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(57) ABSTRACT

A compound, an organic light emitting diode device, and a
display device, the compound being represented by the fol-
lowing Chemical Formula 1:
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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. 10-2014-0094259
filed on Jul. 24, 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 cathode ray tubes
(CRTs). However, the LCD is a passive display device, an
additional backlight as a light source is needed, and the LCD
may have a slow response time and a narrow viewing angle.
[0006] An organic light emitting diode (OLED) device has
been considered as a display device that has merits such as a
wide viewing angle, outstanding contrast, and a fast response
time.

[0007] Inthe organic light emitting diode device, electrons
injected from one electrode and holes injected from another
electrode may be combined with each other in an emission
layer, thereby generating excitons, and energy may be out-
putted from the excitons to thereby emit light.

[0008] The above information disclosed in this Back-
ground section is only for enhancement of understanding of
the background therefore it may contain information that
does not form the prior art that is already known in this
country to a person of ordinary skill in the art.

SUMMARY

[0009] Embodiments are directed to an organic compound
and an organic light emitting diode device including the same.

[0010] The embodiments may be realized by providing a
compound represented by the following Chemical Formula 1:

[Chemical Formula 1]

Rl
2
R X
| X
Y/
R3
R R

[0011] wherein, in Chemical Formula 1, X is CRR' or NR,
R and R' are each independently hydrogen, heavy hydrogen,
a substituted or unsubstituted C6 to C30 aryl group, or a
substituted or unsubstituted C2 to C30 heteroaryl group, R' to
R* are each independently hydrogen, heavy hydrogen, a sub-
stituted or unsubstituted C1 to C30 alkyl group, a substituted
or unsubstituted C3 to C30 cycloalkyl group, a substituted or
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unsubstituted C6 to C30 aryl group, a substituted or unsub-
stituted C2 to C30 heteroaryl group, a substituted or unsub-
stituted C1 to C30 amine group, or a substituted or unsubsti-
tuted silyl group, R® is hydrogen, heavy hydrogen, a
substituted or unsubstituted C6 to C50 aryl group, a substi-
tuted or unsubstituted C2 to C50 heteroaryl group, or a sub-
stituted or unsubstituted fused ring-containing group, and R°
is hydrogen, heavy hydrogen, a substituted or unsubstituted
C6 1o C50aryl group, asubstituted or unsubstituted C2 to C50
heteroaryl group, a substituted or unsubstituted C1 to C30
amine group, or a substituted or unsubstituted fused ring-
containing group.

[0012] The compound represented by Chemical Formula 1
may be represented by the following Chemical Formula 2:

[Chemical Formula 2]

R4

[0013] wherein, in Chemical Formula 2, Z* to Z* may each
independently be CR" or N, and at least one of Z' to Z* is N,
R" may be hydrogen, heavy hydrogen, a substituted or unsub-
stituted C6 to C30 aryl group, or a substituted or unsubstituted
C2 to C30 heteroaryl group, R” and R® may each indepen-
dently be hydrogen, heavy hydrogen, a substituted or unsub-
stituted C6 to C50 aryl group, a substituted or unsubstituted
C2 to C50 heteroaryl group, or a substituted or unsubstituted
fused ring-containing group, and X and R' to R> may be the
same as defined with respect to Chemical Formula 1.

[0014] Atleastoneof R® R7, and R® may include the fused
ring-containing group.

[0015] Thefused ring-containing group may include a moi-
ety represented by one of the following Chemical Formulae

90 [N
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-continued

[General Formula p]

[General Formula q]

[General Formula r|

[General Formula s]

[0016] wherein, in Chemical Formulae “a” to “s”, R toR*
may each independently be hydrogen, heavy hydrogen, a
substituted or unsubstituted C1 to C30 alkyl group, a substi-
tuted or unsubstituted C6 to C30 aryl group, or a substituted
or unsubstituted C2 to C30 heteroaryl group, and nl, n2, n3,
ml, m2, and m3 may each independently be 0 or 1.

[0017] X may be NR, and R may be a substituted or unsub-
stituted C6 to C30 aryl group.

[0018] R, R?, and R* may be hydrogen, and R* may be
hydrogen or a substituted or unsubstituted C6 to C50 aryl
group.

[0019] R?may be hydrogen, a substituted or unsubstituted
phenyl group, a substituted or unsubstituted biphenyl group,
asubstituted or unsubstituted naphthyl group, a substituted or
unsubstituted anthracenyl group, a substituted or unsubsti-
tuted phenanthrenyl group, or a substituted or unsubstituted
pyrenyl group.

[0020] The compound represented by Chemical Formula 1
may be represented by one of the following Chemical For-
mulae 3 to 51:

Jan. 28,2016
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[0021] The embodiments may be realized by providing an
organic light emitting diode device including an anode; a
cathode; and an organic layer between the anode and the
cathode, wherein the organic layer contains the compound
according to an embodiment.

[0022] The organic layer may include an electron injection
layer, an electron transport layer, a hole injection layer, a hole
transport layer, or an emission layer.

[0023] The organic layer may include an electron injection
layer or an electron transport layer.

[0024] The organic layer may include the electron transport
layer, the electron transport layer may include the compound,
and the electron transport layer may further include a metal-
containing material.

A

[0025] The metal-containing material may include a Li
complex.
[0026] The embodiments may be realized by providing a

display device including the organic light emitting diode
device according to an embodiment.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] Features will be apparent to those of skill in the art
by describing in detail exemplary embodiments with refer-
ence to the attached drawings in which:

[0028] FIGS. 1 to 3 illustrate a structure of an organic light
emitting diode device according to an exemplary embodi-
ment.

DETAILED DESCRIPTION

[0029] Example embodiments will now be described more
fully hereinafter with reference to the accompanying draw-
ings; however, they may be embodied in different forms and
should not be construed as limited to the embodiments set
forth herein. Rather, these embodiments are provided so that
this disclosure will be thorough and complete, and will fully
convey exemplary implementations to those skilled in the art.
[0030] Inthe drawing figures, the dimensions of layers and
regions may be exaggerated for clarity of illustration. Like
reference numerals refer to like elements throughout.

[0031] Itwill be understood that when an element such as a
layer, film, region, or substrate is referred to as being “on’
another element, it can be directly on the other element or
intervening elements may also be present. In contrast, when
an element is referred to as being “directly on” another ele-
ment, there are no intervening elements present.

[0032] In this specification, when a target element is
described as being “substituted”, this indicates that at least

Jan. 28,2016

one hydrogen atom is substituted with a substituent selected
from a set consisting of heavy hydrogen (i.e., deuterium), a
C1 to C30 alky! group, a C6 to C30 aryl group, a C2 to C30
heteroaryl group, a C1 to C30 alkoxy group, a C2 to C30
alkenyl group, a C6 to C30 aryloxy group, a C1 to C30
silyloxy group, a C1 to C30 acyl group, a C2 to C30 acyloxy
group, a C2 to C30 heteroaryloxy 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
phosphate amide group, a C3 to C30 silyl group, NR R,
(herein, R ,and R, indicate substitutes independently selected
from hydrogen atoms, the C1 to C30 alkyl group, and the C6
to C30 aryl group), a carboxyl group, a halogen group, a
cyano group, a nitro group, an azo group, a fluorine group,
and a hydroxyl group, unless otherwise defined.

[0033] In addition, two adjacent substituents of the substi-
tuted C1 to C30 alkyl group, C6 to C30 aryl group, C2 to C30
heteroaryl group, C1 to C30 alkoxy group, C2 to C30 alkenyl
group, C6 to C30 aryloxy group, C1 to C30 silyloxy group,
C1 to C30 acyl group, C2 to C30 acyloxy group, C2 to C30
heteroaryloxy group, C1 to C30 sulfonyl group, C1 to C30
alkylthiol group, C6 to C30 arylthiol group, C1 to C30 het-
erocyclothiol group, C1 to C30 phosphate amide group, C3 to
C30 silyl group, NR_R, (herein, R, and R, indicate substi-
tutes independently selected from hydrogen atoms, the C1 to
C30 alkyl group, and the C6 to C30 aryl group), carboxyl
group, halogen group, cyano group, nitro group, azo group,
fluorine group, or hydroxyl group may be fused to form aring.
[0034] As used herein, the term “fused ring” indicates a
ring formed by the two adjacent substituents that are fused,
unless otherwise defined.

[0035] Further, in this specification, the prefix “hetero”
indicates that 1 to 3 heteroelements selected from a group
consisting of N, O, S, and P are contained in one ring, and the
other elements of the ring are carbon elements, unless other-
wise defined.

[0036] In this specification, the phrase “combination
thereof” indicates coupling of two or more substituents using
an adapter, or coupling of two or more substituents by being
condensed.

[0037] In this specification, the term “organic layer” is a
comprehensive term indicating a layer containing an organic
material, for example, amultilayer including at least one layer
containing an inorganic material, a metallic complex, and the
like as well as the organic material.

[0038] The definitions of main ones of the groups used in
chemical formulae of the embodiments will be described as
follows (the carbon number for defining substituents is unre-
strictive and does not restrict the characteristics of the sub-
stituents).

[0039] An unsubstituted C1 to C30 alkyl group may be a
linear or branched type, and a non-limited example of the
alkyl group may include methyl, ethyl, propyl, iso-butyl,
sec-butyl, pentyl, iso-amyl, hexyl, heptyl, octyl, nonyl, dode-
cyl, or the like.

[0040] Anunsubstituted C2 to C30 alkenyl group indicates
thatatleast one carbon double bond is contained at the middle
or the distal end of the unsubstituted alkyl group. An example
of the alkeny! group includes ethenyl, propenyl, or the like.
[0041] Anunsubstituted C2 to C30 alkynyl group indicates
that at least one carbon triple bond is contained at the middle
or the distal end of the unsubstituted alkyl group. An example
of the alkynyl group may include acetylene, acetylene, pro-
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pyne, phenylacetylene, naphthylacetylene, iso-propylacety-
lene, t-butylacetylene, diphenyl acetylene, or the like.

[0042] An unsubstituted C3 to C30 cycloalkyl group indi-
cates an annular alkyl group having a carbon number in a
range from 3 to 30.

[0043] An unsubstituted C1 to C30 alkoxy group indicates
a group having the structure of “—OA” (herein, “A” indicates
an unsubstituted C1 to C30 alkyl group), and a non-limited
example of the alkoxy group includes methoxy, ethoxy, pro-
POXy, iso-propyloxy, butoxy, pentoxy, or the like.

[0044] An unsubstituted C6 to C30 aryl group indicates a
carbocycle aromatic system having at least one ring. In the
case of having two or more rings, these may be connected to
each other through a single bond or by being fused with each
other. The terms “aryl” includes an aromatic system such as
phenyl, naphthyl, anthracenyl, or the like. An example of the
unsubstituted C6 to C30 aryl group may include one selected
from a set consisting of a phenyl group, a biphenyl group, a
tolyl group, a naphthyl group, an anthracenyl group, a terphe-
nyl group, a naphthacenyl group, a phenanthrenyl group, a
pyrenyl group, a diphenylanthracenyl group, a dinaphthylan-
thracenyl group, a chrycenyl group, a triphenylenyl group, a
perylenyl group, a pentacenyl group, a bromophenyl group, a
hydroxyphenyl group, a stilbene group, an azobenzene group,
and a ferrocenyl group.

[0045] An unsubstituted C2 to C30 heteroaryl group has 1,
2, or 3 heteroatoms selected from a set consisting of N, O, S,
and P. In the case of having two or more rings, these may be
connected to each other through a single bond or by being
fused with each other. An example of the unsubstituted C2 to
C30 heteroaryl group includes a pyrazolyl group, an imida-
zolyl group, an oxazolyl group, a triazolyl 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 carbazole group, an indolyl
group, a quinolyl group, an isoquinolyl group, a thiophene
group, a dibenzothiophene group, a dibenzofuran group, and
a benzimidazolyl group.

[0046] An unsubstituted C6 to C30 aryloxy group is a
group represented by —OA1. Herein, A1 is substantially the
same functional group as that of the C6 to C30 aryl group
except for the carbon number. An example of the aryloxy
group may include a phenoxy group.

[0047] An unsubstituted C6 to C30 arylthiol group is a
group represented by —SA1. Herein, Al is substantially the
same functional group as that of the C6 to C30 aryl group
except for the carbon number. An example of the arylthiol
group may include a benzenethiol group, a naphthylthiol
group, or the like.

[0048] In this specification, “hole characteristic” indicates
a characteristic serving to facilitate the injection of holes into
an emission layer and the movement of the holes, the holes
being formed in an anode by having a conductivity charac-
teristic according to a HOMO level. Specifically, the hole
characteristic may be similar to a characteristic of pushing
electrons.

[0049] Further, in this specification, “electron characteris-
tic” indicates a characteristic serving to facilitate the injection
of electrons into an emission layer and the movement of the
electrons, the electrons being formed in a cathode by having
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the conductivity characteristic according to the HOMO level.
Specifically, the hole characteristic may be similar to a char-
acteristic of pulling electrons.

[0050] Hereinafter, exemplary embodiments will be
described in detail.

[0051] An organic compound according to a first exem-
plary embodiment may be represented by the following
Chemical Formula 1.

[Chemical Formula 1]

Rl
2
R X
| R
-/
RS
R* R

[0052] In Chemical Formula 1,
[0053] X may be CRR'or NR,
[0054] R and R' may each independently be hydrogen,

heavy hydrogen, a substituted or unsubstituted C6 to C30 aryl
group, or a substituted or unsubstituted C2 to C30 heteroaryl

group,

[0055] R' to R* may each independently be hydrogen,
heavy hydrogen, a substituted or unsubstituted C1 to C30
alkyl group, a substituted or unsubstituted C3 to C30
cycloalkyl group, a substituted or unsubstituted C6 to C30
aryl group, a substituted or unsubstituted C2 to C30 het-
eroaryl group, a substituted or unsubstituted C1 to C30 amine
group, or a substituted or unsubstituted silyl group,

[0056] R’ may be hydrogen, heavy hydrogen, a substituted
or unsubstituted C6 to C50 aryl group, a substituted or unsub-
stituted C2 to C50 heteroaryl group, or a substituted or unsub-
stituted fused ring-containing group, and

[0057] R®may be hydrogen, heavy hydrogen, a substituted
or unsubstituted C6 to C50 ary! group, a substituted or unsub-
stituted C2 to C50 heteroaryl group, a substituted or unsub-
stituted C1 to C30 amine group, or a substituted or unsubsti-
tuted fused ring-containing group.

[0058] Inanimplementation, the compound represented by
the Chemical Formula 1 may have various energy band gaps
by introducing various substituents.

[0059] Hole-transfer capability or the electron-transfer
capability may be improved by employing a compound hav-
ing an energy level that is appropriately adjusted according to
a substituent thereof in the organic light emitting diode
device, thereby accomplishing an outstanding effect in effi-
ciency and a driving voltage and high electrochemical and
thermal stability. Accordingly, it is possible to extend a
lifespan when the organic light emitting diode device is
driven.

[0060] An organic compound according to a second exem-
plary embodiment may be represented by the following
Chemical Formula 2. For example, the compound repre-
sented by Chemical Formula 1 may be represented by Chemi-
cal Formula 2.
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[Chemical Formula 2]

[0061] In Chemical Formula 2,

[0062] X and R' to R® may be the same as defined with
respect to Chemical Formula 1,

[0063] Z'toZ’ may each independently be CR" or N, and at
least one of Z* to Z> may be N,

[0064] R" may be hydrogen, heavy hydrogen, a substituted
or unsubstituted C6 to C30 aryl group, or a substituted or
unsubstituted C2 to C30 heteroaryl group, and

[0065] R” and R® may each independently be hydrogen,
heavy hydrogen, a substituted or unsubstituted C6 to C50 aryl
group, a substituted or unsubstituted C2 to C50 heteroaryl
group, or a substituted or unsubstituted fused ring-containing
group.

[0066] Inanimplementation, the compound represented by
the Chemical Formula 2 may have a characteristic that is
appropriate for an electron injection layer or an electron trans-
port layer by including a pyridine, pyrimidine, or 1,3,5-triaz-
ine substituent.

[0067] In an implementation, the fused ring-containing
group may include a moiety represented by one of the fol-

[Tt} |

lowing Chemical Formulae “a” to “s”.

[Chemical Formula a]

R9 RIO

“‘S oS
2y

[Chemical Formula b]

[Chemical Formula ¢]
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-continued
[Chemical Formula d]

RIG
RIS
RY7
RIS

[Chemical Formula e]

[Chemical Formula f]

R23
R24
[Chemical Formula g]
A
s il
I
/
N \
R26
[Chemical Formula h]
RZS
N Xy
RZS_:
/
\ \
R29

[Chemical Formula i]




US 2016/0028018 A1l Jan. 28, 2016
14

-continued -continued

o

(R40)V13
S/

\<R‘“>m3

[Chemical Formula j] [Chemical Formula q]

[Chemical Formula r]

[Chemical Formula k|

)nl (st) .

[Chemical Formula I]
‘\ e

[Chemical Formula m|

[Chemical Formula s]

PROSS

[0068] In Chemical Formulae “a” to *s”, R® to R** may

each independently be hydrogen, heavy hydrogen, a substi-
tuted or unsubstituted C1 to C30 alkyl group, a substituted or
unsubstituted C6 to C30 aryl group, or a substituted or unsub-
stituted C2 to C30 heteroarvyl group.

[0069] Inan implementation, R® to R** may each indepen-
dently be the substituted or unsubstituted C1 to C30 alkyl
group.

[0070] Inthe Chemical Formulae“a”to“s”,nl,n2,n3, ml,
m2, and m3 may each independently be 0 or 1. If n1, n2, n3,
ml, m2, orm3 is 0, R**),,, R*),,;, (R*"),,, (R38),,,. (R*)
L3 of (R*) - may not be present or may be a hydrogen atom.

[Chemical Formula n]

[0071] In animplementation, X may be NR, and R may be
[Chemical Formulao] @ substituted or unsubstituted C6 to C30 aryl group. For
example, R may be a phenyl group. In this case, an electron

characteristic of the compound may be improved.
? [0072] Inan implementation, all of R*, R?, and R* may be
. hydrogen, and R? may be a substituted or unsubstituted C6 to
C50 aryl group. For example, R* may be a substituted or
‘ unsubstituted phenyl group, a substituted or unsubstituted
biphenyl group, a substituted or unsubstituted naphthyl

group, a substituted or unsubstituted anthracenyl group, a
substituted or unsubstituted phenanthrenyl group, or a sub-

[Chemical Formula p]

RY stituted or unsubstituted pyrenyl group. In this case, a hole

\N Q characteristic and/or an electron characteristic of the com-
pound may be appropriately adjusted.

AN [0073] Detailed examples of the compound according to an

exemplary embodiment will now be described. However, it is

not limited thereto. The compound represented by Chemical

Formula 1 may be a compound represented by one of Chemi-
cal Formulae 3 to 51, below.
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[Chemical Formulae 11, 12, 13, and 14]
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-continued -continued
[Chemical Formulae 15, 16, 17, and 18]

[Chemical Formulae 19, 20, 21, and 22]




US 2016/0028018 A1l Jan. 28, 2016
18

-continued -continued

N=—
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=
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| N\\_<\NJ/N

7
SO

[Chemical Formulae 23, 24, 25, and 26]
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-continued -continued

[Chemical Formulae 27, 28, 29, and 30]

[Chemical Formula 31, 32, and 33]

o
vt N\

U ofq

N /

w N
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-continued -continued
[Chemical Formulae 37, 38, and 39]
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-continued -continued

O ‘ Q [Chemical Formulae 46, 47, and 48]
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[Chemical Formulae 49, 50, and 51]

[0074]
including the aforementioned organic compound according
to an exemplary embodiment will be described with reference
to FIG. 1 to FIG. 3.

Hereinafter, an organic light emitting diode device

[0075] FIG.1toFIG. 3 illustrate the structure of an organic
light emitting diode device according to an exemplary
embodiment.

[0076] Referring to FIG. 1, the organic light emitting diode
device of the present exemplary embodiment may include an
anode 10, a cathode 20 facing the anode 10, and an organic
layer 100 between the anode 10 and the cathode 20.

[0077] The organic layer 100 may include a compound
according to the aforementioned exemplary embodiment,
e.g., a compound represented by Chemical Formula 1.
[0078] The organic layer 100 may be formed by using
various methods such as a vacuum deposition method, a spin
coating method, a cast method, an LB method, or the like.
[0079] When an organic layer is formed by using the
vacuum deposition method, the deposition conditions may
vary according to the material that is used to form the organic
layer, and the structure and thermal characteristics of the
organic layer. For example, the deposition conditions may
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include a deposition temperature of from about 100° C. to
500° C., a vacuum pressure of about 10~® to about 107 torr,
and a vacuum rate of from about 0.01 to about 100 A/sec,
without being limited thereto.

[0080] When an organic layer is formed by using the spin
coating method, the coating conditions may vary according to
the material used to form the organic layer, and the structure
and thermal characteristics of the organic layer. For example,
the coating conditions may include a coating speed of from
about 2,000 rpm to about 5,000 rpm and a thermal treatment
temperature of from about 80° C. to about 200° C., at which
the solvent remaining after coating may be removed, without
being limited thereto.

[0081] The substrate (not shown) may be disposed at a side
of the anode 10 or the cathode 20. The substrate may be made
of, e.g., an inorganic material such as glass, an organic mate-
rial such as polycarbonate (PC), polymethylmethacrylate
(PMMA), polyethylene terephthalate (PET), polyamide
(PA), polyethersulfone (PES), or a combination thereof, a
silicon wafer, or the like.

[0082] The anode 10 may be a transparent or non-transpar-
ent electrode. The transparent electrode may be made of a
conductive oxide, e.g., indium thin oxide (ITO), indium zinc
oxide (I1Z0), tin oxide (SnQ,), zinc oxide (ZnO), or a com-
bination thereof, or a metal such as aluminum, silver, or
magnesium, having a thin thickness. The non-transparent
electrode may be made of, e.g., a metal, e.g., aluminum,
silver, or magnesium.

[0083] The cathode 20 may contain a substance with a
small work function to facilitate electron injection. The sub-
stance may include, e.g., a metal such as magnesium, cal-
cium, sodium, potassium, titanium, indinm, yttrium, lithium,
gadolinium, aluminum, silver, tin, lead, cesium, barium, or an
alloy thereof, or a multi-layer structure substance such as
LiF/Al, LiO,/Al, LiF/Ca, LiF/Al, or BaF,/Ca. In an imple-
mentation, the electrode of a metal such as aluminum or the
like may be employed as the cathode.

[0084] An organic light emitting diode device according to
another embodiment will be described with reference to FIG.
2.

[0085] Referring to FIG. 2, similar to the above exemplary
embodiment, the organic light emitting diode device of the
present embodiment may include an anode 10, a cathode 20
facing the anode 10, and an organic layer 100 between the
anode 10 and the cathode 20. The organic layer 100 may
include an emission layer 50 between the anode 10 and the
cathode 20, a hole transport layer 30 between the anode 10
and the emission layer 50, and an electron transport layer 40
between the cathode 20 and the emission layer 50.

[0086] The electron transport layer 40 may include the
compound according to the aforementioned embodiment to,
e.g., help increase electron mobility.

[0087] The electron transport layer 40 may further include
a metal-containing material in addition to the compound
according to the aforementioned embodiment.

[0088] The metal-containing material may include a Li
complex. The Li complex may include, e.g., lithium quinolate
(LiQ)oracompound represented by the following compound
103.
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-continued
[Compound 103] — -
AN
0 AN
\ e
\ L= Li
S N-”

Ir(piq);

[0089] The electron transport layer 40 may be formed on
the emission layer 50 by using various methods, e.g., a
vacuum deposition method, a spin coating method, a casting
method, and the like. When the electron transport layer 40 is
formed by using the vacuum deposition method or the spin
coating method, the conditions may be varied depending on a
compound that is employed therefor.

[0090] In an implementation, the emission layer 50 may
contain a single compound only, or may contain a mixture of
the compound and another organic compound. When the
emission layer 50 contains the mixture, a larger amount of
compounds may serve as fluorescent hosts or phosphorescent

hosts, and a smaller amount of compounds may serve as Btp,Tr(acac)

dopants.

[0091] An example of a host material may include 9,10-di

(naphtalene-2-yl)anthracene (ADN). [0093] Examples of a green dopant may include Ir(ppy),
(ppy—phenylpyridine), Ir(ppy)s(acac), Ir(mpyp)s, and
C545T.

ADN

[0092] Examples of a red dopant may include PtOEP,
Ir(piq)s, Bip,lr(acac), and DCJTB.

Ir(ppy)3

O=—
— -2
Ir(ppy),(acac)

PtOEP
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-continued

[0094] Examples of a blue dopant may include F,Irpic,
(F,ppy),Ir(tmd), Ir(dfppz),, ter-fluorene, 4,4'-bis(4-dipheny-
laminostyryl)biphenyl (DPAVBI), and 2,5,8,11-tetra-tert-bu-

tyl perylene (TBP).

(E2ppy)Ir(tmd)
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-continued
F

-
e ate S
O DPAVBI

TBP

[0095] The dopant may be included in an amount of about
0.1 to about 15 weight %, based on 100 weight % of an
emission layer forming material (e.g., a total weight if the
host and the dopant is determined as 100 weight %). When the
content of the dopant satisfies the range, it is possible to
substantially prevent concentration quenching.

[0096] The emission layer 50 may emit white light by a
combination of the primary colors such as three primary
colors of red, green, and blue, and the white light may be
emitted by combining the colors of the adjacent subpixels or
by combining the colors that are deposited in the vertical
direction.

[0097] The hole transport layer 30 may help increase hole
mobility.

[0098] The hole transport layer 30 may include a suitable
hole transport material. Examples of the hole transport mate-
rial may include a carbazole derivative such as N-phenylcar-
bazole, polyvinylcarbazole, and 4,4',4"-tris(carbazole-9-y1)-
triphenylamine, and an amine derivative having an aromatic
condensed ring such as NPB and N,N-bis(3-methylphenyl)-
N,N'-diphenyl-[1,1-biphenyl]-4,4'-diamine (TPD). In the
case of containing TCTA, the hole transport layer 30 may
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perform not only a hole transport operation but also an opera-
tion for preventing diffusion of excitons from the emission
layer.

TPD

Qe
A
Q

o5 m;

o 0O
SR

[0099] The hole transport layer 30 may further contain an
auxiliary material to help improve film conductivity and the
like.

[0100] The auxiliary material may be, e.g.. a p-dopant.
Fxamples of the p-dopant may include a quinone derivative
such as tetracyanoquinodimethane (TCNQ) and 2,3,5,6-tet-
rafluoro-tetracyano-1,4-benzoquinonedimethane (F4TCNQ)
or the like, a metal oxide such as tungsten oxide and molyb-
denum oxide, and a cyano group-containing compound such
as the compound represented by the following compound
100.

TCTA
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[Compound 100]
CN
NC | x N
N. N CN
&
I\i N CN
N
NC 7
CN
[0101] When the hole transport layer 30 further contains

the auxiliary material, the auxiliary material may be subject to
numerous variations, e.g., non-uniformly distributed or uni-
formly dispersed over the layers.

[0102] Hereinafter, an organic light emitting diode device
according to another embodiment will be described with ref-
erence to FIG. 3.

[0103] Referring to FIG. 3, similar to the above exemplary
embodiment, the organic light emitting diode device of the
present exemplary embodiment may include an anode 10, a
cathode 20 facing the anode 10, an emission layer 50 between
the anode 10 and the cathode 20, a hole transport layer 30
between the anode 10 and the emission layer 50, and an
electron transport layer 40 between the cathode 20 and the
emission layer 50.

[0104] The organic light emitting diode device of the
present exemplary embodiment may further include a hole
injection layer 60 between the anode 10 and the hole transport
layer 30, and an electron injection layer 70 between the cath-
ode 20 and the electron transport layer 40.

[0105] The hole injection layer 60 may include a suitable
hole mjection material, e.g., a phthalocyanine compound
such as copper phthalocyanine or the like, m-MTDATA (4,4',
4"-tris(3-methylphenylphenylamino)triphenylamine), NPB
(N,N'-di(1-naphthyl)-N,N-diphenylbenzidine), TDATA,
2T-NATA, Pani/DBSA (polyaniline/dodecylbenzene sul-
fonic  acid), PEDOT/PSS  (poly(3,4-cthylenediox-
ythiophene)/poly(4-styrenesulfonate)), Pani/CSA (polya-
niline/camphor sulfonic acid), or PANI/PSS ((polyaniline)/
poly(4-styrenesulfonate)).

m-MTDATA
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-continued
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[0106] The hole injection layer 60 may further contain the
aforementioned auxiliary material to help improve film con-
ductivity and the like.

[0107] Whenthe holeinjection layer 60 further contains the
auxiliary material, the auxiliary material may be subject to
numerous variations, e.g., non-uniformly distributed or uni-
formly dispersed over the layers.

[0108] The hole injection layer 60 may be formed at an
upper portion of the anode 10 by using various methods such
as a vacuum deposition method, a spin coating method, a
casting method, an LB method, or the like.

[0109] When the hole injection layer 60 is formed by using
the vacuum deposition method, the deposition conditions
may be varied depending on a compound employed as the
material of the HIL, a desired structure of the HIL, a thermal
characteristic, or the like. In an implementation, adequate
selections may be made in a vacuum deposition temperature
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ranging from 100 to 500° C., a vacuum level ranging from
1078 to 107 torr, and a vacuum deposition rate ranging 0.01 to
100 A/sec.

[0110] When the hole injection layer 60 is formed by using
the spin coating method, the coating conditions may be varied
depending on a compound employed as the material of the
HIL, a desired structure of the HIL, a thermal characteristic,
or the like. In an implementation, adequate selections may be
made in a coating rate ranging from about 2,000 rpm to 5,000
rpm, and a heat treatment temperature for solvent removal
after coating ranging from about 80 to 200° C.

[0111] When the emission layer 50 contains a phosphores-
cent dopant, a hole blocking layer (not shown) may be formed
atan upper portion of the emission layer 50 to help prevent the
diffusion of triplet excitons or holes into the electron transport
layer. In this case, a hole blocking material employed herein
may include a suitable hole blocking material. Examples of
the hole blocking material may include an oxadiazole deriva-
tive, a triazole derivative, a phenanthroline derivative, Balq,
BCP, and the like.

[0112] The electron injection layer 70 may be stacked at an
upper portion of the electron transport layer 40 to serve as a
material for facilitating the injection of electrons from a cath-
ode.

[0113] As for the electron injection layer 70, a suitable
material may be employed as an EIL forming material, such
as LiF, NaCl, CsF, Li,0, BaO, or the like. The vacuum depo-
sition conditions and the coating conditions of the electron
injection layer 70 may be varied depending on the compound
that is employed. In an implementation, selections may be
made in a condition range that is substantially the same as the
condition range when the hole injection layer 60 60 is formed.
[0114] Theorganic light emitting diode device according to
the present exemplary embodiment may have a structure of
anode’hole injection layer/emission layer/cathode, anode/
hole injection layer/hole transport layer/emission layer/elec-
tron transport layer/cathode, or anode/hole injection layer/
hole transport layer/emission layer/electron transport layer/
electron injection layer/cathode. In an implementation, the
organic light emitting diode device may have a structure of
anode functional layer having both a hole injecting function
and a hole transport function/emission layer/electron trans-
port layer/cathode, or anode/functional layer having both a
hole injecting function and a hole transport function/emission
layer/electron transport layer/electron injection layer/cath-
ode. In an implementation, the organic light emitting diode
device may have a structure of anode/hole transport layer/
emission layer/functional layer having both a hole injecting
function and a hole transport function/cathode, anode/hole
injection layer/emission layer/layer having both a hole inject-
ing function and a hole transport function/cathode, or anode/
hole injection layer/hole transport layer/emission layer/func-
tional layer having both a hole injecting function and a hole
transport function/cathode.

[0115] Theorganic light emitting diode device may be elec-
trically connected to, e.g., a thin film transistor. In this case,
the thin film transistor may be disposed between a substrate
and an electrode.

[0116] Further, a first layer of the organic light emitting
diode device in accordance with an exemplary embodiment
may be formed by using the vacuum deposition method using
an organic compound of an exemplary embodiment or a wet
processing method of coating an organic compound of an
exemplary embodiment.



US 2016/0028018 A1l

[0117] According to an exemplary embodiment, a display
device including the organic light emitting diode device
according to the aforementioned exemplary embodiment
may be provided.

[0118] Hereinafter, the embodiments will be described in
more detail by using synthesis examples and test examples.
The following test examples are merely described for the
purpose of explanation, without limiting the scope of the
embodiments.

[0119] The following Examples and Comparative Example
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 Chemical Formula 5

Pd(OAc)Z, NaOt-Bu
\ Toluene, P(t Bu)3

[0120]

Bu3SnCl
n- BuLi

/ THEF, -78° C

CO=0)

@“'l

Pd(0Ac)2, NaOt-Bu
Toluene, P(t-Bu)3

Bu
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-continued

PA(PPhs),, K,C04

Dioxane + H;O

reflux

[0121] 2-(pyrimidin-2-yl)-1,5-dihydroimidazo[1,2-a]pyri-
dine at 7 g (31.32 mmol), bromobenzene at 5.5 g (35.03
mmol), Pd(OAc), at 44.9 mg (0.2 mmol), NaOt-Bu at 19.22
mg (0.20 mmol), and P(t-Bu), at 38.37 mg (0.19 mmol) were
dissolved in 20 ml of toluene, and then stirred at ambient
(room) temperature for 60 minutes. 1-phenyl-2-(pyrimidin-
2-y1)-1,5-dihydroimidazo[ 1,2-a|pyridine was obtained after
the reaction and filtering. 1-phenyl-2-(pyrimidin-2-y1)-1,5-
dihydroimidazo[1,2-a]pyridine at 6.92 g (25.23 mmol),
BuSnClat8.28 g (25.43 mmol), and n-Buliat 12.81 mg (0.20
mmol) were dissolved in 50 ml of THF, and then stirred at a
temperature of -78° C. for 10 minutes. Thereafter, the tem-
perature was increased to ambient temperature. 7-bromotet-
raphene at 7.13 g (23.2 mmol), Pd(OAc), at 44.9 mg (0.2
mmol), NaOt-Bu at 19.22 mg (0.20 mmol), and P(t-Bu), at
38.37mg (0.19 mmol) were dissolved in 20 ml of toluene, and
then refluxed and stirred at a temperature of 50° C. for 12
hours. The resultant was filtered, and then Pd(PPh,), at 23.1
mg (0.02 mmol) and K,CO, at 3.18 g (23.0 mmol) were
added thereinto. The resultant was refluxed and stirred in a
solution of 25 ml of dioxane mixed with 25 ml of distilled
water at a temperature of 160° C. for 48 hours.

[0122] After the reaction was completed, 20 ml of cold
distilled water was added thereinto. Then, extraction using
ethyl acetate was performed. After a drying operation using
magnesium sulfate and filtering, the solvent was evaporated.
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[0123] Then, 13.02 g of the compound (20.77 mmol, yield
64.3%) represented by Chemical Formula 5 was obtained
through column chromatography.

[0124] ‘HNMR (300 MHz, DMSO), d (ppm): 8.98 (1H, d),
8.80 (2H, d), 8.20-7.99 (5H, m), 7.90-7.88 (2H, d), 7.68-7.32
(12H, m), 7.20 (1H, d), 6.58 (2H, d), 6.17 (1H, d), 5.60 (1H,
1), 4.73 (1H, s), 3.80 (1H, d)

[0125] m/z: 626.25
Synthesis Example 2
Synthesis of Chemical Formula 11
[0126]
Br@
Pd(OAciZ NaOt-Bu
/ \ / Toluene P(t-Buj3
BusSnCl
N— 3
\ N \ - BuL1

| N/ \J THE, 78°C.

@?‘

Pd(OAG)2, NaOt-Bu
v/ N\

Toluene, P(t-Bu)3
NJ/
Bu

NN =\
|N/ \NJ/N

[0127] 2-(1,3,5-triazin-2-y1)-1,5-dihydroimidazo[1,2-a]

pyridine at 7 g (35.14 mmol), bromobenzene at 6 g (38.21
mmol), Pd(OAc), at 44.9 mg (0.2 mmol), NaOt-Bu at 19.22
mg (0.20 mmol), and P(t-Bu); at 38.37 mg (0.19 mmol) were
dissolved in 20 ml of toluene, and then stirred at ambient
temperature for 60 minutes. 1-phenyl-2-(1,3,5-triazin-2-yl)-
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1,5-dihydroimidazo[1,2-a]pyridine was obtained after a the
reaction and filtering. 1-phenyl-2-(1,3,5-triazin-2-y1)-1,5-di-
hydroimidazo[1,2-alpyridine at 6.95 g (2523 mmol),
BuSnClat8.28 g (25.43 mmol), and n-Buliat 12.81 mg (0.20
mmol) were dissolved in 50 ml of THF, and then stirred at a
temperature of -78° C. for 10 minutes. Thereafter, the tem-
perature was increased to ambient temperature. 9-bro-
mophenanthrene at 4.7 g (22.7 mmol), Pd(OAc), at 44.9 mg
(0.2 mmol), NaOt-Bu at 19.22 mg (0.20 mmol), and P(t-Bu),
at 38.37 mg (0.19 mmol) were dissolved in 20 ml of toluene,
and then refluxed and stirred at a temperature of 50° C. for 12
hours. The resultant was filtered, and then 23.1 mg (0.02
mmol) of Pd(PPh,), and 3.18 g (23.0 mmol) of K,CO, were
added thereinto. This was refluxed and stirred in a solution of
25 ml of dioxane mixed with 25 ml of distilled water at a
temperature of 160° C. for 48 hours.

[0128] After the reaction was completed, 20 ml of cold
distilled water was added thereinto. Then, extraction using
ethyl acetate was performed. After a drying operation using
magnesium sulfate and filtering, the solvent was evaporated.

[0129] Then, 8.63 g of the compound (19.12 mmol, yield
61.4%) represented by Chemical

[0130]
tography.
[0131] 'HNMR (300 MHz, DMSO), d (ppm): 9.63 (2H, s),
8.98 (1H, d), 8.84 (1H, d), 8.11 (1H, d), 7.90 (1H, d), 7.75-
7.62(5H,m),7.32 (2H,1),7.20(1H,1). 6.58 (2H, d), 6.17 (1H,
d), 5.60 (1H, 1), 4.73 (1H, s), 3.80 (1H, d)

Formula 11 was obtained through column chroma-

[0132] mv/z: 45218
Synthesis Example 3
Synthesis of Chemical Formula 16
[0133]

0

Pd(OAc)2, NaOt-Bu
Toluene P(t-Bu)3

s

CF/ \J

Pd(OAc)2, NaOt-Bu
N¥_<

Toluene, P(t-Bu)3
Sn
Bu Bu

Ve |\
Bu

Bu3SnCl
- BuL1

THF -18°C
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Br ’ ’

Pd(PPhs)s, K>COs

Dioxane + HO

reflux

Pd(OAc)2, NaOt-Bu
>
Toluene, P(t-Bu)3

s

[0134] 2-(1,3,5-triazin-2-y1)-1,5-dihydroimidazo[1,2-a]

pyridine at 7 g (35.14 mmol), bromobenzene at 6 g (38.21
mmol), Pd(OAc), at 44.9 mg (0.2 mmol), NaOt-Bu at 19.22
mg (0.20 mmol), and P(t-Bu), at 38.37 mg (0.19 mmol) were
dissolved in 20 ml of toluene, and then stirred at ambient
temperature for 60 minutes. 1-phenyl-2-(1,3,5-triazin-2-yl)-
1,5-dihydroimidazo[1,2-a]pyridine was obtained after the
reaction and filtering. 1-phenyl-2-(1,3,5-triazin-2-yl1)-1,5-di-
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hydroimidazo[1,2-alpyridine at 6.95 g (25.23 mmol),
BuSnClat8.28 g (25.43 mmol), and n-Bul.iat 12.81 mg (0.20
mmol) were dissolved in 50 ml of THF, and then stirred at a
temperature of -78° C. for 10 minutes. Thereafter, the tem-
perature was increased to ambient temperature. 6-bromo-
13H-indeno[1,2-b]anthracene at 8.80 g (255 mmol),
Pd(OAc), at 44.9 mg (0.2 mmol), NaOt-Bu at 19.22 mg (0.20
mmol), and P(t-Bu); at 38.37 mg (0.19 mmol) were dissolved
in 20 ml of toluene, and then refluxed and stirred at a tem-
perature of 50° C. for 12 hours. The resultant was filtered, and
then 2-bromonaphthalene at 4.76 g (23.01 mmol), Pd(PPh;),
at 23.1 mg (0.02 mmol), and K,CO, at 3.18 g (23.0 mmol)
were added thereinto. This were refluxed and stirred in a
solution of 25 ml of dioxane mixed with 25 ml of distilled
water at a temperature of 160° C. for 48 hours, thereby obtain-
ing 3-11-(naphthalen-2-y1)-13H-indenol[1,2-bJanthracen-6-
y1)-1-phenyl-2-(pyrimidin-2-y1)-1,5-dihydroimidazo[ 1,2-a]
pyridine.

[0135] 3-(11-(naphthalen-2-yl)-13H-indeno[1,2-b]anthra-
cen-6-yl)-1-phenyl-2-(pyrimidin-2-y1)-1,5-dihydroimidazo
[1,2-a]pyridine at 14 g (21.0 mmol), bromobenzene at 3.6 g
(23.0 mmol), Pd(OAc), at 13.5 mg (0.06 mmol), NaOt-Bu at
5.76 mg (0.06 mmol), and P(t-Bu), at 11.52 mg (0.057 mmol)
were dissolved in 10 ml of toluene, and then stirred at ambient
temperature for 60 minutes.

[0136] After the reaction was completed, 20 ml of cold
distilled water was added thereinto. Then, extraction using
ethyl acetate was performed. After a drying operation using
magnesium sulfate and filtering, the solvent was evaporated.
Then, 813.42 g of the compound (18.11 mmol, yield 47.4%)
represented by Chemical Formula 16 was obtained through
column chromatography.

[0137] 'HNMR (300 MHz, DMSO), d (ppm): 8.80 (2H, d),
8.24-8.18 (2H, d), 8.09-7.92 (6H, m), 7.74 (1H, d), 7.63-7.52
(5H, m), 7.40-7.14 (12H, m), 6.58 (2H, d), 6.17 (11, d), 5.60
(1H, 1), 5.15 (1H, s), 4.73 (1H, 5), 3.80 (1L, d)

[0138] vz 664.26
Synthesis Example 4
Synthesis of Chemical Formula 22
[0139]

0

Pd(OAc 12, NaOt-Bu

\ / Toluene P(t-Bu)3

-0
O e

BuzSnCl
- BuL1

THE, -78° C
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contlnued

@

Pd(OAc)2, NaOt-Bu
Toluene, P(t-Bu)3

N/\J/

N

S0

Pd(PPhs)s, K>CO3

Dioxane-H,0
reflux

[0140] 2-(1,3,5-triazin-2-y1)-1,5-dihydroimidazo[1,2-a]

pyridine at 7 g (35.14 mmol), bromobenzene at 6 g (38.21
mmol), Pd(OAc), at 44.9 mg (0.2 mmol), NaOt-Bu at 19.22
mg (0.20 mmol), and P(t-Bu), at 38.37 mg (0.19 mmol) were
dissolved in 20 ml of toluene, and then stirred at ambient
temperature for 60 minutes. 1-phenyl-2-(1,3,5-triazin-2-yl)-
1,5-dihydroimidazo[1,2-a]pyridine was obtained after a thus-
generated reaction and filtering. 1-phenyl-2-(1,3,5-triazin-2-
y1)-1,5-dihydroimidazo[1,2-a]pyridine at 6.95 g (25.23
mmol), BuSnCl at 8.28 g (25.43 mmol), and n-BuLiat 12.81
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mg (0.20 mmol) were dissolved in 50 ml of THF, and then
stirred at a temperature of =78° C. for 10 minutes. Thereafter,
the temperature was increased to ambient temperature.
11-bromo-13,13-dimethyl-13H-indeno[1,2-b]anthracene at
8.14 g (21.8 mmol), Pd(OAc), at 44.9 mg (0.2 mmol), NaOt-
Bu at 19.22 mg (0.20 mmol), and P(t-Bu); at 38.37 mg (0.19
mmol) were dissolved in 20 ml of toluene, and then refluxed
and stirred at a temperature of 50° C. for 12 hours. The
resultant was filtered, and then 2-bromonaphthalene at 4.76 g
(23.01 mmol), Pd(PPh,), at 23.1 mg (0.02 mmol), and
K,CO; at 3.18 g (23.0 mmol) were added thereinto. This was
refluxed and stirred in a solution of 25 ml of dioxane mixed
with 25 ml ofdistilled water at a temperature of 160° C. for 48
hours.

[0141] After the reaction was completed, 30 ml of cold
distilled water was added thereinto.

[0142] Then, extraction using ethyl acetate was performed.
After a drying operation using magnesium sulfate and filter-
ing, the solvent was evaporated. Then, 9.89 g of the com-
pound (14.26 mmol, yield 37.31%) represented by Chemical
Formula 22 was obtained through column chromatography.

[0143] 'HNMR (300 MHz, DMSO), d (ppm): 9.63 (21, s),
8.24-8.18 (2H, d), 8.10-7.93 (61, m), 7.74 (1HL, d), 7.63-7.55
(41, m), 7.40-7.32 (611, m), 7.20 (111, d), 6.58 (2H, d), 6.17
(1H, d), 5.60 (1H, 1), 4.73 (1H, s), 3.80 (1H, d), 1.75 (21, s)

[0144] m/z 693.29
Synthesis Example 5
Synthesis of Chemical Formula 29
[0145]

0

Pd(OAciZ NaOt-Bu
Toluene, P(t-Buj3

O

Ne— Bu;SnCl
\ N \ n-BuLi
\ /N THE, -78° C,

Pd(0A92, NaOLBu
\2_<\ v

Toluene P(t-Bu)3
Bu
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%

| X Pd(PPhy),, K;00;
N
\ 4 Dioxane + H,0
N / \ / ioxane 2
reflux

Sy,
3

[0146] 2-(1,3,5-triazin-2-y1)-1,5-dihydroimidazo[1,2-a]
pyridine at 7 g (35.14 mmol), bromobenzene at 6 g (38.21
mmol), Pd(OAc), at 44.9 mg (0.2 mmol), NaOt-Bu at 19.22
mg (0.20 mmol), and P(t-Bu), at 38.37 mg (0.19 mmol) were
dissolved in 20 ml of toluene, and then stirred at ambient
temperature for 60 minutes. 1-phenyl-2-(1,3,5-triazin-2-yl)-
1,5-dihydroimidazo[1,2-a]pyridine was obtained after a the
reaction and filtering. 1-phenyl-2-(1,3,5-triazin-2-yl1)-1,5-di-
hydroimidazo[1,2-alpyridine at 6.95 g (25.23 mmol),
BuSnClat8.28 g (25.43 mmol), andn-Buliat 12.81 mg (0.20
mmol) were dissolved in 50 ml of THF, and then stirred at a
temperature of -78° C. for 10 minutes. Thereafter, the was
increased to ambient temperature. Bromobenzene at 6 g (38.
21 mmol), Pd(OAc), at 44.9 mg (0.2 mmol), NaOt-Bu at
19.22 mg (0.20 mmol), and P(t-Bu); at 38.37 mg (0.19 mmol)
were dissolved in 20 ml of toluene, and then refluxed and
stirred at a temperature of 50° C. for 12 hours. The resultant
was filtered, and then 9-bromo-10-phenylanthracene at 6.7 g
(20.01 mmol), Pd(PPh;), at 23.1 mg (0.02 mmol), and
K,CO; at 2.90 g (21.0 mmol) were added thereinto. This was
refluxed and stirred 1n a solution of 25 ml of dioxane mixed
with of 25 ml of distilled water at a temperature of 160° C. for
48 hours.
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[0147] After the reaction was completed, 20 ml of cold
distilled water was added thereinto. Then, extraction using
ethyl acetate was performed. After a drying operation using
magnesium sulfate and filtering, the solvent was evaporated.
Then, 10.91 g of the compound (18.08 mmol, yield 47.31%)
represented by Chemical Formula 29 was obtained through
column chromatography.

[0148] ‘HNMR (300 MHz, DMSO), d (ppm): 9.26 (1H, s),
8.22-8.19 (4H, 1), 7.71-7.32 (16H, m). 7.20 (1H, ), 6.58 (2H,
d), 6.17 (1H), 5.60 (1H, 1), 4.73 (1H, s), 3.80 (1H, d)

[0149] m/z 332.02
Synthesis Example 6
Synthesis of Chemical Formula 33
[0150]

-0

Pd(OAc)2, NaOt-Bu
_—_—

Toluene, P(t-Buj3

Bu3SnCl
O/\I>_<N_ \ n—;uLi
N ————
THF, -78° C.
Y \N /

7//\ Br#@i
XN N=\ Pd(OAC)2, NaOt-Bu
Y v
N
Bu/SIll\Bu

Toluene, P(t-Bu)3
Bu
Br
N =

N
\ Pd(PPhy),, K,CO4
N

N
\NJ/

Dioxane + H,0

reflux



US 2016/0028018 A1l Jan. 28, 2016
32

-continued Synthesis Example 7

Synthesis of Chemical Formula 37

Br@
Pd(OAciZ NaOt-Bu
/ \ / Toluene P(t-Bu)3

BuzSnCl
[0151] 2-(1,3,5-triazin-2-y1)-1,5-dihydroimidazo[1,2-a] HBuLl
pyridine at 7 g (35.14 mmol), bromobenzene at 6 g (38.21 \>_<\ / THF -78°C

mmol), Pd(OAc), at 44.9 mg (0.2 mmol), NaOt-Bu at 19.22

mg (0.20 mmol), and P(t-Bu), at 38.37 mg (0.19 mmol) were
solved in 20 ml of toluene, and then stirred at ambient tem-
perature for 60 minutes. 1-phenyl-2-(1,3,5-triazin-2-y1)-1,5-
dihydroimidazo[1,2-a]pyridine was obtained after a the reac-

tion and filtering. 1-phenyl-2-(1,3,5-triazin-2-y1)-1,5- Pd(0AC)2, NaOt-Bu
dihydroimidazo[1,2-a]pyridine at 6.95 g (25.23 mmol), \ / Toluene, P(t-Bu)3
BuSnClat8.28 g (25.43 mmol), andn-Buliat 12.81 mg (0.20

mmol) were dissolved in S0 ml of THF, and then stirred at a
temperature of -78° C. for 10 minutes. Thereafter, the tem-

perature was increased to ambient temperature. 2-bro-

monaphthalene at 5.75 g (27.8 mmol), Pd(OAc), at 44.9 mg

(0.2 mmol), NaOt-Bu at 19.22 mg (0.20 mmol), and P(t-Bu), OO’

at 38.37 mg (0.19 mmol) were dissolved in 20 ml of toluene, Q

and then refluxed and stirred at a temperature of 50° C. for 12 \ Pd(PPhs)y, K>CO;
hours. The resultant was filtered, and then 9-bromoan- | N / \ J/ Dioxane Hy0
thracene at 4.89 g (19.01 mmol), Pd(PPh,), at 23.1 mg (0.02 N reflux
mmol), and K,CO; at 2.48 g (18.0 mmol) were added there-

into. This was refluxed and stirred in a solution of 25 ml of OO

dioxane mixed with 25 ml of distilled water at a temperature O

of 160° C. for 48 hours.

[0155]

a

[0152] After the reaction was completed, 20 ml of cold
distilled water was added thereinto. Then, extraction using
ethyl acetate was performed. After a drying operation using
magnesium sulfate and filtering, the solvent was evaporated.
Then, 8.67 g of the compound (15.01 mmol, yield 39.27%)
represented by Chemical Formula 33 was obtained through

column chromatography.

[0153] HNMR (300 MHz, DMSO), d (ppm): 9.26 (1H, s), O
8.55 (111, 5), 8.20 (2H, d), 8.01-7.95 (411, m), 7.85-7.84 (31,

m), 7.53-7.47 (6H, m), 7.32 (2H, 1), 7.20 (11, 1), 6.58 (2H, ),
6.17 (1H, d), 5.60 (11, 1), 4.73 (1H, 5), 3.80 (11, d)

[0154] m/z 577.23
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[0156] 2-(1,3,5-triazin-2-y1)-1,5-dihydroimidazo[1,2-a]
pyridine at 7 g (35.14 mmol), bromobenzene at 6 g (38.21
mmol), Pd(OAc), at 44.9 mg (0.2 mmol), NaOt-Bu at 19.22
mg (0.20 mmol), and P(t-Bu); at 38.37 mg (0.19 mmol) were
dissolved in 20 ml of toluene, and then stirred at ambient
temperature for 60 minutes. 1-phenyl-2-(1,3,5-triazin-2-yl)-
1,5-dihydroimidazo[1,2-a]pyridine was obtained after a the
reaction and filtering. 1-phenyl-2-(1,3,5-triazin-2-yl)-1,5-di-
hydroimidazo[1,2-a]pyridine at 6.95 g (25.23 mmol),
BuSnClat8.28 g (25.43 mmol), andn-BuLiat 12.81 mg (0.20
mmol) were dissolved in 50 ml of THF, and then stirred at a
temperature of -78° C. for 10 minutes. Thereafter, the tem-
perature was increased to ambient temperature. 9-bro-
mophenanthrene at 5.86 g (22.8 mmol), Pd(OAc), at 44.9 mg
(0.2 mmol), NaOt-Bu at 19.22 mg (0.20 mmol), and P(t-Bu),
at 38.37 mg (0.19 mmol) were dissolved in 20 ml of toluene,
and then refluxed and stirred at a temperature of 50° C. for 12
hours. The resultant was filtered, and then 2-bromonaphtha-
lene at 3.73 g (18.01 mmol), Pd(PPh,), at 23.1 mg (0.02
mmol), and K,CO; at 2.48 g (18.0 mmol) were added there-
into. This was refluxed and stirred in a solution of 25 ml of
dioxane mixed with 25 ml of distilled water at a temperature
of 160° C. for 48 hours.

[0157] After the reaction was completed, 20 ml of cold
distilled water was added thereinto. Then, extraction using
ethyl acetate was performed. After a drying operation using
magnesium sulfate and filtering, the solvent was evaporated.
Then, 8.92 g of the compound (11.99 mmol, yield 31.37%)
represented by Chemical Formula 37 was obtained through
column chromatography.

[0158] HNMR (300 MHz, DMSO), d (ppm): 9.26 (11, s),
8.98 (1M, d), 8.84 (11, d), 8.41 (1M, s), 8.24-8.20 (2[], m),
8.11-8.10 (2H, m). 8.01 (1H, d), 7.92-7.90 (2H, m), 7.75-7.32
(12H, m), 7.20 (1H, 1), 6.58 (1H, d), 6.17 (1H, d), 5.60 (1H, 1),
473 (14, 5), 3.80 (1H, d), 1.75 (2H, 5)

[0159] mv/z: 743.30

[0160] For the compounds other than the aforementioned
compounds, their synthesis methods may be understood by
referring to the synthesis method and raw materials.

TEST EXAMPLES

Test Example 1

[0161] As theanode,a 15 Q/cm?® 500 A ITO glass substrate
(available from Dow Corning Corporation) was cut to dimen-
sions of 50 mm x 50 mm x 0.5 mm and was subjected to an
ultrasonic wave cleaning process for about one minute using
isopropyl alcohol and pure water, and ultraviolet ray irradia-
tion for about one minute. Then, the glass substrate was
exposed to ozone to be cleaned and installed in a vacuum
deposition apparatus. First, 2-TNATA (4,4',4"-tris(N-(2-
naphthyl)-N-phenyl-amino)-triphenylamine) was subjected
to vacuum deposition to form an HIL having a thickness of
600 A on top of the substrate. Then, NPB (N,N-bis(naphtha-
len-1-y1)-N,N'-bis(phenyl)-benzidine), serving as a hole
transport compound, was subjected to vacuum depositionto a
thickness of 300 A to form a hole transport layer.

Jan. 28,2016

2-TNATA

NPB

[0162] Next, blue host ADN (9,10-di(naphth-2-yl)an-
thracene) and DNTPD (N1,N1'-(biphenyl-4,4'-diyl)bis(N1-
phenyl-N4,N4-di-mtolylbenzene-1,4-diamine) were simul-
taneously subjected to vacuum deposition in a weight ratio of
96:4 to form an emission layer having a thickness of 300 A on
top of the hole transport layer. Then, the compound repre-
sented by Chemical Formula 11, below, was subjected to
vactum deposition to a thickness of300 A to form an electron
transport layer on top of the emission layer. Thereafter, Al was
subjected to vacuum deposition to a thickness of 1,200 A
(cathode electrode) to thereby manufacture an organic light
emitting diode device.

ADN
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-continued

ey

DNTPD

Chemical Formula 11

Test Example 2

[0163] An organic light emitting diode device was manu-
factured by using substantially the same method as that of
Test Example 1, except that the compound represented by
Chemical Formula 16, below, was used to form the electron
transport layer instead of the compound represented by
Chemical Formula 11.

Chemical Formula 16

Jan. 28,2016

Test Example 3

[0164] An organic light emitting diode device was manu-
factured by using substantially the same method as that of
Test Example 1, except that the compound represented by
Chemical Formula 22, below, was employed to form the
electron transport layer instead of the compound represented
by Chemical Formula 11.

Chermical Formula 22

Test Example 4

[0165] An organic light emitting diode device was manu-
factured by using substantially the same method as that of
Test Example 1, except that the compound represented by
Chemical Formula 29, below, was employed to form the
electron transport layer instead of the compound represented
by Chemical Formula 11.

Chermical Formula 29

N=\N

p%e

[0166] An organic light emitting diode device was manu-
factured by using substantially the same method as that of

W,

Test Example 5



US 2016/0028018 A1l

Test Example 1, except that the compound represented by
Chemical Formula 33, below, was employed to form the
electron transport layer instead of the compound represented
by Chemical Formula 11.

Chemical Formula 33

Test Example 6

[0167] An organic light emitting diode device was manu-
factured by using substantially the same method as that of
Test Example 1, except that the compound represented by
Chemical Formula 37 was employed to form the electron
transport layer instead of the compound represented by
Chemical Formula 11.

Chemical Formula 37

e 30
/N/ \N/ ‘

Comparative Example 1

[0168] An organic light emitting diode device was manu-
factured by using substantially the same method as that of
Test Example 1, except that Alq, (tris(8-hydroxy-quinoli-
nato aluminum) was emploved to form the electron transport
layer instead of the compound represented by Chemical For-
mula 11.

Jan. 28,2016

e N
0 J N\
/
Algs
[0169] Evaluvation
[0170] The characteristics of the organic light emitting

diode device according to Test Examples 1 to 6 and Compara-
tive Example 1 were evaluated.

[0171] The results are shown in Table 1, below.
TABLE 1
Lifespan

Electron transport Voltage Efficiency (h)

layer material V) (Cd/A) (T95%)
Test Example 1  Chemical Formula 11 5.2 5.1 368
Test Example 2 Chemical Formula 16 5.4 5.1 343
Test Example 3 Chemical Formula 22 5.7 4.9 284
Test Example 4 Chemical Formula 29 5.6 5.8 337
Test example 5 Chemical Formula 33 53 5.2 332
Test example 6 Chemical Formula 37 5.6 5.0 294
Comparative  Alg3 6.4 4.8 243
Example 1
[0172] (T95% indicates a time (in hours h) that it takes for

the luminance to drop to 95% when the organic light emitting
diode device is driven by setting an initial luminance as 100%
while continuously applying a current density 0.550
mA/cm?)

[0173] Referring to Table 1, it may be seen that all the
characteristics of driving voltage, efficiency, and lifespan
were improved in the organic light emitting diode device
according to Test Examples 1 to 6, as compared to Compara-
tive Example 1.

[0174] The embodiments may provide an organic com-
pound that is applicable to an organic light emitting diode
device.

[0175] The organic light emitting diode device including
the compound according to the exemplary embodiment may
have an outstanding lifespan characteristic, and may have
high light emitting efficiency even in the case of using a low
driving voltage.

[0176] 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.
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Accordingly, it will be understood by those of skill in the art
that various changes in form and details may be made without
departing from the spirit and scope of the present invention as
set forth in the following claims.

[0177] <Description of Symbols>

[0178] 10: anode 20: cathode

[0179] 30: hole transport layer 40: electron transport layer
[0180] 50: emission layer 60: hole injection layer

[0181] 70: electron injection layer 100: organic layer

What is claimed is:

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

[Chemical Formula 1]

Rl
2
R X
| R
N
R? 7 /
R? R?

wherein, in Chemical Formula 1,
X is CRR'or NR,

R and R' are each independently hydrogen, heavy hydro-
gen, a substituted or unsubstituted C6 to C30 aryl group,
or a substituted or unsubstituted C2 to C30 heteroaryl
group,

R! to R* are each independently hydrogen, heavy hydro-
gen, a substituted or unsubstituted C1 to C30 alkyl
group, a substituted or unsubstituted C3 to C30
cycloalkyl group, a substituted or unsubstituted C6 to
C30 aryl group, a substituted or unsubstituted C2 to C30
heteroaryl group, a substituted or unsubstituted C1 to
C30 amine group, or a substituted or unsubstituted silyl
group,

R’ is hydrogen, heavy hydrogen, a substituted or unsubsti-
tuted C6 to C50 aryl group, a substituted or unsubsti-
tuted C2 to C50 heteroaryl group, or a substituted or
unsubstituted fused ring-containing group, and

R®is hydrogen, heavy hydrogen, a substituted or unsubsti-
tuted C6 to C50 aryl group, a substituted or unsubsti-
tuted C2 to C50 heteroaryl group, a substituted or unsub-
stituted C1 to C30 amine group, or a substituted or
unsubstituted fused ring-containing group.

2. The compound as claimed in claim 1, wherein the com-

pound represented by Chemical Formula 1 is represented by
the following Chemical Formula 2:

[Chemical Formula 2]

Jan. 28,2016

wherein, in Chemical Formula 2,

7! to 7? are each independently CR" or N, and at least one
of Z' to Z3is N,

R" is hydrogen, heavy hydrogen, a substituted or unsubsti-
tuted C6 to C30 aryl group, or a substituted or unsubsti-
tuted C2 to C30 heteroaryl group,

R” and R® are each independently hydrogen, heavy hydro-
gen, a substituted or unsubstituted C6 to C50 aryl group,
a substituted or unsubstituted C2 to C50 heteroaryl
group, or a substituted or unsubstituted fused ring-con-
taining group, and

X and R to R® are the same as defined with respect to
Chemical Formula 1.

3. The compound as claimed in claim 2, wherein at least
one of R*, R’, and R® includes the fused ring-containing
group.

4. The compound as claimed in claim 3, wherein the fused
ring-containing group includes a moiety represented by one

«, 9,

of the following Chemical Formulae “a” to “s™:

[Chemical Formula a]

-

R9

[Chemical Formula b]

[Chemical Formula ¢]

[Chemical Formula d]

RIS

i

Rl7
RIS
[Chemical Formula e]
R
RZO ‘ RZZ
RZI
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-continued
R23
R24
RZS_:
F
X
R26
RZS
A |
SN
RZS I
F
XX
R29

"R,

R34
(\j
(L
(L

Jan. 28,2016
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-continued

[Chemical Formula f] [Chemical Formula m]

[Chemical Formula n]

[Chemical Formula g]

[Chemical Formula o]

[Chemical Formula h]

[Chemical Formula p]

[Chemical Formula i]
[Chemical Formula q]

[Chemical Formula j]

[Chemical Formula r]

[Chemical Formula k] [Chemical Formula s]

[Chemical Formula I]

=y

wherein, in Chemical Formulae “a” to “s”,

R® to R*? are each independently hydrogen, heavy hydro-
gen, a substituted or unsubstituted C1 to C30 alkyl
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group, a substituted or unsubstituted C6 to C30 aryl
group, or a substituted or unsubstituted C2 to C30 het-
eroaryl group, and

nl, n2, n3, m1, m2, and m3 are each independently 0 or 1.

5. The compound as claimed in claim 1, wherein:

X is NR, and

R is a substituted or unsubstituted C6 to C30 aryl group.

6. The compound as claimed in claim 1, wherein:

R',R?, and R* are hydrogen, and

R* is hydrogen or a substituted or unsubstituted C6 to C50

aryl group.

7. The compound as claimed in claim 6, wherein R* is
hydrogen, a substituted or unsubstituted phenyl group, a sub-
stituted or unsubstituted biphenyl group, a substituted or
unsubstituted naphthyl group, a substituted or unsubstituted
anthracenyl group, a substituted or unsubstituted phenanthre-
nyl group, or a substituted or unsubstituted pyrenyl group.

8. The compound as claimed in claim 1, wherein the com-
pound represented by Chemical Formula 1 is represented by
one of the following Chemical Formulae 3 to 51:

38

-continued
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14

40

-continued
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20
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46 50

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

a cathode; and

an organic layer between the anode and the cathode,

wherein the organic layer contains the compound accord-
ing to claim 1.

10. The organic light emitting diode device as claimed in
claim 9, wherein the organic layer includes an electron injec-
tion layer, an electron transport layer, a hole injection layer, a
hole transport layer, or an emission layer.

11. The organic light emitting diode device as claimed in
claim 9, wherein the organic layer includes an electron injec-
tion layer or an electron transport layer.

12. The organic light emitting diode device as claimed in
claim 11, wherein:

the organic layer includes the electron transport layer,
the electron transport layer includes the compound, and

the electron transport layer further includes a metal-con-
taining material.

13. The organic light emitting diode device as claimed in
claim 12, wherein the metal-containing material includes a Li
complex.

14. A display device comprising the organic light emitting
diode device according to claim 9.

* #* * #* #®
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