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(57) ABSTRACT

The present disclosure relates to organic electroluminescent
compounds, and a host material, an electron buffer material,
an electron transport material and an organic electrolumi-
nescent device comprising the same. By using the organic
electroluminescent compounds of the present disclosure, the
organic electroluminescent device secures fast electron cur-
rent properties by intermolecular stacking and interaction,
and thus, it is possible to provide the organic electrolumi-
nescent device having low driving voltage and/or excellent
luminous efficiency and/or efficient lifespan properties.
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ORGANIC ELECTROLUMINESCENT
COMPOUNDS AND ORGANIC
ELECTROLUMINESCENT DEVICE
COMPRISING THE SAME

TECHNICAL FIELD

[0001] The present disclosure relates to organic electrolu-
minescent compounds and an organic electroluminescent
device comprising the same.

BACKGROUND ART

[0002] An electroluminescent device (EL device) is a
self-light-emitting 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, 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 electroluminescent device (hereinafter
abbreviated as an OLED) is a device changing electrical
energy to light by applying electricity to an organic elec-
troluminescent material, and generally has a structure com-
prising an anode, a cathode, and an organic layer between
the anode and the cathode. The organic layer of an OLED,
if necessary, may comprise a hole injection layer, a hole
transport layer, a hole auxiliary layer, a light-emitting aux-
iliary layer, an electron blocking layer, a light-emitting layer
(which comprises host and dopant materials), an electron
buffer layer, a hole blocking layer, an electron transport
layer, an electron injection layer. etc. The materials used for
the organic layer may be categorized by their functions in
hole injection materials, hole transport materials, hole aux-
iliary materials, light-emitting auxiliary materials, electron
blocking materials, light-emitting materials, electron buffer
materials, hole blocking materials, electron transport mate-
rials, electron injection materials, etc. In the OLED, due to
an application of a voltage, holes are injected from the anode
to the light-emitting layer, electrons are injected from the
cathode to the light-emitting layer, and excitons of high
energies are formed by a recombination of the holes and the
electrons. By this energy, organic luminescent compounds
reach an excited state, and light emission occurs by emitting
light from energy due to returning from the excited state of
the organic luminescent compounds to a ground state.

[0004] The most important factor determining luminous
efficiency in an OLED is a light-emitting material. A light-
emitting material must have high quantum efficiency, and
high electron and hole mobility, and the formed light-
emitting material layer must be uniform and stable. Light-
emitting materials are categorized into blue, green, and red
light-emitting materials dependent on the color of the light
emission, and additionally yellow or orange light-emitting
materials. In addition, light-emitting materials can also be
categorized into host and dopant materials according to their
functions. Recently, the development of an OLED having
high efficiency and long lifespan is an urgent issue. In
particular, considering EL characteristic requirements for a
middle or large-sized panel of OLED, light-emitting mate-
rials showing excellent characteristics compared to conven-
tional ones must be urgently developed. The host material,
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which acts as a solvent in a solid state and an energy
transferer, is desirable to have high purity and an appropriate
molecular weight capable for a vacuum deposition. Further-
more, the host material is desirable to have high glass
transition temperature and high thermal degradation tem-
perature to achieve thermal stability, high electro-chemical
stability to achieve a long lifespan, ease of forming an
amorphous thin film, good adhesion to materials of adjacent
layers, and non-migration to other layers.

[0005] Also, the electron buffer layer is equipped to
improve a problem of light-emitting luminance reduction
which may occur due to change of current properties in the
device when the device is exposed to a high temperature
during a process of producing panels. Thus, the properties of
compounds comprised in the electron buffer layer are impor-
tant. In addition, the compound used in the electron buffer
layer is desirable to perform a role of controlling an electron
injection by the electron withdrawing characteristics and the
electron affinity LUMO (lowest unoccupied molecular
orbital) energy level, and thus may perform a role to improve
the efficiency and the lifespan of the OLED.

[0006] Meanwhile, an organometallic complex having a
light-emitting function such as Alg, was conventionally
used as an electron transport material in an OLED due to
excellent electron transfer capability. However, Alq, had a
problem moving to another layer, and lowering color purity
when used in a blue light-emitting device. Thus, a new
electron transport material without the aforementioned prob-
lem and having a high electron affinity that can cause an
OLED to have a high luminous efficiency due to fast
electron transfer properties has been desired.

[0007] U.S. Pat. No. 8,968,887 discloses a host material
comprising a phenanthrene compound as a substituent, but
the host material disclosed therein must comprise a triph-
enylene as a backbone.

[0008] Korean Patent Application Laid-Open No.
10-2013-42901 discloses an OLED comprising a compound
of a phenanthro(4,3-bjthiophene, a phenanthro(4,3-b)furan
or a phenanthro(4,3-b)pyrrole as a backbone.

[0009] Korean Patent Application Laid-Open No.
10-2014-57439 discloses an OLED using a heterocyclic
compound of a benzonaphtho(2,3-d)furan structure or a
benzonaphtho(2,3-d)thiophene structure as a hole transport
material or a host.

DISCLOSURE OF THE INVENTION

Problems to be Solved

[0010] The object of the present disclosure is to provide
organic electroluminescent compounds being effective to
produce an organic electroluminescent device having low
driving voltage, and/or excellent current and power efficien-
cies, and/or significantly improved operative lifespan.

Solution to Problems

[0011] The present inventors found that the above objec-
tive can be achieved by an organic electroluminescent
compound represented by the following formula 1:



US 2020/0106027 A1l

M

[0012] wherein
[0013] X represents O, S, or CRy;R;5;
[0014] R, to R,, each independently, represent hydrogen,

deuterium, a halogen, a 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; wherein, at least one of R, to R, represent
a substituted or unsubstituted (C6-C30)aryl, a substituted or
unsubstituted (3- to 30-membered)heteroaryl, or a substi-
tuted or unsubstituted mono- or di-(C6-C30)arylamino, with
the proviso that at least one of R, to R, does not represent
a triphenylenyl;

[0015] R,; and R,,, each independently, represent a sub-
stituted or unsubstituted (C1-C30)alkyl, a substituted or
unsubstituted (C6-C30)aryl, or a substituted or unsubstituted
(3- to 30-membered)heteroaryl; or are linked to each other
to form a substituted or unsubstituted, mono- or polycyclic,
(C3-C30) alicyclic or aromatic ring, whose carbon atom(s)
may be replaced with at least one heteroatom selected from
nitrogen, oxygen, and sulfur;

[0016] aand d, each independently, represent an integer of
1 to 4; b and ¢, each independently, represent an integer of
1 or 2; and

[0017] the heteroaryl contains at least one heteroatom
selected from B, N, O, S, Si, and P.

[0018] The compound of the present disclosure can be
utilized at a hole transport layer (HIL), a light-emitting
layer (EML), an electron buffer layer (compound deposited
between an electron transport layer and a light-emitting
layer in a deposited device), and an electron transport layer
by bonding with various substituents due to its unique fusing
positions. Among the layers, inventors of the present dis-
closure found that the compound shows excellent device
performance when it is used at a light-emitting layer, an
electron transport layer, an electron buffer layer, or both an
electron transport layer and an electron buffer layer.
[0019] Meanwhile, during the charge transport in an
OLED, there is a possibility for unexpected degradation due
to weak bonds within the charge transport material. One
solution for overcoming such degradation is to rigidify
molecular framework (see Adv. Mater. 2013, 25, 2114-
2129). The core structure of the compound of the present
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disclosure has a rigid aromatic network which does not have
rotational freedom. The present inventors found that this
feature would result in excellent performance in an OLED.

Effects of the Invention

[0020] By using the organic electroluminescent compound
of the present disclosure as a host material, an electron buffer
material, or an electron transport material, the organic elec-
troluminescent device may secure fast electron current prop-
erties by intermolecular stacking and interaction, and thus, it
is possible to provide the organic electroluminescent device
having low driving voltage and/or excellent luminous effi-
ciency and/or efficient lifespan properties.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] FIG. 1illustrates a schematic view representing the
structure of an OLED according to an embodiment of the
present disclosure.

[0022] FIG. 2 illustrates a view representing a computa-
tional modeling result of core structure A.

EMBODIMENTS OF THE INVENTION

[0023] 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.

[0024] The term “an organic electroluminescent com-
pound” in the present disclosure means a compound that
may be used in an OLED, and may be comprised in any
layers consisting of an OLED, if necessary.

[0025] The organic electroluminescent compound repre-
sented by formula 1 will be described in detail as follows.
[0026] In formula 1, X represents O, S, or CR;;R,,.
Herein, R, and R,, each independently, represent a sub-
stituted or unsubstituted (C1-C30)alkyl, a substituted or
unsubstituted (C6-C30)aryl, or a substituted or unsubstituted
(3- to 30-membered)heteroaryl; or are linked to each other
to form a substituted or unsubstituted, mono- or polycyclic,
(C3-C30) alicyclic or aromatic ring, whose carbon atom(s)
may be replaced with at least one heteroatom selected from
nitrogen, oxygen, and sulfur. R, and R,,, each indepen-
dently, represent preferably a substituted or unsubstituted
(C1-C20)alkyl, more preferably, a substituted or unsubsti-
tuted (C1-C10)alkyl, and for example, a methyl.

[0027] Informula 1, R, to R,, each independently, repre-
sent hydrogen, deuterium, a halogen, a cyano, a substituted
or unsubstituted (C1-C30)alkyl, a substituted or unsubsti-
tuted (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. Herein, at least one of
R, to R, represents a substituted or unsubstituted (C6-C30)
aryl, a substituted or unsubstituted (3- to 30-membered)
heteroaryl, or a substituted or unsubstituted mono- or di-
(C6-C30)arylamino, with the proviso that at least one of R,
to R, does not represent a triphenylenyl. R, to R,. each
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independently, represents preferably hydrogen, a substituted
or unsubstituted (C6-C25)aryl, a substituted or unsubstituted
(5- to 25-membered)heteroaryl, or a substituted or unsub-
stituted mono- or di-(C6-C25)arylamino, more preferably,
hydrogen, a substituted (C6-C18)aryl, a substituted (5- to
18-membered)heteroaryl, or a substituted or unsubstituted
di-(C6-C18)arylamino, and for example, hydrogen, a sub-
stituted triazinyl, a substituted phenyl, a substituted naph-
thyl, a substituted fluorenyl, a substituted carbazolyl, a
substituted phenoxazinyl, a substituted phenothiazinyl, or a
substituted or unsubstituted di(C6-C15)arylamino.

[0028] Informulal,a andd,each independently, represent
an integer of 1 to 4; b and c, each independently, represent
an integer of 1 or 2. Preferably, a to d, each independently,
represent 1.

[0029] In formula 1, the heteroaryl contains at least one
heteroatom selected from B, N, O, S, Si, and P, and prefer-
ably, one heteroatom selected from N, O, and S.

[0030] The compound represented by formula 1 may be
represented by any one of the following formulas 2 to 4:

3
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-continued
@)

Rk

@ indicates text missing or illegible when filed

[0031] In formulas 2 to 4, X, R, to R,, a. b and ¢ are as
defined in formula 1.

[0032] In formulas 2 to 4, L, to L,, each independently,
represent a single bond, a substituted or unsubstituted (C6-
C30)arylene, or a substituted or unsubstituted (3- to
30-membered)heteroarylene; preferably, a single bond, a
substituted or unsubstituted (C6-C25)arylene, or a substi-
tuted or unsubstituted (5- to 25-membered)heteroarylene;
and more preferably, a single bond, a substituted or unsub-
stituted (C6-Cl18)arylene, or an unsubstituted (5- to
18-membered)heteroarylene. For example, L, may be a
single bond, an unsubstituted phenylene, an unsubstituted
naphthylene, or a substituted fluorenylene; L, may be a
single bond, or an unsubstituted phenylene; and [, may be
an unsubstituted carbazolylene.

[0033] Informula 2, X, to X, each independently, repre-
sent N or CH; with the proviso that at least one of X, to X,
represents N, and preferably at least two of X, to X,
represent N.

[0034] In formula 2, Ar, and Ar,, each independently,
represent a substituted or unsubstituted (C6-C30)aryl, or a
substituted or unsubstituted (3- to 30-membered)heteroaryl;
preferably, a substituted or unsubstituted (C6-C25)aryl, or a
substituted or unsubstituted (5- to 25-membered)heteroaryl;
more preferably, a substituted or unsubstituted (C6-C18)
aryl, or a substituted or unsubstituted (5- to 18-membered)
heteroaryl; and for example, a substituted or unsubstituted
phenyl, an unsubstituted biphenyl, an unsubstituted naph-
thyl, a substituted fluorenyl, a substituted carbazolyl, or an
unsubstituted dibenzofuranyl.

[0035] In formulas 3 and 4, W, Y and Z. each indepen-
dently, represent a single bond, O, S, NR;, or CR R,
preferably, a single bond, O, S, or NR,;. For example, W
may represent NR 5; Y may represent a single bond; and Z
may represent a single bond, O, or S.

[0036] Herein, 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
(3- to 30-membered)heteroaryl; or R,, and R,5 may be
linked to each other to form a substituted or unsubstituted,
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mono- or polycyclic, (C3-C30) alicyclic or aromatic ring,
whose carbon atom(s) may be replaced with at least one
heteroatom selected from nitrogen, oxygen, and sulfur. R,
to R, each independently, represent preferably, a substi-
tuted or unsubstituted (C6-C18)aryl, or a substituted or
unsubstituted (5- to 18-membered)heteroaryl; more prefer-
ably, an unsubstituted (C6-C12)aryl; and for example, an
unsubstituted phenyl.

[0037] In formulas 3 and 4, n and m, each independently,
represent an integer of 0 or 1.

[0038] In formulas 2 to 4, e represents an integer of 1 to
3, and preferably, 1.

[0039] In formulas 3 and 4, f, g and h, each independently
represent an integer of 1 to 4, and preferably, an integer of
lor2.

[0040] In formulas 3 and 4, R to R, each independently,
represent hydrogen, deuterium, a halogen, a cyano, a sub-
stituted 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 are linked to
an adjacent substituent(s) to form a substituted or unsubsti-
tuted, mono- or polycyclic, (C3-C30) alicyclic or aromatic
ring, whose carbon atom(s) may be replaced with at least
one heteroatom selected from nitrogen, oxygen, and sulfur.
Preferably, R5 to R, each independently. represent hydro-
gen, a substituted or unsubstituted (C6-C25)aryl, or a sub-
stituted or unsubstituted (5- to 25-membered)heteroaryl, or
are linked to an adjacent substituent(s) to form a substituted,
mono- or polycyclic, (C3-C25) aromatic ring. More prefer-
ably, R to R,, each independently, represent hydrogen, a
substituted or unsubstituted (C6-C18)aryl, or a substituted or
unsubstituted (5- to 20-membered)heteroaryl, or are linked
to an adjacent substituent(s) to form a substituted polycyclic
(C5-C18) aromatic ring. For example, R, to R,, each inde-
pendently, represent hydrogen, a substituted or unsubstituted
phenyl, or a substituted or unsubstituted carbazolyl, or are
linked to an adjacent substituent(s) and the backbone to form
a fluorenyl substituted with at least one methyl.

[0041] 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, more preferably 1 to 10, and includes
methyl, ethyl, n-propyl, isopropyl, n-butyl, 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, more preferably 3 to 7, and includes 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, including at least
one heteroatom selected from B, N, O, S, Si, and P, prefer-
ably O, S, and N, and includes tetrahydrofuran, pyrrolidine,
thiolan, tetrahydropyran, etc. The term “(C6-C30)aryl(ene)”
is a monocyclic or fused ring radical derived from an
aromatic hydrocarbon having 6 to 30 ring backbone carbon
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atoms, in which the number of carbon atoms is preferably 6
to 20, more preferably 6 to 15, and may comprise a spiro
structure. The above aryl(ene) may include phenyl, biphe-
nyl, terphenyl, naphthyl, binaphthyl, phenylnaphthyl, naph-
thylphenyl, fluorenyl, phenylfluorenyl, benzofluorenyl,
dibenzofluorenyl, phenanthrenyl, phenylphenanthrenyl,
anthracenyl, indenyl, triphenylenyl, pyrenyl, tetracenyl,
perylenyl, chrysenyl, naphthacenyl, fluoranthenyl, spirobif-
luorenyl, etc. The term “(3- to 30-membered) heteroaryl
(ene)” is 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, 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 heteroaryl group via a single
bond(s); may comprise a spiro structure; and 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, and pyridazinyl, 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, carbazolyl, benzocarbazolyl, diben-
zocarbazolyl, phenoxazinyl, phenothiazinyl, phenanthridi-
nyl, benzodioxolyl, and dihydroacridinyl. Furthermore,
“halogen” includes F, C1, Br, and L.

[0042] 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
alkoxy, the substituted trialkylsilyl, the substituted dialky-
larylsilyl, the substituted alkyldiarylsilyl, the substituted
triarylsilyl, 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, R;; toR, 5, Ar;, Ar,,and L to L,
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)cy-
cloalkenyl; a (3- to 7-membered)heterocycloalkyl; a (C6-
C30)aryloxy; a (C6-C30)arylthio; a (5- to 30-membered)
heteroaryl unsubstituted or substituted with a (C1-C30)alkyl
and/or a (C6-C30)aryl; a (C6-C30)aryl unsubstituted or
substituted with a (C6-C30)aryl, a (5- to 30-membered)
heteroaryl, and/or mono- or di-(C6-C30)arylamino; 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 unsubstituted or substituted with a
(C1-C30)alkyl; 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-C30)alkyl-
boronyl; a (C1-C30)alkyl(C6-C30)arylboronyl; a (C6-C30)
aryl(C1-C30)alkyl; and a (C1-C30)alkyl(C6-C30)aryl;
preferably, are at least one selected from the group consist-
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ing of a (C1-C20)alkyl; a (5- to 25-membered)heteroaryl
unsubstituted or substituted with (C1-C20)alkyl and/or (C6-
C25)aryl; a (C6-C25)aryl unsubstituted or substituted with a
(C6-C30)aryl, (5- to 25-membered)heteroaryl and/or di(C6-
C30)arylamino; a di(C6-C25)arylamino unsubstituted or
substituted with a (C1-C20)alkyl; and a (C1-C20)alkyl(C6-
C25)aryl; more preferably, at least one selected from the
group consisting of a (C1-C10)alkyl; a (6- to 25-membered)
heteroaryl unsubstituted or substituted with (C1-C10)alkyl
and/or (C6-C25)aryl; a (C6-C20)aryl unsubstituted or sub-
stituted with a (C6-C25)aryl, (6- to 25-membered)heteroaryl
and/or di(C6-Cl8)arylamino; a di(C6-Cl18)arylamino
unsubstituted or substituted with a (C1-C10jalkyl; and a
(C1-C10)alkyl(C6-C20)aryl; and for example, may be at
least one selected from the group consisting of a methyl; a
phenyl unsubstituted or substituted with a diphenylfluoreny],
a carbazolyl and/or a diphenylamino; an unsubstituted
biphenyl; an unsubstituted naphthyl, a fluorenyl substituted
with a methyl and/or a phenyl; a carbazolyl unsubstituted or
substituted with a phenyl; an unsubstituted dibenzofuranyl;
a triazinyl substituted with a (C6-C25)aryl and/or a (6- to
18-membered)heteroaryl; a pyrimidinyl substituted with a
naphthyl; and a di(C6-C18)arylamino unsubstituted or sub-
stituted with a methyl.

[0043] The compound represented by formula 1 includes
the following compounds, but is not limited thereto:
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[0044] The present disclosure also discloses an organic
electroluminescent compound comprising the compound of
formula 1, and an OLED comprising the same.

[0045] The organic electroluminescent compound may
consist of the organic electroluminescent compound of the
present disclosure as a sole compound, or may be a mixture
or a composition comprising the organic electroluminescent
compound of the present disclosure and further comprising
conventional materials generally used in organic electrolu-
minescent materials.

[0046] The OLED of the present 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.

[0047] 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 buffer
layer, an electron injection layer, an interlayer, a hole
blocking layer, and an electron blocking layer.

[0048] Herein, the hole auxiliary layer or the light-emit-
ting auxiliary layer may be placed between the hole trans-
port layer and the light-emitting layer, which may control a
transport rate of a hole. The hole auxiliary layer or the
light-emitting auxiliary layer may be effective to produce an
OLED having excellent efficiencies and/or improved lifes-
pan.

[0049] According to one embodiment of the present dis-
closure, the compound represented by formula 1 may be
comprised in an OLED as at least one of a host material, an
electron buffer material and an electron transport material.
[0050] According to one embodiment of the present dis-
closure, the compound represented by formula 1 may be
comprised in the light-emitting layer as a host material.
Preferably, the light-emitting layer may comprise at least
one dopant. If necessary, another compound besides the

15
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organic electroluminescent compound of formula 1 may be
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. The doping concentration of a dopant
compound to a host compound in the light-emitting layer is
preferable to be less than 20 wt %.

[0051] The second host material can use any of the known
phosphorescent hosts. Preferably, the second host material
may comprise the compound represented by the following
formula 5:

©)

A
Y I Ys
N
ke / N v Yo Yo
11 14
/\L =
Yy o\ v, L
Y4 Ys Y™\ / Yis
¥
Yo A Yis
[0052] wherein
[0053] A, and A,, each independently, represent a substi-

tuted or unsubstituted (C6-C30)aryl; with the proviso that a
substituent for neither A, nor A, is a nitrogen-containing
heteroaryl;

[0054] L represents a single bond, or a substituted or
unsubstituted (C6-C30)arylene; and

[0055] Y, to Y, each independently, represent hydrogen,
deuterium, a halogen, a cyano, a substituted or unsubstituted
(C1-C30)alkyl, a substituted or unsubstituted (C2-C30)alk-
enyl, a substituted or unsubstituted (C2-C30)alkynyl, a
substituted or unsubstituted (C3-C30)cycloalkyl, a substi-
tuted or unsubstituted (C6-C60)aryl, a substituted or unsub-
stituted (3- to 30-membered) heteroaryl, a substituted or
unsubstituted tri(C1-C30)alkylsilyl, a substituted or unsub-
stituted tri(C6-C30)arylsilyl, a substituted or unsubstituted
di(C1-C30)alkyl(C6-C30)arylsilyl, a substituted or unsub-
stituted (C1-C30)alkyldi(C6-C30)arylsilyl, or a substituted
or unsubstituted mono- or di-(C6-C30)arylamino; or may be
linked to an adjacent substituent(s) to form a substituted or
unsubstituted (C3-C30), mono- or polycyclic, alicyclic or
aromatic ring, whose carbon atom(s) may be replaced with
at least one heteroatom selected from nitrogen, oxygen, and
sulfur.

[0056] The compound of formula 5 may be represented by
any one of the following formulas 6 to 9.
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[0057] Informulas6to9, A, A, L ,andY, toY,,areas
defined in formula 5.

[0058] In formulas 5to 9, A, and A,, each independently,
represent preferably, a substituted or unsubstituted (C6-C20)
aryl, and more preferably, a (C6-C20)aryl unsubstituted or
substituted with a cyano, a halogen, a (C1-C6)alkyl, a
(C6-C12)aryl or tri(C6-C12)arylsilyl. For example, A, and
A,, each independently, may be selected from the group
consisting of a substituted or unsubstituted phenyl, a sub-
stituted or unsubstituted biphenyl, a substituted or unsub-
stituted terphenyl, a substituted or unsubstituted naphthyl, a
substituted or unsubstituted fluorenyl, a substituted or
unsubstituted benzofluorenyl, a substituted or unsubstituted
phenanthrenyl, a substituted or unsubstituted anthracenyl, a
substituted or unsubstituted indenyl, a substituted or unsub-
stituted triphenylenyl, a substituted or unsubstituted pyrenyl,
a substituted or unsubstituted tetracenyl, a substituted or
unsubstituted perylenyl, a substituted or unsubstituted chry-
senyl, a substituted or unsubstituted phenylnaphthyl, a sub-
stituted or unsubstituted naphthylphenyl, and a substituted

Apr. 2,2020

or unsubstituted fluoranthenyl. The substituent of the sub-
stituted group such as the substituted phenyl may be a cyano,
a halogen, a (C1-C6)alkyl, a (C6-C12)aryl, or a tri(C6-C12)
arylsilyl.

[0059] In formulas 5to 9, Y, to Y, each independently,
represent preferably, hydrogen; a cyano; a substituted or
unsubstituted (C1-C10)alkyl; a substituted or unsubstituted
(C6-C20)aryl; a substituted or unsubstituted (5- to 20-mem-
bered) heteroaryl; or a substituted or unsubstituted tri(C6-
C12)arylsilyl; more preferably, hydrogen; a cyano; a (C1-
C10)alkyl; a (C6-C20)aryl unsubstituted or substituted with
a cyano, a (C1-C10)alkyl or a tri(C6-C12)arylsilyl; a (5- to
20-membered) heteroaryl unsubstituted or substituted with a
(C1-Cl0jalkyl, a (C6-C15)aryl or a tri(C6-C12)arylsilyl; or
a tri(C6-Cl2)arylsilyl unsubstituted or substituted with a
(C1-Cl10jalkyl. For example, Y, to Y, each independently,
represent hydrogen; a cyano; a (C1-C6)alkyl; a phenyl, a
biphenyl, a terphenyl, or a naphthyl, unsubstituted or sub-
stituted with a cyano, a (C1-Cé)alkyl or a triphenylsilyl; a
dibenzothiophenyl or a dibenzofuranyl, unsubstituted or
substituted with a (C1-C6)alkyl, a phenyl, a biphenyl, a
naphthyl or a triphenylsilyl; or a triphenylsilyl unsubstituted
or substituted with a (C1-C6)alkyl.

[0060] In formulas 5to 9, L represents a single bond, or a
substituted or unsubstituted (C6-C30)arylene; preferably, a
single bond, or a substituted or unsubstituted (C6-C15)
arylene; more preferably, a single bond, or a (C6-C15)
arylene unsubstituted or substituted with a cyano, a (C1-
C6)alkyl or a tri(C6-C12)arylsilyl; and for example, a single
bond, a substituted or unsubstituted phenylene, a substituted
or unsubstituted naphthylene, or a substituted or unsubsti-
tuted biphenylene.

[0061] Specifically, L may represent a single bond, or any
one of the following formulas 10 to 22.

(10)

Xl Xk
Xi X
a1
St L &
Xi Xk
X
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[0062] wherein

[0063] Xi to Xp, each independently, represent hydrogen,
deuterium, a halogen, a cyano, a substituted or unsubstituted
(C1-C30)alkyl, a substituted or unsubstituted (C2-C30)alk-
enyl, a substituted or unsubstituted (C2-C30)alkynyl, a
substituted or unsubstituted (C3-C30)cycloalkyl, a substi-
tuted or unsubstituted (C6-C60)aryl, a substituted or unsub-
stituted (3- to 30-membered) heteroaryl, a substituted or
unsubstituted tri(C1-C30)alkylsilyl, a substituted or unsub-
stituted tri(C6-C30)arylsilyl, a substituted or unsubstituted
di(C1-C30)alkyl(C6-C30)arylsilyl, a substituted or unsub-
stituted (C1-C30)alkyldi(C6-C30)arylsilyl, or a substituted
or unsubstituted mono- or di-(C6-C30)arylamino; or may be
linked to an adjacent substituent(s) to form a substituted or
unsubstituted (C3-C30), mono- or polycyclic, alicyclic or
aromatic ring, whose carbon atom(s) may be replaced with
at least one heteroatom selected from the group consisting of
nitrogen, oxygen, and sulfur; and represents a bonding site.
Xi to Xp, each independently, represent preferably, hydro-
gen, a halogen, a cyano, a (C1-Cl0)alkyl, a (C3-C20)
cycloalkyl, a (C6-C12)aryl, a (C1-C6)alkyldi(C6-C12)aryl-
silyl, or a tri(C6-Cl2)arylsilyl; and more preferably,
hydrogen, a cyano, a (C1-C6)alkyl, or a tri(C6-C12)arylsi-
lyl.
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[0064] The compound represented by formula 5 includes _continued
the following compounds, but is not limited thereto: Hl4
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[0065] When using the compound of the present disclo- (100)
sure as a host, at least one phosphorescent dopant may be @
used as a dopont. The phosphorescent dopant material used — & o
for the OLED of the present disclosure 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 compounds of iridium (Ir), 1 W

osmium (Os), copper (Cu), and platinum (Pt), and even more F N\

preferably ortho-metallated iridium complex compounds. @ >Ir_(Ld)3-t

[0066] The dopant to be comprised in the OLED of the

present disclosure may be selected from the group consisting Q)

of the compounds represented by the following formulas
100 to 102. @
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@ indicates text missing or illegible when filed

[0067] wherein L, is selected from the following struc-
tures:
Raig
R0
Rage
(0]
~ \
"0 Rogs
Ragy Ry
Rag6
Raos
[0068] R, represents hydrogen, deuterium, a substituted

or unsubstituted (C1-C30)alkyl, or a substituted or unsub-
stituted (C3-C30)cycloalkyl;

[0069] R,,, to Ry, and R, to R,,5, each independently,
represent hydrogen, deuterium, a halogen, a substituted or
unsubstituted (C1-C30)alkyl, a substituted or unsubstituted
(C3-C30)cycloalkyl, a cyano, or a substituted or unsubsti-

Apr. 2,2020

tuted (C1-C30)alkoxy; adjacent substituents of R, ¢ to R, o
may be linked to each other to form a substituted or
unsubstituted fused ring, e.g., a substituted or unsubstituted
dibenzofuran; and adjacent substituents of R, to R, ,; may
be linked to each other to form a substituted or unsubstituted
fused ring, e.g., a substituted or unsubstituted quinoline;

[0070] R,,, toR,,,, each independently, represent hydro-
gen, deuterium, a halogen, a substituted or unsubstituted
(C1-C30)alkyl, or a substituted or unsubstituted (C6-C30)
aryl; and adjacent substituents of R ,, to R, 5, may be linked
to each other to form a substituted or unsubstituted fused
ring, e.g., a substituted or unsubstituted fluorene, a substi-
tuted or unsubstituted dibenzothiophene, or a substituted or
unsubstituted dibenzofuran;

[0071] R,,, to R,,;, each independently, represent hydro-
gen, deuterium, a halogen, a substituted or unsubstituted
(C1-C30jalkyl, a substituted or unsubstituted (C3-C30)cy-
cloalkyl, or a substituted or unsubstituted (C6-C30)aryl; and
adjacent substituents of R,q t0 R,;; may be linked to each
other to form a substituted or unsubstituted fused ring, e.g,,
a substituted or unsubstituted dibenzofuran, or a substituted
or unsubstituted dibenzothiophene;

[0072] rand s, each independently, represent an integer of
1 to 3; where r or s is an integer of 2 or more, each of R, 5,
may be the same or different; and

[0073]

[0074] Specifically, the phosphorescent dopant materials
include the following:

t represents an integer of 1 to 3.

- . D-1
AN
2N
:: Ir
L 1 3
_ _ D-2
AN
2N
:: Ir
L _13
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[0075] The organic electroluminescent compound of the
present disclosure may be produced by a synthetic method
known to a person skilled in the art, for example, the
following reaction scheme 1:

Reaction Scheme 1
B(OH),
CHO
AN
g |
Ry)
b z\ — \ / F
/ Hal
\ / /\ Ry, Hal =Cl, Br

Suzuki coupling reaction

Br
X=0,5,CRy 1Ry,
Ra)p X

Wittig
reaction

Cyclization

Miyaura borylation
B ————
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Het—1La

Suzuki coupling reaction

Ra)p X

[0076] wherein X represents O, S, or CR;,R,,; Het-La is
as defined in R, of formula 1; Ry, R,, Ry, Ry, a, b, cand e
are as defined in formulas 1 to 4; and Hal represents halogen,
for example Cl or Br.

[0077] According to one embodiment of the present dis-
closure, the present disclosure provides an electron buffer
material comprising the compound represented by formula
1. The electron buffer material indicates a material to control
flow properties of an electron. For example, the electron
buffer material may trap an electron, block an electron, or
lower an energy barrier between an electron transport zone
and a light-emitting layer. Specifically, the electron buffer
material may be an electron buffer material of an OLED. The
electron buffer material in an OLED may be used in the
electron buffer layer, or may also be simultaneously used in
other zones such as an electron transport zone or a light-
emitting layer. The electron buffer material may be a mixture
or a composition further comprising conventional materials
generally used in producing an OLED.

[0078] According to another embodiment of the present
disclosure, the present disclosure provides an electron trans-
port material comprising the compound represented by
formula 1. The electron transport material performs a role to
increase the chance of recombining the holes and electrons
in a light-emitting layer, by transporting an electron from a
cathode to a light-emitting layer smoothly and blocking the
mobility of holes uncombined in a light-emitting layer, and
thus the electron transport material indicates a material
having excellent electron affinity. Specifically, the electron
transport material may be an electron transport material of
an OLED. The electron transport material in an OLED may
be used in the electron transport layer, or may also be
simultaneously used in other zones such as an electron
injection layer, a light-emitting layer, or an electron buffer
layer. The electron transport material may be a mixture or a
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composition further comprising conventional materials gen-
erally used in producing an OLED.

[0079] According to another embodiment of the present
disclosure, the OLED of the present disclosure may com-
prise a first electrode, a second electrode opposing the first
electrode, and at least one organic electroluminescent com-
pound represented by formula 1 between the first and second
electrodes. Also, the OLED may comprise a light-emitting
layer between the first and second electrodes; and an elec-
tron transport zone between the light-emitting layer and the
second electrode, wherein the compound represented by
formula 1 may be comprised in the electron transport zone.
Further, the OLED may further comprise an electron buffer
layer between the light-emitting layer and the second elec-
trode, wherein the compound represented by formula 1 may
be comprised in the electron buffer layer.

[0080] Inan OLED comprising first and second electrodes
and a light-emitting layer, an electron buffer layer can be
disposed between the light-emitting layer and the second
electrode to focus on obtaining high efficiency and long
lifespan due to electron injection controlled by the LUMO
energy level of the electron buffer layer.

[0081] An electron buffer layer and an electron transport
zone may be disposed between the light-emitting layer and
the second electrode, wherein the electron buffer layer may
be disposed between the light-emitting layer and the electron
transport zone, or between the electron transport zone and
the second electrode.

[0082] Herein, an electron transport zone indicates a zone
in which electrons are transported from the second electrode
to the light-emitting layer in the device. The electron trans-
port zone may comprise an electron transport compound, a
reducing dopant, or the combination thereof. The electron
transport compound may be at least one selected from the
group consisting of oxazole-based compounds, isoxazole-
based compounds, triazole-based compounds, isothiazole-
based compounds, oxadiazole-based compounds, thiadiaz-
ole-based compounds, perylene-based compounds, and
anthracene-based compounds, aluminum complexes, and
gallium complexes. The reductive dopant may be at least
one selected from the group consisting of alkali metals,
alkali metal compounds, alkaline-earth metals, rare-earth
metals, halides thereof, oxides thereof, and complexes
thereof. In addition, the electron transport zone may com-
prise an electron transport layer, an electron injection layer,
or both of them. Fach of the electron transport layer and the
electron injection layer may be comprised of two or more
layers.

[0083] FIG. 1 illustrates a schematic section view of an
OLED according to one embodiment of the present disclo-
sure. Hereinafter, the structure and preparation method of an
OLED will be explained with reference to FIG. 1.

[0084] Referring to FIG. 1, an OLED 100 comprises a
substrate 101, a first electrode 110 formed on the substrate
101, an organic layer 120 formed on the first electrode 110,
and a second electrode 130 opposing the first electrode 110
and formed on the organic layer 120.

[0085] The organic layer 120 comprises a hole injection
layer 122, a hole transport layer 123 formed on the hole
injection layer 122, a light-emitting layer 125 formed on the
hole transport layer 123, an electron buffer layer 126 formed

Apr. 2,2020

on the light-emitting layer 125, and an electron transport
zone 129 formed on the electron buffer layer 126, wherein
the electron transport zone 129 comprises an electron trans-
port layer 127 formed on the electron buffer layer 126 and
the electron injection layer 128 formed on the electron
transport layer 127.

[0086] The substrate 101 may be a glass substrate, a
plastic substrate, or a metal substrate generally used in an
OLED.

[0087] The first electrode 110 may be an anode, and may
be formed by a material having high work function. An
example of the material for the first electrode 110 may be
indium tin oxide (ITO), tin oxide (TO), indium zinc oxide
(IZ0), indium tin zine oxide (ITZO), or the mixture thereof.
The first electrode 110 may be formed by various known
methods such as a deposition method, a sputtering method,
etc.

[0088] FIG. 2 illustrates a computational modeling result
of core structure A of the present disclosure.

[0089] By disposing the electron buffer layer in the OLED,
injection and transport of electrons can be controlled due to
the difference of affinities between the light-emitting layer
and the electron transport zone in accordance with LUMO
energy levels.

[0090] The thickness of the electron buffer layer 126 may
be 1 nm or more, but is not particularly limited thereto.
Specifically, the thickness of the electron buffer layer 126
may be from 2 to 100 nm. The electron buffer layer 126 may
be formed on the light-emitting layer 125 by various known
methods such as a vacuum vapor deposition method, a wet
film-forming method, a laser induced thermal imaging
method, etc.

[0091] When the compound of the present disclosure is
used as an electron transport material or an electron buffer
material, a light-emitting layer comprised in an OLED may
comprise a host and a dopant. The host compound may be
a phosphorescent host compound or a fluorescent host
compound. The dopant compound may be a phosphorescent
dopant compound or a fluorescent dopant compound.

[0092] A fluorescent host material may be an anthracene
derivative, an aluminum complex, a rubrene derivative, an
arylamine derivative, etc., and preferably, an anthracene
derivative.

[0093] Specifically, the fluorescent host material of the
present disclosure may include the following compounds,
but is not limited thereto:

BH-1
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[0094] A fluorescent dopant material may be a pyrene-
based derivative, an aminofluorene-based derivative, an
aminoanthracene-based derivative, an aminochrysene-based
derivative, etc., and preferably, a pyrene-based derivative.

BH-22 [0095] Specifically, the fluorescent dopant material of the
present disclosure may include the following compounds,
but is not limited thereto:

O ?:
CLOOT
b0 LR

O30 N
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[0096] When the light-emitting layer 125 comprise a host
and a dopant, the dopant may be doped in an amount of less
than about 25 wt %, preferably, less than 17 wt %, based on
the total amount of the host and dopant of the light-emitting
layer. The thickness of the light-emitting layer 125 may be
from about 5 nm to about 100 nm, preferably, from about 10
nm to about 60 nm. The light-emitting layer 125 is a layer
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in which light emission occurs, and may be a single layer or
multiple layers of two or more layers. When the light-
emitting layer 125 is multiple layers of two or more layers,
each light-emitting layer may emit different colors of light.
For example, a white light-emitting device may be produced
by forming three light-emitting layers 125, which emit the
light with blue, red and green, respectively. The light-
emitting layer 125 may be formed on the hole transport layer
123 by various known methods such as a vacuum vapor
deposition method, a wet film-forming method, a laser
induced thermal imaging method, etc.

[0097] The OLED of the present disclosure may further
comprise a hole injection layer or a hole transport layer
between the first electrode and the light-emitting layer.

[0098] The material used in the hole injection layer 122
may be the known hole injection material, for example, a
phthalocyanine compound such as a copper phthalocyanine,
MTDATA (4,4',4"-tris[(3-methylphenyhphenylamino |triph-
enylamine), 2-TNATA  (4,4',4"-tris[2-naphthyl(phenyl)
amino|triphenylamine), N',N"-([1,1"-biphenyl]-4,4'-diy])
bis(N*-(naphthalene-1-y1)-N* N*-diphenylbenzene-1,4-
diamine), Pani/DBSA (polyaniline/dodecylbenzenesulfonic
acid), PEDOT/PSS (poly(3,4-ethylenedioxythiophene)/poly
(4-styrenesulfonate)), Pani/CSA (polyaniline/camphorsulfo-
nic acid), or Pani/PSS (polyaniline)/poly(4-styrenesul-
fonate)), etc., but is not limited thereto.

[0099] In addition, the hole injection layer 122 may be
formed by using the following compound of formula 200:

. 200)
A N
N | AN
N? | | NIR
N
R

[0100] Wherein, R may be selected from the group con-
sisting of a cyano (—CN), a nitro (—NO,), a phenylsulfonyl
(—S0,(C:Hy)), a (C2-C5)alkenyl substituted with cyano or
nitro, and a phenyl substituted with a cyano or a nitro.

[0101] The compound of the formula 200 has properties of
being crystallized, and thus the hole injection layer 122 may
obtain strength by comprising the compound.

[0102] The hole injection layer 122 may be a single layer
or multiple layers of two or more layers. When the hole
injection layer 122 is multiple layers of two or more layers,
the compound of the formula 200 may be used at one of
them. The thickness of the hole injection layer 122 may be
from about 1 nm to about 1,000 nm, preferably, about 5 nm
to about 100 nm. The hole injection layer 122 may be
formed on the first electrode 110 by various known methods
such as a vacuum vapor deposition method, a wet film-
forming method, a laser induced thermal imaging method,
etc.



US 2020/0106027 A1l

[0103] Specifically, a hole injection material comprised in
the hole injection layer includes the following compounds,
but is not limited thereto:

.
Q
o SuARe

HI-2
NC CN
N/ \ N
N N
NC / \ CN
— =
NC CN

[0104] The material used in the hole transport layer 123
may be the known hole transport material, for example, an
aromatic amine-based derivative, especially, a biphenyl-
diamine-based derivative such as TPD (N,N'-bis-(3-methy]l-
phenyl)-N,N'-diphenylbenzidine), N*N* N* N*-tetra([1,1"-
biphenyl]-4-y1)-[1,1'-biphenyl]-4,4'-diamine, etc., but is not
limited thereto.

[0105] Specifically, a hole transport material comprised in
the hole transport layer includes the following compounds,
but is not limited thereto:

HT-1
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[0106] The hole transport layer 123 may be a single layer
or multiple layers. The thickness of the hole transport layer
123 may be from about 1 nm to about 100 nm, preferably,
from about 5 nm to about 80 nm. The hole transport layer
123 may be formed on the hole injection layer 122 by
various known methods such as a vacuum vapor deposition
method, a wet film-forming method, a laser induced thermal
imaging method, etc.

[0107] When a material having improved HOMO charac-
teristics and anion stability is used as a hole transport
material, the lifespan properties of the device is also
improved as the hole transport layer stabilized, even for
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OLEDs comprising an electron buffer layer of which lifes-
pan is relatively short. In other words, upon comparing using
a material having improved HOMO characteristics and
anion stability with using a material having vulnerable
HOMO characteristics and anion stability as a hole transport
material of the hole transport layer, lifespan properties can
be prevented from being decreased by using a material
having improved HOMO characteristics and anion stability
even for a device comprising an electron buffer layer of
which lifespan is relatively short, due to relatively low
deviation of lifespan according to the material groups con-

sisting of the electron buffer layer.

ETL-1
—N
\ /
N
72N
ETL-3

Apr. 2,2020

[0108] The electron transport layer 127 may comprise the
known electron transport material besides the compound of
the present disclosure. For example, the electron transport
material may be oxazole-based compounds, isoxazole-based
compounds, triazole-based compounds, isothiazole-based
compounds, oxadiazole-based compounds, thiadiazole-
based compounds, perylene-based compounds, and anthra-
cene-based compounds, aluminum complexes, gallium com-
plexes, etc., but is not limited thereto.

[0109]

prised in the electron transport layer includes the following

Specifically, an electron transport material com-

compounds, but is not limited thereto:

ETL-2

>

ETL-4
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ETL-5

ETL-6

[0110] Preferably, the electron transport layer 127 may be
a mixed layer comprising an electron transport compound
and a reductive dopant. When formed as a mixed layer,
electrons can be easily injected and transported to a light-
emitting medium since the electron transport compound is
reduced to an anion.

[0111] When the electron transport layer 127 is formed as
a mixed layer, the electron transport compound is not
specifically limited, and the known electron transport mate-
rial may be used.

[0112] The reductive dopant may be alkali metals, alkali
metal compounds, alkaline-earth metals, rare-earth metals,
halides thereof, oxides thereof, and complexes thereof. Spe-
cifically, the reductive dopant includes lithium quinolate,
sodium quinolate, cesium quinolate, potassium quinolate,
LiF, NaCl, CsF, Li,O, BaO, and BaF,, but is not limited
thereto.

[0113] The thickness of the electron transport layer 127
may be from about 5 nm to about 100 nm, and preferably
from about 10 nm to about 60 nm. The electron transport
layer 127 may be formed on the electron buffer layer 126 by
various known methods such as a vacuum vapor deposition
method, a wet film-forming method, a laser induced thermal
imaging method, etc.

[0114] The material used in the electron injection layer
128 may be the known electron injection materials, for
example, lithium quinolate, sodium quinolate, cesium qui-
nolate, potassium quinolate, LiF, NaCl, CsF, Li,0, BaO,
BaF,, etc., but are not limited thereto.

[0115] The thickness of the electron injection layer 128
may be from about 0.1 nm to about 10 nm, and preferably
from about 0.3 nm to about 9 nm. The electron injection
layer 128 may be formed on the electron transport layer 127

by various known methods such as a vacuum vapor depo-
sition method, a wet film-forming method, a laser induced
thermal imaging method, etc.

[0116] The electron injection material comprised in the
electron injection layer may be a lithium quinoline complex
metal, and specifically, includes the following compound,
but is not limited thereto:

FIL-1

[0117] The second electrode 130 may be a cathode, and
may be formed by a material having low work function. The
material for the second electrode 130 may be aluminum
(Al), calcium (Ca), magnesium (Mg), silver (Ag). cesium
(Cs), lithium (Li), or a combination thereof. The second
electrode 130 may be formed by various known methods
such as a deposition method, a sputtering method, etc.

[0118] The OLED of FIG. 1 is only one embodiment to be
explained clearly, and the present invention should not be
limited to the embodiment but may be varied to another
mode. For example, an optional component of the OLED of
FIG. 1 besides a light-emitting layer and an electron buffer
layer, such as the hole injection layer may be omitted. In
addition, an optional component may be further added.
Examples of the further added optional component are
impurity layers such as n-doping layer and p-doping layer.
Moreover, the OLED may emit light from both sides by
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placing a light-emitting layer each in both sides in between _continued
the impurity layers. The light-emitting layers of both sides
may emit different colors. In addition, the first electrode may

be a transparent electrode and the second electrode may be
a reflective electrode so that the OLED may be a bottom cl
emission type, and the first electrode may be a reflective

electrode and the second electrode may be a transparent
electrode so that the OLED may be a top emission type. d

Also, a cathode, an electron transport layer, a light-emitting

layer, a hole transport layer, a hole injection layer, and an

anode may be sequentially deposited on a substrate to be an

inverted OLED.

[0119] LUMO (lowest unoccupied molecular orbital) Ll

energy level and HOMO (highest occupied molecular

orbital) energy level have inherently negative numbers, but

the LUMO energy level and the HOMO energy level in the

present disclosure are conveniently expressed as their abso-

lute values. Furthermore, the comparison between LUMO MeQ,

energy levels is based on their absolute values.

[0120] The LUMO energy levels of the present disclosure /

may be easily measured by the various known methods.

Generally, LUMO energy levels are measured by cyclic

voltammetry or ultraviolet photoelectron spectroscopy

(UPS). Thus, a person skilled in the art may easily compre-

hend the electron buffer layer, host material, and electron
transport zone that satisfy the equational relationship of the
LUMO energy levels of the present disclosure to practice the
present disclosure. HOMO energy levels may be easily
measured by the same as the method of measuring LUMO
energy levels.

[0121] Values measured by density functional theory
(DFT) are used for the LUMO energy level of the electron
buffer layer. The results according to the relationship of the
LUMO energy level of the electron buffer layer (Ab) and the
LUMO energy level of the host (Ah) are to explain the
general tendency of the device in accordance with the
overall LUMO energy groups of the electron buffer layer,
and thus results other than the above may appear according
to the inherent properties of the specific derivatives and the
stability of the materials.
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[0122] The electron buffer layer may be comprised in an
OLED emitting every color including blue, red, and green,
preferably, a blue light-emitting OLED (i.e. the main peak
wavelength is from 430 to 470 nm, preferably, in the 450’s
nm).

[0123] Hereinafter, the preparation method of the com-
pounds of the present disclosure, and the properties of the
device comprising the compounds will be explained in detail
with reference to the representative compounds of the pres-
ent disclosure. However, the present invention is not limited S
by the following examples.

Example 1: Preparation of Compound C-1 Q
[0124]

OHC

Pd,dbag
s-phos
KOAc

1,4-dioxane

Q i
(HO),B cl B
8
Pd(PPhy)y
2M Nﬁ.2C03

toluene
EtOH 1-4

Pd(PPh;)4
2M K,CO4
toluene
FtOH
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A

N7 N
X
N
C-1
[0125] 1) Preparation of Compound 1-1
[0126] After introducing 1-bromodibenzothiophene

(CAS: 65642-94-6, 19.4 g, 73.7 mmol), 4-chloro-2-formyl-
benzene boronic acid (15 g, 81.7 mmol), tetrakis(triphenyl-
phosphine)palladium (3.4 g, 3.0 mmol), sodium carbonate
(19.5 g, 184 mmol), toluene (400 mL), ethanol (100 mL),
and distilled water (100 ml) into a reaction vessel, the
mixture was stirred for 3 hours at 140° C. After completing
the reaction by adding distilled water to the reaction solu-
tion, an organic layer was extracted with ethyl acetate. The
extracted organic layer was dried with magnesium sulfate,
and the solvent was removed therefrom using a rotary
evaporator. After dissolving the product into chloroform, the
product was filtered with silica gel to obtain compound 1-1.
The obtained compound 1-1 was used in the next reaction
without any further purification.

[0127]
[0128]
(methoxymethyl)triphenylphosphonium chloride (38 g, 111

2) Preparation of Compound 1-2
After introducing compound 1-1 (24 g, 74 mmol),

mmol) and tetrahydrofuran (500 mL) into a reaction vessel,
the mixture was stirred for 5 hours. Potassium tert-butoxide
(IM in THE, 111 mL) was then slowly added dropwise to the
mixture at 0° C. The temperature of the mixture was slowly
raised, and the mixture was stirred at room temperature for
3 hours. After completing the reaction by adding distilled
water to the reaction solution, an organic layer was extracted
with ethyl acetate. The extracted organic layer was dried
with magnesium sulfate, and the solvent was removed
therefrom using a rotary evaporator. After dissolving the
product into chloroform, the product was filtered with silica
gel to obtain compound 1-2. The obtained compound 1-2
was used in the next reaction without any further purifica-

tion.
[0129] 3) Preparation of Compound 1-3
[0130] After introducing compound 1-2 (26 g, 74 mmol),

Eaton’s reagent (4 mL) and chlorobenzene (400 mL) into a
reaction vessel, the mixture was refluxed for 2 hours. After
completing the reaction, the mixture was cooled to room
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temperature, and an organic layer was extracted with meth-
vlene chloride (MC). After drying the extracted organic
layer with magnesium sulfate, the solvent was removed by
using a rotary evaporator. Thereafter, the obtained product
was purified by column chromatography to obtain com-
pound 1-3 (16.3 g, 66%).

[0131]
[0132]
mmol), bis(pinacolato)diborane (10 g, 39.6 mmol), tris

4) Preparation of Compound 1-4
After introducing compound 1-3 (10.5 g, 33

(dibenzylideneacetone)dipalladium (1.3 g, 1.65 mmol),
2-dicyclohexylphosphino-2',6'-dimethoxybiphenyl (s-phos)
(1.4 g, 3.3 mmol), potassium acetate (9.7 g, 99 mmol) and
1,4-dioxane (150 mL) into a reaction vessel, the mixture was
stirred for 3 hours at 140° C. After completing the reaction,
the mixture was cooled to room temperature, and an organic
layer was extracted with ethyl acetate. After drying the
extracted organic layer with magnesium sulfate, the solvent
was removed by using a rotary evaporator. Thereafter, the
obtained product was purified by column chromatography to
obtain compound 1-4 (14.3 g, 99%).

[0133]
[0134] After introducing compound 1-4 (7.2 g, 17.6
mmol), 2-chloro-4,6-diphenyl-1,3,5-triazine (CAS: 3842-
55-5, 4.7 g, 17.6 mmol), tetrakis(triphenylphosphine)palla-
dium (1.0 g, 0.88 mmol), potassium carbonate (6 g, 44
mmol), toluene (60 mL), ethanol (20 mL), and distilled
water (20 mL) into a reaction vessel, the mixture was stirred

5) Preparation of Compound C-1

for 3 hours at 140° C. After completing the reaction, the
mixture was added dropwise to methanol, and the obtained
solid was filtered. The obtained solid was purified by column
chromatography and recrystallization to obtain compound
C-1 (7 g, 71%).

Example 2: Preparation of Compound C-21
[0135]

Br

Z,

\

S
O
‘, N

Pd(PPhy)4
B 2M K2CO3
/N
0 0 toluene
% EtOH
1-4
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N

z
A\

|
N

[0136]
mmol),
(CAS: 23449-08-3, 5.2 g, 13.3 mmol), tetrakis(triphenyl-
phosphine)palladium (0.77 g, 0.67 mmol), potassium car-
bonate (4.6 g, 36.5 mmol), toluene (60 mL), ethanol (20

After introducing compound 1-4 (6.0 g, 14.6
2-(4-bromophenyl)-4,6-diphenyl-1,3,5-triazine

mL), and distilled water (20 mL) into a reaction vessel, the
mixture was stirred for 3 hours at 140° C. After completing
the reaction, the precipitated solid was washed with distilled
water and methanol. The obtained compound was purified
by column chromatography and recrystallization to obtain
compound C-21 (4.4 g, 56%).

Example 3: Preparation of Compound C-31

[0137]
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C-31

[0138] After introducing compound 1-3 (4 g, 12.5 mmol),
9-phenyl-9H,9'H-[3,3 |bicarbazolyl (CAS: 1060735-14-9,
5.1 g, 23 mmol), tris(dibenzylideneacetone)dipalladium
(0.46 g, 0.50 mmol), 2-dicyclohexylphosphino-2',6'-dime-
thoxybiphenyl (s-phos) (0.41 g, 1.00 mmol), sodium tert-
butoxide (2.4 g, 25.1 mmol) and o-xylene (70 mL) into a
reaction vessel, the mixture was stirred for 3 hours at 170°
C. After completing the reaction, the mixture was added
dropwise to methanol, and the obtained solid was filtered.
The obtained solid was purified by column chromatography
and recrystallization to obtain compound C-31 (6.9 g, 80%).

Example 4: Preparation of Compound C-42

[0139]

Br

\

Z,
Y
Z

Pd(PPhg)4
B 2M K2CO3
toluene

% EtOH
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Cc-42
[0140] After introducing compound 1-4 (7.2 g, 17.6
mmol), 2-(3-bromophenyl)-4,6-diphenyl-1,3,5-triazine

(CAS: 864377-31-1, 4.7 g, 17.6 mmol), tetrakis(triphenyl-
phosphine)palladium (1.0 g, 0.88 mmol), potassium carbon-
ate (6.0 g, 44 mmol), toluene (60 mL), ethanol (20 mL.), and
distilled water (20 mL) into a reaction vessel, the mixture
was stirred for 3 hours at 140° C. After completing the
reaction, the precipitated solid was washed with distilled
water and methanol. The obtained compound was purified
by column chromatography and recrystallization to obtain
compound C-42 (5.7 g, 84%).

[0141] The properties of compounds C-1, C-21, C-31 and
C-42 synthesized as described above are shown in Table 1
below.

TABLE 1

UV Spectrum PL Spectrum M.P.
Compound MW (in toluene, nm) (in toluene, nm) (°C.)
C-1 516 280 431 301
C-21 591.72 258 427 278
C-31 691.0 302 406 299
C-42 592 258 399 257
[0142] Hereinafter, the luminescent properties of the

OLED comprising the organic electroluminescent com-
pound of the present disclosure will be explained in detail.

Comparative Example 1: Producing a Blue
Light-Emitting OLED Device not Comprising an
Electron Buffer Layer

[0143] An OLED device was produced as follows: A
transparent electrode indium tin oxide (ITO) thin film (10
Q/sq) on a glass substrate for an OLED (GEOMATEC CO.,
LTD., Japan) was subjected to an ultrasonic washing by
sequentially using acetone, ethanol, and distilled water, and
was then 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

Apr. 2,2020

chamber of the apparatus was then controlled to 1077 torr.
Thereafter, an electric current was applied to the cell to
evaporate the introduced material, thereby forming the first
hole injection layer having a thickness of 60 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 the second hole injec-
tion layer having a thickness of 5 nm on the first hole
injection layer. Compound HT-1 was introduced into another
cell of the vacuum vapor deposition apparatus. Thereafter,
an electric current was applied to the cell to evaporate the
introduced material, thereby forming the first hole transport
layer having a thickness of 20 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 the second hole trans-
port layer having a thickness of 5 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 BH-1 as a host was intro-
duced into one cell of the vacuum vapor deposition appa-
ratus and compound BD-1 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 2 wt %, based on the total weight of
the host and dopant, to form a light-emitting layer having a
thickness of 20 nm on the second hole transport layer. Next,
compound ETL-1 as an electron transport material was
introduced into one cell of the vacuum vapor deposition
apparatus, and compound EIL-1 was introduced into another
cell of the vacuum vapor deposition apparatus. The two
materials were evaporated at the same rate and doped in a
doping amount of 50 wt %, respectively, to form an electron
transport layer having a thickness of 35 nm on the light-
emitting layer. After depositing compound EIL-1 having a
thickness of 2 nm as an electron injection layer on the
electron transport layer, an Al cathode having a thickness of
80 nm was then deposited by another vacuum vapor depo-
sition apparatus on the electron injection layer. Thus, an
OLED device was produced. All the materials used for
producing the OLED device were purified by vacuum sub-
limation at 1075 tort.

[0144] The driving voltage at the luminance of 1,000 nits,
the luminous efficiency, the CIE color coordinate, the Exter-
nal Quantum Efficiency, and the time taken to be reduced to
90% of the luminance, where the early luminance is 100%,
at 2,000 nits and a constant current (T90 lifespan) of the
OLED device produced as described above are provided in
Table 2 below.

Device Example 1: Producing a Blue
Light-Emitting OLED Device Comprising the
Compound of the Present Disclosure as an Electron
Buffer Material

[0145] An OLED device was produced in the same man-
ner as in Comparative Example 1, that except the thickness
of an electron transport layer was reduced to 25 nm, and an
electron buffer layer having a thickness of 5 nm was inserted
between the light-emitting layer and the electron transport
layer. Evaluation results of the OLED device produced in
Device Example 1 are provided in Table 2 below.
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TABLE 2
External

Electron Driving Luminous Color Color Quantum  Lifespan

Buffer =~ Voltage Efficiency Coordinate  Coordinate Efficiency T90

Material (V) (cd/A) (x) ) (%) (hr)
Comparative — 4.3 6.0 139 88 8.7 40.3
Example 1
Device C-42 4.2 6.4 139 87 9.4 44.2
Example 1
[0146] From Table 2 above, it can be seen that the electron Comparative Example 3: Producing a Blue

buffer material of the present disclosure has fast electron
current properties, and thus Device Example 1 provides high
efficiency and long lifespan compared to Comparative
Example 1 which does not have an electron buffer material.

Comparative Example 2: Producing a Blue
Light-Emitting OLED Device Comprising a
Conventional Electron Transport Material

[0147] An OLED device was produced in the same man-
ner as in Comparative Example 1, except for changing the
electron transport layer and the electron injection layer as
follows: Compound ETL-2 as an electron transport material
was introduced into one cell of the vacuum vapor deposition
apparatus and was then evaporated to form an electron
transport layer having a thickness of 33 nm. After depositing
compound EIL-1 having a thickness of 4 nm as an electron
injection layer, an Al cathode having a thickness of 80 nm
was then deposited by another vacuum vapor deposition
apparatus. Thus, an OLED device was produced. Each of the
materials used for producing the OLED device was purified
by vacuum sublimation at 107 torr.

[0148] The driving voltage at the luminance of 1,000 nits,
the luminous efliciency, the CIE color coordinate, and the
External Quantum Efficiency of the OLED device produced
as described above are provided in Table 3 below.

Device Example 2: Producing a Blue
Light-Emitting OLED Device Comprising the
Compound of the Present Disclosure as an Electron
Transport Material

[0149] An OLED device was produced in the same man-
ner as in Comparative Example 2, except for changing the
electron transport material as shown in Table 3 below.
Evaluation results of the OLED device produced in Device
Example 2 are provided in Table 3 below.

Light-Emitting OLED Device Comprising a
Conventional Electron Transport Material

[0150]
ner as in Comparative Example 2, except for changing the

An OLED device was produced in the same man-

electron transport layer and the electron injection layer as
follows: Compound ETL-2 as an electron transport material
was introduced into one cell of the apparatus and compound
EIL-1 as an electron transport material was introduced into
another cell of the apparatus. The two materials were
evaporated at the same rate and doped in a doping amount
of 50 wt %, respectively, to deposit an electron transport
layer having a thickness of 35 nm. Next, compound EIL-1
was deposited in the electron injection layer having a
thickness of 2 nm.

[0151]
the luminous efficiency, the CIE color coordinate, and the
External Quantum Efficiency of the OLED device produced
as described above are provided in Table 4 below.

The driving voltage at the luminance of 1,000 nits,

Device Example 3: Producing a Blue
Light-Emitting OLED Device Comprising the
Compound of the Present Disclosure as an Electron
Transport Material

[0152]
ner as in Comparative Example 3, except for changing the

An OLED device was produced in the same man-

electron transport material as shown in Table 4 below.
Evaluation results of the OLED device produced in Device
Example 3 are provided in Table 4 below.

TABLE 3
External
Electron Driving Luminous Calor Color Quantum
Transport ~ Voltage Efficiency Coordinate  Coordinate Efficiency
Material V) (ed/A) (x) (y) (%)
Comparative ETL-2 4.6 4.6 144 115 4.8
Example 2
Device C-42 39 6.4 139 88 8.0

Example 2
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TABLE 4
External

Electron Driving Luminous Color Color Quantum

Transport Voltage Efficiency Coordinate  Coordinate  Efficiency

Material V) (cd/A) (x) (y) (%)
Comparative ETL-2:EIL-1 4.2 5.5 140 92 7.6
Example 3
Device C-42 43 6.5 139 83 9.6
Example 3
[0153] From Tables 3 and 4 above, it can be seen that the [0157] In Device Examples 5 to 7, the properties of the

electron transport material of the present disclosure has fast
electron current property, and thus Device Examples 2 and
3 provide high efficiency compared to Comparative
Examples 2 and 3.

Device Example 4: Producing a Blue
Light-Emitting OLED Device Comprising the
Compound of the Present Disclosure as an Electron
Transport Material and not Comprising an Flectron
Buffer Layer

[0154] An OLED device was produced in the same man-
ner as in Comparative Example 1, except for changing the
electron transport material to compound C-42.

[0155] The driving voltage at the luminance of 1,000 nits,
the luminous efliciency, the CIE color coordinate, the Exter-
nal Quantum Efficiency, and the time taken to be reduced to
90% of the luminance, where the early luminance is 100%,
at 2,000 nits and a constant current (T90 lifespan) of the
OLED device produced as described above are provided in
Table 5 below.

Device Examples 5 to 7: Producing a Blue
Light-Emitting OLED Device Comprising the
Compound of the Present Disclosure as an Electron
Transport Material, and Further Comprising an
Electron Buffer Layer

[0156] An OLED device was produced in the same man-
ner as in Device Example 4, except that the thickness of an
electron transport layer was reduced to 25 nm, and an
electron buffer layer having a thickness of 5 nm was inserted
between the light-emitting layer and the electron transport
layer. Evaluation results of the OLED device produced in
Device Examples 5 to 7 are provided in Table 5 below.

OLED device according to different electron buffer materi-
als were evaluated by fixing compound C-42 as an electron
transport material. As shown in Table 5 above, an OLED
device (Device Example 4) having excellent properties was
obtained by using the compound of the present disclosure as
an electron transport material, despite not comprising an
electron buffer layer. Furthermore, the luminous efficiencies
and the lifespan properties of the OLED devices (Device
Examples 5 to 7), in which the compound of the present
disclosure was used as an electron transport material and an
electron buffer material was further comprised, were
improved compared to those of the OLED device (Device
Example 4), in which the compound of the present disclo-
sure was used as an electron transport material but an
electron buffer layer was not comprised. The difference of
the efficiency and the performance of the OLED are due to
the different HOMO orbital characteristics change of the
electron buffer material used in Device Examples 5 to 7.
Specifically, it can be seen that when the electron buffer
layer comprises a diphenylfluorene and the electron trans-
port layer comprises a benzophenanthrothiophene as shown
in Device Example 5, the OLED may show relatively high
efficiency properties while maintaining a proper lifespan
compared to Device Example 4. Also, it can be seen that
when the electron buffer layer comprises a diphenylindeno-
carbazole and a benzophenanthrothiophene, respectively,
and the electron transport layer comprises a benzophenan-
throthiophene as shown in Device Examples 6 and 7, the
OLED may show improved lifespan properties while main-
taining proper efficiency properties compared to Device
Example 4. From Table 5 above, it can be seen that the
efficiencies and lifespan properties of a OLED device may
be improved not only by using the compound of the present
disclosure as an electron transport material as a sole com-
pound, but also by using the compound of the present
disclosure as an electron transport material with a conven-
tional electron buffer material or an electron buffer material
of the present disclosure.

TABLE 5
External

Electron  Electron Driving Luminous Color Color Quantum  Lifespan

Transport Buffer Voltage Efficiency Coordinate  Coordinate  Efficiency T90

Material ~ Material V) (cd/A) (x) y) (%) (hr)
Device C-42 — 4.1 6.5 139 86 9.2 371
Example 4
Device C-42 BF-1 4.1 6.7 139 87 9.7 425
Example 5
Device C-42 BF-2 43 6.3 139 87 9.1 62.1
Example 6
Device C-42 C-42 43 6.3 139 87 9.1 49.0

Example 7
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Device Example 8: Producing an OLED Device
Comprising the Manic Electroluminescent
Compounds of the Present Disclosure as a Host

[0158] An OLED device was produced as follows: A
transparent electrode indium tin oxide (ITO) thin film (10
Q/sq) on a glass substrate for an OLED device (GEO-
MATEC CO., LTD., Japan) was subjected to an ultrasonic
washing by sequentially using acetone, ethanol, and distilled
water, and was then 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 1078 torr. Thereafter, an electric current was applied to the
cell to evaporate the introduced material, thereby forming
the 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 the second hole injec-
tion layer having a thickness of 5 nm on the first hole
injection layer. Compound HT-1 was introduced into another
cell of the vacuum vapor deposition apparatus. Thereafter,
an electric current was applied to the cell to evaporate the
introduced material, thereby forming the first hole transport
layer having a thickness of 10 nm on the second hole
injection layer. Compound HT-3 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 the second hole trans-
port 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 C-42 as a host was intro-
duced into one cell of the vacuum vapor deposition appa-
ratus and compound D-71 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,
compound ETL-3 and compound EIL-1 were then intro-
duced into another two cells, and evaporated at a rate of 1:1
to form an electron transport layer having a thickness of 30
nm on the light-emitting layer. After depositing compound
EIL-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 by another vacuum vapor

deposition apparatus. Thus, an OLED device was produced.
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[0159] As a result, the produced OLED device showed a
luminous efficiency of 28.2 cd/A at a driving voltage of 4.1
V, and ared light-emission having a luminance of 1,000 nits.

Device Example 9: Producing an OLED Device
Comprising Organic Electroluminescent
Compounds of the Present Disclosure as a Host

and the Second Host Compound

[0160]

ner as in Device Example 8, except for co-depositing

An OLED device was produced in the same man-

compound C-42 and compound H1-12 as a host.

[0161]
luminous efficiency of 27.7 ¢d/A at a driving voltage 3.6 'V,

As a result, the produced OLED device showed a

and a red light-emission having a luminance of 1,000 nits.

Comparative Example 4: Producing an OLED

Device Comprising a Conventional Compound as a

Host
[0162] An OLED device was produced in the same man-
ner as in Device Example 8, except for using compound X
as a host.
Compound X
N
N
[0163] As a result, the produced OLED device showed a

luminous efficiency of 14.3 c¢d/A at a driving voltage of 10
V, and ared light-emission having a luminance of 1,000 nits.
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TABLE 6

Compounds used in the Comparative Examples and Device Examples

Hole Injection Layer/ HI-1
Hole Transport Layer
. |
D/N

O

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

Q -
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TABLE 6-continued

Compounds used in the Comparative Examples and Device Examples

) .
O U

SWe
v

HT-3
Ph

Light-Emitting Layer O BH-1
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TABLE 6-continued

Compounds used in the Comparative Examples and Device Examples

TR,

Electron Buffer layer Q BF-

D-1
T-1

N /N

BF-2

Electron Transport —N ETL-1
Layer/Electron

Injection Layer \ /
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TABLE 6-continued

Compounds used in the Comparative Examples and Device Examples
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\ /
N N
_/ 7 7/
\

o

/

ETL-2
N
2
N
ETL-3
EIL-1

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

)

x
dRy)

wherein

X represents O, S, or CR;R,5;

R, to R,, each independently, represent hydrogen, deute-
rium, a halogen, a 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; wherein, at least one of R; to R,
represents a substituted or unsubstituted (C6-C30)aryl,
a substituted or unsubstituted (3- to 30-membered)
heteroaryl, or a substituted or unsubstituted mono- or
di-(C6-C30)arylamino, with the proviso that at least
one of R; to R, does not represent a triphenylenyl;
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R,, and R,,, each independently, represent a substituted
or unsubstituted (C1-C30)alkyl, a substituted or unsub-
stituted (C6-C30)aryl, or a substituted or unsubstituted
(3- to 30-membered)heteroaryl; or are linked to each
other to form a substituted or unsubstituted, mono- or
polycyclic, (C3-C30) alicyclic or aromatic ring, whose
carbon atom(s) may be replaced with at least one
heteroatom selected from nitrogen, oxygen, and sulfur;

a and d, each independently, represent an integer of 1 to
4; b and c, each independently, represent an integer of
1 or 2; and

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

2. The organic electroluminescent compound according to
claim 1, wherein R, to R, each independently, represents
hydrogen, deuterium, a substituted or unsubstituted mono-
or di-(C6-C25)arylamino, a substituted or unsubstituted
(C6-C25)aryl selected from phenyl, biphenyl, terphenyl,
naphthyl, binaphthyl, phenylnaphthyl, naphthylphenyl, fluo-
renyl, phenylfluorenyl, benzofluorenyl, dibenzofluorenyl,
phenanthrenyl, phenylphenanthrenyl, anthracenyl, indenyl,
triphenylenyl, pyrenyl, tetracenyl, perylenyl, chrysenyl,
naphthacenyl, fluoranthenyl, and spirobifluorenyl, or a sub-
stituted or unsubstituted (5- to 25-membered)heteroaryl
selected from furyl, thiophenyl, pyrrolyl, imidazolyl, pyra-
zolyl, thiazolyl, thiadiazolyl, isothiazolyl, isoxazolyl,
oxazolyl, oxadiazolyl, triazinyl, tetrazinyl, triazolyl, tetra-
zolyl, furazanyl, pyridyl, pyrazinyl, pyrimidinyl, and
pyridazinyl, and a fused ring-type heteroaryl such as ben-
zofuranyl, benzothiophenyl, isobenzofuranyl, dibenzofura-
nyl, dibenzothiophenyl, benzimidazolyl, benzothiazolyl,
benzoisothiazolyl, benzoisoxazolyl, benzoxazolyl, isoindo-
lyl, indolyl, benzoindolyl, indazolyl, benzothiadiazolyl, qui-
nolyl, isoquinolyl, cinnolinyl, quinazolinyl, quinoxalinyl,
carbazolyl, benzocarbazolyl, dibenzocarbazolyl, phenoxazi-
nyl, phenothiazinyl, phenanthridinyl, benzodioxolyl, and
dihydroacridinyl;

X, R;; to Ry,, a, b, ¢ and d are as defined in claim 1.
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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 alkoxy, the substituted
trialkylsilyl, the substituted dialkylarylsilyl, the substituted
alkyldiarylsilyl, the substituted triarylsilyl, the substituted
mono- or di-alkylamino, the substituted mono- or di-ary-
lamino, the substituted alkylarylamino, and the substituted
mono- or polycyclic, alicyclic or aromatic ring in R, to R,
R,; toR,,, 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)heterocy-
cloalkyl; a (C6-C30)aryloxy, a (C6-C30)arylthio, a (5- to
30-membered)heteroaryl unsubstituted or substituted with a
(C1-C30)alkyl or a (C6-C30)aryl, a (C6-C30)aryl unsubsti-
tuted or substituted with a (C6-C30)aryl, a (5- to 30-mem-
bered)heteroaryl, or mono- or di-(C6-C30)arylamino, 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 unsubstituted or substituted
with a (C1-C30)alkyl, 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-
C30)alkylboronyl, a (C1-C30)alkyl(C6-C30)arylboronyl, a
(C6-C30)aryl(C1-C30)alkyl, and a (C1-C30)alkyl(C6-C30)
aryl.

4. An electron buffer material comprising the organic
electroluminescent compound according to claim 1.

5. An electron transport material comprising the organic
electroluminescent compound according to claim 1.

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