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(57) ABSTRACT

The present disclosure relates to an electron buffering mate-
rial, and an organic electroluminescent device comprising a
first electrode, a second electrode facing the first electrode,
a light-emitting layer between the first electrode and the
second electrode, and an electron transport zone and an
electron buffering layer between the light-emitting layer and
the second electrode. The organic electroluminescent device
comprising the electron buffering material of the present
disclosure has low driving voltage, excellent luminous effi-
ciency, and long lifespan.
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ELECTRON BUFFERING MATERIALS,
ELECTRON TRANSPORT MATERIALS AND
ORGANIC ELECTROLUMINESCENT
DEVICE COMPRISING THE SAME

TECHNICAL FIELD

[0001] The present disclosure relates to an electron bufi-
ering material, an electron transport material and an organic
electroluminescent device comprising the same.

BACKGROUND ART

[0002] An organic electroluminescent device (OLED)
emitting green light was first proposed by Tang et al. of
Eastman Kodak in 1987, which employs a double layer of
TPD/Alg,, composed of a light-emitting layer and a charge
transport layer. Afterward, an organic electroluminescent
device had been rapidly researched, and has now become
commercialized. At present, a phosphorescent material,
which has excellent luminous efficiency, is mainly used for
a panel of an organic electroluminescent device. An organic
electroluminescent device emitting red or green light has
been successfully commercialized by using a phosphorous
material. However, a phosphorous material for emitting blue
light has the following disadvantages, which are blocking
realization of full color display: roll-off is reduced at high
current due to loss of excessively formed excitons, thereby
deteriorating performances; the blue-emitting phosphores-
cent material itself has a problem in long term stability of
lifespan; and color purity is rapidly decreasing by lapse of
time.

[0003] A fluorescent material has been used, but has
several problems. First, when exposed to high-temperature
during a panel production process, a current feature can be
changed, which can cause a change in luminance. Further-
more, due to a structural characteristic, an interface feature
between a light-emitting layer and an electron injection layer
can deteriorate, which can cause a decrease of luminance. In
addition, a fluorescent material provides lower efficiencies
than a phosphorescent material. Accordingly, there have
been attempts to improve efficiencies by developing a spe-
cific fluorescent material such as a combination of an
anthracene-based host and a pyrene-based dopant. However,
the proposed combination makes holes become greatly
trapped, which can cause light-emitting sites in a light-
emitting layer to shift to the side close to a hole transport
layer, thereby light being emitted at an interface. The light-
emission at an interface decreases lifespan of a device, and
efficiencies are not satisfactory.

[0004] It is not easy to solve the aforementioned problems
of a fluorescent material by improvement of a light-emitting
material itself. Accordingly, recently, there has been
research to solve the problems, which includes improvement
of a charge transport material to change a charge transport
feature, and development of an optimized device structure.

[0005] Korean Patent Application Laying-Open No.
10-2012-0092550 discloses an organic electroluminescent
device in which a blocking layer is interposed between an
electron injection layer and a light-emitting layer, wherein
the blocking layer comprises an aromatic heterocyclic
derivative comprising an azine ring. However, this Korean
patent reference fails to disclose an organic electrolumines-
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cent device employing a compound having a phenanthrothi-
azole skeleton in an electron buffering layer or an electron
transport layer.

[0006] Japanese patent no. 4947909 discloses a blue fluo-
rescent light-emitting device comprising an electron buffer-
ing layer, wherein electrons are efficiently injected to the
light-emitting layer compared to Alg, by inserting the elec-
tron buffering layer, and mobility is controlled to lower the
driving voltage and enhance lifespan by preventing degra-
dation of the light-emitting interface. However, in this
Japanese reference, groups of the electron buffering mate-
rials are limited to Alq, derivatives, and it is desired to
restrict electron mobility. Thus the improvement in effi-
ciency and lifespan is limited.

[0007] Korean Patent Application Laying-Open No. 2014-
0086861 discloses an organic electroluminescent device
comprising an electron transfer layer containing quinoline-
benzoxazole derivatives. However, this Korean patent ref-
erence fails to disclose the compounds having a phenan-
throthiazole skeleton, and according to this Korean patent
reference, the optimization of an organic electroluminescent
device comprising an electron buffering layer or an electron
transport layer is limited.

[0008] Japanese Patent Application Laying-Open No.
2001-23777 discloses an organic electroluminescent device
comprising a compound having a phenanthrene skeleton
wherein a five-membered nitrogen-containing heteroaryl is
fused to the benzene ring positioned in the middle of the
phenanthrene skeleton, as a host material. However, the
organic electroluminescent device comprising the com-
pound disclosed in this Japanese patent reference still needs
improvement in driving voltage, current efficiency and lifes-
pan, even though the organic electroluminescent device
shows good blue color purity.

DISCLOSURE OF INVENTION

Technical Problem

[0009] The objective of the present disclosure is to provide
an organic electroluminescent device having low driving
voltage, excellent luminous efficiency, and long lifespan.

Solution to Problem

[0010] The present inventors found that the objective
above can be achieved by an electron buffering material or
an electron transport material comprising a compound rep-
resented by the following formula 1.

@

»(R2)
N ™xy—X
| >
Y
Ry —
A

|
T~ Ra



US 2018/0323397 Al

[0011] wherein,
[0012] X, represents —N—, —NR,—, —O— or —S—;
[0013] Y, represents —N—, —NRy—, —O— or —S—;

where X, is —N—, Y, is —NRy—, —O— or —S—; where
X, 18 —NR,—, Y, is —N=—, —0O— or —S—; the case that
both of X, and Y, are —O— or —S—, and the case that one
of X, and Y, is —O—, and the other is —S— are excluded,
[0014] R, represents a substituted or unsubstituted (C6-
C30)aryl, or a substituted or unsubstituted (3 to 30-mem-
bered)heteroaryl;

[0015] R, toR,. R, and Ry, 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-mem-
bered)heteroaryl, a substituted or unsubstituted (C3-C30)
cycloalkyl, a substituted or unsubstituted (C1-C30)alkoxy, a
substituted or unsubstituted tri(C1-C30)alkylsilyl, a substi-
tuted or unsubstituted di(C1-C30)alkyl(C6-C30)arylsilyl, a
substituted or unsubstituted (C1-C30)alkyldi(C6-C30)aryl-
silyl, a substituted or unsubstituted tri(C6-C30)arylsilyl, a
substituted or unsubstituted mono- or di-(C1-C30)alky-
lamino, 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(s) to form a substituted or unsubstituted (C3-
C30), mono- or polyeyclic, alicyclic or aromatic ring, whose
carbon atom(s) may be replaced with at least one heteroatom
selected from nitrogen, oxygen, and sulfur;

[0016] a represents an integer of 1; b and ¢, each inde-
pendently, represent an integer of 1 or 2; d represents an
integer of 1 to 4; and

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

Advantageous Effects of Invention

[0018] By using the electron buffering material or the
electron transport material according to the present disclo-
sure, an electron injection is controlled, and the interfacial
characteristic between the light-emitting layer and the elec-
tron injection layer is improved, and so it is possible to
manufacture an organic electroluminescent device having
excellent luminous efficiency. Usually, the presence of the
electron buffering layer between the light-emitting layer and
the electron transport zone disturbs electron current and
results in an increase in driving voltage and a reduction in
efficiency. However, by using the electroluminescent com-
pound of the present disclosure, an organic electrolumines-
cent device can have low driving voltage, excellent lumi-
nous efliciency such as current efficiency and power
efficiency, and emission of colors with high purity, through
the improvement in rapid electron injection characteristic
and interfacial characteristic due to intermolecular stacking
and interaction characteristics.

[0019] Furthermore, by using a combination of the elec-
tron buffering material and the electron transport material,
an organic electroluminescent device can have low driving
voltage, excellent luminous efficiency, and long lifespan.

BRIEF DESCRIPTION OF DRAWINGS

[0020] FIG. 1 is a schematic sectional view illustrating a
structure of an organic electroluminescent device according
to one embodiment of the present disclosure;
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[0021] FIG. 2 is a schematic sectional view illustrating an
energy band diagram among a hole transport layer. a light-
emitting layer, an electron buffering layer, and an electron
transport zone of an organic electroluminescent device
according to one embodiment of the present disclosure; and

[0022] FIG. 3 is a graph illustrating a current efficiency
versus a luminance of organic electroluminescent devices of
Example 1 and Comparative Example 1.

MODE FOR THE INVENTION

[0023] Hereinafter, the present disclosure will be
described in detail. However, the following description is
intended to explain the invention, and is not meant in any
way to restrict the scope of the invention.

[0024] The present disclosure relates to an electron buff-
ering material comprising a compound represented by the
following formula 1, an electron transport material compris-
ing a compound represented by the following formula 1, and
an organic electroluminescent device comprising the elec-
tron buffering material or the electron transport material.

[0025] The compound of formula 1 may be represented by
any one of the following formulae 2 to 4.

&)

&)
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-continued
(©)

»(R2)

[0026]

[0027] R, may represent a substituted or unsubstituted
(C6-C30)aryl, or a substituted or unsubstituted (3- to
30-membered)heteroaryl, preferably a substituted or unsub-
stituted (C6-C30)aryl, or a substituted (5- to 25-membered)
heteroaryl, and more preferably a substituted or unsubsti-
tuted (C6-C30)aryl, or a substituted (5- to 20-membered)
heteroaryl, and may include an unsubstituted phenyl, an
unsubstituted biphenyl, an unsubstituted naphthyl, a fluore-
nyl substituted with a methyl, a benzofluorenyl substituted
with a methyl, a carbazolyl substituted with a phenyl, a
benzocarbazolyl substituted with a phenyl, an indolocarba-
zolyl substituted with a phenyl, an unsubstituted dibenzo-
furanyl, an unsubstituted dibenzothiophenyl, spiro[fluorene-
fluorene], or spiro[fluorene-benzofluorene].

[0028] In formulae 1 to 4, R, to Ry, each independently,
may 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)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(s) to form a substituted or unsub-
stituted (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;
preferably, each independently, may represent hydrogen, a
substituted or unsubstituted (C6-C25)aryl, a substituted or
unsubstituted (5-25 membered)heteroaryl, or a substituted or
unsubstituted mono- or di-(C6-C25)arylamino; or may be
linked to an adjacent substituent(s) to form a substituted or
unsubstituted (C5-C25), 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; more preferably, each independently may represent

wherein,
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hydrogen, a substituted or unsubstituted (C6-C20)aryl, a
substituted or unsubstituted (5-25 membered)heteroaryl, or
a substituted or unsubstituted di(C6-C18)arylamino; or may
be linked to an adjacent substituent(s) to form a substituted
or unsubstituted (C3-C25), mono- or polycyclic, alicyclic or
aromatic ring whose carbon atom(s) may be replaced with at
least one heteroatom selected from nitrogen and sulfur; the
heteroaryl may contain at least one heteroatom selected from
B, N, O, S, Si and P. For example, R, to R,,, each indepen-
dently, may be selected from the group consisting of hydro-
gen, a substituted phenyl, a substituted triazinyl, a substi-
tuted pyrimidinyl, a substituted or unsubstituted carbazolyl,
a substituted benzocarbazolyl, an unsubstituted dibenzocar-
bazolyl, and a substituted or unsubstituted diphenylamino,
or may be linked to an adjacent substituent(s) to form a
substituted indene ring, or a substituted ben-zothiophene
ring; and Rs and R, each independently, may be selected
from the group consisting of hydrogen, a substituted or
unsubstituted phenyl, a substituted or unsubstituted carba-
zolyl, an unsubstituted benzocarbazolyl, and an unsubsti-
tuted dibenzocarbazolyl, or may be linked to an adjacent
substituent(s) to form an unsubstituted benzene ring, an
indole ring substituted with a phenyl, a benzoindole ring
substituted with a phenyl, an indene ring substituted with a
methyl, or a benzoindene ring substituted with a methyl.
[0029] In formulae 1 to 4, X, may represent —N—,
—NR,—, —O— or —S—; Y, may represent —N—,
—NRy—, —O— or —S—; where X, is —N—, Y, is
—NRy—, —O— or —S—; where X, is —NR,—, Y, is
—N—, —0O— or —S—; preferably, the case that both of X
and Y, are —O— or —S—, and the case that one of X, and
Y, is —O—, and the other is —S— are excluded; R, and R,
each independently, may represent an unsubstituted pheny!.
Specifically, one of X, and Y, may represent —N—, the
other may represent —O—, —S— or —NR ,— (wherein,
R,; may represent a substituted or unsubstituted (C6-C20)
aryl).

[0030] In formulae 1 to 4, a may represent an integer of 1;
and, b and c, each independently, may represent an integer
of 1 or 2, and preferably an integer of 1.

[0031] Informula 1, d may represent preferably an integer
of 1 or 2.
[0032] Informulae 2 to 4, L, may represent a single bond,

a substituted or unsubstituted (C6-C30)arylene, or a substi-
tuted or unsubstituted (3-30 membered)heteroarylene; pref-
erably a single bond, or a substituted or unsubstituted
(C6-Cl18)arylene; more preferably a single bond, or an
unsubstituted (C6-C12)arylene; and may include a single
bond or an unsubstituted phenyl.

[0033] In formula 2, X, to X,, each independently, may
represent —N— or —CR,—; preferably one or more of X,
to X, may represent —N—; and more preferably two or
more of X, to X, may represent —N—. Specifically, Rg may
represent hydrogen.

[0034] Informula 2, Ar, and Ar,, each independently, may
represent a substituted or unsubstituted (C6-C30)aryl, or a
substituted or unsubstituted (3-30 membered)heteroaryl;
preferably a substituted or unsubstituted (C6-C25)aryl, or a
substituted or unsubstituted (3-25 membered)heteroaryl;
more preferably an unsubstituted (C6-C20)aryl, or a substi-
tuted or unsubstituted (5-20 membered)heteroary; and may
include an unsubstituted phenyl, an unsubstituted biphenyl,
an unsubstituted naphthyl, an unsubstituted dibenzothiophe-
nyl, a fluorenyl substituted with a methyl, a benzofluorenyl
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substituted with a methyl, a carbazolyl substituted with a
phenyl, a benzocarbazolyl substituted with a phenyl, or an
unsubstituted benzonaphthothiophenyl.

[0035] In formulae 2 to 4, e may represent an integer of 1
to 3, and preferably an integer of 1 or 2.

[0036] In formulae 3 and 4, 7Z may represent a single bond,
or a substituted or unsubstituted (C1-C6)alkylene, and pref-
erably a single bond.

[0037] In formula 3, n may represent an integer of 0 or 1,
and f'and g, each independently, may represent an integer of
1 to 4, and preferably an integer of 1 or 2.

[0038] In formula 4, n may represent an integer of 0 or 1,
and preferably an integer of 1; g may represent an integer of
1 to 4, and preferably an integer of 1 or 2; and h may
represent an integer of 1 to 3, and preferably an integer of
lor2.

[0039] In formula 4, W may represent —NR,,—, —O—,
—S— or —CR| |R,,—, and preferably —NR,—.

[0040] In formula 4, R,, may represent a substituted or
unsubstituted (C6-C30)aryl, or a substituted or unsubstituted
(3-30 membered)heteroaryl, preferably a substituted or
unsubstituted (C6-C20)aryl, and more preferably an unsub-
stituted (C6-C18)aryl, such as, an unsubstituted phenyl.
[0041] Informula4, R, andR,,, each independently, may
represent a substituted or unsubstituted (C1-C30)alkyl, a
substituted or unsubstituted (C6-C30)aryl, or a substituted or
unsubstituted (3-30 membered)heteroaryl, preferably a sub-
stituted or unsubstituted (C1-C20)alkyl, and more preferably
an unsubstituted (C1-C15)alkyl, such as an unsubstituted
methyl.

[0042] Herein, “(C1-C30)alkyl” indicates a linear or
branched alkyl having 1 to 30, preferably 1 to 20, and more
preferably 1 to 10 carbon atoms, and includes methyl, ethyl,
n-propyl, isopropyl, n-butyl, isobutyl, tert-butyl, etc. “(C3-
C30)cycloalkyl” indicates a mono- or polycyclic hydrocar-
bon having 3 to 30, preferably 3 to 20, and more preferably
3 to 7 carbon atoms and includes cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, etc. Furthermore, “(C6-C30)aryl
(ene)” indicates a monocyclic or fused ring derived from an
aromatic hydrocarbon and having 6 to 30, preferably 6 to 20,
and more preferably 6 to 15 ring backbone carbon atoms,
and includes phenyl, biphenyl, terphenyl, naphthyl, binaph-
thyl, phenylnaphthyl, naphthylphenyl, fluorenyl, phenyl-
fluorenyl, benzofluorenyl, dibenzofluorenyl, phenanthrenyl,
phenylphenanthrenyl, anthracenyl, indenyl, triphenylenyl,
pyrenyl, tetracenyl, perylenyl, chrysenyl, naphthacenyl,
fluoranthenyl etc. “(3- to 30-membered) heteroaryl(ene)”
indicates an aryl group having 3 to 30, preferably 5 to 25
ring backbone atoms including at least one, preferably 1 to
4, heteroatom selected from the group consisting of B, N, O,
S, Si, and P; 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 heteroaryl
such as furyl, thiophenyl, pyrrolyl, imidazolyl, pyrazolyl,
thiazolyl, thiadiazolyl, isothiazolyl, isoxazolyl, oxazolyl,
oxadiazolyl, triazinyl, tetrazinyl, triazolyl, tetrazolyl, fura-
zanyl, pyridyl, pyrazinyl, pyrimidinyl, pyridazinyl, etc., and
a fused ring-type heteroaryl such as benzofuranyl, benzoth-
iophenyl, isobenzofuranyl, dibenzofuranyl, dibenzothiophe-
nyl, benzoimidazolyl, benzothiazolyl, benzoisothiazolyl,
benzoisoxazolyl, ben-zoxazolyl, isoindolyl, indolyl, benzo-
indolyl, indazolyl, benzothiadiazolyl, quinolyl, isoquinolyl,
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cinnolinyl, quinazolinyl, quinoxalinyl, carbazolyl, benzocar-
bazolyl, dibenzocarbazolyl, phenoxazinyl, phenanthridinyl,
benzodioxolyl, etc. Furthermore, “halogen” includes F, Cl,
Br, and I.

[0043]
tuted or unsubstituted,” means that a hydrogen atom in a

Herein, “substituted” in the expression, “substi-

certain functional group is replaced with another atom or
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 dialkylarylsilyl, the
substituted alkyldiarylsilyl, the substituted triarylsilyl, the
substituted mono- or dialkylamino, the substituted mono- or
diarylamino, the substituted alkylarylamino, and the substi-
tuted mono- or polycyclic, alicyclic or aromatic ring in R,
to R,5, L, Ar), Ar, and Z of formulae 1 to 4 of the present
disclosure, each independently, are at least one selected from
the group consisting of deuterium, a halogen; a cyano; a
carboxy; 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 (3- to
30-membered)heteroaryl unsubstituted or substituted with a
(C6-C30)aryl; a (C6-C30)aryl unsubstituted or substituted
with a cyano, a (3- to 30-membered)heteroaryl or a 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; 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; and preferably, each
independently, are at least one selected from the group
consisting of a (C1-C6)alkyl; a (C6-C25)aryl unsubstituted
or substituted with a (5- to 25-membered)heteroaryl or
di(C6-C25)arylamino; a (5- to 25-membered)heteroaryl
unsubstituted or substituted with a (C6-C25)aryl; a mono- or
di-(C6-C20)arylamino; and a (C1-C20)alkyl(C6-C25)aryl;
or may be linked to an adjacent substituent(s) to form a
substituted or unsubstituted (C5-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; and the substituent may include an
unsubstituted methyl, a phenyl substituted or unsubstituted
with a carbazolyl or di phenylamino, an unsubstituted biphe-
nyl, an unsubstituted naphthyl, a fluorenyl substituted with
a methyl, a benzofluorenyl substituted with a methyl, an
unsubstituted dibenzothiophenyl, a carbazolyl unsubstituted
or substituted with a phenyl, a benzocarbazolyl unsubsti-
tuted or substituted with a phenyl, an unsubstituted diben-
zocarbazolyl, a pyrimidinyl substituted with a phenyl, an
unsubstituted benzonaphthothiophenyl, or an unsubstituted
di(C6-C12)arylamino; or may be linked to an adjacent
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substituent(s) to form an indole ring substituted with a
phenyl, a benzoindole ring substituted with a phenyl, an
unsubstituted benzene ring, a benzindene ring substituted
with a methyl, or an indene ring substituted with a methyl.

[0044] Specifically, the compound of formula 1 includes
the following, but is not limited thereto.
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[0045]
ent disclosure may comprise a first electrode, a second

An organic electroluminescent device of the pres-

electrode facing the first electrode, a light-emitting layer
between the first electrode and the second electrode, and an
electron transport zone between the light-emitting layer and
the second electrode, wherein the electron transport zone
may comprise the compound represented by formula 1
above. Furthermore, an organic electroluminescent device of
the present disclosure may comprise a first electrode, a
second electrode facing the first electrode, a light-emitting
layer between the first electrode and the second electrode,
and an electron transport zone and an electron buffering
layer between the light-emitting layer and the second elec-
trode, wherein the electron transport zone and/or the electron
buffering layer comprises the compound represented by
formula 1 above. An electron buffering layer may resolve the
problem that when exposed to high-temperature during a
panel production process, a current feature can be changed,
which can cause a change in luminance. In this regard, for
OLED having an electron buffering layer, the properties of
a compound contained in such an electron buffering layer are
critical so that the OLED has similar current characteristics

29
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to an OLED in which an electron buffering layer is not
comprised and the OLED can have stability to the exposure
to high-temperature.

[0046] The compounds represented by formula 1 above
comprise phenanthrooxazole and phenanthrothiazole com-
pounds which have high electronegativity and electron-rich
groups as well as a fused structure between a phenanthrene
and an oxazole or a phenanthrene and a thiazole providing
a rigid characteristic. Thereby, the compounds represented
by formula 1 above can provide easy intermolecular transi-
tion. Fuar-thermore, the build-up of such intermolecular
stacking can provide easy horizontal molecular orientation,
and then can provide rapid electron current characteristic.
Accordingly, the compounds of the present disclosure can
contribute greatly to provide low driving voltage and the
improvement in efficiency and lifespan of an organic elec-
troluminescent device. These device characteristics have
large effects for stability to the exposure to a high-tempera-
ture during a panel production process and performance
improvement.

[0047] According to one aspect of the present disclosure,
an electron buffering material comprising the compound
represented by formula 1 is provided. The electron buffering
material indicates a material controlling an electron flow.
Therefore, the electron buffering material may be, for
example, a material which traps electrons, blocks electrons,
or lowers an energy barrier between an electron transport
zone and a light-emitting layer. Specifically, the electron
buffering material may be for an organic electroluminescent
device. In the organic electroluminescent device, the elec-
tron buffering material may be used for preparing an electron
buffering layer, or may be incorporated to another area such
as an electron transport zone or a light-emitting layer. The
electron buffering layer may be formed between a light-
emitting layer and an electron transport zone, or between an
electron transport zone and a second electrode of an organic
electroluminescent device. The electron buffering material
may be a mixture or composition which may further com-
prise materials which are conventionally used for preparing
an organic electroluminescent device.

[0048] Hereinafter, referring to FIG. 1, the structure of an
organic electroluminescent device, and a method for pre-
paring it will be described in detail.

[0049] FIG. 1 shows an organic electroluminescent device
100 comprising 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 formed on the
organic layer 120 and facing the first electrode 110.
[0050] 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 buffering layer 126
formed on the light-emitting layer 125, and an electron
transport zone 129 formed on the electron buffering layer
126; and the electron transport zone 129 comprises an
electron transport layer 127 formed on the electron buffering
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layer 126, and an electron injection layer 128 formed on the
electron transport layer 127. The hole injection layer 122,
the hole transport layer 123, the light-emitting layer 125, the
electron buffering layer 126, the electron transport layer 127,
and the electron injection layer 128 may be a single layer, or
may be composed of two or more layers.

[0051] The substrate 101 may be any conventional sub-
strate for an organic electroluminescent device, such as a
glass substrate, a plastic substrate, or a metal substrate.

[0052] The first electrode 110 may be an anode, and may
be prepared with a high work-function material.

[0053] The hole injection layer 122 may be prepared with
any hole injection material known in the art. The known
material may include phthalocyanines such as copper ph-
thalocyanine etc., MTDATA(4,4'4"-tris[(3-methylphenyl)
phenylamino]triphenylamine), 2-TNATA(4,4',4"-tris| 2-
naphthyl(phenyl)amino]triphenylamine), NYNM([1,1%-
biphenyl]-4,4'-diyl)bis(N1-(naphthalen-1-y1)-N* N*-
diphenylbenzene-1,4-diamine), Pani/DBSA (polyaniline/
dodecylbenzene sulphonic acid), PEDOT/PSS(poly(3.4-
ethylenedioxythiophene)/poly(4-styrene sulfonate)), Pani/
CSA  (polyaniline/camphorsulfonic acid) or Pani/PSS
(polyaniline)/poly(4-styrene sulfonate)) etc., but is not lim-
ited thereto.

[0054] Furthermore, the hole injection layer 122 may be
formed of a compound represented by the following formula
200.

. (00)
N N
N | AN
N? | | N/IR
N
R

[0055] wherein R may be selected from the group con-
sisting of a cyano(-CN), a nitro(-NO,), a phenylsulfonyl(-
S0,(CsHs)), a cyano- or nitro-substituted (C2-C5) alkenyl,
and a cyano- or nitro-substituted phenyl.

[0056] The compound of formula 200 has a characteristic
to be crystallized. Thus, by using the compound, the hole
injection layer 122 can have strength. The example of the
compound of formula 200 includes HAT-CN (1,4,5,8,9,11-
hexaazatriphenylene-hexacarbonitrile).

[0057] The hole transport layer 123 may be prepared with
any hole transport material known in the art. The examples
of the known material may include aromatic amine deriva-
tives, particularly biphenyl diamine derivatives, such as
TPD(N,N'-bis-(3-methylphenyl)-N,N'-diphenylbenzidine),
N* N* N* N*-tetra([ 1,1-biphenyl]-4-y1)-[1,1'-biphenyl]-4,
4'-diamine, and the compounds below, but are not limited
thereto.
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[0058] The light-emitting layer 125 may be prepared with
a host compound and a dopant compound. The kinds of host
compound and dopant compound to be used are not par-
ticularly limited, and may be selected from compounds
known in the art. The examples of the host compound and
the dopant compound will be described below. When the
light-emitting layer 125 comprises a host and a dopant, the
dopant can be doped in an amount of less than about 25 wt
%, and preferably less than 17 wt %, based on the total
amount of the dopant and host of the light-emitting layer.
When the light emitting layer 125 is composed of two or
more layers, each of the layers may be prepared to emit color
different from one another. For example, the device may
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emit white light by preparing three light-emitting layers 125
which emit blue, red, and green colors, respectively. Fur-
thermore, the device may include light-emitting layers
which emit yellow or orange color, if necessary.

[0059] The electron buffering layer 126 may employ the
compound of formula 1 of the present disclosure or other
compounds for the electron buffer. The thickness of the
electron buffering layer 126 is 1 nm or more, but is not
particularly limited thereto. Specifically, the thickness of the
electron buffering layer 126 may be in the range of from 2
nm to 200 nm. The electron buffering layer 126 may be
formed on the light-emitting layer 125 by using known
various methods such as vacuum deposition, wet film-
forming methods, laser induced thermal imaging, etc. The
electron buffering layer 126 may comprise a compound
represented by the following formula 20.

(20)

N 2 Raz)ip
AW I

aalRaz)——

T T TRy
[0060] wherein
[0061] A represents a substituted or unsubstituted (5- to

30-membered)heteroaryl;

[0062] L represents a single bond, a substituted or unsub-
stituted (C6-C30)arylene, or a substituted or unsubstituted
(5- to 30-membered)heteroarylene;

[0063] R, represents the following formula 20a or 20b:
(200)
¥ Rys
l N
\ R
/ \ P Ras)aa
CC(R24)/_
(20b)
Rag Ryo
* T Rapee
[0064] R,, represents hydrogen, deuterium, a halogen, a

cyano, a substituted or unsubstituted (C1-C30)alkyl, a sub-
stituted or unsubstituted (C6-C30)aryl, a substituted or
unsubstituted (5- to 30-membered)heteroaryl, a substituted
or unsubstituted (C3-C30)cycloalkyl, a substituted or unsub-
stituted (C1-C30)alkoxy, a substituted or unsubstituted tri
(C1-C30)alkylsilyl, a substituted or unsubstituted tri(C6-
C30)arylsilyl, 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
mono- or di-(C1-C30)alkylamino, a substituted or unsubsti-
tuted mono- or di-(C6-C30)arylamino, a substituted or
unsubstituted (C1-C30)alkyl(C6-C30)arylamino, or the fol-
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lowing formula 21; or may be fused with the carbazole
backbone to form a substituted or unsubstituted benzocat-
bazole;

ey

X
N \,
#Rs0) T *
"
[0065] X represents O, S, CR;;R;,, NR;; or SiR;;R,,;
[0066] R, represents hydrogen, deuterium, a halogen, a

cyano, a substituted or unsubstituted (C1-C30)alkyl, a sub-
stituted or unsubstituted (C6-C30)aryl, a substituted or
unsubstituted (5- to 30-membered)heteroaryl, a substituted
or unsubstituted (C3-C30)cycloalkyl, a substituted or unsub-
stituted (C1-C30)alkoxy, a substituted or unsubstituted tri
(C1-C30)alkylsilyl, a substituted or unsubstituted tri(C6-
C30)arylsilyl, 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
mono- or di-(C1-C30)alkylamino, a substituted or unsubsti-
tuted mono- or di-(C6-C30)arylamino, or a substituted or
unsubstituted (C1-C30)alkyl(C6-C30)arylamino;

[0067] R,4, R,s, R, and Ry, 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 (5- 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 tri(C6-C30)arylsilyl, a substi-
tuted or unsubstituted di(C1-C30)alkyl(C6-C30)arylsilyl, a
substituted or unsubstituted (C1-C30)alkyldi(C6-C30)aryl-
silyl, 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(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;

[0068] R, R,g and R, cach independently, represent a
substituted or unsubstituted (C1-C30)alkyl, a substituted or
unsubstituted (C6-C30)aryl, a substituted or unsubstituted
(5- to 30-membered)heteroaryl, a substituted or unsubsti-
tuted (C3-C30)cycloalkyl, a substituted or unsubstituted
mono- or di-(C1-C30)alkylamino, a substituted or unsubsti-
tuted mono- or di-(C6-C30)arylamino, or a substituted or
unsubstituted (C1-C30)alkyl(C6-C30)arylamino;

[0069] R;, to R,,, each independently, represent a substi-
tuted or unsubstituted (C1-C30)alkyl, a substituted or unsub-
stituted (C6-C30)aryl, or a substituted or unsubstituted (5- to
30-membered)heteroaryl; 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;

[0070] aa, cc, dd, ee, and ff, each independently, represent
an integer of 0 to 4; where aa, cc, dd, ee, or ff is an integer
of 2 or more, each of R,,, R4, Ros, R, or R;, may be the
same or different;
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[0071] bb represents an integer of 0 to 3; where bb is an
integer of 2 or more, each of R,; may be the same or
different;

[0072] nn represents an integer of 0 or 1; mm represents an
integer of 1 or 2;

[0073] * represents a bonding site to the carbazole back-
bone; and
[0074] the heteroaryl(ene) contains one or more hetero

atoms selected from B, N, O, S, Si, and P.

[0075] In formula 20, A may represent preferably, a sub-
stituted or unsubstituted nitrogen-containing (5- to 30-mem-
bered)heteroaryl; and, more preferably, a substituted or
unsubstituted nitrogen-containing (6- to 20-membered)het-
eroaryl. Specifically, A may represent a substituted or unsub-
stituted pyridyl, a substituted or unsubstituted pyrimidinyl, a
substituted or unsubstituted triazinyl, a substituted or unsub-
stituted pyrazinyl, a substituted or unsubstituted quinolyl, a
substituted or unsubstituted isoquinolyl, a substituted or
unsubstituted quinolinyl, a substituted or unsubstituted qui-
nazolinyl, a substituted or unsubstituted quinoxalinyl, or a
substituted or unsubstituted naphthyridinyl; and more spe-
cifically, a substituted or unsubstituted pyridyl, a substituted
or unsubstituted pyrimidinyl, a substituted or unsubstituted
triazinyl, or a substituted or unsubstituted pyrazinyl.
[0076] In formula 20, L may represent preferably, a single
bond or a substituted or unsubstituted (C6-C20)arylene; and
more preferably, a single bond or an unsubstituted (C6-C18)
arylene. Specifically, I may represent a single bond, a
substituted or unsubstituted phenyl, a substituted or unsub-
stituted naphthyl, a substituted or unsubstituted biphenyl, a
substituted or unsubstituted terphenyl, a substituted or
unsubstituted phenylnaphthyl, or a substituted or unsubsti-
tuted naphthylphenyl.

[0077] In formula 20, R,, may represent preferably,
hydrogen, deuterium, a substituted or unsubstituted (C6-
C20)aryl, a substituted or unsubstituted (5- to 20-membered)
heteroaryl, a substituted or unsubstituted mono- or di-(C6-
C20)arylamino, or formula 21, or may be fused with the
carbazole backbone to form a substituted or unsubstituted
benzocarbazole. Specifically, R,, may represent hydrogen,
or a substituted or unsubstituted (C6-C20)aryl. More spe-
cifically, R,, may represent hydrogen, a substituted or
unsubstituted phenyl, a substituted or unsubstituted diben-
zothiophenyl, a substituted or unsubstituted dibenzofuranyl,
a substituted or unsubstituted carbazolyl, a substituted or
unsubstituted diphenylamino, a substituted or unsubstituted
fluorenyl, or formula 21, or may be fused with the carbazole
backbone to form a substituted or unsubstituted benzocar-
bazole.

[0078] In formula 21, X may represent preferably, 0, S,
CR;,R;,, or NR;;. Ry, may represent preferably, hydrogen
or a (C1-C20)alkyl. R, to R,,, each independently, may
represent preferably, hydrogen, a substituted or unsubsti-
tuted (C1-C10)alkyl, a substituted or unsubstituted (C6-
C20)aryl, or a substituted or unsubstituted (5- to 20-mem-
bered)heteroaryl; and specifically, hydrogen, a (C1-C6)
alkyl, phenyl, naphthyl, or biphenyl.
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[0079] 1In formula 20, R,;, R,., R,s, and R,-, each inde-
pendently, may represent preferably, hydrogen or a substi-
tuted or unsubstituted (C1-C20)alkyl. Specifically, R,, R..,,
R,s, and R, may represent hydrogen.

[0080]
dently, may represent preferably, a substituted or unsubsti-
tuted (C1-C20)alkyl, a substituted or unsubstituted (C6-
C20)aryl,
20-membered)heteroaryl; and more preferably, a substituted
or unsubstituted (C6-C20)aryl. Specifically, R,q, R,,, and
R,,, each independently, may represent a substituted or

In formula 20, R ¢, R,s, and R,s, each indepen-

or a substituted or unsubstituted (6- to

unsubstituted phenyl, a substituted or unsubstituted biphe-
nyl, or a substituted or unsubstituted naphthyl.

[0081] Specifically, the compound of formula 20 includes
the following, but is not limited thereto.

B-1

B-2

B-3
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[0082] The electron transport zone 129 means a zone in
which electrons are transported from the second electrode to
the light-emitting layer. The electron transport zone 129 can
comprise an electron transport compound, a reductive dop-
ant, or a combination thereof. The electron transport com-
pound can be at least one selected from a group comprising
oxazole-based compounds, isoxazole-based compounds, tri-
azole-based compounds, isothiazole-based compounds,
oxadiazole-based compounds, thiadiazole-based com-
pounds, perylene-based compounds, anthracene-based com-
pounds, aluminum complexes, and gallium complexes. The
reductive dopant may be selected from alkali metals, alkali
metal compounds, alkaline earth metals, rare-earth metals,
and halides, oxides, and complexes thereof. Specifically, the
reductive dopant includes lithium quinolate, sodium quino-
late, cesium quinolate, potassium quinolate, LiF, NaCl, CsF,
Li,0, BaQ, and BaF,, but are not limited thereto. In addi-
tion, the electron transport zone 129 can comprise an elec-
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tron transport layer 127, an electron injection layer 128, or
both of them. The electron transport layer 127 and the
electron injection layer 128 can each be composed of two or
more layers. The electron transport layer 127 can comprise
an electron transport material including the compound rep-
resented by formula 1, or the known electron transport
material. The example of the known electron transport
material may include the electron transport compounds
above, but is not limited thereto. In addition, the electron
transport layer 127 can further comprise the reductive dop-
ant above.

[0083] The electron injection layer 128 may be prepared
with any electron injection material known in the art, which
includes lithium quinolate, sodium quinolate, cesium qui-
nolate, potassium quinolate, LiF, NaCl, CsF, Li,0O, BaO, and
BaF,, but is not limited thereto.

[0084] The second electrode 130 may be a cathode, and
may be prepared with a low work-function material.
[0085] The aforementioned description regarding the
organic electroluminescent device shown in FIG. 1 is
intended to explain one embodiment of the invention, and is
not meant in any way to restrict the scope of the invention.
The organic electroluminescent device can be constructed in
another way. For example, any one optional component such
as a hole injection layer may not be comprised in the organic
electroluminescent device of FIG. 1, except for a light-
emitting layer and an electron buffering layer. In addition, an
optional component may be further comprised therein,
which includes one or more of a hole blocking layer, an
electron blocking layer, an impurity layer such as n-doping
layer and p-doping layer, a hole auxiliary layer and an
auxiliary light-emitting layer. The hole auxiliary layer or the
auxiliary light-emitting layer is interposed between the hole
transport layer and the light-emitting layer, and modulates
hole mobility. The hole auxiliary layer or the auxiliary
light-emitting layer has the effects to provide improved
efficiency and lifespan of the organic electroluminescent
device. The organic electroluminescent device may be a
both side emission type in which a light-emitting layer is
placed on each of both sides of the impurity layer. The two
light-emitting layers on the impurity layer may emit differ-
ent colors. The organic electroluminescent device may be a
bottom emission type in which a first electrode is a trans-
parent electrode and a second electrode is a reflective
electrode. The organic electroluminescent device may be a
top emission type in which a first electrode is a reflective
electrode and a second electrode is a transparent electrode.
The organic electroluminescent device may have an inverted
type structure in which a cathode, an electron transport layer,
a light-emitting layer, a hole transport layer, a hole injection
layer, and an anode are sequentially stacked on a substrate.
[0086] FIG. 2 illustrates an energy band diagram among a
hole transport layer, a light-emitting layer, an electron buff-
ering layer, and an electron transport zone of an organic
electroluminescent device according to one embodiment of
the present disclosure.

[0087] In FIG. 2, a hole transport layer 123, a light-
emitting layer 125, an electron buffering layer 126, and an
electron transport zone 129 are sequentially stacked. Elec-
trons (e-) injected from a cathode are transported to a
light-emitting layer 125 through an electron transport zone
129 and an electron buffering layer 126.

[0088] By interposing the electron buffering layer between
the light-emitting layer and the second electrode in the
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organic electroluminescent device comprising the first and
second electrodes and the light-emitting layer, an electron
injection can be controlled by electron affinity LUMO
(lowest unoccupied molecular orbital) energy of the electron
buffering layer.

[0089] LUMO (“Lowest Unoccupied Molecular Orbital™)
and HOMO (“Highest Occupied Molecular Orbital”) have
negative energy levels. However, for convenience, LUMO
energy level and HOMO energy level are indicated by
absolute values in the present disclosure. Thus, the com-
parison between the LUMO energy level and the HOMO
energy level is conducted on the basis of their absolute
values. In the present disclosure, the LUMO energy level
and the HOMO energy level are calculated by Density
Functional Theory (DFT).

[0090] In the OLED of the present disclosure, the LUMO
energy level of the electron buffering layer may be higher
than the LUMO energy level of the host compound. Spe-
cifically, the difference in LUMO energy levels between the
electron buffering layer and the host compound may be 0.2
eV to 0.3 eV or less, and preferably about 0.1 eV. For
example, the LUMO energy levels of the electron buffering
layer and the host compound may be about 1.8 eV and about
1.6 eV, respectively, and thus the difference in the LUMO
energy level may be about 0.2 eV. Although a LUMO barrier
between the host compound and the electron buffering layer
can cause an increase in driving voltage, the compound of
formula 1 comprised in the electron buffering layer may
allow to form LUMO energy levels suitable for easy electron
injection between the electron transport layer and the light-
emitting layer. Therefore, the OLED of the present disclo-
sure can have low driving voltage, high luminous efficiency,
and long lifespan. Herein, specifically, the LUMO energy
level of an electron buffering layer may indicate the LUMO
energy level of the compound of formula 1 comprised in the
electron buffering layer.

[0091] In the OLED of the present disclosure, the LUMO
energy level of the electron buffering layer may be lower or
higher than the LUMO energy level of the electron transport
zone. For example, the LUMO energy levels of the electron
buffering layer and the electron transport zone may be about
1.8 eV and about 1.9 eV, respectively, and thus the difference
in LUMO energy level may be about 0.1 eV. Due to the
LUMO energy level of the electron buffering layer, electrons
can be easily injected into a light-emitting layer through the
electron buffering layer. However, the LUMO energy level
of the electron transport zone may be about 1.7 ¢V or more
or about 1.9 eV or more. For example, the LUMO energy
levels of the electron buffering layer and the electron trans-
port zone may be about 1.7 eV and about 1.9 eV, respec-
tively, and thus the difference in the LUMO energy level
may be about 0.2 eV. As setforth above, the compound of the
present disclosure comprised in the electron buffering layer
can provide rapidness of electron current despite a barrier
between an electron buffering layer and an electron transport
7one.

[0092] Generally, LUMO energy level of the electron
buffering layer may be in the middle between those of the
host compound and the electron transport zone. For
example, LUMO energy levels may have the following
relationship: the electron transport zone>the electron buff-
ering layer>the host compound. According to the aforemen-
tioned LUMO relationship, electrons can be suitably
injected to a light-emitting layer through the electron buff-
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ering layer from the electron transport zone by cascade, and
thus, an electron buffering layer comprising the compound
of formula 1 can easily transport electrons to the light-
emitting layer. Accordingly, the organic electroluminescent
device of the present disclosure can have low driving
voltage, high luminous efficiency, and long lifespan.

[0093] LUMO energy level can be easily measured by
known various methods. Generally, cyclic voltammetry or
ultraviolet photoelectron spectroscopy (UPS) may be used.
Therefore, one skilled in the art can easily understand and
determine the electron buffering layer, the host material, and
the electron transport zone which satisfy the aforementioned
relationship for LUMO energy levels, so that he/she can
easily embody the electron buffering layer, the host material,
and the electron transport zone of the present disclosure.
HOMO energy level can be easily measured in the same
manner as LUMO energy level.

[0094] The host compound to be used in the present
disclosure may be a phosphorescent host compound or a
fluorescent host compound. The kinds of host compound to
be used are not particularly limited, and may be compounds
having the aforementioned LUMO energy level and selected
from compounds known in the art. Specifically, the host
compound may be a fluorescent host compound. The fluo-
rescent host compound may be an anthracene-based com-
pound represented by the following formula 30.

(30)
(Ar33)m

/1
Arz) Arp

\|/

(Ar 34)gg

[0095] wherein Ary, and Ar;,, each independently, repre-
sent a substituted or unsubstituted (C6-C30)aryl, or a sub-
stituted or unsubstituted (5- to 30-membered) heteroaryl,
Ary, and Ar,,, each independently, represent hydrogen,
deuterium, a halogen, a cyano, a nitro, a hydroxy, a substi-
tuted or unsubstituted (C1-C30)alkyl, a substituted or unsub-
stituted (C6-C30)aryl, a substituted or unsubstituted (5- to
30-membered) heteroaryl, a substituted or unsubstituted
(C3-C30)cycloalkyl, a substituted or unsubstituted (C1-
C30)alkoxy, a substituted or unsubstituted (C1-C30)alkyl-
silyl, a substituted or unsubstituted (C6-C30)arylsilyl, a
substituted or unsubstituted (C6-C30)aryl(C1-C30)alkylsi-
lyl, or —NR,,R.; R,, and R,,, each independently, repre-
sent hydrogen, a substituted or unsubstituted (C6-C30)aryl,
or a substituted or unsubstituted (5- to 30-membered) het-
eroaryl, or may be bonded to each other to form a (C3-C30),
mono- or polycyclic, alicyclic or aromatic ring whose car-
bon atom(s) may be replaced with at least one heteroatom
selected from nitrogen, oxygen, and sulfur; gg and hh, each
independently, represent an integer of 1 to 4; and where gg
or hh is an integer of 2 or more, each of Ar,; or Ar,, may be
the same or different.

Nov. 8,2018

[0096] 1In formula 30, Ar;, and Ar;,, each independently,
may represent preferably, a substituted or unsubstituted
(C6-C30)aryl. Specifically, Ar;, and Ar;,, each indepen-
dently, may represent a substituted or unsubstituted phenyl,
a substituted or unsubstituted biphenyl, a substituted or
unsubstituted naphthyl, a substituted or unsubstituted
anthracenyl, a substituted or unsubstituted phenanthrenyl, a
substituted or unsubstituted naphthacenyl, a substituted or
unsubstituted fluoranthenyl, a substituted or unsubstituted
pyrenyl, or a substituted or unsubstituted chrysenyl. In
formula 30, Ar;; and Ar,,, each independently, may repre-
sent preferably, hydrogen, a substituted or unsubstituted
(C6-C21)aryl, a substituted or unsubstituted (5- to 21-mem-
bered) heteroaryl or —NR_;R,.,.

[0097] Specifically, the compound of formula 30 includes
the following, but is not limited thereto:

H-1

H-2

H-3

H-4

\J
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[0098] The dopant compound to be used in the present
disclosure may be a phosphorescent dopant compound or a



US 2018/0323397 Al

fluorescent dopant compound. Specifically, the dopant com-
pound may be a fluorescent dopant compound. The fluores-
cent dopant compound may be a condensed polycyclic
amine derivative represented by the following formula 40.

Aty

s

Ary—TL,— N\
Aryz

[0099] wherein Ar,, represents a substituted or unsubsti-
tuted (C6-050)aryl or styryl; L, represents a single bond, a
substituted or unsubstituted (C6-C30)arylene, or a substi-
tuted or unsubstituted (3- to 30-membered)heteroarylene;
Ar,, and Ar,;, each independently, represent hydrogen,
deuterium, a halogen, a substituted or unsubstituted (C1-
C30)alkyl, a substituted or unsubstituted (C6-C30)aryl, or a
substituted or unsubstituted (3- to 30-membered)heteroaryl,

(40)

¥

D-1

D-3

D-5

CN

CN

Nov. 8,2018

or may be linked to an adjacent substituent(s) to form a
(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; jj
represents 1 or 2; and where jj is 2, each of

A
L—N_
Argz |
i

may be the same or different.

[0100] A preferable aryl for Ar,, includes a substituted or
unsubstituted phenyl, a substituted or unsubstituted fluore-
nyl, a substituted or unsubstituted anthryl, a substituted or
unsubstituted pyrenyl, a substituted or unsubstituted chry-
senyl, a substituted or unsubstituted benzofluorenyl, and
spiro[fluoren-benzofluorene], etc.

[0101] Specifically, the compound of formula 40 includes
the following, but is not limited thereto:

D2
N
D4
F F
N F
F
D6
CN
N

CN
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[0102] The dopant to be comprised in the organic elec-
troluminescent device of the present disclosure is preferably Rios (100)
at least one phosphorescent dopant. The phosphorescent —
dopant material for the organic electroluminescent device of Rios R
the present disclosure is not limited, but may be preferably

selected from metallated complex compounds of iridium Ryos Rio

preferably selected from ortho-metallated complex com-
pounds of iridium (Ir), osmium (Os), copper (Cu) or plati- P N\

num (Pt), and even more preferably ortho-metallated iridium >Ir— L3
Riog

(Ir), osmium (Os), copper (Cu) or platinum (Pt), more N
ARioo) = 7

complex compounds.

[0103] The compounds represented by the following for-

mulae 100 to 102 may be used as the dopant to be comprised L R Rios
in the organic electroluminescent device of the present Ryoe
disclosure.
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[0104] wherein L, is selected from the following struc-
tures:
Raio
Rao
Rop
O
e
Ry
\ Rog3 8
0 Ryo7
Ryo
Raos
Raos
[0105] R,,, represents hydrogen, a substituted or unsub-

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

[0106] R,, to R,y 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-

77
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tuted (C1-C30)alkoxy; and R,,, to R,,;, each indepen-
dently, may be linked to an adjacent substituent(s) to form
a fused ring, for example, a substituted or unsubstituted
quinoline;

[0107] R,,,to R,,,, each independently, represent hydro-
gen, deuterium, a halogen, a substituted or unsubstituted
(C1-C30)alkyl, or a substituted or unsubstituted (C6-C30)
aryl; R;,4 t0 R5, each independently, may be linked to an
adjacent substituent(s) to form a fused ring, for example, a
substituted or unsubstituted fluorene, a substituted or unsub-
stituted dibenzothiophene, or a substituted or unsubstituted
dibenzofuran;

[0108] R, to R,};, each independently, represent hydro-
gen, deuterium, a halogen, a substituted or unsubstituted
(C1-C30)alkyl, a substituted or unsubstituted (C3-C30)cy-
cloalkyl, or a substituted or unsubstituted (C6-C30)aryl;
R,0; to Ryy;, each independently, may be linked to an
adjacent substituent(s) to form a fused ring, for example, a
substituted or unsubstituted dibenzofuran, or a substituted or
unsubstituted dibenzothiophene;

[0109] rand s, each independently, represent an integer of
1 to 3; where r or s is an integer of 2 or more, each of R4,
may be the same or different; and

[0110]

[0111] Specifically, the phosphorescent dopant includes
the following:

t represents an integer of 1 to 3.

- . D-1
AN
2N
Sl
L —3
- _ D-2
N
P
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[0112] The OLED of the present disclosure comprises an

organic electroluminescent compound of formula 1, and
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may further comprise at least one compound selected from
the group consisting of arylamine-based compounds and
styrylarylamine-based compounds.

[0113] In the OLED of the present disclosure, the organic
layer may further comprise, in addition to the compound of
formula 1, at least one metal selected from the group
consisting of metals of Group 1, metals of Group 2, transi-
tion metals of the 4th period, transition metals of the 5th
period, lanthanides and organic metals of the d-transition
elements of the Periodic Table, or at least one complex
compound comprising the metal. The organic layer may
further comprise a light-emitting layer and a charge gener-
ating layer.

[0114] In the OLED of the present disclosure, preferably,
at least one layer (hereinafter, “a surface layer”) may be
placed on an inner surface(s) of one or both electrode(s),
selected from a chalcogenide layer, a metal halide layer and
a metal oxide layer. Specifically, a chalcogenide (includes
oxides) layer of silicon or aluminum is preferably placed on
an anode surface of an electroluminescent 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 provides operation
stability for the organic electroluminescent device. Prefer-
ably, the chalcogenide includes SiO, (1=X<2), AlO,
(1=X<1.5), SiON, SiAlON, etc.; the metal halide includes
LiF, MgF,, CaF,, a rare earth metal fluoride, etc.; and the
metal oxide includes Cs,O, Li,O, MgO, SrO, BaO, Ca0,
etc.

[0115] In the OLED 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

Cl

S OHC
/> < > __ BOHp
N Pd(PPhs)4

B(OH),
S
/
N C
OHC
Cl
1-1

Nov. 8,2018

an oxidative dopant may be placed on at least one surface of
a pair of electrodes. In this case, the electron transport
compound is reduced to an anion, and thus it becomes easier
to inject and transport electrons from the mixed region to an
electroluminescent medium. Furthermore, the hole transport
compound is oxidized to a cation, and thus it becomes easier
to inject and transport holes from the mixed region to the
electroluminescent medium. Preferably, the oxidative 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 electrolumines-
cent device having two or more light-emitting layers and
emitting white light.

[0116] In order to form each layer of the organic elec-
troluminescent device of the present disclosure, dry film-
forming methods such as vacuum evaporation, sputtering,
plasma and ion plating methods, or wet film-forming meth-
ods such as ink jet printing, nozzle printing, slot coating,
spin coating, dip coating, and flow coating methods can be
used.

[0117] Hereinafter, the organic electroluminescent com-
pound of the present disclosure, the preparation method of
the compound, and the luminescent properties of the OLED
comprising the electron buffering material or the electron
transport material comprising the compound of the present
disclosure will be explained in detail with reference to the
following examples.

[Example 1] Preparation of Compound C-24
[0118]

)
Seae,
N

Cr

.
Ph3P/\OM MeO
_ UMe_ v

KOtBu'THF
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[0119] 1) Preparation of Compound 1-1

[0120] After adding compound A (CAS: 1044146-16-8, 36
g, 124 mmol), 4-chloro-2-formylbenzene boronic acid (25.2
2, 136 mmol), tetrakis(triphenylphosphine)palladium (5.7 g,
5.0 mmol), sodium carbonate (33 g, 150 mmol), toluene
(600 mL), EtOH (150 mL), and distilled water (150 mL) into
a reaction vessel, the mixture was stirred at 140° C. for 3
hours. After completion of the reaction, the precipitated
solid was washed with distilled water and MeOH. The
obtained compound 1-1 was used in the next reaction
without further purification.

[0121] 2) Preparation of Compound 1-2
[0122] After introducing compound 1-1 (45.6 g 130
mmol), (methoxymethyl)triphenylphosphonium chloride

(743 g, 217 mmol), and tetrahydrofuran (1500 mL) into a
reaction vessel, the reaction mixture was stirred for 5
minutes, and then potassium tert-butoxide (KOtBu) (1M in
THEF, 220 mL) was slowly added dropwise thereto at 0° C.
The mixture was warmed slowly to room temperature, and
then additionally stirred for 3 hours. The reaction was
completed by the addition of distilled water to the reaction
mixture, and the mixture was then extracted with ethyl
acetate. After the extracted organic layer was dried with
magnesium sulfate, the solvent was removed therefrom with
a rotary evaporator. The remaining product was purified by
column chromatography to obtain compound 1-2 (48 g,
yield: 97%).

[0123] 3) Preparation of Compound 1-3

[0124] After introducing compound 1-2 (44.8 g, 119
mmol), Eaton’s reagent (4.5 mL), and chlorobenzene (600
ml) into a reaction vessel, the mixture was stirred under
reflux for 2 hours. After completing the reaction, the mixture
was cooled to room temperature, and then was extracted
with methylene chloride (MC). After the extracted organic

o
s 1_3

layer was dried with magnesium sulfate, the solvent was
removed therefrom with a rotary evaporator. The remaining
product was purified by column chromatography to obtain
compound 1-3 (36.3 g, yield: 89%).

[0125]

[0126] After adding compound 1-3 (8 g, 23 mmol), com-
pound B (CAS: 1060735-14-9, 9.5 g, 23 mmol), tris(diben-
zylideneacetone)dipalladium (Pd,(dba);) (1 g, 1.16 mmol),
2-dicyclohexylphosphino-2',6'-dimethoxybiphenyl(s-phos)
(0.95 g, 2.31 mmol). sodium tert-butoxide (NaOtBu) (4.5 g,
46.3 mmol), and o-xylene (150 mL) into a reaction vessel,
the mixture was stirred at 170° C. for 3 hours. After
completion of the reaction, the mixture was added dropwise
to MeOH, and then the resultant solid was filtered. The
obtained solid was purified by column chromatography to
obtain compound C-24 (8.7 g, vield: 68%).

4) Preparation of Compound C-24

[Example 2] Preparation of Compound C-1
[0127]

i “N S
Y, B—B\
N 0
Pdgdba;
s-phos
KOAc
1,4-dioxane
Cl
C

N
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[0128]

[0129] After adding compound C (10 g, 29 mmol), bis
(pinacolato)diborane (8.8 g, 34.8 mmol), tris(dibenzylide-
neacetone)dipalladium (Pd,(dba),) (1.3 g, 1.45 mmol), 2-di-
cyclohexylphosphino-2',6'-dimethoxybiphenyl(s-phos) (1.2
2, 2.9 mmol), potassium acetate (KOAc) (8.5 g, 87 mmol),
and 1,4-dioxane (150 mL) into a reaction vessel, the mixture
was then stirred at 140° C. for 3 hours. After completion of
the reaction, the mixture was cooled to room temperature,
and then was extracted with ethyl acetate. After the extracted
organic layer was dried with magnesium sulfate, the solvent
was removed therefrom with a rotary evaporator. The
remaining product was purified by column chromatography
to obtain compound 2-1 (10.4 g, yield: 82%).

[0130] 2) Preparation of Compound C-1

[0131] After adding compound 2-1 (10 g, 23.8 mmol),
2-chloro-4,6-diphenyltriazine (CAS: 3842-55-5, 6.4 g, 23.8
mmol), tris(dibenzylideneacetone)dipalladium (Pd,(dba),)
(1 g, 1.16 mmol), 2-dicyclohexylphosphino-2',6'-dime-
thoxybiphenyl(s-phos) (1 g, 2.31 mmol), sodium tert-butox-
ide (NaOtBu) (4.5 g, 46.3 mmol), and o-xylene (150 mlL.)

1) Preparation of Compound 2-1

Nov. 8,2018

into a reaction vessel, the mixture was stirred at 170° C. for
3 hours. After completion of the reaction, the mixture was
added dropwise to MeOH, and then the resultant solid was
filtered. The obtained solid was purified by column chro-
matography to obtain compound C-1 (8.2 g, yield: 55%).

[Example 3] Preparation of Compound C-17

[0132]

Cl
C
S :
O /
oG
N
C-17
[0133] After adding compound C (8 g, 23.1 mmol), com-

pound D (CAS: 1448296-00-1, 7.7 g, 23.1 mmol), tetrakis
(triphenylphosphine)palladium (1.4 g, 1.19 mmol), K,CO,
(8.2 g, 60 mmol), toluene (90 mL), EtOH (30 mL), and
distilled water (30 mL) into a reaction vessel, the mixture
was stirred at 140° C. for 3 hours. After completion of the
reaction, the precipitated solid was washed with distilled
water and MeOH. The obtained compound was purified by
column chromatography to obtain compound C-17 (8.7 g,
vield: 77%).
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[Example 4] Preparation of Compound C-39
[0134]
Cl
Cl
Br CHO
B OHC O
OH
0 BoH), OHC
NaCN Pd(PPhs)y
NI, DMF N/: < ) 2M NasCOs 0
E - Toluene /
- EOH N
3-2
Crr
. KOtBwTHF
PhsP
’ /\OMe

s O o q
N
g O Eaton's Q
O Pdydbas ‘ reagent o
s-phos O, PhC 0
o OO IO
Q >_® o-xylene N N
N 34 3-3

C-39

[0135] 1) Preparation of Compound 3-1

[0136] After adding compound E (CAS: 913835-76-4, 40
g, 212.7 mmol), benzaldehyde (27 g, 255.29 mmol), sodium
cyanide (10.4 g, 212.7 mmol), and N,N-dimethylformamide
(DMF) (1000 mL) into a reaction vessel, the mixture was
stirred at 100° C. for 3 hours. After the reaction solution was
cooled to room temperature, the solution was extracted with
ethyl acetate. The obtained compound 3-1 was used in the
next reaction without further purification.

[0137] 2) Preparation of Compound 3-2

[0138] After adding compound 3-1 (35 g, 128 mmol),
4-chloro-2-formylbenzene boronic acid (26 g, 141 mmol),
tetrakis(triphenylphosphine)palladium (6 g, 5.1 mmol),
sodium carbonate (34 g, 320 mmol), toluene (600 mL),
EtOH (150 mL), and distilled water (150 mL) into a reaction
vessel, the mixture was stirred at 140° C. for 3 hours. After
completion of the reaction, the precipitated solid was
washed with distilled water and MeOH. The obtained com-
pound 3-2 was used in the next reaction without further
purification.

[0139] 3) Preparation of Compound 3-3
[0140] After introducing compound 3-2 (19 g, 569
mmol), (methoxymethyl)triphenylphosphonium chloride

(29.3 g, 85.4 mmol), and tetrahydrofuran (500 mL) into a
reaction vessel, the reaction mixture was stirred for 5

minutes, and then potassium tert-butoxide (KOtBu) (1M in
THF, 85 mL) was slowly added dropwise thereto at 0° C.
The mixture was warmed slowly to room temperature, and
then additionally stirred for 3 hours. After distilled water
was added to the reaction solution to stop the reaction, the
solution was extracted with ethy! acetate. After the extracted
organic layer was dried with magnesium sulfate, the solvent
was removed therefrom with a rotary evaporator. The
remaining product was purified by column chromatography
to obtain compound 3-3 (16.4 g, yield: 80%).

[0141] 4) Preparation of Compound 3-4

[0142] After introducing compound 3-3 (144 g, 398
mmol), Eaton’s reagent (1.4 mL), and chlorobenzene (200
ml) into a reaction vessel, the mixture was stirred under
reflux for 2 hours. After completing the reaction, the mixture
was cooled to room temperature, and then was extracted
with methylene chloride (MC). After the extracted organic
layer was dried with magnesium sulfate, the solvent was
removed therefrom with a rotary evaporator. The remaining
product was purified by column chromatography to obtain
compound 3-4 (11.1 g, yield: 79%).

[0143] 5) Preparation of Compound C-39

[0144] After adding compound 3-4 (4 g, 12.1 mmol),
compound B (CAS: 1060735-14-9, 4.9 g, 12.1 mmol),
tris(dibenzylideneacetone)dipalladium (Pd,(dba);) (0.5 g,
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0.61 mmol), 2-dicyclohexylphosphino-2',6'-djimethoxybi-
phenyl(s-phos) (0.5 g, 1.21 mmol), sodium tert-butoxide
(NaOtBu) (2.33 g, 24.3 mmol), and o-xylene (100 mL) into
a reaction vessel, the mixture was stirred at 170° C. for 3
hours. After completion of the reaction, the mixture was
added dropwise to MeOH, and then the resultant solid was
filtered. The obtained solid was purified by column chro-
matography to obtain compound C-39 (8.7 g, vield: 47%).

[Example 5] Preparation of Compound C-49

[0145]
; NS
Y /B— B\
N o 0
szdba.g >
s-phos
KOAc

1,4-dioxane
Cl
C
Cl
)\
s 1‘1 N
/> < > 7
‘ )
Pd(PPhs)y
M K,CO5
toluene
EtOH
B
o” Mo

S
sy
L

X

C-49

[0146] 1) Preparation of Compound 2-1

[0147] Compound 2-1 was prepared in the same manner as
in Example 2.

[0148] 2) Preparation of Compound C-49

[0149] After adding compound 2-1 (4.5 g, 10 mmol),
2-chloro-4,6-diphenylpyrimidine (CAS: 2915-16-4, 2.7 g,
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10 mmol), tetrakis(triphenylphosphine)palladium (0.47 g,
0.4 mmol), K,CO; (3.6 g, 26 mmol), toluene (50 mL), EtOH
(13 mL), and distilled water (13 mL) into a reaction vessel,
the mixture was stirred at 120° C. for 4 hours. After
completion of the reaction, the mixture was added dropwise
to MeOH, and then the resultant solid was filtered. The
obtained solid was purified by column chromatography to
obtain compound C-49 (4.5 g, yield: 73%).

[0150]

[Example 6] Preparation of Compound C-75
N
0] 6]
A N/
VRN

Pdgdbag
s-phos
KOAc

1,4-dioxane
Cl
F
Cl
P}
N 1‘1 N
N
/
‘ O
Pd(PPhs)y
M K»>CO;3
toluene
EtOH
B
%O/_\ﬁ
4-1

N
ooy,
L

N7 N

S

C-75
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[0151] 1) Preparation of Compound 4-1

[0152] After adding compound F (7.2 g, 21.8 mmol),
bis(pinacolato)diborane (6.6 g, 26.2 mmol), tris(diben-
zylideneacetone)dipalladium (Pd,(dba);) (1.0 g, 1.1 mmol),
2-dicyclohexylphosphino-2',6'-dimethoxybiphenyl(s-phos)
(0.89 g, 2.2 mmol), potassium acetate (KOAc) (6.4 g, 65
mmol), and 1,4-dioxane (150 mL) into a reaction vessel, the
mixture was stirred at 140° C. for 3 hours. After completion
of the reaction, the mixture was cooled to room temperature,
and then the mixture was extracted with ethyl acetate. After
the extracted organic layer was dried with magnesium
sulfate, the solvent was removed therefrom with a rotary
evaporator. The remaining product was purified by column
chromatography to obtain compound 4-1 (5.2 g, yield:
57%).

[0153] 2) Preparation of Compound C-75

[0154] After adding compound 4-1 (5.2 g, 12.3 mmol),
2-chloro-4,6-diphenylpyrimidine (CAS: 2915-16-4, 3.3 g,
12.3 mmol), tetrakis(triphenylphosphine)palladium (0.71 g,
0.62 mmol), K,CO; (4.2 g, 30 mmol), toluene (60 mL),
EtOH (20 mL), and distilled water (20 mL) into a reaction
vessel, the mixture was stirred at 120° C. for 4 hours. After
completion of the reaction, the mixture was added dropwise
to MeOH, and then the resultant solid was filtered. The
obtained solid was purified by column chromatography and
recrystallization to obtain compound C-75 (5.3 g, yield:
82%).

[Example 7] Preparation of Compound C-140

[0155]

N
(0] O
N\ N/
AR
o o 0
Pdydbag -
s-phos
KOAc
Cl 1,4-dioxane

G

Cl

J\

N 1‘1 N
A\
O /
O O

Pd(PPh3)y
M K,CO5

~0 toluene

B
\ EtOH
0
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-continued

N
A

N

/

N

C-140

[0156] 1) Preparation of Compound G

[0157] Compound G was prepared in the same manner as
in the procedure for the preparation of compound 3-2 in
Example 4, except that 4-chloro-2-formylbenzene boronic
acid was replaced with 5-chloro-2-formyl boronic acid.
[0158] 2) Preparation of Compound 3-1

[0159] After adding compound G (15 g, 45.5 mmol),
bis(pinacolato)diborane (13.9 g, 54.6 mmol), tris(diben-
zylideneacetone)dipalladium (Pd,(dba),) (1.6 g, 1.8 mmol),
2-dicyclohexylphosphino-2',6'-dimethoxybiphenyl(s-phos)
(0.9 g, 3.64 mmol), potassium acetate (KOAc) (13 g, 136
mmol), and 1,4-dioxane (350 mL) into a reaction vessel, the
mixture was stirred at 140° C. for 3 hours. After completion
of the reaction, the mixture was cooled to room temperature,
and then was extracted with ethyl acetate. After the extracted
organic layer was dried with magnesium sulfate, the solvent
was removed therefrom with a rotary evaporator. The
remaining product was purified by column chromatography
to obtain compound 5-1 (20 g, yield: 99%).

[0160] 3) Preparation of Compound C-140

[0161] After adding compound 5-1 (10 g, 22.7 mmol),
2-chloro-4,6-diphenylpyrimidine (CAS: 2915-16-4, 5.5 g,
20.6 mmol), tetrakis(triphenylphosphine)palladium (1.2 g,
1.0 mmol), K,CO, (7.1 g, 56 mmol), toluene (90 mL), EtOH
(30 mL), and distilled water (30 mL) into a reaction vessel,
the mixture was then stirred at 120° C. for 4 hours. After
completion of the reaction, the mixture was added dropwise
to MeOH, and then the resultant solid was filtered. The
obtained solid was purified by column chromatography and
recrystallization to obtain compound C-140 (5.5 g, yield:
51%).

[Example 8] Preparation of Compound C-100

[0162]
Cl

N I‘i)\N
O \: ( ) N/
O O
Pd(PPh3)4
2M K,CO3
B~ 0 toluene

EtOH

o

5-1
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_continued [0163] After adding compound 5-1 (10 g, 23.7 mmol),
\ 2-chloro-4,6-diphenyltriazine (CAS: 3842-55-5, 5.8 g, 21.6
mmol), tetrakis(triphenylphosphine)palladium (1.2 g, 1.0
mmol), K,CO; (7.5 g, 59 mmol). toluene (90 mL), EtOH (30

o S
mL), and distilled water (30 mL) into a reaction vessel, the
N
x

mixture was stirred at 120° C. for 4 hours. After completion

of the reaction, the mixture was added dropwise to MeOH,

N
and then the resultant solid was filtered. The obtained solid
was purified by column chromatography and recrystalliza-
tion to obtain compound C-100 (5.7 g, yield: 50%).
C-100 [Example 9] Preparation of Compound C-45
[0164]
O _____BOHp_
T Pd(PPh),
/ 2M Na;CO;
N Toluene
EtOH
Cl
Cl
. Crr
PhsP— N\
OMe,  Me0™ X
KOtBwTHF

O,
sy,
N

Eaton's reagenthhCl

N :
O \
o
B7P1H2
szdbag
s-phos
Ph KOAc
Pd(PPh3)4 1 J4-dioxane
| toluene/EtOH
&
N
C-45
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[0165]
[0166] After adding compound 7-bromo-2-phenyl-benzo-
xazole (37 g, 135 mmol), 4-chloro-2-formylbenzene boronic
acid (25 g, 135 mmol), tetrakis(triphenylphosphine)palla-
dium (7.8 g, 6.7 mmol), sodium carbonate (35 g, 338 mmol),
toluene (680 mL), EtOH (170 mL), and distilled water (170
ml) into a reaction vessel, the mixture was stirred at 130°
C. for 3 hours. After completion of the reaction, the pre-
cipitated solid was washed with distilled water and MeOH.
The remaining product was purified by column chromatog-
raphy to obtain compound 9-1 (26 g, yield: 60%).

[0167]

[0168] After introducing compound 9-1 (26 g, 80.2
mmol), (methoxymethyl)triphenylphosphonium chloride
(41 g, 120 mmol), and tetrahydrofuran (800 mL) into a
reaction vessel, the reaction mixture was stirred for 5
minutes, and then potassium tert-butoxide (KOtBu) (1M in
THF, 120 mL) was slowly added dropwise thereto at 0° C.
The mixture was warmed slowly to room temperature, and
then additionally stirred for 3 hours. After distilled water
was added to the reaction solution to stop the reaction, the
solution was extracted with ethyl acetate. After the extracted
organic layer was dried with magnesium sulfate, the solvent
was removed therefrom with a rotary evaporator. The
remaining product was purified by column chromatography
to obtain compound 9-2 (25 g, yield: 87%).

[0169]

[0170] After introducing compound 9-2 (25 g, 70.2
mmol), Eaton’s reagent (3 mL), and chlorobenzene (350
ml) into a reaction vessel, the mixture was stirred under
reflux for 2 hours. After completing the reaction, the mixture
was cooled to room temperature, and then was extracted
with methylene chloride (MC). After the extracted organic
layer was dried with magnesium sulfate, the solvent was
removed therefrom with a rotary evaporator. The remaining
product was purified by column chromatography to obtain
compound 9-3 (13 g, yield: 56%).

[0171]

[0172] After adding compound 9-3 (13 g, 39 mmol),
bis(pinacolato)diborane (12 g, 47 mmol), tris(dibenzylide-
neacetone)dipalladium (Pd,(dba),) (1.8 g, 1.9 mmol), 2-di-
cyclohexylphosphino-2',6'-dimethoxybiphenyl(s-phos) (1.6
2, 3.9 mmol), potassium acetate (KOAc) (11 g, 118 mmol),
and 1,4-dioxane (330 mL) into a reaction vessel, the mixture
was stirred for at 130° C. for 4 hours. After completion of the
reaction, the mixture was cooled to room temperature, and
then was extracted with ethyl acetate. After the extracted
organic layer was dried with magnesium sulfate, the solvent
was removed therefrom with a rotary evaporator. The
remaining product was purified by column chromatography
to obtain compound 9-4 (13 g, yield: 81%).

[0173]

[0174] After adding compound 9-4 (13 g, 31 mmol),
2-chloro-4,6-diphenyltriazine (8 g, 30 mmol), tetrakis(triph-

1) Preparation of Compound 9-1

2) Preparation of Compound 9-2

3) Preparation of Compound 9-3

4) Preparation of Compound 9-4

5) Preparation of Compound C-45
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enylphosphine)palladium (1.7 g, 1.5 mmol), K,CO; (10 g,
75 mmol), toluene (140 mL), EtOH (35 mL), and distilled
water (35 mL) into a reaction vessel, the mixture was stirred
at 130° C. for 4 hours. After completion of the reaction, the
precipitated solid was washed with distilled water and
MeOH. The remaining product was purified by column
chromatography to obtain compound C-45 (7.7 g, yield:
49%).

[Example 10] Preparation of Compound C-141

Br
N
)
o N7y
/J\O
N

[0175]

O -0

% Pd(PPhy)y
(6] NazCO3
toluene
EtOH
9-4

N
W,
O

N7 N
©)\ )‘\@
N

C-141

[0176] After adding compound 9-4 (3 g, 7.1 mmol), 2-(3-
bromophenyl)-4,6-diphenyl-1,3,5-triazine (CAS: 864377-
31-1, 3.04 g, 7.8 mmol), tetrakis(triphenylphosphine)palla-
dium (041 g, 0.36 mmol), sodium carbonate (1.9 g, 17.8
mmol), toluene (24 mL), EtOH (6 mL), and distilled water
(6 mL) into a reaction vessel, the mixture was stirred at 120°
C. for 4 hours. After completion of the reaction, the mixture
was added dropwise to MeOH, and then the resultant solid
was filtered. The obtained solid was purified by column
chromatography and recrystalization to obtain compound
C-141 (2.3 g, yield: 54%).
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[Example 11] Preparation of Compound C-142
[0177]

Cl

N|)\N
P4
N N
‘ O
Pd(PPhy),
N3.2CO3
B/O toluene

\ E{OH

9-4

C-142

[0178] After adding compound 9-4 (3.48 g, 8.3 mmol), [Example 12] Preparation of Compound C-101
2-([1,1'-biphenyl]-4-y1)-4-chloro-6-phenyl-1,3,5-triazine [0179]
(CAS: 1472062-94-4, 3.53 g, 9.1 mmol), tetrakis(triphenyl-
phosphine)palladium (0.48 g, 0.41 mmol), sodium carbonate
(2.2 g, 20.7 mmol), toluene (28 mL), EtOH (7 mL), and H
distilled water (7 mL) into a reaction vessel, the mixture was NI
stirred at 120° C. for 5 hours. After completion of the

reaction, the mixture was added dropwise to MeOH, and

Zm

PTSA

EtOH, reflux

then the resultant solid was filtered. The obtained solid was

purified by column chromatography and recrystallization to Br

obtain compound C-142 (3.7 g, vield: 74%).
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-continued
0 B(OH),
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N
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-continued

C-101

[0180] 1) Preparation of Compound 10-1

[0181] After adding compound A (20 g, 76.0 mmol),
benzaldehyde (8.1 g, 76.0 mmol), para-toluenesulfonic acid
(1.5 g, 7.6 mmol), and EtOH (380 mL) into a reaction vessel,
the mixture was stirred under reflux for 24 hours. After
completion of the reaction, the precipitated solid was
washed with distilled water and MeOH. The remaining
product was purified by column chromatography to obtain
compound 10-1 (20 g, yield: 75%).

[0182] 2) Preparation of Compound 10-2

[0183] After adding compound 10-1 (20 g, 57.3 mmol),
4-chloro-2-formylbenzene boronic acid (10.6 g, 57.3 mmol),
tetrakis(triphenylphosphine)palladium (2.0 g, 1.7 mmol),
sodium carbonate (15.2 g, 143.3 mmol), toluene (300 mL),
EtOH (100 mL), and distilled water (100 mL) into a reaction
vessel, the mixture was stirred at 120° C. for 3 hours. After
completion of the reaction, the precipitated solid was
washed with distilled water and MeOH. The remaining
product was purified by column chromatography to obtain
compound 10-2 (16.5 g, yield: 70%).

[0184] 3) Preparation of Compound 10-3

[0185] After introducing compound 10-2 (16.5 g, 40.4
mmol), (methoxymethyDtriphenyl phosphonium chloride
(21 g, 61 mmol), and tetrahydrofuran (400 mL) into a
reaction vessel, the reaction mixture was stirred for 5
minutes, and then potassium tert-butoxide (KOtBu) (1M in
THF, 60 mL) was slowly added dropwise thereto at 0° C.
The mixture was warmed slowly to room temperature, and
then additionally stirred for 3 hours. After distilled water
was added to the reaction solution to stop the reaction, the
solution was extracted with ethy! acetate. After the extracted
organic layer was dried with magnesium sulfate, the solvent
was removed therefrom with a rotary evaporator. The
remaining product was purified by column chromatography
to obtain compound 10-3 (12 g, yield: 68%).

[0186] 4) Preparation of Compound 10-4

[0187] After introducing compound 103 (12 g, 27.5
mmol), Eaton’s reagent (1.2 mL), and chlorobenzene (140
mL) into a reaction vessel, the mixture was stirred under
reflux for 2 hours. After completing the reaction, the mixture
was cooled to room temperature, and then was extracted
with methylene chloride (MC). After the extracted organic
layer was dried with magnesium sulfate, the solvent was
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removed therefrom with a rotary evaporator. The remaining
product was purified by column chromatography to obtain
compound 10-4 (8 g, yield: 72%).

[0188] 5) Preparation of Compound 10-5

[0189] After adding compound 10-4 (8 g, 19.8 mmol),
bis(pinacolato)diborane (6 g, 23.7 mmol), tris(dibenzylide-
neacetone)dipalladium (Pd,(dba),) (0.7 g, 0.8 mmol), 2-di-
cyclohexylphosphino-2',6'-dimethoxybiphenyl(s-phos) (0.7
2, 1.6 mmol), potassium acetate (KOAc) (5.8 g, 59.4 mmol),
and 1,4-dioxane (100 mL) into a reaction vessel, the mixture
was stirred at 130° C. for 4 hours. After completion of the
reaction, the mixture was cooled to room temperature, and
then was extracted with ethyl acetate. After the extracted
organic layer was dried with magnesium sulfate, the solvent
was removed therefrom with a rotary evaporator. The
remaining product was purified by column chromatography
to obtain compound 10-5 (7 g, yield: 71%).

[0190] 6) Preparation of Compound C-101

[0191] After adding compound 10-5 (5 g, 10.1 mmol),
2-chloro-4,6-diphenyltriazine (2.7 g, 30 mmol), tetrakis(tri-
phenylphosphine)palladium (0.4 g, 0.3 mmol), sodium car-
bonate (3.5 g, 25.3 mmol), toluene (50 mL), EtOH (12 mL),
and distilled water (12 mL) into a reaction vessel, the
mixture was stirred at 120° C. for 4 hours. After completion
of the reaction, the precipitated solid was washed with
distilled water and MeOH. The remaining product was
purified by column chromatography to obtain compound
C-101 (4.1 g, yield: 67%).

[0192] Specific property data of the representative com-
pounds are listed in the Table below:

uv PL

spectrum spectrum
Com- Yield (in toluene, (in toluene, MP MS/EIMS
pound (%) nm) nm) (°C.) Found Calculated
C-24 68 306 418 240 7181 717.22
C-1 55 306 426 276 5432 54216
C-17 77 306 426 276 642.0 641.19
C-39 47 304 400 230 7021 701.25
C-49 73 362 420 279 5420 541.66
C-75 82 260 392 300 526.1 525.18
C-140 51 296 402 278 526.1 525.18
C-100 50 290 427 291 5271 526.18
C-45 49 345 426 309 5266 526.18
C-141 54 358 401 298 602.7 602.21
C-142 74 324 429 299 6027 602.21
C-101 67 324 499 601.7

[0193] Hereinafter, the luminescent properties of the
OLED comprising the organic electroluminescent com-
pound of the present disclosure will be explained for
detailed under-standing of the present disclosure.

[Comparative Example 1] Preparation of a
Blue-Emitting OLED in which an Electron
Buffering Layer is not Comprised

[0194] An OLED was produced using the organic elec-
troluminescent compound of the present disclosure as fol-
lows. A transparent electrode indium tin oxide (ITO) thin
film (10 /sq) on a glass substrate for an OLED (Geomatec)
was subjected to an ultrasonic washing with acetone, etha-
nol, and distilled water sequentially, and was then stored in
isopropanol. The ITO substrate was then mounted on a
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substrate holder of a vacuum vapor depositing apparatus.
N* N“*-diphenyl-N* N“*-bis(9-phenyl-OH-carbazol-3-y1)-[1,
1'-biphenyl]-4,4'-diamine (compound HI-1) was introduced
into a cell of the vacuum vapor depositing apparatus, and
then the pressure in the chamber of said apparatus was
controlled to 1077 torr. Thereafter, an electric current was
applied to the cell to evaporate the above introduced mate-
rial, thereby forming a first hole injection layer having a
thickness of 60 nm on the ITO substrate. 1,4,5,8,9,11-
hexaazetriphenylene-hexacarbonitrile (HAT-CN) (com-
pound HI-2) was then introduced into another cell of the
vacuum vapor depositing apparatus, and was evaporated by
applying an electric current to the cell, thereby forming a
second hole injection layer having a thickness of 5 nm on the
first hole injection layer. N-([1,1*-biphenyl]-4-y1)-9,9-dim-
ethyl-N-(4-(9-phenyl-9H-carbazol-3-yl)phenyl)-9H-fluor
en-2-amine (HT-1) was then introduced into another cell of
the vacuum vapor depositing apparatus, and was evaporated
by applying an electric current to the cell, thereby forming
a first hole transport layer having a thickness of 20 nm on the
second hole injection layer. Thereafter, 9-(naphthalen-2-y1)-
3-(4-(9-phenyl-9H-carbazol-3-yl)phenyl)-9H-carbazole
(compound HT-2) was introduced into another cell of the
vacuum vapor depositing apparatus, and was evaporated by
applying an electric current to the cell, thereby forming a
second hole transport layer having a thickness of 5 nm on the
first hole transport layer. After forming the hole injection
layer and the hole transport layer, a light-emitting layer was
deposited thereon as follows. Thereafter, compound BH-1
was introduced into one cell of the vacuum vapor depositing
apparatus, as a host material, and compound BD-1 was
introduced into another cell as a dopant. The two materials
were evaporated at different rates, so that the dopant was
deposited in a doping amount of 2 wt % based on the total
amount of the host and dopant to form a light-emitting layer
having a thickness of 20 nm on the hole transport layer.
2-(3-(phenanthren-9-y1)-S-(pyridin-3-yl)phenyl)-4,6-diphe-
nyl-1,3,5-triazine (compound EIL-1) was then introduced
into one cell, and lithium quinolate (compound EIL-1) was
introduced into another cell. The two materials were evapo-
rated at the same rate, so that they were respectively
deposited in a doping amount of 50 wt % to form an electron
transport layer having a thickness of 35 nm on the light-
emitting layer. After depositing lithium quinolate (com-
pound EIL-1) as an electron injection layer having a thick-
ness of 2 nm on the electron transport layer, an Al cathode
having a thickness of 80 nm was then deposited by another
vacuum vapor deposition apparatus on the electron injection
layer. Thus, an OLED was produced. All the material used
for producing the OLED device were those purified by
vacuum sublimation at 107° torr,

[0195] The driving voltage based on a luminance of 1,000
nits, luminous efficiency, CIE color coordinate, external
quantum efficiency, and a luminance (%) at 10 hours based
on a luminance of 2,000 nits were evaluated for the prepared
OLED and are shown in Table 1 below.
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[0196] The Compound Used in the Comparative Example
and the Example

Hole injection layer/
Hole transport layer
. N

2O
$
9
T
)
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&
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[Examples 1 to 3] Preparation of a Blue-Emitting except that the thickness of the electron transport layer was
OLED Comprising an Electron Buffering Material 25 nm, and an electron buffering layer (comprising com-
of the Present Disclosure pound C-49, C-75 or C-100) having a thickness of 5 nm was

interposed between the light-emitting layer and the electron
[0197] In Examples 1 to 3, OLEDs were produced and  transport layer. Evaluation results of the devices prepared in

evaluated in the same manner as in Comparative Example 1, Examples 1 to 3 are shown in Table 1 below.
TABLE 1
External
Electron Current Color Color quantum Lifespan

buffering Voltage Efficiency coordinate coordinate efficiency (10 hr)

material V) (cd/A) (x) (y) (%) (%)
Comparative — 43 6.0 139 88 8.7 95.1
Example 1
Example 1 C-49 4.1 6.7 139 88 9.6 95.1
Example 2 C-75 4.2 6.2 139 87 8.6 96.5
Example 3 C-100 4.0 6.6 139 90 9.2 95.7

S
CT0)
N
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[0198] From Table 1 above, it is recognized that due to
rapidness of electron current by the electron buffering mate-
rial of the present disclosure, the devices of Examples 1 to
3 show higher efficiencies and longer lifespan than those of
Comparative Example 1 in which an electron buffering layer
is not comprised.

[Comparative Example 2] Preparation of a
Blue-Emitting OLED Comprising an Electron
Buffering Layer of a Conventional Electron
Transport Material

[0199] In Comparative Example 2, an OLED was pro-
duced in the same manner as in Comparative Example 1,
except that an electron transport layer and an electron
injection layer were changed below: Compound ETL-2 was
introduced into one cell of the vacuum vapor depositing
apparatus, as an electron transport material and was evapo-
rated to form an electron transport layer having a thickness
of 33 nm, and then depositing lithium quinolate (compound
EIL-1) as an electron injection layer having a thickness of 4
nm.

[0200] Evaluation results of driving voltage based on a
luminance of 1,000 nits, luminous efficiency, CIE color
coordinate and external quantum efficiency of the device
prepared in Example 2 are shown in Table 2 below.

[Examples 4 to 7] Preparation of a Blue-Emitting
OLED Comprising an Electron Transport Material
of the Present Disclosure

[0201] In Examples 4 to 7, OLEDs were produced in the
same manner as in Comparative Example 2, except that an
electron transport material was changed as shown in Table
2 below. Evaluation results of the devices prepared in
Examples 4 to 7 are shown in Table 2 below.

TABLE 2
Color Color  External
Electron Volt- Cumrent coor- coor-  quantum
buffering age Efficiency dinate dinate efficiency
material (V) (cd/A) x) y) (%)
Comparative ETL-2 4.6 4.6 144 115 4.8
Example 2
Example 4 C-49 3.8 6.6 139 89 9.1
Example 5 C-75 4.3 6.1 139 88 8.6
Example 6 C-24 4.7 6.7 139 90 9.2
Example 7 C-1 4.3 5.7 139 92 7.3

Nov. 8,2018

TABLE 2-continued

Color Color  External
Electron Vol-  Current coor- coor-  quantum
buffering age Efficiency dinate dinate efficiency

material (V) (cd/A) (x) (y) (%)
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[0202] From Examples 4 to 7, it is recognized that due to
rapid electron injection characteristic by the electron trans-
port material of the present disclosure, the devices of
Examples 4 to 7 show higher efficiencies than that of
Comparative Example 2.

[Comparative Example 3] Preparation of a
Blue-Emitting OLED Comprising a Conventional
Electron Transport Material
[0203] In Comparative Example 3, an OLED was pro-
duced in the same manner as in Comparative Example 1,
except that an electron transport layer and an electron
injection layer were changed below: Compound 2-(4-(9,10-

di(naphthalen-2-yl)anthracen-2-yl)phenyl)-1-phenyl-1H-
benzo[d]imidazole (compound ETL-2) was introduced into
one cell of the vacuum vapor depositing apparatus, as an
electron transport material and lithium quinolate (compound
EIL-1) was introduced into another cell, respectively. The
two materials were evaporated at the same rate, so that they
were respectively deposited in a doping amount of 50 wt %
to form an electron transport layer having a thickness of 35
nm. Thereafter, lithium quinolate (compound EIL-1) was
deposited as an electron injection layer having a thickness of
2 nm.

[0204] Evaluation results of driving voltage based on a
luminance of 1,000 nits, luminous efficiency, CIE color
coordinate, and external quantum efficiency of the device
prepared in Comparative Example 3 are shown in Table 3
below.

[Examples 8 to 10] Preparation of a Blue-Emitting
OLED Comprising an Electron Transport Material
of the Present Disclosure

[0205] In Example 8 to 10, OLEDs were produced in the
same manner as in Comparative Example 3, except that an
electron transport material was changed as shown in Table
3 below. Evaluation results of the devices prepared in
Examples 8 to 10 are shown in Table 3 below.

TABLE 3

Nov. 8,2018
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TABLE 3-continued

Current  Color ~ Color  External

Electron Vol-  Effi- coor-  coor-  quantum
transport age clency dinate dinate efficiency
material V) (cd/A) (x) (y) (%)

Example 8 C- 4.0 6.6 139 88 8.5
49:EIL-1
(5:5)

Example 9 C- 4.2 6.6 140 87 9.4
75:EIL-1
(5:5)

Example 10 C-1:EIL-1 44 6.2 139 87 8.9
(5:5)

[0206] From Example 8 to 10, it is recognized that due to

rapid electron injection characteristic by the electron trans-
port material of the present disclosure, the devices of
Examples 8 to 10 show higher efliciencies than that of
Comparative Example 3.

[Example 11] Preparation of a Blue-Emitting
OLED Comprising an Electron Transport Material
of the Present Disclosure and Non-Comprising an

Electron Buffering Layer

[0207] InExample 11, an OLED was produced in the same
manner as in Comparative Example 3, except that an elec-
tron transport material was changed to compound C-49 and
a doping weight ratio with compound EIL-1 was changed to
70:30 wt %

[0208] Evaluation results of driving voltage based on a
luminance of 1,000 nits, luminous efficiency, CIE color
coordinate, and external quantum efficiency of the device
prepared in Example 11 are shown in Table 4 below.

[Examples 12 and 13] Preparation of a
Blue-Emitting OLED Comprising an Electron
Transport Material of the Present Disclosure and

H Current - Color Color Extemal Comprising an Electron Buffering Layer
ectron Volt-  Effi- coor-  coor-  quantum
transport age clency dinate dinate efficiency
material V) (A ® 42) (%) [0209] In Examples 12 and 13, OLEDs were produced in
Comparative FTL- 12 35 140 0 i the same manner as in Example 11, except that an electron
Example 3 2:EIL-1 buffering material was changed as shown in Table 4 below.
(5:5) Evaluation results of the devices prepared in Examples 12
and 13 are shown in Table 4 below.
TABLE 4
External
Electron Electron Current Color Color quantum
buffering transport Voltage Efficiency coordinate coordinate efficiency
material material V) (cd/A) x) ) (%)
Example 11 C-49:FIL-1 3.8 6.5 139 92 8.6
(7:3)
Example 12 B-57  C-49:EIL-1 4.1 6.9 139 93 9.5
(7:3)
Example 13 C-49  C-49FIL-1 3.9 6.7 138 94 8.9

(7:3)
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[0210] In Examples 12 and 13, OLED characteristics were
evaluated for the devices that in-variably have compounds
C-49:EIL-1(7:3) as an electron transport material, but have
different electron buffering material, respectively. From
Table 4, it is recognized that OLEDs (Example 12 and 13)
comprising the compounds of the present disclosure as an
electron transport material and further comprising an elec-
tron buffering material show improved current efficiency
than OLED (Example 11) comprising the compounds of the
present disclosure as an electron transport material, but not
comprising an electron buffering material. Specific exami-
nation on the differences in the current efficiency and the
performance due to variation of the HOMO orbital charac-
teristics of the electron buffering material shows that both
the OLED that comprises diphenylfluorene as an electron
buffering material and benzophenanthrothiophene as an
electron transport material (Example 12) and the OLED that
comprises only benzophenanthrothiophene as both an elec-
tron buffering material and an electron transport material
(Example 13) have higher current efficiencies characteristic
than the OLED of Example 11.

[Example 14] Preparation of a Blue-Emitting
OLED Comprising an Electron Transport Material
of the Present Disclosure and not Comprising an
Electron Buffering Layer

[0211] InExample 14, an OLED was produced in the same
manner as in Comparative Example 3, except that an elec-
tron transport material was changed to compound C-75 and
a doping weight ratio with compound EIL-1 was changed to
60:40 wt %.

[0212] Evaluation results of driving voltage based on a
luminance of 1,000 nits, luminous efficiency, CIE color
coordinate and external quantum efficiency, and lifespan
time for luminance reduction from 100% to 90% of the
device prepared in Example 14 are shown in Table 5 below.

[Examples 15 and 16] Preparation of a
Blue-Emitting OLED Comprising an Electron
Transport Material of the Present Disclosure and
Comprising an Electron Buffering Layer

[0213] InExamples 15and 16, OLEDs were produced and
evaluated in the same manner as in Example 14, except that
an electron buffering material was changed as shown in
Table 5 below. Evaluation results of the devices prepared in
Examples 15 and 16 are shown in Table 5 below.

113
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tively. From Table 5 above, it is recognized that OLEDs
(Examples 15 and 16) comprising the compounds of the
present disclosure as an electron transport material and
further comprising an electron buffering material show
improved lifespan than the OLED (Example 14) comprising
the compounds of the present disclosure as an electron
transport material, but not comprising an electron buffering
material.
[0215] From Tables 4 and 5, it is recognized that the
compounds of the present disclosure can enhance the current
efficiency and lifespan characteristics of an OLED when
they are used alone as an electron transport material or
together with an electron buffering material of the present
disclosure or conventional electron buffering material.

1. An electron buffering material comprising a compound
represented by the following formula 1:

@

»R2)
N x—%
| >—a
Y,
Ry — T
S

|
T ®Raa

wherein,

X, represents —N—, —O— or —S—;

Y, represents —N—, —NRy—, —O— or —S—; where
X, 18 —N—Y, is —NRy—, —O— or —S—; where
X,is—NR,—,Y, is —N—, —O— or —S—; the case
that both of X, and Y, are —O— or —S—, and the
case that one of X, and Y, is —O—, and the other is
—S— are excluded;

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

R, to R,, R, and Ry, each independently, represent hydro-
gen, 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

TABLE 5
External
Electron Electron Current Color Color quantum  Lifespan
buffering transport Voltage Efficiency coordinate coordinate efficiency T90
material material V) (cd/A) (x) ¥) (% (hr)
Ex. 14 — C-75:EIL-1 4.1 6.7 139 88 9.7 26.1
(6:4)
Ex. 15 B-37  C-75:EIL-1 4.2 6.7 139 88 9.6 36.9
(6:4)
Ex. 16 C-75  C-75:EIL-1 4.1 6.6 139 88 9.6 353
(6:4)
[0214] In Examples 15 and 16, OLED characteristics were (C1-C30)alkoxy, a substituted or unsubstituted tri(C1-

evaluated for the devices that in-variably comprise com-
pounds C-75:EIL-1(6:4) as an electron transport matetial,
but comprise different electron buffering material, respec-

C30)alkylsilyl, a substituted or unsubstituted di(C1-
C30)alkyl(C6-C30)arylsilyl, a substituted or unsubsti-
tuted (C1-C30)alkyldi(C6-C30)arylsilyl, a substituted
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or unsubstituted tri(C6-C30)arylsilyl, a substituted or _continued

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(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 (Ry)
least one heteroatom selected from nitrogen, oxygen,

and sulfur;

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

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

2. The electron buffering material according to claim 1,
wherein formula 1 is represented by any one of the following
formulae 2 to 4:

wherein

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

X, to X, each independently, represent —N— or
4CR975
Ar, and Ar,, each independently, represent a substituted

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

R, is as defined for R, to R,

Z represents a single bond, or a substituted or unsubsti-
tuted (C1-C6)alkylene,

W represents —NR, ,—, —O— —S—or —CR ;R | ,—,

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

3
0 bered)heteroaryl,

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,

R, and R are as defined for R, to R,

n represents 0 or 1, e and h, each independently, represent
an integer of 1 to 3, f and g, each independently,
represent an integer of 1 to 4, and

X,,Y,, R, to Ry, and a to ¢ are as defined in claim 1.

3. The electron buffering material according to claim 1,

wherein the compound of formula 1 is selected from the
group consisting of:
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4. An electron transport material comprising a compound
represented by the following formula 1:
C-140

M
»(R2)

XX
| >
7Y,
Ry —
a
I
\
TR0
x

wherein, X, Y,, R, to R,, and a to d are as defined in
claim 1.

5. The electron transport material according to claim 4,
wherein formula 1 is represented by any of the following
formulae 2 to 4:
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6. The electron transport material according to claim 4,
) wherein the compound of formula 1 is selected from the
group consisting of:

C-1
S
T
oG
N/ N
3
o) « I
N
C-2
0]
CT <)
oG
NZ N
N
N
C-3

wherein, X, to X,, Y, R, to R, L, Ar,, Ar,, 7Z,atoc, e
to g and n are as defined in claim 2.



US 2018/0323397 Al

-continued

4

N
()
@

N N

e
0
Ne

N

5
C-6
S
(I~
N
ve
AN
N2 O

~~
3

Nov. 8,2018

-continued

S
Ty
(X

oo

(o~

Cc7

C-8

C-9



US 2018/0323397 Al Nov. 8,2018
142

-continued -continued

00
S
e v I
be e
SRR &

(=) (L)
; {
©*\ N QQ



US 2018/0323397 Al Nov. 8,2018
143

-continued -continued
C-16

{ g —0)
J

R A
)
5
m g
O s
A )8 S50
. 5

00 )
oQ N/
9 .

|
N

50



US 2018/0323397 Al

-continued

C-22

144

Nov. 8,2018

-continued

(-0
O

g

N

:%@
e

C-25



US 2018/0323397 Al Nov. 8,2018
145

-continued -continued
C-27 C-30

O S
(1<) IO
(X (X

C-31

C-32







Nov. 8,2018

US 2018/0323397 Al

147

-continued

-continued

C-41

=N
«
&)

C-42

C-40

=7

C-43



US 2018/0323397 Al Nov. 8,2018
148

-continued -continued

C-45
N N
\ :
O O

C-46 C-49



US 2018/0323397 Al Nov. 8,2018
149

-continued -continued
C-50 C-53

S S
H} (L0
oG oG
.\I/|N

T C

Sabe
® w

(L0
S0

LU JC

C-52

0 c
N
{0H> w
O
O
NN
| NN
¢ '

e

C-54

<2\
38

>_</

<



Nov. 8,2018

US 2018/0323397 Al

150

-continued

-continued

C-59

C-56

C-57

C-60

C-61

C-58



US 2018/0323397 Al Nov. 8,2018
151

-continued -continued

6 C-65

ce ‘
s
‘ /> < >
K C-66

C-64

S
C-67
(L0 o
N v



Nov. 8,2018

US 2018/0323397 Al

152

-continued

-continued

C-72

C-71
C-73

i —
Z
D Wal e \ DaWat \M

C-68
C-69
C-70



US 2018/0323397 Al Nov. 8,2018
153

-continued -continued

C-74 C-71
S
‘ /> < >
O N

|
N
C.78
s
‘ /> < >
N
c7s %




US 2018/0323397 Al

-continued

Nov. 8,2018

154
-continued
C-80 C-83
(0]
‘I /> < >
O N
C-34
C-81
C-85
/\/O
L/
C-82

®
8

\>_{

{
e



Nov. 8,2018

US 2018/0323397 Al

155

-continued

-continued




Nov. 8,2018

US 2018/0323397 Al

156

-continued

C-92

-continued

Ly
<
Q

C-96

C-97




Nov. 8,2018

US 2018/0323397 Al

157

-continued

-continued

C-101

C-102

C-103

C-98

C-99

C-100



US 2018/0323397 Al

-continued

Nov. &, 2018
158
-continued
C-104 G107
C-108
C-105
C-109

C-106




US 2018/0323397 Al Nov. 8,2018
159

-continued -continued

C-110 ;
O N: i :
N, ‘
x

N /N

C-112

X

Z

C-113

C-111

C-114




US 2018/0323397 Al

-continued
C-115

by
Go
Qﬂ 9

C-116

C-117

Nov. 8,2018

-continued

C118
N
(I<)
‘ N
N/|N
©)\)\©
N
c-119

D

%

N
/
N

N/|1\'



US 2018/0323397 Al Nov. 8,2018
161

-continued -continued

C-120 C-122

Q C123

\\_<>
S

\/<=\
HHZ/

<










@QM @QM. muwb
SRe O o

- T -
u%m% @W%@ @Qﬁ“
&



US 2018/0323397 Al Nov. 8,2018

165
_continued 7. An organic electroluminescent device comprising a first
N 141 electrode, a second electrode facing the first electrode, a
A\ light-emitting layer between the first electrode and the
o second electrode, and an electron transport zone between the

light-emitting layer and the second electrode, wherein the
electron transport zone comprises the electron transport

material according to claim 4.

8. An organic electroluminescent device comprising a first
electrode, a second electrode facing the first electrode, a

light-emitting layer between the first electrode and the

N7 second electrode, and an electron transport zone and an
xn electron buffering layer between the light-emitting layer and
N the second electrode, wherein the electron buffering layer

e comprises the electron buffering material according to claim

C-142
1.
9. The organic electroluminescent device according to
claim 8, wherein the electron transport zone comprises the

electron transport material according to claim 4.

10. The organic electroluminescent device according to
claim 7, wherein the electron transport zone further com-

prises a reductive dopant.

11. The organic electroluminescent device according to
claim 9, wherein the electron transport zone further com-

prises a reductive dopant.
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