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ORGANIC ELECTROLUMINESCENT
COMPOUND AND ORGANIC
ELECTROLUMINESCENT DEVICE
COMPRISING THE SAME

TECHNICAL FIELD

[0001] The present disclosure relates to an organic elec-
troluminescent compound and an organic electrolumines-
cent device comprising the same.

BACKGROUND ART

[0002] An electroluminescent device (EL device) is a
self-light-emitting display device which has advantages in
that it provides a wider viewing angle, a greater contrast
ratio, and a faster response time. The first organic EL device
was developed by Eastman Kodak in 1987, by using small
aromatic diamine molecules and aluminum complexes as
materials for forming a light-emitting layer [Appl. Phys.
Lett. 51, 913, 1987].

[0003] An organic EL device (OLED) changes electric
energy into light by applying electricity to an organic
light-emitting material, and commonly comprises an anode,
a cathode, and an organic layer formed between the two
electrodes. The organic layer of the organic EL device may
comprise a hole injection layer, a hole transport layer, a hole
auxiliary layer, a light-emitting auxiliary layer, an electron
blocking layer, a light-emitting layer (containing host and
dopant materials), an electron buffer layer, a hole blocking
layer, an electron transport layer, an electron injection layer,
etc, if necessary. The materials used in the organic layer can
be classified into a hole injection material, a hole transport
material, a hole auxiliary material, a light-emitting auxiliary
material, an electron blocking material, a light-emitting
material, an electron buffer material, a hole blocking mate-
rial, an electron transport material, an electron injection
material, etc., depending on functions. In the organic EL
device, holes from an anode and electrons from a cathode
are injected into a light-emitting layer by the application of
electric voltage, and an exciton having high energy is
produced by the recombination of the holes and electrons.
The organic light-emitting compound moves into an excited
state by the energy and emits light from energy when the
organic light-emitting compound returns to the ground state
from the excited state.

[0004] The most important factor determining luminous
efficiency in an organic EL device is light-emitting materi-
als. The light-emitting materials are required to have the
following features: high quantum efficiency, high movement
degree of an electron and a hole, and uniformality and
stability of the formed light-emitting material layer. The
light-emitting material is classified into blue, green, and red
light-emitting materials according to the light-emitting
color, and further includes yellow or orange light-emitting
materials. Furthermore, the light-emitting material is clas-
sified into a host material and a dopant material in a
functional aspect. Recently, an urgent task is the develop-
ment of an organic EL. device having high efliciency and
long lifespan. In particular, the development of highly
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excellent light-emitting material over conventional materials
is urgently required, considering the EL properties necessary
for medium- and large-sized OLED panels.

[0005] Although the conventional materials provide good
luminous characteristics, they have the following disadvan-
tages: (1) Due to their low glass transition temperature and
poor thermal stability, their degradation may occur during a
high-temperature deposition process in a vacuum, and the
lifespan of the device may be shortened. (2) The power
efficiency of the organic electroluminescent device is given
by [(svvoltage)xcurrent efficiency], and the power efficiency
is inversely proportional to the voltage. Although the organic
electroluminescent device comprising phosphorescent host
materials provides higher current efficiency (cd/A) than one
comprising fluorescent materials, a significantly high driv-
ing voltage is necessary. Thus, there is no merit in terms of
power efficiency (Im/W). (3) Also, the operational lifespan
of the organic electroluminescent device is short, and
improving luminous efficiency is still necessary. Accord-
ingly, the materials constituting the organic layer in the
device, in particular a host or a dopant constituting the
light-emitting material, should be selected appropriately in
order to realize the excellent characteristics of the organic
EL device.

[0006] Meanwhile, an indolocarbazole derivative is usu-
ally used as a host HOMO component in order to improve
the voltage properties of an organic electroluminescent
device. However, there is a need to improve the conven-
tional indolocarbazole in order to further lower the driving
voltage.

[0007] Korean Patent No. 1313730 discloses an indolo-
carbazole compound as an organic electroluminescent com-
pound, but does not specifically disclose a benzo-indolocar-
bazole structure.

[0008] Korean Patent Application Laid-Open No. 2015-
77513 discloses a [c]benzo-indolocarbazole structure as an
organic electroluminescent compound from the viewpoint of
HOMO, but does not specifically disclose a [a]benzo-indo-
locarbazole or [b]benzo-indolocarbazole structure.

DISCLOSURE OF THE INVENTION

Problems to be Solved

[0009] The object of the present disclosure is to provide an
organic electroluminescent compound effective for produc-
ing an organic electroluminescent device having low driving
voltage and/or high power efficiency properties.

Solution to Problems

[0010] As a result of intensive studies to solve the tech-
nical problem above, the present inventors found that the
organic electroluminescent device can achieve low driving
voltage and/or improved power efficiency by comprising a
benzo-indolocarbazole derivative, especially a [a]benzo-
indolocarbazole or [b]benzo-indolocarbazole derivative.
Specifically, the above objective can be achieved by the
organic electroluminescent compound represented by the
following formula 1:
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[0011] wherein
[0012] atleast one of both x and y, both y and z, both p and

q, and both q and r are fused with the * positions in formula
1-a, with the proviso that the case where both x and y, and
both y and z are simultaneously fused with the * positions
in formula 1-a, and the case where both p and g, and both q
and r are simultaneously fused with the * positions in
formula 1-a, are excluded;

[0013] L represents a single bond, a substituted or unsub-
stituted (C6-C30)arylene, or a substituted or unsubstituted
(5- to 30-membered)heteroarylene;

[0014] X, to X, each independently, represent N or CR,,
with the proviso, at least one of X, to X, represents N;
[0015] Ar, represents a substituted or unsubstituted (C6-
C30)aryl, or a substituted or unsubstituted (5- to 30-mem-
bered)heteroaryl;

[0016] R, to R,, each independently, represent hydrogen,
deuterium, a halogen, a substituted or unsubstituted (C1-
C30)alkyl, a substituted or unsubstituted (C6-C30)aryl, a
substituted or unsubstituted (5- to 30-membered)heteroaryl,
a substituted or unsubstituted (C3-C30)cycloalkyl, a substi-
tuted or unsubstituted (3- to 7-membered)heterocycloalkyl,
a substituted or unsubstituted (C6-C30)aryl(C1-C30)alkyl,
—NR,,R;5, —SiR ;3R ,R;s, —SR,, —OR,, a cyano, a
nitro, or a hydroxyl;

[0017] R, to R,,, each independently, represent hydro-
gen, deuterium, a halogen, a substituted or unsubstituted
(C1-C30)alkyl, a substituted or unsubstituted (C6-C30)aryl,
a substituted or unsubstituted (5- to 30-membered)het-
eroaryl, a substituted or unsubstituted (3- to 7-membered)
heterocycloalkyl, or a substituted or unsubstituted (C3-C30)
cycloalkyl; or are linked to an adjacent substituent to form
a substituted or unsubstituted, mono- or polycyclic, (3- to
30-membered) alicyclic or aromatic ring, or the combination
thereof, which may comprise at least one heteroatom
selected from nitrogen, oxygen, and sulfur;

[0018] a to c, each independently, represent an integer of
1 to 4, where if a to ¢, each independently, are an integer of
2 or more, each of R, to R; may be the same or different; and
[0019] the heteroaryl(ene) or the heterocycloalkyl con-
tains at least one heteroatom selected from B, N, O, S, Si,
and P.
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Effects of the Invention

[0020] By comprising the organic electroluminescent
compound according to the present disclosure, it is possible
to provide an organic electroluminescent device having low
driving voltage and/or high power efliciency properties.

EMBODIMENTS OF THE INVENTION

[0021] Hereinafter, the present disclosure will be
described in detail. However, the following description is
intended to explain the disclosure, and is not meant in any
way to restrict the scope of the disclosure.

[0022] The term “an organic electroluminescent com-
pound” in the present disclosure means a compound that
may be used in an organic electroluminescent device, and
may be comprised in any layers constituting an organic
electroluminescent device, if necessary.

[0023] The term “an organic electroluminescent material”
in the present disclosure means a material that may be used
in an organic electroluminescent device, and may comprise
at least one compound. If necessary, the organic electrolu-
minescent material may be comprised in any layers consti-
tuting an organic electroluminescent device. For example,
the organic electroluminescent material may be a hole
injection material, a hole transport material, a hole auxiliary
material, a light-emitting auxiliary material, an electron
blocking material, a light-emitting material, an electron
buffer material, a hole blocking material, an electron trans-
port material, an electron injection material, etc.

[0024] The organic electroluminescent material of the
present disclosure may comprise at least one compound
represented by formula 1. Although not limited thereto, the
compound of formula 1 may be included in the light-
emitting layer. In this case, the compound of formula 1 may
be included as a host.

[0025] Hereinafter, the organic electroluminescent com-
pound represented by formula 1 will be described in more
detail.

[0026] Informula 1, atleast one of both x and y, both y and
z, both p and q, and both q and r are fused with the *
positions in formula 1-a, with the proviso that the case where
both x and y, and both y and z are simultaneously fused with
the * positions in formula 1-a, and the case where both p and
q, and both q and r are simultaneously fused with the *
positions in formula 1-a, are excluded. The meaning of both
x and y in formula 1 being fused with the * positions in
formula 1-a is that the benzene ring containing x and y in
formula 1 and the benzene ring in formula 1-a are fused to
at the x and y positions in formula 1 and two * positions in
formula 1-a each other to form a naphthalene ring. Accord-
ing to one embodiment of the present disclosure, both x and
y, or both y and z; and/or both p and q, or both q and r in
formula 1 are fused with the * positions in formula 1-a to
form at least one ring. According to another embodiment of
the present disclosure, both x and y, both y and z, both p and
q, or both q and r in formula 1 are fused with the * positions
in formula 1-a to form one ring. According to another
embodiment of the present disclosure, both x and y, or both
v and z in formula 1 are fused with the * positions in formula
1-a to form one ring.

[0027] In formula 1, L represents a single bond, a substi-
tuted or unsubstituted (C6-C30)arylene, or a substituted or
unsubstituted (5- to 30-membered)heteroarylene; as one
embodiment, a single bond, a substituted or unsubstituted
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(C6-C25)arylene, or a substituted or unsubstituted (5- to
25-membered)heteroarylene; and as another embodiment, a
single bond, an unsubstituted (C6-C18)arylene, or an unsub-
stituted (5- to 18-membered)heteroarylene. For example, L
represents a single bond, an unsubstituted phenylene, an
unsubstituted naphthylene, or an unsubstituted pyridinylene.

[0028] In formula 1,

,/Xz\Xz
3
X; \\X\l
X,
N

may represent a substituted or unsubstituted quinoxalinyl, a
substituted or unsubstituted quinazolinyl, a substituted or
unsubstituted naphthyridinyl, a substituted or unsubstituted
pyridopyrimidinyl, or a substituted or unsubstituted pyri-
dopyrazinyl; as one embodiment, may represent a substi-
tuted or unsubstituted quinoxalinyl, or a substituted or
unsubstituted quinazolinyl; and as another embodiment,
may represent a substituted or unsubstituted quinoxalinyl.

[0029] Informula 1, Ar, represents a substituted or unsub-
stituted (C6-C30)aryl, or a substituted or unsubstituted (5- to
30-membered)heteroaryl; as one embodiment, may repre-
sent a substituted or unsubstituted (C6-C25)aryl, or a sub-
stituted or unsubstituted (5- to 25-membered)heteroaryl; as
another embodiment, may represent a (C6-C18)aryl unsub-
stituted or substituted with (C1-C6)alkyl, or an unsubstituted
(5- to 18-membered)heteroaryl; and for example, may rep-
resent an unsubstituted phenyl, an unsubstituted naphthyl, a
fluorenyl substituted with dimethyl, an unsubstituted
phenanthrenyl, or an unsubstituted pyridyl.

[0030] In formula 1, R, to R,, each independently, repre-
sent hydrogen, deuterium, a halogen, a substituted or unsub-
stituted (C1-C30)alkyl, a substituted or unsubstituted (C6-
C30)aryl, a substituted or unsubstituted (5- to 30-membered)
heteroaryl, a substituted or unsubstituted (C3-C30)
cycloalkyl, a substituted or unsubstituted (3- to
7-membered)heterocycloalkyl, a substituted or unsubsti-
tuted (C6-C30)aryl(C1-C30)alkyl, —NR;R,,,
—SiR ;R UR;5, —SR;,, —OR,,, a cyano, a nitro, or a
hydroxyl; as one embodiment, may represent hydrogen, or a
substituted or unsubstituted (C6-C25)aryl; as another
embodiment, may represent hydrogen, or a (C6-C18)aryl
unsubstituted or substituted with (C1-C6)alkyl. According to
another embodiment of the present disclosure, R, may
represent hydrogen, or an unsubstituted (C6-C18)aryl, R,
and R, may represent hydrogen, and R, may represent
hydrogen, an unsubstituted (C6-C18)aryl, or an unsubsti-
tuted (C1-C4)alkyl(C6-C18)aryl. For example, R, may rep-
resent hydrogen, or an unsubstituted phenyl, R, and R, may
represent hydrogen, R, may represent hydrogen, an unsub-
stituted phenyl, an unsubstituted naphthyl, an unsubstituted
biphenyl, an unsubstituted naphthylphenyl, an unsubstituted
dimethylfluorenyl, or an unsubstituted phenanthrenyl. Also,
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when X, or X, represents CR,, R, may represent (C6-C18)
aryl unsubstituted or substituted with (C1-C6)alkyl, and
when X, to X, represent CR,, R, may represent hydrogen.
R;; to R,,, each independently, represent hydrogen, deute-
rium, a halogen, a substituted or unsubstituted (C1-C30)
alkyl, a substituted or unsubstituted (C6-C30)aryl, a substi-
tuted or unsubstituted (5- to 30-membered)heteroaryl, a
substituted or unsubstituted (3- to 7-membered)heterocy-
cloalkyl, or a substituted or unsubstituted (C3-C30)cy-
cloalkyl; or are linked to an adjacent substituent to form a
substituted or unsubstituted, mono- or polycyclic, (3- to
30-membered) alicyclic or aromatic ring, or the combination
thereof, which may comprise at least one heteroatom
selected from nitrogen, oxygen, and sulfur.

[0031] In formula 1, a to c, each independently, represent
an integer of 1 to 4, as one embodiment, an integer of 1 or
2; and as another embodiment, an integer of 1. If a to ¢, each
independently, are an integer of 2 or more, each of R, to R,
may be the same or different.

[0032] In formula 1, the heteroaryl(ene) or the heterocy-
cloalkyl contains at least one heteroatom selected from B, N,
0, S, Si, and P; as one embodiment, at least one heteroatom
selected from N, O and S; and as another embodiment, at
least one N.

[0033] According to one embodiment of the present dis-
closure, formula 1 may be represented by any one of the
following formulas 2 to 5:

&)
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[0034] In formulas 2t0 5, L, Ar;, R}, R5, X to X, aand
b are as defined in formula 1.

[0035] In formulas 2to 5, R and R, each independently,
are as defined in R, and R,.

[0036] In formulas 2 to 5, d and e, each independently,
represent an integer of 1 to 6; as one embodiment, an integer
of 1 or 2; and as another embodiment, an integer of 1. If d
and e, each independently, are an integer of 2 or more, each
of R5 and R¢ may be the same or different.

[0037] Herein, the term “(C1-C30)alkyl” is meant to be a
linear or branched alkyl having 1 to 30 carbon atoms
constituting the chain, in which the number of carbon atoms
is preferably 1 to 20, and more preferably 1 to 10. The above
alkyl may include methyl, ethyl, n-propyl, isopropyl, n-bu-
tyl, isobutyl, tert-butyl, etc. The term “(C3-C30)cycloalkyl”
is a mono- or polycyclic hydrocarbon having 3 to 30 ring
backbone carbon atoms, in which the number of carbon
atoms is preferably 3 to 20, and more preferably 3 to 7. The
above cycloalkyl may include cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, etc. The term “(3- to 7-membered)
heterocycloalkyl” is a cycloalkyl having 3 to 7, preferably 5
to 7, ring backbone atoms, and including at least one
heteroatom selected from the group consisting of the group
consisting of B, N, O, S, Si, and P, and preferably the group
consisting of the group consisting of O, S, and N. The above
heterocycloalkyl may include tetrahydrofuran, pyrrolidine,
thiolan, tetrahydropyran, etc. The term “(C6-C30)aryl(ene)”
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is a monocyclic or fused ring radical derived from an
aromatic hydrocarbon having 6 to 30 ring backbone carbon
atoms, in which the number of the ring backbone carbon
atoms is preferably 6 to 25, more preferably 6 to 18. The
above aryl(ene) may be partially saturated, and may com-
prise a spiro structure. The above aryl may include phenyl,
biphenyl, terphenyl, naphthyl, binaphthyl, phenylnaphthyl,
naphthylphenyl, fluorenyl, phenylfluorenyl, benzofiuorenyl,
dibenzofluorenyl, phenanthrenyl, phenylphenanthrenyl,
anthracenyl, indenyl, triphenylenyl, pyrenyl, tetracenyl,
perylenyl, chrysenyl, naphthacenyl, fluoranthenyl, spirobif-
luorenyl, etc. The term “(5- to 30-membered)heteroaryl
(ene)” is an aryl having 5 to 30 ring backbone atoms, and
including at least one, preferably 1 to 4 heteroatoms selected
from the group consisting of the group consisting of B. N,
O, S, Si, and P. The above heteroaryl(ene) may be a
monocyclic ring, or a fused ring condensed with at least one
benzene ring; may be partially saturated; may be one formed
by linking at least one heteroaryl or aryl group to a het-
eroaryl group via a single bond(s); and may comprise a spiro
structure. The above heteroaryl may include a monocyclic
ring-type heteroaryl such as furyl, thiophenyl, pyrrolyl,
imidazolyl, pyrazolyl, thiazolyl, thiadiazolyl, isothiazolyl,
isoxazolyl, oxazolyl, oxadiazolyl, triazinyl, tetrazinyl, triaz-
olyl, tetrazolyl, furazanyl, pyridyl, pyrazinyl, pyrimidinyl,
and pyridazinyl, and a fused ring-type heteroaryl such as
benzofuranyl, benzothiophenyl, isobenzofuranyl, dibenzo-
furanyl, dibenzothiophenyl, benzimidazolyl, benzothiazolyl,
benzoisothiazolyl, benzoisoxazolyl, benzoxazolyl, isoindo-
lyl, indolyl, benzoindolyl, indazolyl, benzothiadiazolyl, qui-
nolyl, isoquinolyl, cinnolinyl, quinazolinyl, quinoxalinyl,
naphthyridinyl, carbazolyl, benzocarbazolyl, dibenzocarba-
zolyl, phenoxazinyl, phenothiazinyl, phenanthridinyl, ben-
zodioxolyl, and dihydroacridinyl. Furthermore, “halogen”
includes F, CI, Br, and 1.

[0038] Herein, “substituted” in the expression “substituted
or unsubstituted” means that a hydrogen atom in a certain
functional group is replaced with another atom or another
functional group, i.e. a substituent. The substituents of the
substituted alkyl, the substituted aryl(ene), the substituted
heteroaryl(ene), the substituted cycloalkyl, the substituted
heterocycloalkyl, the substituted aralkyl, and the substituted
mono- or polycyclic, alicyclic or aromatic ring, or the
combination thereof, in L, Ar|, R, to R,, and R;, to R}, of
formulas 1 and 1-a, each independently, are at least one
selected from the group consisting of deuterium, a halogen,
a cyano, a carboxyl, a nitro, a hydroxyl, a (C1-C30)alkyl, a
halo(C1-C30)alkyl, a (C2-C30)alkenyl, a (C2-C30)alkynyl,
a (C1-C30)alkoxy, a (C1-C30)alkylthio, a (C3-C30)cy-
cloalkyl, a (C3-C30)cycloalkenyl, a (3- to 7-membered)
heterocycloalkyl, a (C6-C30)aryloxy, a (C6-C30)arylthio, a
(C6-C30)aryl, a (5- to 30-membered)heteroaryl, a tri(C1-
C30)alkylsilyl, a tri(C6-C30)arylsilyl, a di(C1-C30)alkyl
(C6-C30)arylsilyl, a (C1-C30)alkyldi(C6-C30)arylsilyl, an
amino, a mono- or di-(C1-C30)alkylamino, a mono- or
di-(C6-C30)arylamino, a  (C1-C30)alkyl(C6-C30)ary-
lamino, a (C1-C30)alkylcarbonyl, a (C1-C30)alkoxycarbo-
nyl, a (C6-C30)arylcarbonyl, a di(C6-C30)arylboronyl, a
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di(C1-C30)alkylboronyl, a (C1-C30)alkyl(C6-C30)arylbo-
ronyl, a (C6-C30)aryl(C1-C30)alkyl, and a (C1-C30)alkyl
(C6-C30)aryl; as one embodiment, each independently, are
at least one selected from the group consisting of a (C1-
C20)alkyl, a (5- to 25-membered)heteroaryl unsubstituted or
substituted with (C6-C25)aryl, a (C6-C25)aryl, and a (C1-
C20)alkyl(C6-C25)aryl; as another embodiment, each inde-
pendently, are at least one selected from the group consisting
of a (C1-C10)alkyl and a (C6-C18)aryl; and for example, at
least one selected from the group consisting of methyl and
naphthyl.

[0039] The compound represented by formula 1 includes
the following compounds, but is not limited thereto:

C T
O OQO
oy
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[0040] The organic electroluminescent compound of for-

AN mula 1 according to the present disclosure may be produced
O by a synthetic method known to a person skilled in the art,
and for example referring to the following reaction schemes

1 to 5, but is not limited thereto:

Reaction Scheme 1
X cl
O \
+ —_—

Rp)e Pd catalyst

N a Ligand

H N base

/



US 2019/0221752 Al Jul. 18,2019
26

-continued

_— _—
Cu catalyst Cu catalyst

Ligand Ligand
base base
Cu catalyst
base
_ = _
Pd catalyst Pd catalyst
base Ligand
base
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Reaction Scheme 2

Pd catalyst
Ligand
base

Ligand
base

Ligand
base

X
Cl
=
| Jer —— A/ .
Vi Pd catalyst \ —R)b pq catalyst
HN /
N
H
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-continued

—_—
Cu catalyst

Ligand
base
Reaction Scheme 3
7 N X4
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N N
H
Cl
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T—Rpa P
catalyst
LN A Ligand
base
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Cl \ /(Rl)a
NH Cu catalyst
7N Ligand
Rs)d base
N Xy N
H
\
c \ A~ (Rp)a
—_—
Vg F g P(i cl:atal(}i/st
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Rp—— | base
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(Rl)a
(Rs)d
Pd catalyst
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base
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Reaction Scheme 4
X
7 N
e(Re) |

e X N
X&F
/ N

base X A\ /
Xs
Xy /
N Xy
Pd catalyst X3 +
Lwand
base / / X
®)y——— |
AP N
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[0041] In reaction schemes 1 to 5, L, Ar,, R;, R,, Rs, Ry,
X, to X, 8, b, d and e are as defined in formulas 1 to 5, and
X represents a halogen.

[0042] The present disclosure may provide an organic
electroluminescent material comprising the organic elec-
troluminescent compound of formula 1, and an organic
electroluminescent device comprising the material.

[0043] The organic electroluminescent material may con-
sist of the organic electroluminescent compound of the
present disclosure as a sole compound, or may further
comprise conventional materials generally used in organic
electroluminescent materials.

[0044] The organic electroluminescent device of the pres-
ent disclosure may comprise a first electrode, a second
electrode, and at least one organic layer between the first and
second electrodes. The organic layer may comprise at least
one organic electroluminescent compound of formula 1.
[0045] One of the first and second electrodes may be an
anode, and the other may be a cathode. The organic layer
may comprise a light-emitting layer, and may further com-
prise at least one layer selected from a hole injection layer,
a hole transport layer, a hole auxiliary layer, a light-emitting
auxiliary layer, an electron transport layer, an electron
injection layer, an interlayer, a hole blocking layer, an
electron blocking layer, and an electron buffer layer.
[0046] The hole auxiliary layer or the light-emitting aux-
iliary layer may be placed between the hole transport layer
and the light-emitting layer, and may control the hole
transport rate. The hole auxiliary layer or the light-emitting
auxiliary layer may have an effect of improving the effi-
ciency and/or the lifespan of the organic electroluminescent
device.

[0047] The organic electroluminescent compound repre-
sented by formula 1 may be comprised in the light-emitting
layer. When used in the light-emitting layer, the organic
electroluminescent compound of formula 1 may be com-
prised as a host material. Preferably, the light-emitting layer
may further comprise at least one dopant.

[0048] Ifnecessary, another compound besides the organic
electroluminescent compound of formula 1 may be further
comprised as a second host material. Herein, the weight ratio
of the first host material to the second host material is in the
range of 1:99 to 99:1.

[0049] The second host material can use any of the known
phosphorescent hosts. In terms of luminous efficiency, the
second host material may be preferably selected from the
group consisting of the compounds represented by the
following formulas 11 to 16:

H— (Cz—Ly—M

H—(Czy—Ly—M
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(15)

[0050]

[0051] R, to R,,, each independently, represent hydro-
gen, deuterium, a halogen, a substituted or unsubstituted
(C1-C30)alkyl, a substituted or unsubstituted (C6-C30)aryl,
a substituted or unsubstituted (5- to 30-membered)het-
eroaryl, or —SiR,R,R,, in which R, to R, each inde-
pendently, represent a substituted or unsubstituted (C1-C30)
alkyl, or a substituted or unsubstituted (C6-C30)aryl; L,
represents a single bond, a substituted or unsubstituted
(C6-C30)arylene, or a substituted or unsubstituted (5- to
30-membered)heteroarylene; M represents a substituted or
unsubstituted (C6-C30)aryl, or a substituted or unsubstituted
(5- to 30-membered)heteroaryl; Y, and Y,, each indepen-
dently, represent —O— —S—, —NR;— or
—CR,,R;;—, with the proviso that Y, and Y, are not
present simultaneously; R,, to R,,, each independently,
represent a substituted or unsubstituted (C1-C30)alkyl, a
substituted or unsubstituted (C6-C30)aryl, or a substituted or
unsubstituted (5- to 30-membered)heteroaryl; R;, and R;;
may be the same or different; h and i, each independently,

A represents —O— or —S—; and

represent an integer of 1 to 3; j, k, 1 and m, each indepen-
dently, represent an integer of 1 to 4; q represents an integer
of 1 to 3; where if h, i, j, k, 1, m or q represents an integer
of 2 or more, each (Cz-L,), each (Cz), each R, |, each R,,,
each R,; or each R,, may be the same or different;
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[0052] wherein

[0053] Y, to Y, each independently, represent CR,, or N,
in which R,, represents hydrogen, a substituted or unsub-
stituted (C1-C30)alkyl, a substituted or unsubstituted (C6-
C30)aryl, or a substituted or unsubstituted (5- to 30-mem-
bered)heteroaryl,

[0054] B, and B,, each independently, represent hydrogen,
a substituted or unsubstituted (C6-C30)aryl, or a substituted
or unsubstituted (5- to 30-membered)heteroaryl;

[0055] B, represents a substituted or unsubstituted (C6-
C30)aryl, or a substituted or unsubstituted (5- to 30-mem-
bered)heteroaryl; and

[0056] L represents a single bond, a substituted or unsub-
stituted (C6-C30)arylene, or a substituted or unsubstituted
(5- to 30-membered)heteroarylene.

[0057] Specifically, the preferred examples of the second
host material are as follows, but are not limited thereto.
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[0058] [Wherein, TPS represents a triphenylsilyl group.]

[0059] The dopant comprised in the organic electrolumi-
nescent device of the present disclosure is preferably at least
one phosphorescent dopant. The phosphorescent dopant
material applied to the organic electroluminescent device of
the present disclosure is not particularly limited, but may be
preferably selected from the metallated complex compounds
of iridium (Ir), osmium (Os), copper (Cu), and platinum (Pt),
more preferably selected from ortho-metallated complex
compounds of iridium (Ir), osmium (Os), copper (Cu), and
platinum (Pt), and even more preferably ortho-metallated
iridium complex compounds.

[0060] The dopant comprised in the organic electrolumi-
nescent device of the present disclosure may comprise the
compound selected from the group consisting of the com-
pounds represented by the following formulas 101 to 104,
but are not limited thereto:
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~
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[0061] wherein, L, is selected from the following struc-
tures:

Ragz
(¢]
e \
Rooz
o
Ryor Rygs

[0062] R,q0, R34 and R, 55, each independently, represent
hydrogen, deuterium, a substituted or unsubstituted (C1-
C30)alkyl, or a substituted or unsubstituted (C3-C30)cy-
cloalkyl,

[0063] R, to R;ps and R,y to Ry,3, each independently,
represent hydrogen, deuterium, a halogen, a (C1-C30)alkyl
unsubstituted or substituted with deuterium or a halogen, a
substituted or unsubstituted (C3-C30)cycloalkyl, a substi-
tuted or unsubstituted (C6-C30)aryl, a cyano, or a substi-
tuted or unsubstituted (C1-C30)alkoxy; R o5 to R, oo may be
linked to adjacent R, to R;q, respectively, to form a
substituted or unsubstituted fused ring, e.g., a fluorene
unsubstituted or substituted with an alkyl, a dibenzothio-
phene unsubstituted or substituted with an alkyl, or a diben-
zofuran unsubstituted or substituted with an alkyl; and R |,
to R, ,; may be linked to adjacent R ,, to R, respectively,
to form a substituted or unsubstituted fused ring, e.g., a
quinoline unsubstituted or substituted with at least one of an
alkyl, an aryl, an arylalkyl and an alkylaryl,

[0064] R,,,toR,;;and R, ;. o R, ;,, each independently,
represent hydrogen, deuterium, a halogen, a substituted or
unsubstituted (C1-C30)alkyl, or a substituted or unsubsti-
tuted (C6-C30)aryl; and R,,, to R,,; may be linked to
adjacent R, to R ,, respectively, to form a substituted or
unsubstituted fused ring, e.g., a fluorene unsubstituted or
substituted with an alkyl, a dibenzothiophene unsubstituted
or substituted with an alkyl, or a dibenzofuran unsubstituted
or substituted with an alkyl,

[0065] X represents CR, R, O, or S;

[0066] R,, and R,,, each independently, represent a sub-
stituted or unsubstituted (C1-C10)alkyl, or a substituted or
unsubstituted (C6-C30)aryl;

[0067] R,,, to R,;,, each independently, represent hydro-
gen, deuterium, a halogen, a (C1-C30)alkyl unsubstituted or
substituted with deuterium or a halogen, a substituted or
unsubstituted (C3-C30)cycloalkyl, or a (C6-C30)aryl unsub-
stituted or substituted with an alkyl or deuterium; and R, g
to R,;, may be linked to adjacent R, to R,,,, respectively,
to form a substituted or unsubstituted fused ring, e.g., a
fluorene unsubstituted or substituted with an alkyl, a diben-
zothiophene unsubstituted or substituted with an alkyl, or a
dibenzofuran unsubstituted or substituted with an alkyl,

[0068] fand g, each independently, represent an integer of
1 to 3; where if f or g is an integer of 2 or more, each R,
may be the same or different; and

[0069] s represents an integer of 1 to 3.

/
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The specific examples of the compound used as a
dopant are as follows, but are not limited thereto.

D-1

D-2

D-3

D4



Jul. 18,2019

US 2019/0221752 Al

71

-continued

-continued

D-9

D-10

D-11

D-12




US 2019/0221752 Al Jul. 18,2019
72

-continued -continued

D-17

D-18

D-19

D-20




US 2019/0221752 Al

-continued

X

Jul. 18,2019
73
-continued
D-21 - _ D-25
()
N
‘/\
\/N\\h
\/j//
A Vi §
D-22
_ _ D-26
| AN
N
\>Ir
D-23 - -
_ _ D-27
\| X
P
| X
N... O=—
d \"‘::Ir/
s | \o /
A
D-24 - 2
_ _ D-28
| X
2N O=
I
ol \_{




US 2019/0221752 Al

N

| A
P

-continued

N
e

Ir

\/

AN

Ir/
~N

D-29

D-30

D-32

-continued

Jul. 18,2019

D-33

D-34

D-35



US 2019/0221752 A1l Jul. 18,2019
75
-continued -continued
- . D-37 . _ D-41
x
| P N
/N~
\| AN ST
2N
~, g
N\
g 8 ®
e x , V — -3
a _ D-42
_ _ D-38 \ \
A |
| N PR RN
A ~:Ir/
\Ir/ o .
0 J
U MY
- . D-43
N \ _ D-39 \
| N
N -
\>Ir ""’ ol
L —s D-44

D-40

N .
\\ ”
L,

.
RSN
.

\ /

\_/



US 2019/0221752 Al

-continued

/

—

\ 7/

/N

—Z

/

Jul. 18,2019
76

-continued
D-45 D-49

D-46
D-50
D-47
D-31
N ,.'N F
oI
L - | AN
D-48 P
D-52

..
Ve
.-




US 2019/0221752 Al Jul. 18,2019
77

-continued -continued

D-57

D-58

D-59

D-60




US 2019/0221752 Al Jul. 18,2019
78

-continued -continued

D-67

D-69




US 2019/0221752 Al

-continued

|

\

| —

/

D-711

D-72

D-73

Jul. 18,2019

79
-continued
D-74
‘E > Ir~ .
I D-75
\ g

. D-76

\i

g |

N AN

D-77




US 2019/0221752 Al

\

-continued

S

\

/

N
‘\
JIr
L

D-80

D-81

Jul. 18,2019

80
-continued
D-8
D-83
D-84
::Ir:’
— —12
_ _ D-85
B
‘,N /
P
— —2
_ _ D-86
| AN | X
N Nz




US 2019/0221752 Al

-continued

—2

N
N
=
Z

6]
O
]

AN
N
g
0 A N
] X
/N.~§ A
::Ir:’
i/;
E N..

\

D-87

\_/

D-88

/

D-89

D-90

)
’ -~
=N
“l
~\
)
’,Ir\
.
O Lt
,
T
\
.

Jul. 18,2019

-continued

x | X
A RN
iy
— —2
Ny | | N
P NG
Y
—2
AN | AN
P RN
\’:h:\,
—2
| AN
NS
-2
0=
tj:I’
Y /

D-92

D-93

D-%4

D-95



US 2019/0221752 Al

-continued

D-9
B
N A
:Ir:‘
- . D-97
o
N F
\:Ir/
— —2
_ D-98
x
N 0=
~~Irl
.
—2
D-%9

Jul. 18,2019

-continued

D-100

D-101

_D12

\ 7/

D-103

x
/N\ 0=
:Ir'\l
e,




US 2019/0221752 Al

-continued
AN | AN
2N . AN
::Ir:

x
#N
:Ir:
0 -
—2
AN | AN
2N N
:Ir:’

D-104

_D-105

/

D-106

D-107

83

7\

7\

/

Jul. 18,2019

-continued
D-108
| B
N, N A
~‘:Ir:
—2
_ D-109
| B
N\ xN S
N::Ir:
—2
D-110
B
. PN
\:Ir}'
— —2
D-111
— \




US 2019/0221752 Al

-continued

/
\

\_/
)z_
\_ 7/

]

/

N | x
Al A
e

84

D-112

D-113

D-114

D-115

Jul. 18,2019

-continued
D-116
AN | AN
N NG
SE
—2
- _ D-117
AN | e
2N . AF
I
— —2
_ _ D-118
B
N A
— —2
_ _ D-119
AN | AN
2N NG
::Ir:’
— —2
S



US 2019/0221752 Al Jul. 18,2019
85

-continued -continued
D-120

D-121 D-125

:Ir:‘
4 S
’d’ \N
L —

D-122

\Z /
/‘z —
\ 7/
1
7/ \
:'Z - |
\ 7/

D-123

/
/

\
=
p—
\




US 2019/0221752 Al Jul. 18,2019

86
-continued -continued
D-128 D-132
D-129
D-133
N
AN o=
- r
:Ir" /
o~ 0 AN | N
_ _, A SN
::Ir:
B D-130
B
RN
: D-134
— -1
D-131
AN | AN
/N\ NG
S




US 2019/0221752 Al Jul. 18,2019

87
-continued -continued
D-135
D-139
®
%
N | AN
‘ x
N A A |
::Ir:’ P
/N S /O_
-, -l /
D-136 7 | kol
N
— —
D-140
D-137
AN AN
| | o
N, N .
% o s i /
iy Y
N 0
L -
D-138
D-141
o=
Ir
/




US 2019/0221752 Al

-continued
]|3 _
D
D—C—D ~
8 |
N N

\
z
7=

\_/

D-142
|
D
o
AN
>
-2
D-143
D-144
—2
D-145

Jul. 18,2019

-continued

D-146
B
N A
- =
_ D-147
AN
A
CIr
—3
D-148
N
P
b
-3
D-149




US 2019/0221752 Al Jul. 18,2019
89

-continued -continued

D-150 D-153

D-154

D-151

D-155

D-152




US 2019/0221752 Al

-continued

D-156

D-157

[0071] The organic electroluminescent device of the pres-
ent disclosure may further comprise at least one compound
selected from the group consisting of arylamine-based com-
pounds and styrylarylamine-based compounds in the
organic layer.

[0072] In addition, in the organic electroluminescent
device of the present disclosure, the organic layer may
further comprise at least one metal selected from the group
consisting of metals of Group 1, metals of Group 2, transi-
tion metals of the 4% period, transition metals of the 5%
period, lanthanides and organic metals of d-transition ele-
ments of the Periodic Table, or at least one complex com-
pound comprising said metal.

[0073] In the organic electroluminescent device of the
present disclosure, at least one layer (hereinafter, “a surface
layer™) selected from a chalcogenide layer, a metal halide
layer and a metal oxide layer may be preferably placed on
an inner surface(s) of one or both electrodes. Specifically, a
chalcogenide (including oxides) layer of silicon or alumi-
num is preferably placed on an anode surface of an elec-
troluminescent medium layer, and a metal halide layer or a
metal oxide layer is preferably placed on a cathode surface
of an electroluminescent medium layer. Such a surface layer
may provide operation stability for the organic electrolumi-
nescent device. Preferably, the chalcogenide includes SiO,
(1=X=<2), AlO,(1=X<1.5), SiON, SiAION, etc.; the metal

90
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halide includes LiF, MgF,, CaF.,, a rare earth metal fluoride,
etc.; and the metal oxide includes Cs,O, Li,O, MgO, SrO,
BaO, Ca0, etc.

[0074] Between the anode and the light-emitting layer, a
hole injection layer, a hole transport layer, a hole auxiliary
layer, a light-emitting auxiliary layer, or an electron block-
ing layer, or a combination thereof may be used. Multi-
layers can be used for the hole injection layer in order to
lower the hole injection barrier (or hole injection voltage)
from the anode to the hole transport layer or the electron
blocking layer. Two compounds can be simultaneously used
in each layer. The hole transport layer or the electron
blocking layer may also be formed of multi-layers.

[0075] Between the light-emitting layer and the cathode, a
layer selected from an electron buffer layer, a hole blocking
layer, an electron transport layer, or an electron injection
layer, or a combination thereof can be used. Multi-layers can
be used for the electron buffer layer in order to control the
injection of the electrons and enhance the interfacial char-
acteristics between the light-emitting layer and the electron
injection layer. Two compounds may be simultaneously used
in each layer. The hole blocking layer or the electron
transport layer may also be formed of multi-layers, and each
layer can comprise two or more compounds.

[0076] In the organic electroluminescent device of the
present disclosure, a mixed region of an electron transport
compound and a reductive dopant, or a mixed region of a
hole transport compound and an oxidative dopant is prefer-
ably placed on at least one surface of a pair of electrodes. In
this case, the electron transport compound is reduced to an
anion, and thus it becomes easier to inject and transport
electrons from the mixed region to an electroluminescent
medium. Further, the hole transport compound is oxidized to
a cation, and thus it becomes easier to inject and transport
holes from the mixed region to the electroluminescent
medium. Preferably, the oxidative dopant includes various
Lewis acids and acceptor compounds; and the reductive
dopant includes alkali metals, alkali metal compounds,
alkaline earth metals, rare-earth metals, and mixtures
thereof. A reductive dopant layer may be employed as a
charge-generating layer to prepare an organic electrolumi-
nescent device having two or more light-emitting layers and
emitting white light.

[0077] In order to form each layer of the organic elec-
troluminescent device of the present disclosure, dry film-
forming methods such as vacuum evaporation, sputtering,
plasma and ion plating methods, or wet film-forming meth-
ods such as spin coating, dip coating, and flow coating
methods may be used. The first and second host compounds
of the present disclosure may be co-evaporated or mixture-
evaporated.

[0078] When using a wet film-forming method, a thin film
may be formed by dissolving or diffusing materials forming
each layer into any suitable solvent such as ethanol, chlo-
roform, tetrahydrofuran, dioxane, etc. The solvent may be
any solvent where the materials forming each layer can be
dissolved or diffused, and where there are no problems in
film-formation capability.

[0079] Also, by using the organic electroluminescent
device of the present disclosure, a display system, for
example smart phones, tablets, notebooks, PCs, TVs, or
display system for car; or a lighting system, for example an
outdoor or indoor lighting system, can be produced.
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[0080] Hereinafter, the preparation method of the com-
pound of the present disclosure, and the properties thereof
will be explained in detail with reference to the representa-
tive compounds of the present disclosure. However, the
present disclosure is not limited by the following examples.

Example 1: Preparation of Compound H-1

[0081]

NO» B(OH),

Br Pd(PPhy)s, NayCO5

B
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+
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D —
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=z

Cs,CO03, o-xylene
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N

Jul. 18,2019

-continued

Oy
ile

o

N
NW
\N

H-1

\
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[0082] Preparation of Compound 1-1

[0083] 80 g of 2,5-dibromonitrobenzene (465 mmol), 170
g of 2-naphthylboronic acid (604 mmol), 16.2 g of tetrakis
(triphenylphosphine)palladium (Pd(PPh,),) (13.95 mmol),
and 123 g of sodium carbonate (Na,CO;) (1163 mmol) were
poured into 1000 mL of toluene, 160 mL of ethanol (EtOH),
and 500 mL of distilled water, and the mixture was stirred
under reflux for one day. After completion of the reaction,
the reaction product was cooled at room temperature, and
extracted with distilled water and ethyl acetate (EA). The
organic layer was distilled under reduced pressure and then
purified by column chromatography using MC/Hex to
obtain 88 g of compound 1-1 (58%).

[0084] Preparation of Compound 1-2

[0085] 88 g ofcompound 1-1 (268 mmol) was poured into
1.3 L of triethylphosphite (P(OEt);), and the mixture was
stirred for one day at 150° C. After completion of the
reaction, the reaction product was concentrated under
reduced pressure, extracted with methylene chloride (MC),
and then the organic layer was concentrated. The organic
layer was purified by column chromatography using
MC/Hex to obtain 55 g of compound 1-2 (69%).

[0086] Preparation of Compound 11-3

[0087] 40 g of compound 1-2 (135 mmol), 21 mL of
chloroaniline (202 mmol), 1.2 g of palladium acetate (Pd
(OAc),) (5.4 mmol), 5.4 mL of tri-tert-butylphosphine (P(t-
Bu);) (50%) (10.8 mmol), and 32.5 g of sodium tert-
butoxide (NaOt-Bu) (338 mmol) were poured into 390 mL
of toluene, and the mixture was stirred under reflux for one
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day. After completion of the reaction, the reaction product
was cooled at room temperature, and extracted with distilled
water and MC. The organic layer was distilled under reduced
pressure and then purified by column chromatography using
MC/Hex to obtain 22 g of compound 1-3 (48%).

[0088] Preparation of Compound 11-4

[0089] 22 g of compound 1-3 (64.2 mmol), 13 mL of
iodobenzene (115.5 mmol), 6.1 g of copper iodide (32
mmol), 7.7 mL of 1,2-diaminocyclohexane (64.17 mmol),
and 41.8 g of cesium carbonate (128.3 mmol) were poured
into 350 mL of o-xylene, and the mixture was stirred under
reflux for one day. The reaction product was extracted with
MC. The organic layer was distilled under reduced pressure
and then purified by column chromatography using MC/Hex
to obtain 16 g of compound 1-4 (58%).

[0090] Preparation of Compound 11-5

[0091] 15.4 g of compound 1-4 (36.76 mmol), 0.83 g of
Pd(OAc), (3.7 mmol), 2.7 g of tricyclohexylphosphonium
tetrafluoroborate (C, H;,PBF,) (7.35 mol), and 36 g of
Cs,CO; (110.2 mmol) were poured into 150 mL of dim-
ethylacetamide (DMA), and the mixture was stirred for one
day at 180° C. After completion of the reaction, the reaction
product was extracted with ethyl acetate. The organic layer
was dried with magnesium sulfate (MgSO,), filtered, and
then the solvent was removed under reduced pressure. The
resulting product was purified by column chromatography to
obtain 10.5 g of compound 1-5 (75%).

[0092] Preparation of Compound H-1

[0093] 30.0 g of compound 1-5 (78.4 mmol), 23.0 g of
2-chloro-3-phenylquinoxaline (94.1 mmol), 4.8 g of 4-dim-
ethylaminopyridine (39.2 mmol), and 25.5 g of Cs,CO,
(78.4 mmol) were dissolved in 392 mL of dimethylsulfoxide
(DMSQ), stirred for 4 hours at 135° C., and then poured into
distilled water. The resulting solid was filtered under
reduced pressure. The solid was dissolved in MC and
purified by column chromatography to obtain 11.7 g of
compound H-1 (19.94 mmol, 25%).

[0094] 'H NMR (600 MHz, CDCls, 8) 8.767 (s, 1H),
8.316-8.302 (d, 1H), 8.273-8.242 (t, 2H), 8.139-8.123 (d,
1H), 7.976-7.962 (d, 1H), 7.860-7.810 (m, 2H), 7.743-7.729
(d, 1H), 7.691-7.667 (t, 1H), 7.604-7.550 (m, 3H), 7.383-
7.380 (d, 1H), 7.375-7.360 (m, 3H), 7.321-7.301 (m, 3H),
7.278-7.264 (d. 1H), 7.179-7.154 (t, 1H), 7.099-7.078 (t,
1H), 7.055-7.031 (t, 2H), 6.632 (s, 1H)

MW uv PL M.P.

H-1 586.68 280 nm 594 nm 312-356° C.

Example 2: Preparation of Compound H-131
[0095]

0
OQQ L

DMAP, K,COs
DMF

1-5
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H-131

[0096] 3.5 g of compound 1-5 (9.15 mmol), 3.2 g of
2-chloro-4-(naphthalene-2-yl)quinazoline (10.98 mmol),
0.6 g of 4-dimethylaminopyridine (DMAP) (4.58 mmol),
and 3.2 g of K,CO, (22.88 mmol) were dissolved in 46 mL
of N,N-dimethylformamide (DMF), stirred for 3 hours at
120° C., and then poured into distilled water. The resulting
solid was filtered under reduced pressure. The solid was
dissolved in MC and purified by column chromatography to
obtain 3.47 g of compound H-131 (5.45 mmol, 60%).

[0097] 'H NMR (600 MHz, CDCL,, 8) 9.086-9.072 (d,
1H), 8.878 (s, 1H), 8.811 (s, 1H), 8.373-8.359 (d, 1H), 8.309
(s, 1), 8.254-8.243 (d, 1H), 8.160-8.147 (d, 1H), 8.074-8.
060 (d, 2H), 8.010-7.960 (m, 3H), 7.907-7.879 (m, 2H).
7.768-7.754 (d, 1H), 7.712-7.687 (1, 1H), 7.665-7.651 (.
1H), 7.518-7.479 (m, 4H), 7.433-7.379 (m, 3H), 7.272-7.
247 (m, 2H), 7.205-7.166 (m, 2H)

MW uv PL M.P.

H-131 636.74 344 nm 607 nm 318° C.

Example 3: Preparation of Compound H-26

[0098]
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[0099] Preparation of Compound 31-1

[0100] 40 g of compound 1-5 (101.4 mmol), 87 g of
1-bromo-4-iodonaphthalene (26.1 mmol), 367 mg of CuSO,,
(3.01 mmol), and 28 g of K,CO, (202.8 mmol) were
dissolved in 500 mL of dichlorobenzene, stirred for 12 hours
at 200° C. After completion of the reaction, the reaction
solvent was removed by distillation, and the resulting prod-
uct was dried and then purified by column chromatography
to obtain 18 g of compound 3-1 (yield: 30%).

[0101] Preparation of Compound 31-2

[0102] 18 g of compound 3-1 (30.6 mmol), 9.3 g of
bis(pinacolato)diboron (36.6 mmol), 2.1 g of PdCL,(PPh,),
(3.06 mmol), and 6 g of KOAc (61.2 mmol) were dissolved
in 150 mL of 1,4-dioxane, and refluxed for 12 hours at 120°
C. After completion of the reaction, the organic layer was
extracted with ethyl acetate, and the residual water was
removed using magnesium sulfate. The residue was dried
and then purified by column chromatography to obtain 11 g
of compound 3-2 (yield: 56.6%).

[0103] Preparation of Compound H-26

[0104] 5.6 g of compound 3-2 (8.8 mmol), 2.5 g of
2-chloro-3-phenylquinoxaline (10.6 mmol), 3.6 g o K,CO,
(26.4 mmol), and 0.5 g of Pd(PPh,), (0.44 mmol) were
dissolved in 25 mL of H,0, 50 mL of toluene, and 25 mL
of ethanol, and refluxed 3 hours at 120° C. After completion
of the reaction, the organic layer was extracted with ethyl
acetate, and the residual water was removed using magne-
sium sulfate. The residue was dried, and then purified by
column chromatography to obtain 1.3 g of compound H-26
(yield: 20.7%).

[0105] 'H NMR (600 MHz, CDCl,, &) 8.95 (s, 1H),
8.40-8.26 (m, 4H), 7.98-7.76 (m, SH), 7.59-7.53 (m, 5H)
7.43-7.07 (m, 17H)

MW uv PL M.P.

H-26 712.86 342 nm 604 nm 198° C.

Example 4: Preparation of Compound H-118
[0106]
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H-118

[0107] 6 g of compound 3-2 (9.4 mmol), 2.73 g of
2-chloro-4-phenylquinazoline (11.3 mmol), 3.9 g of K,CO;
(28.2 mmol), and 0.54 g of Pd(PPh,), (0.47 mmol) were
dissolved in 25 mL of H,0, 50 mL of toluene, and 25 mL
of ethanol in a flask, and refluxed for 3 hours at 120° C. After
completion of the reaction, the organic layer was extracted
with ethyl acetate, and the residual water was removed using
magnesium sulfate. The residue was dried and then purified
by column chromatography to obtain 1.7 g of compound
H-118 (vield: 25%).

[0108] 'H NMR (600 MHz, CDCl,, 8) 8.95 (s, 1H),
8.78-8.76 (d, I=12 Hz, 1H), 8.39-8.23 (m, 5H), 8.00-7.90
(m, 4H), 7.76-0.46 (m, 8H) 7.43~7.28 (m, 11H), 6.91-6.90
(d, 1=6.0 Hz, 1H), 6.72 (s, 1H)

MW uv PL M.P.

H-118 712.86 338 nm 556 nm 162° C.

Example 5: Preparation of Compound H-37

[0109]

N

H

cl

N7 | DMAP, Cs,C05
—_—
DMSO

Y

Jul. 18,2019

O

-continued

NH.
N
Cl
=
N

Pd(OAc)y, P(t-Bu)s,
NaOt-Bu, Toluene

AN

5-1

Cl

N
A
H
N
NP PA(OAc),, C gtz PoBE,
CS2C03, DMA

N

s

5-2
O O O/I
—_—
N O N Cul, EDA
H K5PQy4, Toluene
v
N
"

5-3



US 2019/0221752 Al

-continued
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[0110] Preparation of Compound 51-1

[0111] 25.0 g of 2-bromo-9H-carbazole (102 mmol), 29.4
g of 2-chloro-3-phenylquinoxaline (122 mmol), 6.3 g of
4-dimethylaminopyridine (51 mmol), and 33.0 g of Cs,CO,
(102 mmol) were dissolved in 510 mL of dimethylsulfoxide
(DMSO), stirred for 2 hours at 110° C., and then poured into
distilled water. The resulting solid was filtered under
reduced pressure. The solid was dissolved in MC and
purified by column chromatography to obtain 30.0 g of
compound 5-1 (66%).

[0112] Preparation of Compound 51-2

[0113] 14.4 g of compound 5-1 (32 mmol), 6.8 g of
3-chloronaphthalene-2-amine (38.3 mmol), 036 g of
Pd(OAc), (1.6 mmol), 1.6 mL of P(t-Bu); (50%) (3.2
mmol), and 7.7 g of NaOt-Bu (80 mmol) were poured into
90 mL of toluene, and stirred under reflux for 6 hours. After
completion of the reaction, the reaction product was cooled
at room temperature, and extracted with distilled water and
MC. The organic layer was distilled under reduced pressure
and then purified by column chromatography using MC/Hex
to obtain 13.5 g of compound 5-2 (77%).

[0114] Preparation of Compound 51-3

[0115] 12.5 g of compound 5-2 (22.9 mmol), 0.51 g of
Pd(OAc), (2.3 mmol), 1.7 g of C, H;,P.BF, (4.6 mol), and
18.6 g of Cs,CO, (58 mmol) were poured into 92 mL of
dimethylacetamide (DMA), and stirred for one day at 195°
C. After completion of the reaction, the reaction product was
extracted with ethyl acetate. The organic layer was dried
with magnesium sulfate (MgSQ,), filtered, and then the
solvent was removed under reduced pressure. The resulting
solid was dissolved in MC and purified by column chroma-
tography obtain 6.6 g of compound 5-3 (56%).

[0116] Preparation of Compound H-37

[0117] 6.6 g of compound 5-3 (12.9 mmol), 2.9 mL of
iodobenzene (25.9 mmol), 1.3 g of Cul (6.45 mmol), 0.9 mL
of ethylenediamine (12.9 mmol), and 6.9 g of K;PO, (32.3
mmol) were poured into 70 mL of toluene, and stirred under
reflux for 6 hours. The reaction product was extracted with
MC, distilled under reduced pressure, and then purified by
column chromatography using MC/Hex to obtain 16 g of
compound H-37 (58%).
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[0118] ‘H NMR (600 MHz, CDCL,, &) 8.84 (s. 1H), 8.63
(s, 1), 8.27-8.26 (d, 1H), 8.23-8.21 (m, 11T}, 8.13-8.12 (d,
1), 8.07-8.06 (d, 111), 7.86-7.80 (m, 3H), 7.63-7.60 (1, 2H),
7.58 (s, 1H), 7.50-7.35 (m, 10H), 7.16-7.10 (m, 3H), 6.84 (s.
11)

MW

586.7 247° C.

Example 6: Preparation of Compound H-80
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[0120]

[0121] 15.0 g of 2-bromo-9H-carbazole (61 mmol), 21.2 g
of 2-chloro-4-(naphthalene-2-yl)quinazoline (73 mmol), 3.8
g of 4-dimethylaminopyridine (31 mmol), and 40 g of
K,CO, (122 mmol) were dissolved in 300 mL of DMF,
stirred for 3 hours at 120° C., and then poured into distilled
water. The resulting solid was filtered under reduced pres-
sure. The solid was dissolved in MC and purified by column
chromatography to obtain 10.3 g of compound 6-1 (34%).

[0122]

Preparation of Compound 61-1

Preparation of Compound 61-2

[0123] 10.3 g of compound 6-1 (20.5 mmol), 4.38 g of
3-chloronaphthalene-2-amine (24.7 mmol), 024 g of
Pd(OAc), (1.0 mmol), 1.0 mL of P(t-Bu); (50%) (2.1
mmol), and 4.93 g of NaOt-Bu (51.3 mmol) were poured
into 70 mL of toluene, and stirred under reflux for 6 hours.
After completion of the reaction, the reaction product was
cooled at room temperature, and extracted with distilled
water and MC. The organic layer was distilled under reduced
pressure and then purified by column chromatography using
MC/Hex to obtain 9.7 g of compound 6-2 (78%).

[0124] Preparation of Compound 61-3

[0125] 9.7 g of compound 6-2 (162 mmol), 0.4 g of
Pd(OAc), (1.6 mmol), 1.2 g of C, H,,P.BF, (3.2 mol), and
13.0 g of Cs,CO; (40.4 mmol) were poured into 65 mL of
DMA, and stirred for one day at 195° C. After completion
of the reaction, the reaction product was extracted with ethyl
acetate. The organic layer was dried with MgSO,, filtered,
and then the solvent was removed under reduced pressure.
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The solid was dissolved in MC and purified by column
chromatography to obtain 5.8 g of compound 6-3 (64%).
[0126] Preparation of Compound H-80

[0127] 2.8 g of compound 6-3 (5.0 mmol), 1.1 mL of
iodobenzene (10.0 mmol), 0.5 g of Cul (2.5 mmol), 0.4 mL
of ethylenediamine (5.0 mmol), and 2.7 g of K,PO,, (12.5
mmol) were poured into 25 mL of toluene, and stirred under
reflux for 6 hours. The reaction product was extracted with
MC, distilled under reduced pressure, and then purified by
column chromatography using MC/Hex to obtain 1.0 g of
compound H-80 (31%).

[0128] 'H NMR (600 MHz, CDCl,, 8) 9.116 (s, 1H),
9.105-9.092 (d, 1H), 8.874 (s, 1H), 8.694 (s, 1H), 8.312 (s,
1H), 8.234-8.222 (d, 1H), 8.192-8.178 (d, 1H), 8.105-8.092
(d, 1H), 8.055-8.036 (m, 2H), 8.009-7.995 (d, 1H), 7.976-
7.963 (d, 1H), 7.929-7.895 (m, 2H), 7.860-7.847 (d, 1H),
7.707 (s, 1H), 7.693-7.626 (m, 4H), 7.530-7.493 (q, 2H),
7.459-7.408 (m, 3H), 7.301-7.275 (t, 2H), 7.165-7.140 (¢,
1H)

MW M.P.

636.7 263° C.

Example 7: Preparation of Compound H-3

SO O

4

e

[0130] 5.5 g of compound 1-5 (14 mmol), 5.0 g of
2-chloro-3-(naphthalene-2-yl)quinoxaline (17 mmol), 9.3 g
of Cs,CO; (29 mmol), and 0.88 g of DMAP (7 mmol) were
dissolved in 71 mL of DMSQ, and refluxed for 18 hours at
100° C. After completion of the reaction, the reaction
product was cooled at room temperature, and poured into
distilled water. The reaction product was extracted with MC
and dried with magnesium sulfate. The resulting product
was distilled under reduced pressure and then purified by
column chromatography to obtain 3.4 g of compound H-3
(37%).
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[0131] 'H NMR (600 MHz, CDCI3, §) 8.75 (s, 1H), 8.30
(m, 1H), 8.28-8.26 (m, 2H), 8.15 (m, 1H), 8.07 (s, 1), 7.93
(d, 1-8.18 Hz, 111), 7.85-7.82 (m, 2H), 7.69 (d, I=8.41 Iz,
2H), 7.64-7.58 (m, SH), 7.41-7.32 (m, 7H), 7.27-7.24 (m,
1H), 7.19 (d, J=8.57 Hz, 1H), 7.13-7.10 (m, 1H), 6.88 (d,
J=6.83 Hz, 1H), 6.64 (s, 1H)

MW uv PL M.P.

H-3 636.76 615 nm 470 nm 354° C.

Example 8: Preparation of Compound H-6

[0132]
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[0133] Preparation of Compound 81-1

[0134] 19 g of compound 1-3 (55.42 mmol), 21 g of
2-iodonaphthalene (83.13 mmol), 6.6 mL of 1,2-cyclo-
hexanediamine (55.42 mmol), 36 g of Cs,CO; (110.84
mmol), and 5.2 g of Cul (27.71 mmol) were dissolved in 280
mL of o-xylene, and refluxed for 5 hours at 150° C. After
completion of the reaction, the organic layer was extracted
with ethyl acetate, and the residual water was removed using
magnesium sulfate. The residue was dried and then purified
by column chromatography to obtain 17.7 g of compound
8-1 (77%).

[0135] Preparation of Compound 81-2

[0136] 15.7 g of compound 8-1 (36.29 mmol), 1.6 g of
Pd(OAc), (7.259 mmol), 35 g of Cs,CO; (108.8 mmol), and
4 g of PCy,.HBF, (10.88 mmol) were dissolved in 300 mL
of DMA, and refluxed for 5 hours at 150° C. After comple-
tion of the reaction, the organic layer was extracted with
ethyl acetate, and the residual water was removed using
magnesium sulfate. The residue was dried and then purified
by column chromatography to obtain 3.3 g of compound 8-2
(23%).

[0137] Preparation of Compound H-6

[0138] 3.3 g of compound 8-2 (7.63 mmol), 2.2 g of
2-chloro-3-phenylquinoxaline (9.16 mmol), 2.4 g of Cs,CO;
(7.63 mmol), and 0.46 g of DMAP (3.81 mmol) were
dissolved in 40 mL of DMSO, and refluxed for 6 hours at
135° C. After completion of the reaction, the reaction
product was cooled at room temperature and poured into
distilled water. The reaction product was extracted with MC
and dried with magnesium sulfate. The resulting product
was distilled under reduced pressure and then purified by
column chromatography to obtain 2.3 g of compound H-6
47%).

[0139] 'H NMR (600 MHz, CDCI3, 3) 8.78 (s, 1H),
8.33-8.32 (d, I=6.0 Hz, 1H), 8.25-7.95 (m, 7H), 7.81-7.77
(m, 4H), 7.76-7.54 (m, 3H), 7.37-7.23 (m, 6H), 7.07-6.64
(m, 5H)

MW uv PL M.P.

H-6 636.76 354 nm 530 nm 188° C.
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[0140] Hereinafter, the luminescent properties of the
organic light-emitting diode (OLED) device comprising the
compound of the present disclosure will be explained in
detail. However, the following examples merely illustrate
the characteristics of the OLED device according to the
present invention for a detailed understanding of the present
disclosure, but the present disclosure is not limited by the O

HI-1

following examples.

Device Example 1: Producing an OLED Device Q
Comprising the Organic Electroluminescent I\'N
Compound of the Present Disclosure as a Host
[0141] OLED devices were produced by using the organic

electroluminescent compound according to the present dis-

closure. A transparent electrode indium tin oxide (ITO) thin N

film (10 €/sq) on a glass substrate for an OLED device Q
(GEOMATEC CO., LTD., Japan) was subjected to an ultra-

sonic washing with trichloroethylene, acetone, ethanol, and

distilled water, sequentially, and then was stored in isopro-
>/ \<

HI-2

panol. The ITO substrate was then mounted on a substrate

holder of a vacuum vapor deposition apparatus. The first N N
hole injection layer material HI-1 was introduced into a cell

of the vacuum vapor deposition apparatus, and then the N N
pressure in the chamber of the apparatus was controlled to / \
107 torr. Thereafter, an electric current was applied to the
cell to evaporate the above-introduced material, thereby —N N=

forming a first hole injection layer having a thickness of 80 NG N

nm on the ITO substrate. Next, the second hole injection HT-1

vacuum vapor deposition apparatus and was evaporated by
applying an electric current to the cell, thereby forming a
second hole injection layer having a thickness of 5 nm on the
first hole injection layer. The first hole transport layer
material HT-1 was then introduced into another cell of the
vacuum vapor deposition apparatus and was evaporated by

applying an electric current to the cell, thereby forming a N
first hole transport layer having a thickness of 10 nm on the N

second hole injection layer. The second hole transport layer

material HT-4 was then introduced into another cell of the Q
vacuum vapor deposition apparatus and was evaporated by .
applying an electric current to the cell, thereby forming a O

layer material HI-2 was introduced into another cell of the Q

second hole transport layer having a thickness of 60 nm on
the first hole transport layer. After forming the hole injection
layer and the hole transport layer, a light-emitting layer was
formed thereon as follows: Compound H-1 was introduced
into one cell of the vacuum vapor depositing apparatus as a Q
host, and compound D-71 was introduced into another cell
as a dopant. The dopant was deposited in a doping amount

of 3 wt % based on the total amount of the host and dopant
to form a light-emitting layer having a thickness of 40 nm on

the second hole transport layer. Compound ET-1 and com- O
pound EI-1 were then introduced into the other two cells and N N
evaporated simultaneously to form an electron transport

HT-2

layer having a thickness of 35 nm on the light-emitting layer.
After depositing compound EI-1 as an electron injection
layer having a thickness of 2 nm on the electron transport
layer, an Al cathode having a thickness of 80 nm was
deposited on the electron injection layer by another vacuum
vapor deposition apparatus. Thus, an OLED device was

produced.
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HT-4

[0142] As a result, the power efficiency was 28.1 Im/W at
avoltage of 2.8 V, and red luminescence of 1000 cd/m” was
confirmed.

Comparative Example 1: Producing an OLED
Device Comprising a Conventional Organic
Electroluminescent Compound as a Host

[0143] An OLED device was produced in the same man-
ner as in Device Example 1, except for using the following
compound X as a host.
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X
N N
v \
N
@
[0144] As a result, the power efficiency was 26.0 Im/W at

a voltage of 3.2 V, and red luminescence of 1000 cd/m” was
confirmed.

Device Example 2: Producing an OLED Device
Comprising the Organic Electroluminescent
Compound of the Present Disclosure as a Host

[0145] An OLED device was produced in the same man-
ner as in Device Example 1, except that compound HT-2 was
used as the second hole transport layver material, and com-
pound ET-1 and compound EI-1 as the electron transport
layer material were deposited to a thickness of 30 nm.
[0146] As a result, the power efficiency was 23.5 Im/W at
avoltage of 3.4 V, and red luminescence of 1000 cd/m? was
confirmed.

Comparative Example 2: Producing an OLED
Device Comprising a Conventional Organic
Electroluminescent Compound as a Host

[0147] An OLED device was produced in the same man-
ner as in Device Example 2, except for using the following
compound Y as a host.

[0148] As a result, the power efficiency was 21.0 Im/W at
a voltage of 3.9 V., and red luminescence of 1000 cd/m* was
confirmed.

Device Example 3: Producing an OLED Device
Comprising the Organic Electroluminescent
Compound of the Present Disclosure as a Host
[0149] An OLED device was produced in the same man-

ner as in Device Example 1, except for using compound
H-131 as a host.
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[0150] As a result, the power efficiency was 19.1 Im/W at
avoltage of 2.9 V, and red luminescence of 1000 cd/m” was
confirmed.

Device Example 4: Producing an OLED Device
Comprising the Organic Electroluminescent
Compound of the Present Disclosure as a Host

[0151] An OLED device was produced in the same man-
ner as in Device Example 1. except for using compound
H-37 as a host.

[0152] As a result, the power efficiency was 23.3 Im/W at
avoltage of 3.1 V, and red luminescence of 1000 cd/m* was
confirmed.

Device Example 5: Producing an OLED Device
Comprising the Organic Electroluminescent
Compound of the Present Disclosure as a Host

[0153] An OLED device was produced in the same man-
ner as in Device Example 1, except for using compound H-6
as a host.

[0154] As a result, the power efficiency was 28.2 Im/W at
avoltage of 2.9 V, and red luminescence of 1000 cd/m” was
confirmed.

Device Example 6: Producing an OLED Device
Comprising the Organic Electroluminescent
Compound of the Present Disclosure as a Host

[0155] An OLED device was produced in the same man-
ner as in Device Example 1, except for using compound H-3
as a host.

[0156] As a result, the power efficiency was 28.6 Im/W at
avoltage of 2.9 V, and red luminescence of 1000 cd/m” was
confirmed.

Comparative Example 3: Producing an OLED
Device Comprising a Conventional Organic
Electroluminescent Compound as a Host

[0157] An OLED device was produced in the same man-
ner as in Device Example 1, except for using the following
compound Z as a host.

[0158] As a result, the power efficiency was 18.9 Im/W at
avoltage of 3.4 V, and red luminescence of 1000 cd/m” was
confirmed.

[0159] From Device Examples 1 to 6 and Comparative
Examples 1 to 3 above, the organic electroluminescent
device comprising the organic electroluminescent com-
pound according to the present disclosure as a host has a
lower driving voltage property and a higher power efficiency

Jul. 18,2019

property than an organic electroluminescent device using a
conventional organic electroluminescent compound. It is
understood that this is because the hole injection is possible
by the enhanced harmonization of high HOMO of the
compound according to the present disclosure and the
HOMO of the hole transport layer (HTL), resulting in the
increased hole mobility which lowers driving voltage.
[0160] Accordingly, it can be seen that using the organic
electroluminescent compound according to the present dis-
closure has an advantage of lowering the power consump-
tion since the voltage used to emit light of the same
luminance is low. Further, it can be seen that it may have an
advantage of increasing the battery usage time in portable
display systems where OLED panels are mainly used.

1. An organic electroluminescent compound represented
by the following formula 1:

@

Ximw
/3\X2
b
Xs \\Y\l
X
N

7
\

(10

wherein

at least one of both x and y, both y and z, both p and q,
and both q and r are fused with the * positions in
formula 1-a, with the proviso that the case where both
x and y, and both y and z are simultaneously fused with
the * positions in formula 1-a, and the case where both
p and g, and both q and r are simultaneously fused with
the * positions in formula 1-a, are excluded,

L represents a single bond, a substituted or unsubstituted
(C6-C30)arylene, or a substituted or unsubstituted (5-
to 30-membered)heteroarylene;

X, to X, each independently, represent N or CR,, with
the proviso, at least one of X, to X, represents N;
Ar, represents a substituted or unsubstituted (C6-C30)
aryl, or a substituted or unsubstituted (5- to 30-mem-

bered)heteroaryl;

R, to R,, each independently, represent hydrogen, deute-
rium, a halogen, a substituted or unsubstituted (C1-
C30)alkyl, a substituted or unsubstituted (C6-C30)aryl,
a substituted or unsubstituted (5- to 30-membered)
heteroaryl, a substituted or unsubstituted (C3-C30)
cycloalkyl, a substituted or unsubstituted (3- to 7-mem-
bered)heterocycloalkyl, a substituted or unsubstituted
(C6-C30)aryl(C1-C30)alkyl, —NR;R,,,
—SiR,;R 4R, 5, —SR |, —OR | ;, a cyano, a nitro, ora
hydroxyl;

R,, to R,,, each independently, represent hydrogen, deu-
terium, a halogen, a substituted or unsubstituted (C1-
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C30)alkyl, a substituted or unsubstituted (C6-C30)ary],
a substituted or unsubstituted (5- to 30-membered)
heteroaryl, a substituted or unsubstituted (3- to 7-mem-
bered)heterocycloalkyl, or a substituted or unsubsti-
tuted (C3-C30)cycloalkyl; or are linked to an adjacent
substituent to form a substituted or unsubstituted,
mono- or polycyclic, (3- to 30-membered) alicyclic or
aromatic ring, or the combination thereof, which may
comprise at least one heteroatom selected from nitro-
gen, oxygen, and sulfur;

a to ¢, each independently, represent an integer of 1 to 4,
where if a to ¢, each independently, are an integer of 2
or more, each of R, to R; may be the same or different;
and

the heteroaryl(ene) or the heterocycloalkyl contains at
least one heteroatom selected from B, N, O, S, Si, and
P.

2. The organic electroluminescent compound according to

claim 1, wherein formula 1 is represented by any one of the
following formulas 2 to 5:

X3\X2

/

3
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-continued

®)

wherein

L, Ar, R;, R,, X, to X, aand b are as defined in claim
1,

R, and R, each independently, are as defined in R, and
R2s

d and e, each independently, represent an integer of 1 to
6, where 1f d and e, each independently, are an integer
of 2 or more, each of Ry and Ry may be the same or
different.

3. The organic electroluminescent compound according to
claim 1, wherein the substituents of the substituted alkyl, the
substituted aryl(ene), the substituted heteroaryl(ene), the
substituted cycloalkyl, the substituted heterocycloalkyl, the
substituted aralkyl, and the substituted mono- or polycyclic,
alicyclic or aromatic ring, or the combination thereof, in L,
Ar, R, toR,,and R, to R,,, each independently, are at least
one selected from the group consisting of deuterium; a
halogen; a cyano; a carboxyl; a nitro; a hydroxyl; a (C1-
C30)alkyl; a halo(C1-C30)alkyl; a (C2-C30)alkenyl; a (C2-
C30)alkynyl; a (C1-C30)alkoxy; a (C1-C30)alkylthio; a
(C3-C30)cycloalkyl; a (C3-C30)cycloalkenyl; a (3- to
7-membered)heterocycloalkyl; a (C6-C30)aryloxy; a (C6-
C30)arylthio: a (C6-C30)aryl; a (5- to 30-membered)het-
eroaryl; a tri(C1-C30)alkylsilyl; a tri(C6-C30)arylsilyl; a
di(C1-C30)alkyl(C6-C30)arylsilyl; a (C1-C30)alkyldi(C6-
C30)arylsilyl; an amino; a mono- or di-(C1-C30)alky-
lamino; a mono- or di-(C6-C30)arylamino; a (C1-C30)alkyl
(C6-C30)arylamino; a (C1-C30)alkylcarbonyl; a (C1-C30)
alkoxycarbonyl; a (C6-C30)arylcarbonyl; a di(C6-C30)
arylboronyl; a di(C1-C30jalkylboronyl; a (C1-C30)alkyl
(C6-C30)arylboronyl; a (C6-C30)aryl(C1-C30)alkyl; and a
(C1-C30)alkyl(C6-C30)aryl.

4. The organic electroluminescent compound according to

claim 1, wherein the compound represented by formula 1 is
selected from the group consisting of:
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-continued -continued
H-135

N
g o~
AN
H-136

N
O O 5. An organic electroluminescent material comprising the

H-137

N organic electroluminescent compound according to claim 1.
)\ 6. An organic electroluminescent device comprising the
N N organic electroluminescent compound according to claim 1.

A 7. The organic electroluminescent device according to
claim 6, wherein the organic electroluminescent compound
is comprised as a host.

8. A display system comprising the organic electrolumi-
nescent compound according to claim 1.
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