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ORGANIC LIGHT-EMITTING COMPOUND
AND ORGANIC ELECTROLUMINESCENT
DEVICE USING THE SAME

TECHNICAL FIELD

[0001] The present disclosure relates to a novel light-
emitting organic compound and an organic electrolumines-
cent device using the same, and more particularly, to a
compound having excellent electron transporting ability and
light emitting performance and an organic electrolumines-
cence device improved in terms of luminous efficiency,
driving voltage, lifespan and the like by including the
compound in one or more organic layers.

DISCUSSION OF RELATED ART

[0002] Starting from Bernanose’s observation of light
emission from organic thin films in the 1950s, the study on
organic electroluminescent devices (hereinafter, “EL
devices”) led to blue electroluminescence using anthracene
monocrystals in 1965, and Tang suggested in 1987 an
organic EL device in a stack structure which may be divided
into functional layers of hole layers and light emitting layers.
Then, in order to develop highly efficient, long lifespan
organic EL devices, organic layers each having distinctive
characteristics have been introduced in the EL devices,
which led to the development of specialized materials used
therein.

[0003] In organic EL devices, upon application of voltage
between two electrodes, holes are injected from an anode
into an organic layer and electrons are injected from a
cathode into the organic layer. Injected holes and electrons
meet each other to form excitons, and light emission occurs
when the excitons fall to a ground state. In this case,
materials used for the organic layer may be classified into,
for example, light emitting materials, hole injection mate-
rials, hole transporting materials, electron transporting mate-
rials and electron injection materials depending on their
function.

[0004] Materials forming a light emitting layer of an
organic EL device may be classified into blue, green and red
light emitting materials depending on their emission colors.
Besides, yellow and orange light emitting materials may be
used as such a light emitting material to realize better natural
colors. In addition, a host/dopant system may be employed
in the light emitting material to increase color purity and
luminous efficiency through energy transfer Dopant materi-
als may be classified into fluorescent dopants using organic
materials and phosphorescent dopants using metal complex
compounds which include heavy atoms such as Ir and Pt.
The developed phosphorescent materials may improve the
luminous efficiency theoretically up to four times as com-
pared to fluorescent materials, so attention is given to
phosphorescent dopants as well as phosphorescent host
materials.

[0005] To date, NPB, BCP and Alqs, for example, are
widely known as hole injection materials, hole transporting
materials, electron transporting materials, and electron
injection materials, and anthracene derivatives have been
reported as light emitting materials. Particularly, metal com-
plex compounds including Ir, such as Flrpic, Ir(ppy);, and
(acac)lIr(btp),, are used as phosphorescent dopant materials
of blue, green, and red colors, and 4,4-dicarbazolybiphenyl,
(CBP) is used as phosphorescent host materials:
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(acac)lr(btp),

[0006] However, since conventional materials for organic
layers have low glass transition temperatures, thus having
poor thermal stability, and have low triplet energy, organic
EL devices in which such conventional materials are used in
the organic layers do not exhibit satisfactory current effi-
ciency and lifespan characteristics. Accordingly, there is a
demand for materials of organic layers that are excellent in
performance.

PRIOR ART DOCUMENT
Patent Literature
Korean Laid-Open Patent Publication No. 2016-0078237

DETAILED DESCRIPTION OF THE
INVENTION

Technical Objectives

[0007] The present disclosure is directed to providing a
novel compound that has excellent heat resistance charac-
teristics, carrier transporting ability and light emitting per-
formance and thus may be used as a material for an organic
layer of an organic electroluminescent device, specifically a
material for a light emitting layer, a material for an electron
transport auxiliary layer, a material for a light emitting
auxiliary layer, or a material for an electron transporting
layer.

[0008] The present disclosure is also directed to providing
an organic electroluminescent device that has a low driving
voltage, high luminous efficiency, and improved lifespan
characteristics by including the novel compound.

Technical Solution to the Problem

[0009] In order to achieve the above object, the present
disclosure provides a compound represented by the follow-
ing Chemical Formula 1:

[Chemical Formula 1]
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[0010] where in Chemical Formula 1,

[0011] Z, to Z, are each independently nitrogen or carbon,
and include at least two nitrogens, and

[0012] X is represented by the following Chemical For-
mula 2 or Chemical Formula 3,

[Chemical Formula 2]

Z Ny,
i
™ Y
e
N
[Chemical Formula 3]
g
* # ¥s
[0013] in Chemical Formula 2 and Chemical Formula 3,
[0014] one of Y, to Y, is nitrogen and the others are

carbons, and one of Y5 and Yy is nitrogen and the other is
carbon,

[0015] * means a site where a bond with Chemical For-
mula 1 is made,

[0016] n is an integer ranging from 1 to 3,

[0017] L is a single bond, or selected from the group
consisting of a C4 to C, 4 arylene group and a heteroarylene
group having 5 to 18 nuclear atoms, and

[0018] A is represented by the following Chemical For-
mula 4, and

[Chemical Formula 4]

LN :

®

X

)
R
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[0019] in Chemical Formula 4,

[0020] R, and R, are the same as or different from each

other, each independently a C, to C,, alkyl group or a C4 to
Ceo aryl group, or bound with each other to form a fused
rng,

[0021] R, and R, are the same as or different from each
other, each independently selected from the group consisting
of: hydrogen, deuterium, a halogen group, a cyano group, a
nitro group, an amino group, a C; to C,, alkyl group, a C,
to C,, alkenyl group, a C, to C,, alkynyl group, a C5 to Cy
cycloalkyl group, a heterocycloalkyl 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
Ce 10 C, aryloxy group, a C, to C,, alkylsilyl group, a Cg4
to Cg arylsilyl group, a C, to C,, alkylboron group, a C to
Ceo arylboron group, a C, to C,, phosphine group, a C, to
C.; phosphine oxide group, and a C, to Cg, arylamine group,
or bound with an adjacent group to form a fused ring,

[0022] c is an integer ranging from 0 to 4,
[0023] d is an integer ranging from 0 to 3,
[0024] * means a site where a bond with Chemical For-

mula 1 is made,
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[0025] the alkyl group and the aryl group of R, and R, the
alkyl group, the alkenyl group, the alkynyl group, the
cycloalkyl group, the heterocycloalkyl group, the aryl group,
the heteroaryl group, the alkyloxy group, the aryloxy group,
the alkylsilyl group, the arylsilyl group, the alkylboron
group, the arylboron group, the phosphine group, the phos-
phine oxide group, and the arylamine group of R, and R,
and the arylene group and the heteroarylene group of L are
each independently substituted or unsubstituted with one or
more kinds of substituents selected from the group consist-
ing of: deuterium, a halogen group, a cyano group, a nitro
group, an amino group, a C, to C,, alkyl group, a C, to Cy,
alkenyl group, a C, to C,, alkynyl group, a C, to C,,
cycloalkyl group, a heterocycloalkyl 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
Ce 1o Cy, aryloxy group, a C, to C,q alkylsilyl group, a Cg
to Cq, arylsilyl group, a C, to C,,, alkylboron group, a Cg to
Ceo arylboron group, a C, to C,, phosphine group, a C, to
C,, phosphine oxide group, and a C, to C, arylamine group,
and when the substituents are plural in number, the plurality
of substituents are the same as or different from each other.

[0026] The present disclosure also provides an organic
electroluminescent device that includes an anode, a cathode
and one or more organic layers disposed between the anode
and the cathode. At least one of the one or more organic
layers includes the compound represented by Chemical
Formula 1. The organic layer including the compound
represented by Chemical Formula 1 may be selected from
the group consisting of: a hole injection layer, a hole
transporting layer, a light emitting auxiliary layer, a light
emitting layer, an electron transporting layer, and an electron
injection layer. In such a case, the compound represented by
Chemical Formula 1 may be used as a material of an electron
transporting layer and an electron transport auxiliary layer.

Effects of the Invention

[0027] A compound represented by Chemical Formula 1
may be used as a material for an organic layer of an organic
electroluminescent device by virtue of its excellent heat
resistance characteristics, carrier transporting ability and
light emitting performance.

[0028] In addition, an organic electroluminescent device
including the compound according to an embodiment of the
present disclosure may be greatly improved in terms of light
emitting performance, driving voltage, lifespan, efficiency,
etc., and such an organic electroluminescent device may be
effectively applied to a full color display panel and the like.

MODES FOR CARRYING OUT THE
INVENTION

[0029] Hereinafter, embodiments of the present disclosure
will be described in detail.

[0030]

[0031] A novel organic compound according to the present
disclosure is a compound, represented by the above Chemi-
cal Formula 1, that has a structure, as a basic skeleton, in
which a fluorene moiety is bound to an electron withdrawing
group (EWG) where a pyridine moiety is bound to triazine
or pyrimidine.

<Organic Compound>
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[0032] The compound represented by Chemical Formula 1
not only is electrochemically stable and excellent in electron
transporting properties but also has high triplet energy,
excellent glass transition temperature and improved thermal
stability, because pyrimidine (or triazine) that has excellent
electron withdrawing characteristics is bound to pyridine
moiety therein. In addition, since the compound represented
by Chemical Formula 1 has a higher molecular weight than
that of materials of conventional organic EL devices, it has
a high glass transition temperature and excellent thermal
stability.

[0033] Accordingly, since the compound represented by
Chemical Formula 1 has excellent electron transporting
ability and luminescence properties, it may be used as a
material of one of a hole injection layer, a hole transporting
layer, a light emitting layer, an electron transporting layer,
and an electron injection layer, which are organic layers of
organic EL devices. Preferably, it may be used as a material
of one of a light emitting layer of green phosphorescence, an
electron transporting layer, and an electron transport auxil-
iary layer further laminated on the electron transporting
layer.

[0034] Specifically, since the compound represented by
Chemical Formula 1 has a high triplet energy, due to
triplet-triplet fusion (TTF) effects, it may be used as a
material for the electron transport auxiliary layer, thus
exhibiting greatly increased efficiency. In addition, excitons
generated in the light emitting layer may be substantially
prevented from being diffused into the electron transporting
layer or the hole transporting layer which are adjacent to the
light emitting layer. The number of excitons contributing to
light emission in the light emitting layer may increase, and
thus luminous efficiency of the device may be improved.
Further, durability and stability of the device may be
improved, and thus the lifespan of the device may be
efficiently increased. The organic EL device to which such
a compound represented by the above Chemical Formula 1
is applied exhibits physical characteristics that the lifespan
of the organic EL device is improved because such an
organic EL device is generally capable of operating at a low
voltage.

[0035] Accordingly, when the compound represented by
Chemical Formula 1 is used in an organic EL device, not
only excellent thermal stability and carrier transporting
ability (particularly, electron transporting ability and light
emitting performance) may be expected, but also the driving
voltage, efliciency, lifespan and the like of the device may be
improved.

[0036] In addition, the compound represented by Chemi-
cal Formula 1 is considerably advantageous for electron
transporting and shows long lifespan characteristics. The
excellent electron transporting ability of such a compound
may provide high efliciency and fast mobility in organic EL
devices, and it is easy to adjust a HOMO and LUMO energy
level depending on the direction or position of substituents.
Accordingly, high electron transporting ability may be pro-
vided in the organic EL device using such a compound.

[0037] Specifically, the compound represented by Chemi-
cal Formula 1 according to the present disclosure may be
represented by any one of the following Chemical Formula
5 to Chemical Formula 10.



US 2020/0168805 A1l May 28, 2020

-continued
[Chemical Formula 8]

[Chemical Formula 5]

N,
I
S

[Chemical Formula 9]

[Chemical Formula 10]

(Rl)c

[0038] In Chemical Formula 5 to Chemical Formula 10,
R, R,, R, R, Y, t0 YL, ¢, dand n are the same as those
defined in Chemical Formula 1, respectively.

[0039] Preferably, in Chemical Formula 1, X may be
selected from the group consisting of the following struc-
tures represented by X-1 to X-6.
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[0040] Preferably, in Chemical Formula 1, a structure

represented by

(* is a site where a bond is made) may be selected from the
group consisting of the following structures represented by
Ar-1 to Ar-5.
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[0041] Preferably, R, and R, may each independently be a
methyl group or a phenyl group or may be combined with
each other to form a fused ring represented by

2
O

(* is a site where a bond is made).

[0042] Preferably, in Chemical Formula 1, A may be
selected from the group consisting of the following struc-
tures represented by A-1 to A-6.
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[0043] Preferably, in Chemical Formula 1, L may be a

single bond or a linking group selected from the following
structures represented by L-1 to L-7.
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[0044] The compound, described above, represented by
the above Chemical Formula 1 according to the present
disclosure may be more specifically embodied as a com-
pound represented by any one of Compounds 1 to 750
exemplified below. However, the compound represented by
Chemical Formula 1 of the present disclosure is not limited
by those illustrated below.
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[0045] As used herein, “alkyl” refers to a monovalent
functional group obtained by removing a hydrogen atom
from a saturated, linear or branched hydrocarbon having 1 to
40 carbon atoms. Examples of such alkyl may include, but
are not limited to, methyl, ethyl, propyl, isobutyl, sec-butyl,
pentyl, iso-amyl, hexyl or the like.

[0046] As used herein, “alkenyl” refers to a monovalent
substituent derived from an unsaturated, linear or branched
hydrocarbon having 2 to 40 carbon atoms, having at least
one carbon-carbon double bond. Examples of such alkenyl
may include, but are not limited to, vinyl, allyl, isopropenyl,
2-butenyl or the like.

[0047] As used herein, “alkynyl” refers to a monovalent
substituent derived from an unsaturated, linear or branched



US 2020/0168805 A1l

hydrocarbon having 2 to 40 carbon atoms, having at least
one carbon-carbon triple bond. Examples of such alkynyl
may include, but are not limited to, ethynyl, 2-propynyl or
the like.

[0048] As used herein, “aryl” refers to a monovalent
substituent derived from an aromatic hydrocarbon having 6
to 60 carbon atoms, which is in a structure with a single ring
or two or more rings combined with each other. In addition,
a form in which two or more rings are pendant (e g, simply
attached) to or fused with each other may also be included.
Examples of such aryl may include, but are not limited to,
phenyl, naphthyl, phenanthryl, anthryl or the like.

[0049] As used herein, “heteroaryl” refers to a monovalent
substituent derived from a moncheterocyclic or polyhetero-
cyclic aromatic hydrocarbon having 5 to 60 nuclear atoms In
such a case, one or more carbons in the ring, preferably one
to three carbons, are substituted with a heteroatom such as
N, O, S or Se. In addition, a form in which two or more rings
are pendant to or fused with each other may be included, and
a form fused with an aryl group may also be included.
Examples of such heteroaryl may include, but are not limited
to, a 6-membered monocyclic ring such as pyridyl, pyrazi-
nyl, pyrimidinyl, pyridazinyl and triazinyl; a polycyclic ring
such as phenoxathienyl, indolizinyl, indolyl, purinyl, qui-
nolyl, benzothiazole and carbazolyl; 2-furanyl; N-imida-
zolyl; 2-isoxazolyl; 2-pyridinyl; 2-pyrimidinyl or the like.
[0050] As used herein, “aryloxy” refers to a monovalent
functional group represented by R"O—, where R" is aryl
having 6 to 60 carbon atoms. Examples of such aryloxy may
include, but are not limited to, phenyloxy, naphthyloxy,
diphenyloxy or the like.

[0051] As used herein, “alkyloxy” refers to a monovalent
functional group represented by R'O—, where R' is alkyl
having 1 to 40 carbon atoms. Such alkyloxy may include a
linear, branched or cyclic structure. Examples of such alky-
loxy may include, but are not limited to, methoxy, ethoxy,
n-propoxy, 1-propoxy, t-butoxy, n-butoxy, pentoxy or the
like.

[0052] As used herein, “cycloalkyl” refers to a monova-
lent 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 such cycloalkyl may include, but are not
limited to, cyclopropyl, cyclopentyl, cyclohexyl, norbornyl,
adamantine or the like.

[0053] As used herein, “heterocycloalkyl” refers to a mon-
ovalent functional group obtained by removing a hydrogen
atom from a non-aromatic hydrocarbon (saturated cyclic
hydrocarbon) having 3 to 40 nuclear atoms, where one or
more carbons in the ring, preferably one to three carbons, are
substituted with a heteroatom such as N, O, or S. Examples
of such heterocycloalkyl may include, but are not limited to,
morpholine, piperazine or the like.

[0054] As used herein, “alkylsilyl” refers to silyl substi-
tuted with alkyl having 1 to 40 carbon atoms, “arylsilyl”
refers to silyl substituted with aryl having 6 to 60 carbon
atoms, “alkylboron group” refers to a boron group substi-
tuted with alkyl having 1 to 40 carbon atoms, “arylboron
group” refers to a boron group substituted with aryl having
6 to 60 carbon atoms, “arylphosphine group” refers to a
phosphine group substituted with aryl having 6 to 60 carbon
atoms, and “arylamine” refers to amine substituted with aryl
having 6 to 60 carbon atoms.

[0055] As used herein, the term “fused (e.g., condensed)
ring” refers to a fused aliphatic ring, a fused aromatic ring,
a fused heteroaliphatic ring, a fused heteroaromatic ring, or
a combination thereof.

[0056] Such a compound represented by Chemical For-
mula 1 of the present disclosure may be synthesized in
various manners with reference to the synthesis process of

«
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embodiments described below. The detailed synthesis pro-
cess will be described below in synthesis embodiments.
[0057] <Organic Electroluminescent Device>

[0058] The present disclosure provides an organic elec-
troluminescent device (“EL device”) including the com-
pound represented by Chemical Formula 1.

[0059] More specifically, the organic EL device according
to the present disclosure includes an anode, a cathode, and
one or more organic layers disposed (e.g., interposed)
between the anode and the cathode, and at least one of the
one or more organic layers include the compound repre-
sented by Chemical Formula 1. In such a case, the com-
pound may be used solely or as a combination of two or
more kinds thereof.

[0060] The one or more organic layers may be any one or
more of a hole injection layer, a hole transporting layer, a
light emitting auxiliary layer, a light emitting layer, an
electron transport auxiliary layer, an electron transporting
layer, and an electron injection layer, and at least one of the
organic layers may include the compound represented by
Chemical Formula 1. Specifically, the organic layer includ-
ing the compound represented by Chemical Formula 1 may
preferably be a light emitting layer, an electron transport
auxiliary layer, and/or an electron transporting layer.
[0061] The light emitting layer of the organic EL device of
the present disclosure may include a host material (prefer-
ably, a phosphorescent host material). In addition, the light
emitting layer of the organic EL device of the present
disclosure may include, as a host, a compound other than the
compound represented by Chemical Formula 1.

[0062] A structure of the organic EL device of the present
disclosure is not particularly limited, but a non-limiting
example thereof may have a structure in which a substrate,
an anode, a hole injection layer, a hole transporting layer, a
light emitting auxiliary layer, a light emitting layer, an
electron transporting layer and a cathode are sequentially
laminated. In such a case, at least one of the hole injection
layer, the hole transporting layer, the light emitting auxiliary
layer, the light emitting layer, and the electron transporting
layer may include the compound represented by Chemical
Formula 1, and preferably, the light emitting layer or the
electron transporting layer may include the compound rep-
resented by Chemical Formula 1. In such a case, an electron
injection layer may further be laminated on the electron
transporting layer. In addition, the structure of the organic
EL device of the present disclosure may have a structure in
which an electron transport auxiliary layer is provided in
addition to the electrodes and the organic layers described
above. In such an embodiment, one or more of the hole
injection layer, the hole transporting layer, the light emitting
auxiliary layer, the light emitting layer, the electron transport
auxiliary layer and the electron transporting laver may
include the compound represented by Chemical Formula 1,
and preferably, the light emitting layer, the electron transport
auxiliary layer or the electron transporting layer may include
the compound represented by Chemical Formula 1.

[0063] Meanwhile, the organic EL. device of the present
disclosure may be manufactured by forming organic layers
and electrodes with conventional materials and through
conventional methods known in the art, except that one or
more of the aforementioned organic layers include the
compound represented by Chemical Formula 1.

[0064] The organic layers may be formed by a vacuum
deposition method or a solution coating method. Examples
of the solution coating method may include, but are not
limited to, spin coating, dip coating, doctor blading, inkjet
printing, thermal transfer or the like.

[0065] The substrate used for manufacturing the organic
EL device of the present disclosure is not particularly
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limited, but silicon wafers, quartz, glass plates, metal plates,
plastic films, sheets or the like may be used.

[0066] In addition, a material of the anode may include,
but not limited to, 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 (1Z0); a combination of oxide with metal
such as ZnO:Al or Sn0O,:Sb; a conductive polymer such as
polythiophene, poly(3-methylthiophene), poly [3,4-(ethyl-
ene-1,2-dioxy) thiophene] (PEDT), polypyrrole or polyani-
line; carbon black or the like.

[0067] In addition, a material of the cathode may include,
but not limited to, a metal such as magnesium, calcium,
sodium, potassium, titanium, indium, yttrium, lithium, gado-
linium, aluminum, silver, tin and lead or an alloy thereof; a
multi-layered material such as LiF/Al and LiO,/Al or the
like.

[0068] Inaddition, materials of the hole injection layer, the
hole transporting layer and the light emitting auxiliary layer
are not particularly limited and conventional materials
known in the art may be used.

[0069] Hereinafter, the present disclosure will be
described in detail through exemplary embodiments. How-
ever, the following embodiments are merely to illustrate the
invention, and the present disclosure is not limited by the
following embodiments.

[Preparation Example 1] Synthesis of PPY-1

<Step 1> Synthesis of PPY-1

[0070]
a
\ N
N Cl
=z (HO),B
N Pd(PPhs)y, K005 -
X Toluene, EtOH, IO
Cl
PPY-1
[0071] 45.0 g of 4,6-dichloro-2-phenylpyrimidine and

40.0 g of (4-(pyridin-3-yl)phenyl)boronic acid, 6.0 g of
tetrakis(phenylphosphine)palladium (0), and 42 g of K,CO,
were added to 800 ml of toluene, 200 ml of ethanol, and 200
ml of water, and the mixture was stirred and heated under
reflux for 2 hours. After the reaction was completed, the
solution was inactivated with a sufficient amount of water,
and transferred to a separatory funnel, followed by extrac-
tion with methylene chloride. An organic layer was dried
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over magnesium sulfate, concentrated and purified by col-
umn chromatography, thereby obtaining 39.8 g (yield 58%)
of PPY-1.

[0072] 1H-NMR: & 9.24 (s, 1H), 8.70 (d, 1H), 8.42-8.30
(m, 5H), 7.57-7.50 (m, 4H), 7.25 (d, 2H) 7.03 (s, 1H)

[0073] Mass: [(M+I1)+]: 344

[Preparation Example 21 Synthesis of PPY-2 and 3

<Step 1> Synthesis of (E)-1-(4-bromophenyl)-3-(4-
pyridin-3-yl)phenyl)prop-2-ene-1-one

[0074]
Br
& | o
XA N
o EtOH
H
4
Br. N N
O AN O
0
[0075] 50.0 g of 4-(pyridin-3-y1) benzaldehyde, 49.1 g of

1-(4-bromophenyl)ethan-1-one, and 182 g of sodium
methoxide were added to 800 ml of ethanol, and the mixture
was stirred for 8 hours. After the reaction was completed, the
mixture was stirred at room temperature for 1 hour, followed
by extraction with ethyl acetate. An organic layer was dried
over magnesium sulfate, concentrated and purified by col-
umn chromatography, thereby obtaining 36.4 g (yield 72%)
of (E)-1-(4-bromophenyl)-3-(4-pyridin-3-yl)phenyl)prop-2-
ene-1-one.

[0076] 1H-NMR: & 9.24 (s, 1H), 8.50 (d, 1H), 8.38 (d,
1H), 8.08-8.01 (m, 3H), 7.75 (d, 2H), 7.60-7.45 (m, 6H)

[0077] Mass: [(M+H)+]: 364

<Step 2> Synthesis of PPY-2

[0078]
NH

HCI
« | NH,

Br. N

—_—
O § O NaOH, BtOH
(6}
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-continued

PPY-2

[0079] 36.4 g of (E)-1-(4-bromophenyl)-3-(4-pyridin-3-
yl)phenyl)prop-2-ene-1-one, 24.1 g of benzimidamide
hydrochloride, 14.2 g of sodium hydroxide were added to
500 ml of ethanol, and the mixture was stirred and heated
under reflux for 4 hours. After the reaction was completed,
the reaction product was concentrated under reduced pres-
sure to 250 ml, inactivated with a sufficient amount of water,
and then transferred to a separatory funnel, followed by
extraction with methylene chloride. An organic layer was
dried over magnesium sulfate, concentrated, and purified by
column chromatography. thereby obtaining 36.2 g (yield
79%) of PPY-2.

[0080] 1H-NMR: 8 9.21 (s, 1H), 8.70 (d, 1H). 8.42-8.30
(m, 6H), 7.76 (d, 2H), 7.59-7.55 (m, 6H), 7.25 (d, 2H)

[0081] Mass: [(M+H)+]: 464

<Step 3> Synthesis of PPY-3

[0082]

Cl

B(OH),
_—

Pd(PPhs)y, K,CO3
Toluene, EtOH,
H,0

PPY-2
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-continued

[0083] 15.0 g of PPY-2, 6.1 g of (3-chlorophenyl)boronic
acid, 0.9 g of tetrakis(phenylphosphine)palladium (0), and
7.0 g of K,CO; were added to 300 ml of toluene, 60 ml of
ethanol, and 60 ml of water, and the mixture was stirred and
heated under reflux for 2 hours. After the reaction was
completed, the solution was inactivated with a sufficient
amount of water, and transferred to a separatory funnel,
followed by extraction with methylene chloride. An organic
layer was dried over magnesium sulfate, concentrated and
purified by column chromatography, thereby obtaining 10.9
g (yield 68%) of PPY-3.

[0084] 1L-NMR: 8 9.21 (s, 1H), 8.70 (d, 1H), 8.42-8.30
(m, 6H), 7.97 (s, 1H), 7.76 (d. 2H), 7.59-7.55 (m, 6H), 7.48
(m, 2H), 7.39 (d, 1H), 725 (d, 2H)

[0085] Mass: [(M+H)+]: 496

[Preparation Example 3] Synthesis of PPY-4 to 6

<Step 1> Synthesis of (E)-1-(3-bromophenyl)-3-(4-
pyridin-3-yl)phenyl)prop-2-ene-1-one

[0086]

Br
“ | 0
N N
EtOH
o]
H



US 2020/0168805 A1l

-continued

Br z

g
O

0

[0087] 50.0 g of 4-(pyridin-3-y1) benzaldehyde, 49.1 g of
1-(3-bromophenyl)ethan-1-one, and 182 g of sodium
methoxide were added to 800 ml of ethanol, and the mixture
was stirred for 8 hours. After the reaction was completed, the
mixture was stirred at room temperature for 1 hour, followed
by extraction with ethyl acetate. An organic layer was dried
over magnesium sulfate, concentrated and purified by col-
umn chromatography, thereby obtaining 38.2 g (yield 74%)
of (E)-1-(3-bromophenyl)-3-(4-pyridin-3-yl)phenyl)prop-2-
ene-1-one.

[0088] 1H-NMR: & 9.24 (s, 1H), 8.50 (d, 1H), 8.38 (d,
1H), 8.08-8.01 (m, 3H), 7.82 (d, 1H), 7.60-7.45 (m, 7H)
[0089] Mass: [(M+H)+]: 364

<Step 2> Synthesis of PPY-4

NH
HCl
NH,
_—

NaOH, E:OH

[0090]

ey M

A

Br
PPY-4

[0091] 38.2 g of (E)-1-(3-bromophenyl)-3-(4-pyridin-3-
yl)phenyl)prop-2-ene-1-one, 25.0 g of benzimidamide
hydrochloride, and 14.8 g of sodium hydroxide were added
to 500 ml of ethanol, and the mixture was stirred and heated
under reflux for 4 hours. After the reaction was completed,
the reaction product was concentrated under reduced pres-
sure to 250 ml, inactivated with a sufficient amount of water,
and then transferred to a separatory funnel, followed by
extraction with methylene chloride. An organic layer was
dried over magnesium sulfate, concentrated, and purified by
column chromatography. thereby obtaining 34.2 g (yield
75%) of PPY-4.
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[0092] 1H-NMR: & 9.24 (s, 1H), 8.70 (d, 1H), 8.42-8.30
(m, 6H), 7.78 (d, 1H), 7.67 (d, 1H) 7.50-7.43 (m, 6H), 7.25
(d, 2H)

[0093] Mass: [(M+H)+]: 464
<Step 3> Synthesis of PPY-5
[0094]
B(OH),
Cl
Pd(PPhy)y,
K,C0;
Toluene, EtOH,
L0
N
N O
O\r/ |
AN
Cl
PPY-5
[0095] 15.0 g of PPY-4, 6.1 g of (3-chlorophenyl)boronic

acid, 0.9 g of tetrakis(phenylphosphine)palladium (0), and
7.0 g of of K,CO, were added to 300 ml of toluene, 60 ml
of ethanol, and 60 ml of water, and the mixture was stirred
and heated under reflux for 2 hours. After the reaction was
completed, the solution was inactivated with a sufficient
amount of water, and transferred to a separatory funnel,
followed by extraction with methylene chloride. An organic
layer was dried over magnesium sulfate, concentrated and
purified by column chromatography, thereby obtaining 10.1
g (yield 67%) of PPY-5.

[0096] 1H-NMR: 8 9.24 (s, 1H), 8.70 (d, 1H), 8.42-8.30
(m, 6H), 7.97 (s, 1H), 7.78 (d, 1H), 7.67 (d, 1H) 7.50-7.43
(m, 8H), 7.35 (d, 1H), 7.25 (d, 2H)

[0097] Mass: [(M+H)+]: 496
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<Step 4> Synthesis of PPY-6

[0098]

B(OH),

Cl

Pd(OAc),, XPhos, Cs,CO3
Teluene, EtOH, H,O

PPY-5

[0099] 10.0 g of PPY-5, 4.1 g of (3-chlorophenyl)boronic
acid, 0.1 g of Pd(OAc),, 0.4 g of Xphos, and 4.5 g of
Cs,CO; were added to 200 ml of toluene, 40 ml of ethanol,
and 40 ml of water, and the mixture was stirred and heated
under reflux for 2 hours. After the reaction was completed,
the solution was inactivated with a sufficient amount of
water, and transferred to a separatory funnel, followed by
extraction with methylene chloride. An organic layer was
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dried over magnesium sulfate, concentrated and purified by
column chromatography, thereby obtaining 6.7 g (vield
66%) of PPY-6.

[0100] 1H-NMR: 8 9.24 (s, 1H), 8.70 (d, 1H), 8.42-8.30
(m, 6H1),7.97 (s, 1H), 7.90 (s, 1H), 7.78 (d, 1), 7.67 (d, 11)
7.50-7.40 (m, 10H), 7.35 (d, 2H), 7.25 (d, 2H)

[0101] Mass: [(M+H)+]: 572

[Preparation Example 4] Synthesis of PPY-7 and 8

<Step 1> Synthesis of PPY-7

[0102]
=
N cl N
Z o N
Naw Pd(PPhs),, K,COs
Toluene, EtOH, H,O
Cl
= |
N N
7 | A
BN
Cl
PPY-7
[0103] 45.0 g of 4,6-dichloro-2-phenylpyrimidine, 38.7 g

of (6-phenylpyridin-3-yl)boronic acid, 6.0 g of tetrakis(phe-
nylphosphine)palladium (0), and 42 g of K,CO, were added
to 800 ml of toluene, 200 ml of ethanol, and 200 ml of water,
and the mixture was stirred and heated under reflux for 2
hours. After the reaction was completed, the solution was
inactivated with a sufficient amount of water, and transferred
to a separatory funnel, followed by extraction with methyl-
ene chloride. An organic layer was dried over magnesium
sulfate, concentrated and purified by column chromatogra-
phy, thereby obtaining 40.7 g (vield 61%) of PPY-7.

[0104] 1H-NMR: & 9.23 (s, 1H), 8.62 (d, 1H). 8.42-8.30
(m, 3H), 7.96 (d, 2H), 7.73 (s, 1H), 7.54-7.48 (m, 4H), 7.31
(d, 2H)

[0105] Mass: [(M+H)+]: 344
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<Step 2> Synthesis of PPY-8

[0106]
B(OH),
| Cl
Pd(PPhs)s, K>CO;
“ N | N Toluene, EtOH, H,0
AN
Cl
PPY-7

PPY-§

[0107] 15.0 g of PPY-7, 6.1 g of (3-chlorophenyl)boronic

acid, 0.9 g of tetrakis(phenylphosphine)palladium (0), and
7.1 g of K,CO, were added to 300 ml of toluene, 60 ml of
ethanol, and 60 ml of water, and the mixture was stirred and
heated under reflux for 2 hours. After the reaction was
completed, the solution was inactivated with a sufficient
amount of water, and transferred to a separatory funnel,
followed by extraction with methylene chloride. An organic
layer was dried over magnesium sulfate, concentrated and
purified by column chromatography, thereby obtaining 13.7
g (yield 72%) of PPY-8.

[0108] 1H-NMR: § 9.15 (s, 1H), 8.73 (d, 1H). 8.43-8.12
(m, 4H), 8.13 (s, 1H), 7.99-7.97 (m, 3H), 7.52-7.41 (m, 6H),
7.11 (d, 2H)

[0109] Mass: [(M+H)+]: 420
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[Preparation Example 5] Synthesis of PPY-1 and 2

<Step 1> Synthesis of PTZ-1

[0110]

A

Pd(PPh3)4, K2CO3
Toluene, EtOH, HyO

7

N N

Cl

PTZ-1

[0111] 45.0 g of 2,4-dichloro-6-phenyl-1,3,5-triazine, 39.2
g of (4-(pyridin-3-yl)phenyl)boronic acid, 6.0 g of tetrakis
(phenylphosphine)palladium (0), and 42 g of K,CO, were
added to 800 ml of toluene, 200 ml of ethanol, and 200 ml
of water, and the mixture was stirred and heated under reflux
for 2 hours. After the reaction was completed, the solution
was inactivated with a sufficient amount of water, and
transferred to a separatory funnel, followed by extraction
with methylene chloride. An organic layer was dried over
magnesium sulfate, concentrated and purified by column
chromatography, thereby obtaining 36.2 g (yield 53%) of
PTZ-1.

[0112] 1H-NMR: 5 9.24 (s, 1H), 8.70 (d, 1H), 8.42-8.30
(m, 3H), 7.96 (d, 2H), 7.57-7.50 (m, 4H), 7.25 (d, 2H)

[0113] Mass: [(M+H)+]: 345

<Step 2> Synthesis of PTZ-2

[0114]

7 | B(OH),
N

N. Cl

/ R E——
| Pd(PPh3)4, KyCO3
N ™ N Toluene, EtOH, H,O
Cl

PTZ-1
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-continued -continued

A

o
N\N

a1 PTZ-3

PTZ-2

[0115] 10.0 gof PTZ-1, 4.1 g of (3-chlorophenyl)boronic
acid, 0.6 g of tetrakis(phenylphosphine)palladium (0), and
4.7 g of K,CO, were added to 200 ml of toluene, 40 ml of
ethanol, and 40 ml of water, and the mixture was stirred and 5-triazine, 38.1 g of (4-(pyridin-2-yl)phenyl)boronic acid,

heated under reflux for 2 hours. After the reaction was 6.0 g of tetrakis(phenylphosphine)palladium (0), and 42 g of
completed, the solution was inactivated with a sufficient

[0119] 45.0 g of 2-([1,1'-biphenyl]-3-y1)-4,6-dichloro-1,3,

K,CO, were added to 800 ml of toluene, 200 ml of ethanol,
amount of water, and transferred to a separatory funnel,

followed by extraction with methylene chloride. An organic and 200 ml of water, and the mixture was stirred and heated
layer was dried over magnesium sulfate, concentrated and ~ under reflux for 2 hours. After the reaction was completed,
purified by column chromatography, thereby obtaining 8.7 g
(vield 71%) of PTZ-2.

[0116] 1H-NMR: d 9.24 (s, 1H), 8.70 (d, 1H), 8.42-8.30
(m, 3H), 8.16 (s, 1H), 7.96-7.95 (m, 3H), 7.50-7.43 (m, 6H), extraction with methylene chloride. An organic layer was
7.25 (d, 2H)

[0117] Mass: [((M+H)+]: 421

[Preparation Example 6] Synthesis of PTZ-3
[0118] 65%) of PTZ-3.

the solution was inactivated with a sufficient amount of

water, and transferred to a separatory funnel, followed by

dried over magnesium sulfate, concentrated and purified by

column chromatography, thereby obtaining 40.4 g (yield

[0120] 1H-NMR: 6 9.23 (s, 1H), 8.70 (d, 1H), 8.42-8.30

7 | (m, 3H), 7.96 (d, 2H), 7.75 (d, 2H) 7.67-7.43 (m, 7H), 7.23
O Ny (d, 2H)
N. Cl
7 T HOLB [0121] Mass: [(M+H)+]: 421
NYN
Cl

Pd(PPhy),, K,CO; . .
Toluene, B:OH, 1,0 [Synthesis Example 1] Synthesis of Compound 1

[0122]

7

~ @
B(OH),
: 920
“

Pd(PPh3)4, K,CO3
N = Toluene, EtOH, H,O

PPY-1
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-continued

[0123] 3.0 g of PPY-1, 4.3 g of (9,9-dimethyl-9H-fluoren-
2-yD)boronic acid, and 3.3 g of K,CO, were mixed, 60 ml of
toluene, 12 ml of ethanol, and 12 ml of water were added
thereto, 500 mg of tetrakis(phenylphosphine)palladium (0)
was further added thereto, and the mixture was stirred and
heated for 4 hours. After the reaction was completed, the
temperature was lowered to room temperature, and the
reaction product was filtered. The filtrate was poured into
water, followed by extraction with chloroform. An organic

&

Cl

PPY-1
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layer was dried over MgSO, and concentrated under reduced
pressure, and column chromatography with MC:Hex=2:1
was performed, thereby obtaining 2.8 g (yield 55%) of
Compound 1 in a white solid state.

[0124] Mass: [(M+H)+]: 502

[Synthesis Example 2] Synthesis of Compound 2

[0125]
N N
Pd(PPh3)4, K»CO3
Toluene, EtOH, H,O
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[0126] 3.0 g of PPY-1, 5.1 g of 9,9"-spirobi[fluorene]-2-y1
boronic acid, and 3.3 g of K,CO; were mixed, 60 ml of
toluene, 12 ml of ethanol, and 12 ml of water were added
thereto, 500 mg of tetrakis(phenylphosphine)palladium (0)
was further added thereto, and the mixture was stirred and
heated for 4 hours. After the reaction was completed, the
temperature was lowered to room temperature, and the
reaction product was filtered. The filtrate was poured into
water, followed by extraction with chloroform. An organic

PPY-1

May 28, 2020

layer was dried over MgSO, and concentrated under reduced
pressure, and column chromatography with MC:Hex=2:1
was performed, thereby obtaining 3.2 g (yield 58%) of
Compound 2 in a white solid state.

[0127] Mass: [(M+H)+]: 624

[Synthesis Example 3] Synthesis of Compound 4
[0128]

O =N
8 »

”
\ N

Pd(PPh3)4, KoCO3
Toluene, EtOH, H,O

[0129] 3.1 g of PPY-1, 4.8 g of (7,7-dimethyl-7H-benzo
[c]fluoren-9-yl)boronic acid, and 3.3 g of K,CO; were
mixed, 60 ml of toluene, 12 ml of ethanol, and 12 ml of
water were added thereto, 500 mg of tetrakis(phenylphos-
phine)palladium (0) was further added thereto, and the
mixture was stirred and heated for 4 hours. After the reaction
was completed, the temperature was lowered to room tem-
perature, and the reaction product was filtered. The filtrate
was poured into water, followed by extraction with chloro-
form. An organic layer was dried over MgSO,, and concen-
trated under reduced pressure, and column chromatography
with MC:Hex=2:1 was performed, thereby obtaining 3.5 g
(yield 56%) of Compound 4 in a white solid state.

[0130] Mass: [(M+H)+]: 551
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[Synthesis Example 4] Synthesis of Compound 42

s
GO

_ @B

Pd(PPh3)4 K,CO3
Toluene, EtOH, H,O

PTZ-1 7 |
Y
N
| N
NN

42

[0131]

[0132] 3.0 gof PTZ-1, 5.1 g of 9,9"-spirobi[fluorene]-4-yl
boronic acid, and 3.3 g of K,CO; were mixed, 60 ml of
toluene, 12 ml of ethanol, and 12 ml of water were added
thereto, 500 mg of tetrakis(phenylphosphine)palladium (0)
was further added thereto, and the mixture was stirred and
heated for 4 hours. After the reaction was completed, the
temperature was lowered to room temperature, and the
reaction product was filtered. The filtrate was poured into
water, the resultant solid was filtered out, the resultant solid
was dissolved in a sufficient amount of MC and concentrated
under reduced pressure, and column chromatography with
MC:Hex=2:1 was performed, thereby obtaining 4.1 g (vield
75%) of Compound 42 in a white solid state.

[0133] Mass: [(M+H)+]: 625

Z
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[Synthesis Example 5] Synthesis of Compound 45
[0134]
4 9 @
SIS
N | (HO),B
Pd(PPhs)y, KoCOs
IV Toluene, BtOH, I,0
Cl
PTZ-1
4
N N
N
Qr R
N /N
45
[0135] 3.2 g of PTZ-1, 4.9 g of (7,7-dimethyl-7H-benzo

[c]fluoren-7-yI)boronic acid, and 3.3 g of K,CO; were
mixed, 60 ml of toluene, 12 ml of ethanol, and 12 ml of
water were added thereto, 520 mg of tetrakis(phenylphos-
phine)palladium (0) was further added thereto, and the
mixture was stirred and heated for 4 hours. After the reaction
was completed, the temperature was lowered to room tem-
perature, and the reaction product was filtered. The filtrate
was poured into water, followed by extraction with chloro-
form. An organic layer was dried over MgSO,, and concen-
trated under reduced pressure, and column chromatography
with MC:Hex=2:1 was performed, thereby obtaining 3.8 g
(vield 57%) of Compound 45 in a white solid state.

[0136] Mass: [(M+H)+]: 553

[Synthesis Example 6] Synthesis of Compound 111

[0137]

“

N

AN

o0

B(OH),

Pd(PPh3)4, K,CO3
Toluene, EtOH, H,O

PPY-2
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[0138] 2.0 gof PPY-2, 2.1 g of (9,9-dimethy!-9H-fluoren-
3-yl)boronic acid, and 1.8 g of K,CO, were mixed, 50 ml of
toluene, 10 ml of ethanol, and 10 ml of water were added
thereto, 200 mg of tetrakis(phenylphosphine)palladium (0)
was further added thereto, and the mixture was stirred and
heated for 4 hours. After the reaction was completed, the
temperature was lowered to room temperature, and the
reaction product was filtered. The filtrate was poured into
water, followed by extraction with chloroform. An organic

PPY-2

layer was dried over MgSO,, and concentrated under reduced
pressure, and column chromatography with MC was per-
formed, thereby obtaining 1.8 g (yield 76%) of Compound
111 in a white solid state.

[0139] Mass: [(M+H)*]: 578
[Synthesis Example 7] Synthesis of Compound 112
[0140]

B(OH),

Pd(PPhs)4, K,CO3
Toluene, EtOH, H,O
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112

[0141] 2.0 g of PPY-2, 2.5 g of 9,9"-spirobi[fluorene]-3-yl
boronic acid, and 2.0 g of K,CO; were mixed, 50 ml of
toluene, 12 ml of ethanol, and 12 ml of water were added
thereto, 200 mg of tetrakis(phenylphosphine)palladium (0)
was further added thereto, and the mixture was stirred and
heated for 4 hours. After the reaction was completed, the
temperature was lowered to room temperature, and the
reaction product was filtered. The filtrate was poured into
water, followed by extraction with chloroform. An organic

layer was dried over MgSO, and concentrated under reduced
pressure, and column chromatography with THF:Hex=1:5
was performed, thereby obtaining 1.5 g (vield 55%) of
Compound 112 in a white solid state.

[0142] Mass: [(M+H)*]: 700

[Synthesis Example 8] Synthesis of Compound 121
[0143]

O. B(OH),

Pd(PPh3)y, K,CO3
Toluene, EtOH, H,O
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-continued

[0144] 2.1 g of PPY-4, 2.2 g of (9,9-dimethyl-9H-fluoren-
2-yl)boronic acid, and 1.9 g of K,CO, were mixed, 50 ml of
toluene, 10 ml of ethanol, and 10 ml of water were added
thereto, 220 mg of tetrakis(phenylphosphine)palladium (0)
was further added thereto, and the mixture was stirred and
heated for 4 hours. After the reaction was completed, the
temperature was lowered to room temperature, and the
reaction product was filtered. The filtrate was poured into
water, followed by extraction with chloroform. An organic
layer was dried over MgSO,, and concentrated under reduced
pressure, and column chromatography with MC was per-
formed, thereby obtaining 1.6 g (yield 72%) of Compound

121 in a white solid state.

[0145] Mass: [(M+H)+]: 578

[Synthesis Example 9] Synthesis of Compound 133

[0146]

Qo
-0

B(OH},

Pd(PPhy)y, K2CO,
Toluene, EtOH, H,O

N
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-continued

133

[0147] 2.1 gof PPY-4,2.7 g of (9,9-diphenyl-9H-fluoren-
4-yl)boronic acid, and 2.1 g of K,CO; were mixed, 50 ml of
toluene, 12 ml of ethanol, and 12 ml of water were added
thereto, 210 mg of tetrakis(phenylphosphine)palladium (0)
was further added thereto, and the mixture was stirred and
heated for 4 hours. After the reaction was completed, the
temperature was lowered to room temperature, and the
reaction product was filtered. The filtrate was poured into
water, followed by extraction with chloroform. An organic
layer was dried over MgSO, and concentrated under reduced
pressure, and column chromatography with MC added with
some pyridine was performed, thereby obtaining 2.1 g (yield
68%) of Compound 133 in a white solid state.

[0148] Mass: [(M+H)+]: 702
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[Synthesis Example 10] Synthesis of Compound
151

[0149]

)

N
N
@\( | Q.O B(OH),
NeLY

Pd(PPhs)g, K;,CO5
Toluene, FtOH, H,0

Cl
PTZ-2

[0150] 2.3 gof PTZ-2,2.3 g of (9,9-dimethyl-9H-fluoren-
2-yl)boronic acid, and 3.0 g of Cs,CO, were mixed, 60 ml
of toluene, 12 ml of ethanol, and 12 ml of water were added
thereto, 50 mg of Pd(OAc), and 230 mg of Xphos were
further added thereto, and the mixture was stirred and heated
for 4 hours. After the reaction was completed, the tempera-
ture was lowered to room temperature, and the reaction
product was filtered. The filtrate was poured into water,
followed by extraction with chloroform. An organic layer
was dried over MgSO, and concentrated under reduced
pressure, and column chromatography with MC was per-
formed, thereby obtaining 2.2 g (yield 75%) of Compound
151 in a white solid state.

[0151] Mass: [(M+H)+]: 579
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[Synthesis Example 11] Synthesis of Compound
156

[0152]

Watoe sy

Pd(PPhs)4, K,CO3
Toluene, EtOH, H,O

Cl
PTZ-2

“
\N
N
N/N

¢
e
ke

[0153] 2.1 g of PTZ-2,2.2 g of (9,9-dimethyl-9H-fluoren-
3-yl)boronic acid, and 2.8 g of Cs,CO, were mixed, 60 ml
of toluene, 12 ml of ethanol, and 12 ml of water were added
thereto, 48 mg of Pd(OAc), and 200 mg of Xphos were
further added thereto, and the mixture was stirred and heated
for 4 hours. After the reaction was completed, the tempera-
ture was lowered to room temperature, and the reaction
product was filtered. The filtrate was poured into water,
followed by extraction with chloroform. An organic layer
was dried over MgSO, and concentrated under reduced
pressure, and column chromatography with MC was per-
formed, thereby obtaining 2.0 g (yield 71%) of Compound
156 in a white solid state.

[0154] Mass: [(M+H)+]: 579

[Synthesis Example 12] Synthesis of Compound
346

[0155]

N

O'Q B(OH),

Pd{OAc)y, XPhos, Cs,CO;
Toluene, EtOH, H,O
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_continued [0156] 2.5 g of PPY-3, 2.4 g of (9,9-dimethyl-9H-fluoren-
2-yl)boronic acid, and 3.3 g of Cs,CO; were mixed, 60 ml
of toluene, 12 ml of ethanol, and 12 ml of water were added
thereto, 57 mg of Pd(OAc), and 250 mg of Xphos were
further added thereto, and the mixture was stirred and heated
for 4 hours. After the reaction was completed, the tempera-
ture was lowered to room temperature, and the reaction
product was filtered. The filtrate was poured into water,
followed by extraction with chloroform. An organic layer
was dried over MgSO, and concentrated under reduced
pressure, and column chromatography with MC was per-
formed, thereby obtaining 2.3 g (yield 70%) of Compound

346 in a white solid state.

[0157] Mass: [(M+H)+]: 654

346
[Synthesis Example 13] Synthesis of Compound
350
[0158]
a
N N
N
=
AN

OQ' o,

Pd(OAc);, XPhos, Cs,C04
Toluene, EtOH, H,O

Cl

PPY-3
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[0159] 2.5 g of PPY-3, 2.8 g of (7,7-dimethyl-7H-benzo
[c]fluoren-9-yD)boronic acid, and 33 g of Cs,CO; were
mixed, 60 ml of toluene, 12 ml of ethanol, and 12 ml of
water were added thereto, 57 mg of Pd(OAc), and 250 mg
of Xphos were further added thereto, and the mixture was
stirred and heated for 4 hours. After the reaction was
completed, the temperature was lowered to room tempera-
ture, and the reaction product was filtered. The filtrate was
poured into water, followed by extraction with chloroform.
An organic layer was dried over MgSO, and concentrated
under reduced pressure, and column chromatography with
MC was performed, thereby obtaining 2.5 g (yield 71%) of

Compound 350 in a white solid state.

[0160] Mass: [(M+H)+]: 704

[Synthesis Example 14] Synthesis of Compound
376

[0161]

Q. B(CH),

Pd{OAc);, XPhos, Cs,CO3
Toluene, EtOH, H,O

PPY-5

-continued

376

[0162] 2.2 gof PPY-5,2.3 g of (9,9-dimethyl-9H-fluoren-
2-yD)boronic acid, and 3.0 g of Cs,CO, were mixed, 60 ml
of toluene, 12 ml of ethanol, and 12 ml of water were added
thereto, 50 mg of Pd(OAc), and 230 mg of Xphos were
further added thereto, and the mixture was stirred and heated
for 4 hours. After the reaction was completed, the tempera-
ture was lowered to room temperature, and the reaction
product was filtered. The filtrate was poured into water,
followed by extraction with chloroform. An organic layer
was dried over MgSO, and concentrated under reduced
pressure, and column chromatography with MC was per-
formed, thereby obtaining 2.0 g (yield 66%) of Compound
376 in a white solid state.

[0163] Mass: [(M+H)+]: 654
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[Synthesis Example 15] Synthesis of Compound [0165] 2.0 g of PPY-5, 2.5 g of (9,9-dimethyl-9H-fluoren-
371

[0164]

2-yl)boronic acid, and 3.0 g of Cs,CO, were mixed, 60 ml
of toluene, 12 ml of ethanol, and 12 ml of water were added
thereto, 50 mg of Pd(OAc), and 230 mg of Xphos were

Q'O B(OH), further added thereto, and the mixture was stirred and heated

for 4 hours. After the reaction was completed, the tempera-

Pd(OAc),, XPhos, Cs,CO;
Toluene, EtOH, H,0 ture was lowered to room temperature, and the reaction

product was filtered. The filtrate was poured into water,
followed by extraction with chloroform. An organic layer
was dried over MgSO, and concentrated under reduced
pressure, and column chromatography with THF:Hex=1:2
was performed, thereby obtaining 2.3 g (yield 66%) of

Compound 377 in a white solid state.

[0166] Mass: [(M+I1)+]: 776

[Synthesis Example 16] Synthesis of Compound
380

[0167]

o o

Pd(OAc);, XPhos, Cs,CO;
Toluene, EtOH, H,O

Cl

PPY-5
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[0168] 2.1 g of PPY-5, 2.4 g of (11,11-dimethyl-11H-
benzo[a]fluoren-9-yl)boronic acid, and 2.9 g of Cs,CO,
were mixed, 60 ml of toluene, 12 ml of ethanol, and 12 ml
of water were added thereto, 53 mg of Pd(OAc), and 240 mg
of Xphos were further added thereto, and the mixture was
stirred and heated for 4 hours. After the reaction was
completed, the temperature was lowered to room tempera-
ture, and the reaction product was filtered. The filtrate was
poured into water, followed by extraction with chloroform.

380

An organic layer was dried over MgSO, and concentrated
under reduced pressure, and column chromatography with
MC was performed, thereby obtaining 1.9 g (vield 63%) of
Compound 380 in a white solid state.

[0169] Mass: [(M+H)+]: 704

[Synthesis Example 17] Synthesis of Compound
409

[0170]

N

NN
8 »

Pd(OAc),, XPhos, Cs,CO3
Toluene, EtOH, H,O

PPY-6
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[0171] 2.0 g of PPY-6, 2.1 g of (7,7-dimethyl-7H-benzo
[c]fluoren-9-yl)boronic acid, and 2.5 g of Cs,CO; were
mixed, 60 ml of toluene, 12 ml of ethanol, and 12 ml of
water were added thereto, 48 mg of Pd(OAc), and 210 mg
of Xphos were further added thereto, and the mixture was
stirred and heated for 4 hours. After the reaction was
completed, the temperature was lowered to room tempera-
ture, and the reaction product was filtered. The filtrate was
poured into water, followed by extraction with chloroform.
An organic layer was dried over MgSO, and concentrated
under reduced pressure, and column chromatography with
MC:MeOH=100:1 was performed, thereby obtaining 2.1 g
(vield 66%) of Compound 409 in a white solid state.
[0172] Mass: [(M+H)+]: 780

[Synthesis Example 18] Synthesis of Compound
411

[0173]

O.O B(OH),

Pd(OAc),, XPhos, Cs,CO;
Toluene, EtOH, H,O

-continued

[0174] 2.0 g of PPY-6, 2.0 g of (9,9-dimethyl-9H-fluoren-
3-yl)boronic acid, and 2.5 g of Cs,CO, were mixed, 60 ml
of toluene, 12 ml of ethanol, and 12 ml of water were added
thereto, 48 mg of Pd(OAc), and 210 mg of Xphos were
further added thereto, and the mixture was stirred and heated
for 4 hours. After the reaction was completed, the tempera-
ture was lowered to room temperature, and the reaction
product was filtered. The filtrate was poured into water,
followed by extraction with chloroform. An organic layer
was dried over MgSO, and concentrated under reduced
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pressure, and  column

(vield 59%) of Compound 411 in a white solid state.

[0175] Mass: [(M+H)+]: 730

[Synthesis Example 19] Synthesis of Compound
436

[0176]

Qe e

Pd(PPhs)4, KoCOs
Toluene, EtOH, H,O

PPY-7

chromatography  with
MC:MeOH=100:1 was performed, thereby obtaining 1.6 g
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[Synthesis Example 20] Synthesis of Compound

448
[0179]
(D
/N N N
L | (HO),B
N Pd(PPhy)s, K;CO;
al Toluene, EtOH, H,O

PPY-7

[0177] 3.0 gof PPY-7, 4.6 g of (9,9'-dimethyl-9H-fluoren-
2-yl)boronic acid, and 3.2 g of K,CO, were mixed, 60 ml of
toluene, 12 ml of ethanol, and 12 ml of water were added
thereto, 500 mg of tetrakis(phenylphosphine)palladium (0)
was further added thereto, and the mixture was stirred and
heated for 4 hours. After the reaction was completed, the
temperature was lowered to room temperature, and the
reaction product was filtered. The filtrate was poured into
water, followed by extraction with chloroform. An organic
layer was dried over MgSO,, and concentrated under reduced
pressure, and column chromatography with MC:Hex=2:1
was performed, thereby obtaining 3.0 g (yield 65%) of
Compound 436 in a white solid state.

[0178] Mass: [(M+H)+]: 502

[0180] 2.9 g of PPY-7, 5.0 g of (9,9-diphenyl-9H-fluoren-
4-yl)boronic acid, and 3.1 g of K,CO, were mixed, 60 ml of
toluene, 12 ml of ethanol, and 12 ml of water were added
thereto, 500 mg of tetrakis(phenylphosphine)palladium (0)
was further added thereto, and the mixture was stirred and
heated for 4 hours. After the reaction was completed, the
temperature was lowered to room temperature, and the
reaction product was filtered. The filtrate was poured into
water, followed by extraction with chloroform. An organic
layer was dried over MgSO, and concentrated under reduced
pressure, and column chromatography with MC:Hex=2:1
was performed, thereby obtaining 3.9 g (yield 62%) of
Compound 448 in a white solid state.

[0181] Mass: [(M+H)+]: 626
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[Synthesis Example 21] Synthesis of Compound
518

[0182]

WAL

B(OM),

Cl
PTZ-3

Pd(PPhs)4, K,CO3
Toluene, EtOH, H,O

NWea

atly

518

[0183] 2.6 g of PTZ-3, 4.6 g of (9,9'-diphenyl-9H-fluoren-
3-yD)boronic acid, and 3.3 g of K,CO, were mixed, 60 ml of
toluene, 12 ml of ethanol, and 12 ml of water were added
thereto, 480 mg of tetrakis(phenylphosphine)palladium (0)
was further added thereto, and the mixture was stirred and
heated for 4 hours. After the reaction was completed, the
temperature was lowered to room temperature, and the
reaction product was filtered. The filtrate was poured into
water, followed by extraction with chloroform. An organic

layer was dried over MgSO, and concentrated under reduced
pressure, and column chromatography with MC:Hex=2:1
was performed, thereby obtaining 4.2 g (yield 72%) of
Compound 518 in a white solid state.

[0184] Mass: [(M+H)+]: 703

[Synthesis Example 22] Synthesis of Compound
524

[0185]

- gr
|
NYN .

Pd(PPh3)4, KoCO5
al Toluene, EtOH, H,0

PTZ-3
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-continued

524
[0186] 2.0 g of PTZ-3, 3.6 g of (7,7-dimethyl-7H-benzo
[¢]fluoren-11-yl)boronic acid, and 2.3 g of K,CO; were
mixed, 50 ml of toluene, 10 ml of ethanol, and 10 ml of
water were added thereto, 400 mg of tetrakis(phenylphos-
phine)palladium (0) was further added thereto, and the
mixture was stirred and heated for 4 hours. After the reaction
was completed, the temperature was lowered to room tem-
perature, and the reaction product was filtered. The filtrate
was poured into water, followed by extraction with chloro-
form. An organic layer was dried over MgSO, and concen-
trated under reduced pressure, and column chromatography
with MC:Hex=2:1 was performed, thereby obtaining 4.2 g
(vield 72%) of Compound 524 in a white solid state.

[0187] Mass: [(M+H)+]: 629

[Synthesis Example 23] Synthesis of Compound
542

[0188]

GO

Pd(OAc),, XPhos, Cs;CO3
Toluene, EtOH, Hyo

PPY-8

May 28, 2020

-continued

[0189] 2.2 g of PPY-8, 2.6 g of 9,9"-spirobi[fluorene]-2-yl
boronic acid, and 2.9 g of Cs,CO; were mixed, 60 ml of
toluene, 12 ml of ethanol, and 12 ml of water were added
thereto, 50 mg of Pd(OAc), and 230 mg of Xphos were
further added thereto, and the mixture was stirred and heated
for 4 hours. After the reaction was completed, the tempera-
ture was lowered to room temperature, and the reaction
product was filtered. The filtrate was poured into water,
followed by extraction with chloroform. An organic layer
was dried over MgSQ, and concentrated under reduced
pressure, and column chromatography with MC was per-
formed, thereby obtaining 2.1 g (yield 53%) of Compound
542 in a white solid state.

[0190] Mass: [(M+H)*]: 700
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[Synthesis Example 24] Synthesis of Compound

May 28, 2020

545
[0191]
N | N O' B(OH),
AN
Pd(OAc),, XPhos, Cs,C0;
Toluene, EtOH, Hao
Cl
PPY-8
545
[0192] 2.3 g of PPY-8, 2.4 g of (11,11-dimethyl-11H-

benzo[a]fluoren-9-yl)boronic acid, and 3.0 g of Cs,CO,
were mixed, 60 ml of toluene, 12 ml of ethanol, and 12 ml
of water were added thereto, 55 mg of Pd(OAc), and 250 mg
of Xphos were further added thereto, and the mixture was
stirred and heated for 4 hours. After the reaction was
completed, the temperature was lowered to room tempera-
ture, and the reaction product was filtered. The filtrate was
poured into water, followed by extraction with chloroform.
An organic layer was dried over MgSO,, and concentrated
under reduced pressure, and column chromatography with
THF:Hex=1:3 was performed, thereby obtaining 2.6 g (vield
63%) of Compound 545 in a white solid state.

[0193] Mass: [(M+H)+]: 628

[Embodiments 1 to 13] Manufacturing of Blue
Organic Electroluminescent Device
[0194] Compounds 1,2, 4,42, 45,111, 112, 121, 133, 151,
156, 346, and 350 synthesized in the above Synthesis

Examples were subjected to high purity sublimation purifi-
cation by a commonly known method and then blue organic
EL devices were manufactured as follows.

[0195] First, a glass substrate thin-film-coated with indium
tin oxide (ITO) to a thickness of 1500 A was washed with
distilled water ultrasonically. After washing with distilled
water was completed, the glass substrate was ultrasonically
cleaned with a solvent, such as isopropyl alcohol, acetone
and methanol, dried, transferred to a UV OZONE cleaner
(Power sonic 405, Hwasin Tech) cleaned for 5 minutes using
UV, and then transferred to a vacuum evaporator.

[0196] On the ITO transparent electrode prepared as
above, DS-205 (Doosan Electronics CO., LTD., 80 nm)/
NPB (15 nm)/ADN+5% DS-405 (Doosan Electronics CO.,
LTD., 30 nm)/respective Compounds 1, 2, 4, 42, 45, 111,
112,121, 133, 151, 156, 346, and 350 (30 nm)/LiF (1 nm)/Al
(200 nm) were laminated in the order listed, thereby manu-
facturing organic EL devices.
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[Comparative Example 1] Manufacturing of Blue
Organic EL Device

[0197] A blue organic EL device was manufactured in the
same manner as in Embodiment 1, except that Alq;, instead
of Compound 1, was used as the material of the electron
transporting layer.

[Comparative Example 2] Manufacturing of Blue
Organic EL Device

[0198] A blue organic EL device was manufactured in the
same manner as in Embodiment 1, except that Compound 1
was not used as the material of the electron transporting
layer.

[0199] The structures of NPB, ADN, and Alq; used in
Embodiments 1 to 13 and Comparative Examples 1 and 2
are as follows.

NPB

Bvaluation Example 1

[0200] For each of the blue organic EL devices manufac-
tured in Embodiments 1 to 13 and Comparative Examples 1
and 2, a driving voltage, a current efficiency and a light
emission peak at a current density of 10 mA/cm?® were
measured and the results are shown in Table 1 below.

May 28, 2020

TABLE 1

Electron Driving  Emission Current

transporting voltage peak efficiency
Sample layer V) {nm) (cd/A)
Embodiment 1 Compound 1 3.6 453 8.1
Embodiment 2 Compound 2 38 451 8.6
Embodiment 3 Compound 4 38 452 9.1
Embodiment 4 Compound 42 3.6 452 8.5
Embodiment $ Compound 435 3.7 453 8.6
Embodiment 6 Compound 111 3.6 451 8.8
Embodiment 7 Compound 112 3.9 451 9.1
Embodiment 8 Compound 121 34 453 7.7
Embodiment 9 Compound 133 3.3 452 7.6
Embodiment 10~ Compound 151 3.1 451 7.1
Embodiment 11~ Compound 156 3.2 450 7.3
Embodiment 12 Compound 346 4.3 451 8.9
Embodiment 13 Compound 350 44 453 9.0
Comparative Algs 4.8 457 5.6
example 1
Comparative — 4.7 459 6.1
example 2
[0201] As shown in Table 1, it was appreciated that the

blue organic EL devices (Embodiments 1 to 13) in which
Compounds 1 1, 2, 4, 42, 45, 111, 112, 121, 133, 151, 156,
346 and 350 of the present disclosure, synthesized in the
above Synthesis Examples, were used in the electron trans-
porting layer exhibited excellent performance in terms of the
driving voltage, the emission peak and the current efficiency,
as compared with a conventional blue organic EL device
(Comparative Example 1) in which Alq, was used in the
electron transporting layer and a conventional blue organic
EL device (Comparative Example 2) in which the electron
transporting layer is absent.

[Embodiments 14 to 24] Manufacturing of Blue
Organic Electroluminescent Device

[0202] Compounds 376, 377, 380, 409, 411, 436, 443,
518, 524, 542, and 545 synthesized in the above Synthesis
Examples were subjected to high purity sublimation purifi-
cation by a commonly known method and then blue organic
EL devices were manufactured as follows.

[0203] First, a glass substrate thin-film-coated with indium
tin oxide (ITO) to a thickness of 1500 A was washed with
distilled water ultrasonically. After washing with distilled
water was completed, the glass substrate was ultrasonically
cleaned with a solvent, such as isopropyl alcohol, acetone
and methanol, dried, transferred to a UV OZONE cleaner
(Power sonic 405, Hwasin Tech) cleaned for 5 minutes using
UV, and then transferred to a vacuum evaporator.

[0204] On the ITO transparent electrode prepared as
above, DS-205 (Doosan Electronics CO., LTD., 80 nm)/
NPB (15 nm)/ADN+5% DS-405 (Doosan Electronics CO.,
LTD., 30 nm)/respective Compounds 376, 377, 380, 409,
411, 436, 448, 518, 524, 542, and 545 (5 nm)/Alg; (25
nm)/LiF (1 nm)/Al (200 nm) were laminated in the order
listed, thereby manufacturing organic EL devices.

[Comparative Example 3] Manufacturing of Blue
Organic FL Device

[0205] A blue organic EL device was manufactured in the
same manner as in Embodiment 14, except that Compound
376 was not used as a material of an electron transport



US 2020/0168805 A1l

auxiliary layer and that Alg,, which is a material for the
electron transporting layer, was laminated to 30 nm rather
than 25 nm.

Evaluation Example 2

[0206] For each of the blue organic EL devices manufac-
tured in Embodiments 14 to 24 and Comparative Example 3,
a driving voltage, a current efliciency and a light emission
peak at a current density of 10 mA/cm? were measured and
the results are shown in Table 2 below.

TABLE 2

Electron Driving  Emission Current

transporting voltage peak efficiency
Sample auxiliary layer V) {nm) (cd/A)
Embodiment 14 Compound 376 3.7 456 9.0
Embodiment 15  Compound 377 3.6 455 8.8
Embodiment 16 ~ Compound 380 35 456 8.6
Embodiment 17 Compound 409 3.9 455 85
Embodiment 18  Compound 411 3.4 456 9.1
Embodiment 19 Compound 436 33 457 8.8
Embodiment 20 Compound 448 3.6 455 9.1
Embodiment 21 ~ Compound 518 3.4 454 84
Embodiment 22 Compound 524 3.7 455 8.6
Embodiment 23 Compound 542 3.4 456 8.8
Embodiment 24 Compound 545 3.6 455 9.3
Comparative — 4.9 459 6.1

example 3

[0207] As shown in Table 2, it was appreciated that the
blue organic EL devices (Embodiments 14 to 24) in which
the compounds of the present disclosure, synthesized in the
above Synthesis Examples, were used in the electron trans-
porting auxiliary layer exhibited excellent performance in
terms of the driving voltage, the emission peak and the
current efficiency, as compared with conventional blue
organic EL device (Comparative Example 3) in which the
electron transporting auxiliary layer is absent.
[0208] Although the preferred embodiments of the present
disclosure have been described above, the present disclosure
is not limited thereto, and various modifications and changes
may be made within the scope of the claims and the detailed
description of the invention, which also fall within the scope
of the invention.

1. A compound represented by the following Chemical
Formula 1:

[Chemical Formula 1]

where in Chemical Formula 1,

7, to Z, are each independently nitrogen or carbon, and
comprise at least two nitrogens, and

X is represented by the following Chemical Formula 2 or
Chemical Formula 3,

May 28, 2020

[Chemical Formula 2]

[Chemical Formula 3]

in Chemical Formula 2 and Chemical Formula 3,

one of Y, to Y, is nitrogen and the others are carbons, and
one of Y, and Y, is nitrogen and the other is carbon,

means a site where a bond with Chemical Formula 1 is
made,

n is an integer ranging from 1 to 3,

L is a single bond, or selected from the group consisting
of a C4 to C |, arylene group and a heteroarylene group
having 5 to 18 nuclear atoms, and

A is represented by the following Chemical Formula 4,
and

[Chemical Formula 4]

R, N ;

&

- o
/\\ / /\(Rz)d

Ry

in Chemical Formula 4,

R, and R, are the same as or different from each other,
each independently a C, to C,,, alkyl group or C, to C,
aryl group, or bound with each other to form a fused
ring,

R, and R, are the same as or different from each other,
each independently selected from the group consisting
of: hydrogen, deuterium, a halogen group, a cyano
group, a nitro group, an amino group, a C, to C,, alkyl
group, a C, to C,q alkenyl group, a C, to C,, alkynyl
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 Cg, aryloxy group,
a C, to C,, alkylsilyl group, a C, to Cg, arylsilyl group,
a C, to C,q alkyl boron group, a Cg to Cg, aryl boron
group, a C, to C,, phosphine group, a C, to C,
phosphine oxide group, and a Cg to Cg, arylamine
group, or bound with an adjacent group to form a fused
ring,

c is an integer ranging from 0 to 4,

d is an integer ranging from 0 to 3,

means a site where a bond with Chemical Formula 1 is
made,

the alkyl group and the aryl group of R, and R,, the alkyl
group, the alkenyl group, the alkynyl group, the
cycloalkyl group, the heterocycloalkyl group, the aryl
group, the heteroaryl group, the alkyloxy group, the
aryloxy group, the alkylsilyl group, the arylsilyl group,
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the alkylboron group, the arylboron group, the phos- _continued

phine group, the phosphine oxide group, and the [Chemical Formula 7]
arylamine group of R, and R,, and the arylene group
and the heteroarylene group of L are each indepen-
dently substituted or unsubstituted with one or more
kinds of substituents selected from the group consisting
of: deuterium, a halogen group, a cyano group, a nitro
group, an amino group, a C, to C,q alkyl group, a C, to
C,, alkenyl group, a C, to C,, alkynyl 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 C4 to Cg, aryloxy group, aC, to
C,, alkylsilyl group, a C, to Cy, arylsilyl group, aC, to
C,, alkyl boron group, a C4 to Cg, arylboron group, a
C, 1o C,, phosphine group, a C, to C,, phosphine oxide
group, and a C to C, arylamine group, and when the
substituents are plural in number, the plurality of sub-
stituents are the same as or different from each other.

2. The compound of claim 1, wherein the compound
represented by Chemical Formula 1 is a compound repre-
sented by any one of the following Chemical Formula 5 to

Chemical Formula 10: )
[Chemical Formula 5]

[Chemical Formula 8]

[Chemical Formula 6]

[Chemical Formula 9]
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-continued -continued
[Chemical Formula 10] X-6
Z N,
AN

*

4. The compound of claim 1, wherein in Chemical For-
mula 1, a structure represented by

(* being a site where a bond is made) is selected from the
group consisting of the following structures represented by

where in Chemical Formula 5 to Chemical Formula 10, Ar-1 o Ar-5:
R, R, R,R,, Y, t0Y, L, c,dandn are the same as those
defined in claim 1, respectively. Arl
3. The compound of claim 1, wherein in Chemical For- | \
mula 1, X is selected from the group consisting of the "
following structures represented by X-1 to X-6: A
Ar-2
NS
X-1 x—l i
|\/‘ 7
Ar-3
7 | AN
|
N I z
X-2
7 ‘
x
N
Ar-d
£
N N
Ar-5
X4 —
1 @
) é
X-5
7
. |N 5. The compound of claim 1, wherein R, and R, are each

* independently a methyl group or a phenyl group, or com-
bined with each other to form a fused ring represented by
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Q0 o

*

)

$

L2

)
)

(* being a site where a bond is made).

¢
{

6. The compound of claim 1, wherein in Chemical For-
mula 1, A is selected from the group consisting of the L3
following structures represented by A-1 to A-6:

)

A-l

o

/ \ 14

L NN
Sy *___ T | 1 %
A2 AN Vs
L-5
| | |
L-6
N ‘ x
| L *
A3 \/ N Va
L-7
Ny
| |
\/ A
A4
8. The compound of claim 1, wherein the compound
represented by Chemical Formula 1 is selected from the
group consisting of the following compounds represented by
1 to 750:
1
A-5
A-6

7. The compound of claim 1, wherein in Chemical For-
mula 1, L is a single bond, or a linking group selected from
the following structures represented by L-1 to L-7:
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9. An organic electroluminescent device, comprising an
anode, a cathode and one or more organic layers disposed
between the anode and the cathode,

wherein at least one of the one or more organic layers
comprises the compound of the following Chemical
Formula 1 according to claim 1:

Chemical Formula 1

where in Chemical Formula 1,

7, to Z, are each independently nitrogen or carbon, and
comprise at least two nitrogens, and

X is represented by the following Chemical Formula 2 or
Chemical Formula 3,

Chemical Formula 2

May 28, 2020

Chemical Formula 3
x Y
|
Pl

in Chemical Formula 2 and Chemical Formula 3,

one of Y, to Y, is nitrogen and the others are carbons, and
one of Yy and Yy is nitrogen and the other is carbon,

* means a site where a bond with Chemical formula 1 is
made,

n is an integer ranging from 1 to 3,

L is a single bond, or selected from the group consisting
of a C4 to C, arylene group and a heteroarylene group
having 5 to 18 nuclear atoms, and Chemical Formula 4

A is represented by the following Chemical Formula 4,
and

Chemical Formula 4

Ra Ry .

| /]

=

(Rl)c) / \(Rz)d

in Chemical Formula 4,

R, and R, are the same as or different from each other,
each independently a C, to C,, alkyl group or C4 to Cy,
aryl group, or bound with each other to form a fused
ring,

R, and R, are the same as or different from each other,
each independently selected from the group consisting
of: hydrogen, deuterium, a halogen group, a cyano
group, a nitro group, an amino group, a C, to C,, alkyl
group, a C, to C,q alkenyl group, a C, to C,, alkynyl
group, a C; to C,, cycloalkyl group, a heterocycloalkyl
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 C, aryloxy group,
aC, to C,, alkylsilyl group, a C, to Cg arylsilyl group,
a C, to C,4 alkyl boron group, a Cg to Cg, aryl boron
group, a C, to C4, phosphine group, a C, to C,
phosphine oxide group, and a Cg to Cg, arylamine
group, or bound with an adjacent group to form a fused
ring,

c is an integer ranging from 0 to 4,

d is an integer ranging from 0 to 3,

means a site where a bond with Chemical Formula 1 is
made,

the alkyl group and the aryl group of R, and R,, the alkyl
group, the alkenyl group, the alkynyl group, the
cycloalkyl group, the heterocycloalkyl group, the aryl
group, the heteroaryl group, the alkyloxy group, the
aryloxy group, the alkylsilyl group, the arylsilyl group,
the alkylboron group, the arylboron group, the phos-
phine group, the phosphine oxide group, and the
arylamine group of R, and R,, and the arylene group
and the heteroarylene group of L are each indepen-
dently substituted or unsubstituted with one or more
kinds of substituents selected from the group consisting
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of: deuterium, a halogen group, a cyano group, a nitro _continued

group, and amino group, a C, to C,, alkyl group, a C, Chemical Formula 7
to C,4, alkenyl group, a C, to C,, alkynyl 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 Cq to Cg aryloxy group, a C, to
C,, alkylsilyl group, a C, to Cy, arylsilyl group, aC, to
C,, alkyl boron group, a C4 to Cy, arylboron group, a
C, to C,, phosphine group, a C, to C, phosphine oxide
group, and a C to Cg, arylamine group, and when the
substituents are plural in number, the plurality of sub-
stituents are the same as or different from each other.

10.-11. (canceled)

12. The organic electroluminescent device of claim 9,
wherein the compound represented by Chemical Formula 1
is a compound represented by any one of the following
Chemical Formula 5 to Chemical Formula 10:

Chemical Formula 5

Chemical Formula 8

Chemical Formula 9
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-continued

Chemical Formula 10

Ry

where in Chemical Formula 5 to Chemical Formula 10,

R, R, R,R,, Y, t0Y, L, c,dandn are the same as those
defined in claim 9, respectively.

13. The organic electroluminescent device of claim 9,
wherein in Chemical Formula 1, X is selected from the
group consisting of the following structures represented by
X-1 to X-6:

X-1
“
\ N
X-2
7
x>
N
X3
“
\ N
X-4
“
N

%

May 28, 2020
-continued
X-5
“ ]
AN N
X-6
N
« |

14. The organic electroluminescent device of claim 9,
wherein in Chemical Formula 1, a structure represented by

n

(* being a site where a bond is made) is selected from the
group consisting of the following structures represented by
Ar-1 to Ar-5:

Ar-1
AN
. : P
NS
I T
F F
L
AN
. : P
Ar-4
NS
I
Ar-5

~.J

15. The organic electroluminescent device of claim 9,
wherein R, and R, are each independently a methyl group or
a phenyl group, or combined with each other to form a fused
ring represented by
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L)

*

(* being a site where a bond is made).

16. The organic electroluminescent device of claim 9,
wherein in Chemical Formula 1, A is selected from the group
consisting of the following structures represented by A-1 to
A-6:

A-l
= \
oy
A-2
A3
A4
A5
A-6
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17. The organic electroluminescent device of claim 9,
wherein in Chemical Formula 1, L is a single bond or a
linking group selected from the following structures repre-
sented by L-1 to L-7:

* (\ * -1
)
ONEN
L
N
£
L4
v N
_\ | /_
-5
NSNS
(UL
i Xy ‘ N ) -
AN AS
-7

18. The organic electroluminescent device of claim 9,
wherein the organic layer comprising the compound is
selected from the group consisting of: a hole injection layer,
a hole transporting layer, a light emitting auxiliary layer, a
light emitting layer, an electron transporting layer, and an
electron injection layer.

19. The organic electroluminescent device of claim 9,
wherein the organic layer comprising the compound is
selected from the group consisting of: an electron transport-
ing layer and an electron transport auxiliary layer.
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