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ORGANIC ELECTROLUMINESCENT
MATERIAL AND ORGANIC
ELECTROLUMINESCENT DEVICE
INCLUDING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] Japanese Patent Application No. 2014-205417, filed
on Oct. 6, 2014, in the Japanese Patent Office, and entitled:
“Organic Flectroluminescent Material and Organic Elec-
troluminescent Device Including the Same,” is incorporated
by reference herein in its entirety.

BACKGROUND

[0002] 1.Field

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

[0004] 2. Description of the Related Art

[0005] Recently, the developments on organic electrolumi-
nescent (EL) displays are being actively conducted as image
displays. The organic EL device is different from a liquid
crystal display and is a self-luminescent display realizing
display by recombining holes and electrons injected from an
anode and a cathode and emitting light from a luminescent
material including an organic material in an emission layer.
[0006] An organic EL device is known as, e.g., an organic
device including an anode, a hole transport layer disposed on
the anode, an emission layer disposed on the hole transport
layer, an electron transport layer disposed on the emission
layer and a cathode disposed on the electron transport layer.
Holes are injected from the anode, and the injected holes are
injected via the hole transport layer into the emission layer.
Meanwhile, electrons are injected from the cathode, and the
injected electrons are injected via the electron transport layer
into the emission layer. Holes and electrons injected into the
emission layer recombine to generate excitons in the emis-
sion layer. The organic ELL device emits light using light
generated by the radiation deactivation of the excitons. In
addition, the configuration of the organic EL, device is not
limited to the above-described configuration, and various
modifications are possible.

SUMMARY

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

[0008] An embodiment may provide an organic EL. mate-
rial represent by the following Formula 1.
[Formula 1]
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[0009] In Formula 1, R,, R,, R;, R, R and Ry are each
independently a substituted or unsubstituted aryl group hav-
ing 6 to 30 ring carbon atoms or carbon atoms for forming a
ring, a substituted or unsubstituted heteroaryl group having 1
to 30 carbon atoms for forming a ring, an alkyl group having
1 to 15 carbon atoms, a substituted or unsubstituted silyl
group, a halogen atom, a hydrogen atom or a deuterium atorm,
Ar, and Ar, are each independently a substituted or unsubsti-
tuted aryl group having 6 to 30 carbon atoms for forming a
ring, or a substituted or unsubstituted heteroaryl group having
1t030 carbon atoms for forming aring, [, 1., and [.; are each
independently a direct linkage, or a divalent group selected
from the group consisting of a substituted or unsubstituted
alkylene group having 1 to 30 carbon atoms, an aralkylene
group, a substituted or unsubstituted arylene group, a substi-
tuted or unsubstituted heteroarylene group and a silyl group,
m is an integer from 0 to 3, and n is an integer from 0 to 4.

[0010] In an embodiment, Ar, and Ar, may be each inde-
pendently a phenyl group, a biphenyl group, a naphthyl
group, a4-(1-naphthyl)phenyl group, or a 4-(2-naphthyl)phe-
nyl group in the organic EL material represented by Formula
1.

[0011] In an embodiment, an organic EL. material repre-
sented by the following Formula 2 may be provided.

[Formula 2]

Ria

[0012] In Formula 2, R;, Rg, Ro. Ry Ry, Rin Rysy Ry,
R,s, Rj¢ and R, are each independently a substituted or
unsubstituted aryl group having 6 to 30 carbon atoms for
forming a ring, a substituted or unsubstituted heteroaryl
group having 1 to 30 carbon atoms for forming a ring, an alkyl
group having 1 to 15 carbon atoms, a silyl group, a halogen
atom, a hydrogen atom or a deuterium atom, a, b and ¢ are
each independently an integer from 0 to 4, d and e are each
independently an integer from O to 5, m is an integer from O to
3, and n is an integer from 0 to 4.

[0013] In an embodiment, the organic EL material repre-
sented by Formula 2 may be an organic ELL material repre-
sented by the following Formula 3.
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[Formula 3]

(Ri3ls

[0014] In an embodiment, an organic EL device may
include one of the above-mentioned organic EL materials in
at least one layer of stacking layers disposed between an
emission layer and an anode.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] 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:

[0016] FIG.1 illustrates a schematic diagram of an organic
EL device according to an embodiment; and

[0017] FIG. 2 illustrates a schematic diagram of an organic
EL device according to an embodiment.

DETAILED DESCRIPTION

[0018] 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.
[0019] Inthe 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 element, it can be directly on
the other layer or element, 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 numerals refer to
like elements throughout.

[0020] Long life and the high emission efficiency of an
organic EL, device may be obtained by employing a diben-
zothiophene part at a meta position of a phenylene group
combined with a nitrogen atom (N) of an amine directly or via
a linker, thereby increasing charge mobility and improving
heat-resistance and tolerance.

[0021] Hereinafter, the organic EL material and the organic
EL device including the same according to an embodiment
will be explained referring to attached drawings. The organic
EL material and the organic EL. device including the same
according to an embodiment may, however, be embodied in
different forms and should not be constituted as limited to the
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embodiments set forth herein. In addition, the same reference
numeral may be designated to the same parts or parts having
the same function in the drawing referred to in the embodi-
ments, and the repeated explanation thereon may be omitted.
[0022] The organic EL material or compound according to
an embodiment may include an amine compound introducing
a dibenzothiophene part at the meta position of a phenylene
group combined with amine. For example, the organic EL
material may be represented by the following Formula 1.

[Formula 1]
Trl
L,
Ry |
N,
1 L
Ay
Ry
Rs

[0023] In the organic EL. material represented by Formula
1, R,, R,, R;, R, R, and R may each independently be or
include, e.g., a substituted or unsubstituted aryl group having
6 to 30 ring carbon atoms, a substituted or unsubstituted
heteroaryl group having 1 to 30 ring carbon atoms, an alkyl
group having 1 to 15 carbon atoms, a substituted or unsubsti-
tuted silyl group, a halogen atom, a hydrogen atom, or a
deuterium atom, Ar, and Ar, may each independently be or
include, e.g., a substituted or unsubstituted aryl group having
6 to 30 ring carbon atoms or a substituted or unsubstituted
heteroaryl group having 1 to 30 ring carbon atoms, L., and I,
may each independently be or include, e.g., a direct linkage
(e.g., singlebond), or a divalent group selected from the group
of asubstituted or unsubstituted alkylene group having 1 to 30
carbon atoms, an aralkylene group, a substituted or unsubsti-
tuted arylene group, a substituted or unsubstituted het-
eroarylene group and a silyl group, m may be an integer of 0
to 3, and n may be an integer of 0 to 4.

[0024] The substituted or unsubstituted aryl group having 6
to 30 ring carbon atoms of R, R,, R;, R,, Rs and Ry in
Formula 1 may include, e.g., a phenyl group, a naphthyl
group, an anthracenyl group, a phenanthryl group, a biphenyl
group, a terphenyl group, a quaterphenyl group, a quingephe-
nyl group, a sexiphenyl group, a fluorenyl group, a triph-
enylene group, a biphenylene group, a pyrenyl group, a ben-
zofluoranthenyl group, a glyceryl group, or the like.

[0025] The substituted or unsubstituted heteroaryl group
having 1 to 30 ring carbon atoms of R |, R,, R;, R, Ryand R,
may include, e.g., a pyridyl group, a furyl group, a thienyl
group, a quinolyl group, an isoquinolyl group, a benzofuryl
group, a benzothienyl group, an indolyl group, a benzox-
azolyl group, a benzothiazolyl group, a quinoxalyl group, a
benzoimidazolyl group, a dibenzofuryl group, a dibenzothie-
nyl group, a carbazolyl group, or the like.

[0026] The alkyl group having 1 to 15 carbon atoms of R,
R,, R;, Ry, Rs and R, may include, e.g., a methyl group, an
ethyl group, a propyl group, an isopropyl group, an n-butyl
group, an s-butyl group, an isobutyl group, a t-butyl group, an
n-pentyl group, an n-hexyl group, an n-heptyl group, an n-oc-
tyl group, a hydroxymethyl group, an 1-hydroxyethyl group,
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a 2-hydroxyethyl group, a 2-hydroxyisobutyl group, an 1,2-
dihydroxyethyl group, an 1,3-dihydroxyisopropyl group, a
2,3-dihydroxy-t-butyl group, an 1,2,3-trihydroxypropyl
group, a chloromethyl group, an 1-chloroethyl group, a
2-chloroethyl group, a 2-chloroisobutyl group, an 1,2-dichlo-
roethyl group, an 1,3-dichloroisopropyl group, a 2,3-
dichloro-t-butyl group, an 1,2,3-trichloropropyl group, a bro-
momethyl group, an 1-bromoethyl group, a 2-bromoethyl
group, a 2-bromoisobutyl group, an 1,2-dibromoethyl group,
an 1,3-dibromoisopropyl group, a 2.3-dibromo-t-butyl group,
an 1,2 3-tribromopropyl group, aniodomethyl group, an 1-io-
doethyl group, a 2-iodoethyl group, a 2-iodoisobutyl group,
an 1,2-diiodoethyl group, an 1,3-diiodoisopropyl group, a
2,3-diiodo-t-butyl group, an 1,2,3-triiodopropyl group, a cya-
nomethyl group, an 1-cyancethyl group, a 2-cyanoethyl
group, a 2-cyanoisobutyl group, an 1,2-dicyanoethyl group,
an 1,3-dicyanoisopropyl group, a 2,3-dicyano-t-butyl group,
an 1,2,3-tricyanopropyl group, a nitromethyl group, an 1-ni-
troethyl group, a 2-nitroethyl group, a 2-nitroisobutyl group,
an 1,2-dinitroethyl group, an 1,3-dinitroisopropyl group, a
2,3-dinitro-t-butyl group, an 1,2,3-trinitropropyl group, a
cyclopropyl group, a cyclobutyl group, acyclopentyl group, a
cyclohexyl group, a 4-methylcyclohexyl group, an 1-ada-
mantyl group, a 2-adamantyl group, an 1-norbornyl group, a
2-norbornyl group, or the like.

[0027] The silyl group of R, R,, R, Ry, R5 and R, may
include, e.g., a trialkylsilyl group, a triarylsilyl group, a
monoalkyldiarylsilyl group and a dialkylmonoarylsilyl
group, for example, a trimethylsilyl group, a triphenylsilyl
group, or the like.

[0028] Thehalogen atom of R, R,, R, Ry, Rs and R may
include, e.g., a fluorine atom (F), a chlorine atom (C1), and/or
a bromine atom (Br).

[0029] Inanimplementation, R;, R5, Rs, Ry, Rs and/or Rg
may include, e.g., a hydrogen atom or a deuterium atom.
[0030] In an implementation, neighboring ones of R,, R,
R., R5 and R4 may combine to each other to form a saturated
or unsaturated ring.

[0031] In Formula 1, the substituted or unsubstituted aryl
group having 6 to 30 ring carbon atoms of Ar, and Ar, may
include, e.g., a phenyl group, a 1-naphthy! group, a 2-naph-
thyl group, a biphenyl group, a 4-(1-naphthyl)phenyl group, a
4-(2-naphthyl)phenyl group, of the like.

[0032] The substituted or unsubstituted heteroaryl group
having 1 to 30 ring carbon atoms of Ar, and Ar, may include,
e.g., apyridyl group, a furyl group, a thienyl group, a quinolyl
group, an isoquinolyl group, a benzofuryl group, a benzothie-
nyl group, an indolyl group, a benzooxazolyl group, a ben-
zothiazolyl group, a quinoxaylyl group, a benzoimidazolyl
group, or the like.

[0033] The substituted or unsubstituted alkylene group of
L,, L, and [; may include, e.g., a methylene group, an eth-
ylene group, an n-propylene group, an n-butylene group, an
n-hexylene group, an n-heptylene group, an n-octylene
group, an n-dodecylene group, or the like.

[0034] Thesubstituted or unsubstituted aralkylene group of
L, L, and L; may be represented by, e.g., —(CH,),—Ar,
—Ar—(CH,),—, or —(CH,),—Ar—(CH,),—. Ar' may
represent an arylene group having 6 to 18 ring carbon atoms,
e.g., aphenylene group or a naphthylene group, and each of x
and y may be an integer of 1 to 24. Total carbon numbers of
the arylene group represented using X, y and Ar' may be 7 to
20,e.g.,7t0 14.
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[0035] The substituted or unsubstituted arylene group of
L,,L, and L; may include, e.g., a phenylene group, a biphe-
nylene group, a terphenylene group, a naphthylene group, an
anthracenylene group, a fluorenyl group, a triphenylene
group, or the like. In an implementation, L,, [, and/or I, may
include, e.g., the substituted or unsubstituted phenylene
group.

[0036] The substituted or unsubstituted heteroarylene
groupof L, L, and L, may include, e.g., a pyridylene group,
a dibenzoperylene group. a dibenzoethylylene group, or the
like.

[0037] The substituted or unsubstituted silyl group of L,,
L, and L, may include, e.g., a dimethylsilylene group or a
diphenylsilylene group.

[0038] As described above, the organic EL material accord-
ing to an embodiment may include or introduces a diben-
zothiophene part at a meta position of a phenylene group
(relative to a bound amine-containing moiety ), having a small
substituent effect, combined with the nitrogen atom (N) of
amine directly or via L,, thereby inducing polarity in a mol-
ecule due to a sulfur atom in the dibenzothiophene and
improving the amorphous propetties of the organic EL. mate-
rial and charge mobility. Therefore, high emission efficiency
may be realized while maintaining the properties of the amine
improving life. In addition, the dibenzothiophene part may be
included at the meta position of the phenylene group com-
bined with the nitrogen atom (N) of the amine directly or via
L,, the glass transition temperature of the organic EL. material
may increase, and the heat resistance and the tolerance of the
material may be improved, thereby realizing the long life of
the organic EL device.

[0039] Inanimplementation, in the organic EL material of
Formula 1, Ar, and Ar, may each independently be or include
asubstituted or unsubstituted phenyl group,andL,, L, and L,
may each independently be or include a substituted or unsub-
stituted phenylene group. In an implementation, the organic
EL material according to an embodiment may be represented
by the following Formula 2.

[Formula 2]

;
Rz Ro
[0040] In Formula 2, R;, Ry, Ry, Ry, Ryp, Ryp Rys, Ry,

R,s, R, qand R,, may each independently be or include, e.g.,
a substituted or unsubstituted arvl group having 6 to 30 ring
carbon atoms, a substituted or unsubstituted heteroaryl group
having 1 to 30 ring carbon atoms, an alkyl group having 1 to
15 carbon atoms, a silyl group, a halogen atom, a hydrogen
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atom, or a deuterium atom. In addition, a, b and ¢ may each
independently be an integer of O to 4, d and e may each
independently be an integer of 0 to 5, m may be an integer of
0 to 3. and n may be an integer of 0 to 4.

[0041] In Formula 2, the substituted or unsubstituted aryl
group having 6 to 30 ring carbon atoms, the substituted or
unsubstituted heteroaryl group having 1 to 30 ring carbon
atoms, the alkyl group having 1 to 15 carbon atoms, the silyl
group, and the halogen atom ofR,, Ro, Ry, R o, R, |, R 5. Ry,
R4 Rs, R g and R, may be the same substituted or unsub-
stituted aryl group having 6 to 30 ring carbon atoms, substi-
tuted or unsubstituted heteroaryl group having 1 to 30 ring
carbon atoms, alkyl group having 1 to 15 carbon atoms,
substituted or unsubstituted silyl group, and halogen atom of
R,, R, Ry, R, Rsand R in Formula 1.

[0042] In an implementation, neighboring ones of Rg-R
in Formula 2 may combine to each other to form a saturated
or unsaturated ring.

[0043] In the material represented by Formula 1, Ar, and
Ar, may each independently be or include a substituted or
unsubstituted phenyl group, and L, [, and L; may each
independently be or include a substituted or unsubstituted
phenylene group, thereby securing the conjugation of amine
and improving the charge tolerance of the material.

[0044] Inanimplementation, carbon at the meta position of
a second phenylene group combined with the nitrogen atom
(N) of amine via a first phenylene group may be combined
with carbon at position 4 of dibenzothiophene. In an imple-
mentation, the organic EL. material may be represented by the

following Formula 3.
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[Formula 3]

[0045] 1In the organic EL material represented by Formula
2, carbon at the meta position of a second phenylene group
combined with the nitrogen atom (N) of amine via a first
phenylene group may be combined with carbon at position 4
of dibenzothiophene, thereby breaking molecular planarity
and improving amorphous properties of the material.

[0046] In an implementation, the organic EL material may
include one of the following Compounds 1 to 96.
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[0047] The organic EL material according to an embodi-
ment may be used orincluded in at least one layer of stacking
layers between an emission layer and an anode in an organic
EL device. Accordingly, the amorphous properties of the
material may be improved, and charge mobility may be
increased, thereby realizing the long life and the high effi-
ciency of the organic EL device. In addition, the glass transi-
tion temperature may increase, heat-resistance and tolerance
may be improved, and the increase of the life of the organic
EL device may be realized.

[0048] (Organic EL Device)

[0049] The organic EL device using the organic EL. mate-
rial according to an embodiment. FIG. 1 illustrates a sche-
matic diagram of the organic EL device 100 according to an
embodiment. The organic EL device 100 may be provided
with or include, e.g., a substrate 102, an anode 104, a hole
injection layer 106, a hole transport layer 108, an emission
layer 110, an electron transport layer 112, an electron injec-
tion layer 114, and a cathode 116. In an implementation, the
organic EL material may be included in a layer of (e.g., one
of) stacking layers between the emission layer and the anode.

[0050] A case that the organic EL material according to an
embodiment is used in the hole transport layer 108 will be
explained.

95

N

N QQ

96

[0051] The substrate 102 may be e.g., a transparent glass
substrate, a semiconductor substrate formed using silicon, or
the like, a flexible substrate of a resin, or the like.

[0052] Theanode 104 may be disposed on the substrate 102
and may be formed using, e.g., indium tin oxide (ITO),
indium zinc oxide (IZ0), or the like.

[0053] Theholeinjection layer (HIL) 106 may be disposed
on the anode 104 and may be formed using a suitable material
and to a thickness of about 10 nmto 150 nm. For example, the
HIL may include triphenylamine-containing polyether
ketone (TPAPEK), 4-isopropyl-4'-methyldiphenyliodoni-
umtetrakis(pentafluorophenyl)borate (PPBI), N,N'-diphenyl-
N,N'-bis-[4-(phenyl-m-tolyl-amino)-phenyl]-biphenyl-4,4'-
diamine (DNTPD), a phthalocyanine compound such as
copper phthalocyanine, 4.4'4"-tris(3-methylphenylpheny-
lamino)triphenylamine (m-MTDATA), N,N'-di(1-naphthyl)-
N,N'-diphenylbenzidine (NPB), 4,4' A"-trig{N,N-
diphenylamino }triphenylamine (TDATA), 4,4',4"-tris(N,N-
2-naphthylphenylamino)triphenylamine (2-NATA),
polyaniline/dodecylbenzenesulfonic acid (PANI/DBSA),
poly(3,4-ethylenedioxythiophene)/poly(4-styrenesulfonate)
(PEDOT/PSS), polyaniline/camphor sulfonic acid (PANI/
CSA), polyaniline/poly(4-styrenesulfonate (PANI/PSS), or
the like.
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[0054] The hole transport layer (HTL) 108 may be formed
on the hole injection layer 106 using the organic EL material
according to an embodiment and to a thickness of about 10
nm to 150 nm. The hole transport layer 108 including the
organic EL. material according to an embodiment may be
formed by, e.g., a vacuum evaporation method.

[0055] The emission layer (EL) 110 may be formed on the
hole transport layer 108 using a suitable host material and to
a thickness of about 10 nm to 60 nm. The host material used
in the emission layer 110 may include, e.g., tris(8-quinolino-
lato)aluminum  (Alq3),  4,4'-N,N'-dicarbazole-biphenyl
(CBP), poly(n-vinylcarbazole) (PVK), 9,10-di(naphthalene-
2-yl)anthracene (ADN), 4,4'4"-tris(N-carbazolyl)tripheny-
lamine (TCTA), 1,3,5-tris(N-phenylbenzimidazole-2-yl)
benzene (TPBI), 3-tert-butyl-9,10-di(naphtho-2-yI)
anthracene (TBADN), distyrylarylene (DSA), 4,4'-bis(9-
carbazole)-2,2'-dimethyl-biphenyl (dmCBP), or the like.
[0056] The emission layer 110 may include a dopant mate-
rial, e.g., styryl derivatives (for example, 1,4-bis[2-(3-N-eth-
ylcarbazoryl)vinyl|benzene (BCzVB), 4-(di-p-tolylamino)-
4'-[(di-p-tolylamino)styryl]stilbene (DPAVB), N-(4-((E)-2-
(6-((E)-4-(diphenylamino)styryl )naphthalene-2-yl)vinyl)
phenyl-N-phenylbenzenamine (N-BDAVBI)), perylene and
the derivatives thereof (for example, 2,5,8,11-tetra-t-butylp-
erylene (TBPe)), pyrene and the derivatives thereof (for
example, 1,1-dipyrene, 1,4-dipyrenylbenzene, 1,4-bis(N,N-
diphenylamino)pyrene), or the like.

[0057] The electron transport layer (ETL) 112 may be
formed on the emission layer 110 and to a thickness of about
15 nm to 50 nm using a material including, e.g., tris(8-hy-
droxyquinolinolato)aluminum (Alq3) or a nitrogen-contain-
ing aromatic ring (for example, a material including a pyri-
dine ring such as 1,3,5-tri[(3-pyridyl)-phen-3-yl]benzene, a
material including a triazine ring such as 2,4,6-tris(3'-(pyri-
dine-3-yl)biphenyl-3-y1)1,3,5-triazine, or a material includ-
ing an imidazole derivative such as 2-(4-N-phenylbenzoimi-
dazolyl-1-ylphenyl)-9,10-dinaphthylanthracene).

[0058] The electron injection layer (EIL) 114 may be
formed on the electron transport layer 112 and to a thickness
of about 0.3 nm to 9 nm using, e.g., a material including
lithium fluoride (LiF), lithium-8-quinolinato (Liq), etc.
[0059] The cathode 116 may be disposed on the electron
injection layer 114 and may be formed using, e.g., a metal

\
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such as aluminum (Al), silver (Ag), lithium (Li), magnesium
(Mg), calcium (Ca), a mixture thereof, or a transparent mate-
rial such as ITO and IZ0.

[0060] Each electrode and each layer forming the organic
EL device according to an embodiment may be formed by
selecting an appropriate layer forming method according to
materials including a vacuum evaporation method, a sputter-
ing method, various coating methods, etc. In addition, the
hole transport layer 108 formed using the organic EL material
according to an embodiment may be formed by a vacuum
evaporation method, as described above.

[0061] In the organic EL device 100 according to an
embodiment, a hole transport layer realizing long life and
high efficiency may be formed using the organic EL, material
described above.

[0062] In the organic EL device 100 according to an
embodiment, the organic EL material may be used as a mate-
rial of a hole injection layer. As described above, an organic
EL device with high efficiency and long life may be realized
by using the organic EL material in at least one layer of
stacking layers disposed between an emission layer and an
anode.

[0063] In an implementation, the organic EL material
according to an embodiment may be applied in an organic EL
display of an active matrix using a TFT.

[0064] 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.

[0065] (Preparation Method)

[0066] The above-mentioned organic EL material may be
synthesized by e.g., the following method.

Synthetic Method of Compound 1

[0067]

)

Pd(dppf)Cly,
KOAc

Z

4
/

Dioxane

Br
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-continued
Br
1
N Pd(PPhs)4, K,CO3
toluene, H,O, reflux, 8 h
=%
]
A (98%)
S
B(OH),
Pd(PPhs3)y, K,CO3
N
toluene, HyO, reflux, 8 h
Br
B (88%)

g

1 (80%)

Apr. 7,2016

Synthesis of Compound A

[0068] Under an Ar atmosphere, 53.8 g of N-[1,1"-biphe-
nyl]-4-yl-N-(4-bromophenyl)-[ 1,1'-biphenyl]|-4-amine, 6.46
g of Pd(dppH)Cl, H,Cl,, 33.3 g of KOAc, and 33.0 g of
bis(pinacolato)diboron were added to a 2 L. flask, followed by

degassing under vacuum in a dioxane solvent and stirring at
about 100° C. for about 12 hours. Solvents were distilled,
CH,Cl, and water were added thereto, an organic phase was
separated, and magnesium sulfate and activated clay were
added. Then, the resultant product was filtered with suction,
and solvents were distilled. The crude product thus obtained
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was separated using silica gel column chromatography (using
a mixed solvent of dichloromethane and hexane) to produce
56.8 g of Compound A as a white solid (Yield 98%). The
molecular weight of Compound A measured by FAB-MS was
523.

Synthesis of Compound B

[0069] Under an Ar atmosphere, 10.0 g of Compound A,
6.00 g of 1-iodo-3-bromobenzene, 1.54 g of Pd(PPh,),, and
5.25 g of potassium carbonate were added to a 300 mL,
three-necked flask, followed by heating and stirring in a
mixed solvent of 450 mL of toluene and 60 mL of water at
about 90° C. for about 8 hours. Afier air cooling, water was
added, an organic layer was separated, and solvents were
distilled. The crude product thus obtained was separated
using silica gel column chromatography (using a mixed sol-
vent of dichloromethane and hexane) to produce 9.29 g of
Compound B as a white solid (Yield 88%). The molecular
weight of Compound B measured by FAB-MS was 551.

Synthesis of Compound 1 in Formula 29

[0070] Under an Ar atmosphere, 3.10 g of Compound B,
1.28 ¢ of dibenzothiophene-4-boronic acid, 0.84 g of
Pd(PPh;),, and 2.35 g of potassium carbonate were added to
a 500 mL, three-necked flask, followed by heating and stir-
ring in a mixed solvent of 170 mL of toluene and 80 mL of
water at about 90° C. for about 8 hours. After air cooling,
water was added, an organic layer was separated, and solvents
were distilled. The crude product thus obtained was separated
using silica gel column chromatography (using a mixed sol-
vent of dichloromethane and hexane) and recrystallized using
a mixed solvent of toluene and hexane to produce 2.94 g of
Compound 1 as a white solid (Yield 80%). The molecular
weight of Compound 1 measured by FAB-MS was 656. The
chemical shift values (8) of Compound 1 measured by
'H-NMR (CDCl,) were 8.46-8.41 (m, 2H), 8.20 (d, 1H, J=7.
80 Hz), 7.98 (d, 1H, J=7.90 Hz), 7.58-7.50 (m, 18H), 7.48-7.
41 (m, 4H), 6.69-6.65 (m, 4H).

[0071] In an implementation, the organmic EL material
according to another embodiment may be synthesized
according to the following method.

Synthesis of Compound 13

[0072] The same procedure described in the synthetic
method of Compound 1 was conducted except for using N-[1,
1"-biphenyl]-4-y1-N-(3-bromophenyl)-1-naphthalenamine
instead of Compound B to synthesize Compound 13. In addi-
tion, the chemical shift values (3) of Compound 13 measured
by 'H-NMR (CDCl,) were 8.45-8.41 (m, 8H), 8.20 (d, 1H,
J=1.80Hz), 8.07-7.98 (m,3H),7.57-7.50 (m, 1 1H), 7.44-7.38
(m, 3H), 6.98 (d, 1H, J=7.76 Hz), 6.90-6.87 (m, 2H), 6.69 (d,
2H,J=7.82 Hz),6.58 (d, 1H, J=7.70 Hz). From the results, the
white solid thus synthesized was recognized as Compound
13.

Synthesis of Compound 61

[0073] The same procedure described in the synthetic
method of Compound 1 was conducted except for using
dibenzothiophene-3-boronic  acid instead of diben-
zothiophene-4-boronic acid to synthesize Compound 61. In
addition, the chemical shift values (§) of Compound 61 mea-
sured by 'H-NMR (CDCl,) were 8.45 (d, 1H, J=7.82 Hz),
8.11-8.05 (m, 3H), 7.98 (d, 1H, J=7.68 Hz), 7.70 (s, 1H),
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7.57-7.50 (m, 17H), 7.48-7.41 (m, 4H), 6.69-6.67 (m, 6H).
From the results, the white solid thus synthesized was recog-
nized as Compound 61.

Synthesis of Compound 73

[0074] The same procedure described in the synthetic
method of Compound 1 was conducted except for using
dibenzothiophene-1-boronic  acid instead of diben-
zothiophene-4-boronic acid to synthesize Compound 73. In
addition, the chemical shift values (3) of Compound 73 mea-
sured by 'H-NMR (CDCL,) were 8.44 (d, 1H, J=7.80 Hz),
7.98-7.82 (m, 3H), 7.71 (s, 1H), 7.57-7.50 (m, 18H), 7.48-7.
40 (m, 4H), 6.72-6.65 (m, 6H). From the results, the white
solid thus synthesized was recognized as Compound 73.

[0075] Organic EL devices of Examples 1 to 4 were manu-
factured using Compounds 1, 13, 61, and 73 as hole transport
materials prepared according to the above-described manu-

facturing methods.

®
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[0076] Forcomparison, organic EL devices of Comparative
Examples 1 to 3 were manufactured using Compounds Cl to
C3 as hole transport materials.

73
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N

[0077] The organic EL device 200 according to this
embodiment is shown in FIG. 2. In this embodiment, a trans-
parent glass substrate was used as a substrate 202, an anode
204 was formed using ITO to a layer thickness of about 150
nm, a hole injection layer 206 was formed using 2-TNATA to
a layer thickness of about 60 nm, a hole transport layer 208
was formed to a layer thickness of about 30 nm, an emission
layer 210 was formed using ADN doped with 3% TBP to a
layer thickness of about 25 nm, an electron transport layer
212 was formed using Alq3 to a layer thickness of about 25
nm, an electron injection layer 214 was formed using LiF to
alayer thickness of about 1 nm, and a cathode 216 was formed
using Al to a layer thickness of about 100 nm.

[0078] For the organic EL devices 200 thus manufactured,
a driving voltage, emission efficiency, and half life were
evaluated. Current efficiency represents a value at 10
mA/cm?, and the half life represents time required for
decreasing luminance from initial luminance of 1,000 cd/m?
to half. The results are shown in the following Table 1.

TABLE 1

Device Emission

manufacturing  Hole transport efficiency Life

example layer Voltage (V) (cd/A) LT50 (h)
Example 1 Compound 1 6.3 6.7 2,700
Example 2 Compound 13 6.2 6.7 1,800
Example 3 Compound 61 6.2 6.4 2,200
Example 4 Compound 73 6.4 6.5 2,400
Comparative Comparative 6.3 5.8 1,400
Example 1 Compound C1

Comparative ~ Comparative 6.5 5.2 1,450
Example 2 Compound C2

Comparative ~ Comparative 6.5 6.0 1,100

Example 3 Compound C3

[0079] Then, the glass transition temperature (Tg) was
measured for Compound 1 and the following Comparative
Compound C4. For the measurement of Tg, DSC7000X of
Hitachi High-Technologies Corporation was used, and DSC
measurement was performed. The results are shown in the
following Table 2.
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TABLE 2

Tg[*C]

115
100

Compound 1
Comparative Compound C4

[0080] From theresultsinTable 1, the organic EL device of
Examples 1 to 4 using the above-described organic EL mate-
rial as the hole transport material exhibited high emission
efficiency and long life, when compared to those of the
organic BL devices using the comparative compounds.
[0081] The organic EL material according to an embodi-
ment introduces a dibenzothiophene part at the meta position
of a phenylene group combined with amine and maintains the
amine properties including long life. Due to molecular polar-
ization owing to the effect of a sulfur atom of the diben-
zothiophene, amorphous properties may improve, and even
longer life and high efficiency may be attained.

[0082] In addition, the organic EL, devices according to
Examples 1 to 4 exhibited higher efficiency and longer life,
when compared to the organic EL devices using the com-
pounds not including dibenzothiophene (according to Com-
parative Examples 1 and 2). As shown in Table 2, the glass
transition temperature (Tg) of Compound 1 is high, the heat
resistance and the tolerance of the organic EL material of
Compound 1 increased, and thus, the increase of device life
may be attained.

[0083] In addition, when comparing Examples 1 to 4 to
Comparative Example 3 (using

[0084] Comparative Compound 3 in which diben-
zothiophene is combined at the para position of a phenylene
group combined with amine via a linker), the life was
improved in Examples 1 to 4. In Comparative Compound C3,
the sulfur atom of the dibenzothiophene and the nitrogen
atom of the amine are conjugated, thereby deteriorating the
stability of radicals during carrier transportation and decreas-
ing life. The device life of Example 2 is thought to be shorter
than other device life of other Examples, because the conju-
gation length around amine may be short, and charge toler-
ance may be low. The device efficiency of Example 1 is
thought to be the highest, because the dibenzothiophene is
combined at position 4 with an m-phenylene group, and
amorphous properties may be increased when compared to
other combination positions.

[0085] The organic EL. material according to an embodi-
ment introduces a dibenzothiophene moiety at the meta posi-
tion of a phenylene group with small substituent effects,
combined with amine, and the amorphous properties of the
material may be improved. Therefore, charge mobility may
increase, and long life and high emission efficiency may be

25
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realized. Further, the organic EL. material according to an
embodiment may have a wide energy gap, and the application
to green to red regions may be possible.

[0086] According to an embodiment, an organic EL. mate-
rial and an organic EL device realizing high efficiency and
long life may be provided. For example, an organic EL. mate-
rial included in at least one layer of stacking layers between
an emission layer and an anode, and an organic EL device
realizing high efficiency and long life in a blue emission layer
may be provided. The organic EL. material according to an
embodiment introduces or includes a dibenzothiophene moi-
ety at the meta position of a phenylene group combined with
the nitrogen atom (N) of an amine directly or via a linker (L, ),
thereby improving the amorphous properties of the organic
EL material and charge mobility. In addition, a glass transi-
tion temperature may increase, the heat resistance and the
tolerance of the organic EL. material may be improved, and an
organic EL device with long life and high emission efficiency
may be realized.

[0087] By way of summation and review, in the application
of the organic EL device to a display, it may be desirable to
increase of the emission efficiency and the life of the organic
EL device. For example, in a blue emission region for a red
emission region and a green emission region, it may be diffi-
cult to say that the driving voltage and the emission efficiency
of the organic EL device are sufficient. To realize the high
emission efficiency and the long life of the organic EL device,
the normalization, the stabilization and the tolerance of a hole
transport layer, etc. may be examined.

[0088] As ahole transport material used in a hole transport
layer, various compounds such as an aromatic amine com-
pound may be considered, however, some defects on device
life may remain. Amine derivatives substituted with an aryl
group or a heteroaryl group may be favorable materials
increasing the life of an organic EL device. However, it may
be difficult to say that an organic EL device using the mate-
rials have sufficient emission life. Therefore, it may be desir-
able for an organic EL device to exhibit higher efficiency and
longer life. For example, an organic EL device may have low
emission efficiency in a blue emission region when compared
to a red emission region and a green emission region, and
emission efficiency may be further improved.

[0089] The organic EL material according to an embodi-
ment may introduce or include a dibenzothiophene part at the
meta position of a phenylene group combined with amine
directly or via L, and polarization in a molecule may be
induced due to a sulfur atom of the dibenzothiophene, the
amorphous properties of the material increases, and charge
mobility increases, thereby realizing long life and high emis-
sion efficiency in an organic EL device. For example, remark-
able effects may be attained in a blue emission region. In
addition, by introducing the dibenzothiophene part at the
meta position of the phenylene group combined with the
amine directly or via L, the glass transition temperature of the
organic EL material may increase, and the heat resistance and
the tolerance of the material may be improved, thereby real-
izing even longer life of the organic EL device.

[0090] Ar, and Ar, may each independently be the phenyl
group, the biphenyl group, the naphthyl group, the 4-(1-naph-
thyl)phenyl group, or the 4-(2-naphthyl)pheny] group in the
organic EL, material according to an embodiment, the heat
resistance and the tolerance of the material may be improved,
and even longer life of the organic EL device may be realized.
[0091] Inthe organic EL material of Formula 1 according to
an embodiment, Ar,, Ar, and L,, L, and L, may each inde-
pendently be or include a substituted or unsubstituted phenyl
group or phenylene group, the conjugation of amine may be
secured, and charge tolerance may be improved.

[0092] In the organic EL material according to an embodi-
ment, a carbon at the meta position of a second phenylene
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group combined with amine via a first phenylene group may
be combined with a carbon at position 4 of the diben-
zothiophene. Thus, the planarity of an entire molecule may be
broken, and amorphous properties may be improved.
[0093] In the organic EL device according to an embodi-
ment, one of the above-mentioned organic EL materials may
be included in at least one layer of stacking layers disposed
between an emission layer and an anode. Thus, long life and
high emission efficiency may be realized. Particularly,
remarkable effects may be attained in a blue emission region.
[0094] The embodiments may provide a hole transport
material for an organic electroluminescent device having
high efficiency and long life.
[0095] The embodiments may provide a material for an
organic EL device having high emission efficiency and long
life, used in at least one layer of stacking layers disposed
between an emission layer and an anode in a blue emission
region, and an organic EL device including the same.
[0096] 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 of the present invention as
set forth in the following claims.

What is claimed is:

1. An organic electroluminescent (EL) material represent
by the following Formula 1:

[Formula 1]
Ary
(Rs) !
/ / \& R |
~ il N\L3
an
A%
Ry Ry

)

Rl R

wherein, in Formula 1,

R, R,, R, Ry, Ry, and Ry are each independently a sub-
stituted or unsubstituted aryl group having 6 to 30 ring
carbon atoms, a substituted or unsubstituted heteroaryl
group having 1 to 30 ring carbon atoms, an alkyl group
having 1 to 15 carbon atoms, a substituted or unsubsti-
tuted silyl group, a halogen atom, a hydrogen atom, or a
deuterium atom,

Ar, and Ar, are each independently a substituted or unsub-
stituted aryl group having 6 to 30 ring carbon atoms or a
substituted or unsubstituted heteroaryl group having 1 to
30 ring carbon atoms ring,

L,,L,, and L, are each independently a direct linkage or a
divalent group selected from the group of a substituted
or unsubstituted alkylene group having 1 to 30 carbon
atoms, an aralkylene group, a substituted or unsubsti-
tuted arylene group, a substituted or unsubstituted het-
eroarylene group, and a silyl group,
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m is an integer of 0 to 3, and

nis an integer of 0 to 4.

2. The organic FL material as claimed in claim 1, wherein
Ar, and Ar, are each independently a phenyl group, a biphe-
nyl group, a naphthyl group, a 4-(1-naphthyl)phenyl group, or
a 4-(2-naphthyl)phenyl group.

3. The organic EL material as claimed in claim 1, wherein
the organic EL material represented by Formula 1 is repre-
sented by the following Formula 2:

[Formula 2]

/_> N

R

wherein, in Formula 2,

Ry, Rg, Ro, Ryg Rypy Rygy Rys Rygy Ry, Ryg and Ry; are
each independently a substituted or unsubstituted aryl
group having 6 to 30 ring carbon atoms, a substituted or
unsubstituted heteroaryl group having 1 to 30 ring car-
bon atoms, an alkyl group having 1 to 15 carbon atoms,
a silyl group, a halogen atom, a hydrogen atom, or a
deuterium atom,

a, b, and ¢ are each independently an integer of O to 4,

d and e are each independently an integer of O to 5,

m is an integer of 0 to 3, and

nis an integer of 0 to 4.

4. The organic EL material as claimed in claim 1, wherein

the organic EL. material represented by Formula 1 is repre-
sented by the following Formula 3:

[Formula 3]
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wherein, in Formula 3,

R7, Rg, Ry Rygo Ryys Ry Ryay Ry Rys, Ryg and Ry ; are
each independently a substituted or unsubstituted aryl
group having 6 to 30 ring carbon atoms, a substituted or
unsubstituted heteroaryl group having 1 to 30 ring car-
bon atoms, an alkyl group having 1 to 15 carbon atoms,
a silyl group, a halogen atom, a hydrogen atom, or a
deuterium atom,

a, b, and ¢ are each independently an integer of 0 to 4,

d and e are each independently an integer of 0 to 5,

m is an integer of 0 to 3, and

nis an integer of 0 to 4.

5. An organic electroluminescent (EL) device, comprising:

an anode;

an emission layer; and

at least one stacking layer between the emission layer and
the anode, the at least one stacking layer including an
organic EL material represented by the following For-

mula 1:
[Formula 1]
Ary
(Rs)n L
/ 7 X R |
= Ll/N\L3
an
[ N\
R; Ry
(Ro)s ks

where R, R,, R;, R,, R5 and R are each independently a
substituted or unsubstituted aryl group having 6 to 30
ring carbon atoms, a substituted or unsubstituted het-
eroaryl group having 1 to 30 ring carbon atoms, an alkyl
group having 1 to 15 carbon atoms, a substituted or
unsubstituted silyl group, a halogen atom, a hydrogen
atom, or a deuterium atom,

Ar, and Ar, are each independently a substituted or unsub-
stituted aryl group having 6 to 30 ring carbon atoms or a
substituted or unsubstituted heteroaryl group having 1 to
30 ring carbon atoms,

L,,L, and L, are each independently a direct linkage or a
divalent group selected from the group of a substituted
or unsubstituted alkylene group having 1 to 30 carbon
atoms, an aralkylene group, a substituted or unsubsti-
tuted arylene group, a substituted or unsubstituted het-
eroarylene group, and a silyl group,

m is an integer of 0 to 3, and

nis an integer of 0 to 4.

6. The organic EL device as claimed in claim 5, wherein
Ar, and Ar, are each independently a phenyl group, a biphe-
nyl group, a naphthyl group, a 4-(1-naphthyl)phenyl group, or
a 4-(2-naphthyl)phenyl group.

7. The organic EL device as claimed in claim 5, wherein the
organic EL. material represented by Formula 1 is represented
by the following Formula 2:
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[Formula 2]

wherein, in Formula 2,

Ry, Rg, Ro, Ryg Rypy Ryzy Rys Ryy, Rys, Ryg and Ry ; are
each independently a substituted or unsubstituted aryl
group having 6 to 30 ring carbon atoms, a substituted or
unsubstituted heteroaryl group having 1 to 30 ring car-
bon atoms, an alkyl group having 1 to 15 carbon atoms,
a silyl group, a halogen atom, a hydrogen atom, or a
deuterium atom,

a, b, and ¢ are each independently an integer of O to 4,

d and e are each independently an integer of O to 5,

m is an integer of 0 to 3, and

nis an integer of 0 to 4.

8. The organic EL device as claimed in claim 5, wherein the

organic EL. material represented by Formula 1 is represented
by the following Formula 3:

[Formula 3]
Ria
RiDa
s
Ruzls
A
| /] Rig)e

/\ YA
L

wherein, in Formula 3,

R;, Ry, RQa Rio Ris, Rya, R13; Ris Ris, Ryg aI}d R,; are
each independently a substituted or unsubstituted aryl
group having 6 to 30 ring carbon atoms, a substituted or
unsubstituted heteroaryl group having 1 to 30 ring car-
bon atoms, an alkyl group having 1 to 15 carbon atoms,
a silyl group, a halogen atom, a hydrogen atom, or a
deuterium atom,

a, b, and ¢ are each independently an integer of O to 4,

d and e are each independently an integer of O to 5,

m is an integer of 0 to 3, and

nis an integer of 0 to 4.
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9. The organic EL device as claimed in claim 5, wherein the
organic EL. material represented by Formula 1 includes at
least one of the following Compounds 1 to 96:
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