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A PLURALITY OF HOST MATERIALS AND
ORGANIC ELECTROLUMINESCENT
DEVICE COMPRISING THE SAME

TECHNICAL FIELD

[0001] The present disclosure relates to a plurality of host
materials and an organic electroluminescent device com-
prising 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 (see Appl. Phys.
Lett. 51, 913, 1987).

[0003] An organic EL device (OLED) changes electric
energy into light by applying electricity to an organic
electroluminescent 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,
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 injec-
tion layer, etc. The materials used in the organic layer can be
classified into a hole injection material, a hole transport
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 their functions. In the organic
EL device, holes from the anode and electrons from the
cathode are injected into a light-emitting layer by the
application of electric voltage, and excitons having high
energy are 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 an 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
excellent light-emitting material over conventional materials
is urgently required, considering the EL properties necessary
for medium- and large-sized OLED panels. For this, pref-
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erably, as a solvent in a solid state and an energy transmitter,
a host material should have high purity and a suitable
molecular weight in order to be deposited under vacuum.
Furthermore, a host material is required to have high glass
transition temperature and pyrolysis temperature to achieve
thermal stability, high electrochemical stability to achieve a
long lifespan, easy formability of an amorphous thin film,
good adhesion with adjacent layers, and no movement
between layers.

[0005] A light-emitting material can be used as a combi-
nation of a host and a dopant to improve color purity,
luminous efficiency, and stability. Generally, an EL device
having excellent characteristics has a structure comprising a
light-emitting layer formed by doping a dopant to a host.
When using such a dopant/host material system as a light-
emitting material, their selection is important since host
materials greatly influence the efficiency and lifespan of the
EL device.

[0006] Japanese Patent Application Laid-Open No. 2001-
23777 discloses an organic electroluminescent device using
as a compound in which a 5-membered heteroaryl contain-
ing nitrogen is condensed in an intermediate benzene ring of
a phenanthrene backbone, as a host material. The organic
electroluminescent device comprising the compound dis-
closed in said reference exhibits excellent color purity
characteristics of blue; however, said reference does not
disclose the mixed structure of the phosphorescent light-
emitting layer and still needs improvement in driving volt-
age, current efliciency, and driving lifespan.

DISCLOSURE

Problems to be Solved

[0007] The object of the present disclosure is to provide an
organic electroluminescent device having a long lifespan
while maintaining a high luminous efficiency.

Solution to Problems

[0008] As a result of intensive studies to solve the tech-
nical problem above, the present inventors found that the
aforementioned objective can be achieved by a plurality of
host materials comprising at least one first host compound
represented by the following formula 1 or 2 and at least one
second host compound represented by the following formula
3, and completed the present invention.
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[0009] wherein,
[0010] X, represents —N—, —NR,—, —O— or —S—,

[0011] Y, represents —N—, —NR;—, —O—or —S—,
provided that when X, represents —N—, Y, represents
—NRy—, —O— or —S—, and when X, represents
—NR,—, Y, represents —N—, —O— or —S—,

[0012] R, represents a substituted or unsubstituted (C6-
C30)aryl, or a substituted or unsubstituted (3- to 30-mem-
bered)heteroaryl,

[0013]
deuterium, halogen, cyano, a substituted or unsubstituted
(C1-C30)alkyl, a substituted or unsubstituted (C6-C30)aryl,
a substituted or unsubstituted (3- to 30-membered)het-
eroaryl, a substituted or unsubstituted (C3-C30)cycloalkyl, a
substituted or unsubstituted (C1-C30)alkoxy, a substituted
or unsubstituted tri(C1-C30)alkylsilyl, a substituted or
unsubstituted di(C1-C30)alkyl(C6-C30)arylsilyl, a substi-
tuted or unsubstituted (C1-C30)alkyldi(C6-C30)arylsilyl, a
substituted or unsubstituted tri(C6-C30)arylsilyl, a substi-
tuted or unsubstituted mono- or di-(C1-C30)alkylamino, a
substituted or unsubstituted mono- or di-(C6-C30)ary-
lamino, or a substituted or unsubstituted (C1-C30)alkyl(C6-

C30)arylamino, or may be linked to an adjacent substituent

R, to Ry each independently represent hydrogen,

to form a substituted or unsubstituted, (C3-C30) mono- or
polycyclic, alicyclic, or aromatic ring, whose carbon atom
may be replaced with at least one heteroatom selected from

nitrogen, oxygen, and sulfur,

[0014] L, represents a single bond, a substituted or unsub-
stituted (C6-C30)arylene, or a substituted or unsubstituted
(3- to 30-membered)heteroarylene,

[0015] a represents 1, b and ¢ each independently repre-
sent 1 or 2, d and e each independently represent an integer
of 1to 4, and

[0016] the heteroaryl(ene) contains at least one heteroa-
tom selected from B, N, O, S, Si, and P;
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[0017] wherein,
[0018] X,, represents —N—, —NR;,—, —O— or
s
[0019] Y,, represents —N—, —NR;o— —O— or

—S—, provided that when X,; represents —N—, Y,;
represents —NR o—, —O— or —S—, and when X,

represents —NR,,—, Y,; represents —N—, —O— or
S,
[0020] X represents N or CH,

[0021] R,; represents a substituted or unsubstituted (C6-
C30)aryl, or a substituted or unsubstituted (3- to 30-mem-
bered)heteroaryl,

[0022] R,,to R, each independently represent hydrogen,
deuterium, halogen, cyano, a substituted or unsubstituted
(C1-C30)alkyl, a substituted or unsubstituted (C6-C30)aryl,
a substituted or unsubstituted (3- to 30-membered)het-
eroaryl, a substituted or unsubstituted (C3-C30)cycloalkyl, a
substituted or unsubstituted (C1-C30)alkoxy, a substituted
or unsubstituted tri(C1-C30)alkylsilyl, a substituted or
unsubstituted di(C1-C30)alkyl(C6-C30)arylsilyl, a substi-
tuted or unsubstituted (C1-C30)alkyldi(C6-C30)arylsilyl, a
substituted or unsubstituted tri(C6-C30)arylsilyl, a substi-
tuted or unsubstituted mono- or di-(C1-C30)alkylamino, a
substituted or unsubstituted mono- or di-(C6-C30)ary-
lamino, or a substituted or unsubstituted (C1-C30)alkyl(C6-
C30)arylamino, or may be linked to an adjacent substituent
to form a substituted or unsubstituted, (C3-C30) mono- or
polycyclic, alicyclic, or aromatic ring, whose carbon atom
may be replaced with at least one heteroatom selected from
nitrogen, oxygen, and sulfur,

[0023] L, represents a single bond, a substituted or unsub-
stituted (C6-C30)arylene, or a substituted or unsubstituted
(3- to 30-membered)heteroarylene,

[0024] a' represents 1, b' and ¢' each independently rep-
resents 1 or 2, d' represents an integer of 1 to 4, and
[0025] the heteroaryl(ene) contains at least one heteroa-
tom selected from B, N, O, S, Si, and P.

Effects of the Invention

[0026] The phenanthro oxazole-based and phenanthro thi-
azole-based compounds according to the present disclosure
have inherently high electronegativity and electron-rich
groups, as well as have a rigid property as a structure in
which phenanthrene and oxazole, or phenanthrene and thi-
azole, etc., are fused, so that the above compounds of the



US 2020/0028089 A1

present disclosure facilitate intermolecular charge transition.
In addition, if such an intermolecular stacking is strength-
ened, implementation of horizontal molecular orientation is
easier, thereby enabling fast electronic current characteris-
tics to be implemented. Accordingly, it is possible to provide
an organic electroluminescent device which exhibits a rela-
tively low driving voltage by improving the interfacial
characteristics and excellent luminous efficiency such as
current efficiency and power efficiency, and a high purity
color, while maintaining the intermolecular stacking effect
with the electron transport layer by using limited structure
such as triazine and pyrimidine derivatives, etc., as a light-
emitting material.

[0027] In addition, when a light-emitting material is used
as mixing the hole-type amine substituted with the phenan-
thro oxazole-based compounds and the phenanthro thiazole-
based compounds as the first host and the electron-type
azine material substituted with the phenanthro oxazole-
based compounds and the phenanthro thiazole-based com-
pounds as the second host, it is possible to implement an
organic electroluminescent device having a high efficiency,
long lifespan, and fast driving voltage. Generally, when the
phosphorescent light-emitting material is substituted with
other substituents such as a carbazole type derivative having
a high dihedral angle, the driving voltage increases and the
efficiency decreases due to the interruption of the electron
current. However, when using the light-emitting compounds
according to the present disclosure, it is possible to provide
an organic electroluminescent device having a relatively low
driving voltage and excellent luminous efficiency such as
current efficiency and power efficiency, and a high purity
color through fast current injection characteristics and
improving the interfacial characteristics by improving the
intermolecular stacking and interaction.

BRIEF DESCRIPTION OF THE FIGURES

[0028] FIG. 1illustrates the current efficiency according to
the luminance of the organic electroluminescent device
produced in Comparative Example 2 and Device Example 1.

EMBODIMENTS OF THE INVENTION

[0029] Hereinafter, the present disclosure will be
described in detail. However, the following desciption is
intended to explain the disclosure, and is not meant in any
way to restrict the scope of the disclosure.

[0030] The organic electroluminescent device comprising
the organic electroluminescent compound represented by
formula 1, 2, or 3 above will be described in more detail as
follows.

[0031] In formulae 1 and 2 above, X, represents —N—,
—NR,—, —O—or—S8—, Y, represents —N=—, —NR;—,
—O— or —S—, provided that when X, represents —N—,
Y, represents —NRz—, —O— or —S—, and when X,
represents —NR,—, Y, represents —N—, —O—or —S—.
According to one embodiment of the present disclosure, one
of X, and Y, may be —N=—;, and the other may be —NR.—,
—O— or —S—. In addition, according to another embodi-
ment of the present disclosure, one of X, and Y, may be
—N—, and the other may be —O— or —S—. Herein, both
of X, and Y, may not be —O— or —S—, and when either
one of X, and Y, may be —O—, the other may not be
—S—. For example, X, may be —N—, and Y, may be
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—0—, X, may be —O—, and Y, may be —N—, or X, may
be —S—, and Y, may be —N—.

[0032] In formulae 1 and 2 above, R, represents a substi-
tuted or unsubstituted (C6-C30)aryl, or a substituted or
unsubstituted (3- to 30-membered)heteroaryl, preferably, a
substituted or unsubstituted (C6-C30)aryl, or a substituted or
unsubstituted (5- to 25-membered) heteroaryl, more prefer-
ably, a substituted or unsubstituted (C6-C30)aryl, or a sub-
stituted or unsubstituted (5- to 20-membered)heteroaryl,
e.g., may be unsubstituted phenyl, unsubstituted biphenyl,
unsubstituted naphthyl, fluorenyl substituted with methyl,
benzofluorenyl substituted with methyl, unsubstituted
dibenzofuranyl, unsubstituted dibenzothiophenyl, spiro
[fluorene-fluorene]yl, or spiro[fluorene-benzofluorene|yl.
[0033] In formulae 1 and 2 above, R, to R, each indepen-
dently represent hydrogen, deuterium, halogen, cyano, a
substituted or unsubstituted (C1-C30)alkyl, a substituted or
unsubstituted (C6-C30)aryl, a substituted or unsubstituted
(3- to 30-membered)heteroaryl, a substituted or unsubsti-
tuted (C3-C30)cycloalkyl, a substituted or unsubstituted
(C1-C30)alkoxy, a substituted or unsubstituted tri(C1-C30)
alkylsilyl, a substituted or unsubstituted di(C1-C30)alkyl
(C6-C30)arylsilyl, a substituted or unsubstituted (C1-C30)
alkyldi(C6-C30)arylsilyl, a substituted or unsubstituted tri
(C6-C30)arylsilyl, a substituted or unsubstituted mono- or
di-(C1-C30)alkylamino, a substituted or unsubstituted
mono- or di-(C6-C30)arylamino, or a substituted or unsub-
stituted (C1-C30)alkyl(C6-C30)arylamino, or may be linked
to an adjacent substituent to form a substituted or unsubsti-
tuted, (C3-C30) mono- or polycyclic, alicyclic, or aromatic
ring, whose carbon atom may be replaced with at least one
heteroatom selected from nitrogen, oxygen, and sulfur,
preferably, each independently represent hydrogen, a sub-
stituted or unsubstituted (C6-C25)aryl, a substituted or
unsubstituted (3- to 25-membered)heteroaryl, a substituted
or unsubstituted mono- or di-(C6-C25)arylamino, or may be
linked to an adjacent substituent to form a substituted or
unsubstituted, (C3-C25) mono- or polycyclic, alicyclic, or
aromatic ring, whose carbon atom may be replaced with at
least one heteroatom selected from nitrogen, oxygen, and
sulfur, more preferably, each independently represent hydro-
gen, a substituted or unsubstituted (C6-C20)aryl, a substi-
tuted or unsubstituted (5- to 25-membered)heteroaryl, a
substituted or unsubstituted di(C6-C18)arylamino, or may
be linked to an adjacent substituent to form a substituted or
unsubstituted, (C3-C25) mono- or polycyclic, alicyclic, or
aromatic ring, whose carbon atom may be replaced with at
least one heteroatom selected from nitrogen and oxygen, and
the heteroaryl may contain at least one heteroatom selected
from B, N, O, S, Si, and P. For example, R, and R, each
independently may be a substituted or unsubstituted phenyl,
a substituted or unsubstituted m-biphenyl, a substituted or
unsubstituted p-biphenyl, a substituted or unsubstituted fluo-
renyl, a substituted or unsubstituted naphthyl, a substituted
or unsubstituted phenanthrenyl, or a substituted or unsub-
stituted benzofluorenyl.

[0034] In formulae 1 and 2 above, a represents 1 or 2,
preferably, 1; b and ¢ each independently represent 1 or 2,
preferably, 1; d and e each independently represent an
integer of 1 to 4, preferably, 1 or 2.

[0035] In formulae 1 and 2 above, L, represents a single
bond, a substituted or unsubstituted (C6-C30)arylene, or a
substituted or unsubstituted (3- to 30-membered) het-
eroarylene, preferably, a single bond, or a substituted or
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unsubstituted (C6-C18)arylene, more preferably, a single
bond, or an unsubstituted (C6-C12)arylene, e.g., may be a
single bond, or an unsubstituted phenylene.

[0036] The compound represented by the formula 1 or 2 is
represented by any one of the following formulae 1-1 to 1-5:
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[0037] In formulae 1-1to 1-5 above, R, to R,, [, and a to
e are as defined in the formulae 1 and 2.

[0038] In formula 3 above, X,, represents —N—,
—NR,,— —O— or —S—, Y,, represents —N—,
—NR,;¢—, —O— or —S—, provided that when X, rep-
resents —N—, Y ; represents —NR,;—, —O— or —S—
and when X, represents —NR ,,—, Y, represents —N—,
—0O— or —S—. According to one embodiment of the
present disclosure, one of X,, and Y, may be —N—, and
the other may be —NR,,—, —O— or —S—. In addition,
according to another embodiment of the present disclosure,
one of X;, and Y,, may be —N—, and the other may be
—O— or —S—. Herein, both X;; and Y;; may not be
—O— or —S—, and when either one of X, and Y, may be
—O—, the other may not be —S—.

[0039] In formula 3 above, R}, represents a substituted or
unsubstituted (C6-C30)aryl, or a substituted or unsubstituted
(3- to 30-membered)heteroaryl, preferably, a substituted or
unsubstituted (C6-C30)aryl, or a substituted or unsubstituted
(5- to 25-membered) heteroaryl, more preferably, a substi-
tuted or unsubstituted (C6-C30)aryl, or a substituted or
unsubstituted (5- to 20-membered)heteroaryl, e.g., may be
unsubstituted phenyl, unsubstituted biphenyl, unsubstituted
naphthyl, fluorenyl substituted with methyl, a substituted or
unsubstituted carbazolyl, benzofluorenyl substituted with
methyl, unsubstituted dibenzofuranyl, unsubstituted diben-
zothiophenyl, unsubstituted benzonaphthofuranyl, spiro
[fluorene-fluorenelyl, or spiro[fluorene-benzofluorene|yl.
[0040] In formula 3 above, R,, to R, each independently
represent hydrogen, deuterium, halogen, cyano, a substi-
tuted or unsubstituted (C1-C30)alkyl, a substituted or unsub-
stituted (C6-C30)aryl, a substituted or unsubstituted (3- to
30-membered)heteroaryl, a substituted or unsubstituted (C3-
C30)cycloalkyl, a substituted or unsubstituted (C1-C30)
alkoxy, a substituted or unsubstituted tri(C1-C30)alkylsilyl,
a substituted or unsubstituted di(C1-C30)alkyl(C6-C30)ar-
ylsilyl, a substituted or unsubstituted (C1-C30)alkyldi(C6-
C30)arylsilyl, a substituted or unsubstituted tri(C6-C30)
arylsilyl, a substituted or unsubstituted mono- or di-(C1-
C30)alkylamino, a substituted or unsubstituted mono- or
di-(C6-C30)arylamino, or a substituted or unsubstituted
(C1-C30)alkyl(C6-C30)arylamino, or may be linked to an
adjacent substituent to form a substituted or unsubstituted,
(C3-C30) mono- or polycyclic, alicyclic, or aromatic ring,
whose carbon atom may be replaced with at least one
heteroatom selected from nitrogen, oxygen, and sulfur,
preferably, each independently hydrogen, a substituted or
unsubstituted (C6-C25)aryl, a substituted or unsubstituted
(3- to 25-membered)heteroaryl, a substituted or unsubsti-
tuted mono- or di-(C6-C25)arylamino, or may be linked to
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an adjacent substituent to form a substituted or unsubsti-
tuted, (C3-C25) mono- or polycyclic, alicyclic, or aromatic
ring, whose carbon atom may be replaced with at least one
heteroatom selected from nitrogen, oxygen, and sulfur, more
preferably, each independently hydrogen, a substituted or
unsubstituted (C6-C20)aryl, a substituted or unsubstituted
(5- to 25-membered)heteroaryl, a substituted or unsubsti-
tuted di(C6-C18)arylamino, or may be linked to an adjacent
substituent to form a substituted or unsubstituted, (C3-C25)
mono- or polycyclic, alicyclic, or aromatic ring, whose
carbon atom may be replaced with at least one heteroatom
selected from nitrogen and sulfur, and the heteroaryl con-
tains at least one heteroatom selected from B, N, O, S, Si,
and P. For example, R, 5 and R ¢ each independently may be
selected from the group consisting of a substituted or
unsubstituted phenyl, a substituted or unsubstituted o-biphe-
nyl, a substituted or unsubstituted m-biphenyl, a substituted
or unsubstituted p-biphenyl, a substituted or unsubstituted
naphthyl, a substituted or unsubstituted fluorenyl, a substi-
tuted or unsubstituted carbazolyl, a substituted or unsubsti-
tuted dibenzothiophenyl, a substituted or unsubstituted ben-
zofluorenyl, a substituted or unsubstituted benzocarbazole,
and a substituted or unsubstituted benzonaphthothiophene.

[0041] In formula 3 above, a' represents 1 or 2, preferably
1; b' and ¢' each independently represent 1 or 2, preferably
1; d' represents an integer of 1 to 4, preferably, 1 or 2.

[0042] In formula 3 above, X represents N or CH.

[0043] In formula 3 above, L, represents a single bond, a
substituted or unsubstituted (C6-C30)arylene, or a substi-
tuted or unsubstituted (3- to 30-membered)heteroarylene,
preferably, a single bond, a substituted or unsubstituted
(C6-C18)arylene, more preferably, a single bond, an unsub-
stituted (C6-C12)arylene, e.g., may be a single bond or
unsubstituted phenylene.

[0044] The compound represented by the formula 3 is
represented by any one of the following formulae 3-1 to 3-6:
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[0045] In formulae 3-1 to 3-6 above, Ry, to R;q, [,, X and
a' to d' are as defined in the formula 3.

[0046] Herein, “(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, more preferably 1 to 10, and includes methyl, ethyl,
n-propyl, isopropyl, n-butyl, isobutyl, and tert-butyl, etc.
“(C2-C30)alkenyl” is meant to be a linear or branched
alkenyl having 2 to 30 carbon atoms constituting the chain,
in which the number of carbon atoms is preferably 2 to 20,
and more preferably 2 to 10, and includes vinyl, 1-propenyl,
2-propenyl, 1-butenyl, 2-butenyl, 3-butenyl, 2-methylbut-2-
enyl, etc. “(C2-C30)alkynyl” is meant to be a linear or
branched alkynyl having 2 to 30 carbon atoms constituting
the chain, in which the number of carbon atoms is preferably
2 to 20, and more preferably 2 to 10, and includes ethynyl,
1-propynyl, 2-propynyl, 1-butynyl, 2-butynyl, 3-butynyl,
1-methylpent-2-ynyl, etc. “(C3-C30)cycloalkyl” is meant to
be 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, and
includes cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
etc. “(3- to 7-membered)heterocycloalkyl” is meant to be a
cycloalkyl having 3 to 7, preferably 5 to 7, ring backbone
atoms, including at least one heteroatom selected from the
group consisting of B, N, O, S, Si, and P, and preferably O,
S, and N, and includes tetrahydrofuran, pyrrolidine, thiolan,
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tetrahydropyran, etc. “(C6-C60)aryl(ene)” is meant to be a
monocyclic or fused ring radical derived from an aromatic
hydrocarbon having 6 to 60 ring backbone carbon atoms, in
which the number of the ring backbone carbon atoms is
preferably 6 to 30, more preferably 6 to 20, may be partially
saturated, and may comprise a spiro structure. The aryl
includes phenyl, biphenyl, terphenyl, naphthyl, binaphthyl,
phenylnaphthyl, naphthylphenyl, fluorenyl, phenylfluorenyl,
benzofluorenyl, dibenzofluorenyl, phenanthrenyl, phenyl-
phenanthrenyl, anthracenyl, indenyl, triphenylenyl, pyrenyl,
tetracenyl, perylenyl, chrysenyl, naphthacenyl, fluoranthe-
nyl, etc. “(3- to 30-membered)heteroaryl(ene)” is meant to
be an aryl having 3 to 30 ring backbone atoms, including at
least one, preferably 1 to 4 heteroatoms selected from the
group consisting of B, N, O, 8, Si, and P. The heteroaryl 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
heteroaryl group via a single bond. The heteroaryl includes
a monocyclic ring-type heteroaryl such as furyl, thiophenyl,
pyrrolyl, imidazolyl, pyrazolyl, thiazolyl, thiadiazolyl, iso-
thiazolyl, isoxazolyl, oxazolyl, oxadiazolyl, triazinyl, tet-
razinyl, triazolyl, tetrazolyl, furazanyl, pyridyl, pyrazinyl,
pyrimidinyl, pyridazinyl, etc., and a fused ring-type het-
eroaryl such as benzofuranyl, benzothiophenyl, isobenzo-
furanyl, dibenzofuranyl, dibenzothiophenyl, benzimida-
zolyl, benzothiazolyl, benzoisothiazolyl, benzoisoxazolyl,
benzoxazolyl, isoindolyl, indolyl, benzoindolyl, indazolyl,
benzothiadiazolyl, quinolyl, isoquinolyl, cinnolinyl, qui-
nazolinyl, quinoxalinyl, naphthyridyl, carbazolyl, phenox-
azinyl, phenanthridinyl, benzodioxolyl, etc. “(5- to 30-mem-
bered)heteroaryl containing nitrogen” is meant to be an aryl
group having at least one N, and 5 to 30 ring backbone
atoms, in which the number of ring backbone atoms is
preferably 5 to 20, more preferably 5 to 15; having prefer-
ably 1 to 4 heteroatoms, and 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 heteroaryl group via a
single bond(s); and includes a monocyclic ring-type het-
eroaryl including pyrrolyl, imidazolyl, pyrazolyl, triazinyl,
tetrazinyl, triazolyl, tetrazolyl, pyridyl, pyrazinyl, pyrimidi-
nyl, pyridazinyl, etc., and a fused ring-type heteroaryl
including benzimidazolyl, isoindolyl, indolyl, indazolyl,
benzothiadiazolyl, quinolyl, isoquinolyl, cinnolinyl, qui-
nazolinyl, quinoxalinyl, carbazolyl, phenanthridinyl, etc.
“Halogen” includes F, Cl, Br, and I.

[0047] In addition, “substituted” in the expression “sub-
stituted or unsubstituted” means that a hydrogen atom is
replaced with another atom or functional group (i.e., a
substituent) in a certain functional group. The substituents of
the substituted alkyl, the substituted alkoxy, the substituted
cycloalkyl, the substituted aryl(ene), the substituted het-
eroaryl(ene), the substituted trialkylsilyl, the substituted
triarylsilyl, the substituted dialkylarylsilyl, the substituted
alkyldiarylsilyl, the substituted mono- or di-alkylamino, the
substituted mono- or di-arylamino, the substituted alkylary-
lamino, and the substituted mono- or polycyclic, alicyclic or
aromatic ring, in R, to R, Ry, toR 5, L}, and L, of formulae
1 to 3, are each independently at least one selected from the
group consisting of deuterium; halogen; cyano; carboxyl;
nitro; hydroxy; (C1-C30)alkyl; halo(C1-C30)alkyl; (C2-
C30)alkenyl; (C2-C30)alkynyl; (C1-C30)alkoxy; (C1-C30)
alkylthio; (C3-C30)cycloalkyl; (3- to 7-membered)hetero-
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cycloalkyl; (C6-C30)aryloxy; (C6-C30)arylthio; (C6-C30) _continued
aryl- or di(C6-C30)arylamino-substituted or unsubstituted

(3- to 30-membered) heteroaryl; cyano-, (3- to 30-mem-
bered)heteroaryl-, or tri(C6-C30)arylsilyl-substituted or
unsubstituted (C6-C30)aryl; tri(C1-C30)alkylsilyl; tri(C6-

C30)arylsilyl; di(C1-C30)alkyl(C6-C30)arylsilyl; (C1-C30) O

H1-3

alkyldi(C6-C30)arylsilyl; amino; a mono- or di-(C1-C30)
alkylamino; a mono- or di-(C6-C30)arylamino; (C1-C30)
alkyl(C6-C30)arylamino;  (C1-C30)alkylcarbonyl; (C1-
C30)alkoxycarbonyl; (C6-C30)arylcarbonyl; di(C6-C30)
arylboronyl; di(C1-C30jalkylboronyl; (C1-C30)alkyl(C6-
C30)arylboronyl; (C6-C30)ar(C1-C30)alkyl; and (C1-C30)
alkyl(C6-C30)aryl, preferably, are each independently at
least one selected from the group consisting of (C1-C20)
alkyl; (C6-Cl8)aryl-substituted or unsubstituted (3- to

N
25-membered)heteroaryl: cyano-, tri(C6-C18)arylsilyl-, or
(3- to 20-membered) heteroaryl-, substituted or unsubsti-
tuted (C6-C20)aryl; tri(C6-C18)arylsilyl; and (C1-C20)
alkyl(C6-C20)aryl.
[0048] The compound represented by formula 1 or 2 may

be more specifically illustrated by the following compounds,
but is not limited thereto:
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[0050] The organic electroluminescent device according
to the present disclosure comprises an anode; a cathode; and
at least one organic layer between the anode and the cathode.
The organic layer comprises a light-emitting layer compris-
ing a host and a phosphorescent dopant. The host comprises
a plurality of host compounds, at least a first host compound
of the plurality of host compounds is represented by formula
1 or 2 above, and a second host compound is represented by
formula 3 above.

[0051] Inthe present disclosure, the light-emitting layer is
alayer from which light is emitted, and can be a single layer
or a multi-layer of which two or more layers are stacked. In
the light-emitting layer, it is preferable that the doping
concentration of the dopant compound based on the host
compound is less than 20 wt %.

[0052] The organic layer may comprise a light-emitting
layer, and may further comprise at least one layer selected
from a hole injection layer, a hole transport layer, an electron
transport layer, an electron injection layer, an interlayer, a
hole blocking layer, and an electron blocking layer.
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[0053] 1In the organic electroluminescent device of the
present disclosure, the weight ratio of the first host com-
pound to the second host compound is in the range of 1:99
to 99:1.

[0054] The dopant comprised in the organic electrolumi-
nescent device according to the present disclosure is pref-
erably at least one phosphorescent dopant. The phosphores-
cent dopant material comprised in the organic
electroluminescent device according to the present disclo-
sure is not particularly limited, but may be preferably
selected from metallated complex compounds of iridium
(Ir), osmium (Os), copper (Cu), and platinum (Pt), more
preferably selected from ortho-metallated complex com-
pounds of iridium (Ir), osmium (Os), copper (Cu), and
platinum (Pt), and even more preferably ortho-metallated
iridium complex compounds.

[0055] The dopant comprised in the organic electrolumi-
nescence device of the present disclosure may comprise the
compound represented by the following Formula 101, but is
not limited thereto:

o1

Rygs

[0056]
1or2:

wherein, L is selected from the following structure

structure (1)
Ryor
O
e \
Ran
0
Ryis

structure (2)

Rags

Rago
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[0057] R4, to Ryo;5 each independently represent hydro-
gen, deuterium, halogen, a halogen-substituted or unsubsti-
tuted (C1-C30)alkyl, a substituted or unsubstituted (C3-
C30)cycloalkyl, a substituted or unsubstituted (C6-C30)aryl,
cyano, a substituted or unsubstituted (3- to 30-membered)
heteroaryl, or a substituted or unsubstituted (C1-C30)
alkoxy; or R, to R, ,; may be linked to adjacent substitu-
ents to form a substituted or unsubstituted fused ring, e.g., a
substituted or unsubstituted quinoline, a substituted or
unsubstituted benzofuropyridine, a substituted or unsubsti-
tuted benzothienopyridine, a substituted or unsubstituted
indenopyridine, a substituted or unsubstituted benzofuroqui-
noline, a substituted or unsubstituted benzothienoquinoline,
or a substituted or unsubstituted indenoquinoline; R, to
R,o; each independently represent hydrogen, deuterium,
halogen, a halogen-substituted or unsubstituted (C1-C30)
alkyl, a substituted or unsubstituted (C3-C30)cycloalkyl, a
substituted or unsubstituted (C6-C30)aryl, a substituted or
unsubstituted (3- to 30-membered)heteroaryl, cyano, or a
substituted or unsubstituted (C1-C30)alkoxy; or R, o, to R, 7
may be linked to adjacent substituents to form a substituted
or unsubstituted fused ring, e.g., a substituted or unsubsti-
tuted naphthyl, a substituted or unsubstituted fluorene, a
substituted or unsubstituted dibenzothiophene, a substituted
or unsubstituted dibenzofuran, a substituted or unsubstituted
indenopyridine, a substituted or unsubstituted benzofuro-
pyridine, or a substituted or unsubstituted benzothienopyri-
dine; R,y; to R,;; each independently represent hydrogen,
deuterium, halogen, a halogen-substituted or unsubstituted
(C1-C30jalkyl, a substituted or unsubstituted (C3-C30)cy-
cloalkyl, a substituted or unsubstituted (C6-C30)aryl; or
R,p; to R,y may be linked to adjacent substituents to form
a substituted or unsubstituted fused ring; n represents an

integer of 1 to 3.

[0058] The specific examples of the dopant material
include the following:

D-1

/
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[0059] 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.

[0060] 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%
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period, lanthanides and organic metals of d-transition ele-
ments of the Periodic Table, or at least one complex com-
pound comprising said metal.

[0061] 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.; said metal
halide includes LiF, MgF,, CaF,, a rare earth metal fluoride,
etc.; and said metal oxide includes Cs,O, Li,O, MgO, SrO,
BaO, Ca0, etc.

[0062] Between the anode and the light-emitting layer, a
layer selected from a hole injection layer, a hole transport
layer, or an electron blocking layer, or a combination thereof
may be used. The hole injection layer may be formed of
multi-layers 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.

[0063] 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 may be used. The electron
buffer layer may be formed of multi-layers in order to
control the injection of the electrons and enhance the inter-
facial characteristics between the light-emitting layer and
the electron injection layer. Two compounds may be simul-
taneously 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.

[0064] In addition, 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 preferably 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 elec-
troluminescent medium. Further, the hole transport com-
pound 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 dop-
ant 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 electrolu-
minescent device having two or more light-emitting layers
and emitting white light.

[0065] 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, etc., or wet film-forming methods



US 2020/0028089 A1

such as ink jet printing, nozzle printing, slot coating, spin
coating, dip coating, and flow coating, etc., may be used.
[0066] When using a wet film-forming method, a thin film
can be formed by dissolving or diffusing materials forming
each layer into any suitable solvent such as ethanol, chlo-
roform, tetrahydrofuran, dioxane, etc. The solvent can be
any solvent where the materials forming each layer can be
dissolved or diffused, and where there are no problems in
film-formation capability.

[0067] Also, the first and second host compounds of the
present disclosure may be co-evaporated or mixture-evapo-
rated.

[0068] By using the organic electroluminescent device of
the present disclosure, a display system or a lighting system
can be produced.

N
a,
(0]

Cl

1-1
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[0069]
pound according to the present disclosure, the preparation
method thereof, and the luminescent characteristics of an
organic electroluminescent device comprising the same will
be explained in detail with reference to the representative
compounds of the present disclosure in order to understand
the present disclosure in detail.

Hereinafter, an organic electroluminescent com-

EXAMPLE 1

Preparation of Compound H1-1

[0070]

O N\“
Pd(OAc),/s-Phos/aq.Cs,COs
o-Xylene, EtOH, 150° C.

‘ N\‘\‘
Hi-1
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[0071] Compound 1-1 (4 g, 12 mmol), bis(biphenyl-4-y1)
[4-(4,4,5,5-tetramethyl-[ 1,3,2]-dioxaboran-2-yl)phenyl]
amine (6.8 g, 13 mmol), palladium(Il) acetate (0.3 g, 1
mmol), 2-dicyclohexylphosphino-2',6'-dimethoxybiphenyl
(0.9 g, 2 mmol), cesium carbonate (11.5 g, 35 mmol), 60 mL
of o-xylene, 15 mL of ethanol, and 15 mL of distilled water
were added into a reaction vessel and refluxed for 3 hours.
After completion of the reaction, the organic layer was
washed with distilled water and extracted with ethy] acetate.
The organic layer was then dried with magnesium sulfate.
The solvent was removed with a rotary evaporator, and the
resulting product was purified by column chromatography to
obtain compound H1-1 (2.2 g, vield: 27%).

Jan. 23,2020

[0073] Compound 2-1 (4.8 g, 11.34 mmol), N-(4-bro-
mophenyl)-N-phenyl-[1,1"-biphenyl]-4-amine (5 g, 12.47
mmol), tetrakis(triphenylphosphine)palladium (0.4 g, 0.34
mmol), sodium carbonate (3.0 g, 28.35 mmol), 57 mL of
toluene, 14 mL of ethanol, and 14 mL of distilled water were
added into a reaction vessel and stirred at 1201 for 4 hours.
After completion of the reaction, methanol was added drop-
wise to the mixture, and the resulting solid was filtered. The
resulting solid was purified to recrystallization by column
chromatography to obtain the compound H1-42 (1.4 g,
yield: 20.0%).

MW MP
MW 5% PL M.P
H1-1 690.85 406 nm 427nm 27100 Hi42 61473 2
EXAMPLE 2 EXAMPLE 3

Preparation of Compound H1-42

[0072]

O/N O
Pd(PPh3)4, aq.Na,CO;3
Toluene, EtOH, 120° C.

O 2%

H1-42

Preparation of Compound H1-27

[0074]

O 00
O |

Pd(OAc),/P(t-Bu)s/NaOt-Bu
o-Xylene, reflux

Cl
3-1

N

N

J

oS
H1-27
[0075] Compound 3-1 (4.5 g, 16.09 mmol), 9,9-dimethyl-

N-phenyl-9H-fluoren-2-amine (5.5 g, 19.31 mmol), palladi-
um(II) acetate (0.2 g, 0.80 mmol), tri-t-butylphosphine (0.8
mL, 1.60 mmol), sodium tert-butoxide (2.3 g, 24.14 mmol),
and 80 mL of o-xylene were added into a reaction vessel and
refluxed at 12000 for 2 hours. After completion of the
reaction, the mixture was cooled to room temperature, and
the resulting solid was filtered and washed with ethyl
acetate. The filtrate was distilled under reduced pressure,
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and the resulting solid was purified to recrystallization by
column chromatography to obtain the compound H1-27 (2.4
g, yield: 28%).

MW M.P
H1-27 528.64 20901
EXAMPLE 4

Preparation of Compound H2-1

[0076]
Cl

N: C |
P
N N
o]
Pd(PPh3)y
O IMK,CO;
B/O toluene
\ EtOH
0]
1

2-

H2-1

[0077] Compound 2-1 (10 g, 23.7 mmol), 2-chloro-4,6-
diphenyltriazine (CAS: 3842-55-5, 5.8 g, 21.6 mmol), tet-
rakis(triphenylphosphine)palladium (1.2 g, 1.0 mmol),
potassium carbonate (7.5 g, 59 mmol), 90 mL of toluene, 30
mL of ethanol, and 30 mL of distilled water were added into
a reaction vessel and stirred at 12000 for 4 hours. After
completion of the reaction, methanol was added dropwise to
the mixture, and the resulting solid was filtered. The result-
ing solid was purified to recrystallization by column chro-
matography to obtain the compound H2-1 (5.7 g, yield:
50%).

MW uv PL M.P

H2-1 526.18 290 nm 427 nm 210
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EXAMPLE 5
Preparation of Compound H2-2
[0078]
Cl
NJ\N
l p
N N
CO-0 > ®
(L
Pd(PPhs),
/O Na.2CO3
]% toluene
0] EtOH
2-1
N :
O \
O O
O N,
=
N . N
H2-2

[0079] Compound 2-1 (3.48 g, 8.3 mmol). 2-([1,1'-biphe-
nyl]-4-yl)-4-chloro-6-phenyl-1,3,5-triazine (CAS: 1472062-
94-4,3.53 g, 9.1 mmol), tetrakis(triphenylphosphine)palla-
dium (0.48 g, 0.41 mmol), sodium carbonate (2.2 g, 20.7
mmol), 28 mL of toluene, 7 mL of ethanol, and 7 mL of
distilled water were added into a reaction vessel and stirred
at 12000 for 5 hours. After completion of the reaction,
methanol was added dropwise to the mixture, and the
resulting solid was filtered. The resulting solid was purified
to recrystallization by column chromatography to obtain the
compound H2-2 (3.7 g, yield: 74%).

MW uv PL M.P

H2-2 602.21 324 nm 429 nm 29907

[0080] LUMO (Lowest Unoccupied Molecular Orbital)
energy, HOMO (Highest Occupied Molecular Orbital)
energy, and triplet energy of the compounds H1-1 and H1-27
synthesized in Examples 1 and 3 above were calculated
using Density Functional Theory (DFT) at B3LYP/6-31g(d)
level, and are shown in the following Table 1.

[0081] Basically, LUMO and HOMO energy values mea-
sured as described above have negative values; however, for
convenience, are expressed in absolute values. In addition,
when comparing the degree of LUMO/HOMO energy val-
ues, it compares absolute values thereof.
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TABLE 1
Calculation value B3LYP/6-31 g*
LUMO HOMO Triplet
Compound Structure (eV) (eV) (V)
H1-1 1.62 491 2.4
N
O /
’: : 1.37 4.90 2.5
[0082] Referring to Table 1 above, the device character- COMPARATIVE EXAMPLE 1

istics of the first host compound according to one embodi-
ment, i.e., compound H1-1 represented by formula 1, and
compound H1-27 represented by formula 2, can be com-
pared and predicted. Specifically, compound H1-27 has a
similar HOMO energy value to compound H1-1, and has a
lower LUMO energy value than compound H1-1. Thus, it is
predicted that the electron carrier is sufficiently confined
when compound H1-27 is used. In addition, when host
compounds H1-1 and H1-27 are combined with a host
having a strong electron current characteristic, it can be
confirmed that the energy value thereof has no problem in
exciplex formation. Further, triplet energy values of com-
pounds H1-1 and H1-27 are 2.4 eV, and 2.5 eV, respectively,
which are sufficient to block triplet energy of a dopant. That
is, when using compound H1-1 or H1-27 as the first host
compound according to one embodiment, it can be predicted
that the device including one of them will exhibit similar
device characteristics to the device including the other.

[0083] Thus, in the following Device Example, an organic
electroluminescent device is produced by using only com-
pounds H1-1 and H1-42 represented by formula 1 as the
representative first host compound, and the characteristics of
device thereof will be described.

Producing a Red Light-Emitting Organic
Electroluminescent Device not According to the
Present Disclosure

[0084] An OLED device not according to the present
disclosure was produced. First, a transparent electrode
indium tin oxide (ITO) thin film (10 Q/sq) on a glass
substrate for an OLED (GEOMATEC CO., LID., Japan)
was subjected to an ultrasonic washing with acetone and
isopropyl alcohol, sequentially, and then was stored in
isopropanol. Next, the ITO substrate was mounted on a
substrate holder of a vacuum vapor deposition apparatus.
Compound HI-1 was introduced into a cell of the vacuum
vapor deposition apparatus, and the pressure in the chamber
of the apparatus was then controlled to 10~ torr. Thereafter,
an electric current was applied to the cell to evaporate the
introduced material, thereby forming a first hole injection
layer having a thickness of 80 nm on the ITO substrate.
Compound HI-2 was then introduced into another cell of the
vacuum vapor deposition apparatus, and an electric current
was applied to the cell to evaporate the introduced material,
thereby forming a second hole injection layer having a
thickness of 5 nm on the first hole injection layer. Next,
compound HT-1 was introduced into another cell of the
vacuum vapor deposition apparatus. Thereafter, an electric
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current was applied to the cell to evaporate the introduced
material, thereby forming a first hole transport layer having
a thickness of 10 nm on the second hole injection layer.
Compound HT-2 was then introduced into another cell of the
vacuum vapor deposition apparatus, and an electric current
was applied to the cell to evaporate the introduced material,
thereby forming a second hole transport layer having a
thickness of 60 nm on the first hole transport layer. After
forming the hole injection layers and the hole transport
layers, a light-emitting layer was then deposited as follows.
Compound H1-1 as a host was introduced into one cell of the
vacuum vapor deposition apparatus and compound D-39 as
a dopant was introduced into another cell of the apparatus.
The two materials were evaporated at a different rate and the
dopant was deposited in a doping amount of 3 wt %, based
on the total weight of the host and dopant, to form a
light-emitting layer having a thickness of 40 nm on the
second hole transport layer. Next, compounds ETL-1 and
EIL-1 as an electron transport material in a weight ratio of
50:50 were deposited on the light-emitting layer, to form an
electron transport layer having a thickness of 35 nm. Next,
compound EIL-1 as an electron injection layer having a
thickness of 2 nm was deposited on the electron transport
layer, and 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. All the materials used for producing the OLED
device were purified by vacuum sublimation at 107° torr.

COMPARATIVE EXAMPLE 2

Producing a Red Light-Emitting Organic
Electroluminescent Device not According to the
Present Disclosure

[0085] An OLED device was produced in the same man-

ner as in Comparative Example 1, except that compound
H2-2 instead of H1-1 as a light-emitting material was used.
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COMPARATIVE EXAMPLE 3

Producing a Red Light-Emitting Organic
Electroluminescent Device not According to the
Present Disclosure

[0086] An OLED device was produced in the same man-
ner as in Comparative Example 1, except that compound
H2-1 instead of H1-1 as a light-emitting material was used.

DEVICE EXAMPLES 1 to 3

Producing a Red Light-Emitting Organic
Electroluminescent Device According to the Present
Disclosure

[0087] In Device Examples 1 to 3, OLED device were
produced in the same manner as in Comparative Example 1,
except that each of a first host compound and a second host
compound described in the following Table 2 as a host were
introduced into one cell of the vacuum vapor deposition
apparatus, and compound D-39 as a dopant was introduced
into another cell of the apparatus. The two host materials
were evaporated at the same rate of 1:1 and at the same time,
the dopant was evaporated at a different rate in a doping
amount of 3 wt %, based on the total weight of the host and
dopant, to form a light-emitting layer having a thickness of
40 nm.

[0088] The driving voltage, the luminous efficiency, and
the CIE color coordinates at a luminance of 1,000 nits and
the time taken for the light-emission to be reduced from
100% to 90% at a luminance of 5,000 nit (lifespan; T90) of
the organic electroluminescent device of Comparative
Examples 1 to 3 and Device Examples 1 to 3 produced as
above are shown in the following Table 2. In addition, the
current efficiency according to the luminance of the organic
electroluminescent device produced in Comparative
Example 2 and Device Example 1 is shown in FIG. 1.

TABLE 2
Driving Luminous Color
Voltage Efficiency Coordinate  Lifespan
First Host Second Host (V) (cd/A) X y (T90, hr)

Comparative

Example 1

Comparative

Example 2

Comparative

Example 3
Device
Example 1
Device
Example 2
Device

Example 3

H1-1 — 4.5 9.3 0.659 0.336 285
— H2-2 3.1 23.4 0.670 0.330 1220
— H2-1 3.1 24.5 0.669 0.330 99.3
H1-1 H2-2 3.2 26.6 0.671 0329  601.1
H1-1 H2-1 33 264 0.670 0.330  623.1
H1-42 H2-2 3.1 28.1 0.671 0.329 683
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[0089] From Device Examples 1 to 3 above, it was con-
firmed that the combination of the compounds of the present
disclosure can greatly improve the efficiency and lifespan
characteristics while maintaining a driving voltage similar to
that of the Comparative Example. Specifically, referring to
FIG. 1, the combination of light-emitting layer as the organic

Jan. 23,2020

electroluminescent device according to one embodiment
exhibits great effect on the roll-off improvement compared
with the Comparative Example, which is the combination of
the single light-emitting layer.

[0090] The compounds used in the Comparative Examples
and Device Examples are shown in Table 3 below.

TABLE 3

Hole Injection
Layer/
Hole Transport
Layer

HI-1
NC CN
>/ \<
N N
N
NC / \ CN
—N N=
NC CN
HI-2

HT-1
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TABLE 3-continued

Q.
()

S 9,

)

HT-2

Light-Emitting
Layer “
N
O /

>
“e

(J T

O

H1-42
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TABLE 3-continued
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TABLE 3-continued

Jan. 23,2020

Electron
Transport
Layer/
Electron
Injection Layer

EIL-1

8

1. A plurality of host materials comprising at least one of
a first host compound and at least one of a second host
compound, wherein the first host compound is represented
by the following formula 1 or 2, and the second host
compound is represented by the following formula 3:

m
Ras

XN
| >,
A~y

R
e
Ryl
Ly
N
R5/ \
R
2
(Ro)p ©
XX
| >— R0,
A
C<R3>—:
/-
Ly
RS—N/
\
Rg

wherein,

X, represents —N—, —NR,— —O— or —S5—,

Y, represents —N—, —NR;—, —O— or —S—, pro-
vided that when X, represents —N—, Y, represents
—NRgy—, —O— or —S—, and when X, represents
—NR,—, Y, represents —N—, —O— or —S—,

R, represents a substituted or unsubstituted (C6-C30)aryl,
or a substituted or unsubstituted (3- to 30-membered)
heteroaryl,

R, to Ry each independently represent hydrogen, deute-
rium, halogen, cyano. a substituted or unsubstituted
(C1-C30)alkyl, a substituted or unsubstituted (C6-C30)
aryl, a substituted or unsubstituted (3- to 30-membered)
heteroaryl, a substituted or unsubstituted (C3-C30)
cycloalkyl, a substituted or unsubstituted (C1-C30)
alkoxy, a substituted or unsubstituted tri(C1-C30)
alkylsilyl, a substituted or unsubstituted di(C1-C30)
alkyl(C6-C30)arylsilyl, a substituted or unsubstituted
(C1-C30)alkyldi(C6-C30)arylsilyl, a substituted or
unsubstituted tri(C6-C30)arylsilyl, a substituted or
unsubstituted mono- or di-(C1-C30)alkylamino, a sub-
stituted or unsubstituted mono- or di-(C6-C30)ary-
lamino, or a substituted or unsubstituted (C1-C30)alkyl
(C6-C30)arylamino, or may be linked to an adjacent
substituent to form a substituted or unsubstituted, (C3-
C30) mono- or polycyclic, alicyclic, or aromatic ring,
whose carbon atom may be replaced with at least one
heteroatom selected from nitrogen, oxygen, and sulfur,

L, represents a single bond, a substituted or unsubstituted
(C6-C30)arylene, or a substituted or unsubstituted (3-
to 30-membered)heteroarylene,

a represents 1, b and ¢ each independently represent 1 or
2, d and e each independently represent an integer of 1
to 4,

the heteroaryl(ene) contains at least one heteroatom
selected from B, N, O, S, Si, and P;
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3

Ry

X%

| I
A~

o)

//
|

\/\(R{)d’

L,

NN

wherein,
X, represents —N—, —NR,,—, —O— or —S—,

Y, represents —N—, —NR;;—, —O— or —S—, pro-
vided that when X, represents —N—, Y, , represents
—NR,¢—, —O— or —S—, and when X, represents
—NR,,—, Y,; represents —N—, —O— or —S—,

X represents N or CH,

R,, represents a substituted or unsubstituted (C6-C30)
aryl, or a substituted or unsubstituted (3- to 30-mem-
bered)heteroaryl,

R, to R4 each independently represent hydrogen, deu-
terium, halogen, cyano, a substituted or unsubstituted
(C1-C30)alkyl, a substituted or unsubstituted (C6-C30)
aryl, a substituted or unsubstituted (3- to 30-membered)
heteroaryl, a substituted or unsubstituted (C3-C30)
cycloalkyl, a substituted or unsubstituted (C1-C30)
alkoxy, a substituted or unsubstituted tri(C1-C30)
alkylsilyl, a substituted or unsubstituted di(C1-C30)
alkyl(C6-C30)arylsilyl, a substituted or unsubstituted
(C1-C30)alkyldi(C6-C30)arylsilyl, a substituted or
unsubstituted tri(C6-C30)arylsilyl, a substituted or
unsubstituted mono- or di-(C1-C30)alkylamino, a sub-
stituted or unsubstituted mono- or di-(C6-C30)ary-
lamino, or a substituted or unsubstituted (C1-C30)alkyl
(C6-C30)arylamino, or may be linked to an adjacent
substituent to form a substituted or unsubstituted, (C3-
C30) mono- or polycyclic, alicyclic, or aromatic ring,
whose carbon atom may be replaced with at least one
heteroatom selected from nitrogen, oxygen, and sulfur,

L, represents a single bond, a substituted or unsubstituted
(C6-C30)arylene, or a substituted or unsubstituted (3-
to 30-membered)heteroarylene,

a represents 1, b' and ¢' each independently represent 1 or
2, d' represents an integer of 1 to 4,

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

2. The host materials according to claim 1, wherein the
formula 1 or 2 is represented by any one of the following

formulae 1-1 to 1-5:

55
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1-1
Rz)p

X x5
Rya
/E Vs N/>_
@ |
Z
|
SN

" MRy

L

N
R5/ ~ R¢

Ra)p

X x4
R0
/E P N%
R |
P4
|
K N

> Mo

L

PN

Rs R¢

(1-3)
Ra)p

X1
| \>7<R1>a
Z 0
R T
Z
|
NN

" NRy),
L

|
PN

R Rs

{1-4)
(Ra)s

S
| \>—<R1i)g
0
|
e(Rf*)_
N
L
/
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-continued
(1-5
(Ro)s =
|\ X8
/>7(Rl)a
P
e<R3>—:k
P
/N
R5—I|\I
R¢
wherein,

R, to Ry, L, and a to e are as defined in claim 1.

3. The host materials according to claim 1, wherein the
formula 3 is represented by any one of the following
formulae 3-1 to 3-6:

(3-1)
(Rlz)b\'
N N
| \>7(R11)a'
0
oRi)—
_
N §/\(Rm)d'
Lz
Nl)\N
)\ )\
Ris X Ris
(3-2)
Ry
>_(Rll)a'
Va N/
Ry
/ -~
S §/\(Rm)d'

2

N|)\N
)\ )\
Ris X Rig
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-continued
(3-3
Ry o
|\\ o
/>_(R11)a'
Y
R~
/ -,
S §/\(Rlzx)d'
L,
N)\N
)|\ )\
Rs X Ris
(3-4
Ry -
N N
| \>7(Rll)a'
P
c’(RIS)_:
% Z
N §/\(Rm)d'
Ly
Nl)\N
/L /k
Ris X Rig
3-5)
(Rus o
\ N
| Ri1a
e
i)
P
N §/\(Rlzt)d'
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-continued

(3-6)
Ry

]\; \>7<Ru>ar

cRpz)—p~ RIS

(R14)d

N

XX)\

wherein,
R, to Ry Ly, X and a' to d' are as defined in claim 1.

4. The host materials according to claim 1, wherein the
substituents of the substituted alkyl, the substituted alkoxy,
the substituted cycloalkyl, the substituted aryl(ene), the
substituted heteroaryl(ene), the substituted trialkylsilyl, the
substituted triarylsilyl, the substituted dialkylarylsilyl, the
substituted alkyldiarylsilyl, the substituted triarylsilyl, the
substituted mono- or di-alkylamino, the substituted mono-
or di-arylamino, the substituted alkylarylamino, and the
substituted mono- or polycyclic, alicyclic, or aromatic ring,
inR, 0Rg, R, oR 4, L, and L,, are each independently at
least one selected from the group consisting of deuterium;
halogen; cyano; carboxyl; nitro; hydroxyl; (C1-C30)alkyl;
halo(C1-C30)alkyl; (C2-C30)alkenyl; (C2-C30)alkynyl;
(C1-C30)alkoxy; (C1-C30)alkylthio; (C3-C30)cycloalkyl,
(3- to 7-membered) heterocycloalkyl; (C6-C30)aryloxy;
(C6-C30)arylthio; (C6-C30)aryl- or di(C6-C30)arylamino-
substituted or unsubstituted (3- to 30-membered)heteroaryl,
cyano-, (3- to 30-membered)heteroaryl- or tri(C6-C30)aryl-
silyl-substituted or unsubstituted (C6-C30)aryl; tri(C1-C30)
alkylsilyl; tri(C6-C30)arylsilyl; di(C1-C30)alkyl(C6-C30)
arylsilyl;  (C1-C30)alkyldi(C6-C30)arylsilyl; amino; a
mono- or di-(C1-C30)alkylamino; a mono- or di-(C6-C30)
arylamino; (C1-C30)alkyl(C6-C30)arylamino; (C1-C30)
alkylcarbonyl; (C1-C30)alkoxycarbonyl; (C6-C30)arylcar-
bonyl; di(C6-C30)arylboronyl; di(C1-C30)alkylboronyl;
(C1-C30)alkyl(C6-C30)arylboronyl;  (C6-C30)ar(C1-C30)
alkyl; and (C1-C30)alkyl(C6-C30)aryl.

5. The host materials according to claim 1, wherein the

compound represented by formula 1 or 2 is selected from the
group consisting of:
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-continued -continued
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H1-9



US 2020/0028089 A1 Jan. 23, 2020
59

-continued -continued
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-continued -continued
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6. The host materials according to claim 1, wherein the
compound represented by formula 3 is selected from the
group consisting of:

H2-1

H2-2

H2-3
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7. An organic electroluminescent device comprising: an
anode, a cathode, and at least one light-emitting layer
between the anode and the cathode, wherein the light-
emitting layer comprises a host and a phosphorescent dop-

ant, wherein the host comprises the host materials according
to claim 1.

4
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