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(57) ABSTRACT

A heterocyclic compound and an organic electrolumines-
cence device including the same, the heterocyclic compound
being represented by Formula 1:

[Formula 1]
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HETEROCYCLIC COMPOUND AND
ORGANIC ELECTROLUMINESCENCE
DEVICE INCLUDING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] Korean Patent Application No. 10-2016-0151396,
filed on Nov. 14, 2016, in the Korean Intellectual Property
Office, and entitled: “Heterocyclic Compound And Organic
Electroluminescence Device Including The Same,” is incor-
porated by reference herein in its entirety.

BACKGROUND

1. Field
[0002] Embodiments relate to a heterocyclic compound
and an organic electroluminescence device including the
samie.

2. Description of the Related Art

[0003] Development on an organic electroluminescence
display as an image display is being actively conducted. An
organic electroluminescence display is different from a
liquid crystal display and is a self-luminescent display which
accomplishes display by recombining holes and electrons
injected from a first electrode and a second electrode in an
emission layer and emitting light from a luminescent mate-
rial which is an organic compound included in the emission
layer.

[0004] An organic electroluminescence device may
include, e.g., an organic device composed of a first elec-
trode, a hole transport layer disposed on the first electrode,
an emission layer disposed on the hole transport layer, an
electron transport layer disposed on the emission layer, and
a second electrode disposed on the electron transport layer.
Holes are injected from the first electrode, and the injected
holes move via the hole transport layer to be injected into the
emission layer. Meanwhile, electrons are injected from the
second electrode, and the injected electrons move via the
electron transport layer to be injected into the emission layer.
By recombining the holes and electrons injected into the
emission layer, excitons are generated in the emission layer.
The organic electroluminescence device emits light using
light emitted during the transition of the excitons back to a
ground state.

SUMMARY

[0005] Embodiments are directed to a heterocyclic com-
pound and an organic electroluminescence device including
the same.

[0006] The embodiments may be realized by providing a
heterocyclic compound represented by the following For-
mula 1:

[Formula 1]
(X3 e
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[0007] wherein in Formula 1, L, and L, are each indepen-
dently a substituted or unsubstituted arylene group having 6
to 30 ring carbon atoms or a substituted or unsubstituted
heteroarylene group having 2 to 30 ring carbon atoms, n is
Oor 1, R, to R, and X, to X, are each independently a
hydrogen atom, a deuterium atom, a halogen atom, a cyano
group, a substituted or unsubstituted silyl group, a substi-
tuted or unsubstituted alkyl group having 1 to 20 carbon
atoms, a substituted or unsubstituted aryl group having 6 to
30 ring carbon atoms, or a substituted or unsubstituted
heteroaryl group having 2 to 30 ring carbon atoms, R, to R,
and X, to X, being separate or forming a ring by combining
adjacent groups with each other, and a to d are each
independently an integer of O to 4.

[0008] R, to R, may each independently be a substituted
or unsubstituted alkyl group having 1 to 20 carbon atoms, a
substituted or unsubstituted aryl group having 6 to 30 ring
carbon atoms, or a substituted or unsubstituted heteroaryl
group having 2 to 30 ring carbon atoms.

[0009] At least two of R, to R, may be a substituted or
unsubstituted aryl group having 6 to 30 ring carbon atoms.

[0010] The compound represented by Formula 1 may be
represented by the following Formula 1-1:

[Formula 1-1]

(RS)e (R )g
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Re)r

[0011] wherein in Formula 1-1, R, to Ry are each inde-
pendently a hydrogen atom, a deuterium atom, a halogen
atom, a cyano group, a substituted or unsubstituted alkyl
group having 1 to 10 carbon atoms, a substituted or unsub-
stituted aryl group having 6 to 15 ring carbon atoms, or a
substituted or unsubstituted heteroaryl group having 2 to 30
ring carbon atoms, e to h are each independently an integer
of0to4,and L, L,, X, to X,, a to d, and n are defined the
same as those of Formula 1.

[0012] L, may be a substituted or unsubstituted phenylene
group, a substituted or unsubstituted divalent biphenyl
group, a substituted or unsubstituted divalent terphenyl
group, a substituted or unsubstituted fluorenylene group, or
a heteroarylene group having at least one nitrogen atom (N)
as a heteroatom.

[0013]

[0014] n may be 1, L, may be a substituted or unsubsti-
tuted arylene group having 6 to 30 ring carbon atoms, and
L, may be a substituted or unsubstituted heteroarylene group
having 2 to 30 ring carbon atoms.

[0015] L, may be a substituted or unsubstituted carbazole
group, a substituted or unsubstituted dibenzofuran group, or
a substituted or unsubstituted dibenzothiophene group.

n may be 0.
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[0016] I, may be a group represented by one of the

following Formulae L., | to L, ;;:
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[0017] wherein Formulae L,_, to L, |, are each indepen-
dently unsubstituted or substituted with a deuterium atom, a
halogen atom, a cyano group, a substituted or unsubstituted
alkyl group having 1 to 10 carbon atoms, a substituted or
unsubstituted aryl group having 6 to 15 ring carbon atoms,
or a substituted or unsubstituted heteroaryl group having 2
to 30 ring carbon atoms.

[0018] The heterocyclic compound represented by For-
mula 1 may be a compound of the following Compound
Group 1:

[Compound Group 1]
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-continued
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[0019] The embodiments may be realized by providing an
organic electroluminescence device including a first elec-
trode; a hole transport region on the first electrode; an
emission layer on the hole transport region; an electron
transport region on the emission layer; and a second elec-
trode on the electron transport region, wherein the hole
transport region includes a heterocyclic compound repre-
sented by the following Formula 1:

[Formula 1]
(Xl )a (X3 Je

e
&

(X4 Ja

— L)y
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[0020] wherein in Formula 1, L, and L, are each indepen-
dently a substituted or unsubstituted arylene group having 6
to 30 ring carbon atoms or a substituted or unsubstituted
heteroarylene group having 2 to 30 ring carbon atoms, n is
Oor 1, R, to R, and X, to X, are each independently a
hydrogen atom, a deuterium atom, a halogen atom, a cyano
group, a substituted or unsubstituted silyl group, a substi-
tuted or unsubstituted alkyl group having 1 to 20 carbon
atoms, a substituted or unsubstituted aryl group having 6 to
30 ring carbon atoms, or a substituted or unsubstituted
heteroaryl group having 2 to 30 ring carbon atoms. R, to R,
and X, to X, being separate or forming a ring by combining
adjacent groups with each other, and a to d are each
independently an integer of O to 4.

[0021] The hole transport region may include a multilayer
structure, and a layer in the multilayer structure contacting
the emission layer may include the heterocyclic compound
represented by Formula 1.

[0022] The hole transport region may include a hole
injection layer on the first electrode; a hole transport layer on
the hole injection layer; and an electron blocking layer on
the hole transport layer, and the electron blocking layer may
include the heterocyclic compound represented by Formula
1.

[0023] R, to R, may each independently be a substituted
or unsubstituted aryl group having 6 to 30 ring carbon atoms
or a substituted or unsubstituted heteroaryl group having 2
to 30 ring carbon atoms.

[0024] At least two of R, to R, may be a substituted or
unsubstituted aryl group having 6 to 30 ring carbon atoms.

[0025] The compound represented by Formula 1 may be
represented by the following Formula 1-1:
[Formula 1-1]
(Xl)a

(RS)e | (R )g

00

N—Li—@a)—

G0

(Re)n

//\\

Re)r

[0026] wherein in Formula 1-1, Rs to Ry are each inde-
pendently a hydrogen atom, a deuterium atom, a halogen
atom, a cyano group, a substituted or unsubstituted alkyl
group having 1 to 10 carbon atoms, a substituted or unsub-
stituted aryl group having 6 to 15 ring carbon atoms, or a
substituted or unsubstituted heteroaryl group having 2 to 30
ring carbon atoms, e to h are each independently an integer
of 0to4,and L, L,, X, to X,, “a” to “d,” and n are defined
the same as those of Formula 1.

[0027] L, may be a substituted or unsubstituted phenylene
group, a substituted or unsubstituted divalent biphenyl
group, a substituted or unsubstituted divalent terphenyl
group, a substituted or unsubstituted fluorenylene group, or
a heteroarylene group having at least one nitrogen atom (N)
as a heteroatom.

[0028] n may be 1, L, may be a substituted or unsubsti-
tuted arylene group having 6 to 30 ring carbon atoms, and
L, may be a substituted or unsubstituted heteroarylene group
having 2 to 30 ring carbon atoms.
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[0029] I, may be a group represented by one of the _continued
following Formulae L., | to L, ;;: Lo
Lig \
/©\ g
* N *
) Lin
Liz N/\I\'
| [0030] wherein Formulae L,_, to L, |, are each indepen-
Lis dently unsubstituted or substituted with a deuterium atom, a
. halogen atom, a cyano group, a substituted or unsubstituted
alkyl group having 1 to 10 carbon atoms, a substituted or
L unsubstituted aryl group having 6 to 15 ring carbon atoms,
14 or a substituted or unsubstituted heteroaryl group having 2
to 30.
[0031] The heterocyclic compound represented by For-
* mula 1 may be a compound of the following Compound
Group 1:
Lis
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-continued

Q0

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] Features will be apparent to those of skill in the art
by describing in detail exemplary embodiments with refer-
ence to the attached drawings in which:

[0033] FIG. 1 illustrates a schematic cross-sectional view
of an organic electroluminescence device according to an
embodiment of the present disclosure;

[0034] FIG. 2 illustrates a schematic cross-sectional view
of an organic electroluminescence device according to an
embodiment of the present disclosure; and

[0035] FIG. 3 illustrates a schematic cross-sectional view
of an organic electroluminescence device according to an
embodiment of the present disclosure.

DETAILED DESCRIPTION

[0036] Example embodiments will now be described more
fully hereinafter with reference to the accompanying draw-

13
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ings; however, they may be embodied in different forms and
should not be construed as limited to the embodiments set
forth herein. Rather, these embodiments are provided so that
this disclosure will be thorough and complete, and will fully
convey exemplary implementations to those skilled in the
art.

[0037] Like reference numerals refer to like elements for
explaining each drawing. In the drawings, the sizes of
elements may be enlarged for clarity of the present disclo-
sure. It will be understood that, although the terms first,
second, etc. may be used herein to describe various ele-
ments, these elements should not be limited by these terms.
These terms are only used to distinguish one element from
another element. For example, a first element discussed
below could be termed a second element, and similarly, a
second element could be termed a first element. As used
herein, the singular forms are intended to include the plural
forms as well, unless the context clearly indicates otherwise.
[0038] It will be further understood that the terms
“includes,” “including,” “comprises,” or “comprising,”
when used in this specification, specify the presence of
stated features, numerals, steps, operations, elements, parts,
or a combination thereof, but do not preclude the presence
or addition of one or more other features, numerals, steps,
operations, elements, parts, or a combination thereof. It will
also be understood that when a layer, a film, a region, a plate,
etc. is referred to as being “on” another part, it can be
directly on the other part, or intervening layers may also be
present. On the contrary, when a layer, a film, a region, a
plate, etc. is referred to as being “under” another part, it can
be directly under the other part, or intervening layers may
also be present. As used herein, the term “or” is not an
exclusive term, e.g., “A or B” would include A, B, or A and
B.

[0039] In the present disclosure, —. means a part to be
connected, e.g., a bonding site.

[0040] In the present disclosure, “substituted or unsubsti-
tuted” may mean unsubstituted or substituted with at least
one substituent selected from the group consisting of deu-
terium, halogen, cyano, nitro, amino, silyl, boron, phosphine
oxide, phosphine sulfide, alkyl, alkenyl, aryl and heterocycle
group. In addition, each of the substituent illustrated above
may be substituted or unsubstituted. For example, biphenyl
may be interpreted as aryl, or phenyl substituted with
phenyl.

[0041] In the present disclosure, the description of form-
ing a ring by combining adjacent groups with each other
may mean forming a substituted or unsubstituted hydrocar-
bon ring or a substituted or unsubstituted heterocycle by
combining adjacent groups with each other. A hydrocarbon
ring includes an aliphatic hydrocarbon ring and an aromatic
hydrocarbon ring. The heterocycle includes an aliphatic
heterocycle and an aromatic heterocycle. The hydrocarbon
ring and heterocycle may be a monocycle or polycycle. In
addition, the ring formed by combining adjacent groups with
each other may be connected with another ring to form a
spiro structure.

[0042] In the present disclosure, “an adjacent group” may
mean a substituent at an atom which is directly connected
with another atom at which a corresponding substituent is
substituted, another substituent at an atom at which a cor-
responding substituent is substituted, or a substituent ste-
reoscopically disposed at the nearest position to a corre-
sponding substituent. For example, two methyl groups in

s«
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1,2-dimethylbenzene may be interpreted as “adjacent
groups”, and two ethyl groups in 1,1-diethylcyclopentene
may be interpreted as “adjacent groups”.

[0043] In the present disclosure, examples of a halogen
atom are a fluorine atom, a chlorine atom, a bromine atom,
or an iodine atom.

[0044] In the present disclosure, the alkyl group may have
a linear, branched or cyclic form. The carbon number of the
alkyl group may be 1 to 30, 1 to 20, 1 to 10, or 1 to 6.
Examples of the alkyl group may include methyl, ethyl,
n-propyl, isopropyl, n-butyl, s-butyl, t-butyl, i-butyl, 2-eth-
ylbutyl, 3,3-dimethylbutyl, n-pentyl, i-pentyl, neopentyl,
t-pentyl, cyclopentyl, 1-methylpentyl, 3-methylpentyl,
2-ethylpentyl, 4-methyl-2-pentyl, n-hexyl, 1-methylhexyl,
2-ethylhexyl, 2-butylhexyl, cyclohexyl, 4-methylcyclo-
hexyl, 4-t-butylcyclohexyl, n-heptyl, 1-methylheptyl, 2,2-
dimethylheptyl, 2-ethylheptyl, 2-butylheptyl, n-octyl, t-oc-
tyl, 2-ethyloctyl, 2-butyloctyl, 2-hexyloctyl, 3,7-
dimethyloctyl, cyclooctyl, n-nonyl, n-decyl, adamantyl,
2-ethyldecyl, 2-butyldecyl, 2-hexyldecyl, 2-octyldecyl,
n-undecyl, n-dodecyl, 2-ethyldodecyl, 2-butyldodecyl,
2-hexyldodecyl, 2-octyldodecyl, n-tridecyl, n-tetradecyl,
n-pentadecyl, n-hexadecyl, 2-ethylhexadecyl, 2-butylhexa-
decyl, 2-hexylhexadecyl, 2-octylhexadecyl, n-heptadecyl,
n-octadecyl, n-nonadecyl, n-eicosyl, 2-ethyl eicosyl, 2-butyl
eicosyl, 2-hexyl eicosyl, 2-octyl eicosyl, n-heneicosyl, n-do-
cosyl, n-tricosyl, n-tetracosyl, n-pentacosyl, n-hexacosyl,
n-heptacosyl, n-octacosyl, n-nonacosyl, n-triacontyl, etc.,
without limitation.

[0045] In the present disclosure, the aryl group means any
functional group or substituent derived from an aromatic
hydrocarbon ring. The aryl group may be monocyclic aryl or
polycyclic aryl. The carbon number of the aryl group for
forming a ring may be 6 to 30, 6 to 20, or 6 to 15. Examples
of the aryl group may include phenyl, naphthyl, fluorenyl,
anthracenyl, phenanthryl, biphenyl, terphenyl, quaterphenyl,
quingphenyl, sexiphenyl, biphenylene, triphenylene, pyre-
nyl, benzofluoranthenyl, chrysenyl, etc., without limitation.
[0046] In the present disclosure, the fluorenyl group may
be substituted, and two substituents may be combined with
each other to form a spiro structure. Examples of the
substituted fluorenyl group may include the following
groups, without limitation:

[0047] In the present disclosure, the heteroaryl group may
be heteroaryl including at least one of O, N, P, Si, or S as a
heteroatom. When the heteroaryl group includes two het-
eroatoms, the two heteroatoms may be the same or different
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from each other. The carbon number of the heteroaryl group
for forming a ring may be 2 to 30, or 2 to 20. The heteroaryl
group may be monocyclic heteroaryl or polycyclic het-
eroaryl. Polycyclic heteroaryl may have bicyclic or tricyclic
structure, for example. Examples of the heteroaryl group
may include thiophene, furan, pyrrole, imidazole, thiazole,
oxazole, oxadiazole, triazole, pyridyl, bipyridyl, pyrimidyl,
triazine, triazole, acridyl, pyridazine, pyrazinyl, quinolinyl,
quinazoline, quinoxalinyl, phenoxazyl, phthalazinyl, pyrido
pyrimidinyl, pyrido pyrazinyl, pyrazino pyrazinyl, isoqui-
noline, indole, carbazole, N-arylcarbazole, N-heteroaryl car-
bazole, N-alkyl carbazole, benzoxazole, benzoimidazole,
benzothiazole, benzocarbazole, benzothiophene, dibenzoth-
iophenyl, thienothiophene, benzofuranyl, phenanthroline,
thiazolyl, isoxazolyl, oxadiazolyl, thiadiazolyl, benzothiaz-
olyl, phenothiazinyl, dibenzosilole, dibenzofuranyl, etc.,
without limitation.

[0048] In the present disclosure, the above explanation on
the aryl group may be applied to the arylene group, except
that the arylene is divalent.

[0049] The above explanation on the heteroaryl group may
be applied to the heteroarylene group, except that the
heteroarylene is divalent.

[0050] In the present disclosure, the silyl group may
include alkyl silyl and aryl silyl. Examples of the silyl group
may include trimethylsilyl, triethylsilyl, t-butyl dimethylsi-
lyl, vinyl dimethylsilyl, propyl dimethylsilyl, triphenylsilyl,
diphenylsilyl, phenylsilyl, etc., without limitation.

[0051] In the present disclosure, the boron group may
include alkyl boron and aryl boron. Examples of the boron
group may include trimethyl boron, triethyl boron, t-butyl
dimethyl boron, triphenyl boron, diphenyl boron, phenyl
boron, etc., without limitation.

[0052] Inthe present disclosure, the alkenyl group may be
linear or branched. The carbon number is not specifically
limited, and may be 2 to 30, 2 to 20, or 2 to 10. Examples
of the alkenyl group may include vinyl, 1-butenyl, 1-pen-
tenyl, 1,3-butadienyl aryl, styrenyl, styrylvinyl, etc., without
limitation.

[0053] In the present disclosure, the carbon number of the
amino group is not specifically limited, and may be 1 to 30.
The amino group may include alkyl amino and aryl amino.
Examples of the amino group may include methylamino,
dimethylamino, phenylamino, diphenylamino, naphth-
ylamino, 9-methyl-anthracenylamino, triphenylamino, etc.,
without limitation.

[0054] Hereinafter, the heterocyclic compound according
to an embodiment of the present disclosure will be
explained.

[0055] The heterocyclic compound according to an
embodiment of the present disclosure may be represented by
the following Formula 1:

[Formula 1]

(Xl )a (X3:)c

/
Xada

Ry

N—L— 2N

o

R>
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[0056] InFormulal,l,andl,may eachindependently be
or include, e.g., a substituted or unsubstituted arylene group
having 6 to 30 ring carbon atoms or a substituted or
unsubstituted heteroarylene group having 2 to 30 ring car-
bon atoms, n may be, e.g., 0or 1. R, to R, and X, to X, may
each independently be or include, e.g., a hydrogen atom, a
deuterium atom, a halogen atom, a cyano group, a substi-
tuted or unsubstituted silyl group, a substituted or unsubsti-
tuted alkyl group having 1 to 20 carbon atoms, a substituted
or unsubstituted aryl group having 6 to 30 ring carbon
atoms, or a substituted or unsubstituted heteroaryl group
having 2 to 30 ring carbon atoms. In an implementation, R,
to R, and X, to X, may be separate or may form a ring by
combining adjacent groups with each other. a to d may each
independently be, e.g., an integer of O to 4.

[0057] In case “a” is an integer of 2 or more, a plurality of
X, may be the same or different from each other. In case “a”
is an integer of 2 or more, adjacent X, s may combine with
each other to form a ring. In an implementation, adjacent
X,’s may combine with each other to form a monocyclic
ring. In an implementation, a case where adjacent X,’s
combine with each other to form a benzene ring, may be
excluded.

[0058] Incase “b” is an integer of 2 or more, a plurality of
X, may be the same or different from each other. In case “b”
is an integer of 2 or more, adjacent X,’s may combine with
each other to form a ring. In an implementation, adjacent
X,’s may combine with each other to form a monocyclic
ring. In an implementation, a case where adjacent X,’s
combine with each other to form a benzene ring, may be
excluded.

[0059] In case “c” is an integer of 2 or more, a plurality of
X, may be the same or different from each other. In case “c”
is an integer of 2 or more, adjacent X5’s may combine with
each other to form a ring. In an implementation, adjacent
X3’s may combine with each other to form a monocyclic
ring. In an implementation, a case where adjacent X;’s
combine with each other to form a benzene ring, may be
excluded.

[0060] Incase “d” is an integer of 2 or more, a plurality of
X, may be the same or different from each other. In case “d”
is an integer of 2 or more, adjacent X,’s may combine with
each other to form a ring. In an implementation, adjacent
X,’s may combine with each other to form a monocyclic
ring. In an implementation, a case where adjacent X,’s
combine with each other to form a benzene ring, may be
excluded.

[0061] In animplementation, in Formula 1, each of “a” to
“d” may be 0. In an implementation, a relation a+b+c+d=1
may be satisfied. In an implementation, in Formula 1, each
of “a” to “d” may be 1, and each of X, to X, may be
independently a substituted or unsubstituted alkyl group
having 1 to 20 carbon atoms, a substituted or unsubstituted
aryl group having 6 to 30 ring carbon atoms, or a substituted
or unsubstituted heteroaryl group having 2 to 30 ring carbon
atoms.

[0062] In animplementation, in Formula 1, each of “a” to
“d” may be 1, and each of X, to X, may be independently
methyl, ethyl, or a substituted or unsubstituted phenyl group.
In an implementation, in Formula 1, each of “a” to “d” may
be 1, and each of X, to X, may be a substituted or unsub-
stituted phenyl group.

[0063] In an implementation, in Formula 1, R, to R, may
each independently be or include, e.g., a substituted or

€ 9
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unsubstituted alkyl group having 1 to 20 carbon atoms, a
substituted or unsubstituted aryl group having 6 to 30 carbon
atoms for forming a ring, or a substituted or unsubstituted
heteroaryl group having 2 to 30 carbon atoms for forming a
ring. In an implementation, in Formula 1, R, to R, may each
independently be or include, e.g., a substituted or unsubsti-
tuted alkyl group having 1 to 10 carbon atoms, a substituted
or unsubstituted aryl group having 6 to 15 ring carbon
atoms, or a substituted or unsubstituted heteroaryl group
having 2 to 15 ring carbon atoms.

[0064] In an implementation, in Formula 1, R, to R, may
each independently be or include. e.g., a substituted or
unsubstituted methyl, a substituted or unsubstituted mono-
cyclic aryl group, or a substituted or unsubstituted mono-
cyclic heteroaryl group.

[0065] Inanimplementation, in Formula 1, R and R, may
be the same or different from each other. In an implemen-
tation, in Formula 1, R, and R, may combine with each other
to form a ring. In an implementation, in Formula 1, R; and
R, may each independently be or include, e.g., a substituted
or unsubstituted aryl group having 6 to 30 carbon atoms for
forming a ring. In an implementation, in Formula 1. R, and
R, may each independently be or include, e.g., a substituted
or unsubstituted alkyl group having 1 to 10 carbon atoms. In
an implementation, in Formula 1, R, may be or may include,
e.g., a substituted or unsubstituted aryl group having 6 to 30
ring carbon atoms, and R, may be or may include, e.g., a
substituted or unsubstituted alkyl group having 1 to 10
carbon atoms. In an implementation, in Formula 1, R, may
be or may include, e.g., a substituted or unsubstituted aryl
group having 6 to 30 ring carbon atoms, and R, may be or
may include, e.g.. a substituted or unsubstituted heteroaryl
group having 2 to 30 ring carbon atoms.

[0066] Inanimplementation, in Formula 1, R; and R, may
be the same or different from each other. In an implemen-
tation, in Formula 1, R, and R, may combine with each other
to form a ring. In an implementation, in Formula 1, R, and
R, may each independently be or include, e.g., a substituted
or unsubstituted aryl group having 6 to 30 carbon atoms for
forming a ring. In an implementation, Ry may be or may
include, e.g., a substituted or unsubstituted alkyl group
having 1 to 10 carbon ring carbon atoms, and R, may be or
may include, e.g., a substituted or unsubstituted alkyl group
having 1 to 10 carbon atoms. In an implementation, in
Formula 1, R, may be or may include, e.g., a substituted or
unsubstituted aryl group having 6 to 30 ring carbon atoms,
and R, may be or may include, e.g., a substituted or
unsubstituted heteroaryl group having 2 to 30 ring carbon
atoms.

[0067] In an implementation, in Formula 1, R, to R, may
each independently be or include, e.g., a substituted or
unsubstituted phenyl group. In an implementation, the com-
pound represented by Formula 1 may be a compound
represented by the following Formula 1-1.

[Formula 1-1]
®9), O|(1)a ()l(s)c (Ro)g
— g
N—L—(Ly),—N Si
S0
(Rely (X2)s Ka)a (Reh
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[0068] In Formula 1-1, R to R, may each independently
be or include, e.g., a hydrogen atom, a deuterium atom, a
halogen atom, a cyano group, a substituted or unsubstituted
alkyl group having 1 to 10 carbon atoms, a substituted or
unsubstituted aryl group having 6 to 15 ring carbon atoms,
or a substituted or unsubstituted heteroaryl group having 2
to 30 ring carbon atoms. e to h may each independently be,
e.g., an integer of 0 to 4. L, L,, X, to X,, “a” to “d,” and
n may be the same as defined above.

[0069] In case “e” is an integer of 2 or more, a plurality of
R, may be the same or different from each other. In case “f”
is an integer of 2 or more, a plurality of R may be the same
or different from each other. In case “g” is an integer of 2 or
more, a plurality of R, may be the same or different from
each other. In case “h” is an integer of 2 or more, a plurality
of Ry may be the same or different from each other.
[0070] In an implementation, in Formula 1-1, each of “e”
to “h” may be 0. In an implementation, a relation e+f+g+h=1
may be satisfied.

[0071] In an implementation, in Formula 1-1, each of “e”
to “h” may be 1, and R, to R, may each independently be or
include, e.g., a substituted or unsubstituted alkyl group
having 1 to 10 carbon atoms. In an implementation, each of
R to Rg may be independently methyl or ethyl.

[0072] Inanimplementation, in Formula 1. R, and R, may
combine with each other to form a ring. In an implementa-
tion, in Formula 1, R, and R, may combine with each other
to form a ring.

[0073] In an implementation, in Formula 1, L, may be or
may include, e.g., a substituted or unsubstituted phenylene
group, a substituted or unsubstituted divalent biphenyl
group, a substituted or unsubstituted divalent terphenyl
group, a substituted or unsubstituted fluorenylene group, or
a heteroarylene group having at least one nitrogen atom (N)
as a heteroatom. In an implementation, n may be 0.

[0074] In an implementation, in Formula 1, L, may be or
may include, e.g., a substituted or unsubstituted phenylene
group. In an implementation, in Formula 1, L, may be or
may include, e.g., a phenylene group which is unsubstituted
or substituted with, e.g., a cyano group, alkyl group, aryl
group, or heteroaryl group. In an implementation, in For-
mula 1, L, may be or may include, e.g., a phenylene group
which is unsubstituted or substituted with, e.g., a cyano
group, methyl, ethyl, phenyl, or a heteroaryl group having at
least one nitrogen atom (N) as a heteroatom. In an imple-
mentation, in Formula 1, [, may be substituted, with 2 or
more substituents. In an implementation, in Formula 1, L,
may be an unsubstituted phenylene group.

[0075] In an implementation, in Formula 1, L, may be or
may include, e.g., a substituted or unsubstituted divalent
biphenyl group. In an implementation, in Formula 1, L, may
be, e.g., a divalent biphenyl group which is unsubstituted or
substituted with an alkyl group, aryl group, or heteroaryl
group. In an implementation, in Formula 1, L, may be, e.g.,
a divalent biphenyl group which is unsubstituted or substi-
tuted with methyl, ethyl, or phenyl. In an implementation, in
Formula 1, L, may be a divalent biphenyl group which is
substituted with 2 or more substituents. In an implementa-
tion, in Formula 1, L, may be, .., an unsubstituted divalent
bipheny! group.

[0076] In an implementation, in Formula 1, L, may be,
e.g., a substituted or unsubstituted divalent terphenyl group.
[0077] In an implementation, in Formula 1, L, may be or
may include, e.g., a substituted or unsubstituted fluorenylene
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group. In an implementation, in Formula 1, L, may be, e.g,,
a fluorenylene group which is unsubstituted or substituted
with an alkyl group or aryl group. In an implementation, in
Formula 1, L, may be, e.g., a fluorenylene group which is
substituted with two methyl groups. In an implementation,
in Formula 1, L, may be, e.g., a fluorenylene group which is
substituted with two aryl groups. In an implementation, in
Formula 1, L, may be, e.g., a fluorenylene group which is
substituted with two phenyl groups.

[0078] In an implementation, in Formula 1. L; may be or
may include, e.g., a substituted or unsubstituted het-
eroarylene group having 2 to 15 ring carbon atoms. In an
implementation, in Formula 1. I, may be or may include.
e.g., a substituted or unsubstituted monaocyclic heteroarylene
group. In an implementation, in Formula 1, L, may be, e.g.,
a heteroarylene group having at least one nitrogen atom (N)
as a heteroatom. In an implementation, in Formula 1, L, may
be or may include, e.g., a substituted or unsubstituted
divalent pyridine group, a substituted or unsubstituted diva-
lent pyrimidine group, or a substituted or unsubstituted
divalent triazine group. In an implementation, in Formula 1,
L, may be or may include, e.g., a substituted or unsubstituted
divalent pyridine group or a substituted or unsubstituted
divalent pyrimidine group. In an implementation, in For-
mula 1, [, may be, e.g., a divalent pyridine group which is
unsubstituted or substituted with an aryl group, or a divalent
pyrimidine group which is unsubstituted or substituted with
an aryl group.

[0079] In animplementation, in Formula 1, n may be, e.g.,
1, L, may be or may include, e.g., a substituted or unsub-
stituted arylene group having 6 to 30 carbon atoms for
forming a ring, and [, may be or may include, e.g., a
substituted or unsubstituted heteroarylene group having 2 to
30 carbon atoms for forming a ring.

[0080] In animplementation, in Formula 1, n may be, e.g,,
1, L, may be or may include, e.g., a substituted or unsub-
stituted monocyclic arylene group, and L, may be or may
include, e.g., a substituted or unsubstituted heteroarylene
group having at least one of N, S or O as a heteroatom.

[0081] In animplementation, in Formula 1, n may be, e.g,,
1, L, may be or may include, e.g., a substituted or unsub-
stituted phenylene group, and L, may be or may include,
e.g., a substituted or unsubstituted carbazole group, a sub-
stituted or unsubstituted dibenzofuran group, or a substituted
or unsubstituted dibenzothiophene group.

[0082] In an implementation, in Formula 1, L, may be,
e.g., a group represented by one of the following Formulae
L,,tol, ;.

L
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[0083] In an implementation, Formulae L, ; to [, ;; may
be independently substituted with at least one substituent. In
an implementation, L, , to L, ;; may be independently
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unsubstituted or substituted with a deuterium atom, a halo-
gen atom, a cyano group, a substituted or unsubstituted alkyl
group having 1 to 10 carbon atoms, a substituted or unsub-
stituted aryl group having 6 to 15 ring carbon atoms, and a
substituted or unsubstituted heteroaryl group having 2 to 30
ring carbon atoms.

[0084] In an implementation, the heterocyclic compound
represented by Formula 1 may be, e.g., a compound of the
following Compound Group 1.

[Compound Group 1]
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[0085] When the heterocyclic compound according to an
embodiment of the present disclosure is applied to an
organic electroluminescence device, device efliciency may
be enhanced.

[0086] Hereinafter, an organic electroluminescence device
according to an embodiment will be explained. The expla-
nation will be mainly given with features different from the
heterocyclic compound according to an embodiment of the
present disclosure, and unexplained parts will follow the
above-description on the heterocyclic compound according
to an embodiment of the present disclosure.

[0087] An organic electroluminescence device according
to an embodiment of the present disclosure may include the
above-mentioned heterocyclic compound.

[0088] FIG. 1 illustrates a schematic cross-sectional view
of an organic electroluminescence device according to an
embodiment of the present disclosure. FIG. 2 illustrates a
schematic cross-sectional view of an organic electrolumi-
nescence device according to an embodiment of the present
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disclosure. FIG. 3 illustrates a schematic cross-sectional
view of an organic electroluminescence device according to
an embodiment of the present disclosure.

[0089] Referring to FIGS. 1 to 3, an organic electrolumi-
nescence device 10 according to an embodiment of the
present disclosure may include a first electrode EL1, a hole
transport region HTR, an emission layer EML, an electron
transport region ETR, and a second electrode EL2.

[0090] The first electrode EL1 has conductivity. The first
electrode EL1 may be a pixel electrode or an anode. The first
electrode EL1 may be a transmissive electrode, a transflec-
tive electrode, or a reflective electrode. In case the first
electrode EL1 is the transmissive electrode, the first elec-
trode EL1 may include a transparent metal oxide such as
indium tin oxide (ITO), indivm zinc oxide (IZ0), zinc oxide
(ZnO), or indium tin zinc oxide (ITZO). In case the first
electrode EL1 is the transflective electrode or reflective
electrode, the first electrode ELL1 may include Ag, Mg, Cu,
Al Pt, Pd, Au, Ni, Nd, Ir, Cr, Li, Ca, LiF/Ca, LiF/Al, Mo,
Ti, a compound thereof, or a mixture thereof (for example,
a mixture of Ag and Mg). In an implementation, the first
electrode FL1 may have a structure including a plurality of
layers including a reflective layer or transflective layer
formed using the above materials, and a transparent con-
ductive layer formed using ITO, IZ0, ZnO, or ITZO.

[0091] The hole transport region HTR is disposed on the
first electrode EL1. The hole transport region HTR may
include at least one of a hole injection layer HIL, a hole
transport layer HTL, a hole buffer layer, or an electron
blocking layer EBL. The thickness of the hole transport
region HTR may be from about 1,000 A to about 1,500 A,
for example.

[0092] Hereinafter, a case where the heterocyclic com-
pound according to an embodiment of the present disclosure
is included in a hole transport region HTR, will be
explained. In an implementation, the heterocyclic compound
according to an embodiment of the present disclosure may
be included in at least one organic layer provided between
the first electrode EL1 and the second electrode EL2. In an
implementation, the heterocyclic compound according to an
embodiment of the present disclosure may be included in the
emission layer EML.

[0093] The hole transport region HTR may include the
heterocyclic compound according to an embodiment of the
present disclosure. In an implementation, the hole transport
region HTR may include the heterocyclic compound repre-
sented by the following Formula 1.

[Formula 1]

(X3:)c

~

N—L—(12),—N

N\
Xa
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[0094] In Formula I, particular explanation on X, to X,,
R, to R, L, L,, “a” to “d” and n is the same as described
above, and will be omitted.

[0095] The hole transport region HTR may have a single
layer formed using a single material, a single layer formed
using a plurality of different materials, or a multilayer
structure including a plurality of layers formed using a
plurality of different materials.

[0096] In case the hole transport region HIR has a mul-
tilayer structure, a layer in the multilayer structure contact-
ing with the emission layer EML may include the hetero-
cyclic compound according to an embodiment of the present
disclosure. For example, when the hole transport region
HTR includes a hole injection layer HIL disposed on the first
electrode EL1, a hole transport layer HTL disposed on the
hole injection layer HIL and an electron blocking layer EBL
disposed on the hole transport layer HTL, the heterocyclic
compound according to an embodiment of the present
disclosure may be included in the electron blocking layer
EBL. The electron blocking layer EBL may include one or
more heterocyclic compound according to an embodiment
of the present disclosure.

[0097] In an implementation, the hole transport region
HTR may have a single layer structure of a hole injection
layer HIL or a hole transport layer HIL, or may have a
single layer structure formed using a hole injection material
and a hole transport material. In an implementation, the hole
transport region HTR may have a single layer structure
formed using a plurality of different materials, or a lami-
nated structure of hole injection layer HIL/hole transport
layer HTL, hole injection layer HIL/hole transport layer
HTL/hole buffer layer, hole injection layer HIL/hole buffer
layer, or hole transport layer HTL/hole buffer layer, lami-
nated in order from the first electrode EL1.

[0098] The heterocyclic compound according to an
embodiment of the present disclosure may have a relatively
high level of the lowest triplet excitation energy. For
example, the heterocyclic compound according to an
embodiment of the present disclosure may have the lowest
triplet excitation energy of about 3.0 eV or higher, about 3.1
eV or higher, or about 3.2 eV or higher. When the hetero-
cyclic compound having a high level of the lowest triplet
excitation energy according to an embodiment of the present
disclosure is included in a layer contacting with a emission
layer EML, the diffusion of triplet excitons formed in the
emission layer EML into the hole transport region HIR may
be minimized or inhibited, thereby improving the emission
efficiency.

[0099] The hole transport region HTR may be formed
using various methods such as a vacuum deposition method,
a spin coating method, a cast method, a Langmuir-Blodgett
(LB) method, an inkjet printing method, a laser printing
method, and a laser induced thermal imaging (LITT) method.
[0100] The hole injection layer HIL may include, for
example, a phthalocyanine compound such as copper phtha-
locyanine; N,N'-diphenyl-N,N'-bis-[4-(phenyl-m-tolyl-
amino)-phenyl|-biphenyl-4,4'-diamine (DNTPD), 4.4'4"-
tris(3-methylphenylphenylamino)triphenylamine
(m-MTDATA), 4,4' 4" -tris(N,N-diphenylamino )triph-
enylamine (TDATA), 4,4'4"-tris{N-(2-naphthyl)-N-phe-
nylamino}-triphenylamine (2-TNATA), poly(3,4-ethylene-
dioxythiophene)/poly(4-styrenesulfonate) (PEDOT/PSS),
polyaniline/dodecylbenzenesulfonic acid (PANI/DBSA),
polyaniline/camphor sulfonic acid (PANI/CSA), polyani-
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line/poly(4-styrenesulfonate) (PANI/PSS), N,N'-di(naphtha-
len-1-y1)-N,N'-diphenyl-benzidine (NPB), triphenylamine-
containing polyether ketone (TPAPEK), 4-isopropyl-4'-
methyldiphenyliodonium tetrakis(pentafluorophenyl)borate,
dipyrazino[2,3-f: 2',3'-h] quinoxaline-2,3,6,7,10,11 -hexacar-
bonitrile (HAT-CN), etc.

[0101] The hole transport layer HTL may further include,
for example, carbazole derivatives such as N-phenyl carba-
zole and polyvinyl carbazole, fluorine-based derivatives,
N,N'-bis(3-methylphenyl)-N,N'-diphenyl-[1,1-biphenyl]-4,
4'-diamine (TPD), triphenylamine-based derivatives such as
44" 4"-tris(N-carbazolyltriphenylamine (TCTA), N,N'-di
(1-naphthalen-1-y1)-N,N'-diphenyl-benzidine (NPB), 4,4'-
cyclohexylidene bis[N.N-bis(4-methylphenyl)benze-
namine](TAPC), 4.4'-bis[N,N'-(3-tolyl)amino]-3,3'-
dimethylbiphenyl (HMTPD), etc.

[0102] The thickness of the hole transport region HTR
may be from about 100 A 1o about 10,000 A, for example,
from about 100 A to about 1,000 A. In case the hole
transport region HTR includes all of the hole injection layer
HIL, the hole transport layer HTL and the electron blocking
layer EBL, the thickness of the hole injection layer HIL may
be from about 100 A to about 10,000 A, for example, from
about 100 A to about 1,000 A, the thickness of the hole
transport layer HTL may be from about 30 A to about 1,000
A, and the thickness of the electron blocking layer EBL may
be from about 30 A to about 120 A. In case the thicknesses
of the hole transport region HTR, the hole injection layer
HIL, the hole transport layer HTL and the electron blocking
layer EBL satisfy the above-described ranges, satisfactory
hole transport properties may be obtained without the sub-
stantial increase of a driving voltage.

[0103] The hole transport region HTR may further include
a charge generating material in addition to the above-
described materials to improve conductivity. The charge
generating material may be dispersed in the hole transport
region HTR uniformly or non-uniformly. The charge gen-
erating material may be, for example, a p-dopant. The
p-dopant may be one of quinone derivatives, metal oxides,
or cyano group-containing compounds. Examples of the
p-dopant may include quinone derivatives such as tetracya-
noquinodimethane (TCNQ), and 2,3,5,6-tetrafluoro-tetra-
cyanoquinodimethane (F4-TCNQ), metal oxides such as
tungsten oxide and molybdenum oxide.

[0104] The hole transport region HTR may further include
additional layers. For example, the hole transport region
HTR may further include a hole buffer layer. The hole buffer
layer may compensate an optical resonance distance accord-
ing to the wavelength of light emitted from the emission
layer EML and increase light emission efficiency. Materials
included in the hole transport region HTR may be used as
materials included in the hole buffer layer.

[0105] The emission layer EML is disposed on the hole
transport region HTR. The emission layer EML emits fluo-
rescent or phosphorescent light, and the thickness of the
emission layer EML may be, for example, from about 100
A to about 600 A.

[0106] The emission layer EML may have a single layer
formed using a single material, a single layer formed using
a plurality of different materials, or a multilayer structure
having a plurality of layers formed using a plurality of
different materials.

[0107] The material of the emission layer EML. may be
any emission material commonly used without specific
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limitation and may be selected from fluoranthene deriva-
tives, pyrene derivatives, arylacetylene derivatives, fluorene
derivatives, perylene derivatives, chrysene derivatives,
anthracene derivatives or the like, and preferably, from
pyrene derivatives, perylene derivatives, or anthracene
derivatives.

[0108] The emission layer EML may include a fluorescent
material including any one selected from the group consist-
ing of spiro-DPVBI, 2,2'.7,7'-tetrakis(biphenyl-4-y1)-9,9'-
spirobifluorene(spiro-sexiphenyl) (spiro-6P), distyryl-ben-
zene (DSB), distyryl-arylene (DSA). polyfluorene (PFO)-
based polymer and poly(p-phenylene vinylene) (PPV)-based
polymer, for example.

[0109] The emission layer EML may further include a
dopant, and the material of the dopant may be any material
commonly used. The dopant may include, for example,
10-phenyl-10H,10'H-spiro[acridine-9,9"-anthracen]-10'-one
(ACRSA), styryl derivatives (for example, 1,4-bis[2-(3-N-
ethylcarbazolyl)vinyl|benzene  (BCzVB),  4-(di-p-toly-
lamino)-4'-[(di-p-tolylamino)styryl]stilbene (DPAVB),
N-(4-((E)-2-(6-((E)-4-(diphenylamino )styryl)naphthalen-2-
yl)vinyl)phenyl)-N-phenylbenzenamine (N-BDAVBI)),
perylene and the derivatives thereof (for example, 2,5,8,11-
tetra-t-butylperylene (TBPe)), pyrene and the derivatives
thereof (for example, 1,1-dipyrene, 1,4-dipyrenylbenzene,
1,4-bis(N,N-diphenylamino)pyrene),  2,5.8,11-tetra-t-bu-
tylperylene (TBP), 1,3,5-tris(N-phenylbenzimidazol-2-yl)
benzene (TPBi), etc.

[0110] The emission layer EML may include, for example,
tris(8-hydroxyquinolino)aluminum (Alg,), 4,4'-bis(N-car-
bazolyl)-1,1-biphenyl  (CBP), poly(N-vinylcarbazole)
(PVK), 9,10-di(naphthalen-2-yl)anthracene (ADN), 4,4' 4"-
tris(carbazol-9-yl-triphenylamine (TCTA), 1,3,5-tris(N-
phenylbenzimidazol-2-yl)benzene (TPBi), 3-tert-butyl-9,
10-di(naphth-2-yl)anthracene (TBADN), distyrylarylene
(DSA), 4 4'-bis(9-carbazolyl)-2,2'-dimethyl-biphenyl
(CDBP), 2-methyl-9,10-bis(naphthalen-2-yl)anthracene
(MADN), bis[2-(diphenylphosphino)phenyl]ether oxide
(DPEPO), hexaphenyl cyclotriphosphazene (CP1), 1,4-bis
(triphenylsilyl)benzene (UGH2), hexaphenylcyclotrisilox-
ane (DPSI0,), octaphenylcyclotetrasiloxane (DPSi0,), 2,8-
bis(diphenylphosphoryl)dibenzofuran (PPF), etc.

[0111] The electron transport region ETR is provided on
the emission layer EML. The electron transport region ETR
may include at least one of a hole blocking layer, an electron
transport layer ETL or an electron injection layer EIL.
[0112] The electron transport region ETR may have a
single layer formed using a single material, a single layer
formed using a plurality of different materials, or a multi-
layer structure having a plurality of layers formed using a
plurality of different materials.

[0113] In an implementation, the electron transport region
ETR may have a single layer structure of the electron
injection layer EIL or the electron transport layer ETL, or a
single layer structure formed using an electron injection
material and an electron transport material. In an implemen-
tation, the electron transport region ETR may have a single
layer structure having a plurality of different materials, or a
laminated structure of electron transport layer ETL/electron
injection layer EIL, or hole blocking layer/electron transport
layer ETL/electron injection layer EIL, laminated in order
from the emission layer EML. The thickness of the electron
transport region ETR may be, for example, from about 1,000
A to about 1,500 A.
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[0114] The electron transport region ETR may be formed
using various methods such as a vacuum deposition method,
a spin coating method, a cast method, a Langmuir-Blodgett
(LB) method, an inkjet printing method, a laser printing
method, and a laser induced thermal imaging (LITT) method.
[0115] In case the electron transport region ETR includes
the electron transport layer ETL, the electron transport
region ETR may include tris(8-hydroxyquinolinato)alumi-
num (Alg3), 1,3,5-tri[(3-pyridyl)-phen-3-yl|benzene, 2.4.6-
tris(3'-(pyridin-3-yl)biphenyl-3-y1)-1,3,5-triazine, 2-(4-(N-
phenylbenzoimidazolyl-1-ylphenyl)-9,10-
dinaphthylanthracene, 1,3,5-tri(1-phenyl-1H-benzo[d]
imidazol-2-yl)phenyl (TPBi), 2,9-dimethyl-4,7-diphenyl-1,
10-phenanthroline (BCP), 4,7-diphenyl-1,10-
phenanthroline (Bphen), 3-(4-biphenylyl)-4-phenyl-5-tert-
butylphenyl-1,2,4-triazole (TAZ), 4-(naphthalen-1-y1)-3,5-
diphenyl-4H-1,2,4-triazole (NTAZ), 2-(4-biphenylyl)-5-(4-
tert-butylphenyl)-1,3,4-oxadiazole ~ (tBu-PBD),  bis(2-
methyl-8-quinolinolato-N1,08)-(1,1'-biphenyl-4-olato)
aluminum (BAlg), berylliumbis(benzoquinolin-10-olate
(Bebq,), 9,10-di(naphthalene-2-yl)anthracene (ADN), or a
mixture thereof. The thickness of the electron transport layer
ETL may be from about 100 A to about 1,000 A, for
example, from about 150 A to about 500 A. If the thickness
of the electron transport layer ETL satisfies the above-
described range, satisfactory electron transport properties
may be obtained without substantial increase of a driving
voltage.

[0116] In case the electron transport region ETR includes
the electron injection layer EIL, the electron transport region
ETR may use LiF, lithium quinolate (LiQ), Li,O, BaO,
NaCl, CsF, a metal in lanthanoids such as Yb, or metal
halides such as RbCl and Rbl. The electron injection layer
EIL also may be formed using a mixture material of an
electron transport material and an insulating organo metal
salt. The organo metal salt may be a material having an
energy band gap of about 4 eV or more. Particularly, the
organo metal salt may include, for example, a metal acetate,
a metal benzoate, a metal acetoacetate, a metal acetylaceto-
nate, or a metal stearate. The thickness of the electron
injection layer EIL may be from about 1 A to about 100 A,
for example, from about 3 A to about 90 A. In case the
thickness of the electron injection layer EIL satisfies the
above described range, satisfactory electron injection prop-
erties may be obtained without inducing the substantial
increase of a driving voltage.

[0117] The electron transport region ETR may include a
hole blocking layer as described above. The hole blocking
layer may include, for example, at least one of bis[2-
(diphenylphosphino)phenyl]ether oxide (DPEPO), 2,9-dim-
ethyl-4,7-diphenyl-1,10-phenanthroline (BCP), or 4,7-di-
phenyl-1,10-phenanthroline (Bphen).

[0118] The second electrode EL2 is disposed on the elec-
tron transport region ETR. The second electrode EL2 may
be a common electrode or a cathode. The second electrode
EL2 may be a transmissive electrode, a transflective elec-
trode or a reflective electrode. In case the second electrode
EL2 is the transmissive electrode, the second electrode EL2
may be formed using transparent metal oxides, for example,
ITO, 170, ZnO, ITZ0, etc.

[0119] In case the second electrode EL2 is the transflective
electrode or the reflective electrode, the second electrode
EL2 may include Ag, Mg, Cu, Al, Pt, Pd, Au, Ni, Nd, Ir, Cr,
Li, Ca, LiF/Ca, LiF/Al, Mo, Ti, a compound thereof, or a
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mixture thereof (for example, a mixture of Ag and Mg). The
second electrode EL2 may have a multilayered structure
including a reflective layer or a transflective layer formed
using the above-described materials and a transparent con-
ductive layer formed using ITO, IZ0, ZnO, ITZO, etc.
[0120] In an implementation, the second electrode EL2
may be connected with an auxiliary electrode. In case the
second electrode E1.2 is connected with the auxiliary elec-
trode, the resistance of the second electrode EL2 may
decrease.

[0121] In the organic electroluminescence device 10,
according to the application of a voltage to each of the first
electrode EL1 and second electrode EL2, holes injected
from the first electrode EL1 may move via the hole transport
region HTR to the emission layer EML, and electrons
injected from the second electrode EL.2 may move via the
electron transport region ETR to the emission layer EML.
The electrons and the holes are recombined in the emission
layer EML to generate excitons, and light may be emitted via
the transition of the excitons from an excited state to a
ground state.

[0122] In case the organic electroluminescence device 10
is a top emission type, the first electrode EL1 may be a
reflective electrode, and the second electrode EL2 may be a
transmissive electrode or a transflective electrode. In case
the organic electroluminescence device 10 is a bottom
emission type, the first electrode ELL1 may be a transmissive
electrode or a transflective electrode, and the second elec-
trode EL2 may be a reflective electrode.

[0123] The organic electroluminescence device according
to an embodiment of the present disclosure includes the
heterocyclic compound represented by Formula 1 in the hole
transport region (e.g., in a layer contacting with the emission
layer), thereby securing high efficiency.

[0124] Hereinafter, the present disclosure will be
explained in more detail with reference to embodiments and
comparative embodiments. The following embodiments are
illustrated only for assisting the understanding of the present
disclosure, and the scope of the present disclosure is not
limited thereto.

[0125] The following Examples and Comparative
Examples are provided in order to highlight characteristics
of one or more embodiments, but it will be understood that
the Examples and Comparative Examples are not to be
construed as limiting the scope of the embodiments, nor are
the Comparative Examples to be construed as being outside
the scope of the embodiments. Further, it will be understood
that the embodiments are not limited to the particular details
described in the Examples and Comparative Examples.

Synthesis Examples

[0126] The heterocyclic compounds according to an
embodiment of the present disclosure may be synthesized,
e.g., as follows.

[0127] 1. Synthesis of Compound 1

[0128] Compound 1 was synthesized by the following
reaction.

[0129] (Synthesis of Compound C)

0
ale

A

May 17, 2018

; Br
N
Pd(OAC)2 Oi :O
[ .
(CH;);CONa

-continued

1 Br

Si

C

[0130] Under an argon (Ar) atmosphere, 200 mL of tolu-
ene and 1.0 g of Xantphos were added in order to a mixture
of 6.0 g of Compound A, 4.9 g of Compound B, 0.39 g of
palladium acetate and 4.95 g of sodium-tert-butoxide, and
the resulting mixture was heated to reflux for about 8 hours.
After cooling to ambient temperature, the reaction solution
was filtered and 100 mL of ethanol was added to the filtrate.
Precipitated crystals were filtered and washed in order with
50 mL of water and 100 mL of ethanol to obtain 9.3 g (yield
78%) of Compound C as a light yellow powder.

[0131] (Synthesis of Compound 1)

Pd(dba),
—_—
(CH3);0Na

L

2=vd

)
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[0132] Under an argon (Ar) atmosphere, 100 mL of tolu-
ene and 1.0 mL of 2M tri(tert-butyl)phosphine in toluene
were added in order to a mixture of 16.75 g of Compound
C, 4.49 g of Compound D, 0.18 g of palladium(0) bis
(dibenzylideneacetone) and 3.9 g of sodium-tert-butoxide,
and the resulting mixture was heated to reflux for about 5
hours. After cooling to ambient temperature, the reaction
solution was filtered and 100 mL of ethanol was added to the
filtrate. Precipitated crystals were purified by column chro-
matography (toluene:hexane 1:1) and the concentrated dried
solid was recrystallized with toluene/ethanol to obtain 9.3 g
(vield 92%) of Compound 1 as a white powder. The molecu-
lar weight of Compound 1 measured by FAB-MS is as
follows.

[0133] (M/z 756.3 (M+), 757.3 (MH+))
[0134] 2. Synthesis of Compound 3
[0135] (Synthesis of Compound F)
Br
Pd(OAc),,
§ Xantphos,
:@ NaOtBu
+ _ -
Toluene
Si [
@ E
A
i Br
@N:O
@SID
T
[0136] Under an argon (Ar) atmosphere, 200 mL of tolu-

ene and 1.0 g of Xantphos were added in order to a mixture
of 6.0 g of Compound A, 4.9 g of Compound E, 0.39 g of
palladium acetate and 4.95 g of sodium-tert-butoxide, and
the resulting mixture was heated to reflux for about 8 hours.
After cooling to ambient temperature, the reaction solution
was filtered and 100 mL of ethanol was added 1o the filtrate.
Precipitated crystals were filtered and washed in order with
50 mL of water and 100 mL of ethanol. The crystals were
dissolved in toluene and purified by silica gel column
chromatography (toluene:hexane 1:1) to obtain 3.8 g (vield
41%) of Compound F as a light yellow powder.
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[0137] (Synthesis of Compound 3)
Br
N
O
Si
T
H
N
Pd(dba)s,
((CH3)5C)3P,
NaOtBu
—_—
I ! Toluene
D
; N N ‘
Si i
3
[0138] Under an argon (Ar) atmosphere, 100 mL of tolu-

ene and 1.0 mL of 2M tri(tert-butyl)phosphine in toluene
were added in order to a mixture of 3.84 g of Compound F,
2.40 g of Compound D, 0.18 g of palladium(0) bis(diben-
zylideneacetone) and 2.1 g of sodium-tert-butoxide, and the
resulting mixture was heated to reflux for about 5 hours.
After cooling to ambient temperature, the reaction solution
was filtered and 100 mL of ethanol was added to the filtrate.
Precipitated crystals were purified by column chromatogra-
phy (toluene:hexane 1:1) and the concentrated dried solid
was recrystallized with toluene/ethanol to obtain 4.4 g (vield
81%) of Compound 3 as a white powder. The molecular
weight of Compound 1 measured by FAB-MS is as follows.

[0139] (M/z 784.3 (M+), 785.3 (MH4+))

[0140] 3. Synthesis of Compound 11

[0141] (Synthesis of Compound G)
Pd(OAc),,

§ Br Xantphos,
NaOtBu
+ —_—

Toluene



US 2018/0138429 Al
27

-continued
Br

1
00

G

[0142] Under an argon (Ar) atmosphere, 200 mL of tolu-
ene and 1.0 g of Xantphos were added in order to a mixture
of 6.0 g of Compound D, 5.1 g of Compound B, 0.39 g of
palladium acetate and 5.2 g of sodium-tert-butoxide, and the
resulting mixture was heated to reflux for about 8 hours.
After cooling to ambient temperature, the reaction solution
was filtered and 100 mL of ethanol was added to the filtrate.
Precipitated crystals were filtered and washed in order with
50 mL of water and 100 mL of ethanol. The crystals were
dissolved in toluene and purified by silica gel column
chromatography (toluene:hexane 1:1) to obtain 7.2 g (vield
81%) of Compound G as a light yellow powder.

[0143] (Synthesis of Compound 1)

; Br
N
R |
G
o) Pd(dppf)Cl,
N AcOK
| DMSO
O/

%_%

(0]
B/
B

\O
H
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-continued

[0144] Under an argon (Ar) atmosphere, 100 mL of
DMSO was added to a mixture of 7.2 g of Compound G, 6.6
g of Compound H, 0.53 g of [1,1"-bis(diphenylphosphino)
ferrocene|palladium(IT) dichloride and 6.2 g of potassium
acetate, and the resulting mixture was heated to reflux for
about 8 hours. After cooling to ambient temperature, the
reaction solution was added with 500 mL of water and the
resulting precipitate was filtered. The filtered precipitate was
dissolved in toluene and purified by silica gel column
chromatography (toluene:hexane 1:1) to obtain 8.1 g (yield
70%) of Compound 1 as a brown powder.

[0145] (Synthesis of Compound 11)

; Br
N
D +
Si
C
(@]
B
: ;/ ~0
Pd(PPh3)s,

N
K;P0,
_—
Tolene/H,O

1
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[0146] Under an argon (Ar) atmosphere, 100 mL of tolu-
ene, 5 mL of water and 5 mL of ethanol were added to a
mixture of 4.0 g of Compound C, 4.2 g of Compound 1, 0.2
g of tetrakis(triphenylphosphine)palladium and 5.1 g of
potassium phosphate, and the resulting mixture was heated
to reflux for about 8 hours. After cooling to ambient tem-
perature, the reaction solution was filtered and 100 mL of
ethanol was added to the filtrate. Precipitated crystals were
filtered and washed in order with 50 mL of water and 100
mL of ethanol. The crystals were dissolved in toluene and
purified by silica gel column chromatography (toluene:
hexane 1:1) to obtain 3.43 g (yield 52%) of Compound 11
as a white powder. The molecular weight of Compound 11
measured by FAB-MS is as follows.

[0147] (M/z 832.3 (M+), 8333 (MH+))

Device Manufacturing Examples

[0148] Organic electroluminescence devices of Examples
1 to 3 were manufactured by using the above Compounds 1,
3 and 11 as electron blocking layer materials.

4
ohele
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Example Compounds
[0149]

Je¥eN
o5
SR

9

o\
QOO ~ N©©
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[0150] Organic electroluminescent devices of Compara-
tive Examples 1 to 6 were manufactured by using the
following Comparative Compounds ¢l to c¢6 as electron
blocking layer materials.

[0151] [Comparative Compounds]

cl
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[0152] The organic electroluminescence devices accord-
ing to Examples 1 to 3 and Comparative Examples 1 to 6
were manufactured by forming a first electrode using ITO to
a thickness of about 150 nm, a hole injection layer using
HAT-CN to a thickness of about 10 nm, a hole transport
layer using o-NPD to a thickness of about 80 nm, an
electron blocking layer using the example compounds or the
comparative compounds to a thickness of about 5 nm, an
emission layer using DPEPO doped with 18% ACRSA 1o a
thickness of about 20 nm, a hole blocking layer using
DPEPO to a thickness of about 10 nm, an electron transport
layer using TPBi to a thickness of about 30 nm, an electron
injection layer using LiF to a thickness of about 0.5 nm, and
a second electrode using Al to a thickness of about 100 nm.
Each layer was formed by a vacuum deposition method.

[0153] The inception voltage and external quantum effi-
ciency of the manufactured organic electroluminescence
devices were evaluated. The external quantum efficiency
was measured by using a brightness light distribution char-
acteristics measurement system C9920-11 (Hamamatsu
Photonics, Japan). Evaluation results are shown in Table 1
below.

TABLE 1

Device

manufacturing  Electron blocking Inception voltage External quantum

example layer material (V, 10 mA/em?) efficiency (%)

Example 1 Example 6.1 17.9
Compound 1

Example 2 Example 6.5 18.2
Compound 3

Example 3 Example 6.0 16.7
Compound 11

Comparative ~ Comparative 5.8 3.6

Example 1 Compound ¢l

Comparative ~ Comparative 6.1 4.3

Example 2 Compound c2

Comparative ~ Comparative 5.8 5.2

Example 3 Compound c3

Comparative ~ Comparative 5.7 31

Example 4 Compound ¢4

Comparative ~ Comparative 6.6 15.0

Example 5 Compound ¢3

Comparative ~ Comparative 5.7 4.3

Example 6 Compound ¢6

[0154] Referring to the results in Table 1, it may be seen

that the organic electroluminescence device according to
Examples 1 to 3 may attain a high efficiency.

[0155] Each of the compounds used in Examples 1 to 3
included one dihydroacridine derivative and one dihydrod-
ibenzoazasiline derivative on a linker, and has a relatively
high level of the lowest triplet excitation energy.

[0156] On the other hand, each of the compounds used in
Comparative Examples 1 to 5 included two derivatives of
the same kind on a linker, and has the lowest triplet
excitation energy lower when compared with those used in
Examples 1 to 3.

[0157] The lowest triplet excitation energy of Example
Compounds 1, 3, and 11 and Comparative Compounds cl to
¢6 are shown in Table 2 below.
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TABLE 2
Lowest triplet excitation
energy T1 (eV)
Example 1 Example 3.28
Compound 1
Example 2 Example 3.25
Compound 3
Example 3 Example 3.22
Compound 11
Comparative  Comparative 2.99
Example 1 Compound cl
Comparative ~ Comparative 2.95
Example 2 Compound ¢2
Comparative ~ Comparative 2.98
Example 3 Compound ¢3
Comparative ~ Comparative 2.62
Example 4 Compound ¢4
Comparative ~ Comparative 3.18
Example 5 Compound ¢35
Comparative ~ Comparative 2.55
Example 6 Compound ¢6
[0158] The lowest triplet excitation energy was calculated

using TD-B3LYP/631-G (d) by the theoretical chemistry
simulation software Gaussian 09.

[0159] By including the heterocyclic compound according
to an embodiment of the present disclosure into a layer in a
hole transport region contacting with an emission layer (e.g,,
an electron blocking layer), the diffusion/leakage of triplet
excitons formed in the emission layer into a hole transport
layer may be minimized or inhibited, thereby attaining a
high efficiency organic electroluminescence device.

[0160] The organic electroluminescence device including
the heterocyclic compound according to an embodiment of
the present disclosure may have an excellent efficiency.

[0161] The embodiments may provide a heterocyclic com-
pound having a high level of the lowest triplet excitation
energy and a high efficiency organic electroluminescence
device including the same.

[0162] Example embodiments have been disclosed herein,
and although specific terms are employed, they are used and
are to be interpreted in a generic and descriptive sense only
and not for purpose of limitation. In some instances, as
would be apparent to one of ordinary skill in the art as of the
filing of the present application, features, characteristics,
and/or elements described in connection with a particular
embodiment may be used singly or in combination with
features, characteristics, and/or elements described in con-
nection with other embodiments unless otherwise specifi-
cally indicated. Accordingly, it will be understood by those
of skill in the art that various changes in form and details
may be made without departing from the spirit and scope of
the present invention as set forth in the following claims.
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What is claimed is:

1. A heterocyclic compound represented by the following
Formula 1:

[Formula 1]
(Xl)a (Xg'c
/ \ / \
R, —
N—L—@s—
K @
\ | / \ |/
0.5 (X4bd

wherein in Formula 1,

L, and L, are each independently a substituted or unsub-
stituted arylene group having 6 to 30 ring carbon atoms
or a substituted or unsubstituted heteroarylene group
having 2 to 30 ring carbon atorms,

nisOorl,

R, to R, and X, to X, are each independently a hydrogen
atom, a deuterium atom, a halogen atom, a cyano
group, a substituted or unsubstituted silyl group, a
substituted or unsubstituted alkyl group having 1 to 20
carbon atoms, a substituted or unsubstituted aryl group
having 6 to 30 ring carbon atoms, or a substituted or
unsubstituted heteroaryl group having 2 to 30 ring
carbon atoms, R, to R, and X, to X, being separate or
forming a ring by combining adjacent groups with each
other, and

a to d are each independently an integer of 0 to 4.

2. The heterocyclic compound as claimed in claim 1,
wherein R, to R, are each independently a substituted or
unsubstituted alkyl group having 1 to 20 carbon atoms, a
substituted or unsubstituted aryl group having 6 to 30 ring
carbon atoms, or a substituted or unsubstituted heteroaryl
group having 2 to 30 ring carbon atoms.

3. The heterocyclic compound as claimed in claim 1,
wherein at least two of R, to R, are a substituted or
unsubstituted aryl group having 6 to 30 ring carbon atoms.

4. The heterocyclic compound as claimed in claim 1,
wherein the compound represented by Formula 1 is repre-
sented by the following Formula 1-1:

[Formula 1-1]

(X3 e R
Q s

Re)n

wherein in Formula 1-1,

Rs to Ry are each independently a hydrogen atom, a
deuterium atom, a halogen atom, a cyano group, a
substituted or unsubstituted alkyl group having 1 to 10
carbon atoms, a substituted or unsubstituted aryl group
having 6 to 15 ring carbon atoms, or a substituted or
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unsubstituted heteroaryl group having 2 to 30 ring
carbon atoms,

e to h are each independently an integer of 0 to 4, and

L,,L,, X, to X,, atod, and n are defined the same as those

of Formula 1.

5. The heterocyclic compound as claimed in claim 1,
wherein [, is a substituted or unsubstituted phenylene
group, a substituted or unsubstituted divalent biphenyl
group, a substituted or unsubstituted divalent terphenyl
group, a substituted or unsubstituted fluorenylene group, or
a heteroarylene group having at least one nitrogen atom (N)
as a hetercatom.

6. The heterocyclic compound as claimed in claim 5,
wherein n is 0.

7. The heterocyclic compound as claimed in claim 1,
wherein:

nis 1,

L, is a substituted or unsubstituted arylene group having

6 to 30 ring carbon atoms, and

L, is a substituted or unsubstituted heteroarylene group

having 2 to 30 ring carbon atoms.

8. The heterocyclic compound as claimed in claim 7,
wherein L, is a substituted or unsubstituted carbazole group,
a substituted or unsubstituted dibenzofuran group, or a
substituted or unsubstituted dibenzothiophene group.

9. The heterocyclic compound as claimed in claim 1,
wherein L, is a group represented by one of the following
Formulae L., ; to L, ;;:

L
* *
Li2
’\‘/*
*
Lis
Lia
* /‘\‘\
*
Lis
*
,\‘/
Lis
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wherein Formulae L, | to L, |, are each independently O O
unsubstituted or substituted with a deuterium atom, a N N
halogen atom, a cyano group, a substituted or unsub- g
stituted alkyl group having 1 to 10 carbon atoms, a
substituted or unsubstituted aryl group having 6 to 15 O
ring carbon atoms, or a substituted or unsubstituted Q
heteroaryl group having 2 to 30 ring carbon atoms.

10. The heterocyclic compound as claimed in claim 1,
wherein the heterocyclic compound represented by Formula
1 is a compound of the following Compound Group 1:

[Compound Group 1]

A
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11. An organic electroluminescence device, comprising:
a first electrode;

a hole transport region on the first electrode;

an emission layer on the hole transport region;

an electron transport region on the emission layer; and

a second electrode on the electron transport region,

37
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wherein the hole transport region includes a heterocyclic
compound represented by the following Formula 1:

[Formula 1]

(X3:)c

&

|
/" \
— /Rs
N—L—(La)y—N Si\
— Ry
| /
X4)a

»

L, and L, are each independently a substituted or unsub-
stituted arylene group having 6 to 30 ring carbon atoms
or a substituted or unsubstituted heteroarylene group
having 2 to 30 ring carbon atoms,

wherein in Formula 1,

nisOor 1,

R, to R, and X, to X, are each independently a hydrogen
atom, a deuterium atom, a halogen atom, a cyano
group, a substituted or unsubstituted silyl group, a
substituted or unsubstituted alkyl group having 1 to 20
carbon atoms, a substituted or unsubstituted aryl group
having 6 to 30 ring carbon atoms, or a substituted or
unsubstituted heteroaryl group having 2 to 30 ring
carbon atoms, R, to R, and X, to X, being separate or
forming a ring by combining adjacent groups with each
other, and

a to d are each independently an integer of 0 to 4.

12. The organic electroluminescence device as claimed in
claim 11, wherein:

the hole transport region includes a multilayer structure,
and

a layer in the multilayer structure contacting the emission
layer includes the heterocyclic compound represented
by Formula 1.

13. The organic electroluminescence device as claimed in
claim 11, wherein the hole transport region includes:

a hole injection layer on the first electrode;
a hole transport layer on the hole injection layer; and
an electron blocking layer on the hole transport layer, and

the electron blocking layer includes the heterocyclic com-
pound represented by Formula 1.

14. The organic electroluminescence device as claimed in
claim 11, wherein R, to R, are each independently a sub-
stituted or unsubstituted aryl group having 6 to 30 ring
carbon atoms or a substituted or unsubstituted heteroaryl
group having 2 to 30 ring carbon atoms.

15. The organic electroluminescence device as claimed in
claim 11, wherein at least two of R, to R, are a substituted
or unsubstituted aryl group having 6 to 30 ring carbon
atoms.

16. The organic electroluminescence device as claimed in
claim 11, wherein the compound represented by Formula 1
is represented by the following Formula 1-1:
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[Formula 1-1]

wherein in Formula 1-1,

Rs to Ry are each independently a hydrogen atom, a
deuterium atom, a halogen atom, a cyano group, a
substituted or unsubstituted alkyl group having 1 to 10
carbon atoms, a substituted or unsubstituted aryl group
having 6 to 15 ring carbon atoms, or a substituted or
unsubstituted heteroaryl group having 2 to 30 ring
carbon atoms,

e to h are each independently an integer of 0 to 4, and

L,,L,, X, t0 X,, “a” to “d,” and n are defined the same
as those of Formula 1.

17. The organic electroluminescence device as claimed in
claim 11, wherein L, is a substituted or unsubstituted phe-
nylene group, a substituted or unsubstituted divalent biphe-
nyl group, a substituted or unsubstituted divalent terphenyl
group, a substituted or unsubstituted fluorenylene group, or
a heteroarylene group having at least one nitrogen atom (N)
as a heteroatom.

18. The organic electroluminescence device as claimed in
claim 11, wherein:

nis 1,

L, is a substituted or unsubstituted arylene group having

6 to 30 ring carbon atoms, and

L, is a substituted or unsubstituted heteroarylene group
having 2 to 30 ring carbon atoms.
19. The organic electroluminescence device as claimed in
claim 11, wherein L, is a group represented by one of the
following Formulae L, ; to L, ;;:

38
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wherein Formulae L, | to L, ;, are each independently
unsubstituted or substituted with a deuterium atom, a
halogen atom, a cyano group, a substituted or unsub-
stituted alkyl group having 1 to 10 carbon atoms, a
substituted or unsubstituted aryl group having 6 to 15
ring carbon atoms, or a substituted or unsubstituted
heteroaryl group having 2 to 30.
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20. The organic electroluminescence device as claimed in
claim 11, wherein the heterocyclic compound represented by

Formula 1 is a compound of the following Compound Group
I:

[Compound Group 1]

)
-
®/@
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