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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 a low driving voltage, excellent luminous
efficiency, and long lifespan.
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ELECTRON BUFFERING MATERIAL AND
ORGANIC ELECTROLUMINESCENT
DEVICE

TECHNICAL FIELD

[0001] The present disclosure relates to an electron buff-
ering material and an organic electroluminescent device.

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 phosphorous
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 until the
present, but has several problems. First, when exposed to
high-temperature during a panel production process, a cur-
rent feature can be changed, which can cause a change in
luminance. Furthermore, 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 eflicien-
cies by developing a specific 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] Itis 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 include improvement
of a charge transport material to change a charge transport
feature, and a development of 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, the prior art
reference fails to disclose an electron buffering material
comprising a compound in which a fluorene is connected to
a carbazole or fused with an indole to form a backbone of the
compound, and an organic electroluminescent device
employing the compound in an electron buffering layer.
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DISCLOSURE OF THE INVENTION

Problems to be Solved

[0006] The objective of the present disclosure is to provide
an electron buffering material which can provide an organic
electroluminescent device having low driving voltage,
excellent luminous efficiency, and long lifespan; and an
organic electroluminescent device comprising the electron
buffering material.

Solution to Problems

[0007] The present inventors found that the objective
above can be achieved by an electron buffering material
comprising a compound represented by the following for-
mula 1; and an organic electroluminescent device compris-
ing 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, wherein the electron buffering
layer comprises a compound represented by the following
formula 1.

@

R)—
[0008] wherein
[0009] A represents a substituted or unsubstituted (5- to

30-membered)heteroaryl;

[0010] L represents a single bond, a substituted or unsub-
stituted (C6-C30)arylene, or a substituted or unsubstituted
(5- to 30-membered)heteroarylene;

[0011] R, represents the following formula 2a or 2b:
()
x R¢
l N
// \ I
Ry —
(2b)
LN
/.
* ) R
[0012] 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-
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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-
lowing formula 3; or may be fused with the carbazole
backbone to form a substituted or unsubstituted benzocar-
bazole;

&)

[0013] Xrepresents O, S, CR; R,,,NR,; or SiR ;R ,; R,
represents hydrogen, deuterium, a halogen, a cyano, a sub-
stituted or unsubstituted (C1-C30)alkyl, a substituted or
unsubstituted (C6-C30)aryl, a substituted or unsubstituted
(5- 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 tri(C6-C30)arylsi-
lyl, 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 unsubstituted mono-
or di-(C6-C30)arylamino, or a substituted or unsubstituted
(C1-C30)alkyl(C6-C30)arylamino;

[0014] R,, R,, R, and R, each independently, represent
hydrogen, deuterium, a halogen, a cyano, a substituted or
unsubstituted (C1-C30)alkyl, a substituted or unsubstituted
(C6-C30)aryl, a substituted or unsubstituted (5- 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 tri(C6-C30)arylsilyl, a substituted or
unsubstituted di(C1-C30)alkyl(C6-C30)arylsilyl, a substi-
tuted or unsubstituted (C1-C30)alkyldi(C6-C30)arylsilyl, a
substituted or unsubstituted 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 polycyclic, alicyclic or aromatic ring whose
carbon atom(s) may be replaced with at least one hetero
atom selected from nitrogen, oxygen, and sulfur;

[0015] R, Ry and R, each 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;

[0016] 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
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carbon atom(s) may be replaced with at least one hetero
atom selected from nitrogen, oxygen, and sulfur;

[0017] a,c, d, e, and f, each independently, represent an
integer of 0 to 4; where a, ¢, d, e, or fis an integer of 2 or
more, each of R,, R,, Rs, R, or R, may be the same or
different;

[0018] b represents an integer of 0 to 3; where b is an
integer of 2 or more, each of R; may be the same or different;
[0019] n represents an integer of 0 or 1; m represents an
integer of 1 or 2;

[0020] * represents a bonding site to the carbazole back-
bone; and
[0021] the heteroaryl(ene) contains one or more hetero

atoms selected from B, N, O, S, P(—0), Si, and P.

Effects of the Invention

[0022] By using the electron buffering material of the
present disclosure, an organic electroluminescent device can
have low driving voltage, excellent luminous efficiency, and
long lifespan.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] FIG. 1 is a schematic sectional view illustrating a
structure of an organic electroluminescent device according
to one embodiment of the present disclosure;

[0024] FIG. 2 is 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 electrolu-
minescent device according to one embodiment of the
present disclosure; and

[0025] FIG. 3 is a graph illustrating a current efficiency
versus a luminance of organic electroluminescent devices of
Examples 1 to 3, and Comparative Example 1.

EMBODIMENTS OF THE INVENTION

[0026] 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.

[0027] 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, upon com-
parison between the LUMO energy level and the HOMO
energy level, the comparison 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).

[0028] Herein, “(C1-C30)alkyl(ene)” indicates a linear or
branched alkyl(ene) 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.
“(C2-C30) alkenyl” indicates a linear or branched alkenyl
having 2 to 30, preferably 2 to 20, and more preferably 2 to
10 carbon atoms and includes vinyl, 1-propenyl, 2-propenyl,
1-butenyl, 2-butenyl, 3-butenyl, 2-methylbut-2-enyl, etc.
“(C2-C30)alkyny]” indicates a linear or branched alkynyl
having 2 to 30, preferably 2 to 20, and more preferably 2 to
10 carbon atoms and includes ethynyl, 1-propynyl, 2-pro-
pynyl, 1-butynyl. 2-butynyl, 3-butynyl, I-methylpent-2-
ynyl, etc. “(C3-C30)cycloalkyl” indicates a mono- or poly-
cyclic hydrocarbon having 3 to 30, preferably 3 to 20, and
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more preferably 3 to 7 carbon atoms and includes cyclo-
propyl, cyclobutyl, cyclopentyl, cyclohexyl, etc. “(3- to
7-membered) heterocycloalkyl” indicates a cycloalkyl hav-
ing 3 to 7, preferably 5 to 7 ring backbone atoms including
at least one hetero atom selected from B, N, O, S, P(=0),
Si, and P, preferably O, S, and N, and includes tetrahydro-
furan, pyrrolidine, thiolan, tetrahydropyran, etc. Further-
more, “(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, binaphthyl, phenylnaphthyl, naphthyl-
phenyl, fluorenyl, phenylfluorenyl, benzofluorenyl, diben-
zofluorenyl, phenanthrenyl, phenylphenanthrenyl, anthrace-
nyl, indenyl, triphenylenyl, pyrenyl, tetracenyl, perylenyl,
chrysenyl, naphthacenyl, fluoranthenyl, spirofluorenyl, etc.
“(5- to 30-membered) heteroaryl(ene)” indicates an aryl
group having 5 to 30 ring backbone atoms including at least
one, preferably 1 to 4, hetero atom selected from the group
consisting of B, N, O, S, P(—0), 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 het-
eroaryl group via a single bond(s); and includes a monocy-
clic ring-type heteroaryl such as furyl, thiophenyl, pyrrolyl,
imidazolyl, pyrazolyl, thiazolyl, thiadiazolyl, isothiazolyl,
isoxazolyl, oxazolyl, oxadiazolyl, triazinyl, tetrazinyl, triaz-
olyl, tetrazolyl, furazanyl, pyridyl, pyrazinyl, pyrimidinyl,
pyridazinyl, etc., and a fused ring-type heteroaryl such as
benzofuranyl, benzothiophenyl, isobenzofuranyl, dibenzo-
furanyl, dibenzothiophenyl, benzonaphthofuranyl, benzo-
naphthothiophenyl, benzoimidazolyl, benzothiazolyl, ben-
zoisothiazolyl, benzoisoxazolyl, benzoxazolyl, isoindolyl,
indolyl, indazolyl, benzothiadiazolyl, quinolyl, isoquinolyl,
cinnolinyl, quinazolinyl, quinoxalinyl, naphthyridinyl, car-
bazolyl, benzocarbazolyl, phenoxazinyl, phenanthridinyl,
benzodioxolyl, dihydroacridinyl, etc. Furthermore, “halo-
gen” includes F, Cl, Br, and 1.

[0029] Herein, “substituted” in the expression, “substi-
tuted or unsubstituted,” means that a hydrogen atom in a
certain functional group is replaced with another atom or
group, i.e. a substituent. The substituents of the substituted
(C1-C30)alkyl, the substituted (C1-C30)alkoxy, the substi-
tuted (C3-C30)cycloalkyl, the substituted (C6-C30)aryl
(ene), the substituted (5- to 30-membered)heteroaryl(ene)
and the substituted (C6-C30)aryl(C1-C30)alkyl in A, L, and
R, to Ry, of formula 1 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 hydroxy, a (C1-C30)alkyl, a halo(C1-C30)alkyl, a
(C2-C30)alkenyl, a (C2-C30)alkynyl, a (C1-C30)alkoxy, a
(C1-C30)alkylthio, a (C3-C30)cycloalkyl, a (C3-C30)cy-
cloalkenyl, a (3- to 7-membered)heterocycloalkyl, a (C6-
C30aryloxy, a (C6-C30)arylthio, a (3- to 30-membered)
heteroaryl unsubstituted or substituted with a (C6-C30)ary],
a (C6-C30)aryl unsubstituted or substituted with a (3- to
30-membered)heteroaryl, a tri(C1-C30)alkylsilyl, a tri(C6-
C30arylsilyl, 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-
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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-C30)alkyl, a (3- to 30-membered)het-
eroaryl unsubstituted or substituted with a (C6-C30)aryl, a
(C6-C30)ary]l unsubstituted or substituted with a (3- to
30-membered)heteroaryl, a (C6-C30)aryl(C1-C30)alkyl,
and a (C1-C30)alkyl(C6-C30)aryl.

[0030] 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 trapping electrons, blocking electrons,
or lowering 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 added 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 elec-
troluminescent device. The electron buffering material may
be a mixture or composition which may further comprise a
conventional material for preparing an organic electrolumi-
nescent device.

[0031] The compound of formula 1 may be represented,
preferably, by any one of the following formulae 4 to 10, and
specifically, by the following formula 4, 5, or 7.

@

)
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-continued

()

M

®

O

(10)

[0032] wherein, A, L, R, to Ry, a, b, ¢, d, e, m, and n are
as defined in formula 1.

[0033] In formulae 1 and 4 to 10, A may represent pref-
erably, a substituted or unsubstituted nitrogen-containing (5-
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to 30-membered)heteroaryl; and, more preferably, a substi-
tuted or unsubstituted nitrogen-containing (6- to 20-mem-
bered)heteroaryl. Specifically, A may represent a substituted
or unsubstituted pyridyl, a substituted or unsubstituted
pyrimidinyl, a substituted or unsubstituted triazinyl, a sub-
stituted or unsubstituted pyrazinyl, a substituted or unsub-
stituted quinolyl, a substituted or unsubstituted isoquinolyl,
a substituted or unsubstituted quinolinyl, a substituted or
unsubstituted quinazolinyl, a substituted or unsubstituted
quinoxalinyl, or a substituted or unsubstituted naphthyridi-
nyl; and more specifically, a substituted or unsubstituted
pyridyl, a substituted or unsubstituted pyrimidinyl, a sub-
stituted or unsubstituted triazinyl, or a substituted or unsub-
stituted pyrazinyl. Preferably, the substituent of the substi-
tuted heteroaryl of A may be at least one selected from the
group consisting of a (C1-C10)alkyl; a (C6-C20)aryl unsub-
stituted or substituted with deuterium, a cyano, a halogen, a
(C1-Cl0jalkyl, a (C6-C20)cycloalkyl, a (C6-C20)aryl, a (6-
to 20-membered)heteroaryl, a di(C6-C20)arylamino, or a
tri(C6-C20)arylsilyl; and, a (6- to 20-membered)heteroaryl
unsubstituted or substituted with deuterium, a cyano, a
halogen, a (C1-Cl0)alkyl, a (C6-C20)cycloalkyl, a (C6-
C20)aryl, a (6- to 20-membered)heteroaryl, a di(C6-C20)
arylamino, or a tri(C6-C20)arylsilyl.

[0034] In formulae 1 and 4 to 10, L may represent pref-
erably, a single bond or a substituted or unsubstituted
(C6-C20)arylene; and more preferably, a single bond or an
unsubstituted (C6-C18)arylene. Specifically, [ may repre-
sent a single bond, a substituted or unsubstituted phenyl, a
substituted or unsubstituted naphthyl, a substituted or unsub-
stituted biphenyl, a substituted or unsubstituted terphenyl, a
substituted or unsubstituted phenylnaphthyl, or a substituted
or unsubstituted naphthylphenyl.

[0035] In formulae 1 and 4 to 10, R, may represent
preferably, hydrogen, deuterium, a substituted or unsubsti-
tuted (C6-C20)aryl, a substituted or unsubstituted (5- to
20-membered)heteroaryl, a substituted or unsubstituted
mono- or di-(C6-C20)arylamino, or formula 3, or may be
fused with the carbazole backbone to form a substituted or
unsubstituted benzocarbazole. Specifically, R, may repre-
sent hydrogen, or a substituted or unsubstituted (C6-C20)
aryl. More specifically, R, may represent hydrogen, a sub-
stituted or unsubstituted phenyl, a substituted or
unsubstituted dibenzothiophenyl, a substituted or unsubsti-
tuted dibenzofuranyl, a substituted or unsubstituted carba-
zolyl, a substituted or unsubstituted diphenylamino, a sub-
stituted or unsubstituted fluorenyl, or formula 3, or may be
fused with the carbazole backbone to form a substituted or
unsubstituted benzocarbazole.

[0036] In formula 3, X may represent preferably, O, S,
CR,,R,,, or NR ;. R,, 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.

[0037] Informulae 1and 4 to 10, R;, R, Rs, and R, each
independently, may represent preferably, hydrogen or a
substituted or unsubstituted (C1-C20)alkyl. Specifically, R,
R,, R;, and R, may represent hydrogen.

[0038] In formulae 1 and 4 to 10, R¢, Ry, and Ry, each
independently, may represent preferably, a substituted or
unsubstituted (C1-C20)alkyl, a substituted or unsubstituted
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(C6-C20)aryl, or a substituted or unsubstituted (6- to
20-membered)heteroaryl: and more preferably, a substituted
or unsubstituted (C6-C20)aryl. Specifically, Rg, Ry, and R,
each independently, may represent a substituted or unsub-
stituted phenyl, a substituted or unsubstituted biphenyl, or a
substituted or unsubstituted naphthyl.

[0039] In formulae 1 and 4 to 10, specifically, a may
represent 0 or 1; b may represent 0; c, d, e, and f, each
independently, may represent an integer of 0 to 2; n may
represent 0 or 1; and m may represent 1.

[0040] According to one embodiment of the present dis-
closure, A represents a substituted or unsubstituted nitrogen-
containing (5- to 30-membered)heteroaryl; L represents a
single bond or a substituted or unsubstituted (C6-C20)
arylene; R, represents formula 2a or 2b; R, represents
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 3, or is fused with the carbazole
backbone to form a substituted or unsubstituted benzocar-
bazole; X represents O, S, CR R ,, or NR, ;; R, represents
hydrogen or a (C1-C20)alkyl; R;, R,, Rs, and R, each
independently, represent hydrogen or a substituted or unsub-
stituted (C1-C20)alkyl; R¢, R, and Ry, each independently,
represent a substituted or unsubstituted (C1-C20)alkyl, a
substituted or unsubstituted (C6-C20)aryl, or a substituted or
unsubstituted (6- to 20-membered)hetercaryl; R;; to R,,,
each independently, represent hydrogen, a substituted or
unsubstituted (C1-C10)alkyl, a substituted or unsubstituted
(C6-C20)aryl, or a substituted or unsubstituted (5- to
20-membered)heteroaryl: and the heteroaryl contains one or
more hetero atoms selected from N, O, and S.

[0041] Specifically, the compound of formula 1 includes
the following, but is not limited thereto.
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[0043] In reaction schemes | and 2 above, A, L, R, to R,,
[0042] The compound of the present disclosure can be a, b, ¢, d, e, m, and n are as defined in formula 1, and Hal
prepared by a synthetic method known to one skilled in the represents a halogen. For more specific methods for prepar-
art. For example, it can be prepared according to the ing the compound of the present disclosure, please refer to
following reaction scheme 1 or 2. Korean Patent Application No. 2013-0149733.
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[0044] The electron buffering material may further com-
prise a compound represented by the following formula 11.

Arg X, Arg
TY

(1

X y X3
L
|
N
Voo
(RIS)S o (RIGJZ
[0045] wherein
[0046] Ars and Arg, each independently, represent a sub-

stituted or unsubstituted (5- to 30-membered)heteroaryl, or
a substituted or unsubstituted (C6-C30)aryl;

[0047] L' represents a single bond, a substituted or unsub-
stituted (C6-C30)arylene, or a substituted or unsubstituted
(3- to 30-membered)heteroarylene;

[0048] X, to X, each independently, represent N or C,
with the proviso that at least one of X, to X, represents N;
[0049] R, and R,,, each independently, represent hydro-
gen, deuterium, a halogen, a cyano, a carboxy, a nitro, a
hydroxy, a substituted or unsubstituted (C1-C30)alkyl, a
substituted or unsubstituted (C6-C30)aryl, a substituted or
unsubstituted (5- to 30-membered)heteroaryl, a substituted
or unsubstituted (C3-C30)cycloalkyl, a substituted or unsub-
stituted (C3-C30)cycloalkenyl, a substituted or unsubsti-
tuted (3- to 7-membered)heterocycloalkyl, a substituted or
unsubstituted (C1-C30)alkoxy, a substituted or unsubsti-
tuted 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 unsub-
stituted mono- or di-(C1-C30)alkylamino, a substituted or
unsubstituted mono- or di-(C6-C30)arylamino, or a substi-
tuted 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 hetero atom selected from nitro-
gen, oxygen, and sulfur;

[0050] the heteroaryl(ene) and heterocycloalkyl, each
independently, contain one or more hetero atoms selected
from B, N, O, S, P(=0), Si and P; and

[0051] s and t, each independently, represent an integer of
1 to 4; where s or t is an integer of 2 or more, each of R 5
or R, ; may be the same or different.

[0052] In formula 11, preferably, Ars and Ar,, each inde-
pendently, may represent a substituted or unsubstituted (6- to
20-membered)heteroaryl, or a substituted or unsubstituted
(Co-C20)aryl. Specifically, Ar; and Ar,, each independently,
represent a substituted or unsubstituted phenyl, a substituted
or unsubstituted biphenyl, a substituted or unsubstituted
naphthyl, a substituted or unsubstituted terphenyl, a substi-
tuted or unsubstituted phenylnaphthyl, a substituted or
unsubstituted naphthylphenyl, a substituted or unsubstituted
anthracenyl, a substituted or unsubstituted phenanthrenyl, a
substituted or unsubstituted fluorenyl, a substituted or
unsubstituted carbazolyl, a substituted or unsubstituted
dibenzothiophenyl, or a substituted or unsubstituted diben-
zofuranyl. Preferably, the substituents of the substituted
heteroaryl and the substituted aryl in Ars and Ar,, each
independently, may be a (C1-C10)alkyl, a (C6-C20)aryl, a
(6- to 20-membered)heteroaryl, or a di(C6-C20)arylamino.
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[0053] 1In formula 11, preferably, L' may represent a single
bond, or a substituted or unsubstituted (C6-C20)arylene.
Specifically, L' may represent a single bond, a substituted or
unsubstituted phenylene, a substituted or unsubstituted
naphthylene, or a substituted or unsubstituted biphenylene.

[0054] In formula 11, preferably, R, 5 and R4, each inde-
pendently, may represent hydrogen, a substituted or unsub-
stituted (C6-C20)aryl, or a substituted or unsubstituted (5- to
20-membered)heteroaryl, or may be linked to an adjacent
substituent(s) to form a substituted or unsubstituted (C5-
C20), mono- or polycyclic aromatic ring whose carbon
atom(s) may be replaced with at least one hetero atom
selected from nitrogen, oxygen, and sulfur; and s and t
represent 1. In formula 11, R, and R;5 may not be a
substituted or unsubstituted fluorenyl. In formula 11, R 5
and R, ¢, each independently, may not form a substituted or
unsubstituted fluorene ring with a benzene ring of the
carbazole backbone linked to R, 5 and R . Specifically, R 5
and R, each independently, may represent hydrogen, a
substituted or unsubstituted phenyl, a substituted or unsub-
stituted naphthyl, a substituted or unsubstituted biphenyl, a
substituted or unsubstituted dibenzothiophenyl, a substituted
or unsubstituted dibenzofuranyl, or a substituted or unsub-
stituted carbazolyl, or may be linked to an adjacent substitu-
ent(s) to form a substituted or unsubstituted benzene ring, a
substituted or unsubstituted indene ring, a substituted or
unsubstituted indole ring, a substituted or unsubstituted
benzothiophene ring, or a substituted or unsubstituted ben-
zofuran ring. Preferably, the substituents of the substituted
groups such as the substituted heteroaryl and the substituted
arylin R, 5 and R, each independently, may be a (C1-C10)
alkyl, a (C6-C20)aryl, a (6- to 20-membered)heteroaryl
unsubstituted or substituted with a (C6-C20)aryl, a di(Cé-
C20)arylamino, or a tri(C6-C20)arylsilyl.

[0055] According to one embodiment of the present dis-
closure, Ars and Arg, each independently, may represent a
substituted or unsubstituted (6- to 20-membered)heteroaryl,
or a substituted or unsubstituted (C6-C20)aryl; L' represents
a single bond, or a substituted or unsubstituted (C6-C20)
arylene; R, 5 and R4, each independently, represent hydro-
gen, a substituted or unsubstituted (C6-C20)aryl, or a sub-
stituted or unsubstituted (5- to 20-membered)heteroaryl, or
may be linked to an adjacent substituent(s) to form a
substituted or unsubstituted (C5-C20), mono- or polycyclic
aromatic ring whose carbon atom(s) may be replaced with at
least one hetero atom selected from nitrogen, oxygen, and
sulfur; and s and t may represent 1.

[0056] Specifically, the compound of formula 11 includes
the following, but is not limited thereto:
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[0057] According to another aspect of the present disclo-
sure, it is provided an organic electroluminescent device
comprising a first electrode, a second electrode facing the
first electrode, a light-emitting layer between the first elec-
trode and the second electrode, and an electron transport
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zone and an electron buffering layer between the light-
emitting layer and the second electrode, wherein the electron
buffering layer comprises the compound represented by
formula 1 above.

[0058] By interposing the electron buffering layer between
the light-emitting layer and the second electrode in the
organic electroluminescent device comprising the first and
second electrodes and the light-emitting layer, an electron
injection can be controlled by electron affinity LUMO
energy of the electron buffering layer.

[0059] The electron buffering layer in the organic elec-
troluminescent device may further comprise the compound
of formula 11, in addition to the compound of formula 1. The
weight ratio between the compound of formula 1 and
compound of formula 11 is in the range of 1:99 to 99:1,
preferably 10:90 to 90:10, and more preferably 30:70 to
70:30 in view of driving voltage and luminous efficiency.
[0060] When the electron buffering layer comprises both
the compound of formula 1 and the compound of formula
11, these compounds for the electron buffering layer may be
co-evaporated or mixture-evaporated. Herein, a co-evapo-
ration indicates a process for two or more materials to be
deposited as a mixture, by introducing each of the two or
more materials into respective crucible cells, and applying
electric current to the cells for each of the materials to be
evaporated. Herein, a mixture-evaporation indicates a pro-
cess for two or more materials to be deposited as a mixture,
by mixing the two or more materials in one crucible cell
before the deposition, and applying electric current to the
cell for the mixture to be evaporated.

[0061] In the organic electroluminescent device, a light-
emitting layer may comprise a host compound and a dopant
compound. The host compound may be a phosphorescent
host compound or a fluorescent host compound. The dopant
compound may be a phosphorescent dopant compound or a
fluorescent dopant compound. Preferably, the host com-
pound and the dopant compound may be a fluorescent host
compound and a fluorescent dopant compound, respectively.
LUMO energy level of the electron buffering layer may be
higher than LUMO energy level of the host compound.
Specifically, the difference in LUMO energy levels between
the electron buffering layer and the host compound may be
0.7 eV or less. For example, LUMO energy levels of the
electron buffering layer and the host compound may be 1.9
eV and 1.6 eV, respectively, and thus the difference in
LUMO energy level may be 0.3 eV. Although LUMO barrier
between the host compound and the electron buffering layer
can cause an increase in driving voltage, electrons can be
more easily transferred to the host compound due to the
compound of formula 1 comprised in the electron buffering
layer. Therefore, the organic electroluminescent device of
the present disclosure can have low driving voltage, high
luminous efficiency, and long lifespan. Herein, specifically,
LUMO energy level of an electron buffering layer may
indicate the level of the compound of formula 1 comprised
in the electron buffering layer.

[0062] LUMO energy level of the electron buffering layer
may be preferably in the range of 1.6 to 2.3 eV, and more
preferably in the range of 1.75 to 2.05 eV. When LUMO
energy level of the electron buffering layer is in the range as
above, electrons cannot be easily injected to another layer.
However, if the electron buffering layer comprises the
compound of formula 1, the organic electroluminescent
device can have low driving voltage, high luminous effi-
ciency, and long lifespan.

[0063] In the organic electroluminescent device of the
present disclosure, the electron transport zone indicates a
zone transporting electrons from the second electrode to the
light-emitting layer. The electron transport zone may com-
prise an electron transport compound, a reductive dopant, or
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a combination thereof. The electron transport compound
may be at least one selected from the group consisting of
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 at least one selected from the group
consisting of alkali metals, alkali metal compounds, alkaline
earth metals, rare-earth metals, and halides, oxides, and
complexes thereof. The electron transport zone may com-
prise an electron transport layer, an electron injection layer,
or both of them. The electron transport layer and the electron
injection layer, each independently, may be composed of
two or more layers. LUMO energy level of the electron
buffering layer may be higher or lower than LUMO energy
level of the electron transport zone. For example, the elec-
tron buffering layer and the electron transport zone may have
LUMO energy levels of 1.9 eV and 1.8 eV, respectively, and
a difference between them in LUMO energy level may be
0.1 eV. When the electron buffering layer has LUMO energy
level as in said numerical range, electrons can be easily
injected to a light-emitting layer through the electron buff-
ering layer. LUMO energy level of the electron transport
zone may be 1.7 eV or more, or 1.9 eV or more. In the
present disclosure, specifically, LUMO energy level of the
electron transport zone may indicate the level of an electron
transport material comprised in the electron transport zone.
When the electron transport zone has two or more layers,
LUMO energy level of the electron transport zone may be
the one of a material comprised in a layer which is in the
electron transport zone and is adjacent to the electron
buffering layer.

[0064] Specifically, LUMO energy level of the electron
buffering layer may be higher than those of the host com-
pound and the electron transport zone. For example, LUMO
energy levels may have the following relationship: the
electron buffering layer>the electron transport zone>the host
compound. According to the aforementioned LUMO rela-
tionship, electrons are trapped between the light-emitting
layer and the electron buffering layer, which inhibits an
injection of electrons to a light-emitting layer, and thus can
cause an increase in driving voltage. However, an electron
buffering layer comprising the compound of formula 1 can
easily transport electrons to the light-emitting layer, and thus
the organic electroluminescent device of the present disclo-
sure can have low driving voltage, high luminous efficiency,
and long lifespan.

[0065] LUMO energy level can be easily measured by
known various methods. Generally, cyclic voltametry 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 practice the invention. HOMO energy level can be
easily measured in the same manner as LUMO energy level.
[0066] The layers of the organic electroluminescent device
of the present disclosure can be formed in the order of the
light-emitting layer, the electron buffering layer, the electron
transport zone, and the second electrode, or in the order of
the light-emitting layer, the electron transport zone, the
electron buffering layer, and the second electrode.

[0067] Hereinafter, referring to FIG. 1, the structure of an
organic electroluminescent device, and a method for pre-
paring it will be described in detail.

[0068] 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
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electrode 110, and a second electrode 130 formed on the
organic layer 120 and facing the first electrode 110.
[0069] 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
layer 126, and an electron injection layer 128 formed on the
electron transport layer 127.

[0070] 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.
[0071] The first electrode 110 may be an anode, and may
be prepared with a high work-function material. The first
electrode 110 may be formed by any method known in the
art, such as vacuum deposition, sputtering, etc.

[0072] The hole injection layer 122 may be prepared with
any hole injection material known in the art. For example,
the hole injection layer 122 may be formed of a compound
represented by the following formula 12.

(12)

R
A N
N | Nt
N? | | NIR
N
R

[0073] wherein R may be selected from the group con-
sisting of a cyano(-CN), a nitro(-NO,), a phenylsulfonyl(-
S0,(C4Hs)), a cyano- or nitro-substituted (C2-C5) alkenyl,
and a cyano- or nitro-substituted phenyl.

[0074] The compound of formula 12 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 12 includes HAT-CN (1,4,5,8,9,11-
hexaazatriphenylene-hexacarbonitrile) of the following for-
mula:

NC CN
—N

NC CN
\{ N

N>\_/<N

NC CN

N—

HAT-CN

[0075] The hole injection layer 122 may be a single layer,
or may be composed of two or more layers. In the latter case,
one of the two or more layers may comprise the compound
of formula 12. The thickness of the hole injection layer 122
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may be in the range of from about 1 nm to about 1,000 nm,
and preferably from about 5 nm to about 100 nm. The hole
injection layer 122 may be formed on the first electrode 110
by using known various methods such as vacuum deposi-
tion, wet film-forming methods, laser induced thermal imag-
ing, etc.

[0076] The hole transport layer 123 may be prepared with
any hole transport material known in the art. The hole
transport layer 123 may be a single layer, or may be
composed of two or more layers. The thickness of the hole
transport layer 123 may be in the range of from about 1 nm
to about 100 nm, and preferably from about 5 nm to about
80 nm. The hole transport layer 123 may be formed on the
hole injection layer 122 by using known various methods
such as vacuum deposition, wet film-forming methods, laser
induced thermal imaging, etc.

[0077] The light-emitting layer 125 may be prepared with
a host compound and a dopant compound. The host com-
pound may be a phosphorescent host compound or a fluo-
rescent host compound. The dopant compound may be a
phosphorescent dopant compound or a fluorescent dopant
compound. The kinds of host compound and dopant com-
pound 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. Preferably,
the host compound may be a fluorescent host compound.
The fluorescent host compound may be an anthracene-based
compound represented by the following formula 13.

(13)
(Arz)y,

/N
é\ | /§
(Ary)g

H-1

H-3
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[0078] wherein Ar, and Ar,, each independently, represent
a substituted or unsubstituted (C6-C30)aryl, or a substituted
or unsubstituted (5- to 30-membered) heteroaryl; Ar; and
Ar,, each independently, represent hydrogen, deuterium, a
halogen, a cyano, a nitro, a hydroxy, a substituted or
unsubstituted (C1-C30)alkyl, a substituted or unsubstituted
(C6-C30)aryl, a substituted or unsubstituted (5- to 30-mem-
bered) heteroaryl, a substituted or unsubstituted (C3-C30)
cycloalkyl, a substituted or unsubstituted (C1-C30)alkoxy, a
substituted or unsubstituted (C1-C30)alkylsilyl, a substi-
tuted or unsubstituted (C6-C30)arylsilyl, a substituted or
unsubstituted (C6-C30)aryl(C1-C30)alkylsilyl, or
—NR,,R,,; R,; and R,,, each independently, represent
hydrogen, a substituted or unsubstituted (C6-C30)aryl, or a
substituted or unsubstituted (5- to 30-membered) heteroaryl,
or may be bonded to each other to form a (3- to 30-mem-
bered), mono- or polycyclic, alicyclic or aromatic ring
whose carbon atom(s) may be replaced with at least one
hetero atom selected from nitrogen, oxygen, and sulfur; g
and h, each independently, represent an integer of 1 to 4; and
where g or h is an integer of 2 or more, each of Ar; or Ar,
may be the same or different.

[0079] In formula 13, Ar, and Ar,, each independently,
may represent preferably, a substituted or unsubstituted
(C6-C30)aryl. Specifically, Ar, and Ar,, each independently,
may represent a substituted or unsubstituted phenyl, a sub-
stituted or unsubstituted biphenyl, a substituted or unsub-
stituted naphthyl, a substituted or unsubstituted anthracenyl,
asubstituted 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 13, Ar,
and Ar,, each independently, may represent preferably,
hydrogen, a substituted or unsubstituted (C6-C21)aryl, a
substituted or unsubstituted (5- to 21-membered) heteroaryl
or —NR, R,,.

[0080] Specifically, the compound of formula 13 includes

the following, but is not limited thereto:

H-2

H-4



Jan. 5,2017

52

US 2017/0005276 A1l

H-6
H-8
H-14

o
o

=
s
=
jas)

continued

il
o]



H-16

Jan. 5, 2017

53
-continued

H-15

US 2017/0005276 A1l

H-18
H-2
B

H

C g
o Ay C (.
Y Qo oo L
O oy 0 g

o
m

S e ~
e (L ol
< g Qo &L
S g0 of @

H-17



Jan. 5,2017

54

US 2017/0005276 A1l

s

H-34

\O
o
jasi

v
N
fas

H-26
H

ool os AN ®
OSSOSO ®
O °

o~

continued
H;CO

H-25

o~

"

]

a —
£ @
H =

H-33

OH

D



Jan. 5, 2017

US 2017/0005276 A1l

55

-continued

H-37

H-38

H-40
H-42

O
e O '
00 B804 o8ET
o RO ke
A % @iiv
L O OO
57 SR @A@ e

H-39




Jan. 5, 2017

US 2017/0005276 A1l

56

-continued

H-43

H-44

20

0

O~O< 40+
O

H-46

7N /N

aSeSe

H-45



US 2017/0005276 A1l Jan. 5, 2017

57
-continued
H-47 1-48
® 9
) ORrs
< |/ N O
NN OO QOO
| A2 N
1 C O
/\| X
XNF
a
N




US 2017/0005276 A1l Jan. 5, 2017
58

-continued
H-51 H-52

/=\Q/
N 7/ \ 7/ —
\_/
S
g

x




US 2017/0005276 A1l

59

-continued
H-52

Jan. 5, 2017



Jan. 5, 2017

US 2017/0005276 A1l

60

-continued

H-60

0
“
]

o 0

OO0~ LS
& s

H-62

|J|
0

o SO
O O




US 2017/0005276 A1l

61

-continued

H-63

H-65

H-67

Jan. 5, 2017

H-64

H-66

H-68



US 2017/0005276 A1l Jan. 5, 2017
62

-continued
H-69 H-70

73 0-74

)
)

\
\

®
&

</\
</\



Jan. 5, 2017

US 2017/0005276 A1l

63

-continued

H-75

H-76

=5
e
7\
OO0

-

7\

\/\\/\|/\v
/ N~ N/ /S

2alle

H-77




Jan. 5, 2017

US 2017/0005276 A1l

64

-continued

H-80

H-84

O~

O~-0

H-83




Jan. 5, 2017

65

US 2017/0005276 A1l

H-86
H-88
H-90

0

&
_ /' \ 7\
4@%@0 S

|\/\//\//\v

s

) W\ Y OO
#; (I ) %
2 /N /\
OO
O ~

85

continued

H

H-89




US 2017/0005276 A1l
66

-continued
H-88

LT

ot

W
{9
w
-
)
\_/
anan
\_/
-
)

/N

oo

Jan. 5, 2017

H-92



US 2017/0005276 A1l

9
o
oo

g

ot

67

-continued

H-93

H-95

Jan. 5, 2017

H-94

H-96



Jan. 5, 2017

US 2017/0005276 A1l

68

-continued

H-97

H-98

H-100

A/\,//\//\l/%
et W,

H-99




US 2017/0005276 A1l Jan. 5, 2017
69

-continued
H-101 H-102

ap

\
N /N (¢
/\_/\/O
\

V4
N

4

H-103 H-104




Jan. 5, 2017

US 2017/0005276 A1l

70

-continued

H-105

H-106

H-108

_ 7N 7\
Oy 8
N/ N N/ N\

DAGE

H-107

OOO
7\
/7 N/ N\

_/ N/ 7

C

-



US 2017/0005276 A1l Jan. 5, 2017
71

-continued
H-109 H-110

& e
900 >
G

ooy 8 O 8 O .
900

g
40



US 2017/0005276 A1l Jan. 5, 2017
72

-continued
H-115 H-116

g

\
I OaVaW,
\

oy

/

A
A

H-117 H-118

/
\_ ¢/ ¢

\

— Y/ 7/
/

/

-



US 2017/0005276 A1l Jan. 5, 2017

73
-continued
H-119 H-120
L
C
T
| A Vg N
/ji F
~ )
\/
H-121 H-122



US 2017/0005276 A1l

0
¢
5

(I

Jan. 5, 2017
74
-continued
H-123 H-124
H-125 H-126
H-127

0'0808%
oNRe



US 2017/0005276 A1l Jan. 5, 2017
75

-continued

H-128

H-129

H-130

H-131

H-132




US 2017/0005276 A1l Jan. 5, 2017

76
-continued
H-133
H-134
H-135
H-136
H-137

H-138




US 2017/0005276 A1l

Jan. 5,2017

-continued

0'080880
) )

[0081] Preferably, the dopant compound may be a fluo-
rescent dopant compound. In view of light color required to
be emitted, the fluorescent dopant compound may be
selected preferably, from amine-based compounds, aromatic
compounds, chelate complexes such as tris(8-quinolinolate)
aluminum complexes, coumarine derivatives, tetraphenylb-
utadiene derivatives, bis-styrylarylene derivatives, oxadiaz-
ole derivatives, etc.; more preferably, styrylamine
compounds, styryldiamine compounds, arylamine com-
pounds, and aryldiamine compounds; and even more pref-
erably, condensed polycyclic amide derivatives. The fluo-
rescent dopant can be used solely or as a combination of two
or more compounds.

[0082] The fluorescent dopant compound may be a con-
densed polycyclic amine derivative represented by the fol-
lowing formula 14.

(14)

[0083] wherein Ar,, represents a substituted or unsubsti-
tuted (C6-C50)aryl or styryl; L, represents a single bond, a

D-1

D-3

H-139

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,
or may be linked to an adjacent substituent(s) to form a (3-
to 30-membered), mono- or polycyclic, alicyclic or aromatic
ring whose carbon atom(s) may be replaced with at least one
hetero atom selected from nitrogen, oxygen, and sulfur; j
represents 1 or 2; and where j is 2, each of

may be the same or different.

[0084] 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.

[0085] Specifically, the compound of formula 14 includes
the following, but is not limited thereto:

D-2
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[0086] 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. The thickness of the light-emitting layer 125
can be in the range of from about 5 nm to about 100 nm, and
preferably from about 10 nm to about 60 nm. Light emission
occurs at the light-emitting layer 125. The light-emitting
layer 125 may be a single layer, or may be composed of two
or more layers. When the light emitting layer 125 is com-

Jan. 5,2017
D-98

D-99

D-101

D-103

@NNQ

posed of two or more layers, each of the layers may be
prepared to emit color different from one another. For
example, the device may emit white light by preparing three
light-emitting layers 125 which emit blue, red, and green,
respectively. The light-emitting layer 125 may be formed on
the hole transport layer 123 by using known various meth-
ods such as vacuum deposition, wet film-forming methods,
laser induced thermal imaging, etc.

[0087] The electron buffering layer 126 employs the com-
pound of formula 1 of the present disclosure. The details of
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the compound of formula 1 are as previously described. 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.

[0088] The electron transport layer 127 may be prepared
with any electron transport material known in the art, which
includes oxazole-based compounds, isoxazole-based com-
pounds, triazole-based compounds, isothiazole-based com-
pounds, oxadiazole-based compounds, thiadiazole-based
compounds, perylene-based compounds, anthracene-based
compounds, aluminum complexes, and gallium complexes,
but is not limited thereto. The anthracene-based compound
may be a compound represented by the following formula
15.

Rs Rs;
Rs;
Qs Q Qi /
Q4 Lok \ Ryy
Rss
Qs Qo
Qs Qs Qs

[0089] wherein Ry, to Rss, each independently, represent
hydrogen, a halogen, a hydroxy, a cyano, a substituted or
unsubstituted (C1-C30)alkyl, a substituted or unsubstituted
(C1-C30)alkoxy, a substituted or unsubstituted (C1-C30)
alkylcarbonyl, a (C1-C30)alkylcarbonyl, a substituted or
unsubstituted (C1-C30)alkoxycarbonyl, a substituted or
unsubstituted (C6-C30)arylcarbonyl, a substituted or unsub-
stituted (C2-C30)alkenyl, a substituted or unsubstituted (C2-
C30)alkynyl, a substituted or unsubstituted (C6-C30)aryl, or
a substituted or unsubstituted (3- to 30-membered)het-
eroaryl, or may be linked to an adjacent substituent(s) to
form a (3- to 30-membered), mono- or polycyclic, alicyclic
or aromatic ring whose carbon atom(s) may be replaced with
at least one hetero atom selected from nitrogen, oxygen, and
sulfur; L, represents a single bond, a substituted or unsub-
stituted (C1-C30)alkylene, a substituted or unsubstituted
(C6-C30)arylene, or a substituted or unsubstituted (3- to
30-membered)heteroarylene; Q, to Q,, each independently,
represent hydrogen, a substituted or unsubstituted (C6-C30)
aryl or a substituted or unsubstituted (3- to 30-membered)
heteroaryl; and k represents an integer of 1 to 10.

[0090] In formula 15, preferably, one of R;; to R55 may be
a substituted or unsubstituted (C6-C18)aryl, or a substituted
or unsubstituted (5- to 18-membered)heteroaryl, the rest of
R;, to R, may be hydrogen; Q, and Q,, each independently,
may represent a substituted or unsubstituted (C6-C30)aryl or
a substituted or unsubstituted (3- to 30-membered)het-
eroaryl; Q,, Q5 to Qg, Qs, and Q, may represent hydrogen;
and k may represent 1.
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[0091] The specific compound of formula 15 includes the
following compound:

E-1

[0092] Preferably, the electron transport layer 127 may be
a mixed layer comprising an electron transport compound
and a reductive dopant. In this case, the electron transport
compound is reduced to an anion, and thus it becomes easier
to inject and transport electrons to an electroluminescent
medium. The electron transport compound for the mixed
layer is not particularly limited, and may be any of the
aforementioned known electron transport materials. The
reductve 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,O, BaO, and BaF,, but are not limited thereto. The
thickness of the electron transport layer 127 may be in the
range of from about 5 to about 100 nm, and preferably from
about 10 to about 60 nm. The electron transport layer 127
may be formed on the electron buffering layer 126 by using
known various methods such as vacuum deposition, wet
film-forming methods, laser induced thermal imaging, etc.
[0093] 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,0, BaO, and
BaF,, but is not limited thereto. The thickness of the electron
injection layer may be in the range of from about 0.1 to
about 10 nm, and preferably from about 0.3 to about 9 nm.
The electron injection layer 128 may be formed on the
electron transport layer by using known various methods
such as vacuum deposition, wet film-forming methods, laser
induced thermal imaging, etc.

[0094] The second electrode 130 may be a cathode, and
may be prepared with a low work-function material. The
material for the second electrode 130 includes aluminum
(Al), calcium (Ca), magnesium (Mg), silver (Ag). cesium
(Cs), lithium (Li), and a combination thereof. The second
electrode 130 may be formed by any method known in the
art, such as vacuum deposition, sputtering, etc.

[0095] 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,
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which includes an impurity layer such as n-doping layer and
p-doping layer. 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.
[0096] 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.

[0097] 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 through an electron transport zone 129
and an electron buffering layer 126. LUMO energy level of
an electron buffering layer 126 may be higher than those of
a host compound and a dopant compound of a light-emitting
layer 125, and an electron transport layer 127. Specifically,
LUMO energy levels may have the following relationship:
the electron buffering layer>the electron transport zone>the
host compound. According to prior arts, light-emitting sites
in a light-emitting layer are shifted to a hole transport layer
due to hole trap, thereby light being emitted at an interface.
However, according to the present disclosure, electrons(e)
are trapped due to the aforementioned LUMO energy level
of an electron buffering layer 126, so that light-emitting sites
in a light-emitting layer can be shifted to an electron
transport zone 129, and thus lifespan and efliciencies of an
organic electroluminescent device can be improved. Mean-
while, HOMO energy level of an electron buffering layer
126 is higher than those of a host compound and a dopant
compound of a light-emitting layer 125, but may be lower or
higher than HOMO energy level of an electron transport
Zone 129.

[0098] Hereinafter, a preparation method of an organic
electroluminescent device according to one embodiment of
the present disclosure, and luminescent properties of the
device will be explained in detail with reference to the
following examples.

COMPARATIVE EXAMPLE 1

Preparation of a Blue-Emitting OLED in which an
Electron Buffering Layer is Not Comprised

[0099] OLED was produced as follows. A transparent
electrode indium tin oxide (ITO) thin film (15 €/sq) on a
glass substrate for an OLED (Samsung Corning) was sub-
jected to an ultrasonic washing with trichloroethylene,
acetone, ethanol, and distilled water, sequentially, and then
was stored in isopropanol. The ITO substrate was then
mounted on a substrate holder of a vacuum vapor depositing
apparatus. N* N*-diphenyl-N*,N*bis (9-phenyl-9H-carba-
701-3-y1)-[1,1'-biphenyl]-4,4'-diamine was introduced into a
cell of the vacuum vapor depositing apparatus, and then the
pressure in the chamber of said apparatus was controlled to
1078 torr. Thereafter, an electric current was applied to the
cell to evaporate the above introduced material, thereby
forming a first hole injection layer having a thickness of 60
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nm on the ITO substrate. 1.4,5,8,9,11-hexaazetriphenylene-
hexacarbonitrile (HAT-CN) 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-dimethyl-N-(4-(9-pheny!-9H-carbazol-

3-yl)phenyl)-9H-fluoren-2-amine (HT-1) was then intro-
duced 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, 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. Thereafter,
compound H-1 was introduced into one cell of the vacuum
vapor depositing apparatus, as a host material, and com-
pound D-38 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-(4-(9,10-di(naphthalen-2-yl)anthracen-2-
yl)phenyl)-1-phenyl-1H-benzo[d]imidazole was then intro-
duced into one cell, and lithium quinolate was introduced
into another cell. 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 on the light-emitting layer.
After depositing lithium quinolate as an electron injection
layer having a thickness of 2 nm on the electron transport
layer, an Al cathode having a thickness of 80 nm was 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 1075 torr.

[0100] FIG. 3 shows a graph illustrating a current effi-
ciency versus a luminance of the prepared organic electrolu-
minescent device. In addition, luminous efficiency, CIE
color coordinate, a driving voltage at 1,000 nit of luminance,
and a lifespan for 10 hours at 2,000 nit and a constant current
are shown in Table 1 below.

EXAMPLES 1 TO 3

Preparation of a Blue-Emitting OLED Comprising
an Electron Buffering Layer of an Electron
Buffering Material According to the Present

Disclosure

[0101] OLEDs were produced and evaluated in the same
manner as in Comparative Example 1, except that a thick-
ness of an electron transport layer was 30 nm, and an
electron buffering layer having a thickness of 5 nm was
interposed between a light-emitting layer and an electron
transport layer. Electron buffering materials used in
Examples 1 to 3 are shown in Tables 1 and 4 below. FIG. 3
shows a graph illustrating a current efficiency versus a
luminance of the prepared organic electroluminescent
device. In addition, evaluation results of the devices pre-
pared in Examples 1 to 3 are shown in Table 1 below.

COMPARATIVE EXAMPLES 2 AND 3

Prepartion of a Blue-Emitting OLED Comprising
an Electron Buffering Layer of a Conventional
Electron Buffering Material

[0102] OLEDs were produced and evaluated in the same
manner as in Example 1, except that BF-1 and BF-65 were
used for an electron buffering material and HT-3 was used
for a second hole transport layer. Evaluation results of the
devices prepared in Comparative Examples 2 and 3 were
shown in Table 1 below.
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TABLE 1

Second

Hole Electron Current Color Color

Transport Buffering  Voltage Efficiency coordinate coordinate Lifespan  LUMO HOMO

Layer Material V) (cd/A) (x) [§%] (hr) &V) eV)
Comparative HT-2 — 4.2 6.3 0.140 0.097 95.6
Ex. 1
Comparative HT-3 BF-1 4.5 6.6 0.140 0.095 954 195 548
Ex. 2
Comparative HT-3 BF-65 44 6.8 0.140 0.098 95.8 192 555
Ex. 3
Example 1  HT-2 B-34 4.3 7.2 0.140 0.095 95.6 1.96 5.33
Example 2 HT-2 B-57 4.1 7.6 0.139 0.097 964 194 534
Example 3 HT-2 B-90 41 7.6 0.139 0.098 95.7 197 532
[0103] From Table 1 above, it is recognized that due to EXAMPLES 4 TO 8
speediness of electron current by the electron buffering Preparation of a Blue-Emitting OLED Comprising
material of the present disclosure, the devices of Examples an Electron Buffering Layer of an Electron
1 to 3 show higher efficiencies and longer lifespan than those Buffering Material According to the Present
of Comparative Examples 1 to 3 in which an electron Disclosure )
buffering layer is not comprised or an electron buffering [0105] OLEDs were produced and evaluated in the same

material of the present disclosure is not used to prepare an
electron buffering layer. LUMO energy levels of the electron
buffering layer of Examples 1 to 3 were about 1.9 eV,
LUMO energy level of the host compound was about 1.6 eV,
and LUMO energy level of the electron transport layer was
about 1.8 eV. From FIG. 3, it is recognized that the organic
electroluminescent devices of Examples 1 to 3 show higher
current efficiencies over the whole range of luminance than

manner as in Comparative Example 4, except that a thick-
ness of an electron transport layer was 30 nm, and an
electron buffering layer having a thickness of 5 nm and
comprising an electron buffering material was interposed
between a light-emitting layer and an electron transport
layer. Electron buffering materials used in Examples 4 to 8
are shown in Tables 2 and 4 below. Evaluation results of the
devices prepared in Examples 4 to 8 are shown in Table 2
below.

TABLE 2

Second

Hole Electron Current Color Color

Transpert Buffering  Voltage Efficiency coordinate coordinate Lifespan LUMO HOMO

Layer Material V) (cd/A) (%) (y) (hr) (eV) (eV)
Comparative HT-3 — 4.1 6.5 0.139 0.094 279
Ex. 4
Example 4 HT-3 B-143 4.3 6.6 0.139 0.095 37.0 1.95 5.21
Example 5 HT-3 B-145 4.4 6.9 0.139 0.096 47.3 1.90 543
Example 6  HT-3 B-144 4.3 6.9 0.139 0.098 39.7 1.97 5.15
Example 7 HT-3 B-147 4.3 6.8 0.139 0.095 35.1 1.89 5.40
Example 8 HT-3 B-149 4.2 7.2 0.139 0.097 34.8 1.88 543

the organic electroluminescent device of Comparative [0106] It is recognized that due to speediness of electron

Example 1.

COMPARATIVE EXAMPLE 4

Preparation of a Blue-Emitting OLED in Which an
Electron Buffering Layer is Not Comprised

[0104] OLEDs were produced in the same manner as in
Comparative Example 1, except that a compound for a
second hole transport layer was changed to HT-3 shown in
Table 4 below. Luminous efficiency, CIE color coordinate, a
driving voltage at 1,000 nit of luminance, and time taken for
luminance to be reduced from 100% to 90% at 2,000 nit and
a constant current are shown in Table 2 below.

current by the electron buffering material of the present
disclosure, the devices of Examples 4 to 8 have similar
current characteristics to one of Comparative Example 4, but
show higher efficiencies and longer lifespan than those of
Comparative Example 4.

COMPARATIVE EXAMPLE 5

Preparation of a Green-Emitting OLED in which an
Electron Buffering Layer is Not Comprised

[0107] OLEDs were produced and evaluated in the same
manner as in Comparative Example 1, except that a thick-
ness of a first hole transport layer was 10 nm; HT-4 was used
to form a second hole transport layer having a thickness of
30 nm on a first hole transport layer; and H-44 and D-88
were used as a host and a dopant, respectively. The prepared
OLED was evaluated as to luminous efficiency, CIE color
coordinate, a driving voltage at 1,000 nit of luminance, and
time taken for luminance to be reduced from 100% to 90%
at 2,000 nit and a constant current, and the results are shown
in Table 3 below.
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EXAMPLES 9 TO 10
Preparation of a Green-Emitting OLED Comprising
an Electron Buffering Layer of an Electron
Buffering Material According to the Present
Disclosure

[0108] OLEDs were produced and evaluated in the same
manner as in Comparative Example 5, except that a thick-
ness of an electron transport layer was 30 nm, and an
electron buffering layer having a thickness of 5 nm and
comprising an electron buffering material was interposed
between a light-emitting layer and an electron transport
layer. Electron buffering materials used in Examples 9 and
10 are shown in Table 3 below, along with evaluation results
of the prepared devices.

TABLE 3

97
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Second
Hole Electron Current Color

Layer Material W) (cd/A) (%)

Color
Transport Buffering  Voltage Efficiency coordinate coordinate

(02

(hr)

Lifespan  LUMO HOMO

(V) (eV)

Comparative HT-4 — 34 289 0.291
Ex. 5

Example 9 HT-4 B-57 34 30.7 0.291
Example 10 HT-4 B-145 34 303 0.291

0.677

0.677
0.676

25.0

25.0
270

1.94 5.34
1.90 5.43

[0109] It is recognized that due to speediness of electron
current by the electron buffering material of the present
disclosure, the devices of Examples 9 to 10 have similar
current characteristics to one of Comparative Example 5 in
which an electron buffering layer is not comprised, but show
higher efficiencies and longer lifespan than those of Com-
parative Example 5.

TABLE 4

Compounds for a hole transport layer of the
Comparative Examples and the Examples

Hole
Transport
Layer

5

HT-2

TABLE 4-continued

Compounds for a hole transport layer of the
Comparative Examples and the Examples

& 0
H O
O HT-3

g
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EXAMPLES 11 TO 16

Preparation of a Blue-Emitting OLED Comprising
an Electron Buffering Layer of an Electron
Buffering Material According to the Present

Disclosure

[0110] OLEDs were produced in the same manner as in
Example 1, except that compounds shown in Table 5 below
were used as an electron buffering material. The electron
buffering layer was formed by a co-evaporation of the two
compounds shown in Table 5. The prepared OLEDs were
evaluated as to luminous efliciency, CIE color coordinate, a
driving voltage at 1,000 nit of luminance, and lifespan for 10
hours at 2,000 nit and a constant current, and the results are
shown in Table 5 below.

Jan. 5,2017
98

[0113] From Table 6 above, it is recognized that due to
speediness of electron current by the electron buffering
material of the present disclosure, the devices of Examples
17 and 18 show higher efficiency than those of Comparative
Examples 1 to 3 shown in Table 1 in which an electron
buffering layer was not comprised or an electron buffering
material of the present disclosure is not used to prepare an
electro buffer layer. In particular, lifespan was significantly
enhanced by 97.4%. Furthermore, B-145 and BF-6 have the
same deposition temperature, and thus are suitable for a
mixture-evaporation. Example 18 shows that an electron
buffering layer can be formed by a mixture-evaporation with
the material. A respective deposition temperature of the
compounds in a vacuum vapor depositing apparatus are

TABLE 5
Electron
buffering
Hole material Current Color Color Lifespan
Injection  (mixing ratio = Voltage Efficiency coordinate coordinate (10 hr)
Layer 5:5) %) (cd/A) x) W (%)
Example HT-2 BF-3:B-57 4.4 7.1 0.139 0.095 96.2
11
Example HT-2 BF-4:B-57 4.2 7.3 0.139 0.094 95.9
12
Example HT-2 BF-5:B-57 43 7.2 0.139 0.095 96.3
13
Example HT-2 BF-3:B-145 44 7.2 0.139 0.097 963
14
Example HT-2 BF-4:B-145 43 7.3 0.139 0.098 96.5
15
Example HT-2 BF-5:B-145 4.4 7.1 0.139 0.095 96.5
16
[0111] From Table 5 above, it is recognized that due to shown in Table 7 below. The mixture-evaporation method

speediness of electron current by the electron buffering
material of the present disclosure, the devices of Examples
11 to 16 show higher efficiency and longer lifespan than
those of Comparative Examples 1 to 3 shown in Table 1 in
which an electron buffering layer was not comprised or an
electron buffering material of the present disclosure is not
used to prepare an electro buffer layer.

EXAMPLES 17 TO 18

Preparation of a Blue-Emitting OLED Comprising
an Electron Buffering Layer of an Electron
Buffering Material According to the Present
Disclosure

[0112] OLEDs were produced in the same manner as in
Example 1, except that compounds shown in Table 6 below
were used as an electron buffering material. The electron
buffering layer of Example 17 was formed by a co-evapo-
ration, while the electron buffering layer of Example 18 was
formed by a mixture-evaporation. The prepared OLEDs
were evaluated as to luminous efficiency, CIE color coordi-
nate, a driving voltage at 1,000 nit of luminance, and
lifespan for 10 hours at 2,000 nit and a constant current, and
the results are shown in Table 6 below.

for an electron buffering layer has an advantage in that
device characteristics can be maintained until the whole
material is consumed in a crucible.

TABLE 7

Deposition Temperature (° C.)

Electron buffering compound (0.5 Afs ar 1077 torr)

B-145
BF-6

245
244

Description of Reference Numerals

100:
110:
122:
125:
127:
129

101:
120:
123:
126:
128:
130:

substrate

organic layer

hole transport layer
electron buffering layer
electron injection layer
second electrode

organic electroluminescent device
first electrode

hole injection layer
light-emitting layer

electron transport layer

: electron transport zone

TABLE 6
Electron buffering

Hole material Current Color Color Lifespan

Injection  (mixing ratio = Voltage Efficiency coordinate coordinate (10 hir)

Layer 5:5) V) (cd/A) (%) ) (%)
Example HT-2 B-145:BF-6 4.5 6.7 0.139 0.095 97.4
17
Example HT-2 B-145:BF-6 4.5 6.7 0.139 0.095 97.4

18
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1. An electron buffering material comprising a compound
represented by the following formula 1:

M

(T)m
(]|~)n
Y R3)
/ AN
RS
aR2)” N — !

wherein

A represents a substituted or unsubstituted (5- to 30-mem-
bered)heteroaryl,

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

R, represents the following formula 2a or 2b:

. 20)
I AN
/7 \ Pty
Ry
(2b)

*

TRy

R, represents hydrogen, deuterium, a halogen, a cyano, a
substituted or unsubstituted (C1-C30)alkyl, a substi-
tuted or unsubstituted (C6-C30)aryl, a substituted or
unsubstituted (5- to 30-membered)heteroaryl, a substi-
tuted or unsubstituted (C3-C30)cycloalkyl, a substi-
tuted or unsubstituted (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 unsubstituted
mono- or di-(C6-C30)arylamino, a substituted or
unsubstituted (C1-C30)alkyl(C6-C30)arylamino, or the
following formula 3; or may be fused with the carba-
zole backbone to form a substituted or unsubstituted
benzocarbazole;

©)

X represents O, S, CR, R,,, NR; or SiR ;R ,;

R, represents hydrogen, deuterium, a halogen, a cyano, a
substituted or unsubstituted (C1-C30)alkyl, a substi-
tuted or unsubstituted (C6-C30)aryl, a substituted or
unsubstituted (5- to 30-membered)heteroaryl, a substi-

Jan. 5,2017

tuted or unsubstituted (C3-C30)cycloalkyl, a substi-
tuted or unsubstituted (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 unsubstituted
mono- or di-(C6-C30)arylamino, or a substituted or
unsubstituted (C1-C30)alkyl(C6-C30)arylamino;

R., Rs, R, and R, 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 (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 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)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 unsub-
stituted (C3-C30), mono- or polycyclic, alicyclic or
aromatic ring whose carbon atom(s) may be replaced
with at least one hetero atom selected from nitrogen,
oxygen, and sulfur;

R¢, Ry and R, each independently, represent a substituted
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 unsubsti-
tuted (C3-C30)cycloalkyl, a substituted or unsubsti-
tuted 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;

R,, to R,,, each independently, represent a substituted or
unsubstituted (C1-C30)alkyl, a substituted or unsubsti-
tuted (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 unsub-
stituted (C3-C30), mono- or polycyclic, alicyclic or
aromatic ring whose carbon atom(s) may be replaced
with at least one hetero atom selected from nitrogen,
oxygen, and sulfur;

a, ¢, d, e, and f, each independently, represent an integer
of 0 to 4; where a, c, d, e, or f is an integer of 2 or more,
each of R,, R,, R, R, or R;; may be the same or
different;

b represents an integer of 0 to 3; where b is an integer of
2 or more, each of R; may be the same or different;

n represents an integer of 0 or 1; m represents an integer
of 1 or 2;

* represents a bonding site to the carbazole backbone; and

the heteroaryl(ene) contains one or more hetero atoms
selected from B, N, O, S, P(—=0), Si, and P.

2. The electron buffering material according to claim 1,
wherein A represents a substituted or unsubstituted nitrogen-
containing (5- to 30-membered)heteroaryl; L represents a
single bond or a substituted or unsubstituted (C6-C20)
arylene; R, represents formula 2a or 2b; R, represents
hydrogen, deuterium, a substituted or unsubstituted (C6-
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C20)aryl, a substituted or unsubstituted (5- to 20-membered) _continued

heteroaryl, a substituted or unsubstituted mono- or di-(C6- B4
C20)arylamino or formula 3, or may be fused with the

carbazole backbone to form a substituted or unsubstituted

benzocarbazole; X represents O, S, CR|; R;,, or NR;; Ry,

represents hydrogen or (C1-C20)alkyl; R, R,, Rs, and R,
each independently, represent hydrogen or a substituted or
unsubstituted (C1-C20)alkyl; R, Rg and R, each indepen- O

dently, represent a substituted or unsubstituted (C1-C20)
alkyl, a substituted or unsubstituted (C6-C20)aryl, or a
substituted or unsubstituted (6- to 20-membered )heteroaryl, 7
R,; to Ry, each independently, represent hydrogen, a sub-
stituted or unsubstituted (C1-C10)alkyl, a substituted or
unsubstituted (C6-C20)aryl, or a substituted or unsubstituted N
(5- to 20-membered)heteroaryl; and the heteroaryl contains
one or more hetero atoms selected from N, O and S.

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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-continued

B-151 D

Ars X, Arg
\f Y

X %

) %’
/ N\
(RIS)S/.\\%/\ Rigke

B-152 Ars and Arg, each independently, represent a substituted
or unsubstituted (5- to 30-membered)heteroaryl, or a
substituted or unsubstituted (C6-C30)aryl;

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

wherein

X, to X, each independently, represent N or C, with the
proviso that at least one of X, to X, represents N;

R,s and R,,, each independently, represent hydrogen,
deuterium, a halogen, a cyano, a carboxy, a nitro, a
hydroxy, a substituted or unsubstituted (C1-C30)alkyl,
a substituted or unsubstituted (C6-C30)aryl, a substi-

B-153 tuted or unsubstituted (5- to 30-membered)heteroaryl, a
substituted or unsubstituted (C3-C30)cycloalkyl, a sub-
stituted or unsubstituted (C3-C30)cycloalkenyl, a sub-
stituted or unsubstituted (3- to 7-membered)heterocy-
cloalkyl, a substituted or unsubstituted (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 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

B-154 ring whose carbon atom(s) may be replaced with at
least one hetero atom selected from nitrogen, oxygen,
and sulfur;

the heteroaryl(ene) and heterocycloalkyl. each indepen-
dently, contain one or more hetero atoms selected from
B, N, O, S, P(0), Si and P; and

s and t, each independently, represent an integer of 1 to 4;
where s or t is an integer of 2 or more, each of R, or
R,¢ may be the same or different.

5. The electron buffering material according to claim 4,
wherein Ars and Arg, each independently, represent a sub-
stituted or unsubstituted (6- to 20-membered)heteroaryl, or
a substituted or unsubstituted (C6-C20)aryl; L' represents a
single bond, or a substituted or unsubstituted (C6-C20)
arylene; R, 5 and R, each independently, represent hydro-
gen, a substituted or unsubstituted (C6-C20)aryl, or a sub-
stituted or unsubstituted (5- to 20-membered)heteroaryl, or

4. The electron buffering material according to claim 1, may be linked to an adjacent substituent(s) to form a
wherein a compound represented by the following formula substituted or unsubstituted (C5-C20), mono- or polycyclic
11 is further comprised: aromatic ring whose carbon atom(s) may be replaced with at
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least one hetero atom selected from nitrogen, oxygen, and _continued
sulfur; and s and t represent 1. BF-4
6. The electron buffering material according to claim 4,
wherein the compound of formula 11 is selected from the
group consisting of: .
BF-1 O

: O O
2l - O‘
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BF-92 BF-95
N
N)\|I\
BF-96
BF-93
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BF-94
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N
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N
Nz %
NZ N
X . . . .
N 7. 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
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electron buffering layer between the light-emitting layer and
the second electrode, wherein the electron buffering layer
comprises the compound represented by formula 1 accord-
ing to claim 1.

8. The organic electroluminescent device according to
claim 7, wherein the electron buffering layer further com-
prises the compound represented by formula 11 according to
claim 4.

9. The organic electroluminescent device according to
claim 8, wherein the compound represented by formula 1
and the compound represented by formula 11 of the electron
buffering layer are co-evaporated or mixture-evaporated.

* % % k¥



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

FRI& B A

KRN

IPCHRS

CPCH%E=

L5

S EREELE

E)

BF MR AV RRA KRS

US20170005276A1

US15/125611

FR TR FHRBERLF

F I HT B F T FIKOREA LTD.

Z G HT e F M RIKOREA LTD.

KIM CHI SIK

LEE HYO JUNG

LEE SU HYUN

JUN JI SONG

YANG JEONG EUN
SHIM JAE HOON
CHOI KYUNG HOON
CHO YOUNG JUN
JEON JEONG HWAN
NA HONG YOEP
CHO SANG HE

KIM, CHI-SIK

LEE, HYO-JUNG
LEE, SU-HYUN

JUN, JI-SONG
YANG, JEONG-EUN
SHIM, JAE-HOON
CHOI, KYUNG-HOON
CHO, YOUNG-JUN
JEON, JEONG-HWAN
NA, HONG-YOEP
CHO, SANG-HE

HO1L51/00 C07D409/14 C07D403/10 C07D403/14 C07D495/04

2017-01-05

2015-03-17

patsnap

C07D401/04 C07D401/14 C07D403/04 C07D403/10 C07D403/14 CO7D405/14 CO7D409/14 CO7D417
/14 C07D487/04 C07D491/048 C07D495/04 CO7F7/081 CO9K11/06 HO1L51/0067 HO1L51/0071
HO1L51/0072 HO1L51/0074 HO1L51/5064 HO1L51/5068 HO1L51/5096 HO1L51/52 HO1L51/0094
HO1L51/50 HO1L51/5004 HO1L51/5008 HO1L2251/552

1020140031295 2014-03-17 KR
1020150036207 2015-03-16 KR

Espacenet USPTO

AEASRBFEPHBMENBIRLSRN  HOBFE -8R, AXNF-LMOE -8R, EF -8 RAE - 2Rz BEHRKL
B, URBFEARNBFEFEMNTARENE —BRzH. SERRANBFETMHNENBRRABHFERENEI S
E ., ERORARRNKBNFD,


https://share-analytics.zhihuiya.com/view/52f9d3ab-96e7-44ef-ae33-50745e8159de
https://worldwide.espacenet.com/patent/search/family/054246383/publication/US2017005276A1?q=US2017005276A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220170005276%22.PGNR.&OS=DN/20170005276&RS=DN/20170005276

100
s

second electrode =130
electron injection layer  ~-—128 )
129
electron transport layer 127
electron buffering layer  ~+——126 120

light-emitting layer ~ 125

hole transport layer ~p123

hole injection layer e 122
first electrode e 110
substrate e 101




