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(7) ABSTRACT

An organic compound is represented by Formula 1.

[Formula 1]

where X, X,,[.,A;,A,,R1,R,,R;, R, and Het are as defined
in the specification.
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ORGANIC COMPOUND AND ORGANIC
LIGHT EMITTING DIODE DEVICE
INCLUDING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] Korean Patent Application No. 10-2014-0086973
filed on Jul. 10, 2014, in the Korean Intellectual Property
Office, and entitled: “Organic Compound and Organic Light
Emitting Diode Device Including the Same,” is incorporated
by reference herein in its entirety.

BACKGROUND

[0002] 1.Field

[0003] Embodiments relate to an organic compound and an
organic light emitting diode device including the same.
[0004] 2. Description of the Related Art

[0005] Recent trends toward lightweight and thin personal
computers and televisions sets also require lightweight and
thin display devices, and flat panel displays satisfying such
requirements are being substituted for conventional cathode
ray tubes (CRTs.)

[0006] However, since the LCD is a passive display device,
an additional back-light as a light source is needed, and the
LCD has various problems such as a slow response time and
a narrow viewing angle. In this connection, an organic light
emitting diode (OLED) display has recently been spotlighted
as a display device that has merits such as a wide viewing
angle, outstanding contrast, and a fast response time. In the
organic light emitting diode device, electrons injected from
one electrode and holes injected from another electrode are
combined with each other in an emission layer, thereby gen-
erating excitons, and energy is outputted from the excitons to
thereby emit light.

SUMMARY

[0007] Embodiments are directed to an organic compound
represented by Formula 1:

[Formula 1]

[0008] Wherein, Formula 1,
[0009] X, and X, are CR5orN,
[0010] R, to R, are independently hydrogen, deuterium, a

halogen,a C1to C40alkyl group,a C5 to C40 aryl group, a C5
to C40 heteroaryl group, a C5 to C40 aryloxy group, a Cl to
C40 alkyloxy group, a C5 to C40 arylamino group, a C5 to
C40 diarylamino group, a C6 to C40 arylalkyl group, a C3 to
C40 cycloalkyl group, or a C3 to C40 heterocycloalkyl group,
and any of R, to R5 may form a fused aliphatic ring, a fused
aromatic ring, a fused heteroaliphatic ring, or a fused het-
eroaromatic ring with an adjacent group or a combination
thereof,
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[0011] L isasingle-bond, a substituted or unsubstituted C5
to C30 arylene group, a substituted or unsubstituted C10 to
C30 fused arylene group, a substituted or unsubstituted C2 to
C30heteroarylene group including at least one of N, S, and O,
or a substituted or unsubstituted C5 to C30 fused het-
eroarylene group including at least one of N, S, and O,
[0012] Het s a substituted or unsubstituted C3 to C20 het-
eroarylene group including N, and

[0013] A, and A, are hydrogen, a substituted or unsubsti-
tuted C5 to C40 aryl group and, or a substituted or unsubsti-
tuted CS5 to C40 heteroaryl group.

[0014] The compound represented by Formula 1 may
include at least one of Compounds 1 to 72 (reproduced
below).

[0015] Embodiments are also directed to an organic light
emitting diode device including an anode, a cathode, and an
organic layer provided between the anode and the cathode,
wherein the organic layer includes an organic compound
represented by Formula 1.

[0016] The organic layer may include an emission layer.
The organic compound represented by Formula 1 may be
included in the emission layer.

BRIEF DESCRIPTION OF THE DRAWING

[0017] Features will become apparent to those of skill in the
art by describing in detail exemplary embodiments with ref-
erence to the attached drawing in which:

[0018] FIG. 1 illustrates a cross-sectional view of a con-
figuration of an organic light emitting diode device according
to an exemplary embodiment.

DETAILED DESCRIPTION

[0019] Example embodiments will now be described more
fully hereinafter with reference to the accompanying draw-
ing; 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.
[0020] In the drawing FIGURES, the dimensions of layers
and regions may be exaggerated for clarity of illustration. It
will also be understood that when a layer or element is
referred to as being “on” another layer or substrate, it can be
directly on the other layer or substrate, or intervening layers
may also be present. In addition, it will also be understood
that when a layer is referred to as being “between” two layers,
it can be the only layer between the two layers, or one or more
intervening layers may also be present. Like reference numer-
als refer to like elements throughout.

[0021] In the present specification, the term “substituted,”
unless separately defined otherwise, indicates a substitution
of at least one hydrogen atom with a substituent selected from
deuterium, a C1 to C30 alkyl group, a C6 to C36 aryl group,
aC2 to C30 heteroaryl group, a C1 to C30 alkoxy group, aC2
to C30 alkenyl group, a C6 to C30 aryloxy group, a C3 to C40
silyloxy group, a C1 to C30 acyl group, a C2 to C30 acyloxy
group, a C2 to C30 heteroacyloxy group, a C1 to C30 sulfonyl
group, a C1 to C30 alkylthiol group, a C6 to C30 arylthiol
group, a Cl to C30 heterocyclothiol group, a C1 to C30
phosphoric acid amide group, a C3 to C40 silyl group, NRR'
(where R and R’ are respectively substituents selected from a
hydrogen atom, a C1 to C30 alkyl group, and a C6 to C30 aryl
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group), a carboxylic acid group, a halogen group, a cyano
group, a nitro group, an azo group, a fluorene group, and a
hydroxyl group.

[0022] Further, the C6 to C36 aryl group, the C2 to C30
heteroaryl group, and the fluorene group from among the
substituents may be further substituted with deuterium, a
halogen, a cyano group, a methyl group, a tri-fluoromethyl
group, or a phenyl group.

[0023] As used herein, the term “hetero,” unless separately
defined otherwise, indicates that a single ring contains one to
three heteroatoms selected from the group consisting of N, O,
S, and P, with carbon atoms as the remainder.

[0024] Also in the present specification, the term “organic
layer” generally refers to layers including an organic mate-
rial. Such an organic layer may further include an inorganic
material and a metal complex in addition to the organic mate-
rial. The organic layer may include at least one layer.

[0025] Further, among groups used in chemical formulae of
the present specification, definition of a representative group
is as follows (the number of carbons that limits substituents is
not restrictive, and does not limit characteristics of the con-
stituents).

[0026] An unsubstituted C1 to C30 alkyl group may be a
linear type or a branched type. Examples of the unsubstituted
C1 to C30 alkyl include methyl, ethyl, propyl, iso-propyl,
sec-butyl, hexyl, iso-amyl, hexyl, heptyl, octyl, nonanyl,
dodecyl, and the like.

[0027] An unsubstituted C2 to C30 alkenyl group has at
least one carbon-carbon bond in the center or at a terminal of
the unsubstituted alkyl group. Examples include ethenyl, pro-
penyl, butenyl, or the like.

[0028] The term “unsubstituted C2 to C30 alkynyl group”
refers to an alkyl group having at least one carbon-carbon
triple bond in the center or at a terminal of the alkyl group.
Examples of the unsubstituted C2-C30 alkynyl group include
acetylene, propylene, phenylacetylene, naphthylacetylene,
isopropylacetylene, t-butylacetylene, diphenylacetylene, or
the like.

[0029] The term “unsubstituted C3 to C30 cycloalkyl
group” refers to a C3 to C30 cyclic alkyl group.

[0030] The term “unsubstituted C1 to C30 alkoxy group”
refers to a group having a structure of —OA (wherein A is an
unsubstituted C1 to C30 alkyl group as described above).
Examples of the unsubstituted C1 to C30 include a methoxy
group, an ethoxy group, a propoxy group, an isopropyloxy
group, a butoxy group, and a pentoxy group.

[0031] The term “unsubstituted C6 to C30 aryl group”
refers to a carbocyclic aromatic system containing at least one
ring. At least two rings may be fused to each other or linked to
each other by a single bond. The term “aryl” refers to an
aromatic system, such as phenyl, naphthyl, or anthracenyl.
Examples of the unsubstituted C6 to C30 aryl group include
aphenyl group, a tolyl group, a naphthyl group, an anthrace-
nyl group, a terphenyl group, a phenanthrenyl group, a pyre-
nyl group, a diphenylanthraceny! group, a dinaphthylanthra-
cenyl group, a pentacenyl group, a bromophenyl group, a
hydroxyphenyl group, a stilbene group, an azobenzenyl
group, or a ferrocenyl group.

[0032] An unsubstituted C2 to C30 heteroaryl group
includes one, two, or three hetero atoms selected from B, N,
O, S, and P. At least two rings may be fused to each other or
linked each other by a single bond. Examples of the unsub-
stituted C2 to C30 heteroaryl group include a pyrazolyl
group, an imidazolyl group, an oxazolyl group, a triazolyl

Jan. 14,2016

group, a triazinyl group, a triazolyl group, a tetrazolyl group,
an oxadiazole group, a thiadiazole group, a pyridinyl group, a
pyridazinyl group, a pyrimidinyl group, a triazinyl group, a
carbazole group, an indolyl group, a quinolyl group, an iso-
quinolyl group, a thiophene group, a dibenzothiophene
group, a dibenzofuran group, and a benzimidazolyl group.
[0033] An unsubstituted C6 to C30 aryloxy group is a
group represented by —OA,, wherein A, is the same type of
functional group as the C6 to C30 aryl group, having a dif-
ferent number of carbons. Examples of the aryloxy group
may include a phenoxy group.

[0034] An unsubstituted C6 to C30 arylthio group is a
group represented by —SA |, where A is the same type of
functional group as the C6 to C30 aryl group, having a dif-
ferent number of carbons. Examples of the arylthio group
include a benzenethio group, a naphthylthio group, or the
like.

[0035] An organic compound according to an exemplary
embodiment will now be described in detail.

[0036] The organic compound may be represented by For-
mula 1.

[Formula 1]

[0037] Here,
[0038] X, and X, are CR;orN,
[0039] R, to R;are independently H, D, a halogen, aC1 to

C40 alkyl group, a C5 to C40 aryl group, a C5 to C40 het-
eroaryl group, a C5 to C40 aryloxy group, a C1 to C40
alkyloxy group, a C5 to C40 arylamino group, a C5 to C40
diarylamino group, a C6 to C40 arylalkyl group, a C3 to C40
cycloalkyl group, and a C3 to C40 heterocycloalkyl group,
and any of R, to Rs form a fused aliphatic ring, a fused
aromatic ring, a fused heteroaliphatic ring, or a fused het-
eroaromatic ring with an adjacent group, or a combination
thereof,

[0040] L isasingle-bond, a substituted or unsubstituted C5
to C30 arylene group, a substituted or unsubstituted C10 to
C30 fused arylene group, a substituted or unsubstituted C2 to
C30heteroarylene group including at least one of N, S, and O,
or a substituted or unsubstituted C5 to C30 fused het-
eroarylene group including at least one of N, S, and O,
[0041] Het s a substituted or unsubstituted C3 to C20 het-
eroarylene group including N, and

[0042] A, and A, are H, a substituted or unsubstituted C5 to
C40 aryl group, or a substituted or unsubstituted C5 to C40
heteroaryl group.

[0043] As a detailed example of the compound represented
by Formula 1, at least one of the Compounds 1 to 72 shown
below may be provided.

[0044] The compounds 1 to 72 shown below may be used
independently, at least two may be mixed and used, or they
may be mixed with another compound and be used.
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[0045] An organic light emitting diode device to which the
above-described organic compound is applied according to
an exemplary embodiment will be described with reference to
FIG. 1.

[0046] FIG. 1 illustrates a cross-sectional view of an
organic light emitting diode device according to an exem-
plary embodiment.

[0047] Referring to FIG. 1, the organic light emitting diode
device may include an anode 1, a cathode 2 facing the anode
1, and an organic layer 10 provided between the anode 1 and
the cathode 2.

[0048] The substrate (not shown) may be disposed on the
side of the anode 1 or the cathode 2. The substrate may be
made of, e.g., an inorganic material such as glass, an organic
material such as polycarbonate, (PC), polymethylmethacry-
late (PMMA), polyethylene terephthalate (PET), polyamide
(PA), polyethersulfone (PES), or a combination thereof, a
silicon wafer, or the like.

[0049] Atleast one of the anode 1 and the cathode 2 may be
a transparent electrode formed by processing a conductive
oxide such as indium tin oxide (ITO), indium zinc oxide
(IZ0), tin oxide (Sn0O,), zinc oxide (ZnO), or a combination
thereof, or a metal such as Al, Ag, or Mg to be thin.

[0050] The organic layer 10 may include an emission layer
5, ahole auxiliary layer 3 provided between the anode 1 and
the emission layer 5, and an electron auxiliary layer 4 pro-
vided between the cathode 2 and the emission layer 5. At least
one of the hole auxiliary layer 3 and the electron auxiliary
layer 4 may be omitted.

[0051] The emission layer 5 may include anthracene, ary-
lamine, styryl, a derivative thereof, or a combination thereof.
The emission layer 5 may function as a fluorescent or phos-
phorescent host and may include a suitable dopant.

[0052] Examples of a suitable red dopant include PtOEP,
Ir(piq)s, Bip,lr(acac), DCITB, or the like.
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PtOEP

Ir(ppy)a(acac) Ir(mpyp)3

Ir(piq)3

C545T

. . [0054] Examples of a suitable-known blue dopant include
[0053] Examplf:s.of asuitable green dopant include Ir(ppy) F,Irpic, (F,ppy),Ir(tmd), Ir(dfppz),, ter-fluorene, 4.4'-bis(4-
s(ppy=phenylpyridine), Ir(ppy),(acac), Ir(mpyp);, C545T, ot giphenylaminostyryl) biphenyl (DPAVBi), 2,5.8,11-tetra-
the like. tert-butyl perylene (ITBP), or the like.

(F2ppy),lritmd) Ix(dfppz);

Folrpic
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[0055] A content of the dopant may be selected, for
example, within a range of 0.1 to 15 parts by weight with
respect to 100 parts by weight of the emission layer forming
material (i.e., the total weight of the host and the dopant is set
to be 100 parts by weight).

DPAVBi TBP

[0056] The emission layer 5 may emit white light by a
combination of the primary colors such as three primary
colors of red, green, and blue. The white light may be emitted
by combining the colors of neighboring subpixels or by com-
bining colors that are deposited in the vertical direction.

[0057] The electron auxiliary layer 4 may be provided ; ;
between the emission layer 5 and the cathode 2. The electron N N
auxiliary layer 4 may increase electron mobility. The electron
auxiliary layer 4 may include at least one layer selected from

d

the electron injection layer, the electron transport layer, and
the hole blocking layer.

[0058] The electron auxiliary layer 4 may include the
above-described organic compound.

[0059] The hole blocking layer may include any suitable

material to form a hole blocking layer. The suitable material

used to form the hole blocking layer may be randomly

selected. For example, oxadiazole derivatives, triazole m-MTDATA
derivatives, phenanthroline derivatives, Balq, BCP, or the like

may be used.

[0060] Theelectron transport layer may include the organic
compound represented by Formula 1.

[0061] Theholeauxiliary layer 3 may be provided between
the emission layer 5 and the anode 1 to increase hole mobility.
The hole auxiliary layer 3 may exemplarily include at least
one layer selected from among the hole injection layer, the
hole transport layer, and the electron blocking layer.

SEN@
[0062] A suitable hole injection material may be for the

hole injection layer. For example, the hole injection material N N

may be a phthalocyanine compound such as copper phthalo-

cyanine or the like, m-MTDATA (4,4'.4"-tris(3-methylphe-

nylphenylamino)triphenylamine), NPB (N,N'-di(1-naph-

thyl)-N,N-diphenylbenzidine(N,N-di(1-naphthyl )-N,N-

diphenylbenzidine)), TDATA, 2T-NATA, Pani/DB SA N@
(polyaniline/dodecylbenzene  sulfonic  acid:polyaniline/

dodecylbenzene sulfonic acid), PEDOT/PSS (poly(3,4-eth-

vlene dioxythiophene)/poly(4-styrene sulfonate):poly(3,4-

ethylene dioxythiophene)/poly(4-styrene sulfonate)), Pani/

CSA  (polyaniline/camphor  sulfonic  acid:polyaniline/
camphor sulfonic acid), or Pani/PSS (((polyaniline)/poly(4-
styrene sulfonate):polyaniline)/poly(4-styrene sulfonate)).
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[0063] Thehole transport layer may include a suitable hole
transport material, for example, a carbazole derivative such as
N-phenylcarbazole, polyvinylcarbazole, or the like, and an
amine derivative having an aromatic condensed ring such as
NPB, N,N'-bis(3-methylphenyl)-N,N'-diphenyl-[1,1-biphe-
nyl]-4,4'-diamine (TPD), or the like. For example, the hole
transport material may transport holes and prevent the exci-
tons from spreading from the emission layer.

avats

.
o
oo

\/

[0064] The organic light emitting diode device may be con-
figured in the form of anode/hole injection layer/emission
layer/electron transport layer/cathode, anode/hole injection
layer/hole transport layer/emission layer/electron transport
layer/cathode, or anode/hole injection layer/hole transport
layer/emission layer/electron transport layer/electron injec-
tion layer/cathode.

OB O
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[0065] The organic layer 10 may be formed by various
methods, for example, a vacuum deposition method, a spin
coating method, a cast method, or an LB method.

[0066] When the organic layer is formed by the vacuum
deposition method, deposition conditions may depend on the
compound used as a material of the organic layer, the struc-
ture of the target organic layer, and thermal characteristics.
For example, deposition conditions may include a deposition
temperature 100 to 500° C., avacuum degree 10-% to 10-> torr,
and a deposition speed 0.01 to 100 A/sec.

[0067] When the organic layer is formed by the spin coating
method, coating conditions may depend on the compound
used as a material of the organic layer, the structure of the
target organic layer, and thermal characteristics. For example,
deposition conditions may include a coating speed of about
2,000 rpm to about 5,000 rpm, and a heat treatment tempera-
ture for removing a solvent after the coating in a temperature
range of about 80° C. to 200° C.

[0068] The organic layer 10 may include a first layer
including the organic compound represented by Formula 1.
The first layer may be the electron transport layer.

[0069] Theorganic layer 10 may further include at least one
of the hole injection layer, the hole transport layer, the elec-
tron blocking layer, the hole blocking layer, the electron
transport layer, and the electron injection layer in addition to
the electron transport layer.

[0070] Theorganic light emitting diode device may be elec-
trically connected to a thin film transistor. The thin film tran-
sistor may be disposed between the substrate and the elec-
trode.

[0071] The following FExamples 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 Com-
parative 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
Synthesis Example 1

Synthesis of Compound 1

[0072]

Intermediate 1A



US 2016/0013420 Al

-continued

Intermediate 1B

Compound 1

Synthesis of Compound 1

[0073] In a nitrogen atmosphere, the intermediate 1A (2.1
g, 6 mmol), the intermediate 1B (1.6 g, 5 mmol), Pd(PPh,),
(0.23 g, 0.2 mmol), 3 mL of a 2 M K,CO; aqueous solution,
10mL oftoluene, and 5 mL of ethanol were provided and then
refluxed and agitated for twelve hours. A resultant material
was rinsed with distilled water, and an organic material was
extracted by using ethyl acetate. The extracted organic mate-
rial was dried with anhydride MgSO,, decompressed, and
distilled. 1.1 g (41%) of the intermediate compound 1 was
acquired by column-separating the resultant material.

[0074] H-NMR (CDCl,, 300 MHz, ppm): 8.4-8.3 (m, 4H),
8.2-8.1 (m, 2H), 7.8-7.9 (m, 3H), 7.7-7.4 (m, 10H), 1.7 (s,
12H).

Synthesis Example 2

Synthesis of Compound 4
[0075]

(HO,B l
T

Intermediate 4B

Cl

Intermediate 4A

17
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-continued

Intermediate 4C

@ indicates text missing or illegible when filed

Synthesis of Intermediate 4C

[0076] The intermediate 4C (1.4 g, 63%) was synthesized
using the same method as the synthesis method of the com-
pound 1, except for the usage of the intermediate 4A instead
of the intermediate 1B and usage of the intermediate 4B
instead of the intermediate 1A.

Intermediate 1A

e

Intermediate 4C
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-continued

Compound 4

Synthesis of Compound 4

[0077] Thecompound4 (0.9 g, 58%) was synthesized using
the same method as the synthesis method of the compound 1,
except for the usage of the intermediate 4C instead of the
intermediate 1B.

[0078] H-NMR (CDCl,, 300 MHz, ppm): 9.0-8.9 (m, 2H),
8.5-8.1 (m, 9H), 7.9-7.8 (m, 5H), 7.7-7.6 (m, 4H), 7.5-7.4 (m,
7H), 1.7 (s, 12H).

Synthesis Example 3
Synthesis of Compound 7
[0079]
B(OH),
Cl N
X
| @ —
.
Cl
Intermediate 7A Intermediate 7B

Cl N HO),B N
N HO) ]
Va Va
—

Intermediate 7C Intermediate 7D

@indicates text missing or illegible when filed

Synthesis of Intermediate 7C

[0080] The intermediate 7C (2.7 g, 43%) was synthesized
using the same method as the synthesis method of the com-
pound 1, except for the usage of the intermediate 7A instead

Jan. 14,2016

of the intermediate 1B and usage of the intermediate 7B
instead of the intermediate 1 A.

Synthesis of Intermediate 7D

[0081] At room temperature, the intermediate 7C (5.1 g, 20
mmol) was melted in a flask in which 100 mL tetrahydrofuran
was provided. The temperature of the flask was reduced to
-78° C., n-butillithium (18 mL, 30.0 mol) was slowly added
at the temperature, and triisopropyl borate (5.5 mL, 25.0
mmol) was added at the same temperature. The temperature
of the flask was gradually increased to reach room tempera-
ture overnight to progress a reaction. When the reaction was
finished, a IN-hydrochloric acid aqueous solution was added
to the flask until reaching pH 2 to acidify the reaction solu-
tion. The acidified reaction solution was extracted with ethyl
acetate and the extracted organic layer was rinsed with puri-
fied water. The organic layer was separated from the ethyl
acetate to be dried with sulfuric acid anhydride magnesium
and filtered. A filtrate was concentrated to recrystallize the
same with dichloromethane and n-hexane, such that the inter-
mediate 7D (3.8 g, 74%) was acquired.

(HO),B | AN
Vi
Ny
LA
a N N

Intermediate 7D

: o
Cl N/ | N\
F

Intermediate 7F

Intermediate 7E

@ indicates text missing or illegible when filed

Synthesis of Intermediate 7F

[0082] The intermediate 7F (1.2 g, 38%) was synthesized
using the same method as the synthesis method of the com-
pound 1, except for the usage of the intermediate 7E instead
of the intermediate 1B and usage of the intermediate 7D
instead of the intermediate 1 A.
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Seoo TN

Intermediate 1A

cl N S

Intermediate 7F

Compound 7

Synthesis of Compound 7

[0083] The compound 7 (0.8 g, 60%) was synthesized
using the same method as the synthesis method of the com-
pound 1, except for the usage of the intermediate 7F instead of
the intermediate 1B.

[0084] H-NMR (CDCL, 300 MHz, ppm): 9.0-8.9 (m, 3H),
8.5 (s, 1H), 8.4 (s, 1), 83-8.1 (m, 7H), 7.9-7.8 (m, 6H),
7.7-74 (m, 8H), 2.7 (s, 3H), 1.7 (s, 12H).

Jan. 14,2016

Synthesis Example 4

Synthesis of Compound 11

[0085]
l l (HO),B N
+ —
7
Il ’
)\ 7
Cl N Cl
Intermediate 4A Intermediate 7D
|
)\ 7 N
Cl N | N
/

Intermediate 11A

@ indicates text missing or illegible when filed

Synthesis of Intermediate 11A

[0086] The intermediate 11A (1.8 g, 69%) was synthesized
using the same method as the synthesis method of the com-
pound 1, except for the usage of the intermediate 4A instead
of the intermediate 1B and usage of the intermediate 7D
instead of the intermediate 1A.

Intermediate 1A
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-continued

Intermediate 11A

Compound 11

Synthesis of Compound 11

[0087] The compound 11 (0.9 g, 64%) was synthesized by
using the same method as the synthesis method of the com-
pound 1, except for the usage of the intermediate 11 A instead
of the intermediate 1B.

[0088] H-NMR (CDCl;, 300 MHz, ppm): 9.0-8.9 (m, 3H),
8.5(s,1H), 8.3-8.1 (m, 7H), 7.9-7.8 (m, 6H), 7.7-7.3 (m, 8H),
2.7 (s,3H), 1.7 (s, 12H).

Synthesis Example 5
Synthesis of Compound 17
[0089]
Br N\ (HO),B N
s s

—

Intermediate 17A Intermediate 17B

20
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Synthesis of Intermediate 17B

[0090] The intermediate 17B (2.3 g, 56%) was synthesized
using the same method as the synthesis method of the com-
pound 1, except for the usage of the intermediate 17 A instead
of the intermediate 7C.

N,
cl | N
Xy @ -
A “
Cl N/ Cl B(OH),

Intermediate 17C Intermediate 17D

Intermediate 17E

@ indicates text missing ot illegible when filed

Synthesis of Intermediate 17E

[0091] Theintermediate 17E (1.1 g. 17%) was synthesized
by using the same method as the synthesis method of the
compound 1, except for the usage of the intermediate 17C
instead of the intermediate 1B and usage of the intermediate
17D instead of the intermediate 1A.

(HO),B N

x
F

Intermediate 17B
N

Intermediate 17E

Intermediate 17F

® indicates text missing or illegible when filed
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Synthesis of Intermediate 17F

[0092] Theintermediate 17E (1.2 g, 27%) was synthesized
by using the same method as the synthesis method of the
compound 1, except for the usage of the intermediate 17E
instead of the intermediate 1B and usage of the intermediate
17B instead of the intermediate 1A.

+

Intermediate 17F

Compound 17

Synthesis of Compound 17

[0093] The compound 17 (0.6 g, 51%) was synthesized
using the same method as the synthesis method of the com-
pound 1, except for the usage of the intermediate 17F instead
of the intermediate 1B.

[0094] H-NMR (CDCL, 300 MHz, ppm): 9.1 (d, 111),

8.9-8.8 (m, 3H), 8.6-8.5 (m, 3H), 8.3-8.1 (m, 5H), 7.9-7.7 (m,
9H), 7.6-74 (m, 5H), 1.7 (s, 12H).
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Synthesis Example 6

Synthesis of Compound 22

[0095]

Q @
+
B(OH),
Intermediate 1A
—

H/N \
0

Intermediate 22A

Compound 22

@ indicates text missing or illegible when filed

Synthesis of Compound 22

[0096] The compound 22 (0.8 g, 42%) was synthesized by
using the same method as the synthesis method of the com-
pound 1, except for the usage of the intermediate 22 A instead
of the intermediate 1B.

[0097] H-NMR (CDCL, 300 MHz, ppm): 8.4-8.2 (m, 3H),
8.1-7.9 (m, 10H), 7.7-7.4 (m, OH), 1.7 (s, 12).
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Synthesis Example 7 _continued
. Z N
Synthesis of Compound 28 |
X
[0098]
B
O Nz
.O' + Intermediate 3B
Q B(OH),

Intermediate 1A

I\

Intermediate 28A >

\

Intermediate 39C
N
/' \

—_—

Compound 28 Intermediate 39D

\

Synthesis of Compound 28

[0099] The compound 28 (1.1 g, 65%) was synthesized by
using the same method as the synthesis method of the com-
pound 1, except for the usage of the intermediate 28 A instead Intermediate 39F
of the intermediate 1B.

[0100] H-NMR (CDCI,, 300 MHz, ppm): 8.9-8.6 (m, 4H),

83-8.1 (m, 6H), 8.0-7.7 (m., 5H), 7.6-7.4 (m, 4H), 1.7 (s,
12H).

\
N

Synthesis Example 8

Intermediate 39F
N
/' \

—

Synthesis of Compound 39

[0101]

\N / B(OH)

Br x
a e
Df /N —_— Intermediate 39G
Br

@ indicates text missing or illegible when filed
B(OH),

Intermediate 39A
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Synthesis of Intermediate 39A

[0102] The intermediate 39A was synthesized by using the
same method as the synthesis method of the compound 1,
except for the usage of 1,4-dibromo-3,5-dimethylbenzene
instead of the intermediate 1B and usage of 2-pyridylboronic
acid in the 3.0 equivalence instead of the intermediate 1 A.

Synthesis of Intermediate 39B

[0103] The intermediate 39A (2.60 g, 10.0 mmole), 7.40 g
potassium permanganate, and 5 ml water were put into pyri-
dine (50 ml) and refluxed for two hours. After this, 10 ml
water and 3.00 g potassium permanganate were added every
thirty minutes. After six additions, 50 ml water was added and
refluxed for twelve hours. A MnO, precipitate formed after
the reaction was finished was removed using hot water, and
celite and activated carbon was used to filter the resultant
again. A solid generated by adding heavy HCI was filtered,
taken, and dried with an oven, such that the intermediate 39B
(2.90 g, and a 90% yield) was acquired.

Synthesis of Intermediate 39C

[0104] The intermediate 39B (2.90 g, 9.0 mmole) was
melted in 100 ml H,SO, and was agitated for two hours at
room temperature. The flask was moved to an ice bath after
the reaction was finished, a formed solid was neutralized by
using a potassium carbonate aqueous solution, and the solid
was filtered and gathered, so that the intermediate 39C (2.07
2, a 81% yield) was acquired.

Synthesis of Intermediate 39D

[0105] The intermediate 39C (2.07 g, 7.3 mmole) and
hydrazine monohydrate (98%, 10 ml) were put into 150 ml
ethylene glycol, and 8.6 g KOH was added thereto, and the
reaction solution was refluxed for 24 hours. A hot reaction
solution was poured into an ice-added HCI solution and a
formed solid was filtered. The acquired solid was recrystal-
lized to provide the intermediate 39D (1.65 g, a 90% yield).

Synthesis of Intermediate 39E

[0106] In a nitrogen atmosphere, the intermediate 39D
(1.65 g, 6.44 mmole) was put into a flask including 200 mL
THEF, and cooled at -78° C. N-BuLi (1.6 M in Hex.) (9.0 ml,
14.4 mmole) was slowly added and the solution was agitated
for one hour at -78° C. CH,I (1.08 ml, 17.3 mmole) was
added, the temperature was slowly controlled to reach room
temperature, and the solution was then agitated for one and a
half hours, Then, the solution was cooled down again to =78°
C.,n-BuLi (1.6 Min Hex.) (10.8 ml, 17.3 mmole) was slowly
added, the solution was agitated for one hour at -78° C., and
CH,I (1.25 ml, 20.1 mmole) was added, the solution was
controlled to reach room temperature, and agitated for an
hour. When the reaction was finished, the resultant was rinsed
with distilled water, extracted with CH,Cl,, dried with anhy-
dride MgSO,, decompressed, and distilled. The acquired
solid was put into the flask with 200 mL hexane which was
agitated and boiled. In this instance, materials that were not
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melted after the hexane was boiled were filtered and dried,
such that the intermediate 39E (1.13 g, a 56% yield) was
acquired.

Synthesis of Intermediate 39F

[0107] The intermediate 39E (1.13 g, 3.6 mmol) was put
into a 30 mL round-bottomed flask, which was vacuum-dried
and filled with nitrogen gas. 10 mL chloroform was put into
the flask and the flask was then wrapped with foil to exclude
light. The flask was cooled to 0° C., 10 mg FeCl, (58 pmol)
was put into the flask, and 3 mL chloroform and 0.7 g (4.0
mmol) bromine were melted and provided for half an hour.
The temperature was raised to reach room temperature and
the flask was agitated for five hours. When the reaction was
finished, the above-noted mixture was poured into a 15 mL
saturated sodium thiosulfate aqueous solution, which was
agitated until a red color disappeared. The resultant was
extracted with chloroform, dried with anhydride MgSQO,,
decompressed, and distilled. The acquired material was put
into a flask with 200 mL hexane, agitated and boiled. In this
instance, after the hexane was heated, the materials that were
not melted were filtered and dried, such that the intermediate
39F (0.7 g, a 51% yield) was acquired.

Synthesis of Intermediate 39G

[0108] The intermediate 39G (0.5 g, 76%) was synthesized
by using the same method as the synthesis method of the
compound 7D, except for the usage of the intermediate 39F
instead of the intermediate 7C.

=N

\ _/ ®
7\ .

B(OH),
N —_——
Intermediate 39G
'
014</ N —

Intermediate 39H
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-continued -continued

=N

\_/
7\

N=

Compound 39

@ indicates text missing or illegible when filed

Compound 43

Synthesis of Compound 39

Synthesis of C d43
[0109] The compound 39 (0.8 g, 48%) was synthesized by yiests o1 Hommpott

using the same method as the synthesis method of th.e com- [0112] The compound 43 (0.5 g, 34%) was synthesized by
pound 1, except for the usage of the intermediate 39G instead  using the same method as the synthesis method of the com-
of the intermediate 1A and usage of the intermediate 39H  pound 39, except for the usage of the intermediate 7F instead

instead of the intermediate 1B. of the intermediate 39H.
(0110] H-NMR (CDCl;, 300 MHz, ppm): 9.1-8.9 (m, 2H),  [0113] H-NMR (CDCl,, 300 MHz, ppm): 9.0-8.9 (m, 4H),
8.5-8.3 (m, 6H), 8.2-8.0 (m, 3H), 7.8-7.3 (m, 7H), 6.8 (t, 1H),  8.5-8.3 (m, 711), 8.2-8.0 (m, 611), 7.8-7.3 (m, 6H), 6.7 (1,

1.7 (s, 12H). 1H), 2.7 (s, 3H), 1.7 (s, 1211).
Synthesis Example 9 Synthesis Example 10
Synthesis of Compound 43 Synthesis of Compound 47
[0111] [0114]

\ / W
/7 \ ’ /7 \ ’

B(OH), B(OH),
N= N==
Intermediate 39G Intermediate 39G
O] 8
F N — )\ F N —
cl N | X c N | X
/ /

Intermediate 7F Intermediate 11A
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-continued

Compound 47

Synthesis of Compound 47

[0115] The compound 47 (0.6 g, 41%) was synthesized by
using the same method as the synthesis method of the com-
pound 39, except for the usage of the intermediate 11A
instead of the intermediate 39H.

[0116] H-NMR (CDCl,, 300 MHz, ppm): 9.0-8.9 (m, 4H),
8.5-8.0 (m, 12H), 7.8-7.3 (m, 6H), 6.7 (t, 1H), 2.7 (s, 3H), 1.7
(s, 12H).
Synthesis Example 11
Synthesis of Compound 51

[0117]

==N

\_/
J\

B(OH),
N\
Intermediate 39G
N
| X
/
8
/L Z N —
Cl N | X
/

Intermediate 17F

Compound 51

Synthesis of Compound 51

[0118] The compound 51 (0.5 g, 37%) was synthesized by
using the same method as the synthesis method of the com-
pound 39, except for the usage of the intermediate 1 7F instead
of the intermediate 39H.

[0119] H-NMR (CDCl,, 300 MHz, ppm): 9.1-8.5 (m, 7H),
8.4-8.1 (m, 6H), 8.0-7.3 (m, 9H), 6.7 (t, 1H), 1.7 (s, 12H).

Synthesis Example 12

Synthesis of Compound 57
[0120]

==N

\_/
7\ ’

B(OH),
N=
Intermediate 39G
N S
)\ Va
Cl N

Intermediate 57A

C, ‘Y
%bej\f; 9

Compound 57
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Synthesis of Compound 57

[0121] The compound 57 (0.9 g, 67%) was synthesized by
using the same method as the synthesis method of the com-
pound 39, except for the usage of the intermediate 57A
instead of the intermediate 39H.

[0122] H-NMR (CDCl,, 300 MHz, ppm): 9.0-8.8 (m, 3H),
8.4*8.0 (m, 8H), 7.7-7.3 (m, 4H), 6.7 (t, 1H), 1.7 (s, 12H).

Synthesis Example 13

Synthesis of Compound 72
[0123]

=N

\_/
7\ )

B(OH),
N\
Intermediate 39G
AN
Z
Cl N

Intermediate 72A

Compound 72

Synthesis of Compound 72

[0124] The compound 72 (1.1 g, 72%) was synthesized by
using the same method as the synthesis method of the com-
pound 39, except for the usage of the intermediate 72A
instead of the intermediate 39H.

[0125] H-NMR (CDCl,, 300 MHz, ppm): 9.3 (s, 1H), 8.4-
8.3 (m, 3H), 8.1-8.0 (m, 3H), 7.8-7.3 (m, 9H), 6.7 (t, 1H), 1.7
(s, 12H).

EXEMPLARY EMBODIMENTS

Exemplary Embodiment 1

[0126] A 15 ©/cm>500 A ITO glass substrate (manufac-
tured by Corning) was incised to the size of 50 mmx50
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mmx0.5 mm, an ultrasonic wave cleaning process was per-
formed for ten minutes by using isopropyl alcohol and pure
water, ultraviolet rays were irradiated thereto for ten minutes.
Then, the substrate was exposed to ozone to be cleaned, and
was installed in a vacuum deposition device. Then, 2-TNATA
(4,4',4"-tris(N-(2-naphthyl)-N-phenyl-amino)-tripheny-
lamine) was vacuum-deposited on an upper portion of the
ITO glass substrate to form a 600 A thick hole injection layer,
and NPB (4,4'-bis(naphthalene-1-yl)-N—N'-bis(phenyl)-
benzidine) was vacuum-deposited with a 300 A thickness
with a hole transporting compound to form a hole transport
layer.

2-TNATA

o

Uoacle
.
Q

N O

NPB

[0127] Sequentially, ADN  (9,10-di(naphth-2-yl)an-
thracene) and DNTPD (N1,N1'-(biphenyl-4,4'-diyl)bis(N1-
phenyl-N4,N4-di-m-tolylbenzene-1,4-diamine} as a blue
fluorescent host were simultaneously deposited with a weight
ratio 96:4 at an upper portion of the hole transport layer, such
that a 300 A thick emission layer was formed. Compound 1
was deposited to be 300 A thick, forming an electron trans-
port layer, and Al was vacuum-deposited to be 1,200 A (cath-
ode electrode) thick, forming an Al electrode, such that an
organic light emitting diode device was manufactured.
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Exemplary Embodiment 2

[0128] The organic light emitting diode device was manu-
factured in a like manner as exemplary embodiment 1, except
for formation of the electron transport layer by use of com-
pound 4 instead of compound 1.

Exemplary Embodiment 3

L -0 O
LD

[0129] The organic light emitting diode device was manu-
factured in a like manner as exemplary embodiment 1, except
for formation of the electron transport layer by use of com-
pound 7 instead of compound 1.

Jan. 14,2016

Exemplary Embodiment 4

The organic light emitting diode device was manu-

[0130]
factured in a like manner as exemplary embodiment 1, except

for formation of the electron transport layer by use of com-
pound 11 instead of compound 1.

Exemplary Embodiment 5

QO

[0131] The organic light emitting diode device was manu-
factured in a like manner as exemplary embodiment 1, except
for formation of the electron transport layer by use of com-
pound 17 instead of compound 1.
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Exemplary Embodiment 6
17

[0132]
factured in a like manner as the exemplary embodiment 1,
except for formation of the electron transport layer by use of
compound 22 instead of compound 1.

The organic light emitting diode device was manu-

Exemplary Embodiment 7
2

[0133] The organic light emitting diode device was manu-
factured in a like manner as exemplary embodiment 1, except
for formation of the electron transport layer by use of com-
pound 28 instead of compound 1.

Exemplary Embodiment 8

Jan. 14,2016

[0134] The organic light emitting diode device was manu-
factured in a like manner as exemplary embodiment 1, except
for formation of the electron transport layer by use of com-
pound 39 instead of compound 1.

Exemplary Embodiment 9

[0135] The organic light emitting diode device was manu-
factured in a like manner as exemplary embodiment 1, except
for formation of the electron transport layer by use of com-
pound 43 instead of compound 1.

Exemplary Embodiment 10

[0136]
factured in a like manner as exemplary embodiment 1, except
for formation of the electron transport layer by use of com-
pound 47 instead of compound 1.

The organic light emitting diode device was manu-
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Exemplary Embodiment 11

47

|
L0y
O AL .
N= //\
L0

[0137] The organic light emitting diode device was manu-
factured in a like manner as exemplary embodiment 1, except
for formation of the electron transport layer by use of com-
pound 51 instead of compound 1.

Exemplary Embodiment 12

51
N

/ A\
O

[0138]

pound 57 instead of compound 1.

The organic light emitting diode device was manu-
factured in a like manner as exemplary embodiment 1, except
for formation of the electron transport layer by use of com-
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Exemplary Embodiment 13
57

[0139] The organic light emitting diode device was manu-
factured in a like manner as exemplary embodiment 1, except
for formation of the electron transport layer by use of com-
pound 72 instead of compound 1.

Comparative Example 1

[0140]

An organic light emitting element was manufac-
tured in a like manner as exemplary embodiment 1, except for

usage of  Alg3(tris(8-hydroxy-quinolinato)aluminum)
instead of compound 1 when the electron transport layer is
formed.
[0)
9l
P
Algs
Estimation
Estimation
[0141] Characteristics of the organic light emitting diode

device according to the exemplary embodiments 1 to 18 and
the comparative example 1 were estimated.
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[0142] The results are expressed in Table 1.

TABLE 1

Electren Voltage  Efficiency  T90

Transport Layer V) (cd/A) (hr)
Exemplary Compound 1 6.0 6.1 356
Embodiment 1
Exemplary Compound 4 54 5.9 268
Embodiment 2
Exemplary Compound 7 53 5.4 394
Embodiment 3
Exemplary Compound 11 5.1 6.3 316
Embodiment 4
Exemplary Compound 17 5.6 5.1 267
Embodiment §
Exemplary Compound 22 4.8 6.1 316
Embodiment 6
Exemplary Compound 28 47 8.4 282
Embodiment 7
Exemplary Compound 39 53 5.2 315
Embodiment 8
Exemplary Compound 43 5.36 6.7 326
Embodiment 9
Exemplary Compound 47 59 5.4 293
Embodiment 10
Exemplary Compound 51 54 5.2 264
Embodiment 11
Exemplary Compound 57 53 4.9 342
Embodiment 12
Exemplary Compound 72 4.7 7.1 316
Embodiment 13
Comparative Alg3 6.4 4.8 243
Example 1

[0143] Referring to Table 1, when the compounds having
the structures of exemplary embodiment 1 to exemplary
embodiment 13 are used as an electron transport layer in the
organic light emitting diode device, the driving voltage is
reduced compared to Alq3, and an excellent I-V-L character-
istic with improved efficiency is provided. Particularly, the
exemplary embodiments 6, 7, 17, 18, and 19 reduce the driv-
ing voltage by more than 1.5 V, and the exemplary embodi-
ments 7 and 13 provide about a 50% efficiency improvement.

[0144] By way of summation and review, embodiments
provide a compound that provides an organic material with
excellent optical and electrical performance. An organic elec-
troluminescence device with a low driving voltage and
improved light emission efficiency and lifespan may be
manufactured by using the same.

[0145] 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 ele-
ments described in connection with a particular embodiment
may be used singly or in combination with features, charac-
teristics, and/or elements described in connection with other
embodiments unless otherwise specifically 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 thereof as set forth in the
following claims.
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What is claimed is:

1. An organic compound represented by Formula 1:

[Formula 1]

wherein, in Formula 1,

X, and X, are CR5 or N,

R, to R, are independently hydrogen, deuterium, a halo-
gen, a C1 to C40 alkyl group, a CS5 to C40 aryl group, a
C5 to C40 heteroary! group, a C5 to C40 aryloxy group,
a C1 to C40 alkyloxy group, a C5 to C40 arylamino
group, a C5 to C40 diarylamino group, a C6 to C40
arylalkyl group, a C3 to C40 cycloalkyl group, oraC3 to
C40 heterocycloalkyl group, and any of R, to R; may
form a fused aliphatic ring, a fused aromatic ring, a fused
heteroaliphatic ring, or a fused heteroaromatic ring with
an adjacent group or a combination thereof,

L is a single-bond, a substituted or unsubstituted C5 to C30
arylene group, a substituted or unsubstituted C10 to C30
fused arylene group, a substituted or unsubstituted C2 to
C30 heteroarylene group including at least one of N, S,
and O, or a substituted or unsubstituted C5 to C30 fused
heteroarylene group including at least one of N, S, and
0,

Het is a substituted or unsubstituted C3 to C20 het-
eroarylene group including N, and

A, and A, are hydrogen, a substituted or unsubstituted C5
to C40 aryl group, or a substituted or unsubstituted C5 to
C40 heteroaryl group.

2. The organic compound as claimed in claim 1, wherein

the compound represented by Formula 1 includes at least
one of the following Compounds 1 to 72:

Q0O
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_continued Al and A, is H, a substituted or unsubstituted C5 to C40
71 aryl group, or a substituted or unsubstituted C5 to C40
heteroaryl group.
4. The organic light emitting diode device as claimed in
claim 3, wherein
the organic compound includes at least one of the follow-
ing compounds 1 to 72:

O30 b

3. An organic light emitting diode device, comprising:
an anode;

N==
N
a cathode; and ' N/
an organic layer between the anode and the cathode, . N
wherein the organic layer includes an organic compound
represented by Formula 1:

3

[Formula 1]

wherein, in Formula 1, OQ
4

X, and X, are CR5or N,

R, to Ry are independently hydrogen, deuterium, a halo-
gen, a Cl to C40 alkyl group, a C5 to C40 aryl group, a
C5 to C40 heteroaryl group, a C5 to C40 aryloxy group,
a C1 to C40 alkyloxy group, a C5 to C40 arylamino
group, a C5 to C40 diarylamino group, a C6 to C40

arylalkyl group. a C3 to C40cycloalkyl group, oraC3 to
C40 heterocycloalkyl group, and R, to Ry may form a

N=
N
fused aliphatic ring, a fused aromatic ring, a fused het- . N/
eroaliphatic ring, or a fused heteroaromatic ring with an . N
adjacent group, or a combination thereof,
L is a single-bond, a substituted or unsubstituted C5 to C30
arylene group, a substituted or unsubstituted C10 to C30

fused arylene group, a substituted or unsubstituted C2 to
C30 heteroarylene including at least one of N, S, and O,
or a substituted or unsubstituted C5 to C30 fused het-
eroarylene group including at least one of N, S, and O,

Het is a substituted or unsubstituted C3 to C20 heteroaryl
group including N, and






US 2016/0013420 Al Jan. 14,2016
43




US 2016/0013420 Al Jan. 14,2016
44




US 2016/0013420 Al Jan. 14,2016
45




US 2016/0013420 Al Jan. 14,2016
46




US 2016/0013420 Al Jan. 14,2016
47




US 2016/0013420 Al Jan. 14,2016
48
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5. The organic light emitting diode device as claimed in
claim 4, wherein
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the organic layer includes an electron transport layer, and
the organic compound represented by Formula 1 is
included in the electron transport layer.

* % % ok &
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