Ars);

[0020] Ar, to Ar, are each independently selected from the
group consisting of a substituted or unsubstituted C, to C,,
alkyl group, a substituted or unsubstituted C; to C,,
cycloalkyl group, a substituted or unsubstituted heterocy-
cloalkyl group having 3 to 40 nuclear atoms, a substituted or
unsubstituted C, to Cg, aryl group, a substituted or unsubsti-
tuted heteroaryl group having 5 to 60 nuclear atoms, a sub-
stituted or unsubstituted C, to C,, alkyloxy group, a substi-
tuted or unsubstituted C, to Cy, aryloxy group, a substituted
or unsubstituted C, to C,, alkylsilyl group, a substituted or
unsubstituted C4 to Cg, arylsilyl group, a substituted or
unsubstituted C, to C,, alkylboron group, a substituted or
unsubstituted C4 to Cg, arylboron group, a substituted or
unsubstituted C; to C, arylphosphine group, a substituted or
unsubstituted C4 to Cy, arylphosphine oxide group and a
substituted or unsubstituted C, to C, arylamine group, and

[0021] the alkyl group, the cycloalkyl group, the heterocy-
cloalkyl group, the aryl group, the heteroaryl group, the alky-
loxy group, the aryloxy group, the alkylsilyl group, the aryl-
silyl group, the alkylboron group, the arylboron group, the
arylphosphine group, the arylphosphine oxide group, and the
arylamine group of Ar, to Ars may be each independently
substituted with one or more substituents selected from the
group consisting of deuterium, halogen, cyano, a C, to C,,
alkyl group, a C; to C,,, cycloalkyl group, a heterocycloalkyl
group having 3 to 40 nuclear atoms, a C, to Cg, aryl group, a
heteroaryl group having 5 to 60 nuclear atoms, a C; to C,,
alkyloxy group, a Cto C, aryloxy group, a C to Cy, arylbo-
rane group, a C, to C, arylsilyl group, a C, to C,, alkylsilyl
group, a Cg to Cg, arylsilyl group, a C, to C,, alkylboron
group, a C4to Cy, arylboron group, a C4 to Cg, arylphosphine
group, a C¢ to Cy, arylphosphine oxide group, and a Cq to Cy
arylamine group;

[0022] Y, to Y are each independently N or CRg, and in
this case, a plurality of CRy’s is the same as or different from
each other;

[0023] Rj is selected from the group consisting of hydro-
gen, deuterium, halogen, cyano, a substituted or unsubsti-
tuted C, to C,,, alkyl group, a substituted or unsubstituted C,
to C,, cycloalkyl group, a substituted or unsubstituted het-
erocycloalkyl group having 3 to 40 nuclear atoms, a substi-
tuted or unsubstituted C, to Cy, aryl group, a substituted or
unsubstituted heteroaryl group having 5 to 60 nuclear atoms,
a substituted or unsubstituted C, to C,, alkyloxy group, a
substituted or unsubstituted C; to Cg, aryloxy group, a sub-
stituted or unsubstituted C, to C,,, alkylsilyl group, a substi-
tuted or unsubstituted C to Cg, arylsilyl group, a substituted
or unsubstituted C, to C,, alkylboron group, a substituted or
unsubstituted C4 to Cg, arylboron group, a substituted or
unsubstituted Cy to C, arylphosphine group, a substituted or
unsubstituted C, to Cg, arylphosphine oxide group, and a
substituted or unsubstituted C4 to Cy, arylamine group, or
may be fused with an adjacent group to form a fused ring, and
[0024] the alkyl group, the cycloalkyl group, the heterocy-
cloalkyl group, the aryl group, the heteroaryl group, the alky-
loxy group, the aryloxy group, the alkylsilyl group, the aryl-
silyl group, the alkylboron group, the arylboron group, the
arylphosphine group, the arylphosphine oxide group, and the
arylamine group of Rg may be each independently substituted
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with one or more substituents selected from the group con-
sisting of deuterium, halogen, cyano, a C, to C,,, alkyl group,
aC;to C,cycloalkyl group, a heterocycloalkyl group having
3 to 40 nuclear atoms, a C; to Cg, aryl group, a heteroaryl
group having 5 to 60 nuclear atoms, a C, to C,,, alkyloxy
group, a C4 to Cq, aryloxy group, a Cy to Cy, arylborane
group, a C4to Cy, arylsilyl group, a C, to C,, alkylsilyl group,
aCg4to Cg arylsilyl group, a C, to C,, alkylboron group, a Cg
to C, arylboron group, a C4 to C, arylphosphine group, a Cg
to Cg, arylphosphine oxide group, and a C, to C, arylamine
group.

[0025] Further, the present invention provides an organic
EL device including an anode, a cathode, and one or more
organic material layers interposed between the anode and the
cathode, in which at least one of the one or more organic
material layers includes the above-described compound.
[0026] The one or more organic material layers including
the compound are selected from the group consisting of'a hole
transporting layer, a hole injection layer, and a light-emitting
layer, and is preferably a light-emitting layer. In particular,
when the compound is included in the light-emitting layer, the
compound is used as a phosphorescent host material.

Advantageous Effects

[0027] The compound according to the present invention
has excellent heat resistance, hole injection capabilities, hole
transport capabilities, light-emitting capabilities and the like,
and thus may be used as an organic material layer material,
preferably, a hole injection layer material, a hole transporting
layer material, or a light-emitting layer material for an
organic electroluminescent device.

[0028] In addition, an organic electroluminescent device
including the compound according to the present invention in
a hole injection layer, a hole transporting layer, and/or a
light-emitting layer may be greatly enhanced in terms of
light-emitting performance, driving voltage, lifespan, effi-
ciency, and the like, and furthermore, may be effectively
applied to a full-color display panel, and the like.

BEST MODE
[0029] Hereinafter, the present invention will be described.
[0030] A novel compound according to the present inven-

tion is a compound in which an indole-based moiety and the
like are fused with an indole-based moiety, an indazole-based
moiety, or a benzimidazole-based moiety, and the like to form
a basic structure, and various substituents are bonded to the
basic structure, and is represented by Formula 1. The com-
pound represented by Formula 1 has a larger molecular
weight than that of a material for an organic EL device [for
example: 4,4-dicarbazolybiphenyl (hereinafter, represented
by CBP)] according to the prior art, and thus has not only high
thermal stability, but also excellent hole injection capabilities,
hole transport capabilities, light-emitting capabilities, and the
like. Accordingly, when the compound of Formula 1 is
included in an organic electroluminescent device, driving
voltage, efficiency, and the like of the device may be
enhanced.

[0031] In the organic electroluminescent device, the com-
pound represented by Formula 1 needs to have an energy level
larger than that of a dopant molecule in order to have high
light-emitting efficiency, and in the compound represented by
Formula 1, various substituents such as an alkyl group, an aryl
group, and a heteroallyl group are bonded to a basic structure
in which an indole moiety, an indazole moiety or a benzimi-
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dazole moiety is fused with an indole moiety and the like, and
an aromatic ring or a heteroaromatic ring, preferably a het-
eroaromatic ring is also fused with the basic structure, and
thus, the compound may control the energy level to have a
wide band-gap (sky blue to red). Accordingly, the compound
of Formula 1 may minimize energy loss during the light-
emitting process, thereby exhibiting an effect of improving
light-emitting efficiency. Furthermore, these characteristics
of the compound may improve hole injection and transport
capabilities, light-emitting efficiency, driving voltage,
lifespan characteristics, and the like as well as phosphores-
cent characteristics of the device. Further, the compound of
Formula 1 may be applied to the hole transporting layer, the
electron transporting layer, and the like as well as the light-
emitting layer according to the type of substituent to be intro-
duced into the basic structure. In particular, due to the indole
moiety, the compound of Formula 1 may exhibit excellent
characteristics as a light-emitting host compared to the CBP
according to the prior art.

[0032] In addition, various substituents, particularly, an
aryl group and/or a heteroaryl group are introduced into the
basic structure, in which an indole moiety, an indazole moiety
or a benzimidazole moiety is fused with an indole moiety and
the like, to significantly increase the molecular weight of the
compound, so that the glass transition temperature is
enhanced, and accordingly, the compound represented by
Formula 1 may have higher thermal stability than that of the
CBP in the related art. Therefore, an organic electrolumines-
cent device including the compound represented by Formula
1 of the present invention may greatly enhance durability and
lifespan characteristics.

[0033] Furthermore, when the compound represented by
Formula 1 is adopted as a material for a hole injection/trans-
porting layer and a blue, green, and/or red phosphorescent
host of an organic electroluminescent device, remarkably
excellent effects may be exhibited in terms of efficiency and
lifespan compared to the CBP in the related art. Therefore, the
compound according to the present invention may greatly
contribute to the improvement of performance and the
enhancement of lifespan of the organic electroluminescent
device, and furthermore, the enhancement of lifespan of the
organic electroluminescent device may maximize perfor-
mance of a full-color organic light-emitting panel.

[0034] In the compound represented by Formula 1 accord-
ing to the present invention, X, is selected from the group
consisting of NR,, O, S, Se, SiR,R;, and CR R, and prefer-
ably, X, may be NR,.

[0035] It is preferred that R, to R, are each independently
selected from the group consisting of hydrogen, a substituted
orunsubstituted C, to C,, alkyl group, a substituted or unsub-
stituted C, to Cy, aryl group, a substituted or unsubstituted
heteroaryl group having 5 to 60 nuclear atoms, and a substi-
tuted or unsubstituted C4 to Cy, arylamine group.

[0036] In this case, the alkyl group, the aryl group, the
heteroaryl group, and the arylamine group of R, to R may be
substituted with one or more substituents selected from the
group consisting of deuterium, halogen, cyano, a C, to C,,
alkyl group, a C; to C,,, cycloalkyl group, a heterocycloalkyl
group having 3 to 40 nuclear atoms, a C, to C, aryl group, a
heteroaryl group having 5 to 60 nuclear atoms, a C; to C,,
alkyloxy group,a C¢to Cg, aryloxy group, a Cg to Cy, arylbo-
rane group, a C,4 to C, arylsilyl group, a C, to C,, alkylsilyl
group, a Cg to Cg, arylsilyl group, a C, to C,, alkylboron
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group, a C4to Cy, arylboron group, a C4to Ce, arylphosphine
group, a Cto Cg, arylphosphine oxide group, anda Cgto Co,
arylamine group.

[0037] Inparticular, it is further preferred that R, to R, are
each independently hydrogen, a C to Cg, aryl group (for
example: phenyl, naphthyl, and bisphenyl), and a heteroaryl
group having 5 to 60 nuclear atoms (for example: pyridine) in
consideration of band-gap and thermal stability.

[0038] Further, it is preferred that X, is N or CR,, and Ry is
selected from the group consisting of hydrogen, a substituted
orunsubstituted C, to C,, alkyl group, a substituted or unsub-
stituted Cg to Cg, aryl group, a substituted or unsubstituted
heteroaryl group having 5 to 60 nuclear atoms, and a substi-
tuted or unsubstituted C4 to Cg, arylamine group.

[0039] In this case, the alkyl group, the aryl group, the
heteroaryl group, and the arylamine group of R, may be
substituted with one or more substituents selected from the
group consisting of deuterium, halogen, cyano, a C, to C,,
alkyl group, a C; to C,, cycloalkyl group, a heterocycloalkyl
group having 3 to 40 nuclear atoms, a C, to C, aryl group, a
heteroaryl group having 5 to 60 nuclear atoms, a C; to Cg
alkyloxy group,a Cto Ce, aryloxy group, a C4 to Cy, arylbo-
rane group, a C, to C, arylsilyl group, a C, to C,, alkylsilyl
group, a C, to Cy, arylsilyl group, a C, to C,, alkylboron
group, a Cto Cy, arylboron group, a C, to C, arylphosphine
group, a C,to Cg, arylphosphine oxide group, anda Cg to Cy,
arylamine group.

[0040] Further, in Formula 1,Y, to Y, are each indepen-
dently N or CR,, and in this case, a plurality of CR,’s is the
same as or different from each other.

[0041] Provided that at least one of Y, to Y, is CR,, and is
fused with an adjacent group to form the fused ring repre-
sented by Formula 2. Preferably, Y, toY, may be all CR,, and
atleastone of Y, toY, is fused with an adjacent group to form
the fused ring represented by Formula 2. For example, Y, of
Y, toY,maybeCR,, andY, may be fused with Y, to form the
fused ring represented by Formula 2. Alternatively, Y, and Y5
ofY, to Y, maybeeachCR,,andY, andY , may be fused with
Y, and Y, respectively, to form the fused ring represented by
Formula 2.

[0042] It is preferred that R, is selected from the group
consisting of hydrogen, a substituted or unsubstituted C, to
C,; alkyl group, a substituted or unsubstituted Cq to Cg, aryl
group, a substituted or unsubstituted heteroaryl group having
5to 60 nuclear atoms, and a substituted or unsubstituted C, to
Cyo arylamine group, and in this case, may be fused with an
adjacent group to form a fused aromatic ring or a fused
heteroaromatic ring.

[0043] In this case, the alkyl group, the aryl group, the
heteroaryl group, and the arylamine group of R, may be
substituted with one or more substituents selected from the
group consisting of deuterium, halogen, cyano, a C, to C,q
alkyl group, a C; to C,, cycloalkyl group, a heterocycloalkyl
group having 3 to 40 nuclear atoms, a C, to C,, aryl group, a
heteroaryl group having 5 to 60 nuclear atoms, a C; to C,,
alkyloxy group, a C, to Cg, aryloxy group, a C; to C,, alkyl-
silyl group, a C, to Cy, arylsilyl group, a C, to C,, alkylboron
group, a C,to Cg, arylboron group, a Cg to Ce, arylphosphine
group, a C,to Cg, arylphosphine oxide group, anda Cg to Co,
arylamine group.

[0044] In the fused ring represented by Formula 2, X; is
selected from the group consisting of O, S, Se, N(Ar, ), C(Ar;)
(Ar;), and Si(Ar,)(Ars), and preferably, X, may be N(Ar,).
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[0045] Tt is preferred that Ar, to Ar; are selected from the
group consisting of hydrogen, a substituted or unsubstituted
C, to C,, alkyl group, a substituted or unsubstituted C, to Cy,
aryl group, a substituted or unsubstituted heteroaryl group
having 5 to 60 nuclear atoms, and a substituted or unsubsti-
tuted C to Cy, arylamine group.

[0046] In this case, the alkyl group, the aryl group, the
heteroaryl group, and the arylamine group of Ar, to Ar; may
be substituted with one or more substituents selected from the
group consisting of deuterium, halogen, cyano, a C, to C,,
alkyl group, a C; to C,,, cycloalkyl group, a heterocycloalkyl
group having 3 to 40 nuclear atoms, a C, to C, aryl group, a
heteroaryl group having 5 to 60 nuclear atoms, a C, to C,,
alkyloxy group, a C, to C,, aryloxy group, a C, to C,, alkyl-
silyl group, a C, to C arylsilyl group, a C, to C,, alkylboron
group, a Cto Cg, arylboron group, a Cy to Ce, arylphosphine
group, a C, to Cy, arylphosphine oxide group, and a C4 to Cy
arylamine group.

[0047] Preferably, Ar, to Ars may be each independently
selected from the group consisting of a substituted or unsub-
stituted C, to Cg, aryl group, a substituted or unsubstituted
heteroaryl group having 5 to 60 nuclear atoms, and a substi-
tuted or unsubstituted C4 to Cy, arylamine group.

[0048] Inthiscase, the aryl group, the heteroaryl group, and
the arylamine group of Ar, to Ar; may be substituted with one
or more substituents selected from the group consisting of
deuterium, halogen, cyano, a C, to C,, alkyl group, a C; to
C,ocycloalkyl group, aheterocycloalkyl group having 3 to 40
nuclear atoms, a C4 to Cg, aryl group, a heteroaryl group
having 5 to 60 nuclear atoms, a C, to C,,alkyloxy group, a C;
to Cgparyloxy group, aC, to C,, alkylsilyl group, a C4to Cg,
arylsilyl group, a C, to C,, alkylboron group, a C4 to Cy,
arylboron group, aC to C,, arylphosphine group,a C4 to C
arylphosphine oxide group, and a C¢ to C¢, arylamine group.
[0049] Further, in Formula 2, Y, to Y, are each indepen-
dently N or CRy, and preferably, Y to Y, may be all CR,. In
this case, a plurality of CRy’s is the same as or different from
each other.

[0050] It is preferred that Ry is selected from the group
consisting of hydrogen, a substituted or unsubstituted C, to
C,, alkyl group, a substituted or unsubstituted C, to C, aryl
group, a substituted or unsubstituted heteroaryl group having
5to 60 nuclear atoms, and a substituted or unsubstituted C to
Ceo arylamine group, and in this case, may be fused with an
adjacent group to form a fused aromatic ring or a fused
heteroaromatic ring.

[0051] In this case, the alkyl group, the aryl group, the
heteroaryl group, and the arylamine group of Ry may be
substituted with one or more substituents selected from the
group consisting of deuterium, halogen, cyano, a C, to C,,
alkyl group, a C; to C,,, cycloalkyl group, a heterocycloalkyl
group having 3 to 40 nuclear atoms, a Cg to Cg, aryl group, a
heteroaryl group having 5 to 60 nuclear atoms, a C, to C,,
alkyloxy group, a Cg to Cq, arvloxy group, a C, to C,, alkyl-
silyl group, a C, to Cy, arylsilyl group, a C, to C,, alkylboron
group, a C4to C,, arylboron group, a C, to Cg, arylphosphine
group, a C4to Cg, arylphosphine oxide group, anda C4to Cy,
arylamine group.

[0052] In the compound of Formula 1 according to the
present invention, R, to Rg and Ar, to Ar5 may be each inde-
pendently selected from the group consisting of hydrogen,
and the following substituents S1 to S169, but are not limited
thereto.
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independently selected from the group consisting of hydro-
gen, and the following substituents Al to A40, but are not
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[Formula 3]
X X Y.
N 3 5
1 [
/
N / \ P
Ys
Y,=Y;
[Formula 4]
Y -
A2 Ys
X 7\
Yy 5
Y8§.Y7
[Formula 5]
Y
Yf Y
\
X 5
x7 N
\
N / \ X3
Y4=Y;
[Formula 6]
[Formula 7]
[Formula §]
X Yi N
/ 2
X,
\Y
\N /
X3
&78
Y.
N
Y; ~Ys
[Formula 9]
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[Formula 12]
X
=X Ye=Ye
\Y
6
\ /7
Ys
X
X; ’
Y
Y. 8
N A
Y Y7

[0055]

[0056] X, to X, are each independently the same as those
defined in Formula 1, and in this case, a plurality of X;’s is the
same as or different from each other;

[0057] Y, toY, are each independently N or CR,, and in
this case, a plurality of CR,’s is the same as or different from
each other, and

[0058]

[0059] Y, to Y, are each independently the same as those
defined in Formula 1, and

[0060] in this case, a plurality of Ys’s is the same as or
different from each other, a plurality of Y’s is the same as or
different from each other, a plurality of Y,'s is the same as or
different from each other, and a plurality of Y ’s is the same
as or different from each other.

[0061] Specific examples of the compound represented by
Formula 1 include compounds represented by the following
Formulae C-1 to C-192, but are not limited thereto. In the
following Formulae C-1 to C-192, R, to R and Ar, to Ar; are
each independently the same as those defined in Formula 1,
and in this case, a plurality of Ar,’s is the same as or different
from each other.

In Formulae 3 to 12,

R, is the same as that defined in Formula 1; and
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[0062] The term “unsubstituted alkyl” used in the present
invention means a monovalent functional group obtained by
removing a hydrogen atom from a linear or branched satu-
rated hydrocarbon having 1 to 40 carbon atoms, and non-
limiting examples thereof include methyl, ethyl, propyl,
isobutyl, sec-butyl, pentyl, iso-amyl, hexyl, and the like.
[0063] Further, the term “unsubstituted cycloalkyl” in the
present invention means a monovalent functional group
obtained by removing a hydrogen atom from a monocyclic or
polycyclic non-aromatic hydrocarbon (saturated cyclic
hydrocarbon) having 3 to 40 carbon atoms. Examples of the
cycloalkyl include cyclopropyl, cyclopentyl, cyclohexyl, nor-
bornyl, adamantine, and the like, but are not limited thereto.
[0064] In addition, the term “unsubstituted heterocy-
cloalkyl” in the present invention means a monovalent func-
tional group obtained by removing a hydrogen atom from a
non-aromatic hydrocarbon (saturated cyclic hydrocarbon)
having 3 to 40 nuclear atoms, and in this case, one or more
carbons in the ring, preferably one to three carbons are sub-
stituted with a heteroatom such as N, O, or S. Non-limiting
examples thereof include morpholine, piperazine, and the
like.

[0065] Furthermore, the term “unsubstituted aryl” in the
present invention means a monovalent functional group
obtained by removing a hydrogen atom from an aromatic
hydrocarbon having 6 to 60 carbon atoms in which a single
ring or two or more rings are combined. In this case, two or
more rings may be simply pendant to each other or pendant to
each other in a fused form. Non-limiting examples thereof
include phenyl, biphenyl, terphenyl, naphthyl, phenanthryl,
anthryl, and the like.

[0066] Further, the term “unsubstituted heteroaryl” in the
present invention means a monovalent functional group
obtained by removing a hydrogen atom from a monohetero-
cyclic or polyheterocyclic aromatic hydrocarbon having 5 to
60 nuclear atoms, in which one or more carbons in the ring,
preferably one to three carbons are substituted with a heteroa-
tom such nitrogen (N), oxygen (O), sulfur (S), or selenium
(Se). In this case, for the heteroaryl, two or more rings may be
simply pendant to each other or pendant to each other in a
fused form, and furthermore, a form that is fused with an aryl
group is also included. It is interpreted that non-limiting
examples of the heteroaryl include: a six-membered mono-
cyclic ring such as pyridyl, pyrazinyl, pyrimidinyl, pyridazi-
nyl, and triazinyl; and a polycyclic ring such as phenoxathie-
nyl, indolizinyl, indolyl, purinyl, quinolyl, benzothiazole,
and carbazolyl, and also include 2-furanyl, N-imidazolyl,
2-isoxazolyl, 2-pyridinyl, 2-pyrimidinyl, and the like.
[0067] Inaddition, the term “unsubstituted alkyloxy” in the
present invention means a monovalent functional group rep-
resented by RO—, and in this case, it is interpreted that R is an
alkyl having 1 to 40 carbon atoms, and includes a linear,
branched, or cyclic structure. Examples of the alkyloxy
include methoxy, ethoxy, n-propoxy, 1-propoxy, t-butoxy,
n-butoxy, pentoxy, and the like, and are not limited thereto.
[0068] Furthermore, the term “unsubstituted aryloxy” in
the present invention means a monovalent functional group
represented by R'O—, and in this case, R' is an aryl having 6
to 60 carbon atoms. Non-limiting examples of the aryloxy
include phenyloxy, naphthyloxy, diphenyloxy, and the like.
[0069] Further, the term “unsubstituted arylamine” in the

present invention means an amine substituted with an aryl
having 6 to 60 carbon atoms.

Jun. 18,2015

[0070] The term “fused ring” means a fused aliphatic ring,
a fused aromatic ring, a fused heteroaliphatic ring, a fused
heteroaromatic ring, or a combined form thereof.

[0071] The compound represented by Formula 1 according
to the present invention may be synthesized by a general
synthesis method [see Chem. Rev., 60:313 (1960); J. Chem.
SOC. 4482 (1955), Chem. Rev. 95: 2457 (1995), and the like].
The detailed synthesis process of the compound of the present
invention will be specifically described in Synthesis
Examples to be described below.

[0072] Meanwhile, the present invention provides an
organic electroluminescent device including the above-de-
scribed compound represented by Formula 1 (preferably, the
compound represented by any one of Formulae 3 to 12).

[0073] Specifically, the organic electroluminescent device
according to the present invention includes an anode, a cath-
ode, and one or more organic material layers interposed
between the anode and the cathode, in which at least one of
the one or more organic material layers includes one or more
of the compounds represented by Formula 1 (preferably the
compound represented by any one of Formulae 3 to 12).

[0074] Examples of the one or more organic material layers
include a hole injection layer, a hole transporting layer, a
light-emitting layer, an electron transporting layer, an elec-
tron injection layer, and the like, and among them, at least one
organic material layer may include the compound repre-
sented by Formula 1. Preferably, the one or more organic
material layers including the compound of Formula 1 may be
a hole transporting layer, a hole injection layer, or a light-
emitting layer, and more preferably, a light-emitting layer.

[0075] As an example, the light-emitting layer of the
organic electroluminescent device according to the present
invention includes a host material and/or a dopant material. In
this case, the compound represented by Formula 1 (prefer-
ably, the compound represented by any one of Formulae 3 to
8) may be used as a phosphorescent host material of the
light-emitting layer. In this case, the light-emitting efficiency,
brightness, power efficiency, thermal stability, and lifespan of
the device may be enhanced due to the compound.

[0076] The structure of the organic electroluminescent
device according to the present invention is not particularly
limited, and non-limiting examples thereof may be a structure
in which a substrate, an anode, a hole injection layer, a hole
transporting layer, a light-emitting layer, an electron trans-
porting layer, and a cathode are sequentially laminated. In this
case, one or more of the hole injection layer, the hole trans-
porting layer, and the light-emitting layer may include one or
more of the compounds represented by Formula 1. Further,
preferably, the compound of the present invention has a wide
band-gap and excellent thermal stability, and thus may be
used as a phosphorescent host material for a light-emitting
layer. Selectively, an electron injection layer may be addition-
ally laminated on an electron transporting layer. In addition,
the organic electroluminescent device according to the
present invention may be composed of not only a structure in
which an anode, one or more organic material layers and a
cathode are sequentially laminated, but also a structure in
whichan insulation layer or an adhesive layer may be inserted
at the interface of the electrode and the organic material layer.
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[0077] The organic electroluminescent device according to
the present invention may be manufactured by forming other
organic material layers and electrodes using the material and
method known in the art, except that one or more (for
example, the light-emitting layer, the hole transporting layer
and/or the electron transporting layer) of the organic material
layers are formed so as to include the compound represented
by Formula 1.

[0078] The organic material layer may be formed by a
vacuum deposition method or a solution coating method.
Examples of the solution coating method include spin coat-
ing, dip coating, doctor blading, inkjet printing or heat trans-
ferring method and the like, but are not limited thereto.

[0079] As a substrate which may be used in the present
invention, a silicon wafer, quartz or a glass plate, a metal
plate, a plastic film or sheet or the like may be used, but the
substrate is not limited thereto.

[0080] Further, examples of an anode material include: a
metal such as vanadium, chromium, copper, zinc and gold, or
an alloy thereof; a metal oxide such as zinc oxide, indium
oxide, indium tin oxide (ITO) and indium zinc oxide (IZ0); a
combination of a metal and an oxide, such as ZnO:Al or
Sn0,:Sb; a conductive polymer such as polythiophene, poly
(3-methylthiophene), poly[3,4-(ethylene-1,2-dioxy)
thiophene] (PEDT), polypyrrole and polyaniline; or carbon
black and the like, but are not limited thereto.

[0081] Inaddition, examples of a cathode material include:
a metal such as magnesium, calcium, sodium, potassium,
titanium, indium, yttrium, lithium, gadolinium, aluminum,
silver, tin or lead or an alloy thereof; a multilayer structured
material such as LiF/Al or LiO,/Al, and the like, but are not
limited thereto.

[0082] Furthermore, the hole injection layer, the hole trans-
porting layer, the electron injection layer, and the electron
transporting layer are not particularly limited, and a typical
material known in the art may be used.

[0083] Hereinafter, the present invention will be described
in detail through Examples. However, the following
Examples are to exemplify the present invention, and the
present invention is not limited by the following Examples.

NO,
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Preparation Example 1
Synthesis of Compounds CorelA and CorelB

<Step 1> Synthesis of
5-(2-nitrophenyl)-1H-benzo[d]imidazole
[0084]

B(OH),

NO,

NH

Pd(PPhy),
NaOH
THF/HL,0

Br

[0085] 6.5 g (32.98 mmol) of 5-bromo-1H-benzo[d]imida-
zole, 6.6 g (39.58 mmol) of 2-nitrophenylboronic acid, 3.9 g
(98.96 mmol) of NaOH, and 150 ml/50 m1 of THF/H,O were
mixed under nitrogen flow, and the mixture was stirred. 1.14
¢ (0.98 mmol) of Pd(PPh,), was added thereto at 40° C., and
the resulting mixture was stirred under reflux at 80° C. for 12
hours. After the reaction was completed, an organic layer
obtained by performing extraction with dichloromethane was
dried over MgSO,, and then filtered under reduced pressure.
The filtered organic layer was distilled under reduced pres-
sure, and then 5.2 g (yield: 66%) of a compound 5-(2-nitro-
phenyl)-1H-benzo[d]imidazole was obtained by using col-
umn chromatography.

[0086] 'H-NMR: & 7.68 (m, 2H), 8.02 (m, 5H), 8.14 (s,
1H), 8.45 (s, 1H)

<Step 2> Synthesis of Compounds Corel A and

CorelB
[0087]
N—
H \
N NH
Q
CorelA
NH PPhy
— 1,2- N—
dichlorobenzene
NH

CorelB
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[0088] 5.2 g (21.73 mmol) of 5-(2-nitrophenyl)-1H-benzo
[d]imidazole obtained in <Step 1> of Preparation Example 1,
11.4 g (43.47 mmol) of triphenylphosphine, and 100 ml of
1,2-dichlorobenzene were mixed under nitrogen flow, and
then the mixture was stirred for 12 hours. After the reaction
was completed, 1,2-dichlorobenzene was removed by distil-
lation, and an organic layer was extracted with dichlo-
romethane. The extracted organic layer was dried over
MgSO,, and then filtered under reduced pressure. The filtered
organic layer was distilled under reduced pressure, and then
1.8 g (vield: 40%) of Compound CorelA and 1.3 g (yield:
28%) of Compound CorelB were obtained by using column
chromatography.

[0089] 'H-NMR for Compound CorelA: & 7.31 (t, 1H),
7.55 (m, 3H), 7.87 (d, 1H), 8.15 (m, 2H), 8.43 (s, 1H), 10.23
(s, IH)

[0090] 'H-NMR for Compound Core2B: & 7.29 (t, 1H),
7.52 (t, 1H), 7.68 (m, 3H), 8.13 (m, 2H), 8.47 (s, 1H), 10.18
(s, IH)

(7
»

Preparation Example 2
Synthesis of Compounds Core2A and Core2B

<Step 1> Synthesis of
5-(2-nitrophenyl)-1H-benzo[d][1,2,3]triazole

[0091] B oI,
NO,
{
N
_——
1{1/ Pd(PPhs)y
NaOH
al THFH,0

40

H
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[0092] 6.3 g (vield: 51%) of 5-(2-nitrophenyl)-1H-benzo
[d][1,2,3]triazole was obtained by performing the same pro-
cedure as in <Step 1> of Preparation Example 1, except that
7.9 g of 5-chloro-1H-benzo[d][1,2,3]triazole was used
instead of 5-bromo-1H-benzo[d]imidazole used in <Step 1>
of Preparation Example 1.

[0093] 'H-NMR: §7.68 (m, 2H),7.92 (t, 1H), 8.03 (m, 3H),
8.20 (s, 1H)

<Step 2> Synthesis of Compounds Core2A and
Core2B

[0094]

> NH
Core2A
PPhy
| 1,2-
dichlorobenzene
H
N
NH
\N
z
N
Core2B

[0095] 2.3 g (yield: 42%) of Compound Core2A and 0.8 g
(vield: 14%) of Compound Core2B were obtained by per-
forming the same procedure as in <Step 2> of Preparation
Example 1, except that 6.3 g of 5-(2-nitrophenyl)-1H-benzo
[d][1,2,3]triazole obtained in <Step 1> of Preparation
Example 2 was used instead of 5-(2-nitrophenyl)-1H-benzo

[d]imidazole used in <Step 2> of Preparation Example 1.

[0096] 'H-NMR for Compound Core2A: & 7.28 (t, 1H),
7.48 (m, 2H), 7.65 (d, 1H), 7.98 (d, 1H), 8.13 (d, 1H), 10.33
(s, 1H)

[0097] 'H-NMR for Compound Core2B: & 7.30 (t, 1H),
7.52(t,1H),7.65 (d, 1H),8.02 (m, 2H), 8.15 (d, 1H), 10.35 (s,
1H)
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Preparation Example 3
Synthesis of Compounds Core3 A and Core3B

<Step 1> Synthesis of
5-(2-nitrophenyl }benzo[d]oxazole

[0098]
O
)
N Pd(PPhy),
NaOH
a THF/H,O
O
O,N N

[0099] 4.1 g (yield: 46%) of 5-(2-nitrophenyl)benzo[d]ox-

azole was obtained by performing the same procedure as in
<Step 1> of Preparation Example 1, except that 5.7 g of
S-chlorobenzo[d]oxazole was used instead of 5-bromo-1H-
benzo[d]imidazole used in <Step 1> of Preparation Example
1.

[0100] ‘H-NMR: §7.65 (t, 1H), 7.88 (m, 4H),8.12 (m, 3H)

<Step 2> Synthesis of Compounds Core3 A and
Core3B
[0101]

e}

)

PPh;
1,2-

dichlorobenzene

v (7
@

[0102] 1.6 g (yield: 45%) of Compound Core3A and 0.4 g
(vield: 14%) of Compound Core3B were obtained by per-
forming the same procedure as in <Step 2> of Preparation
Example 1, except that 4.1 g of 5-(2-nitrophenyl)benzo[d]
oxazole obtained in <Step 1> of Preparation Example 3 was
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used instead of 3-(2-nitrophenyl)-1H-benzo[d]imidazole
used in <Step 2> of Preparation Example 1.

[0103] 'H-NMR for Compound Core3A: 8 7.02 (d, 1H),
7.28 (t, 1H), 7.53 (t, 1H), 7.72 (d, 1H), 7.98 (s, 1H), 8.15 (m,
2H), 10.38 (s, 1H)

[0104] 'H-NMR for Compound Core3B: & 7.30 (t, 1H),
7.42 (s, 1H), 7.58 (m, 3H), 7.98 (s, 1H), 8.18 (d, 1H), 10.34 (s,
1H)

Preparation Example 4
Synthesis of Compounds Core4A and Core4B

<Step 1> Synthesis of
6-(2-nitrophenyl)benzo[d]thiazole

? [0105]

B(OH),
NO,
g
\
N
Pd(PPhy),
NaOH
Br THF/H,0

_,§

Core3A

- ;

Core3B

[0106] 4.7 g (yield: 62%) of 6-(2-nitrophenyl)benzo[d]
thiazole was obtained by performing the same procedure as in
<Step 1> of Preparation Example 1, except that 6.3 g of6-
bromobenzo[d]thiazole was used instead of 5-bromo-1H-
benzo[d]imidazole used in <Step 1> of Preparation Example
1.
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[0107] 'H-NMR: 8 7.72 (m, 2H), 7.92 (m, 3H), 8.35 (s,
1H), 9.28 (s, 1H)

<Step 2> Synthesis of Compounds Core4 A and
CoredB

e L\
ERee

CoredA

[0108]

PPhy

— 1,2- S—
dichlorobenzene \N
B

CoredB
[0109] 2.2 g (yield: 53%) of Compound Core4A and 0.9 g Preparation Example 5
(vield: 21%) of Compound Core4B were obtained by per-
forming the same procedure as in <Step 2> of Preparation Synthesis of Compounds Core5A and Core5B
Example 1, except that 4.7 g of 6-(2-nitrophenyl)benzo[d] .
thiazole obtained in <Step 1> of Preparation Example 4 was <Step 1> Synthesis of
used instead of 5-(2-nitrophenyl)-1H-benzo[d]imidazole 5-(2-nitrophenyl)-1H-benzo[d]imidazole
used in <Step 2> of Preparation Example I. [0112] A compound 5-(2-nitrophenyl)-1H-benzo[d]imida-

[0110] 'H-NMR for Compound Core4A: & 7.25 (1, 1H),
7.55 (m,3H),7.78(d, 1H), 8.15 (d, 1H), 9.26 (s, 1H), 10.27 (s.
1H)

[0111] 'H-NMR for Compound Core4B: = 7.26 (t, 1H),
7.52 (1, 1H), 7.66 (d, 11), 8.10 (m, 2H), 8.25 (s, 1H), 9.27 (s,

zole was obtained by performing the same procedure as in
<Step 1> of Preparation Example 1.

<Step 2> Synthesis of Cores-1 and Cores-2

1H), 10.42 (s, 11T) [0113]
I
NO, NW

— OO
Cu powder’ Core5-1

| KCOs
NazSO4
—_—

Cored-2
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[0114] 7.5 g (31.35 mmol) of 5-(2-nitrophenyl)-1H-benzo
[d]imidazole obtained in <Step 1> of Preparation Example 5,
9.6 g (47 mmol) of iodobenzene, 0.2 g (3.135 mmol) of Cu
powder, 8.9 g (62.7 mmol) of Na,SO,, and 4.3 g (31.35
mmol) of K,CO, were added to 100 ml of nitrobenzene under
nitrogen flow, and the mixture was stirred under reflux for 24
hours. After the reaction was completed, nitrobenzene was
removed by distillation, and an organic layer obtained by
performing extraction with dichloromethane was dried over
MgSO,, and then filtered under reduced pressure. The filtered
organic layer was distilled under reduced pressure, and then
4.2 g (yield: 42%) of Compound Core5-1 and 3.6 g (yield:
36%) of Compound Core5-2 were obtained by using column
chromatography.

[0115] 'H-NMR for Compound Core5-1: & 7.55 (m, 6H),
7.98 (m, 2H), 8.05 (m, 4H), 8.32 (d, 1H)

[0116] 'H-NMR for Compound Core5-2: & 7.58 (m, 7H),
7.92 (m, 2H), 8.07 (m, 4H)

<Step 3> Synthesis of Compounds CoreSA and
CoreSB
[0117]

PPhy
] 1,2-
dichlorobenzene

Cored-1

[0118] 1.6 g (yield: 42%) of Compound Core5A and 1.1 g
(vield: 29%) of Compound Core5B were obtained by per-
forming the same procedure as in <Step 2> of Preparation
Example 1, except that 4.2 g of Compound Core5-1 obtained
in <Step 2> of Preparation Example 5 was used instead of
5-(2-nitrophenyl )-1H-benzo[d]imidazole used in <Step 2> of
Preparation Example 1.

[0119] 'H-NMR for Compound Core5A: § 7.27 (1, 1H),
7.58 (m, 8I1). 7.83 (d, 1H), 8.12 (m, 2H), 10.32 (s, 11

[0120] ‘H-NMR for Compound Core5B: & 7.28 (t, 1H),
7.62 (m, 9H), 8.08 (m, 2H), 10.35 (s, 1H)

s
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Preparation Example 6
Synthesis of Compounds Core6A and Core6B

<Step 1> Synthesis of
5-(2-nitrophenyl)-1H-benzo[d][1,2,3]triazole
[0121]

B(OH),

NO,

—_—
N Pd(PPhy)y
NaOH
a THF/H,0

CoredA

T

N

Core5B

-continued

[0122] 6.8 g (vield: 68%) of 5-(2-nitrophenyl)-1H-benzo
[d][1,2,3]triazole was obtained by performing the same pro-
cedure as in <Step 1> of Preparation Example 1, except that
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6.5 g of 5-chloro-1H-benzo[d][1,2,3]triazole was used
instead of 5-bromo-1H-benzo[d]imidazole used in <Step 1>
of Preparation Example 1.

<Step 2> Synthesis of Compounds Core6-1 and
Core6-2

[0123]

Core6-1

Cu powder'
K,COs
Na,80,

/
N
N
ge
N

Coreb-2

NO,

[0124] 4.2 g (yield: 47%) of Compound Core6-1 and 2.8 g [0125] 'H-NMR for Compound Core6-1: d 7.43 (t, 1H),
(yield: 31%) of Compound Core6-2 were obtained by per- 7.60 (m, 6H), 7.88 (t, 1H), 8.00 (m, 3H), 8.18 (s, 1H)
[0126] 'H-NMR for Compound Core6-2: d 7.47 (t, 1H),

forming the same procedure as in <Step 2> of Preparation
7.64 (m, 6H), 7.92 (1, 1H), 8.03 (m, 3H), 8.22 (s, 1H)

Example 5, except that 6.8 g of 5-chloro-1H-benzo[d][1,2,3]

triazole obtained in <Step 1> of Preparation Example 6 was <Step 3> Synthesis of Compounds Core6A and
used instead of 5-(2-nitrophenyl)-1H-benzo[d]imidazole Core6B
used in <Step 1> of Preparation Example 5. [0127]
N
%N
O /
N,
O NH
—
Coreb A
PPh;
— 1.2-
N\

dichlorobenzene N
HN /
N,
Core6-1 O

Core6B
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[0128] 1.5 g (vield: 39%) of Compound Core6-1 and 0.8 g
(vield: 21%) of Compound Core6-2 were obtained by per-
forming the same procedure as in <Step 2> of Preparation
Example 1, except that 4.2 g of Compound Core6-1 obtained
in <Step 2> of Preparation Example 6 was used instead of
5-(2-nitrophenyl)-1H-benzo[d]imidazole used in <Step 2> of
Preparation Example 1.

[0129] 'H-NMR for Compound Core6A: & 7.32 (t, 1H),
7.48 (m, 3H), 7.65 (m, 5H), 7.98 (d, 1H), 8.13 (d, 1H), 10.45
(s, IH)

[0130] 'H-NMR for Compound Core6B: & 7.29 (t, 1H),
7.62 (m, 7H), 8.01 (m, 2H), 8.16 (d, 1H), 10.42 (s, 1H)

Preparation Example 7
Synthesis of Compounds Core7A and Core7B

<Step 1> Synthesis of
5-(2-nitrophenyl)-2-phenylbenzo[d]oxazole

[0131] B(OH),
NO,
o
1\/1 Pd(PPhy),
NaOH
a THF/H,0

Jun. 18,2015
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-continued

[0132] 4.8 g (yield: 54%) of 5-(2-nitrophenyl)-2-phenyl-
benzo[d]oxazole was obtained by performing the same pro-
cedure as in <Step 1> of Preparation Example 1, except that
6.45 g of 5-chloro-2-phenylbenzo[d]oxazole was used
instead of 5-bromo-1H-benzo[d]imidazole used in <Step 1>
of Preparation Example 1.

[0133] 'H-NMR: § 7.34 (m, 2H), 7.66 (m, 2H), 7.95 (m,
4M), 8.18 (d, 1H), 9.50 (s, 1H)

<Step 2> Synthesis of Compounds Core7A and

Core7B
[0134]
O O
Vi
- . N
NH
Core7A
PPh;
] 1,2-
dichlorobenzene H
N
e —
Va
N
Core7B

[0135] 1.9 g (yield: 44%) of Compound Core7A and 0.7 g
(vield: 16%) of Compound Core7B were obtained by per-
forming the same procedure as in <Step 2> of Preparation
Example 1, except that 4.8 g of 5-(2-nitrophenyl)-2-phenyl-
benzo[d]oxazole obtained in <Step 1> of Preparation
Example 7 was used instead of 5-(2-nitrophenyl)-1H-benzo
[d]imidazole used in Preparation Example 1.

[0136] 'H-NMR for Compound Core7A: § 7.02 (d, 1H),
7.33 (t, 1H), 7.51 (m, 4H), 8.08 (m, 4H), 10.44 (s, 1H)
[0137] 'H-NMR for Compound Core7B: & 7.28 (t, 1H),
7.55 (m, 7H), 8.05 (m, 3H), 10.42 (s, 1H)
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Preparation Example 8
Synthesis of Compounds Core8A and Core8B

<Step 1> Synthesis of
6-(2-nitrophenyl)-2-phenylbenzo[d]thiazole
[0138]

B(OH),
NO,
A
N
Pd(PPhs)
NaOH

Br THF/H,0
[0139] 4.2 g (yield: 51%) of 6-(2-nitrophenyl)-2-phenyl-

benzo|d]thiazole was obtained by performing the same pro-
cedure as in <Step 1> of Preparation Example 1, except that
7.2 g of 6-bromo-2-phenylbenzo[d]thiazole was used instead
of 5-bromo-1H-benzo[d]imidazole used in <Step 1> of
Preparation Example 1.

[0140] ‘H-NMR:®87.45 (m,3H),7.68(t, 1H),7.78 (m, 2H),
7.93 (t, 1H), 8.03 (m, 4H), 8.36 (s, 1H)

<Step 2> Synthesis of Compounds Core8A and
Core8B

[0141]

PPhy
1,2-dichlorobenzene

46
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[0142] 1.3 g (yield: 39%) of Compound Core8A and 0.8 g
(vield: 24%) of Compound Core8B were obtained by per-
forming the same procedure as in <Step 2> of Preparation
Example 1, except that 4.2 g of 6-(2-nitrophenyl)-2-phenyl-
benzo[d]thiazole obtained in <Step 1> of Preparation
Example 8 was used instead of 5-(2-nitrophenyl)-1H-benzo
[d]imidazole used in <Step 2> of Preparation Example 1.

[0143] 'H-NMR for Compound Core8A: d 7.32 (t, 1H),
7.51 (m, 6H), 8.07 (m, 3H), 10.38 (s, 1H)

[0144] 'H-NMR for Compound Core8B: 8 7.29 (t, 1H),
7.45 (m, 4H), 8.05 (m, 4H), 8.26 (s, 1H), 1035 (s, 1H)

Preparation Example 9

Synthesis of Compounds Core9A and Core9B

<Step 1> Synthesis of
5-(2-nitrophenyl)-2-phenyl-1H-benzo[d]imidazole

[0145]
B(OM),
NO,
N—
NI
Pd(PPhs),
NaOH
B THFLO
S
1 \
N N

Core8B
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-continued

[0146] 6.2 g (yield: 62%) of 5-(2-nitrophenyl)-2-phenyl-
1H-benzo[d]imidazole was obtained by performing the same
procedure as in <Step 1> of Preparation Example 1, except
that 8.6 of 5-bromo-2-phenyl-1H-benzo[d]imidazole was
used instead of 5-bromo-1H-benzo[d]imidazole used in
<Step 1> of Preparation Example 1.

[0147] 'H-NMR: 3 7.51 (m, 3H), 7.67 (m, 2H), 8.03 (m,
5H), 8.32 (m, 2H), 8.45 (s, 1H)

<Step 2> Synthesis of Compounds Core9-1 and
Core9-2

[0148]

NO, N

Core9-1

Cu powder’
NH _ | xc0

NO, O NaxSO;

Core9-2

[0149] 3.1 g (yield: 40%) of Compound Core9-1 and 2.3 g
(vield: 30%) of Compound Core9-2 were obtained by per-
forming the same procedure as in <Step 2> of Preparation
Example 5, except that 6.2 g of 5-(2-nitrophenyl)-2-phenyl-
1H-benzo[d]imidazole obtained in <Step 1> of Preparation
Example 9 was used instead of 5-(2-nitrophenyl)-1H-benzo
[d]imidazole used in <Step 2> of Preparation Example 5.
[0150] ‘H-NMR for Compound Core9-1: & 7.45 (m, 6H),
7.63 (m, 4H), 7.95 (m, 2H), 8.07 (m, 3H), 8.31 (m, 2H)
[0151] ‘H-NMR for Compound Core9-2: & 7.43 (m, 6H),
7.63 (m, 3H), 7.92 (m, 2H), 8.03 (m, 3H), 8.28 (m, 3H)

Jun. 18,2015
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<Step 3> Synthesis of Compounds Core9A and

Core9B
[0152]
N
\§ PPh,
NO, ! N 1,2-dichlorobenzene

O

R —
Core9-1

[0153] 1.2 g (vield: 42%) of Compound Core9A and 0.6 g
(vield: 21%) of Compound Core9B were obtained by per-
forming the same procedure as in <Step 2> of Preparation
Example 1, except that 3.1 g of Compound Core9-1 obtained
in <Step 2> of Preparation Example 9 was used instead of
5-(2-nitrophenyl)-1H-benzo[d]imidazole used in <Step 2> of
Preparation Example 1.

[0154] 'H-NMR for Compound Core9A: & 7.28 (t, 1H),
7.45 (m, 7H), 7.62 (m, 4H), 7.87 (d, 1H), 8.15 (d, 1H), 10.42
(s, IH)

[0155] 'H-NMR for Compound Core9B: & 7.32 (t, 1H),
7.47 (m, 7H), 7.62 (m, 5H), 8.15 (d, 1H), 8.30 (m, 2H), 10.45
(s, IH)

Synthesis Example 1

Synthesis of Compound Inv-1

[0156]

nitrobenzene

Br
N
w— ¢\
H J—
N NH
Cu powder
, K,CO3
N&izSO4

Jun. 18,2015

I §N /N

Core9A

Y

Core9B

-continued

Tnv-1

[0157] Compound CorelA (2.48 g, 12.00 mmol) synthe-
sized in Preparation Example 1, 2-bromo-6-diphenylpyridine
(6.74 g, 28.80 mmol), Cu powder (0.08 g, 1.20 mmol),
K,CO, (1.66 g, 12.00 mmol), Na,SO, (1.71 g, 12.00 mmol),
and nitrobenzene (100 ml) were mixed under nitrogen flow,
and the mixture was stirred at 190° C. for 12 hours.

[0158] After the reaction was completed, nitrobenzene was
removed, the organic layer was separated with methylene
chloride, and water was removed from the organic layer by
using MgSO,. After the solvent was removed from the
organic layer, the residue was purified by column chromatog-
raphy (Hexane:EA=3:1 (v/v)), thereby obtaining Compound
Inv-1 (4.61 g, yield: 75%).

[0159] GC-Mass (theoretical value: 513.20 g/mol, mea-
sured value: 513 g/mol)
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Synthesis Example 2

Synthesis of Compound Inv-2

[0160]

Br
N—
N—
q \ \ 7/
N NH »
Cu powder
’ K,CO4
NHQSO4
nitrobenzene

corel A

N

&
N4 \
N:\N e,

Inv-2

[0161] Compound Inv-2 (4.31 g, yield: 70%) was obtained
by performing the same method as in Synthesis Example 1,
except that 2.48 g of 2-(3-bromophenyl)pyridine was used
instead of 2-bromo-6-phenylpyridine used in Synthesis
Example 1.

[0162] GC-Mass (theoretical value: 513.20 g/mol, mea-
sured value: 513 g/mol)

Synthesis Example 3

Synthesis of Compound Inv-3

[0163]

NH
—_—
O Cu powder

K,C04
N Na.z S O4
nitrobenzens

Jun. 18,2015

-continued

Inv-3

[0164] CompoundInv-3 (3.14 g, yield: 73%) was obtained
by performing the same method as in Synthesis Example 1,
except that 2.48 g of Compound CorelB synthesized in
Preparation Example 1 was used instead of Compound
CorelA used in Synthesis Example 1, and 2.81 g of bro-
mobenzene was used instead of 2-bromo-6-phenylpyridine.

[0165] GC-Mass (theoretical value: 359.42 g/mol, mea-
sured value: 359 g/mol)

Synthesis Example 4

Synthesis of Compound Inv-4

[0166]

Br
N,
\
e
Cu powder
K,CO3
g Na2804

nitrobenzene

a

core 1B

N

e
Inv-4

[0167] Compound Inv-4 (3.20 g, vield: 74%) was obtained
by performing the same method as in Synthesis Example 1,
except that 2.48 g of Compound CorelB synthesized in
Preparation Example 1 was used instead of Compound
CorelA used in Synthesis Example 1, and 2.83 g of 2-bro-
mopyridine was used instead of 2-bromo-6-phenylpyridine
used in Synthesis Example 1.

[0168] GC-Mass (theoretical value: 361.40 g/mol, mea-
sured value: 361 g/mol)
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Synthesis Example 5

Synthesis of Compound Inv-5

[0169]

B

\ _

Cu powder
K,CO4
NHQSO4

nitrobenzene

core2B
—=
N
\ / N=N
N \N =
(T
Inv-5

[0170] Compound Inv-5 (4.38 g, yield: 71%) was obtained
by performing the same method as in Synthesis Example 1,
except that 2.48 g of Compound Core2B synthesized in
Preparation Example 2 was used instead of Compound
CorelA used in Synthesis Example 1.

[0171] GC-Mass (theoretical value: 514.58 g/mol, mea-
sured value: 514 g/mol)

Synthesis Example 6

Synthesis of Compound Inv-6

[0172]
Br
N—e
N=N
i \ /
N NH
Cu powder
’ K,CO;4
Na.zSO4
nitrobenzene

core2B

Jun. 18, 2015
-continued
&
==y
7 \
N=N e
\
N. N
2t
Inv-6

[0173] Compound Inv-6 (4.38 g, yield: 71%) was obtained
by performing the same method as in Synthesis Exanmple 2,
except that 2.48 g of Compound Core2B synthesized in
Preparation Example 2 was used instead of Compound
CorelA used in Synthesis Example 2.

[0174] GC-Mass (theoretical value: 514.58 g/mol, mea-
sured value: 514 g/mol)
Synthesis Example 7

Synthesis of Compound Inv-7

[0175]
Br
N§ N
Q /
NH
—_— -
Cu powder
K,C0s
N Na)_SO4
H nitrobenzene
core 2A
N, SN
Q l
O N
N
Inv-7
[0176] Compound Inv-7 (3.24 g, yield: 75%) was obtained

by performing the same method as in Synthesis Example 3,
except that 2.48 g of Compound Core2A synthesized in
Preparation Example 2 was used instead of Compound
Core1B used in Synthesis Example 3.

[0177] GC-Mass (theoretical value: 360.41 g/mol, mea-
sured value: 360 g/mol)
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Synthesis Example 8

Synthesis of Compound Inv-8

[0178]

Br
N
N /
[ X \
Q "
—— .
Cu powder
K,CO;
g NaZSO4
nitrobenzene
core 2A

2\-2

(#

Inv-8

0O

[0179] Compound Inv-8 (3.26 g, yield: 75%) was obtained
by performing the same method as in Synthesis Example 4,
except that 2.48 g of Compound Core2A synthesized in
Preparation Example 2 was used instead of Compound
Core1B used in Synthesis Example 4.

[0180] GC-Mass (theoretical value: 362.39 g/mol, mea-
sured value: 362 g/mol)

Synthesis Example 9

Synthesis of Compound Inv-9

[0181]

Cl

Core3A

51
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@pi

[0182] Compound Core3A (2.50 g, 12.00 mmol) synthe-
sized in Preparation Example 3 was dissolved in 100 ml of
DMF under nitrogen flow, NaH (0.43 g,
added thereto, and the resulting mixture was stirred for 1 hour,

18.00 mmol) was

thereby obtaining a reaction mixture. Thereafter, 2-chloro-4,
6-diphenyl-1,3,5-triazine (3.84 g, 14.40 mmol) dissolved in
100 ml of DMF was slowly added to the reaction mixture.
Thereafter, the mixture was stirred for 3 hours, the reaction
was terminated, the resulting mixture was filtered through
silica gel, and washed with water and methanol, and then the
solvent was removed. The solid from which the solvent had
been removed was purified by column chromatography (Hex-
ane:EA=1:1 (v/v)), thereby obtaining Compound Inv-9 (3.74
g, yield: 71%).

[0183] GC-Mass (theoretical value: 439.47 g/mol, mea-
sured value: 439 g/mol)

Synthesis Example 10

Synthesis of Compound Inv-10

[0184]

NZ

Br

Cu powder
K,CO4
Na,SOy
nitrobenzene

Core3A
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-continued

O
)
N
Q N
N—
N
\

[0185] Compound Core3A (2.50 g, 12.00 mmol) synthe-
sized in Preparation Example 3, 2-(3-bromophenyl)-4,6-
diphenyl-1,3,5-triazine (5.59 g, 14.40 mmol), Cu powder
(0.08 g, 1.20 mmol), K,CO; (1.66 g, 12.00 mmol), Na,SO,
(1.71 g, 12.00 mmol), and nitrobenzene (100 ml) were mixed
under nitrogen flow, and the mixture was stirred at 190° C. for
12 hours.

[0186] After the reaction was completed, nitrobenzene was
removed, the organic layer was separated with methylene
chloride, and water was removed from the organic layer by
using MgSQO,. After the solvent was removed from the
organic layer, the residue was purified by column chromatog-
raphy (Hexane:EA=3:1 (v/v)), thereby obtaining Compound
Tnv-10 (4.45 g, yield: 72%).

[0187] GC-Mass (theoretical value: 515.56 g/mol, mea-
sured value: 515 g/mol)

Inv-10

Synthesis Example 11

Synthesis of Compound Inv-11
[0188]

Cl

H
N

00

NaH
DMF

Core3B

Jun. 18,2015

[0189] Compound Inv-11 (3.69 g, yield: 72%) was
obtained by performing the same method as in Synthesis
Example 9, except that 2.43 g of Compound Core3B synthe-
sized in Preparation Example 3 was used instead of Com-
pound Core3A used in Synthesis Example 9.

[0190] GC-Mass (theoretical value: 439.47 g/mol, mea-
sured value: 439 g/mol)

Synthesis Example 12

Synthesis of Compound Inv-12

[0191]

H
N
O P
) Cu powder
N/ K,CO;4

Na2 S 04

Core3B nitrobenzene

Inv-12

[0192] Compound Inv-12 (4.39 g, yield: 71%) was
obtained by performing the same method as in Synthesis
Example 10, except that 2.5 g of Compound Core3B synthe-
sized in Preparation Example 3 was used instead of Com-
pound Core3A used in Synthesis Example 10.

[0193] GC-Mass (theoretical value: 515.56 g/mol, mea-
sured value: 515 g/mol)
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Synthesis Example 13

Synthesis of Compound Inv-13

[0194]

o

Core4A

NaH
DMF

A
.

Inv-13

[0195] Compound Inv-13 (3.82 g, yield: 70%) was
obtained by performing the same method as in Synthesis
Example 9, except that 2.68 g of Compound Core4 A synthe-
sized in Preparation Example 4 was used instead of Com-
pound Core3A used in Synthesis Example 9.

[0196] GC-Mass (theoretical value: 455.53 g/mol, mea-
sured value: 455 g/mol)
Synthesis Example 14

Synthesis of Compound Inv-14

[0197]

NP N
Br x
N
CIny
S ) Cu powder -
NH K,COs
Coted A Na;804

nitrobenzene

Jun. 18,2015

-continued
N
LI
S
o
N—

o]
g

Inv-14

[0198] Compound Inv-12 (4.46 g, yield: 70%) was
obtained by performing the same method as in Synthesis
Example 10, except that 2.68 g of Compound CoredA syn-
thesized in Preparation Example 4 was used instead of Com-
pound Core3A used in Synthesis Example 10.

[0199] GC-Mass (theoretical value: 531.63 g/mol, mea-
sured value: 531 g/mol)

Synthesis Example 15

Synthesis of Compound Inv-15
[0200]

Cl

[0201] Compound Inv-15 (3.76 g, yield: 69%) was
obtained by performing the same method as in Synthesis
Example 9, except that 2.68 g of Compound Core4B synthe-
sized in Preparation Example 4 was used instead of Com-
pound Core3A used in Synthesis Example 9.

[0202] GC-Mass (theoretical value: 455.53 g/mol, mea-
sured value: 455 g/mol)
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Synthesis Example 16

Synthesis of Compound Inv-16
[0203]

NZ N

X
N

Cu powder
K,COs
NaZS 04
nitrobenzene

3
7

Inv-16

Core4B

e

[0204] Compound Inv-16 (4.46 g, yield: 70%) was
obtained by performing the same method as in Synthesis
Example 10, except that 2.68 g of Compound Core4B syn-
thesized in Preparation Example 4 was used instead of Com-
pound Core3A used in Synthesis Example 10.

[0205] GC-Mass (theoretical value: 531.63 g/mol, mea-
sured value: 531 g/mol)

Synthesis Example 17

Synthesis of Compound Inv-17
[0206]

NaH

CoredA

Jun. 18,2015
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Inv-17

-continued

\

[0207] Compound Inv-17 (4.63 g, yield: 69%) was
obtained by performing the same method as in Synthesis
Example 9, except that 3.69 g of Compound Core5A synthe-
sized 1n Preparation Example 5 was used instead of Com-
pound Core3A used in Synthesis Example 9.

[0208] GC-Mass (theoretical value: 514.58 g/mol, mea-
sured value: 514 g/mol)

Synthesis Example 18
Synthesis of Compound Inv-18

D

1S

[nv-18

[0209] c1

S
v
()

\
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[0210] Compound Inv-18 (5.43 g, yield: 68%) was
obtained by performing the same method as in Synthesis
Example 9, except that 3.39 g of Compound Core5 A synthe-
sized in Preparation Example 5 was used instead of Com-
pound Core3A used in Synthesis Example 9, and 6 g of
2,4-di(biphenyl-3-yl)-6-chloro-1,3,5-triazine ~ was  used
instead of 2-chloro-4,6-diphenyl-1,3,5-triazine used in Syn-
thesis Example 9. GC-Mass (theoretical value: 666.77 g/mol,
measured value: 666 g/mol)

Synthesis Example 19

Synthesis of Compound Inv-19

[0211]
4
Br. ™
N
bt
N, N
7 Cu powder
ST E
N1,S04
CoreSA nitrobenzene
5\‘N
N
\
N
N
N \\\
—
Q O N
I[nv-19
[0212] Compound Inv-19 (4.95 g, yield: 70%) was

obtained by performing the same method as in Synthesis
Example 10, except that 3.39 g of Compound CoreSA syn-
thesized in Preparation Example 5 was used instead of Com-
pound Core3A used in Synthesis Example 10.

[0213] GC-Mass (theoretical value: 590.67 g/mol, mea-
sured value: 590 g/mol)

Jun. 18,2015

Synthesis Example 20

Synthesis of Compound Inv-20

SN
W
N Br

H
N
W Cu powder
N K,CO;4
NB.;SO4
nitrobenzene

()
® N/\\Q
/\\\

-0

Inv-20

[0214]

CoredA

[0215] Compound Inv-20 (4.17 g, yield: 68%) was
obtained by performing the same method as in Synthesis
Example 10, except that Core5A synthesized in Preparation
Example 5 was used instead of Compound Core3 A used in
Synthesis Exaniple 10, and 5.56 g of 2-bromo-6-phenylpyri-
dine was used instead of 2-chloro-4,6-diphenyl-1,3,5-triazine
used in Synthesis Example 10.

[0216] GC-Mass (theoretical value: 512.60 g/mol, mea-
sured value: 512 g/mol)

Synthesis Example 21

Synthesis of Compound Inv-21
[0217]

N
|

4

N
NaH
DMF
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56
-continued
a
O |N
N
>~
N/ \
=y
Inv-21
[0218] Compound Inv-21 (4.01 g, yield: 65%) was
obtained by performing the same method as in Synthesis
Example 9, except that 3.39 g of Compound Core5B synthe-
sized in Preparation Example 5 was used instead of Com-

pound Core3A used in Synthesis Example 9.

[0219] GC-Mass (theoretical value: 514.58 g/mol, mea-
sured value: 514 g/mol)

Synthesis Example 22
Synthesis of Compound Inv-22

[0220]

Cl

L
o
J T

N

NaH
DMF

Jun. 18,2015

-continued

Inv-22

[0221] Compound Inv-22 (5.43 g, yield: 68%) was
obtained by performing the same method as in Synthesis
Example 18, except that 3.39 g of Compound Core5B syn-
thesized in Preparation Example 5 was used instead of Com-
pound Core5A used in Synthesis Example 18.

[0222] GC-Mass (theoretical value: 666.77 g/mol, mea-
sured value: 666 g/mol)

Synthesis Example 23

Synthesis of Compound Inv-23

[0223]

NT N
Br. N
N
Nj
N Cu powder
K,CO;
NﬁzSO4
N nitrobenzene
H



US 2015/0171344 Al

-continued

[0224] Compound Inv-23 (4.88 g, yield: 69%) was
obtained by performing the same method as in Synthesis
Example 10, except that 3.39 g of Compound Core5B syn-
thesized in Preparation Example 5 was used instead of Com-
pound Core3A used in Synthesis Example 10.

[0225] GC-Mass (theoretical value: 590.67 g/mol, mea-
sured value: 590 g/mol)

Synthesis Example 24

Synthesis of Compound Inv-24

[0226]

Cu powder
K,CO4
Nast4
nitrobenzene

CoreSB

Jun. 18,2015

-continued

Inv-24

[0227] Compound Inv-24 (3.99 g, yield: 65%) was
obtained by performing the same method as in Synthesis
Example 20, except that 3.39 g of Compound Core5B syn-
thesized in Preparation Example 5 was used instead of Com-
pound Core5A used in Synthesis Example 20.

[0228] GC-Mass (theoretical value: 512.60 g/mol, mea-
sured value: 512 g/mol)

Synthesis Example 25

Synthesis of Compound Inv-25

[0229]

NZ |N
)
C ; N
H
N LN
I/ NaH

Core6A
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-continued

L

N—

oy

Inv-25

[0230] Compound Inv-25 (4.20 g, yield: 68%) was
obtained by performing the same method as in Synthesis
Example 9, except that 3.4 g of Compound Core6A synthe-
sized in Preparation Example 6 was used instead of Com-
pound Core3A used in Synthesis Example 9.

[0231] GC-Mass (theoretical value: 515.57 g/mol, mea-
sured value: 515 g/mol)

Synthesis Example 26

Synthesis of Compound Inv-26

[0232]

Cl
A,
|

N

T

g ; J O

N »
/I NaH

Core6A

Jun. 18,2015

-continued

9
()
x??

\N

[nv-26

v
%

[0233] Compound Inv-26 (5.20 g, yield: 65%) was
obtained by performing the same method as in Synthesis
Example 18, except that 3.4 g of Compound Core6 A synthe-
sized in Preparation Example 6 was used instead of Com-
pound CoreSA used in Synthesis Example 18.

[0234] GC-Mass (theoretical value: 667.76 g/mol, mea-
sured value: 667 g/mol)

Synthesis Example 27

Synthesis of Compound Inv-27
[0235]

NTN
Br .
N
0
N, No N
II Cu powder
N
K»COs
Na, S04

nitrobenzene

Core6A
; =N
N
N
. N—x
A \
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[0236] Compound Inv-27 (4.68 g, yield: 66%) was
obtained by performing the same method as in Synthesis
Example 10, except that 3.4 g of Compound Core6A synthe-
sized in Preparation Example 6 was used instead of Com-
pound Core3A used in Synthesis Example 10.

[0237] GC-Mass (theoretical value: 591.66 g/mol, mea-
sured value: 591 g/mol)

Synthesis Example 28

Synthesis of Compound Inv-28

9Uwe

2N

N Ny Br -~
Q II'\I Cu powder
K,COs
NagS 04

[0238]

nitrobenzene

(1

Na
N\
N
Q O N
Inv-28

[0239] Compound Inv-28 (4.00 g, yield: 65%) was
obtained by performing the same method as in Synthesis
Example 20, except that 3.4 g of Compound Core6 A synthe-
sized in Preparation Example 6 was used instead of Com-
pound Core5A used in Synthesis Example 20.

[0240] GC-Mass (theoretical value: 513.59 g/mol, mea-
sured value: 513 g/mol)

Synthesis Example 29

Synthesis of Compound Inv-29

[0241] o

N)\N

x
N

Il
N NaH
DMF

Jun. 18,2015

-continued

Inv-29

[0242] Compound Inv-29 (4.14 g, yield: 67%) was
obtained by performing the same method as in Synthesis
Example 9, except that 3.4 g of Compound Core6B synthe-
sized in Preparation Example 6 was used instead of Com-
pound Core3A used in Synthesis Example 9.

[0243] GC-Mass (theoretical value: 515.57 g/mol, mea-
sured value: 515 g/mol)

Synthesis Example 30

Synthesis of Compound Inv-30

[0244]

Cl

N?
AN
O ) O

III\I
NaH
DMF

Core6B
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-continued

[nv-30

[0245] Compound Inv-30 (5.28 g, yield: 66%) was
obtained by performing the same method as in Synthesis
Example 18, except that 3.4 g of Compound Core6B synthe-
sized in Preparation Example 6 was used instead of Com-
pound CoreSA used in Synthesis Example 18.

[0246] GC-Mass (theoretical value: 667.76 g/mol, mea-
sured value: 667 g/mol)

Synthesis Example 31

Synthesis of Compound Inv-31

[0247]

NZ N
Br. |
N
No
Il
N
O Cu powder
K,CO;
Na2804
g nitrobenzene

Jun. 18, 2015
-continued
N\N
|
(¢ N
N
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[0248] Compound Inv-31 (4.89 g, yield: 69%) was
obtained by performing the same method as in Synthesis
Example 10, except that 3.4 g of Compound Core6B synthe-
sized in Preparation Example 6 was used instead of Com-
pound Core3A used in Synthesis Example 10.

[0249] GC-Mass (theoretical value: 591.66 g/mol, mea-
sured value: 591 g/mol)

Synthesis Example 32

Synthesis of Compound Inv-32

[0250]

Cu powder
KyCO3
NﬂzSO4
nitrobenzene

Core6B
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-continued

Inv-32

[0251] Compound Inv-32 (4.31 g, yield: 70%) was
obtained by performing the same method as in Synthesis
Example 20, except that 3.4 g of Compound Core6B synthe-
sized in Preparation Example 6 was used instead of Com-
pound CoreSA used in Synthesis Example 20.

[0252] GC-Mass (theoretical value: 513.59 g/mol, mea-
sured value: 513 g/mol)

Synthesis Example 33

Synthesis of Compound Inv-33

[0253]
Cl
N)\N
o O 0
V4
av
Q NH Nal
DMF
Core7A
‘ 0} :
J |
N
O
N
TN
N
—=N
Inv-33

Jun. 18,2015

[0254] Compound Inv-33 (4.07 g, yield: 66%) was
obtained by performing the same method as in Synthesis
Example 9, except that 3.4 g of Compound Core7A synthe-
sized in Preparation Example 7 was used instead of Com-
pound Core3A synthesized in Synthesis Example 9.

[0255] GC-Mass (theoretical value: 515.56 g/mol, mea-
sured value: 515 g/mol)

Synthesis Example 34

Synthesis of Compound Inv-34

i
o8
SORACIS IS

(0
& B ()

[0257] Compound Inv-34 (5.12 g, yield: 64%) was
obtained by performing the same method as in Synthesis
Example 9, except that 3.4 g of Compound Core7A synthe-
sized in Preparation Example 7 was used instead of Com-
pound Core5A used in Synthesis Example 18.

[0258] GC-Mass (theoretical value: 667.76 g/mol, mea-
sured value: 667 g/mol)
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Synthesis Example 35

Synthesis of Compound Inv-35
[0259]

NZ N
O N
Vi

Jun. 18,2015

0
at

N
NH

Core7A

[0260] Compound Inv-35 (4.60 g, yield: 65%) was
obtained by performing the same method as in Synthesis
Example 10, except that 3.4 g of Compound Core7 A synthe-
sized in Preparation Example 7 was used instead of Com-
pound Core3A used in Synthesis Example 10.

[0261] GC-Mass (theoretical value: 591.66 g/mol, mea-
sured value: 591 g/mol)

Synthesis Example 36

Synthesis of Compound Inv-36

[0262]
Br
Z N
0 = |
N
Q NH Cu powder
K,CO3
Core7A Na,80,

nitrobenzene

Cu powder
K,CO3
Na2S04
nitrobenzene

N==
N
o e
N
Inv-35

[0263] Compound Inv-36 (3.69 g, yield: 60%) was
obtained by performing the same method as in Synthesis
Example 20, except that 3.4 g of Compound Core7A synthe-
sized in Preparation Example 7 was used instead of Com-
pound CoreSA used in Synthesis Example 20.

[0264] GC-Mass (theoretical value: 513.59 g/mol, mea-
sured value: 513 g/mol)

Synthesis Example 37

Synthesis of Compound Inv-37

[0265]
cl
NN
I |
N
N
s
P
N NaH
)\Q DMF

Inv-36

Inv-37
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[0266] Compound Inv-37 (4.14 g, yield: 67%) was
obtained by performing the same method as in Synthesis
Example 9, except that 3.4 g of Compound Core7B synthe-
sized in Preparation Example 7 was used instead of Com-
pound Core3A used in Synthesis Example 9.

[0267] GC-Mass (theoretical value: 515.56 g/mol, mea-
sured value: 515 g/mol)

Synthesis Example 38

Synthesis of Compound Inv-38

[0268]

NaH
DMF

Core7B

Zm

29,

Core7B

7
N

Jun. 18,2015
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1/N;
NYN

atey

Inv-38

[0269] Compound Inv-38 (4.96 g, yield: 62%) was
obtained by performing the same method as in Synthesis
Example 18, except that 3.4 g of Compound Core7B synthe-
sized in Preparation Example 7 was used instead of Com-
pound Core5A used in Synthesis Example 18.

[0270] GC-Mass (theoretical value: 667.76 g/mol, mea-
sured value: 667 g/mol)

Synthesis Example 39

Synthesis of Compound Inv-39
[0271]

Br.

/

0

Cu powder
K>CO;3
NazS O4

nitrobenzene
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-continued

[0272] Compound Inv-39 (4.82 g, yield: 68%) was
obtained by performing the same method as in Synthesis
Example 10, except that 3.4 g of Compound Core7B synthe-
sized in Preparation Example 7 was used instead of Com-
pound Core3A used in Synthesis Example 10.

[0273] GC-Mass (theoretical value: 591.66 g/mol, mea-
sured value: 591 g/mol)

Synthesis Example 40

Synthesis of Compound Inv-40
[0274]

Br

o8
Cu powder
K>COs

N3.2 S 04
nitrobenzene

ety

Inv-40

jsan]

SN TS

Core7B

o~
0

Jun. 18,2015
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Inv-39

[0275] Compound Inv-40 (4.00 g, yield: 65%) was
obtained by performing the same method as in Synthesis
Example 20, except that 3.4 g of Compound Core7B synthe-
sized in Preparation Example 7 was used instead of Com-
pound CoreSA used in Synthesis Example 20.

[0276] GC-Mass (theoretical value: 513.59 g/mol, mea-
sured value: 513 g/mol)
Synthesis Example 41
Synthesis of Compound Inv-41
[0277]
Cl
N)\f\l
N\ O/L\NJ\O
50
Q NH NaH
DMF
Core8A
N :
\
S
N,
Q N
/I
N
=N

Inv-41
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[0278] Compound Inv-41 (4.07 g, yield: 64%) was
obtained by performing the same method as in Synthesis
Example 9, except that 3.6 g of Compound Core8A synthe-
sized in Preparation Example 8 was used instead of Com-
pound Core3A used in Synthesis Example 9.

[0279] GC-Mass (theoretical value: 531.63 g/mol, mea-
sured value: 531 g/mol)

Synthesis Example 42

Synthesis of Compound Inv-42

[0280]
Cl
A
¢
N
av
Q s NaH g
NH DMF
Core8A
N
-0
S
-
N,
B
N
e
Inv-42
[0281] Compound Inv-42 (4.99 g, yield: 61%) was

obtained by performing the same method as in Synthesis
Example 18, except that 3.6 g of Compound Core8 A synthe-
sized in Preparation Example 8 was used instead of Com-
pound Core5A used in Synthesis Example 18.

[0282] GC-Mass (theoretical value: 683.82 g/mol, mea-
sured value: 683 g/mol)

Jun. 18,2015

Synthesis Example 43

Synthesis of Compound Inv-43

[0283]
N% fl
Br. x
N
N
LI
5 -
Q NI Cu powder
K,COs
Core8A Na,S04

nitrobenzene
N :
S
Q N

Inv-43

[0284] Compound Inv-43 (4.51 g, yield: 62%) was
obtained by performing the same method as in Synthesis
Example 10, except that 3.6 g of Compound Core8A synthe-
sized in Preparation Example 8 was used instead of Com-
pound Core3A used in Synthesis Example 10.

[0285] GC-Mass (theoretical value: 607.73 g/mol, mea-
sured value: 607 g/mol)

Synthesis Example 44

Synthesis of Compound Inv-44
[0286]

Cu powder
K,COs
NazSO4

nitrobenzene

s

Core8A
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-continued Synthesis Example 46

Synthesis of Compound Inv-46

nv-44 Core8B DMF

Example 20, except that 3.6 g of Compound Core8 A synthe-
sized in Preparation Example 8 was used instead of Com-

[0287] Compound Inv-44 (4.12 g, yield: 65%) was
obtained by performing the same method as in Synthesis O

pound Core5A used in Synthesis Example 20.
[0288] GC-Mass (theoretical value: 529.65 g/mol, mea-
sured value: 529 g/mol) Q N
—=
Synthesis Example 45 \ N
N/
Synthesis of Compound Inv-45
N
[0289]
Cl \
H S
{ N/*F
I\\I O)\ N)\O Tnv-46
S)\O [0293] Compound Inv-46 (5.41 g, yield: 66%) was
NaH obtained by performing the same method as in Synthesis
Core8B DMF Example 18, except that 3.6 g of Compound Core8B synthe-

sized in Preparation Example 8 was used instead of Com-
pound Core5A used in Synthesis Example 18.

[0294] GC-Mass (theoretical value: 683.82 g/mol, mea-
Q\(N\ sured value: 683 g/mol)
\ X
N\(

Synthesis Example 47

Synthesis of Compound Inv-47
N

[0295]
49

N

Inv-45 II;I

N
O~ o™
[0290] Compound Inv-45 (4.33 g, yield: 66%) was )\O

obtained by performing the same method as in Synthesis

Example 9, except that 3.6 g of Compound Core8B synthe- Cu powder
sized in Preparation Example 8 was used instead of Com- Core$B K,CO;3
pound Core3A used in Synthesis Example 9. NapSOy4
[0291] GC-Mass (theoretical value: 531.63 g/mol, mea- nitrobenzene

sured value: 531 g/mol)
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-continued

on

S50

S
Inv-47

[0296] Compound Inv-47 (4.59 g, yield: 63%) was
obtained by performing the same method as in Synthesis
Example 10, except that 3.6 g of Compound Core8B synthe-
sized in Preparation Example 8 was used instead of Com-
pound Core3A used in Synthesis Example 10.

[0297] GC-Mass (theoretical value: 607.73 g/mol, mea-
sured value: 607 g/mol)

Synthesis Example 48

Synthesis of Compound Inv-48

[0298]
Br
Z N
i |
N N
L J 70
\
S Cu powder
K,CO4
Core8B NapSO4
nitrobenzene
Q \
N
\_,
N.
S
Inv-48

Jun. 18,2015

[0299] Compound Inv-48 (4.25 g, yield: 67%) was
obtained by performing the same method as in Synthesis
Example 20, except that 3.6 g of Compound Core8B synthe-
sized in Preparation Example 8 was used instead of Com-
pound CoreSA used in Synthesis Example 20.

[0300] GC-Mass (theoretical value: 529.65 g/mol, mea-
sured value: 529 g/mol)

Synthesis Example 49

Synthesis of Compound Inv-49

[0301]
Cl
N?
; |
§ N \N
s
O
NaH
Core9A DMF
Q\(N\
\ N
N/
N
N
Inv-49
[0302] Compound Inv-49 (4.60 g, yield: 65%) was

obtained by performing the same method as in Synthesis
Example 9, except that 4.3 g of Compound Core9A synthe-
sized in Preparation Example 9 was used instead of Com-
pound Core3A used in Synthesis Example 9.

[0303] GC-Mass (theoretical value: 590.67 g/mol, mea-
sured value: 590 g/mol)

Synthesis Example 50

Synthesis of Compound Inv-50

[0304]
Cl
N)\N
o (J ¢
% i
00
Q N NaH
DMF

Core9A
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_continued [0308] Compound Inv-51 (5.11 g, yield: 64%) was
obtained by performing the same method as in Synthesis
Example 10, except that 4.3 g of Compound Core9A synthe-

sized in Preparation Example 9 was used instead of Com-
pound Core3A used in Synthesis Example 10.

[0309] GC-Mass (theoretical value: 666.77 g/mol, mea-
sured value: 666 g/mol)

\ N Q Synthesis Example 52
N ‘ Synthesis of Compound Inv-52
Q O [0310]

Tnv-50

[0305] Compound Inv-50 (5.34 g, yield: 60%) was

obtained by performing the same method as in Synthesis

Example 18, except that 4.3 g of Compound Core9A synthe-

sized in Preparation Example 9 was used instead of Com- 7/Q N
pound CoreSA used in Synthesis Example 18.

[0306] GC-Mass (theoretical value: 742.87 g/mol, mea-

sured value: 742 g/mol) Cu powder
K>CO4
Synthesis Example 51 Core9A NazS04

nitrobenzene

Synthesis of Compound Inv-51

AP G

Cu powder
KoCOs
Core9A Na,S0,

nitrobenzene

[0307]

Inv-52

=N
N
\_ Q
N
N\( [0311] Compound Inv-52 (4.58 g, yield: 65%) was
O N \N

obtained by performing the same method as in Synthesis

Example 20, except that 4.3 g of Compound Core9A synthe-

sized in Preparation Example 9 was used instead of Com-
Tnv-51 pound CoreSA used in Synthesis Example 20.

[0312] GC-Mass (theoretical value: 588.70 g/mol, mea-
sured value: 588 g/mol)
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Synthesis Example 53
Synthesis of Compound Inv-53

Jecalses

Core9B

[0313]

Y

Q l

N

@NO

Inv-53

[0314] Compound Inv-53 (4.60 g, yield: 65%) was
obtained by performing the same method as in Synthesis
Fxample 9, except that 4.3 g of Compound Core9B synthe-
sized in Preparation Example 9 was used instead of Com-
pound Core3A used in Synthesis Example 9.

[0315] GC-Mass (theoretical value: 590.67 g/mol, mea-
sured value: 590 g/mol)

Synthesis Example 54

Synthesis of Compound Inv-54
[0316]

Cl

%ft

NaH
DMF

N
H

Core9B

Jun. 18, 2015
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Q L

N

5
® 1
5

Inv-54

[0317] Compound Inv-54 (5.43 g, yield: 61%) was
obtained by performing the same method as in Synthesis
Example 18, except that 4.3 g of Compound Core9B synthe-
sized in Preparation Example 9 was used instead of Com-
pound CoreSA used in Synthesis Example 18.

[0318] GC-Mass (theoretical value: 742.87 g/mol, mea-
sured value: 742 g/mol)

Synthesis Example 55

Synthesis of Compound Inv-55

[0319]
N? f\f
Br M
N N
|
N
O Cupowder -
N K,CO3
H NapSO,
Core9B nitrobenzene
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Inv-55

[0320] Compound Inv-55 (5.11 g, yield: 64%) was
obtained by performing the same method as in Synthesis
Example 10, except that 4.3 g of Compound Core9B synthe-
sized in Preparation Example 9 was used instead of Com-
pound Core3A used in Synthesis Example 10.

[0321] GC-Mass (theoretical value: 666.77 g/mol, mea-
sured value: 666 g/mol)

Synthesis Example 56

Synthesis of Compound Inv-56

[0322]
N
N
Cu powder
K,CO3
N NazSO4
Core9B nitrobenzene

Jun. 18,2015
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Inv-56

[0323] Compound Inv-56 (4.44 g, yield: 63%) was
obtained by performing the same method as in Synthesis
Example 20, except that 4.3 g of Compound Core9B synthe-
sized in Preparation Example 9 was used instead of Com-
pound CoreSA used in Synthesis Example 20.

[0324] GC-Mass (theoretical value: 588.70 g/mol, mea-
sured value: 588 g/mol)

Example 1

Manufacture of Organic EL Device

[0325] Compound Inv-1 synthesized in Synthesis Example
1 was subjected to highly-pure sublimation purification by a
typically known method, and then an organic EL device was
manufactured according to the following procedure.

[0326] A glass substrate on which a thin film of indium tin
oxide (ITO) was coated to a thickness of 1500 A was sub-
jected to ultrasonic wave washing by distilled water. After
with the washing by distilled water was finished, the glass
substrate was ultrasonically washed with a solvent such as
isopropyl alcohol, acetone and methanol, dried, and then
transferred to a UV ozone cleaner (Power sonic 405, Hwashin
Technology Co., Ltd.), and then the substrate was cleaned for
5 minutes by using UV rays, and transferred to a vacuum
deposition system.

[0327] m-MTDATA (60 nm)/TCTA (80 nm)/Compound
Inv-1+10% Ir(ppy); (300 nm)/BCP (10 nm)/Alq, (30 nm)/
LiF (1 nm)/Al (200 nm) were sequentially laminated on the
ITO transparent electrode prepared as described above to
form an organic EL device.

[0328] The structures of m-MTDATA, TCTA, Ir(ppy)s,
CBP, and BCP used are as follows.
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SO
spelene
OC

m-MTDATA

8o 00

Ir(ppy)s
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goog

BCP

Examples 2 to 56

Manufacture of Organic EL Devices

[0329] Organic EL devices were manufactured in the same
manner as in Example 1, except that Compounds Inv-2 to
Inv-56 synthesized in Synthesis Examples 2 to 56, respec-
tively, were used instead of Compound Inv-1 used as a host

material when a light-emitting layer was formed in Example
1.

Comparative Example 1

Manufacture of Organic EL Device

[0330] Anorganic EL device was manufactured in the same
manner as in Example 1, except that CBP (4,4-dicarbazoly-
biphenyl) was used instead of Compound Inv-1 used as a
light-emitting host material when a light-emitting layer was
formed in Example 1. The structure of CBP used is the same
as that described in Example 1.

Evaluative Example

[0331] For each of the organic EL devices manufactured in
Examples 1 to 56 and Comparative Example 1, the driving
voltage, current efficiency, and light-emitting peak were mea-
sured at a current density of 10 mA/cm?, and the results are
shown in the following Table 1.

TABLE 1
Driving voltage ~ Current efficiency
Sample Host V) (cd/A)
Example 1 Inv-1 6.60 42.4
Example 2 Inv-2 6.55 42.3
Example 3 Inv-3 6.60 42.5
Example 4 Inv-4 6.62 41.2
Example 5 Inv-5 6.68 41.6
Example 6 Inv-6 6.70 42.0
Example 7 Inv-7 6.59 41.5
Example 8 Inv-8 6.60 41.6

Example 9 Inv-9 6.70 41.3
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TABLE 1-continued

Driving voltage ~ Current efficiency

Sample Host W) (cd/A)
Example 10 Tnv-10 6.65 42.2
Example 11 Inv-11 6.71 41.1
Example 12 Tnv-12 6.60 42.3
Example 13 Inv-13 6.65 43.2
Example 14 Tnv-14 6.63 41.5
Example 15 Inv-15 6.60 43.2
Example 16 Inv-16 6.58 42.3
Example 17 Inv-17 6.50 41.5
Example 18 Inv-18 6.55 41.6
Example 19 Inv-19 6.60 41.3
Example 20 Inv-20 6.65 40.8
Example 21 Inv-21 6.66 40.2
Example 22 Inv-22 6.72 42.5
Example 23 Inv-23 6.60 41.2
Example 24 Inv-24 6.63 41.1
Example 25 Inv-25 6.65 40.9
Example 26 Tnv-26 6.51 40.1
Example 27 Inv-27 6.59 41.5
Example 28 Inv-28 6.51 40.9
Example 29 Inv-29 6.60 41.1
Example 30 Inv-30 65.65 40.2
Example 31 Inv-31 6.70 42.0
Example 32 Inv-32 6.65 423
Example 33 Inv-33 6.62 41.2
Example 34 Inv-34 6.63 42.3
Example 35 Inv-35 6.61 41.7
Example 36 Inv-36 6.60 41.5
Example 37 Inv-37 6.55 40.6
Example 38 Inv-38 6.60 41.3
Example 39 Inv-39 6.65 41.8
Example 40 Inv-40 6.58 40.2
Example 41 Inv-41 6.70 41.5
Example 42 Tnv-42 6.60 42.2
Example 43 Inv-43 6.63 41.1
Example 44 Inv-44 6.65 40.9
Example 45 Inv-45 6.53 40.1
Example 46 Inv-46 6.55 41.5
Example 47 Tnv-47 6.50 40.9
Example 48 Inv-48 6.70 41.1
Example 49 Inv-49 6.60 41.2
Example 50 Inv-50 6.72 42.0
Example 51 Inv-51 6.70 41.3
Example 52 Inv-52 6.62 42.2
Example 53 Inv-53 6.63 41.3
Example 54 Inv-54 6.60 42.7
Example 55 Inv-55 6.65 41.5
Example 56 Inv-56 6.60 41.9
Comparative CBP 6.93 38.2
Example 1

[0332] As shown in Table 1, it could be seen that the green
organic EL devices (the organic EL devices manufactured in
Examples 1 to 56) using the compounds (Compound Inv-1 to
Compound Inv-56) according to the present invention as a
material for a light-emitting layer (a host material) exhibit
excellent performances in terms of current efficiency and
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driving voltage as compared to the known green organic EL
device (the organic EL device in Comparative Example 1)
using a CBP as a host material.

1. A compound represented by the following Formula 1:

[Formula 1]
X
X~ 1
I Y
/
Y>
_/
Yi=y,

in Formula 1,

X, is selected from the group consisting of NR |, O, S, Se,
SiR,R;, and CR,Rs;

X, 8 Nor CR;

Y, to'Y, are each independently N or CR,,, and in this case,
aplurality of CR,’s is the same as or different from each
other,

provided that at least one of Y, to Y, is CR,, and is fused
with an adjacent group to form a fused ring represented
by the following Formula 2;

R, to R, are each independently selected from the group
consisting of hydrogen, deuterium, halogen, cyano, a
substituted or unsubstituted C, to C,, alkyl group, a
substituted or unsubstituted C; to C,,, cycloalkyl group,
a substituted or unsubstituted heterocycloalkyl group
having 3 to 40 nuclear atoms, a substituted or unsubsti-
tuted Cg to Cy, aryl group, a substituted or unsubstituted
heteroaryl group having 5 to 60 nuclear atoms, a substi-
tuted or unsubstituted C, to C,, alkyloxy group, a sub-
stituted or unsubstituted C, to C,, aryloxy group, a sub-
stituted or unsubstituted C, to C,, alkylsilyl group, a
substituted or unsubstituted C, to Cg, arylsilyl group, a
substituted or unsubstituted C, to C,, alkylboron group,
asubstituted or unsubstituted C, to C, arylboron group,
a substituted or unsubstituted C to C, arylphosphine
group, asubstituted or unsubstituted C to C, arylphos-
phine oxide group, and a substituted or unsubstituted Cg
to C4 arylamine group, or may be fused with an adjacent
group to form a fused ring, and

in this case, the alkyl group, the cycloalkyl group, the
heterocycloalkyl group, the aryl group, the heteroaryl
group, the alkyloxy group, the aryloxy group, the alkyl-
silyl group, the arylsilyl group, the alkylboron group, the
arylboron group, the arylphosphine group, the arylphos-
phine oxide group and the arylamine group of R, to R,
may be each independently substituted with one or more
substituents selected from the group consisting of deu-
terium, halogen, cyano, a C, to C,, alkyl group, a C, to
C 4, cycloalkyl group, aheterocycloalkyl group having 3
to 40 nuclear atoms, a C, to Cg, aryl group, a heteroaryl
group having 5 to 60 nuclear atoms, a C, to C,, alkyloxy
group, a C to C, aryloxy group, a C, to Cy, arylborane
group, a C, to C, arylsilyl group, a C, to C,, alkylsilyl
group, aC, to Cy, arylsilyl group, aC, to C,, alkylboron
group, a Cq to Cy arylboron group, a Cq to Cg, arylphos-
phine group, a C4 to Cg, arylphosphine oxide group, and
a Cq to Cy, arylamine group;
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[Formula 2]
- X3
: Ys
7\
6
Y8§'Y7

in Formula 2,

a dotted line means a site where fusion with the compound
of Formula 1 occurs;

X, is selected from the group consisting of O, S, Se,
N(Ar,), C(Ar,)(Ar,), and Si(Ar,)(Ar,);

Ar, 10 Ar; are each independently selected from the group
consisting of a substituted or unsubstituted C,; to C,,
alkyl group, a substituted or unsubstituted C; to C,q
cycloalkyl group, a substituted or unsubstituted hetero-
cycloalkyl group having 3 to 40 nuclear atoms, a substi-
tuted or unsubstituted C to C, aryl group, a substituted
or unsubstituted heteroaryl group having 5 to 60 nuclear
atoms, a substituted or unsubstituted C, to C,, alkyloxy
group, a substituted or unsubstituted C to Cg, aryloxy
group, a substituted or unsubstituted C; to C,, alkylsilyl
group, a substituted or unsubstituted C to Cg, arylsilyl
group, a substituted or unsubstituted C, to C,,, alkylbo-
ron group, a substituted or unsubstituted Cg to Cg, aryl-
boron group, a substituted or unsubstituted C; to C,
arylphosphine group, a substituted or unsubstituted Cg
to Cg, arylphosphine oxide group, and a substituted or
unsubstituted C4 to Cg, arylamine group, and

the alkyl group, the cycloalkyl group, the heterocycloalkyl
group, the aryl group, the heteroaryl group, the alkyloxy
group, the aryloxy group, the alkylsilyl group, the aryl-
silyl group, the alkylboron group, the arylboron group,
the arylphosphine group, the arylphosphine oxide
group, and the arylamine group of Ar, to Ar, may be
each independently substituted with one or more sub-
stituents selected from the group consisting of deute-
rium, halogen, cyano, aC, to C,, alkyl group,aC,to C,,
cycloalkyl group, a heterocycloalkyl group having 3 to
40 nuclear atoms, a C to Cg, aryl group, a heteroaryl
group having 5 to 60 nuclear atoms, a C, to C,, alkyloxy
group, aC to Cy, aryloxy group, a Cy to Cy, arylborane
group, a C, to Cg, arylsilyl group, a C, to C,, alkylsilyl
group, aC, to Cy, arvlsilyl group, aC, to C,, alkylboron
group, a C, to Cg, arylboron group, a C, 1o Cg, arylphos-
phine group, a C4 to C, arylphosphine oxide group, and
a C, to Cy arylamine group;

Y, to Yy are each independently N or CRy, and in this case,
aplurality of CR’s is the same as or different from each
other;

Rg 1s selected from the group consisting of hydrogen, deu-
terium, halogen, cyano, a substituted or unsubstituted C,
to C4q alkyl group, a substituted or unsubstituted C; to
C,, cycloalkyl group, a substituted or unsubstituted het-
erocycloalkyl group having 3 to 40 nuclear atoms, a
substituted or unsubstituted C4 to Cg, aryl group, a sub-
stituted or unsubstituted heteroaryl group having 5 to 60
nuclear atoms, a substituted or unsubstituted C, to C,,
alkyloxy group. a substituted or unsubstituted C, to Cy,
aryloxy group, a substituted or unsubstituted C, to C,,
alkylsilyl group, a substituted or unsubstituted C, to C,
arylsilyl group, a substituted or unsubstituted C, to C,,
alkylboron group, a substituted or unsubstituted Cy to
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C o arylboron group, a substituted or unsubstituted C4 to
Cgo arylphosphine group, a substituted or unsubstituted
C¢ to Cq, arylphosphine oxide group, and a substituted
or unsubstituted C, to C, arylamine group, or may be
fused with an adjacent group to form a fused ring, and

the alkyl group, the cycloalkyl group, the heterocycloalkyl
group, the aryl group, the heteroaryl group, the alkyloxy
group, the aryloxy group, the alkylsilyl group, the aryl-
silyl group, the alkylboron group, the arylboron group,
the arylphosphine group, the arylphosphine oxide
group, and the arylamine group of Ry may be each inde-
pendently substituted with one or more substituents
selected from the group consisting of deuterium, halo-
gen, cyano, a C, to C,, alkyl group, a C; to Cy
cycloalkyl group, a heterocycloalkyl group having 3 to
40 nuclear atoms, a Cg to Cg, aryl group, a heteroaryl
group having 5 to 60 nuclear atoms, a C, to C,, alkyloxy
group, a C¢ to Cg, aryloxy group, a Cq to Cy arylborane
group, a C, to C, arylsilyl group, a C, to C,,, alkylsilyl
group, aC, to Cq, arylsilyl group, aC, to C,, alkylboron
group, a C, to Cg, arylboron group, a C4 to Cg, arylphos-
phine group, a C, to C,, arylphosphine oxide group, and
a Cg to Cy, arylamine group.

2. The compound as claimed in claim 1, wherein the com-

pound is represented by the formula selected from the group
consisting of the following Formulae 3 to 12:

[Formula 3]
X X Y
x 2/ 1 3 5\\ 6
\ A
N N L
8
Y4=Y;3
[Formula 4]
/Xl Yl\ X
X, | Ys
\\N P / N\
Y, Y
YS§Y7
[Formula 5]
Y
vZ Y
8
\%{
X, 5
X5~ N
\
N / \ X3
Y4=Y;
[Formula 6]
Yo=Y
[Formula 7]
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-continued
[Formula 8]
Y
/o Sy,
X
\Y
\N /
X3
Ys
Y.
N g
Yr~vy
[Formula 9]
X X3 Ys
Xi \\Ys;
\ |
N =Y
Yg
X3
7 s
|\
Ysx /7
6
[Formula 10]
[Formula 11]
[Formula 12]
X~X
/ ! Y8¢Ys\
N //Y6
\_/
X
X] ’
Y
Y 8
N
Y, 6’Y7

(in Formulae 3 to 12,

X, to X, are each independently the same as those defined
inclaim 1, and in this case, a plurality of X;’s is the same
as or different from each other;

Y, to'Y, are each independently N or CR-, and in this case,
aplurality of CR,’s is the same as or different from each
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other,
R, is the same as that defined in claim 1, and

Y to Y are each independently the same as those defined
inclaim 1, and in this case, a plurality of Y.’s is the same
as or different from each other, a plurality of Y’s is the
same as or different from each other, a plurality of Y,’s
is the same as or different from each other, and a plurality
of Yy’s is the same as or different from each other).

3. The compound as claimed in claim 1, wherein X, is
N(Ar,), and Ar, is the same as that defined in claim 1.

4. The compound as claimed in claim 1, wherein X | is NR
X, 18 N(Ar,),and R, and Ar, are each the same as that defined
in claim 1.

5. The compound as claimed in claim 1, wherein R, to Rg
and Ar, to Ar; are each independently selected from the group
consisting of hydrogen, a substituted or unsubstituted C, to
C,, alkyl group, a substituted or unsubstituted C to Cg, aryl
group, a substituted or unsubstituted heteroaryl group having
5to 60 nuclear atoms, and a substituted or unsubstituted C, to
Cy arylamine group; and

the alkyl group, the aryl group, the heteroaryl group, and
the arylamine group of R, to Rq and Ar; to Ar; may be
substituted with one or more substituents selected from
the group consisting of deuterium, halogen, cyano, a C,
to C,q alkyl group, a C; to C,, cycloalkyl group, a het-
erocycloalkyl group having 3 to 40 nuclear atoms, a Cy
to Cq, aryl group, a heteroaryl group having 5 to 60
nuclear atoms, a C, to C,, alkyloxy group, a C,to Cg,
aryloxy group, a C, to C, arylborane group, a C, to Ce,
arylsilyl group, a C; to Cg, alkylsilyl group, a C4 to C,
arylsilyl group,a C, to C,, alkylboron group,a C4 to Cy,
arylboron group, a C4 to Cg, arylphosphine group, a Cg
to Cg, arylphosphine oxide group, and a C, to C, ary-
lamine group.

6. The compound as claimed in claim 1, wherein R, to Ry
and Ar, to Ar; are each independently selected from the group
consisting of hydrogen, and the following substituents Al to
A40:

Al
A2
AN
VP
N
A3
B
N /
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-continued

| AN

N

N

| P

N / \

| P
* N,
Y AN
NFH

x N

| Z

N
| AN

Ad

AS

Ab

A7

A8

A9

Al0

All
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Al2

Al3

Al4

AlS

Al6
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-continued

Z—

\

/

Al7

Al8

Al9

A20

A2l
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\

A

/
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A22

A23

A24

A25

A26

A27

A28

A29

A30

A3l
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-continued -continued

A32 A37
* N,
T
N\/N

Ve

A33

N
| X
N\( N
*
A34
1 A38
N
N,
N—N O O
A35 *
O O h
N,
YO
N. o N
. Y
[ :
e
A40
%
A36
NZ |N
O )
‘ )
N? |N "
\N 7. An organic electroluminescent device comprising:
an anode;
O a cathode; and
one or more organic material layers interposed between the

anode and the cathode,
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wherein at least one of the organic material layers com-
prises a compound of the following Formula 1:

[Formula 1]

wherein,

X, is selected from the group consisting of NR,, O, S, Se,
SiR,R,, and CR,Rs;

X, is Nor CRy;

Y, toY, are each independently N or CR-, and in this case,
aplurality of CR,’s is the same as or different from each
other,

provided that at least one of Y, to Y, is CR,, and is fused
with an adjacent group to form a fused ring of the fol-
lowing Formula 2;

R, to R, are each independently selected from the group
consisting of hydrogen, deuterium, halogen, cyano, a
substituted or unsubstituted C, to C,, alkyl group, a
substituted or unsubstituted C, to C,,, cycloalkyl group,
a substituted or unsubstituted heterocycloalkyl group
having 3 to 40 nuclear atoms, a substituted or unsubsti-
tuted C4 to Cy, aryl group, a substituted or unsubstituted
heteroaryl group having 5 to 60 nuclear atoms, a substi-
tuted or unsubstituted C, to C,, alkyloxy group, a sub-
stituted or unsubstituted C to C,, aryloxy group, a sub-
stituted or unsubstituted C, to C,, alkylsilyl group, a
substituted or unsubstituted C, to C, arylsilyl group, a
substituted or unsubstituted C, to C,, alkylboron group,
asubstituted or unsubstituted C, to C, arylboron group,
a substituted or unsubstituted C; to Cg, arylphosphine
group, a substituted or unsubstituted C to C, arylphos-
phine oxide group, and a substituted or unsubstituted C,
to Cgo arylamine group, or may be fused with an adjacent
group to form a fused ring, and

in this case, the alkyl group, the cycloalkyl group, the
heterocycloalkyl group, the aryl group, the heteroaryl
group, the alkyloxy group, the aryloxy group, the alkyl-
silyl group, the arylsilyl group, the alkylboron group, the
arylboron group, the arylphosphine group, the arylphos-
phine oxide group and the arylamine group of R, to R,
may be each independently substituted with one or more
substituents selected from the group consisting of deu-
terium, halogen, cyano, a C, to C,, alkyl group, a C, to
C,; cycloalkyl group, a heterocycloalkyl group having 3
to 40 nuclear atoms, a C, to Cg, aryl group, a heteroaryl
group having 5 to 60 nuclear atoms, a C, to C,,, alkyloxy
group, a C, to Cy, aryloxy group, a Cq to Cyp arylborane
group, a C, to Cg, arylsilyl group, a C, to C,, alkylsilyl
group, a C, to C, arylsilyl group, a C, to C,, alkylboron
group, a C, to Cg, arylboron group, a Cy 1o Cy, arylphos-
phine group, a C4 to C, arylphosphine oxide group, and
a Cq to Cyq arylamine group;
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[Formula 2]
—%
: Ys
72
6
Y8§Y7

wherein,

a dotted line means a site where fusion with the compound
of Formula 1 occurs;

X, is selected from the group consisting of O, S, Se,
N(Ar,), C(Ar,)(Ar,), and Si(Ar,)(Ary);

Ar, to Ar; are each independently selected from the group
consisting of a substituted or unsubstituted C, to C,,
alkyl group, a substituted or unsubstituted C; to C,q
cycloalkyl group, a substituted or unsubstituted hetero-
cycloalkyl group having 3 to 40 nuclear atoms, a substi-
tuted or unsubstituted C to C, aryl group, a substituted
or unsubstituted heteroaryl group having 5 to 60 nuclear
atoms, a substituted or unsubstituted C, to C,, alkyloxy
group, a substituted or unsubstituted C to Cg, aryloxy
group, a substituted or unsubstituted C, to C,, alkylsilyl
group, a substituted or unsubstituted C, to Cg, arylsilyl
group, a substituted or unsubstituted C, to C,,, alkylbo-
ron group, a substituted or unsubstituted C¢ to C,4, aryl-
boron group, a substituted or unsubstituted C, to C,
arylphosphine group, a substituted or unsubstituted Cg
to Cy, arylphosphine oxide group, and a substituted or
unsubstituted C4 to Cg, arylamine group, and

the alkyl group, the cycloalkyl group, the heterocycloalkyl
group, the aryl group, the heteroaryl group, the alkyloxy
group, the aryloxy group, the alkylsilyl group, the aryl-
silyl group, the alkylboron group, the arylboron group,
the arylphosphine group, the arylphosphine oxide
group, and the arylamine group of Ar, to Ar, may be
each independently substituted with one or more sub-
stituents selected from the group consisting of deute-
rium, halogen, cyano, aC, to C,, alkyl group,aC,to C,,
cycloalkyl group, a heterocycloalkyl group having 3 to
40 nuclear atoms a C to C,, aryl group, a heteroaryl
group having 5 to 60 nuclear atoms, a C, to C,, alkyloxy
group, a C, to Cq, aryloxy group, a C4 to Cg, arylborane
group, a C; to Cy, arylsilyl group, a C, to C,, alkylsilyl
group, aC, to Cy, arvlsilyl group, aC, to C,, alkylboron
group, a C, to Cg, arylboron group, a Cg to Cg, arylphos-
phine group, a C, to Cq, arylphosphine oxide group, and
a Cg to Cy, arylamine group;

Y, toYy are each independently N or CRg, and in this case,
aplurality of CR’s is the same as or different from each
other;

R, is selected from the group consisting of hydrogen, deu-
terium, halogen, cyano, a substituted or unsubstituted C,
to C4q alkyl group, a substituted or unsubstituted C; to
C,, cycloalkyl group, a substituted or unsubstituted het-
erocycloalkyl group having 3 to 40 nuclear atoms, a
substituted or unsubstituted C, to C, aryl group, a sub-
stituted or unsubstituted heteroaryl group having 5 to 60
nuclear atoms, a substituted or unsubstituted C, to C,,
alkyloxy group. a substituted or unsubstituted C to Cy,
aryloxy group, a substituted or unsubstituted C, to C,,
alkylsilyl group, a substituted or unsubstituted C to Cg,
arylsilyl group, a substituted or unsubstituted C, to C,,
alkylboron group, a substituted or unsubstituted C to
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Ceo arylboron group, a substituted or unsubstituted Cq to
Ceo arylphosphine group, a substituted or unsubstituted
C¢ to Cq, arylphosphine oxide group, and a substituted
or unsubstituted C, to C,, arylamine group, or may be
fused with an adjacent group to form a fused ring, and

the alkyl group, the cycloalkyl group, the heterocycloalkyl
group the aryl group, the heteroaryl group, the alkyloxy
group, the aryloxy group, the alkylsilyl group, the aryl-
silyl group, the alkylboron group the arylboron group,
the arylphosphine group, the arylphosphine oxide
group, and the arylamine group of R, may be each inde-
pendently substituted with one or more substituents
selected from the group consisting of deuterium, halo-
gen, cyano, a C, to C,, alkyl group, a C; to C,q
cycloalkyl group, a heterocycloalkyl group having 3 to
40 nuclear atoms, a C; to Cy, aryl group, a heteroaryl
group having 5 to 60 nuclear atoms, a C, to C,, alkyloxy
group, aC to C, aryloxy group, a Cy to C, arylborane
group, a C, to Cg, arylsilyl group, a C, to C,, alkylsilyl
group, aC, to Cy, arylsilyl group, aC, to C,, alkylboron
group, a C, to Cy, arylboron group, a Cto Cg, arylphos-
phine group, a C4 to C, arylphosphine oxide group, and
a Cg4 to Cg, arylamine group.

8. The organic electroluminescent device as claimed in

claim 7, wherein the one or more organic material layers,
which comprise the compound, are selected from the group
consisting of a hole injection layer, a hole transporting layer,

and a light-emitting layer.

9. The organic electroluminescent device as claimed in
claim 8, wherein the compound is a host of the light-emitting

layer.

10. The organic electroluminescent device as claimed in
claim 7, wherein the compound is represented by the formula
selected from the group consisting of the following Formulae

3to012:

[Formula 3]
X X3 Ys
-~
] [
/
~ N
Yg
Y4=Y3
[Formula 4]
/Xl Yl\ X
XZ | Y5
h¢ A~
Y,y &
YS\\‘Y7
[Formula 5]
Y&Yé\Yﬁ
o
X .
X3
\
N / \ X3
Y4=Y3
[Formula 6]
Y3§Y7
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Y
/ SY,
X5 |
2
\N / .
S —
Ys
Y.
A
Y7\Y6
X X X3 Ys\\ .
2 Ye;
1 [
Y7
Yg
X3
7 Y
\
Y5 Ve 7
Xy
X X Y.
X 3 5
X; Ye;
\ |
Y,
v&
X
¥§ N
Il
Y s

Yo Y7
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[Formula 7]

[Formula 8]

[Formula 9]

[Formula 10]

[Formula 11]

[Formula 12]



US 2015/0171344 Al Jun. 18, 2015
80

wherein,

X, to X, are each independently the same as those defined
in claim 7, and in this case, a plurality ofX;’s is the same
as or different from each other;

Y, toY, are each independently N or CR-, and in this case,
aplurality of CR,’s is the same as or different from each
other,

R, is the same as that defined in claim 7, and

Y, toY, are each independently the same as those defined
in claim 1, and in this case, a plurality of Y’s is the same
as or different from each other, a plurality of Y’s is the
same as or different from each other, a plurality of Y,’s
is the same as or different from each other, and a plurality
of Yy’s is the same as or different from each other.
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