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[Figure 1]
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[Figure 3]
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[Figure 4]
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[Figure 6]
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[Figure 10]
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[Figure 12]
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[Figure 16]
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[Figure 18]
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[Figure 20]
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[Figure 22]
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[Figure 24]
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[Figure 26]
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[Figure 28]
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[Figure 30]
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[Figure 32]
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HETEROCYCLIC COMPOUND AND
ORGANIC LIGHT EMITTING ELEMENT
USING SAME

TECHNICAL FIELD

[0001] This application claims priority to and the benefit
of Korean Patent Application No. 10-2015-0156174 filed in
the Korean Intellectual Property Office on Nov. 9, 2015, the
entire contents of which are incorporated herein by refer-
ence.

[0002] The present application relates to a hetero-cyclic
compound and an organic light emitting device using the
same.

BACKGROUND ART

[0003] An electroluminescence device is a kind of self-
emitting type display device, and has an advantage in that
the viewing angle is wide, the contrast is excellent, and the
response speed is fast.

[0004] An organic light emitting device has a structure in
which an organic thin film is disposed between two elec-
trodes. When a voltage is applied to an organic light emitting
device having the structure, electrons and holes injected
from the two electrodes combine with each other in an
organic thin film to make a pair, and then, emit light while
being extinguished. The organic thin film may be composed
of a single layer or multi layers, if necessary.

[0005] A material for the organic thin film may have a
light emitting function, if necessary. For example, as the
material for the organic thin film, it is also possible to use a
compound, which may itself constitute a light emitting layer
alone, or it is also possible to use a compound, which may
serve as a host or a dopant of a host-dopant-based light
emitting layer. In addition, as a material for the organic thin
film, it is also possible to use a compound, which may
perform a function such as hole injection, hole transport,
electron blocking, hole blocking, electron transport or elec-
tron injection.

[0006] In order to improve the performance, service life,
or efficiency of the organic light emitting device, there is a
continuous need for developing a material for an organic
thin film.

DISCLOSURE

Technical Problem

[0007] Tt is necessary to perform studies on an organic
light emitting device including a compound having a chemi-
cal structure, which may satisfy conditions required for a
material which is available for the organic light emitting
device, for example, appropriate energy levels, electro-
chemical stability, thermal stability, and the like, and may
perform various functions required for the organic light
emitting device according to the substituent.

Technical Solution

[0008] An exemplary embodiment of the present applica-
tion provides a hetero-cyclic compound represented by the
following Chemical Formula 1:
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[Chemical Formula 1]

R8

[0009] In Chemical Formula 1,

[0010] at least one of R1 to R8 is represented by -L-Ar,
and the others are each independently selected from the
group consisting of hydrogen; deuterium; a halogen group;
—CN; a substituted or unsubstituted C, to Cg, alkyl group;
a substituted or unsubstituted C, to Cq, alkenyl group; a
substituted or unsubstituted C, to C, alkynyl group; a
substituted or unsubstituted C, to C,, alkoxy group; a
substituted or unsubstituted C; to Cg, cycloalkyl group; a
substituted or unsubstituted C, to Cg4, heterocycloalkyl
group; a substituted or unsubstituted C, to Cy, aryl group; a
substituted or unsubstituted C, to Cg, heteroaryl group;
—SiRR'R"; —P(—O)RR'; and an amine group which is
unsubstituted or substituted with a C; to C,, alkyl group, a
substituted or unsubstituted C; to Cg, aryl group, or a
substituted or unsubstituted C, to Cg, heteroaryl group, or
two or more adjacent groups are bonded to each other to
form a substituted or unsubstituted aliphatic or aromatic
hydrocarbon ring,

[0011] L is a substituted or unsubstituted C, to Cg, arylene
group,
[0012] Ar is represented by any one of the following

Chemical Formulae 2 to 7,

[Chemical Formula 2]
* X1

X6 R10
g
—
X7
// RI1
R13
R12

R14

>
[

[Chemical Formula 3]

[Chemical Formula 4]

* R15

X8 R16
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-continued
[Chemical Formula 5]
R20
N R21
—
h R22
R24
R23
[Chemical Formula 6]
R25
N R26
R29 —</
N
R27
J
R28
[Chemical Formula 7]
R30

R34\//\N N

%\
NN R32
R33

[0013] In Chemical Formulae 2 to 7,

[0014] at least one of X1 to X5 is N, and the others are N
or CR,

[0015] at least one of X6 and X7 is N, and the other is N
or CR,

[0016] at least one of X8 and X9 is N, and the other is N
or CR,

[0017] R9 to R34 are the same as or different from each

other, and are each independently selected from the group
consisting of hydrogen; deuterium; a halogen group; —CN;
a substituted or unsubstituted C, to Cg, alkyl group;
substituted or unsubstituted C, to C,, alkenyl group;
substituted or unsubstituted C, to C,, alkynyl group;
substituted or unsubstituted C, to Cg, alkoxy group;
substituted or unsubstituted C; to C, cycloalkyl group;
substituted or unsubstituted C, to Cg, heterocycloalkyl
group; a substituted or unsubstituted C to Cq, aryl group; a
substituted or unsubstituted C, to Cg, heteroaryl group;
—SiRRR"; —P(—=0)RR'; and an amine group which is
unsubstituted or substituted with a C; to C,, alkyl group, a
substituted or unsubstituted C¢ to Cg, aryl group, or a
substituted or unsubstituted C, to Cg, heteroaryl group, or
two or more adjacent groups are bonded to each other to
form a substituted or unsubstituted aliphatic or aromatic
hydrocarbon ring,

[0018] R, R', and R" are the same as or different from each
other, and are each independently hydrogen; deuterium;
—CN; a substituted or unsubstituted C, to Cg, alkyl group;
a substituted or unsubstituted C; to C, cvcloalkyl group; a
substituted or unsubstituted C; to Cg, aryl group; or a
substituted or unsubstituted C, to Cg, heteroaryl group, and
[0019] * denotes a position bonded to L.

[0020] Further, another exemplary embodiment of the
present application provides an organic light emitting device
comprising: a positive electrode; a negative electrode; and
an organic material layer having one or more layers disposed
between the positive electrode and the negative electrode, in

oo oW

av]
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which one or more layers of the organic material layer
comprise the hetero-cyclic compound.

Advantageous Effects

[0021] A hetero-cyclic compound according to an exem-
plary embodiment of the present application may be used as
a material for an organic material layer of an organic light
emitting device. The hetero-cyclic compound may be used
as a material for a hole injection layer, a hole transporting
layer, a light emitting layer, an electron transporting layer, an
electron injection layer, and the like in an organic light
emitting device. In particular, the hetero-cyclic compound
represented by Chemical Formula 1 may be used as a
material for an electron transporting layer, a hole transport-
ing layer, or a light emitting layer of an organic light
emitting device. In addition, when the hetero-cyclic com-
pound represented by Chemical Formula 1 is used for an
organic light emitting device, the driving voltage of the
device may be lowered, the light efficiency of the device
may be improved, and the service life characteristics of the
device may be improved due to the thermal stability of the
compound.

DESCRIPTION OF DRAWINGS

[0022] FIGS. 1 to 3 each are a view schematically illus-
trating a stacking structure of an organic light emitting
device according to an exemplary embodiment of the pres-
ent application.

[0023] FIG. 4 illustrates a measurement graph of LTPL of
Compound 5.

[0024] FIG. 5 illustrates a measurement graph of PL of
Compound 5.

[0025] FIG. 6 illustrates a measurement graph of LTPL of
Compound 7.

[0026] FIG. 7 illustrates a measurement graph of PL of
Compound 7.

[0027] FIG. 8 illustrates a measurement graph of LTPL of
Compound 9.

[0028] FIG. 9 illustrates a measurement graph of PL of
Compound 9.

[0029] FIG. 10 illustrates a measurement graph of LTPL of
Compound 10.

[0030] FIG. 11 illustrates a measurement graph of PL of
Compound 10.

[0031] FIG. 12 illustrates a measurement graph of LTPL of
Compound 11.

[0032] FIG. 13 illustrates a measurement graph of PL of
Compound 11.

[0033] FIG. 14 illustrates a measurement graph of LTPL of
Compound 12.

[0034] FIG. 15 illustrates a measurement graph of PL of
Compound 12.

[0035] FIG. 16 illustrates a measurement graph of LTPL of
Compound 20.

[0036] FIG. 17 illustrates a measurement graph of PL of
Compound 20.

[0037] FIG. 18 illustrates a measurement graph of LTPL of
Compound 33.

[0038] FIG. 19 illustrates a measurement graph of PL of
Compound 33.

[0039] FIG. 20 illustrates a measurement graph of LTPL of
Compound 34.
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[0040] FIG. 21 illustrates a measurement graph of PL of
Compound 34.
[0041] FIG. 22 illustrates a measurement graph of LTPL of
Compound 35.

[0042] FIG. 23 illustrates a measurement graph of PL of
Compound 35.

[0043] FIG. 24 illustrates a measurement graph of LTPL of
Compound 52.

[0044] FIG. 25 illustrates a measurement graph of PL of
Compound 52.

[0045] FIG. 26 illustrates a measurement graph of LTPL of
Compound 117.

[0046] FIG. 27 illustrates a measurement graph of PL of
Compound 117.

[0047] FIG. 28 illustrates a measurement graph of LTPL of
Compound 122.

[0048] FIG. 29 illustrates a measurement graph of PL of
Compound 122.

[0049] FIG. 30 illustrates a measurement graph of LTPL of
Compound 123.

[0050] FIG. 31 illustrates a measurement graph of PL of
Compound 123.

[0051] FIG. 32 illustrates a measurement graph of LTPL of
Compound 124.

[0052] FIG. 33 illustrates a measurement graph of PL of
Compound 124.

[0053] FIG. 34 illustrates a measurement graph of LTPL of
Compound 169.

[0054] FIG. 35 illustrates a measurement graph of PL of
Compound 169.

EXPLANATION OF REFERENCE NUMERALS
AND SYMBOLS

[0055] 100: Substrate

[0056] 200: Positive electrode

[0057] 300: Organic material layer
[0058] 301: Hole injection layer
[0059] 302: Hole transporting layer
[0060] 303: Light emitting layer
[0061] 304: Hole blocking layer
[0062] 305: Electron transporting layer
[0063] 306: Electron injection layer
[0064] 400: Negative electrode

BEST MODE

[0065] Hereinafter, the present application will be
described in detail.

[0066] A hetero-cyclic compound according to an exem-
plary embodiment of the present application is represented
by Chemical Formula 1. More specifically, the hetero-cyclic
compound represented by Chemical Formula 1 may be used
as a material for an organic material layer of an organic light
emitting device by the structural characteristics of the core
structure and the substituent as described above.

[0067] According to an exemplary embodiment of the
present application, Chemical Formula 1 may be represented
by any one of the following Chemical Formulae 8 to 10.
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[Chemical Formula 8]

R4
RS R3
R2
R6 // L/Ar
R7 NN
RS

[Chemical Formula 9]

[Chemical Formula 10]

R4
RS R3
R2
R6 =
Van
RNy T~
L
ILI

[0068] In Chemical Formulae 8 to 10, R1 to R8, L, and Ar
are the same as the definitions in Chemical Formula 1.
[0069] In an exemplary embodiment of the present appli-
cation, at least one of R1 to RS is represented by -L-Ar, and
the others are each independently hydrogen; deuterium; a
substituted or unsubstituted C, to C, alkyl group; or a
substituted or unsubstituted C, to C, aryl group.

[0070] In the present application, the substituents of
Chemical Formulae 1 to 10 will be more specifically
described as follows.

[0071] In the present specification, “substituted or unsub-
stituted” means being unsubstituted or substituted with one
or more substituents selected from the group consisting of
deuterium; a halogen group; —CN; a straight or branched
C, to Cq alkyl group; a straight or branched C, to Cg,
alkenyl group; a straight or branched C, to Cg, alkynyl
group; a monocyclic or polycyclic C; to Cgy cycloalkyl
group; a monocyclic or polycyclic C, to Cg, heterocy-
cloalkyl group; a monocyclic or polycyclic Cq to Cgy aryl
group; a monocyclic or polycyclic C, to C, heteroaryl
group; —SiRR'R"; —P(—=0)RR"; a C, to C,, alkylamine
group; a monocyclic or polycyclic C, to Cg, arylamine
group; and a monocyclic or polycyclic C, to Cg, het-
eroarylamine group, or being unsubstituted or substituted
with a substituent to which two or more among the sub-
stituents are bonded, or being unsubstituted or substituted
with a substituent to which two or more substituents selected
from the substituents are linked. For example, “the substitu-
ent to which two or more substituents are linked” may be a
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bipheny! group. That is, the biphenyl group may also be an
aryl group, and may be interpreted as a substituent to which
two phenyl groups are linked. The additional substituents
may also be additionally substituted. R, R', and R" are the
same as or different from each other, and are each indepen-
dently hydrogen; deuterium; —CN; a substituted or unsub-
stituted, straight or branched C, to Cg, alkyl group; a
substituted or unsubstituted, monocyclic or polycyclic C, to
Cyo cycloalkyl group; a substituted or unsubstituted, mono-
cyclic or polycyclic Cg to Cy aryl group; or a substituted or
unsubstituted, monocyclic or polycyclic C, to Cy, heteroaryl
group.

[0072] According to an exemplary embodiment of the
present application, the “substituted or unsubstituted”” means
being unsubstituted or substituted with one or more sub-
stituents selected from the group consisting of deuterium, a
halogen group, —CN, —SiRR'R", —P(—O)RR, a straight
or branched C, to C,, alkyl group, a monocyclic or poly-
cyclic C, to Cg, aryl group, and a monocyclic or polycyclic
C, to Cg, heteroaryl group, and

[0073] R, R',and R" are the same as or different from each
other, and are each independently hydrogen; deuterium;
—CN; a straight or branched C, to Cy, alkyl group which is
unsubstituted or substituted with deuterium, a halogen
group, —CN, a straight or branched C, to C,, alkyl group,
a monocyclic or polycyclic C,; to Cg,, aryl group, and a
monocyclic or polycyclic C, to C,, heteroaryl group; a
monocyclic or polycyclic C, to Cy, cycloalkyl group which
is unsubstituted or substituted with deuterium, halogen,
—CN, a straight or branched C, to C,, alkyl group, a
monocyclic or polycyclic Cg to Cq, aryl group, and a
monocyclic or polycyclic C, to Cg, heteroaryl group; a
monocyclic or polycyclic Cg to Cg, aryl group which is
unsubstituted or substituted with deuterium, halogen, —CN,
a straight or branched C, to C,, alkyl group, a monocyclic
or polycyclic C4 to Cg, aryl group, and a monocyclic or
polycyclic C, to Cq, heteroaryl group; or a monocyclic or
polycyclic C, to Cg, heteroaryl group which is unsubstituted
or substituted with deuterium, halogen, —CN; a straight or
branched C, to C,, alkyl group, a monocyclic or polycyclic
Ce to Cg, aryl group, and a monocyclic or polyeyclic C, to
Cyo heteroaryl group.

[0074] The term “substitution” means that a hydrogen
atom bonded to a carbon atom of a compound is changed
into another substituent, and a position to be substituted is
not limited as long as the position is a position at which the
hydrogen atom is substituted, that is, a position at which the
substituent may be substituted, and when two or more are
substituted, the two or more substituents may be the same as
or different from each other.

[0075] In the present specification, the halogen may be
fluorine, chlorine, bromine or iodine.

[0076] In the present specification, the alkyl group com-
prises a straight-chain or branched-chain having 1 to 60
carbon atoms, and may be additionally substituted with
another substituent. The number of carbon atoms of the alkyl
group may be 1 to 60, specifically 1 to 40, and more
specifically 1 to 20. Specific examples thereof comprise a
methyl group, an ethyl group, a propyl group, an n-propyl
group, an isopropyl group, a butyl group, an n-butyl group,
an isobutyl group, a tert-butyl group, a sec-butyl group, a
1-methyl-butyl group, a 1-ethyl-butyl group, a pentyl group,
an n-pentyl group, an isopentyl group, a neopentyl group, a
tert-pentyl group, a hexyl group, an n-hexyl group, a 1-meth-
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ylpentyl group, a 2-methylpentyl group, a 4-methyl-2-pentyl
group, a 3,3-dimethylbutyl group, a 2-ethylbutyl group, a
heptyl group, an n-heptyl group, a 1-methylhexyl group, a
cyclopentylmethyl group, a cyclohexylmethyl group, an
octyl group, an n-octyl group, a tert-octyl group, a 1-meth-
ylheptyl group, a 2-ethylhexyl group, a 2-propylpentyl
group, an n-nonyl group, a 2,2-dimethylheptyl group, a
1-ethyl-propyl group, a 1,1-dimethyl-propyl group, an iso-
hexyl group, a 2-methylpentyl group, a 4-methylhexyl
group, a S-methylhexyl group, and the like, but are not
limited thereto.

[0077] In the present specification, the alkenyl group
comprises a straight-chain or branched-chain having 2 to 60
carbon atoms, and may be additionally substituted with
another substituent. The number of carbon atoms of the
alkenyl group may be 2 to 60, specifically 2 to 40, and more
specifically 2 to 20. Specific examples thereof comprise a
vinyl group, a 1-propenyl group, an isopropenyl group, a
1-butenyl group, a 2-butenyl group, a 3-butenyl group, a
1-pentenyl group, a 2-pentenyl group, a 3-pentenyl group, a
3-methyl-1-butenyl group, a 1,3-butadienyl group, an allyl
group, a l-phenylvinyl-1-yl group, a 2-phenylvinyl-1-yl
group, a 2,2-diphenylvinyl-1-yl group, a 2-phenyl-2-(naph-
thyl-1-yl)vinyl-1-y1 group, a 2,2-bis(diphenyl-1-yl)vinyl-1-
yl group, a stilbenyl group, a styrenyl group, and the like, but
are not limited thereto.

[0078] In the present specification, the alkynyl group
comprises a straight-chain or branched-chain having 2 to 60
carbon atoms, and may be additionally substituted with
another substituent. The number of carbon atoms of the
alkynyl group may be 2 to 60, specifically 2 to 40, and more
specifically 2 to 20.

[0079] In the present specification, the cvcloalkyl group
comprises a monocycle or polycycle having 3 to 60 carbon
atoms, and may be additionally substituted with another
substituent. Here, the polycycle means a group in which a
cycloalkyl group is directly linked to or fused with another
cyclic group. Here, another cyclic group may also be a
cycloalkyl group, but may also be another kind of cyclic
group, for example, a heterocycloalkyl group, an aryl group,
a heteroaryl group, and the like. The number of carbon
atoms of the cycloalkyl group may be 3 to 60, specifically
3 to 40, and more specifically 5 to 20. Specific examples
thereof comprise a cyclopropyl group, a cyclobutyl group, a
cyclopentyl group, a 3-methylcyclopentyl group, a 2,3-
dimethylcyclopentyl group, a cyclohexyl group, a 3-meth-
vlcyclohexyl group, a 4-methyleyclohexyl group, a 2,3-
dimethylcyclohexyl group, a 3,4,5-trimethylcyclohexyl
group, a 4-tert-butylcyclohexyl group, a cycloheptyl group,
a cyclooctyl group, and the like, but are not limited thereto.
[0080] In the present specification, the heterocycloalkyl
group comprises O, S, Se, N, or Si as a heteroatom, includes
a monocycle or polycycle having 2 to 60 carbon atoms, and
may be additionally substituted with another substituent.
Here, the polycycle means a group in which a heterocy-
cloalkyl group is directly linked to or fused with another
cyclic group. Here, another cyclic group may also be a
heterocycloalkyl group, but may also be another kind of
cyclic group, for example, a cycloalkyl group, an aryl group,
a heteroaryl group, and the like. The number of carbon
atoms of the heterocycloalkyl group may be 2 to 60,
specifically 2 to 40, and more specifically 3 to 20.

[0081] In the present specification, the aryl group com-
prises a monocycle or polycycle having 6 to 60 carbon
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atoms, and may be additionally substituted with another
substituent. Here, the polycycle means a group in which an
aryl group is directly linked to or fused with another cyclic
group. Here, another cyclic group may also be an aryl group,
but may also be another kind of cyclic group, for example,
a cycloalkyl group, a heterocycloalkyl group, a heteroaryl
group, and the like. The aryl group comprises a spiro group.
The number of carbon atoms of the aryl group may be 6 to
60, specifically 6 to 40, and more specifically 6 to 25.
Specific examples of the aryl group comprise a phenyl
group, a biphenyl group, a triphenyl group, a naphthyl
group, an anthryl group, a chrysenyl group, a phenanthrenyl
group, a perylenyl group, a fluoranthenyl group, a triph-
enylenyl group, a phenalenyl group, a pyrenyl group, a
tetracenyl group, a pentacenyl group, a fluorenyl group, an
indenyl group, an acenaphthylenyl group, a benzofluorenyl
group, a spirobifluorenyl group, a 2,3-dihydro-1H-indenyl
group, a fused cyclic group thereof, and the like, but are not
limited thereto.

[0082] In the present specification, the spiro group is a
group comprising a spiro structure, and may have 15 to 60
carbon atoms. For example, the spiro group may comprise a
structure in which a 2,3-dihydro-1H-indene group or a
cyclohexane group is spiro-bonded to a fluorenyl group.
Specifically, the Spiro group may include any one of the
groups of the following structural formulae.

/ \
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[0083] 1In the present specification, the heteroarvl group
comprises S, 0, Se, N, or Si as a heteroatom, comprises a
monocycle or polycycle having 2 to 60 carbon atoms, and
may be additionally substituted with another substituent.
Here, the polycycle means a group in which a heteroaryl
group is directly linked to or fused with another cyclic
group. Here, another cyclic group may also be a heteroaryl
group, but may also be another kind of cyclic group, for
example, a cycloalkyl group, a heterocycloalkyl group, an
aryl group, and the like. The number of carbon atoms of the
heteroaryl group may be 2 to 60, specifically 2 to 40, and
more specifically 3 to 25. Specific examples of the het-
eroaryl group comprise a pyridyl group, a pyrrolyl group, a
pyrimidyl group, a pyridazinyl group, a furanyl group, a
thiophene group, an imidazolyl group, a pyrazolyl group, an
oxazolyl group, an isoxazolyl group, a thiazolyl group, an
isothiazolyl group, a triazolyl group, a furazanyl group, an
oxadiazolyl group, a thiadiazolyl group, a dithiazolyl group,
a tetrazolyl group, a pyranyl group, a thiopyranyl group, a
diazinyl group, an oxazinyl group, a thiazinyl group, a
dioxinyl group, a triazinyl group, a tetrazinyl group, a
quinolyl group, an isoquinolyl group, a quinazolinyl group,
an isoquinazolinyl group, a quinozolilyl group, a naphthy-
ridyl group, an acridinyl group, a phenanthridinyl group, an
imidazopyridinyl group, a diaza naphthalenyl group, a tri-
azaindene group, an indolyl group, an indolizinyl group, a
benzothiazolyl group, a benzoxazolyl group, a benzimida-
zolyl group, a benzothiophene group, a benzofuran group, a
dibenzothiophene group, a dibenzofuran group, a carbazolyl
group, a benzocarbazolyl group, a dibenzocarbazolyl group,
a phenazinyl group, a dibenzosilole group, spirobi (diben-
zosilole), a dihydrophenazinyl group, a phenoxazinyl group,
a phenanthridyl group, an imidazopyridinyl group, a thienyl
group, an indolo[2,3-a]carbazolyl group, an indolo[2,3-b]
carbazolyl group, an indolinyl group, a 10,11-dihydro-
dibenzo[b,flazepin group, a 9,10-dihydroacridinyl group, a
phenanthrazinyl group, a phenothiazinyl group, a phthalazi-
nyl group, a naphthylidinyl group, a phenanthrolinyl group,
a benzo|c][1,2,5]thiadiazolyl group, a 5,10-dihydrodibenzo
[b,e][1,4]azasilinyl, a pyrazolo[1,5-c]quinazolinyl group, a
pyrido[1,2-blindazolyl group, a pyrido[1,2-a]imidazo[1,2-¢]
indolinyl group, a 5,11-dihydroindeno[1,2-b]carbazolyl
group, and the like, but are not limited thereto.

[0084] In the present specification, the amine group may
be selected from the group consisting of a monoalkylamine
group; a monoarylamine group; a monoheteroarylamine
group; —NH,; a dialkylamine group; a diarylamine group;
a diheteroarylamine group; an alkylarylamine group; an
alkylheteroarylamine group; and an arylheteroarylamine
group, and the number of carbon atoms thereof is not
particularly limited, but is preferably 1 to 30. Specific
examples of the amine group comprise a methylamine
group, a dimethylamine group, an ethylamine group, a
diethylamine group, a phenylamine group, a naphthylamine
group, a biphenylamine group, a dibiphenylamine group, an
anthracenylamine group, a 9-methyl-anthracenylamine
group, a diphenylamine group, a phenylnaphthylamine
group, a ditolylamine group, a phenyltolylamine group, a
triphenylamine group, a biphenylnaphthylamine group, a
phenylbiphenylamine group, a biphenylfluorenylamine
group, a phenyltriphenylenylamine group, a biphenyltriph-
enylenylamine group, and the like, but are not limited
thereto.



US 2018/0323379 Al

[0085] 1In the present specification, the arylene group
means that there are two bonding positions in an aryl group,
that is, a divalent group. The above-described description on
the aryl group may be applied to the arylene group, except
for a divalent arylene group. Further, the heteroarylene
group means that there are two bonding positions in a
heteroaryl group, that is, a divalent group. The above-
described description on the heteroaryl group may be
applied to the heteroarylene group, except for a divalent
heteroarylene group.

[0086] According to an exemplary embodiment of the
present application, Chemical Formula 1 may be represented
by any one of the following compounds, but is not limited
thereto.
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[0087] In addition, various substituents may be introduced
into the structure of Chemical Formula 1 to synthesize a
compound having inherent characteristics of the introduced
substituent. For example, a substituent usually used for a
hole injection layer material, a material for transporting
holes, a light emitting layer material, and an electron trans-
porting layer material, which are used for manufacturing an
organic light emitting device, may be introduced into the
core structure to synthesize a material which satisfies con-
ditions required for each organic material layer.

[0088] Furthermore, various substituents may be intro-
duced into the structure of Chemical Formula 1 to finely
adjust an energy bandgap, and meanwhile, characteristics at
the interface between organic materials may be improved,
and the use of the material may be diversified.

[0089] Meanwhile, the hetero-cyclic compound has a high
glass transition temperature (Tg) and thus has excellent
thermal stability. The increase in thermal stability becomes
an important factor which provides driving stability to a
device.

[0090] The hetero-cyclic compound according to an
exemplary embodiment of the present application may be
prepared by a multi-step chemical reaction. Some interme-
diate compounds are first prepared, and the compound of
Chemical Formula 1 may be prepared from the intermediate
compounds. More specifically, the hetero-cyclic compound
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according to an exemplary embodiment of the present
application may be prepared based on the Preparation
Examples to be described below.

[0091] Another exemplary embodiment of the present
application provides an organic light emitting device com-
prising the hetero-cyclic compound represented by Chemi-
cal Formula 1.

[0092] The organic light emitting device according to an
exemplary embodiment of the present application may be
manufactured by typical manufacturing methods and mate-
rials of the organic light emitting device, except that the
above-described hetero-cyclic compound is used to form an
organic material layer having one or more layer.

[0093] The hetero-cyclic compound may be formed as an
organic material layer by not only a vacuum deposition
method, but also a solution application method when an
organic light emitting device is manufactured. Here, the
solution application method means spin coating, dip coating,
inkjet printing, screen printing, a spray method, roll coating,
and the like, but is not limited thereto.

[0094] Specifically, the organic light emitting device
according to an exemplary embodiment of the present
application comprises a positive electrode, a negative elec-
trode, and an organic material layer having one or more layer
disposed between the positive electrode and the negative
electrode, in which one or more layers of the organic
material layer comprise the hetero-cyclic compound repre-
sented by Chemical Formula 1.

[0095] FIGS.1to 3 exemplify the stacking sequence of the
electrodes and the organic material layer of the organic light
emitting device according to an exemplary embodiment of
the present application. However, the scope of the present
application is not intended to be limited by these drawings,
and the structure of the organic light emitting device known
in the art may also be applied to the present application.

[0096] According to FIG. 1, an organic light emitting
device in which a positive electrode 200, an organic material
layer 300, and a negative electrode 400 are sequentially
stacked on a substrate 100 is illustrated. However, the
organic light emitting device is not limited only to such a
structure, and as in FIG. 2, an organic light emitting device
in which a negative electrode, an organic material layer, and
a positive electrode are sequentially stacked on a substrate
may also be implemented.

[0097] FIG. 3 exemplifies a case where an organic mate-
rial layer is a multilayer. An organic light emitting device
according to FIG. 3 comprises a hole injection layer 301, a
hole transporting layer 302, a light emitting layer 303, a hole
blocking layer 304, an electron transporting layer 305, and
an electron injection layer 306. However, the scope of the
present application is not limited by the stacking structure as
described above, and if necessary, the other layers except for
the light emitting layer may be omitted, and another neces-
sary functional layer may be further added.

[0098] The organic light emitting device according to the
present application may be manufactured by the materials
and methods known in the art, except that one or more layers
of the organic material layer comprise the hetero-cyclic
compound represented by Chemical Formula 1.

[0099] The hetero-cyclic compound represented by
Chemical Formula 1 may alone constitute one or more
layers of the organic material layer of the organic light
emitting device. However, the hetero-cyclic compound rep-
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resented by Chemical Formula 1 may be mixed with another
material, if necessary, to constitute an organic material layer.
[0100] The hetero-cyclic compound represented by
Chemical Formula 1 may be used as a material for an
electron transporting layer, a hole blocking layer, or a light
emitting layer, and the like in an organic light emitting
device. As an example, the hetero-cyclic compound repre-
sented by Chemical Formula 1 may be used as a material for
an electron transporting layer, a hole transporting layer, or a
light emitting layer of an organic light emitting device.
[0101] Furthermore, the hetero-cyclic compound repre-
sented by Chemical Formula 1 may be used as a material for
a light emitting layer in an organic light emitting device. As
an example, the hetero-cyclic compound represented by
Chemical Formula 1 may be used as a material for a
phosphorescent host of a light emitting layer in an organic
light emitting device.

[0102] In the organic light emitting device according to an
exemplary embodiment of the present application, the het-
ero-cyclic compound of Chemical Formula 1 may be more
preferably used as a material for an electron transporting
layer in the organic light emitting device. In particular, a
functional group of a hetero-cyclic group comprising a
nitrogen atom, such as Chemical Formulae 2 to 7 may be
bonded to at least one of R1 to R8 of Chemical Formula 1,
more preferably at least one of R1, R2, and RS, thereby
obtaining effects of improved electron affinity and electron
mobility. By the effects of improved electron affinity and
electron mobility, the driving voltage of the organic light
emitting device may be lowered, and the service life char-
acteristics of the organic light emitting device may be
improved.

[0103] In the organic light emitting device according to an
exemplary embodiment of the present application, materials
other than the hetero-cyclic compound of Chemical Formula
1 will be exemplified below, but these materials illustrative
only and are not for limiting the scope of the present
application, and may be replaced with materials publicly
known in the art.

[0104] As a positive electrode material, materials having a
relatively high work function may be used, and a transparent
conductive oxide, a metal or a conductive polymer, and the
like may be used. Specific examples of the positive electrode
material comprise: a metal such as vanadium, chromium,
coppet, zinc, and gold, or an alloy thereof; a metal oxide
such as zinc oxide, indium oxide, indium tin oxide (ITO),
and indium zinc oxide (IZO); a combination of a metal and
an oxide, such as ZnO:Al or Sn0,:Sb; a conductive polymer
such as poly(3-methylthiophene), poly|3,4-(ethylene-1,2-
dioxy)thiophene] (PEDOT), polypyrrole, and polyaniline;
and the like, but are not limited thereto.

[0105] As a negative electrode material, materials having
a relatively low work function may be used, and a metal, a
metal oxide, or a conductive polymer, and the like may be
used. Specific examples of the negative electrode material
include: a metal such as magnesium, calcium, sodium,
potassium, titanium, indium, yttrium, lithium, gadolinium,
aluminum, silver, tin, and lead, or an alloy thereof; a
multi-layer structured material such as LiF/Al or LiO,/Al,
and the like, but are not limited thereto.

[0106] As ahole injection material, a publicly-known hole
injection material may also be used, and it is possible to use,
for example, a phthalocyanine compound such as copper
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phthalocyanine disclosed in U.S. Pat. No. 4,356,429 or
starburst-type amine derivatives described in the document
[Advanced Material, 6, p. 677 (1994)], for example, tris(4-
carbazoyl-9-ylphenyl)amine (TCTA), 4,4',4"-tris[phenyl(m-
tolyl)amino|triphenylamine (m-MTDATA), 1,3,5-tris[4-(3-
methylphenylphenylamino)phenyl]benzene (m-MTDAPB),
polyaniline/dodecylbenzenesulfonic acid or poly(3,4-ethyl-
enedioxythiophene)/poly(4-styrenesulfonate), which is a
soluble conductive polymer, polyaniline/camphor sulfonic
acid or polyaniline/poly(4-styrene-sulfonate), and the like.

[0107] As a hole transport material, a pyrazoline deriva-
tive, an arvlamine-based derivative, a stilbene derivative, a
triphenyldiamine derivative, and the like may be used, and
a low-molecular weight or polymer material may also be
used.

[0108]
use an oxadiazole derivative, anthraquinodimethane and a
derivative thereof, benzoquinone and a derivative thereof,
naphthoquinone and a derivative thereof, anthraquinone and
a derivative thereof, tetracyanoanthraquinodimethane and a
derivative thereof, a fluorenone derivative, diphenyldicya-
noethylene and a derivative thereof, a diphenoquinone
derivative, a metal complex of 8-hydroxyquinoline and a
derivative thereof, and the like, and a low-molecular weight
material and a polymer material may also be used.

[0109] As an electron injection material, for example, LiF
is representatively used in the art, but the present application
is not limited thereto.

[0110] As a light emitting material, a red, green, or blue
light emitting material may be used, and if necessary, two or
more light emitting materials may be mixed and used.
Further, as the light emitting material, a fluorescent material
may also be used, but a phosphorescent material may also be
used. As the light emitting material, it is also possible to use
alone a material which emits light by combining holes and
electrons each injected from the positive electrode and the
negative electrode, but materials in which a host material
and a dopant material are involved in light emission together
may also be used.

[0111] The organic light emitting device according to an
exemplary embodiment of the present application may be a
top emission type, a bottom emission type, or a dual emis-
sion type according to the material to be used.

[0112] The hetero-cyclic compound according to an exem-
plary embodiment of the present application may act even in
organic electronic devices comprising organic solar cells,
organic photoconductors, organic transistors, and the like,
based on the principle similar to those applied to organic
light emitting devices.

As an electron transport material, it is possible to

MODE FOR INVENTION

[0113] Hereinafter, the present specification will be
described in more detail through Examples, but these
Examples are provided only for exemplifying the present
application, and are not intended to limit the scope of the
present application.
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EXAMPLES

<Synthesis Example 1> Synthesis of Intermediate

[0114]

Br

CHO
O 1. TsNINH,
2, o

V4

A-2

[0115] Preparation of Compound A-2

[0116] 10 g (54 mol) of a compound 2-bromoaldehyde, 0.8
g (1.1 mmol) of Pd(PPh,),Cl,, 0.4 g (2.2 mmol) of Cu', and
300 mL of triethylamine were put into a reactor, and the
resulting mixture was stirred at normal temperature of 10
minutes. 6.1 g (59.4 mmol) of phenylacetylene was added
thereto, and then the resulting mixture was stirred at 50° C.
for 3 hours. After the reaction was completed, the resulting
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product was cooled to normal temperature, and then extrac-
tion was performed with distilled water and EA. After the
organic layer was dried over anhydrous MgSO,, the solvent
was removed by a rotary evaporator, and then the residue
was purified by column chromatography using dichlo-
romethane and hexane as an eluting solvent, thereby obtain-
ing 9.1 g (82%) of Target Compound A-2.

[0117]

[0118] After 9 g (44 mmol) of Compound A-2 was dis-
solved in ethanol, 8.2 g (44 mmol) of TSNHNH, was added
thereto, and then the resulting solution was stirred at normal
temperature for 20 minutes. 1.1 g (4.4 mmol) of AgOTf was
added thereto, and then the resulting mixture was stirred at
70° C. for 30 minutes. After the temperature was lowered to
normal temperature, 24.2 g (88 mmol) of 4'-bromo-2-phe-
nylacetophenone or 3'-bromo-2-phenylacetophenone and
37.4 g (176 mmol) of K,PO, were added thereto, and then
the resulting mixture was stirred at 70° C. for 17 hours or
more. After the reaction was completed, the resulting prod-
uct was cooled to normal temperature, and then extraction
was performed with distilled water and EA. After the
organic layer was dried over anhydrous MgSO,, the solvent
was removed by a rotary evaporator, and then the residue
was purified by column chromatography using dichlo-
romethane and hexane as an eluting solvent, thereby obtain-
ing 14.6 g (70%) of Target Compound A-1.

[0119] Preparation of Compound A

[0120] 10 g (21.03 mmol) of Compound A-1, 6.41 g
(2524 mmol) of bis(pinacolato)diboron, 769 mg (1.05
mmol) of PACl,(dppi), and 6.19 g (63.09 mmol) of KOAc
were dissolved in 100 mL of 1,4-dioxane, and then the
resulting solution stirred was stirred at 80° C. for 12 hours.
After the reaction was completed, distilled water and DCM
were added thereto at room temperature, extraction was
performed, the organic layer was dried over MgSQO,, and
then the solvent was removed by a rotary evaporator. The
reactant was purified with column chromatography (DCM),
thereby obtaining 10.76 g (98%) of Target Compound A.

Preparation of Compound A-1

<Synthesis Example 2> Synthesis of Intermediate
[0121]

—_——

54

Br
CHO
O 1, TsNHNH,
X 2, B
e
A-2
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-continued

[0122] Preparation of Compound B-1

[0123] After 9 g (44 mmol) of Compound A-2 was dis-
solved in ethanol, 8.2 g (44 mmol) of TsSNHNH, was added
thereto, and then the resulting solution was stirred at normal
temperature for 20 minutes. 1.1 g (4.4 mmol) of AgOTf was
added thereto, and then the resulting mixture was stirred at
70° C. for 30 minutes. After the temperature was cooled to
normal temperature, 24.2 g (88 mmol) of 2-(4-bromophenyl)
acetophenone or 2-(3-bromophenyl)acetophenone and 37.4
g (176 mmol) of K,PO, were added thereto, and then the
resulting mixture was stirred at 70° C. for 17 hours or more.
After the reaction was completed, the resulting product was
cooled to normal temperature, and then extraction was
performed with distilled water and EA. After the organic
layer was dried over anhydrous MgSO,, the solvent was
removed by a rotary evaporator, and then the residue was
purified by column chromatography using dichloromethane
and hexane as an eluting solvent, thereby obtaining 14.0 g
(67%) of Target Compound B-1.

[0124] Preparation of Compound B

[0125] 10 g (21.03 mmol) of Compound B-1, 6.41 g
(2524 mmol) of bis(pinacolato)diboron, 769 mg (1.05
mmol) of PACl,(dppf), and 6.19 g (63.09 mmol) of KOAc
were dissolved in 100 mL of 1,4-dioxane, and then the
resulting solution was stirred at 80° C. for 12 hours. Afier the
reaction was completed, distilled water and DCM were
added thereto at room temperature, extraction was pet-
formed, the organic layer was dried over MgSO,, and then
the solvent was removed by a rotary evaporator. The reactant
was purified with column chromatography (DCM), thereby
obtaining 10.76 g (98%) of Target Compound B.
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<Synthesis Example 3> Synthesis of Intermediate

[0126]

CL -
L

(F 0

1, TsNHNH2

O
/
TN
|\ 0
. /
g O
I\
N
/
N
F
p”
\
(0]
C
[0127] Preparation of Compound C-2
[0128] 10 g (54 mol) of a compound 2-bromoaldehyde,

0.8 g (1.1 mmol) of Pd(PPh,),Cl,, 0.4 g (2.2 mmol) of Cul,
and 300 mL of triethylamine were put into a reactor, and the
resulting mixture was stirred at normal temperature of 10
minutes. 10.7 g (59.4 mmol) of 1-bromo-4-ethynylbenzene
was added thereto, and then the resulting mixture was stirred
at 50° C. for 3 hours. After the reaction was completed, the
resulting product was cooled to normal temperature, and
then extraction was performed with distilled water and EA.
After the organic layer was dried over anhydrous MgSO,,
the solvent was removed by a rotary evaporator, and then the
residue was purified by column chromatography using
dichloromethane and hexane as an eluting solvent, thereby
obtaining 13.0 g (85%) of Target Compound C-2.
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[0129] Preparation of Compound C-1

[0130] After 12.5 g (44 mmol) of Compound C-2 was
dissolved in ethanol, 8.2 g (44 mmol) of TsNHNH, was
added thereto, and then the resulting solution was stirred at
normal temperature for 20 minutes. 1.1 g (4.4 mmol) of
AgOTf was added thereto, and then the resulting mixture
was stirred at 70° C. for 30 minutes. After the temperature
was cooled to normal temperature, 17.27 g (88 mmol) of
1,2-diphenylethanone and 37.4 g (176 mmol) of K,PO, were
added thereto, and then the resulting mixture was stirred at
70° C. for 17 hours or more. After the reaction was com-
pleted, the resulting product was cooled to normal tempera-
ture, and then extraction was performed with distilled water
and EA. After the organic layer was dried over anhydrous
MgSQ,, the solvent was removed by a rotary evaporator,
and then the residue was purified by column chromatogra-
phy using dichloromethane and hexane as an eluting solvent,
thereby obtaining 13.6 g (65%) of Target Compound C-1.

[0131] Preparation of Compound C

[0132] 10 g (21.03 mmol) of Compound C-1, 6.41 g
(2524 mmol) of bis(pinacolato)diboron, 769 mg (1.05
mmol) of PACl,(dpp{), and 6.19 g (63.09 mmol) of KOAc
were dissolved in 100 mL of 1,4-dioxane, and then the
resulting solution was stirred at 80° C. for 12 hours. After the
reaction was completed, distilled water and DCM were
added thereto at room temperature, extraction was petr-
formed, the organic layer was dried over MgSO,, and then
the solvent was removed by a rotary evaporator. The reactant
was purified with column chromatography (DCM), thereby
obtaining 10.76 g (98%) of Target Compound C.

<Synthesis Example 4> Synthesis of Intermediate

[0133]

1, TsNHNH,
\ 2, )
7
Br |
A-1 /
0 0
\
B—B
/
o 0
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-continued

[0134] Preparation of Compound D-1

[0135] After 9 g (44 mmol) of Compound A-1 was dis-
solved in ethanol, 8.2 g (44 mmol) of TSNHNH, was added
thereto, and then the resulting solution was stirred at normal
temperature for 20 minutes. 1.1 g (4.4 mmol) of AgOTf was
added thereto, and then the resulting mixture was stirred at
70° C. for 30 minutes. After the temperature was cooled to
normal temperature, 18.8 g (88 mmol) of 4'-bromopropio-
phenone or 3'-bromopropiophenone and 37.4 g (176 mmol)
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of K;PQO, were added thereto, and then the resulting mixture
was stirred at 70° C. for 17 hours or more. After the reaction
was completed, the resulting product was cooled to normal
temperature, and then extraction was performed with dis-
tilled water and EA. After the organic layer was dried over
anhydrous MgSO,, the solvent was removed by a rotary
evaporator, and then the residue was purified by column
chromatography using dichloromethane and hexane as an
eluting solvent, thereby obtaining 13.3 g (73%) of Target
Compound D-1.

[0136] Preparation of Compound D

[0137] 10 g (24.26 mmol) of Compound D-1, 7.4 g (29.12
mmol) of bis(pinacolato)diboron, 885 mg (1.21 mmol) of
PdCl,(dpp), and 7.14 g (72.79 mmol) of KOAc were
dissolved in 100 mL of 1,4-dioxane, and then the resulting
solution was stirred at 80° C. for 12 hours. After the reaction
was completed, distilled water and DCM were added thereto
at room temperature, extraction was performed, the organic
layer was dried over MgSO,, and then the solvent was
removed by a rotary evaporator. The reactant was purified
with column chromatography (DCM), thereby obtaining
10.6 g (95%) of Target Compound D.

<Preparation Example 1> Preparation of
Compound 5

[0138]
Cl

©**©

Pd(PPhs),, K5POq,
1,4-dioxane/H,O
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[0139] 10 g (21.72 mmol) of Compound A, 6.39 g (23.89
mmol) of 2-chloro-4,6-diphenyl-1,3,5-triazine, 2.5 g (2.17
mmol) of Pd(PPh,),, and 65.16 g (13.83 mmol) of K,PO,
were dissolved in 1,4-dioxane/water, and then the resulting
solution was refluxed and stirred for about 3 hours. After the
reaction was completed, distilled water and DCM were
added thereto at room temperature, extraction was pet-
formed, the organic layer was dried over MgSO,, and then
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the solvent was removed by a rotary evaporator. The reactant
was purified by column chromatography (DCM:Hex=1:3)
and recrystallized with ethyl acetate, thereby obtaining 11.6
2 (85%) of a target compound.

<Preparation Example 2> Preparation of
Compound 7

[0140]

Pd(PPhs)s, K5PO,,
1 4-dioxane/H,O

7
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[0141] A preparation was performed in the same manner
as in the preparation of Compound 5 in Preparation Example
1, except that 2-([1,1'-biphenyl]-4-y1)-4-chloro-6-phenyl-1,
3,5-triazine was used instead of the compound 2-chloro-4,
6-diphenyl-1,3,5-triazine, thereby obtaining Target Com-
pound 7.

Nov. 8,2018

<Preparation Example 3> Preparation of
Compound 10

ot

Pd(PPhs)s, K53PO4,
1,4-dioxane/H,0

[0142]

[0143] A preparation was performed in the same manner
as in the preparation of Compound 5 in Preparation Example
1, except that 4-bromo-2,6-diphenylpyrimidine was used
instead of the compound 2-chloro-4,6-diphenyl-1,3,5-triaz-
ine, thereby obtaining Target Compound 10.

<Preparation Example 4> Preparation of
Compound 11

[0144]

0
/
B »
\O Pd(PPhs)s, K5POs,

1,4-dioxane/H,O
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-continued

[0145] A preparation was performed in the same manner <Preparation Example 5> Preparation of
as in the preparation of Compound 5 in Preparation Example Compound 12

1, except that 4-([1,1'-biphenyl]-4-y1)-6-bromo-6-phenylpy-

rimidine was used instead of the compound 2-chloro-4,6-

diphenyl-1,3,5-triazine, thereby obtaining Target Compound
11. [0146]

Br

Pd(PPh3)4 K3POy,
1,4-dioxane/H,0
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[0147] A preparation was performed in the same manner
as in the preparation of Compound 5 in Preparation Example
1, except that 2-bromo-4,6-diphenylpyrimidine was used
instead of the compound 2-chloro-4,6-diphenyl-1,3,5-triaz-
ine, thereby obtaining Target Compound 12.

-continued

N—

<Preparation Example 6> Preparation of Q /N
Compound 33 N
|\
/

[0148]

N

N)\N 7

<
N
33
Pd(PPhs)y, K5POq,
1,4—dioxa.ne/HZO [0149]

A preparation was performed in the same manner
as in the preparation of Compound 5 in Preparation Example
1, thereby obtaining Target Compound 33.

<Preparation Example 7> Preparation of
Compound 35

[0150]

Cl

NAF
20

Pd(PPhs)s, K3POy,
1,4-dioxane/H,O
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[0151] A preparation was performed in the same manner _continued
as in the preparation of Compound 7 in Preparation Example
2, thereby obtaining Target Compound 35.

<Preparation Example 8> Preparation of
Compound 61

[0152]
Cl
P NZ N
0—B o
o¥on “
/ 3 Pd(PPhs)s, K3POy, [0153] A preparation was performed in the same manner
N 1 4-dioxane/H,0 as in the preparation of Compound 5, except that Compound
N B was used instead of Compound A in Preparation Example
P 1, thereby obtaining Target Compound 61.
O <Preparation Example 9> Preparation of
B Compound 63

[0154]

@)
!
%
z,

Pd(PPhs4, K5PO,,
1,4-dioxane/H,O

O & C

N
/
N

a

63
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[0155] A preparation was performed in the same manner
as in the preparation of Compound 7, except that Compound
B was used instead of Compound A in Preparation Example
2, thereby obtaining Target Compound 63.

<Preparation Example 10> Preparation of
Compound 89

[0156]

Pd(PPhs)s, K;5POy,
1,4-dioxane/H,0O

[0157] A preparation was performed in the same manner <Preparation Example 11> Preparation of
as in the preparation of Compound 5, except that Compound Compound 91
C was used instead of Compound A in Preparation Example
1, thereby obtaining Target Compound 89. [0158]

Cl

N |N
X
N

Pd(PPhs)s, K5PO4,
1,4-dioxane/H,0
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-continued

<Preparation Example 12> Preparation of

[0159] A preparation was performed in the same manner
Compound 117

as in the preparation of Compound 7, except that Compound
C was used instead of Compound A in Preparation Example
2, thereby obtaining Target Compound 91. [0160]

Pd(PPh3)s, K5PO4,
1,4-dioxane/H,0
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[0161] A preparation was performed in the same manner
as in the preparation of Compound 5, except that Compound
D was used instead of Compound A in Preparation Example
1, thereby obtaining Target Compound 117.

<Preparation Example 13> Preparation of
Compound 119

[0162]
Cl

A
x> J@
N
= O /O ‘./L
B
A N\N/ \O

Pd(PPhs)q, K5PO4,
1,4-dioxane/H,0O

D
N=—
/
N
Y \N%Q.
119
[0163] A preparation was performed in the same manner <Preparation Example 14> Preparation of
as in the preparation of Compound 7, except that Compound Compound 122
D was used instead of Compound A in Preparation Example
2, thereby obtaining Target Compound 119. [0164]

Br
Z N
\N
O
= /
/ O N
N N\N 0
Pd(PPhs)y, K5POy,
1,4-dioxane/H,0
D
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-continued

<Preparation Example 15> Preparation of

[0165] A preparation was performed in the same manner
Compound 123

as in the preparation of Compound 7, except that Compound
D was used instead of Compound A in Preparation Example
3, thereby obtaining Target Compound 122. [0166]

Br
7 x
\JKO
(J-
Y0 Yed®
% \
O

N
N ~y

Pd(PPhs)s, K3PO,,
1,4-dioxane/H,O
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[0167] A preparation was performed in the same manner
as in the preparation of Compound 11, except that Com-
pound D was used instead of Compound A in Preparation
Example 4, thereby obtaining Target Compound 123.

<Preparation Example 16> Preparation of
Compound 124

Nov. 8,2018

Br

o0

Pd(PPhs)y, K5PO,,

1,4-dioxane/H,O

_ N—
oY
124

[0168]
/
SN~/
D
[0169] A preparation was performed in the same manner

as in the preparation of Compound 12, except that Com-
pound D was used instead of Compound A in Preparation
Example 5, thereby obtaining Target Compound 124.

<Preparation Example 17> Preparation of
Compound 145

[0170]

Pd(PPhs)4, K3POy,
1,4-dioxane/H,O

-continued

[0171] A preparation was performed in the same manner
as in the preparation of Compound 5, except that Compound
D was used instead of Compound A in Preparation Example
1, thereby obtaining Target Compound 145.
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<Preparation Example 18> Preparation of
Compound 147

[0172]

Pd(PPh3)y, K3POy,
1,4-dioxane/H,0

[0173] A preparation was performed in the same manner <Preparation Example 19> Preparation of

as in the preparation of Compound 7, except that Compound Compound 9
D was used instead of Compound A in Preparation Example
2, thereby obtaining Target Compound 147. [0174]

Br

Pd(PPhy)s, K3POy,
1,4-dioxane/H,0
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[0175] A preparation was performed in the same manner
as in the preparation of Compound 5 in Preparation Example
1, except that 2-(3-bromophenyl)-4,6-diphenyl-1,3,5-triaz-
ine was used instead of the compound 2-chloro-4,6-diphe-
nyl-1,3,5-triazine, thereby obtaining Target Compound 9.

<Preparation Example 20> Preparation of
Compound 20

[0176]

1,4-dioxane/H,0

_ -
Pd(PPhg)y, K3POy,

-continued

20

[0177] A preparation was performed in the same manner
as in the preparation of Compound 5 in Preparation Example
1, except that 2-bromo-1,10-phenanthroline was used
instead of the compound 2-chloro-4,6-diphenyl-1,3,5-triaz-
ine, thereby obtaining Target Compound 20.

<Preparation Example 21> Preparation of
Compound 34

[0178]

Pd(PPhy)y, K3PO,,
1,4-dioxane/H,0
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-continued

34
[0179] A preparation was performed in the same manner <Preparation Example 22> Preparation of
as in the preparation of Compound 5 in Preparation Example Compound 36
1, except that 2-bromo-4,6-di-p-tolyl-1,3,5-triazine was
used instead of the compound 2-chloro-4,6-diphenyl-1,3,5-
triazine, thereby obtaining Target Compound 34. [0180]

Pd(PPhs)y, K3POy4,
1,4-dioxane/H,O

36
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[0181] A preparation was performed in the same manner
as in the preparation of Compound 5 in Preparation Example
1, except that 2-bromo-4,6-di(naphthalen-2-y1)-1,3,5-triaz-
ine was used instead of the compound 2-chloro-4,6-diphe-
nyl-1,3,5-triazine, thereby obtaining Target Compound 36.

<Preparation Example 23> Preparation of
Compound 52

[0182]

Br

Pd(PPhs), K5PO,,
1,4-dioxane/H,O

Nov. 8,2018

-continued

[0183] A preparation was performed in the same manner
as in the preparation of Compound 5 in Preparation Example
1, except that 1-(4-bromophenyl)-2-phenyl-1H-benzo[d]
imidazole was used instead of the compound 2-chloro-4,6-
diphenyl-1,3,5-triazine, thereby obtaining Target Compound
52.

<Preparation Example 24> Preparation of
Compound 169

[0184]

Br

=

o

Pd(PPhs)s, K3PO4,
1,4-dioxane/H,0
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[0185] A preparation was performed in the same manner
as in the preparation of Compound 5 in Preparation Example
1, except that 2-(4-bromophenyl)-4,6-diphenyl-1,3,5-triaz-
ine was used instead of the compound 2-chloro-4,6-diphe-
nyl-1,3,5-triazine, thereby obtaining Target Compound 169.

<Preparation Example 25> Preparation of
Compound 176

[0186]

Pd(PPhg)4, K3PO4,
1,4-dioxane/H,O

Nov. 8,2018

-continued

[0187] A preparation was performed in the same manner
as in the preparation of Compound 5, except that Compound
B was used instead of Compound A in Preparation Example
1, thereby obtaining Target Compound 176.

<Preparation Example 26> Preparation of
Compound 178

[0188]

Pd(PPh3)y, K3PO4,
1,4-dioxane’H,0

178
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[0189] A preparation was performed in the same manner
as in the preparation of Compound 5, except that Compound
B was used instead of Compound A in Preparation Example
1, thereby obtaining Target Compound 178.

<Preparation Example 27> Preparation of
Compound 187

[0190]

Pd(PPhg)y, K3POy,
1,4-dioxane/H,0

Nov. 8,2018

-continued

[0191] A preparation was performed in the same manner
as in the preparation of Compound 20, except that Com-
pound B was used instead of Compound A in Preparation
Example 1, thereby obtaining Target Compound 187.

[0192] Compounds were prepared in the same manner as
in the Preparation Examples, and the synthesis confirmation
results thereof are shown in the following Tables. Table 1 is
about measured values of field desorption mass spectrom-
etry (FD-MS), and Table 2 is about NMR values.

TABLE 1

Compound FD-MS

Compound FD-MS

5 m/z = 627.24(CyH,N, = 627.75) 6 mlz=65527(C4eH,5N, = 655.80)

7 m/z = 703.27(CsoHx;Ns = 703.85) 8 m/z=72727(CsHy3Ns = 727.87)

9 m/z = 703.27(CsoH3;Ns = 703.85) 10 m/z = 626.25(CysHyoN, = 626.76)
11 m/z =702.28(C5, 1, N, = 702.86) 12 m/z = 626.25(C,5H,oN, = 626.76)
13 m/z = 702.28(Cs;Hy,N, = 702.86) 14 m/z = 600.23(C43HygN; = 600.73)
19 m/z = 523.20(C3sHsN; = 523.64) 20 m/z = 57422{Cy HyeN, = 574.69)
23 m/z = 664.26(CheHyN, = 664.81) 24 mlz = 664.26{CygH;,N, = 664.81)
25 m/z = 588.23(CoHLeN, = 588.71) 26 miz = 588.23(C,H,eN, = 588.71)
27 mlz = 616.26(C4qHyN, = 616.77) 28 m/z = 616.26{CyHsoN, = 616.77)
33 m/z = 627.24(CyylL,Ns = 627.75) 34 mlz = 655.27(CyeH;3Ns = 655.80)
35 m/z = 703.27(CsgHy3Ns = 703.85) 36 mlz = 727.27(Cs,H;3Ns = 727.87)
37 m/z = 703.27(CsgHy, N, = 703.85) 38 miz = 626.25(CysH N, = 626.76)
39 m/z = 702.28(Cs;Hy,N, = 702.86) 40 m/z = 62625(Cy4sHy0N, = 626.76)
41 m/z = 702.28(Cs,H,,N, = 702.86) 42 m/z = 600.23(Cy43H,eN; = 600.73)
47 m/z = 523.20(CyelLosN; = 523.64) 48 miz = 57422(C4 Hy6N, = 574.69)
51 m/z = 664.26(C gl N, = 664.81) 52 miz = 664.26{C g, N, = 664.81)
53 m/z = 588.23(CppH,sN, = 588.71) 54 miz = 588.23(CypH5eN, = 588.71)
55 m/z = 616.26(CyyHy,N, = 616.77) 56 miz = 616.26{CyH;5N, = 616.77)
61 m/z = 627.24(CyyHNs = 627.75) 62 m/z = 655.27(C4ell;5Ns = 655.80)
63 m/z =703.27(CsHy, N, = 703.85) 64 m/z=727.27(C,H, N; = 727.87)
65  m/z =703.27(CsoHy; N5 = 703.85) 66 m/z = 626.25(CysH,N, = 626.76)
67 m/z =702.28(Cs;Hs,N, = 702.86) 68  m/z = 626.25(CysH,0N, = 626.76)
69 m/z =702.28(Cs;Hs,N, = 702.86) 70 miz = 600.23{CyHyeN; = 600.73)
75 m/z = 523.20(CglL, N, = 523.64) 76 mlz = 57422{Cy N, = 574.69)
79 m/z = 664.26(CugHyN, = 664.81) 80  m/z = 664.26(Cuel;5N, = 664.81)
81 m/z = 588.23(CpHeN, = 588.71) 82 m/z=588.23(CyH,eN, = 588.71)
83 m/z = 616.26(CyHy,N, = 616.77) 84  m/z = 616.26(CyH;,N, = 616.77)
80 m/z = 627.24(CyyH,Ns = 627.75) 90  mlz = 655.27(CyeH;;3Ns = 655.80)
91 m/z=703.27(Cs,Hy3Ns = 703.85) 92 mlz = 727.27(Cs,H;3N5 = 727.87)
93 m/z = 703.27(CsgH33Ns = 703.85) 94 mlz = 626.25{CysH;oN, = 626.76)
95 m/z = 702.28(C5,H,,N, = 702.86) 96 mlz = 626.25{CysH, N, = 626.76)
97 m/z = 702.28(Cs;Hy,N, = 702.86) 98 m/z = 600.23{Cy3H5eN; = 600.73)
103 m/z = 523.20(CygH55N; = 523.64) 104 mfz=57422(C, HyeN, = 574.69)
107 m/z = 664.26(CygH;,N, = 664.81) 108 m/z = 664.26(CugHy,N, = 664.81)
109 m/z = 588.23(C,,H,N, = 588.71) 110 m/z = 588.23(CH,eN, = 588.71)
11 m/z = 616.26(CyyHy,N, = 616.77) 112 m/z = 61626(CyHy,N, = 616.77)
117 m/z = 565.23(CsH,,Ns = 565.68) 118 m/z = 593.26(CyH;, N5 = 593.73)
119 m/z = 641.26(C,sH; Ns = 641.78) 120 m/z = 665.26(C,7H; N5 = 665.80)
121 m/z = 641.26(C,5H; N, = 641.78) 122 mfz = 564.23(C40H N, = 564.69)
123 miz = 640.26(CyeHs,N, = 640.79) 124 m/z = 564.23(CoHoeN, = 564.69)
125 m/z = 640.26(CyeH3,N, = 640.79) 126 m/z = 538.22(CagHoeN, = 538.65)
131 m/z =461.19(Cy3H,;N; = 461.57) 132 m/z=512.20(CssH,,N, = 512.60)
135 m/z = 602.25(Cy3H;oN, = 602.74) 136 m/z = 602.25(C43HsoN, = 602.74)
137 m/z = 526.22(C3;HyeN, = 526.64) 138 m/z=526.22(CyHyeN, = 526.64)
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TABLE 1-continued
Compound FD-MS Compound FD-MS

139 miz = 554.25(C3oHyeN, = 554.70) 140 m/z = 554.25(C3oH3oN, = 554.70)
145 m/z = 565.23(CayH, Ny = 565.68) 146 m/z = 593.26(C4,Hy Ny = 593.73)
147 miz = 641.26(CysHy N5 = 641.78) 148 m/z = 665.26(C4-H3,Ns = 663.80)
149 miz = 641.26(C4sH,, N5 = 641.78) 150 m/z = 564.23(C4otogN, = 564.69)
151 m/z = 640.26(C H,,N, = 640.79) 152 m/z = 564.23(C,oHeN, = 564.69)
153 m/z = 640.26(C 61N, = 640.79) 154 m/z = 538.22(CygHLN, = 538.65)
159 m/z = 461.19(C,L,,N, = 461.57) 160 mfz =512.20(C3gH,,N, = 512.60)
163 m/z = 602.25(C 5 0N, = 602.74) 164 m/z = 602.25(C45H0N, = 602.74)
165  m/z = 526.22(C37HN, = 526.64) 166 m/z = 526.22(C37H,6N,4 = 526.64)
167  miz = 55425(C3oH,, N, = 554.70) 168 m/z = 554.25(C3oH3oN, = 554.70)
169 m/z = 703.27(CsHy5Ns = 703.85) 170 m/z = 703.27(CsHysNs = 703.85)
171 miz = 641.26(C4sH,, N5 = 641.78) 172 m/z = 641.26(C45Hs,Ns = 641.78)
173 m/z = 703.27(CsHs5N5 = 703.85) 174 m/z = 703.27(CsoHs3Ns = 703.85)
175 mz = 703.27(C5,H,,N; = 703.85) 176 m/z = 627.24(C TN, = 627.75)
177 mlz = 655.27(C 6H,5N5 = 655.80) 178 mfz = 703.27(C5oHy,Ny = 703.85)
179 mlz = 727.27(Cs, 5N, = 727.87) 180 mfz = 703.27(CsHy,Ny = 703.85)
181  m/z = 626.25(C sH;N, = 626.76) 182 m/z = 702.28(C5,H;, N, = 702.86)
183 miz = 626.25(CysHsoN, = 626.76) 184 m/z = 702.28(Cs,HayN, = 702.86)
185 m/z = 600.23(Cy3HueN; = 600.73) 186 m/z = 523.20(C3gHosNy = 523.64)
187 m/z = 574.22(C, H,eN, = 574.69) 188 m/z = 664.26(C,gH,N, = 664.81)
189 miz = 664.26(C gHyN, = 664.81) 190 m/z = 588.23(C4oHogN, = 588.71)
191 m/z = 588.23(C,LN, = 588.71) 192 mfz = 616.26(Cy Hy,N, = 616.77)
193 m/z = 616.26(CyyH3N, = 616.77)

TABLE 2

Compound 'H NMR(CDCls, 300 Mz)

5

7

9

10

12

20

33

34

35

36

52

61

63

89

91

119

122

123

124

8 = 8.36(4H, m), 8.30(2H, d), 8.05(1H, d), 7.96(2H, d), 7.70~7.62(4H, m),
751~7A1(14H, m), 7.08Q2H, 1)

8 = 8.36(2H, 1), 8.30(2H, d), 8.05(11, 1), 7.96(4H, d), 7.75(2H, d), 7.70(2H,
d), 7.62Q2H, m), 7.50~741(14H, m), 7.25(2H, d), 7.08Q2H, t)

8 = 8.83~8.30(7H,m), 8.05(1H, 1), 7.94(1H, 5), 7.85(2H, d), 7.73~7.61(6H,
m), 7.51~7.41(14H, m), 7.08Q2H, 1)

8 = 8.35(2H, m), 83041, s), 8.23(1H, 5, 8.05(11, 1), 7.94(1H, d),
7.70~755(7TH, m), 7.50~7.41(11H, m), 7.08(2H, 1)

8 = 8.35(2H, m), 8.30(61, 1), 8.23(1H, s), 8.05(1H, 1), 7.85(2H, d), 7.75(2H,
d), 7.70QH, d), 7.62(2H, m), 7.51~7.41(14H, m), 7.08Q2H, 1)

8 = 8.30(2H, d), 8.23(1H, ), 8.05(11, d), 7.96~7.94(6H, m), 7.70~7.55(8H,
m), 7.51~7.41(10H, m), 7.08(Q2H, 1)

8 = 8.80(1H, d), 8.71~8.69(3H,1), 8.45(1H, d), 8.30(2H, d), 8.20(1H, d),
805(1H, dy, 7.90(1H, d) 7.70~7.62(4H, m), 7.56~7.41(9H,m), 7.29(1H, d),
708(2H, d)

8 = 8.38~8.36(5H, m), 8.05(1H, 1), 7.94(2H, m), 7.73~7.62(5H, m),
750~741(14H, m), 7.08Q2H, 1)

8 = B.60(4H, d), 8.38(1H, d), 8.05(1H, d), 7.94(2H, 1), 7.73~7.62(5H,m),
747~745(12H, m), 2.34(6H, s)

8 = 8.38~8.36(3H, m), 8.05(1H, 1), 7.96~7.94(4H, m), 7.75~7.62(7H, m),
751~7A1(14H, m), 7.25Q2H, d), 7.08QH, 1)

8 = 9.09(2H, s), 8.49(2H, d), 8.38(1H, d), 8.16(2H, d), 8.08(2H, d),
805~794(5H, m), 7.70~7.62(4H, m), 7.61~7.41(13H, m), 7.08(2H, 1)

8 = B.56(1H, d), 8.28(QH, d), 8.05(1H, d), 7.94(2H, d), 7.81~7.73(6H, m),
7.70~7.62(4H, m), 7.53~7.41(13H, m), 7.28(1H, 1), 7.08QH, 1)

8 = B.36(4M, 1), 8.05(1, d), 7.96(2H, d), 7.84(2H, d), 7.70~7.62(4H, m),

753~747(12H, m), 7.25(2H, d), 7.08QH, 1)

d = 8.36(2H, 1), 8.05(1H, 1), 7.96(4H, d), 7.84(2H, d), 7.75(2H, d), 7.70(1H,
1), 7.62(2H, m), 7.53~7.41(13H, m), 7.25(4H, d), 7.08(2H, 1)

8 = B.69(2H, d), 8.36(4H, 1), 8.05(1T, d), 7.96(2H, d), 7.84(2H, d),
7.70~7.62(6H, m), 7.53~7.41(12H, m)

d = 8.69(2H, d), 8.36(2H, 1), 8.05(1H, 1), 7.96(4H, d), 7.84(2H, d),
7.75~7.62(6H, m), 7.53~7.41(14H, m), 7.25Q2H, d)

d = 8.36(4H, 1), 8.30(2H, d), 8.05(1H, 1), 7.96(2H, d), 7.70~7.62(4H, m),
7.50~747(9H, m), 7.08(2H 1), 2.12(3H, s)

d = 8.36(2H, 1), 8.30(2H, d), 8.05(1H, 1), 7.96(4H, d), 7.75(2H, d),
7.70~7.62(4H, m), 7.50~7.41(9H, m), 7.25(2H, d), 7.08H, 1), 2.12(3H, s)
d = 8.35(2H, 1), 8.30(4H, s), 8.23(1H, 5), 8.05(1H, d), 7.94(2H, d),
7.70~7.62(4H, m), 7.55~7.49(9H, m), 7.08(2H, t), 2.12(3H, s)

8 = 8.35(2H, 1), 8.30(6H, 1), 8.23(1H, s), 8.05(1H, d), 7.85(2H, d), 7.75(2H,
d), 7.70~7.62(4H, m), 7.50~7.41(9H, m), 7.08(2H, 1), 2.12(3H, s)

d = 8.30(2H, d), 8.23(1H, s), 8.05(1H, s), 7.96~7.94(6H, m), 7.70~7.62(4H,
m), 7.55~7.49(9H, m), 7.08(2H, 1), 2.12(3H, s)
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Compound 'H NMR(CDCl,, 300 Mz)

145
m), 7.50~7.47(9H, m), 7.08(2H, 1), 2.12(3H, s)

8 = 8.38~8.36(5H, m), 8.05(1H,d), 7.94(2H, m), 7.73(1H, 1), 7.70~7.62(4H,

147 & =8.38~8.36(3H, m), 8.05(1H,d), 7.96~7.64(4H, m), 7.73(1L, 1),
7.70~7.62(6H, m), 7.50~7.41(9H, m), 7.25(2H, d), 7.08(2H, 1), 2.12(3H, 5)
169 6= 836(4H, m), 8.30(2H, d), 8.05(1H, d), 7.96(2H, d), 7.85(2H, d},
7.70~7.62(4H, m), 7.50~7.41(14H, m), 7.25(2H, d), 7.08(2H, t)
176 &=8.38~8.36(5H, m), 8.05(1H, d), 7.94(1H, s), 7.84(2H, d), 7.73~7.61(6H,
m), 7.53~7.49(12H, m), 7.08(2H, 1)
178 &= 8.38~8.36(3H, m), 8.05(1H, d), 7.96~7.94(3H, m), 7.84(2H, d),
7.75~7.62(7H, m), 7.50~7.41(13H, m), 7.25(2H, d), 7.08(2H, t)
187 & =8.80(1H, d), 8.71(1H, d), 845(1H, d), 8.33(1H, s), 8.20(1H, d), 8.05(1H,
d), 7.90~7.84(3H, m), 7.73~7.62(5H, m), 7.56~7.47(8H, m), 7.29(1H, d),
7.08(2H, 1)
[0193] Meanwhile, FIGS. 4 to 35 are graphs showing the [0212] FIG. 21 illustrates a measurement graph of PL of
light emission absorption spectra obtained by measuring ~ Compound 34.
photoluminescence (PL) or low temperature photolumines- .
cence (LTPL) of the compounds in a specific UV wave- [0213] FIG. 22 illustrates a measurement graph of LTPL of
length region. Compound 35.
[0194] PL was measured at normal temperature by using  [0214] FIG. 23 illustrates a measurement graph of PL of
a model name LS55 spectrometer manufactured by Perkin - Compound 35.
Elmer Inc., and LTPL was measuring by using a model name )
F7000 spectrometer manufactured by HITACHL Ltd., and [0215] FIG. 24 illustrates a measurement graph of LTPL of
an analysis was made under the low temperature condition Compound 52.
of -196° C. (77 K) by using liquid nitrogen. [0216] FIG. 25 illustrates a measurement graph of PL of
[0195] FIG. 4 illustrates a measurement graph of LTPL of  Compound 52.
Compound 5. .
[0196] FIG. 5 illustrates a measurement graph of PL of [0217] FIG. 26 illustrates a measurement graph of LTPL of
Compound 5. Compound 117.
[0197] FIG. 6 illustrates a measurement graph of LTPL of [0218] FIG. 27 illustrates a measurement graph of PL of
Compound 7. Compound 117.
[0198] FIG. 7 illustrates a measurement graph of PL of [0219] FIG. 28 illustrates a measurement graph of LTPL of
Compound 7. . Compound 122.
[0199] FIG. 8 illustrates a measurement graph of LTPL of
Compound 9. [0220] FIG. 29 illustrates a measurement graph of PL of
[0200] FIG. 9 illustrates a measurement graph of PL of ~ Compound 122.
Compound 9. [0221] FIG. 30 illustrates a measurement graph of LTPL of
[0201] FIG. 10 illustrates a measurement graph of LTPLof  Compound 123.
Compound 10. .
[0202] FIG. 11 illustrates a measurement graph of PL of [0222] FIG. 31 illustrates a measurement graph of PL of
Compound 123.
Compound 10.
[0203] FIG. 12 illustrates a measurement graph of LTPL of [0223] FIG. 32 illustrates a measurement graph of LTPL of
Compound 11. Compound 124.
[0204] FIG. 13 illustrates a measurement graph of PL of [0224] FIG. 33 illustrates a measurement graph of PL of
Compound 11. ) Compound 124.
[0205] FIG. 14 illustrates a measurement graph of LTPL of .
Compound 12. [0225] FIG. 34 illustrates a measurement graph of LTPL of
[0206] FIG. 15 illustrates a measurement graph of PL of Compound 169.
Compound 12. [0226] FIG. 35 illustrates a measurement graph of PL of
[0207] FIG. 16 illustrates a measurement graph of LTPLof ~ Compound 169.
Compound 20.
[0208] FIG. 17 illustrates a measurement graph of PL of Comparative Example 1
Compound 20.
[0209] FIG. 18 illustrates a measurement graph of LTPL of [0227] Trichloroethylene, acetone, ethanol, and distilled
Compound 33. water were each sequentially used to ultrasonically wash a
[0210] FIG. 19 illustrates a measurement graph of PL of  transparent electrode ITO thin film obtained from glass for
Compound 33. OLED (manufactured by Samsung-Corning Co., Litd.) for 5
[0211] FIG. 20 illustrates a measurement graph of LTPL of ~ minutes, and then the ITO thin film was placed in isopro-
Compound 34. panol, stored, and then used.
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[0228] Next, the ITO substrate was disposed in a substrate
folder of a vacuum deposition equipment, and the following
44" 4"-tris(N,N-(2-naphthyl)-phenylamino)triphenyl amine
(2-TNATA) was placed in a cell in the vacuum deposition

Swee
SONSAGYS

2-TNATA

[0229] Subsequently, air in the chamber was evacuated
until the degree of vacuum in the chamber reached 10~° torr,
and then a hole injection layer having a thickness of 600 A
was deposited on the ITO substrate by applying current to
the cell to evaporate 2-TNATA.

[0230] Ahole transporting layer having a thickness of 300
A was deposited on the hole injection layer by placing the
following N,N'-bis(c-naphthyl)-N,N'-diphenyl-4,4'-diamine
(NPB) in another cell in the vacuum deposition equipment
and applying current to the cell to evaporate NPB.

NPB

[0231] The hole injection layer and the hole transporting
layer were formed as described above, and then a blue light
emitting material having the following structure as a light
emitting layer was deposited thereon. Specifically, a blue
light emitting host material H1 was vacuum deposited to
have a thickness of 200 A on one cell in the vacuum
deposition equipment, and a blue light emitting dopant
material DI was vacuum deposited thereon in an amount of
5% based on the host material.

Nov. 8,2018

H1

2

D1

[0232] Subsequently. a compound having the following
structural formula E 1 (Comparative Compound 1) as an
electron transporting layer was deposited to have a thickness
of 300 A.

El

[0233] An OLED was manufactured by depositing lithium
fluoride (LiF) as an electron injection layer to have a
thickness of 10 A and allowing the Al negative electrode to
have a thickness of 1,000 A.

[0234] Meanwhile, all the organic compounds required for
manufacturing an OLED were subjected to vacuum sub-
limed purification under 105 to 10~® torr for each material,
and used for the manufacture of OLED.

Comparative Examples 2 to 6

[0235] Organic electroluminescence devices according to
Comparative Examples 2 to 6 were manufactured in the
same manner as in Comparative Example 1, except that the
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following Structural Formulae E2, E3, E4, ES, and E6 were _continued
used instead of E1 used when an electron transporting layer E5
was formed in Comparative Example 1.
E2
O _
P,
O E6
E3
[\
/s
N
o
Example 1
4 [0236] An organic electroluminescence device was manu-
factured in the same manner as in Comparative Example 1,
except that the compound synthesized in the present inven-
tion was used instead of E1 used when an electron trans-
porting layer was formed in Comparative Example 1.
<Experimental Example> Evaluation of Organic
Electroluminescence Device
[0237] For each of the organic electroluminescence
devices manufactured in Comparative Examples 1 and 6 and
Examples 1 to 27, the driving voltage, the efficiency, the
color coordinate, and the durability (service life) were
measured at a light emitting brightness of 700 cd/m” and
evaluated, and the results are as shown in the following
Table 3.
TABLE 3
Electron Driving
Experimental transporting layer  voltage Efficiency  Color coordinate Service life
Example material V) (cd/A) (x,y) (Ts0)
Comparative E1 4.7 45 (0.15, 0.18) 330
Example 1
Comparative E2 5.5 3.7 (0.15, 0.19) 300
Example 2
Comparative E3 6.5 24 (0.15, 0.18) 150
Example 3
Comparative E4 7.2 3.1 (0.15, 0.18) 22
Example 4
Comparative ES 6.6 1.8 (0.15, 0.17) 260
Example 5
Comparative E6 5.9 4.0 (0.15, 0.18) 15
Example 6
Examples Compound 5 4.7 4.8 (0.15, 0.18) 450
Compound 7 4.6 4.5 (0.13, 0.18) 500
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Electron Driving

Experimental transporting layer voltage Efficlency  Color coordinate Service life

Example material V) (cd/A) x,v) (Ts0)
Compound 9 45 44 (0.15, 0.17) 550
Compound 10 4.6 49 (0.15, 0.18) 440
Compound 11 44 5.0 (0.15, 0.17) 430
Compound 12 4.6 45 (0.15, 0.18) 420
Compound 20 45 44 (0.15, 0.17) 410
Compound 33 4.6 49 (0.15, 0.18) 451
Compound 34 45 44 (0.15, 0.17) 399
Compound 35 4.6 49 (0.15, 0.18) 380
Compound 36 44 5.0 (0.15, 0.17) 570
Compound 52 4.6 45 (0.15, 0.18) 510
Compound 61 45 44 (0.15, 0.17) 523
Compound 63 45 44 (0.15, 0.17) 499
Compound &89 4.6 49 (0.15, 0.18) 510
Compound 91 44 5.0 (0.15, 0.17) 430
Compound 117 4.6 45 (0.15, 0.18) 700
Compound 119 45 44 (0.15, 0.17) 630
Compound 122 44 5.0 (0.15, 0.17) 550
Compound 123 4.6 45 (0.15, 0.18) 500
Compound 124 45 44 (0.15, 0.17) 461
Compound 145 45 44 (0.15, 0.17) 500
Compound 147 4.6 49 (0.15, 0.18) 520
Compound 169 44 5.0 (0.15, 0.17) 530
Compound 176 4.6 45 (0.15, 0.18) 490
Compound 178 45 44 (0.15, 0.17) 450
Compound 187 45 44 (0.15, 0.17) 471
Compound 13 4.1 5.0 (0.15, 0.17) 580
Compound 19 43 5.1 (0.15, 0.18) 520
Compound 23 43 49 (0.15, 0.17) 430
Compound 25 43 4.8 (0.15, 0.17) 600
Compound 38 45 44 (0.15, 0.17) 450
Compound 39 45 44 (0.15, 0.17) 471
Compound 40 45 44 (0.15, 0.17) 450
Compound 48 45 44 (0.15, 0.17) 471
Compound 53 45 44 (0.15, 0.17) 450
Compound 56 45 44 (0.15, 0.17) 471
Compound 37 41 5.0 (0.15, 0.17) 52
Compound 70 43 5.1 (0.15, 0.18) 530
Compound 75 3.9 6.0 (0.15, 0.17) 490
Compound 76 45 44 (0.15, 0.18) 450
Compound 80 41 5.0 (0.15, 0.17) 47
Compound 82 43 5.1 (0.15, 0.18) 520
Compound 83 3.9 6.0 (0.15, 0.17) 530
Compound 93 45 44 (0.15, 0.18) 490
Compound 96 41 5.0 (0.15, 0.17) 450
Compound 97 45 44 (0.15, 0.18) 47
Compound 104 45 44 (0.15, 0.17) 52
Compound 107 45 44 (0.15, 0.17) 530
Compound 110 4.5 44 (0.15, 0.18) 490
Compound 132 41 5.0 (0.15, 0.17) 450
Compound 138 43 5.1 (0.15, 0.17) 52
Compound 148 3.9 6.0 (0.15, 0.18) 530
Compound 149 45 44 (0.15, 0.17) 490
Compound 153 45 44 (0.15, 0.18) 450
Compound 160 4.5 44 (0.15, 0.17) 52
Compound 166 4.5 44 (0.15, 0.18) 530
Compound 168 45 44 (0.15, 0.17) 490
Compound 170 41 5.0 (0.15, 0.18) 52
Compound 175 43 5.1 (0.15, 0.17) 52
Compound 174 3.9 6.0 (0.15, 0.17) 530
Compound 175 4.5 44 (0.15, 0.18) 490
Compound 179 41 5.0 (0.15, 0.17) 450
Compound 182 43 5.1 (0.15, 0.18) 47
Compound 186 3.9 6.0 (0.15, 0.17) 580
Compound 189 41 5.0 (0.15, 0.17) 52
Compound 191 43 5.1 (0.15, 0.18) 430
Compound 6 4.5 44 (0.15, 0.17) 52
Compound & 4.5 44 (0.15, 0.18) 530
Compound 42 4.5 44 (0.15, 0.17) 52
Compound 66 4.5 44 (0.15, 0.18) 530
Compound 118 41 5.0 (0.15, 0.17) 490
Compound 120 4.5 44 (0.15, 0.18) 520
Compound 125 45 44 (0.15, 0.17) 530
Compound 126 45 44 (0.15, 0.18) 490
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TABLE 3-continued
Electron Driving
Experimental transporting layer voltage Efficlency  Color coordinate Service life
Example material V) (cd/A) x,v) (Ts0)
Compound 135 45 44 (0.15, 0.18) 450
Compound 139 45 44 (0.15, 0.18) 471
Compound 150 45 44 (0.15, 0.18) 580
Compound 151 41 5.0 (0.15, 0.17) 520
Compound 152 43 5.1 (0.15, 0.18) 430
Compound 164 43 49 (0.15, 0.17) 670

[0238] As in Table 3, it can be seen that when a device is

manufactured by using the electron transporting layer mate- [Chemical Formula 2]

rial used in the Examples of the present invention, the * X1
service life is increased, and the driving voltage and effi- Y \)|Q
ciency are improved as compared to the comparative com- X5 X3
pounds which are the electron transporting layer materials Sxd
used in Comparative Examples 1 to 6. [Chemical Formula 3]
[0239] Due to the characteristics of ET of the substituent R9
of the present invention, the compound of the present X6 R10
invention is more suitable for being used as an electron ( X
transporting layer. S
X7 7 Z
1. A hetero-cyclic compound represented by the following RI3 Ri1
Chemical Formula 1: RI2
[Chemical Formula 4]
R14
[Chemical Formula 1] I RIS
?
\XS / R16

R19 R18
R0 [Chemical Formula 5]

in Chemical Formula 1, N R21
at least one of R1 to R8 is represented by -L-Ar, and the *4</

others are each independently selected from the group N

consisting of hydrogen; deuterium; a halogen group; / R22

—CN; a substituted or unsubstituted C, to Cg, alkyl R24 R23

group; a substituted or unsubstituted C, to Cg, alkenyl ,

group; a substituted or unsubstituted C, to Cy, alkynyl R25 [Chemical Formula 6]

group; a substituted or unsubstituted C, to Cg, alkoxy

group; a substituted or unsubstituted C, to Cg, N R28

cycloalkyl group; a substituted or unsubstituted C, to R 4</

Ceo heterocycloalkyl group; a substituted or unsubsti-

tuted C, to Cy, aryl group; a substituted or unsubsti- /N R27

tuted C, to C,,, heteroaryl group; —SiRR'R"; —P(=0) *

RR'; and an amine group which is unsubstituted or R28

substituted with a C, to C,, alkyl group, a substituted R3O [Chemical Formula 7]

or unsubstituted C4 to C, aryl group, or a substituted

or unsubstituted C, to C,, heteroaryl group, or two or R34 fme” N R31

more adjacent groups are bonded to each other to form <\/ N

a substituted or unsubstituted aliphatic or aromatic K

hydrocarbon ring, N A R32
L is a substituted or unsubstituted C to Cg, arylene group, R33

Ar is represented by any one of the following Chemical
Formulae 2 to 7,
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in Chemical Formulae 2 to 7,

at least one of X1 to X5 is N, and the others are N or CR,
at least one of X6 and X7 i1s N, and the other is N or CR,
at least one of X8 and X9 is N, and the other is N or CR,

R9 to R34 are the same as or different from each other,
and are each independently selected from the group
consisting of hydrogen; deuterium; a halogen group;
—CN;

a substituted or unsubstituted C, to Cg, alkyl group; a
substituted or unsubstituted C, to Cy, alkenyl group; a
substituted or unsubstituted C, to Cg,, alkynyl group; a
substituted or unsubstituted C; to C, alkoxy group; a
substituted or unsubstituted C, to C,, cycloalkyl group;
a substituted or unsubstituted C, to Cg, heterocy-
cloalkyl group; a substituted or unsubstituted C to Cy,
aryl group; a substituted or unsubstituted C, to Cg,
heteroaryl group; —SiRR'R"; —P(—O)RR"; and an
amine group which is unsubstituted or substituted with
a C, to C,, alkyl group, a substituted or unsubstituted
Ce to Cy, aryl group, or a substituted or unsubstituted
C, to Cg, heteroaryl group, or two or more adjacent
groups are bonded to each other to form a substituted
or unsubstituted aliphatic or aromatic hydrocarbon
ting,

R, R', and R" are the same as or different from each other,
and are each independently hydrogen; deuterium;
—CN; a substituted or unsubstituted C, to C, alkyl
group; a substituted or unsubstituted C; to Cg,
cycloalkyl group; a substituted or unsubstituted C to
Cyo aryl group; or a substituted or unsubstituted C, to
Cyo heteroaryl group, and

* denotes a position bonded to L.

2. The hetero-cyclic compound of claim 1, wherein
Chemical Formula 1 is represented by any one of the
following Chemical Formulae 8 to 10:

[Chemical Formula 8]

[Chemical Formula 9]

51
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-continued
[Chemical Formula 10]
R4
RS R3
R2
R6 —
R1
v/
RNy N
I
Ar

in Chemical Formulae 8 to 10, R1 to R8, L, and Ar are the
same as the definitions in Chemical Formula 1.

3. The hetero-cyclic compound of claim 1, wherein at
least one of R1 to R8 of Chemical Formula 1 is represented
by -L-Ar, and

the others are each independently hydrogen; deuterium; a
substituted or unsubstituted C, to C, alkyl group; or a
substituted or unsubstituted Cg4 to Cy, aryl group.

4. The heterocyclic compound of claim 1, wherein
Chemical Formula 1 is represented by any one of the
following compounds:
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-continued -continued
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5. An organic light emitting device comprising:

a positive electrode;

a negative electrode; and

an organic material layer having one or more layers

disposed between the positive electrode and the nega-
tive electrode,

wherein one or more layers of the organic material layer

comprise the hetero-cyclic compound of claim 1.

6. The organic light emitting device of claim 5, wherein
the organic material layer comprises at least one layer of a
hole blocking layer, an electron injection layer, and an
electron transporting layer, and at least one layer of the hole
blocking layer, the electron injection layer, and the electron
transporting layer comprises the hetero-cyclic compound.

7. The organic light emitting device of claim 5, wherein
the organic material layer comprises a light emitting layer,
and the light emitting layer comprises the hetero-cyclic
compound.

8. The organic light emitting device of claim 5, wherein
the organic material layer comprises one or more layers of
a hole injection layer, a hole transporting layer, and a layer
which injects and transports holes simultaneously, and one
layer of the layers comprises the hetero-cyclic compound.

I S S T
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