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ORGANIC ELECTROLUMINESCENCE
MATERIAL AND ORGANIC
ELECTROLUMINESCENCE DEVICE
INCLUDING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] Japanese Patent Application No. 2013-039743, filed
on Feb. 28, 2013, in the Japanese Patent Office, is incorpo-
rated by reference in its entirety.

BACKGROUND

[0002] 1.Field

[0003] Embodiments relate to an organic electrolumines-
cence material and an organic electroluminescence device
including the same.

[0004] 2. Description of the Related Art

[0005] Organic electroluminescence (EL) display devices
(that are one type of image display devices) have been
actively developed. Unlike a liquid crystal display device and
the like, the organic EL display device is a so-called a self-
luminescent display device that recombines holes and elec-
trons injected from a positive electrode and a negative elec-
trode in an emission layer to thus emit a light from a light-
emitting material (including an organic compound of the
emission layer), thereby performing display.

[0006] An example of a light-emitting device (hereinafter
referred to as an organic EL device) may include an organic
EL device that includes a positive electrode, a hole transport
layer on the positive electrode, an emission layer on the hole
transport layer, an electron transport layer on the emission
layer, and a negative electrode on the electron transport layer.
Holes injected from the positive electrode may be injected
into the emission layer via the hole transport layer. Mean-
while, electrons may be injected from the negative electrode,
and then injected into the emission layer via the electron
transport layer. The holes and the electrons injected into the
emission layer may be recombined to generate excitons
within the emission layer. The organic EL device may emit
light by using a light generated by radiation and deactivation
of the excitons. Also, the organic EL device is not limited to
the above-described configuration but may be changed in
various forms.

SUMMARY

[0007] Embodiments are directed to an organic electrolu-
minescence material and an organic electroluminescence
device including the same.

[0008] The embodiments may be realized by providing an
organic electroluminescence (EL) device comprising an
organic EL, material represented by the following Formula

(D
M
S Y
— I
N R,
[0009] wherein R, is selected from the group of'a branched

or cyclic alkyl group having 3 to 20 carbon atoms, an aryl
group having 6 to 24 carbon atoms, and a heteroaryl group
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having 6 to 24 carbon atoms, each being unsubstituted or
substituted with at least one substituent selected from the
group of a halogen atom, a hydroxyl group, a lower alkyl
group, a lower alkoxy group, and a lower haloalkyl group, R,
is a substituted or unsubstituted aryl group or a substituted or
unsubstituted heteroaryl group, the substituted aryl group or
substituted heteroaryl group being substituted with at least
one substituent selected from the group of a halogen atom, a
hydroxyl group, a lower alkyl group, a lower alkoxy group,
and a lower haloalkyl group, and Y is a substituent repre-
sented by the following Formula (2),

_____

[0010] wherein, in Formula 2, R, and R, are each indepen-
dently selected from the group of a linear or branched alkyl
group having 1 to 20 carbon atoms, a cyclic alkyl group
having 3 to 20 carbon atoms, an aryl group having 6 to 24
carbon atoms, and a heteroaryl group having 6 to 24 carbon
atoms, each being unsubstituted or substituted with at least
one substituent selected from the group of a halogen atom, a
hydroxyl group, a lower alkyl group, a lower alkoxy group, a
lower haloalkyl group, an aryl group, and a heteroaryl group.
[0011] R, and R, may be bound together and form a het-
erocycle with a nitrogen atom (N) in the substituent repre-
sented by Formula (2).

[0012] R, and R, may be separate from one another.
[0013] The organic EL material represented by above For-
mula (1) may be a light-emitting material of the organic EL
device.

[0014] The light-emitting material may be a blue light-
emitting material.

[0015] The light-emitting material may be included in an
emission layer along with a condensed polycyclic hydrocar-
bon derivative.

[0016] The condensed polycyclic hydrocarbon derivative
may be one of a substituted or unsubstituted naphthalene
derivative, a substituted or unsubstituted anthracene deriva-
tive, a substituted or unsubstituted phenanthrene derivative, a
substituted or unsubstituted pyrene derivative, a substituted
or unsubstituted triphenylene derivative, a substituted or
unsubstituted chrysene derivative, a substituted or unsubsti-
tuted perylene derivative, or a substituted or unsubstituted
fluorene derivative.

[0017] The condensed polycyclic hydrocarbon derivative
may be the substituted or unsubstituted anthracene derivative
or the substituted or unsubstituted pyrene derivative.

[0018] The condensed polycyclic hydrocarbon derivative
may be a host and the organic EL. material represented by the
above Formula (1) may be a dopant.

BRIEF DESCRIPTION OF THE DRAWING

[0019] Features will be apparent to those of skill in the art
by describing in detail exemplary embodiments with refer-
ence to the attached drawing in which:

[0020] FIG. 1 illustrates a schematic diagram of the struc-
ture of an organic EL device.



US 2014/0239229 Al

DETAILED DESCRIPTION

[0021] 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.
[0022] In the drawing figure, the dimensions of layers and
regions may be exaggerated for clarity of illustration. Like
reference numerals refer to like elements throughout.

[0023] A 5-aminothiazole derivative may be used as a blue
light-emitting material in the emission layer of an organic EL
device. Light-emitting efficiency of the organic EL device
may thus be improved. The embodiments may provide an
organic EL material including the 5-aminothiazole derivative
and an organic EL device using the same.

[0024] The S-aminothiazole derivative used as, e.g., the
blue light-emitting organic material, may be represented by
Formula (1), below.

M

[0025] In Formula (1), R, may be selected from the group
of a branched or cyclic alkyl group having 3 to 20 carbon
atoms, an aryl group having 6 to 24 carbon atoms, and a
heteroaryl group having 6 to 24 carbon atoms. Each of the
alkyl group, the aryl group, or the heteroaryl group may be
unsubstituted or substituted with at least one substituent
selected from the group of a halogen atom, a hydroxyl group,
a lower alkyl group, a lower alkoxy group, and a lower
haloalkyl group.

[0026] R, may be a substituted or unsubstituted aryl group
or a substituted or unsubstituted heteroaryl group. In an
implementation, R, may be a substituted or unsubstituted aryl
group having 6 to 24 carbon atoms or a substituted or unsub-
stituted heteroaryl group having 6 to 24 carbon atoms. The
substituted aryl group or the substituted heteroaryl group may
be substituted with at least one substituent selected from the
group of a halogen atom, a hydroxyl group, a lower alkyl
group, a lower alkoxy group, and a lower haloalkyl group.

[0027] Y may be a substituent represented by Formula (2),
below.
- @
\Il\I/ 3 \\‘
Ri‘ /.'
[0028] In Formula (2), R, and R, may each independently

be selected from the group of a linear or branched alkyl group
having 1 to 20 carbon atoms, a cyclic alkyl group having 3 to
20 carbon atoms, an aryl group having 6 to 24 carbon atoms,
and a heteroaryl group having 6 to 24 carbon atoms. Each of
the alkyl group, the cyclic alkyl group, the aryl group, or the
heteroaryl group may be unsubstituted or substituted with at
least one substituent selected from the group of a halogen
atom, a hydroxyl group, a lower alkyl group, a lower alkoxy
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group, alower haloalkyl group, an aryl group and a heteroaryl
group. In an implementation, in Formula (2), R, and R, may
combine or be bound together, and may form a heterocycle
with a nitrogen atom (N) that makes chemical bonds with R,
and R, (e.g., as shown by the dashed line in Formula (2)). In
an implementation, R; and R, may be separate from one
another.

[0029] Examples of the S-aminothiazole derivatives appli-
cable as the blue light-emitting organic material according to
an embodiment may include compounds 1 to 42, below.

o
o

Cl
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[0030] As described above, the 5-aminothiazole derivative
according to an embodiment may be used as the blue light-
emitting organic material. For example, the 5-aminothiazole
derivative according to an embodiment may be used as a
dopant material included in a host material, thereby realizing
the high efficiency of an organic EL device. The host material
may be, e.g., a condensed polycyclic hydrocarbon derivative.
In an implementation, the host material may include, e.g., a
substituted or unsubstituted naphthalene derivative, a substi-
tuted or unsubstituted anthracene derivative, a substituted or
unsubstituted phenanthrene derivative, a substituted or
unsubstituted pyrene derivative, a substituted or unsubsti-
tuted triphenylene derivative, a substituted or unsubstituted
chrysene derivative, a substituted or unsubstituted perylene
derivative, a substituted or unsubstituted fluorene derivative,
or the like. In an implementation, host material may include,
e.g., the substituted or unsubstituted anthracene derivative or
the substituted or unsubstituted pyrene derivative.

[0031] The following Examples and Comparative
Bxamples 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.
[0032] Hereinafter synthetic methods of preparing Com-
pound 1, Compound 5, Compound 7, Compound 9, Com-
pound 14, Compound 22, Compound 23, Compound 24, and
Compound 25 as the 5-aminothiazole derivatives of an
embodiment will be explained referring to the following
Reaction Schemes 12 to 15.

Synthesis of Compound 1

Synthesis of Intermediate 1
(N-phenylmethylbenzenecarbothioamide)

[0033]

Reaction Scheme 12

0]
H H,N
+ S + e
DMF
85°C.

Raw meterial 1 Raw meterial 2
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-continued

janiz4

Intermediate 1

[0034] Benzaldehyde (10.1 mL, 0.1 mol) as Raw material 1
was added to benzylamine (12.0 mL, 0.11 mol) as Raw mate-
rial 2 in dimethylformamide (DMF, 50 mL) at room tempera-
ture. Then, sulfur (3.52 g, 0.11 mol) was added and heated to
80 to 90° C. and stirred for 6 hours. The reaction mixture was
poured into ethyl ether (50 mL), and an organic phase was
washed using a saturated aqueous sodium hydrogen carbon-
ate solution (200 mL), and hydrochloric acid (35%, 10 mL).
An organic phase was dried using magnesium sulfate, fil-
tered, and condensed under a reduced pressure. The residue
thus obtained was recrystallized using hexane/methylene
chloride (1:1, 30 mL) to obtain 21.3 g of Intermediate 1 as a
yellow solid (yield 94%).

Synthesis of Intermediate 2

[0035]

Reaction Scheme 13

S /O
A
g n-Buli Raw material 3 L
THF 0°C. rt

Intermediate 1

w2

Intermediate 2

[0036] Intermediate 1 (0.257 g, 1.0 mmol) was dissolved in
tetrahydrofuran (THF, 2.0 mL), and n-BuLi in hexane solu-
tion (1.43 M, 1.40 mL, 2.0 mmol) was added at 0° C. The
reaction mixture was stirred for 5 minutes. Into the reaction
mixture, N,N-diphenylthioformamide (0.213 g, 1.0 mmol) as
raw material 3 was added at 0° C. and stirred for 30 minutes.
Then, iodine (0.512 g, 2.0 mmol) was added at 0° C. and the
stirring was continued for 2 hours. The reaction mixture was
poured into a saturated ammonium chloride solution, and
extraction was performed using methylene chloride. An
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organic phase was dried using magnesium sulfate and con-
densed. The residue thus obtained was purified by using a
silica gel column chromatography to obtain a compound cor-
responding to Intermediate 2 with the yield of 26% as a
yellow solid.

Synthesis of Compound 1

[0037]

Reaction Scheme 14

Intermediate 2

S N.
: N
Compound 1

[0038] Intermediate 2 was dissolved in THF (1.1 mL), and
iodine was added at room temperature. The extinction of the
starting material was checked by using thin layer chromatog-
raphy (TLC) while performing the reaction. After 24 hours,
almost all of the starting material was disappeared, and com-
mon post-treatments were performed. As the result, Com-
pound 1 was obtained with the yield of 99%.

[0039] Compound 5, Compound 7, Compound 9, Com-
pound 14, Compound 22, Compound 23, Compound 24, and
Compound 25 were synthesized by performing similar syn-
thetic methods as that of Compound 1, as illustrated below.

Reaction Scheme 15
0}

Arl)kH b+ HZN/\

AI2 _—
DMF

Raw material 1 Raw material 2 §5° C.

Intermediate 1
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[0040] Raw material 1, Raw material 2, and Raw material 3
(in which Ar,, Ar,, Ar;, and Ar, in the structures of the
above-described Raw material 1, Raw material 2, and Raw
material 3 are the substituents shown in the following Table
1), were prepared. Under the same synthetic conditions as
that of the above-described Compound 1, Compound 5, Com-
pound 7, Compound 9, Compound 14, Compound 22, Com-
pound 23, Compound 24, and Compound 25 were synthe-
sized.

TABLE 1

Compound

A, Yield(%)

Compound 1

Compound 5

Compound 7

Compound 9

Compound 14

Compound 22

Compound 23

Compound 24

Compound 25

ho
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e
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48

26

45

57

38

43

32
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Experimental

[0041] The current efficiency of an organic EL device using
the 5-aminothiazole derivative of the embodiments as the
blue light-emitting material (dopant material) of the emission
layer of the organic ELL device was measured. The light-
emitting materials used in the emission layer of the organic
EL device were Compound 1, Compound 5, Compound 7,
Compound 9, Compound 14, Compound 22, Compound 23,
Compound 24, and Compound 25. In addition, as a compara-
tive compound, 6,12-bis(diphenylamino)chrysene was used
as the light-emitting material (dopant).

o C
N/©

6,12-bis(diphenylamino)chrysene

[0042] The constitution of the organic EL device used for
the measurement is illustrated in FIG. 1. As illustrated in FIG.
1, the organic EL device 100 included a glass substrate 102, a
positive electrode 104 on the glass substrate 102 (formed
using indium tin oxide (ITO)), a hole injection layer 106 on
the positive electrode 104 (including 4,4',4"-tris-(N-(naphth-
ylen-2-y1)-N-phenylamine)triphenylamine (2-TNATA)), a
hole transport layer 108 on the hole injection layer 106 (in-
cluding  N,N'-di-[(1-naphthy])-N,N'-diphenyl]-1,1'-biphe-
nyl)-4,4'-diamine (a-NPD)), an emission layer 110 on the
hole transport layer 108 (obtained by doping one of Com-
pound 1, Compound 5, Compound 7, Compound 9, Com-
pound 14, Compound 22, Compound 23, Compound 24,
Compound 25, and the comparative compound at a 3% con-
centration into a host material including 9,10-di(2-naphtyl)
anthracene (ADN)), an electron transport layer 112 on the
emission layer 110 (including tris(8-hydroxyquinolinato )alu-
minum (Alq,)), an electron injection layer 114 on the electron
transport layer 112 (including LiF), and a negative electrode
116 on the electron injection layer 114 (formed using Al). The
thickness of the positive electrode 104 was about 150 nm, the
thickness of the hole injection layer 106 was about 60 nm, the
thickness of the hole transport layer was about 30 nm, the
thickness of the emission layer 110 was about 25 nm, the
thickness of the electron transport layer 112 was about 25 nm,
the thickness of the electron injection layer 114 was about 1
nm, and the thickness of the negative electrode 116 was about
100 nm.

Aug. 28,2014

00
oo
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2-TNATA

O h
ADN

[0043] Electricity was provided to the organic EL device
100 from a power source through the positive electrode 104
and the negative electrode 116. The current efficiency of the
organic EL device was measured when using Compound 1,
Compound 5, Compound 7, Compound 9, Compound 14,
Compound 22, Compound 23, Compound 24, Compound 25,
or the comparative compound as the light-emitting material
(dopant material) of the emission layer 108. The results are
illustrated in the following Table 2. In this case, the current
efficiency was measured at 10 mA/cm2.

TABLE 2
Device properties Light-emitting efficiency (Im/W)
Example 1 Compound 1 2.50
Example 2 Compound 3 2.48
Example 3 Compound 7 2.54
Example 4 Compound 9 2.72
Example 5 Compound 14 2.41
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TABLE 2-continued

Device properties Light-emitting efficiency (Im/W)
Example 6 Compound 22 2.59
Example 7 Compound 23 2.79
Example 8 Compound 24 2.39
Example 9 Compound 25 2.84
Comparative 6,12- 1.64
Example  bis(diphenylamino)chrysene
[0044] As may be seen in Table 2, the organic EL device

using the 5-aminothiazole derivative, i.e., including Com-
pound 1, Compound 5, Compound 7, Compound 9, Com-
pound 14, Compound 22, Compound 23, Compound 24, or
Compound 25, as the light-emitting material exhibited higher
light-emitting efficiency when compared to the organic EL
device using another amine-based and phosphorescent blue
dopant material, i.e., 6,12-bis(diphenylamino)chrysene.
[0045] Therefore, when the 5-aminothiazole derivative of
an embodiment is used as the light-emitting material of the
emission layer of an organic EL device, the light-emitting
efficiency of the organic EL device may be improved.
[0046] In the above-described embodiments, the 5-ami-
nothiazole derivative was used as the light-emitting material
of a passive type organic EL. device. The 5-aminothiazole
derivative according to an embodiment may be used as the
light-emitting material of, e.g., an active type organic EL
device, and may improve the light-emitting efficiency of the
active type organic EL device.

[0047] The organic EL device using the 5-aminothiazole
derivative according to an embodiment as the light-emitting
material may be used in an organic EL display device or an
illumination system.

[0048] By way of summation and review, in an organic EL.
device, high efficiency of the organic EL device may be
desirable. To realize the high efficiency of the organic EL
device, various light-emitting materials may be considered.
For example, improvement of the light-emitting efficiency of
abluelight-emitting material may be desirable because of the
low light-emitting efficiency, when compared to a red light-
emitting material and a green light-emitting material.

[0049] An embodiment may provide an organic EL mate-
rial for realizing high efficiency.

[0050] The organic EL device according to an embodiment
may exhibit improved light-emitting efficiency.

[0051] The organic EL device according to an embodiment
may exhibit improved light-emitting efficiency in a blue
region.

[0052] According to an embodiment, an organic FL. mate-
rial may include a combination of a compound having For-
mula (1) and another compound, e.g., a substituted or unsub-
stituted naphthalene derivative, anthracene derivative,
phenanthrene derivative, pyrene derivative, triphenylene
derivative, chrysene derivative, perylene derivative and fluo-
rene derivative or a combination of the compound having
Formula (1) and the substituted or unsubstituted anthracene
derivative or substituted or unsubstituted pyrene derivative.
An emission layer of the organic EL device may include the
organic EL material, thereby realizing the improvement of
light-emitting efficiency.

[0053] 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

11
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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 of the present invention as
set forth in the following claims.

What is claimed is:

1. An organic electroluminescence (EL) device comprising
an organic EL material represented by the following Formula

(D:

@

wherein:

R, is selected from the group of a branched or cyclic alkyl
group having 3 to 20 carbon atoms, an aryl group having
610 24 carbon atoms, and a heteroaryl group having 6 to
24 carbon atoms, each being unsubstituted or substituted
with at least one substituent selected from the group ofa
halogen atom, a hydroxyl group, a lower alkyl group, a
lower alkoxy group, and a lower haloalkyl group,

R, is a substituted or unsubstituted aryl group or a substi-
tuted or unsubstituted heteroaryl group. the substituted
aryl group or substituted heteroaryl group being substi-
tuted with at least one substituent selected from the
group of a halogen atom, a hydroxyl group, a lower alkyl
group, a lower alkoxy group, and a lower haloalkyl
group, and

Y is a substituent represented by the following Formula (2),

wherein, in Formula 2, R, and R, are each independently
selected from the group of a linear or branched alkyl
group having 1 to 20 carbon atoms, a cyclic alkyl group
having 3 to 20 carbon atoms, an aryl group having 6 to 24
carbon atoms, and a heteroaryl group having 6 to 24
carbon atoms, each being unsubstituted or substituted
with at least one substituent selected from the group ofa
halogen atom, a hydroxyl group, a lower alkyl group, a
lower alkoxy group, a lower haloalkyl group, an aryl
group, and a heteroaryl group.

2. The organic EL device as claimed in claim 1, wherein R,
and R, are bound together and form a heterocycle with a
nitrogen atom (N) in the substituent represented by Formula
@)

3. The organic EL device as claimed in claim 1, wherein R,
and R, are separate from one another.
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4. The organic EL device as claimed in claim 1, wherein the
organic EL material represented by above Formula (1) is a
light-emitting material of the organic EL device.

5. The organic EL device as claimed in claim 4, wherein the
light-emitting material is a blue light-emitting material.

6. The organic EL device as claimed in claim 4, wherein the
light-emitting material is included in an emission layer along
with a condensed polycyclic hydrocarbon derivative.

7. The organic EL device as claimed in claim 6, wherein the
condensed polycyclic hydrocarbon derivative is one of a sub-
stituted or unsubstituted naphthalene derivative, a substituted
or unsubstituted anthracene derivative, a substituted or
unsubstituted phenanthrene derivative, a substituted or
unsubstituted pyrene derivative, a substituted or unsubsti-
tuted triphenylene derivative, a substituted or unsubstituted
chrysene derivative, a substituted or unsubstituted perylene
derivative, or a substituted or unsubstituted fluorene deriva-
tive.

8. The organic EL device as claimed in claim 7, wherein the
condensed polycyclic hydrocarbon derivative is the substi-
tuted or unsubstituted anthracene derivative or the substituted
or unsubstituted pyrene derivative.

9. The organic EL device as claimed in claim 6, wherein the
condensed polycyclic hydrocarbon derivative is a host and the
organic EL. material represented by the above Formula (1) is
a dopant.
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