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7) ABSTRACT

An amine derivative represented by the following General
Formula (1) is provided.

[Formula 1]

1 48]
Ar
N
7 Sap
Ar3

In the above General Formula (1), Ar*, Ar* and Ar® are inde-
pendently a substituted or unsubstituted aryl group or a sub-
stituted or unsubstituted heteroaryl group, at least one of Ar',
Ar® and Ar’ is substituted with a substituted or unsubstituted
silyl group, and L is a single bond, a substituted or unsubsti-
tuted arylene group, or a substituted or unsubstituted het-
eroarylene group.
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AMINE DERIVATIVE, ORGANIC
LUMINESCENT MATERIAL AND ORGANIC
ELECTROLUMINESCENT DEVICE USING
THE AMINE DERIVATIVE OR THE ORGANIC
LUMINESCENT MATERIAL

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of pending Inter-
national Application No. PCT/IP2013/082647, entitled
“Amine Derivative, Organic Luminescent Material and
Organic Electroluminescent Device Using the Amine Deriva-
tive or the Organic Luminescent Material,” which was filed
on Dec. 4, 2013, the entire contents of which are hereby
incorporated by reference.

[0002] Japanese Patent Application No.2012-266773, filed
on Dec. 5, 2012, in the Japanese Patent Office, and Japanese
Patent Application Nos. 2013-248003, 2013-247962, 2013~
247909, 2013-247787, 2013-247741, 2013-247699, and
2013-247442, filed on Nov. 29, 2013, in the Japanese Patent
Office, and entitled: “Amine Derivative, Organic Lumines-
cent Material and Organic Electroluminescent Device Using
the Amine Derivative or the Organic Luminescent Material,”
are incorporated by reference herein in their entirety.

BACKGROUND

[0003] 1.Field

[0004] Embodiments relate to an amine derivative for use
as an organic luminescent material such as a hole transport
material, etc., and an organic electroluminescent device using
the organic luminescent material or the amine derivative.
[0005] 2. Description of the Related Art

[0006] Recently, the development of an organic electrolu-
minescent display device in which a luminescent material is
used in a luminescent display device has been actively con-
ducted. The organic electroluminescent display device is dif-
ferent from a liquid crystal display device and is a so-called
self-luminescent display device realizing display by recom-
bining holes and electrons injected from an anode and a
cathode in an emission layer and emitting light by a lumines-
cent material including an organic compound in the emission
layer.

DISCLOSURE OF THE INVENTION

[0007] Embodiments are directed to an amine derivative
represented by the following General Formula (1).

[Formula 1]

o o]
|
N
17 a2
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[0008] In the above General Formula (1), Ar', Ar* and Ar®
are independently a substituted or unsubstituted aryl group or
asubstituted or unsubstituted heteroaryl group, at least one of
Ar', Ar? and Ar® is substituted with a substituted or unsubsti-
tuted silyl group, and L is a single bond, a substituted or
unsubstituted arylene group or a substituted or unsubstituted
heteroarylene group.

[0009] In some embodiments, at least one of Ar', Ar? and
Ar’® may be the substituted or unsubstituted heteroaryl group
in the above General Formula (1).
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[0010] Inother embodiments, Ar' and Ar* may be indepen-
dently the substituted or unsubstituted aryl group in the above
General Formula (1).

[0011] Instill other embodiments, Ar' and Ar® may be inde-
pendently a substituted or unsubstituted aryl group having 6
to 18 carbon atoms for forming a ring, and Ar® may be a
substituted or unsubstituted dibenzoheterole group.

[0012] In even other embodiments, the silyl group substi-
tuted for at least one of Ar*, Ar and A may be a triarylsilyl
group where an aryl substituent at the silyl group has 6 to 18
carbon atoms for forming a ring or a trialkylsilyl group where
an alkyl substituent at the silyl group has 1 to 6 carbon atoms
in the above Formula (1).

[0013] Inyet other embodiments, each of Ar' and Ar* may
be substituted with a silyl group in the above Formula (1).
[0014] In further embodiments, each of Ar', Ar* and Ar®
may be substituted with a silyl group in the above General
Formula (1).

[0015] Instill further embodiments, L may be a single bond
or an arylene group having 6 to 14 carbon atoms for forming
aring in the above General Formula (1).

[0016] Ineven further embodiments, Ar® may be a substi-
tuted or unsubstituted dibenzofuryl group in the above Gen-
eral Formula (1).

[0017] Inyet further embodiments, [ is not the single bond
in the above General Formula (1).

[0018] In much further embodiments, [, may be a phe-
nylene group, and the dibenzofuryl group for Ar® may be
combined with L at position 3 in the above General Formula
.

[0019] In still much further embodiments, the amine
derivative represented by the above General Formula (1) may
be a compound represented by the following General For-
mula (2).

[Formula 2]

@

Qo 20

[0020] Inother embodiments according to an embodiment,
organic electroluminescent devices include one of the above-
described amine derivatives in an emission layer.

[0021] In still other embodiments according to an embodi-
ment, organic electroluminescent devices include one of the
above-described amine derivatives in one layer of laminated
layers between an emission layer and an anode.

[0022] Insome embodiment, Ar' and Ar* may be indepen-
dently a substituted or unsubstituted aryl group or a substi-
tuted or unsubstituted heteroaryl group, at least one of Ar" and
Ar? is substituted with a substituted or unsubstituted silyl
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group, Ar’ is a substituted or unsubstituted dibenzofuryl
group, and L is a single bond in the above General Formula
.

[0023] In other embodiments, the dibenzofuryl group may
be combined with L at position 3 in the above General For-
mula (1).

[0024] Ineven other embodiments according to an embodi-
ment, electroluminescent devices include the above-de-
scribed amine derivative in an emission layer.

[0025] 1In yet other embodiments according to an embodi-
ment, electroluminescent devices include the above-de-
scribed amine derivative in one layer of laminated layers
between an emission layer and an anode.

[0026] Insomeembodiments, Ar' and Ar® may be indepen-
dently a substituted or unsubstituted aryl group or a substi-
tuted or unsubstituted heteroaryl group, at least one of Ar' and
Ar® may be substituted with a substituted or unsubstituted
silyl group, Ar® may be a substituted or unsubstituted fluore-
nyl group, and [ may be a substituted or unsubstituted arylene
group or a substituted or unsubstituted heteroarylene group in
the above General Formula (1).

[0027] In further embodiments according to an embodi-
ment, organic electroluminescent devices include the above-
described amine derivative in an emission layer.

[0028] In still further embodiments according to an
embodiment, organic electroluminescent devices include the
above-described amine derivative in one layer of laminated
layers between an emission layer and an anode.

[0029] In some embodiments, Ar’ may be a substituted or
unsubstituted fluorenyl group, and L may be a single bond in
the above General Formula (1), and the amine derivative may
be represented by the following General Formula (3).

[Formula 3]
&)
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N2
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[0030] Inother embodiments, a substituent of the fluorenyl

group may be independently a hydrogen atom, a substituted
or unsubstituted alkyl group, a substituted or unsubstituted
aryl group or a substituted or unsubstituted heteroaryl group
in the above General Formula (3).

[0031] In still other embodiments, the fluorenyl group may
be combined with L at position 2.

[0032] In even other embodiments, Ar' and Ar* may be
independently a substituted or unsubstituted aryl group in the
above General Formula (3).

[0033] Inyet other embodiments, Ar' may be a substituted
or unsubstituted aryl group and Ar® may be a substituted or
unsubstituted dibenzoheterole group in the above General
Formula (3).

[0034] In further embodiments, one of Ar' and Ar* may be
substituted with a substituted or unsubstituted silyl group.
[0035] In still further embodiments, the silyl group substi-
tuted for atleastone of Ar' and Ar® may be a triarylsilyl group
where an aryl substituent at the silyl group has 6 to 18 carbon
atoms for forming a ring or a trialkylsilyl group where an
alkyl substituent at the silyl group has 1 to 6 carbon atoms.
[0036] In even further embodiments according to an
embodiment, materials for an organic electroluminescent
device include the above-described amine derivative.
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[0037] In some embodiments, the material for an organic
electroluminescent device may be a hole transport material.
[0038] Inyet further embodiments according to an embodi-
ment, organic electroluminescent devices include an emis-
sion layer and a hole transport layer disposed between a
cathode and an anode, and the hole transport layer includes
the above-described amine derivative.

[0039] Insome embodiments, Ar' and Ar* may be indepen-
dently a substituted or unsubstituted aryl group or a substi-
tuted or unsubstituted heteroaryl group, at least one of Ar* and
Ar* may be substituted with a substituted or unsubstituted
silyl group, Ar® may be a substituted or unsubstituted carba-
zolyl group, and L. may be a substituted or unsubstituted
arylene group or a substituted or unsubstituted heteroarylene
group in the above General Formula (1).

[0040] In other embodiments, the substituted or unsubsti-
tuted carbazolyl group may be combined with L at position 2
or position 3.

[0041] In much further embodiments according to an
embodiment, organic electroluminescent devices include the
above-described amine derivative in an emission layer.
[0042] In still much further embodiments according to an
embodiment, organic electroluminescent devices include the
above-described amine derivative in one layer of laminated
layers between an emission layer and an anode.

[0043] Insome embodiments, Ar' and Ar* may be indepen-
dently a substituted or unsubstituted aryl group or a substi-
tuted or unsubstituted heteroaryl group, at least one of Ar* and
Ar® may be substituted with a substituted or unsubstituted
silyl group, Ar® may be a substituted or unsubstituted carba-
zolyl group, and L. may be a substituted or unsubstituted
arylene group or a substituted or unsubstituted heteroarylene
group in the above General Formula (1), and the amine
derivative may be represented by the following General For-
mula (4).

&

[0044] In the above General Formula (4), R' to R® are a
hydrogen atom, a substituted or unsubstituted aryl group hav-
ing 6 to 30 carbon atoms for forming a ring, a substituted or
unsubstituted heteroaryl group having 5 to 30 carbon atoms
for forming a ring, a substituted or unsubstituted alkyl group
having 1 to 15 carbon atoms, a substituted or unsubstituted
silyl group, a cyano group, a halogen atom or a deuterium
atom.

[0045] Inother embodiments, R* to R® may be combined to
each other to form a saturated or unsaturated ring in the above
General Formula (4).

[0046] In still other embodiments, L may be a phenylene
group, a biphenylene group or a fluorenylene group in the
above General Formula (4).

[0047] Ineven other embodiments, Ar' and Ar” may be an
aryl group having 6 to 12 carbon atoms for forming a ring
when L is the fluorenylene group in the above General For-
mula (4).
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[0048] Ineven much further embodiments according to an
embodiment, organic electroluminescent devices include the
above-described amine derivative in an emission layer.

[0049] In yet much further embodiments according to an
embodiment, organic electroluminescent devices include the
above-described amine derivative in a layer of laminated
layers between an emission layer and an anode.

[0050] In some embodiments, Ar' may be an aryl group
substituted with a silyl group and represented by the follow-
ing General Formula (5), Ar* may be a substituted or unsub-
stituted aryl group having 6 to 30 carbon atoms for forming a
ring, Ar’ may be an arvl group represented by the following
General Formula (6), and L is an arylene group represented by
the following General Formula (7).

] ®
SiRyRpR3

(©)

™

[0051] In the above General Formula (5), o is an integer
satistying the relation of O=o<2, R,, R, and R, are inde-
pendently an alkyl group having 1 to 15 carbon atoms, a
substituted or unsubstituted aryl group having 6 to 30 carbon
atoms for forming a ring or a heteroaryl group having 1 to 30
carbon atoms for forming a ring, in the above General For-
mula (6), each R, is independently a hydrogen atom, a halo-
gen atom, an alkyl group having 1 to 15 carbon atoms, a
substituted or unsubstituted aryl group having 6 to 30 carbon
atoms for forming a ring, and m is an integer satisfying the
relation of 0=m=5, and in the above General Formula (7),
each R, is independently a hydrogen atom, a halogen atom,
an alkyl group having 1 to 15 carbon atoms, a substituted or
unsubstituted aryl group having 6 to 30 carbon atoms for
forming a ring, 1is an integer satisfying the relation of O<l=4,
and n is an integer satisfying the relation of 2<n<5.

[0052] In other embodiments, R, |, R;, and R,; may be
independently a phenyl group in the above General Formula
).

[0053] In still other embodiments, o may be 0 or 1 in the
above General Formula (5).

[0054] In even other embodiments, n may be 2 in the above
General Formula (7).

[0055] In much still further embodiments according to an
embodiment, materials for an organic electroluminescent
device include one of the above-described amine derivatives.

[0056] In even still further embodiments according to an
embodiment, organic electroluminescent devices include the
above-described material for an organic electroluminescent
device in a layer of laminated layers disposed between an
emission layer and an anode.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0057] Features will become apparent to those of skill in the
art by describing in detail example embodiments with refer-
ence to the attached drawings in which:

[0058] FIG. 1 illustrates a schematic cross-sectional dia-
gram illustrating an embodiment of the structure ofan organic
electroluminescent device according to an embodiment; and
[0059] FIG. 2 illustrates a schematic diagram of an organic
electroluminescent device manufactured by using an organic
electroluminescent material according to an embodiment.

DETAILED DESCRIPTION

[0060] 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 example implementations to those skilled in the art.
[0061] Inthe drawing figures, the dimensions of layers and
regions may be exaggerated for clarity of illustration. Like
reference numerals refer to like elements throughout.

[0062] Hereinafter, the amine derivative having a silyl
group according to an embodiment will be explained. How-
ever, the organic electroluminescent material according to an
embodiment and the organic electroluminescent device using
thereof will be used in various other embodiments and will
not be limited to the interpretation of the following descrip-
tion on embodiments.

[0063] An organic electroluminescent material according
to an embodiment is an amine derivative having a silyl group
represented by the following General Formula (1).

[Formula 6]

@

=

P

177 e
AP

[0064] In the above General Formula (1), Ar', Ar* and Ar®
are independently a substituted or unsubstituted aryl group or
asubstituted or unsubstituted heteroaryl group, at least one of
Ar', Ar? and Ar? is substituted with a substituted or unsubsti-
tuted silyl group, and L is a single bond, a substituted or
unsubstituted arylene group or a substituted or unsubstituted
heteroarylene group.

[0065] As the aryl group and the heteroaryl group of “the
substituted or unsubstituted aryl group” or “the substituted or
unsubstituted heteroaryl group” of Ar', Ar* and Ar®, a phenyl
group, anaphthyl group, an anthracenyl group, a phenanthryl
group, a biphenyl group, a terpheny! group, a fluorenyl group,
atriphenylene group, a biphenylene group, a pyrenyl group, a
benzothiazolyl group, a thiopheny] group, a thienothiophenyl
group, a thienothienothiopheny! group, a benzothiophenyl
group, a dibenzothiophenyl group, a dibenzofuryl group, a
N-arylcarbazolyl group, a N-heteroarylcarbazolyl group, a
N-alkylcarbazolyl group, a phenoxazyl group, a phenothiazyl
group, a pyridyl group, a pyrimidyl group, a triazinyl group,
a quinolinyl group and a quinoxalyl group are examples. The
aryl group or the heteroaryl group of Ar', Ar* and Ar’ may be
the phenyl group, the naphthyl group, the biphenyl group, the
terphenyl group, the fluorenyl group, the triphenylene group,
the dibenzothiophenyl group, the dibenzofuryl group and the
N-phenylcarbazolyl group, and may particularly be the phe-
nyl group, the biphenyl group, the fluorenyl group, the triph-



US 2015/0270502 Al

enylene group, the dibenzothiopheny! group, the dibenzofu-
ryl group and the N-phenylcarbazolyl group. Here, as
described above, at least one of the aryl group and the het-
eroaryl group of Ar', Ar* and Ar® may be substituted with a
silyl group. In addition, one silyl group may be substituted for
at least one of Ar' and Ar* and may be substituted for at least
one of Ar', Ar® and Ar°.

[0066] In an implementation, at least one of Ar', Ar* and
Ar® is the substituted or unsubstituted heteroaryl group, and,
for example, is a substituted or unsubstituted dibenzoheterole
group such as the carbazolyl group, the dibenzothiophenyl
group and the dibenzofuryl group. Ar® may be the substituted
or unsubstituted heteroaryl group, and Ar” may be the diben-
zoheterole group. In the case that Ar® is the substituted or
unsubstituted heteroaryl group, Ar' and Ar* may be the sub-
stituted or unsubstituted aryl group, and for example, Ar® is
the dibenzoheterole group and Ar' and Ar* are an aryl group
having 6 to 18 carbon atoms for forming a ring.

[0067] “The substituted or unsubstituted arylene group” or
“the substituted or unsubstituted heteroarylene group” of L
may be the same as the aryl group and the heteroaryl group of
“the substituted or unsubstituted aryl group” or “the substi-
tuted or unsubstituted heteroaryl group” for Ar', Ar* and Ar®
illustrated above. The arylene group and the heteroarylene
group of “the substituted or unsubstituted arylene group” or
“the substituted or unsubstituted heteroarylene group” of L
may be a phenylene group, a naphthalene group, a biphe-
nylene group, a thienothiophenylene group and a pyridylene
group. For example, an arylene group having 6 to 14 carbon
atoms for forming a ring may be used, and the phenylene
group and the biphenylene group may be used. In addition,
“the single bond” of L means that the nitrogen atom (N) of the
amine part is directly connected to Ar” in the amine derivative
having a silyl group represented by General Formula (1)
according to an embodiment.

[0068] As the substituent of the aryl group or the heteroaryl
group of Ar', Ar* and Ar®, an alkyl group, an alkoxy group, an
aryl group and a heteroaryl group may be included. Examples
of the aryl group and the heteroaryl group may be the same as
the aryl group and the heteroaryl group of the above-de-
scribed Ar', Ar® and Ar’.

[Formula 7]
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[0069] The alkyl group of the substituent of the aryl group
or the heteroaryl group of Ar', Ar* and Ar® is not specifically
limited, and includes a methyl group, an ethyl group, a propyl
group, an isopropyl group, a cyclopropyl group, a butyl
group, an isobutyl group, a t-butyl group, a cyclobutyl group,
a pentyl group, an isopentyl group, a neopentyl group, a
cyclopentyl group, a hexyl group, a cyclohexyl group, a hep-
tyl group, a cycloheptyl group, an octyl group, a nonyl group,
a decyl group, etc.

[0070] Thealkoxy group of the substituent ofthe aryl group
or the heteroaryl group of Ar',

[0071] Ar®and Ar® is not specifically limited, and includes
a methoxy group, an ethoxy group, a n-propoxy group, an
isopropoxy group, a n-butoxy group, an isobutoxy group, a
t-butoxy group, a n-pentyloxy group, a neopentyloxy group,
an-hexyloxy group, a n-heptyloxy group, a n-octyloxy group,
a 2-ethylhexyloxy group, a nonyloxy group, a decyloxy
group, a 3,7-dimethyloctyloxy group, etc.

[0072] As the substituent of the arylene group or the het-
eroarylene group of L, an alkyl group, an alkoxy group, an
aryl group and a heteroaryl group may be included. Examples
are the same as the alkyl group, the alkoxy group, the aryl
group and the heteroaryl group explained as the substituent of
the aryl group or the heteroaryl group of Ar', Ar* and Ar®.
[0073] The substituent of the silyl group substituted for at
least one of Ar', Ar* and Ar’ may include an alkyl group, an
alkoxy group and a heteroaryl group. Examples are the same
as the alkyl group, the alkoxy group, the aryl group and the
heteroaryl group explained as the substituent of the aryl group
or the heteroaryl group of Ar', Ar* and Ar®, and the alkyl
group and the aryl group are examples, and the methyl group
and the phenyl group are particular examples. In addition, the
silyl group substituted for at least one of Ar', Ar* and Ar® may
be a trialkylsilyl group where an alkyl substituent at the silyl
group has 1 to 6 carbon atoms or a triarylsilyl group where an
aryl substituent at the silyl group has 6 to 18 carbon atoms for
forming a ring.

[0074] Examples of the amine derivative having a silyl
group according to an embodiment, represented by General
Formula (1) may be the following compounds, without limi-
tation.
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[Formula 11]
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[0075] Theamine derivative having a silyl group according
to an embodiment, represented by

[0076] General Formula (1) may for example include the
above Compounds 1,2.3,4,5,6,8,15,16,17, 18,19, 20,21,
22,23,24,25,26,27,28,29,30,31,32,37,38, 40,42, 44,45,
46,49, 50,53, 54, 55,56,57,59, 60,61, 62,63, 64,74,77,79,
85,87, 88, 89,92, 96,98,101, 102, 107, and 110, and may for
example include Compounds 1, 2, 3, 4, 6, 15, 16, 17, 18, 19,
20,21,22,23,24,25,26,27,28,29,30,31,32,37,40, 44,45,
46,49,53,54,55,56,57,59,60,61,62,63,77, 85,87, 88, 89,
96,101, 107 and 110.

[0077] All the amine derivatives having a silyl group
according to an embodiment may be used as the material for
an organic electroluminescent device. In the amine derivative
having a silyl group according to an embodiment, at least one
or the substituted or unsubstituted aryl group or the substi-
tuted or unsubstituted heteroaryl group of Ar', Ar* and Ar?,
connected to the nitrogen atom (N) of the amine or the con-
necting group L is substituted with the substituted or unsub-
stituted silyl group exhibiting high electron tolerance. Thus,
the amine derivative having a silyl group according to an
embodiment is stable with respect to electrons and may be
used as a material of an organic electroluminescent device,
particularly as a material of a hole transport layer adjacent to
an emission layer. By using the amine derivative having a silyl
group according to an embodiment as the material of the hole
transport layer, the electron tolerance of the hole transport
layer may be improved, the deterioration of a hole transport
material due to electrons intruded into the hole transport layer
may be restrained, and the long life of the organic electrolu-
minescent device may be realized.

[0078] Inaddition, the use of the amine derivative having a
silyl group according to an embodiment is not limited to the
hole transport material of the organic electroluminescent
device. For example, the amine derivative may be used as a
material of a hole injection layer. In the case that the amine
derivative having a silyl group is used as the material of the
hole injection layer, the deterioration of the hole injection
layer due to electrons may be restrained, and the long life of
the organic electroluminescent device may be realized as in
the case of using the amine derivative as the material of the
hole transport layer.

[0079] [Organic Electroluminescent Device]

[0080] An organic electroluminescent device may have, for
example, the structure shown in FIG. 1; however, embodi-
ments are not limited thereto.

[0081] An organic electroluminescent device 100 shown in
FIG. 1 may include, in the schematic cross-sectional view
according to an embodiment using the amine derivative
according to an embodiment as a material for an organic
electroluminescent device, a glass substrate 102, an anode
104 disposed on the glass substrate 102, a hole injection layer
106 disposed on the anode 104, a hole transport layer 108
disposed on the hole injection layer 106, an emission layer
110 disposed on the hole transport layer 108, an electron
transport layer 112 disposed on the emission layer 110 and a
cathode 114 disposed on the electron transport layer 112.
Here, the electron transport layer 112 may also function as an
electron injection layer.

[0082] The anode 104 may be formed using indium tin
oxide (ITO) or indium zinc oxide (IZO).

[0083] Theholeinjection layer 106 may include 4,4',4"-tris
(N-1-naphthyl-N-phenylamino)triphenylamine (1-TNATA)
or 44" 4"-tris(N-(2-naphthyl)-N-phenylamino)-tripheny-
lamine (2-TNATA), 4,4-bis(N,N-di(3-tolyl)amino)-3,3-dim-
ethylbiphenyl (HMTPD), etc.
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The hole transport layer 108 may be formed using

the amine derivative having a silyl group according to an
embodiment, represented by General Formula (1).
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[0085]
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The emission layer 110 may include, for example,

the following compounds as a host material.

[Formula 54]
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The compound included in the emission layer 110 as

the host material is not limited to the above-described com-
pounds; however, general materials may be used as the host

material,
[0087]

In addition, in the emission layer 110, for example,

the following compounds may be included as a dopant.
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[Formula 55]

[0088] The compound doped in the emission layer 110 as
the dopant is not limited to the above-described compounds;
however, general materials may be used as the dopant accord-
ing to a desired color range. The dopant may be doped in the
material constituting the emission layer 110 by about 0.1-
50%.

-continued

[0089] The electron transport layer 112 may include, for
example, tris(8-hydroxyquinolinato)aluminum (Alg;), etc. In
addition, the following compounds may be included.

[Formula 56]
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[0090] The cathode 114 may be formed using a metal such
as Al, Ag, Ca, etc. or a transparent material such as ITO, 170,
efc.

[0091] Inthe organic electroluminescent device 100 shown
in FIG. 1, a base is omitted. However, the organic electrolu-
minescent device 100 may include an electron injection layer
between the cathode 114 and the electron transport layer 112.
The electron injection layer may include, for example,
lithium fluoride (LiF), lithium 8-quinolinato, etc.

[0092] As described above, the amine derivative having a
silyl group according to an embodiment, represented by Gen-
eral Formula (1) may be used as the material of the hole
transport layer of the organic electroluminescent device.
However, the use of the amine derivative having a silyl group
according to an embodiment is not limited to the hole trans-
port material of the organic electroluminescent device; for
example it may be included in the hole injection layer as a
hole injection material.

[0093] The long life of the organic electroluminescent
device may be realized by using the amine derivative accord-
ing to an embodiment as at least one material of the hole
injection layer and the hole transport layer in the hole injec-
tionlayer 106 and the hole transport layer 108 constituting the
organic electroluminescent device.

[0094] As described above, the amine derivative having a
silyl group according to an embodiment has electron toler-
ance, and may be used as the hole transport material or the
hole injection material of the organic electroluminescent
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device; however, embodiments are not limited thereto. For
example, the amine derivative may be used as a host material
in an emission layer.

[0095] The following Examples and Comparative
Examples are provided in order to highlight characteristics of
one or more embodiments, but it will be understood that the
Examples and Comparative Examples are not to be construed
as limiting the scope of the embodiments, nor are the Com-
parative Examples to be construed as being outside the scope
of the embodiments. Further, it will be understood that the
embodiments are not limited to the particular details
described in the Examples and Comparative Examples.

Example |

[0096] With respect to the amine derivative having a silyl
group according to an embodiment, represented by General
Formula (1), examples of synthesizing Compounds 1, 3, 61
and 63 will be explained hereinafter. The following synthetic
methods are only examples, and embodiments are not limited
thereto.

[0097]

[0098] The following chemical reaction is a synthetic pro-
cess of Compound 1, which is an amine derivative having a
silyl group according to an embodiment, represented by Gen-
eral Formula (1).

(Synthesis of Compound 1)

[Formula 57]
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[0099] The above Compound 1 was synthesized by the
following process.

[0100] Compound (i) (1.57 g, 4.33 mmol), Compound (ii)
(1.50 g, 3.61 mmol), Pd,(dba),.CHCI, (0.37 g, 0.36 mmol)
and toluene (36 mL) were added to a reaction vessel. Then,
tri(t-butyl)phosphine (0.93 mL, 1.44 mmol, 1.56 M) and
sodium t-butoxide (1.04 g, 10.8 mmol) were added thereto,
and the inner part of the vessel was purged with a nitrogen gas,
followed by stirring at about 80° C. for about 4 hours. After
cooling in the air, water was added to the reaction mixture,
and an organic layer was extracted. The organic layer thus
obtained was dried with anhydrous magnesium sulfate and
filtered. The filtrate was concentrated by a rotary evaporator.
The crude product thus obtained was separated by silica gel
column chromatography (developing solvent: dichlo-
romethane/hexane), and the solid thus obtained was recrys-
tallized using toluene/hexane to produce 2.26 g of a target
product, Compound 1, as a white powder solid with the yield
of 90% (FAB-MS: C51H41NSi, measured value 695).

[0101]

[0102] The following chemical reaction is a synthetic pro-
cess of Compound 3, which is an amine derivative having a
silyl group according to an embodiment.

(Synthesis of Compound 3)

Sep. 24, 2015

[Formula 58]
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[0103] Compound 3 according to an embodiment was syn-
thesized by the following process.

[0104] Compound (iii) (1.52 g, 4.33 mmol), Compound (ii)
(1.50 g, 3.61 mmol), Pd,(dba);.CHCI; (0.37 g, 0.36 mmol)
and toluene (36 mL) were added to a reaction vessel. Then,
tri(t-butyl)phosphine (0.93 mL, 1.44 mmol, 1.56 M) and
sodium t-butoxide (1.04 g, 10.8 mmol) were added thereto,
and the inner part of the vessel was purged with a nitrogen gas,
followed by stirring at about 80° C. for about 4 hours. After
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cooling in the air, water was added to the reaction mixture,
and an organic layer was extracted. The organic layer thus
obtained was dried with anhydrous magnesium sulfate and
filtered. The filtrate was concentrated by a rotary evaporator.
The crude product thus obtained was separated by silica gel
column chromatography (developing solvent: dichlo-
romethane/hexane), and the solid thus obtained was recrys-
tallized using toluene/hexane to produce 1.00 g of a target
product, Compound 3, as a white powder solid with the yield
of 40% (FAB-MS: C48H35NSSi, measured value 685).

[0105]

[0106] The following chemical reaction is a synthetic pro-
cess of Compound 61, which is an amine derivative having a
silyl group according to an embodiment.

(Synthesis of Compound 61)

[Formula 59]
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[0107] Compound 61 according to an embodiment was
synthesized by the following process.

[0108] Compound (iv) (0.70 g, 1.44 mmol), Compound (v)
(0.71 g, 1.44 mmol), Pd(dba), (0.04 g, 0.07 mmol) and tolu-
ene (30 mL) were added to areaction vessel. Then, tri(t-butyl)
phosphine (0.14 mL, 0.28 mmol, 2.00 M) and sodium t-bu-
toxide (0.21 g, 2.16 mmol) were added thereto, and the inner
part of the vessel was purged with a nitrogen gas, followed by
refluxing for about 6 hours. After cooling in the air, water was
added to the reaction mixture, and an organic layer was
extracted. The organic layer thus obtained was dried with
anhydrous magnesium sulfate and filtered. The filtrate was
concentrated by a rotary evaporator. The crude product thus
obtained was separated by silica gel column chromatography
(developing solvent: toluene’hexane), and the solid thus
obtained was recrystallized using dichloromethane/hexane to
produce 1.15 g of a target product, Compound 61, as a white
powder solid with the yield of 89% (FAB-MS: C66H48N2S1,
measured value 897).

[0109] (Synthesis of Compound 63)

[0110] The following chemical reaction is a synthetic pro-
cess of Compound 63, which is an amine derivative having a
silyl group according to an embodiment.

[Formula 60]
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[0111] Compound 63 according to an embodiment was
synthesized by the following process.

[0112] Compound (iv) (1.00 g, 2.06 mmol), Compound (ii)
(0.85 g, 2.06 mmol), Pd(dba), (0.06 g, 0.10 mmol) and tolu-
ene (10 mL) were added to areaction vessel. Then, tri(t-butyl)
phosphine (0.03 mL, 0.06 mmol, 2.00 M) and sodium t-bu-
toxide (0.30 g, 3.08 mmol) were added thereto, and the inner
part of the vessel was purged with a nitrogen gas, followed by
stirring while refluxing for about 4 hours. After cooling in the
air, water was added to the reaction mixture, and an organic
layer was extracted. The organic layer thus obtained was
dried with anhydrous magnesium sulfate and filtered. The
filtrate was concentrated by a rotary evaporator. The crude
product thus obtained was separated by silica gel column
chromatography (developing solvent: toluene/hexane), and
the solid thus obtained was recrystallized using dichlo-
romethane/hexane to produce 1.59 g of a target product,
Compound 63, as a white powder solid with the yield of 94%
(FAB-MS: C60H44N2Si, measured value 821).

[0113] Hereinafter, Example 1 of the organic electrolumi-
nescent device using the above Compound 1 in a hole trans-
port layer as a material of an organic electroluminescent
device according to an embodiment will be explained.

[0114] The manufacture of the organic electroluminescent
device according to Example 1 according to an embodiment
was conducted by a vacuum deposition and the following
procedure. First, with respect to an ITO-glass substrate pat-
terned and washed in advance, surface treatment using ozone
was conducted. In addition, the layer thickness of an ITO
layer was about 150 nm. Immediately after the ozone treat-
ment, a layer was formed using 2-TNATA as a hole injection
material (thickness of about 60 nm) on the ITO layer.

Sep. 24, 2015

[0115] Then, a layer was formed using Compound 1
according to an embodiment as a hole transport material
(about 30 nm), and a layer of 9,10-di(2-naphthyl)anthracene
(ADN) doped with 2,5,8,11-tetra-t-butylperylene (TBP) in a
ratio of about 3% was formed by a co-deposition (about 25
nm).

[0116] In addition, a layer was formed using Alq, as an
electron transport material (about 25 nm), and LiF (about 1.0
nm) as an electron injection layer and aluminum (about 100
nm) as a cathode were laminated one by one to manufacture
the organic electroluminescent device 200 shown in FIG. 2.

[0117] As Example 2, an organic electroluminescent
device was manufactured by performing the same procedure
described in Example 1 except for using Compound 3 instead
of Compound 1 used in Example 1.

[0118] As Example 3, an organic electroluminescent
device was manufactured by performing the same procedure
described in Example 1 except for using Compound 61
instead of Compound 1 used in Example 1.

[0119] As Example 4, an organic electroluminescent
device was manufactured by performing the same procedure
described in Example 1 except for using Compound 63
instead of Compound 1 used in Example 1.

[0120] As Comparative Example 1 and Comparative
Example 2, organic electroluminescent devices were manu-
factured by performing the same procedure described in
Example 1 except for using Comparative Compounds 1 or 2
represented in the following as a compound constituting a
hole transport material of an organic electroluminescent
device. In addition, the compounds used in Comparative
Examples 1 and 2 are different from the amine derivative
according to an embodiment in having a structure not includ-
ing a silyl group.

[Formula 61]

(Comparative Compound 1)

N
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[0121] The schematic diagram of the organic electrolumi-
nescent device 200 manufactured in Examples 1 to 4 and
Comparative Examples 1 and 2 is shown in FIG. 2. The
organic electroluminescent device 200 thus manufactured
includes an anode 204, a hole injection layer 206 disposed on
the anode 204, ahole transport layer 208 disposed on the hole
injection layer 206, an emission layer 210 disposed on the
hole transport layer 208, an electron transport layer 212 and
an electron injection layer 214 disposed on the emission layer
210and a cathode 216 disposed on the electron injection layer
214.

[0122] The device performance of the organic electrolumi-
nescent devices 200 manufactured in Examples 1 to 4 and
Comparative Examples 1 and 2 is illustrated in the following
Table 1. In addition, current efficiency means values at about
10 mA/em?, and half life means luminance decrease time to
half from an initial luminance of about 1,000 cd/m>.

TABLE 1
Current

Hole efficiency Life (hr)

transport Voltage (cd/A) (@10 (@1,000

material V) mA/cm?) cd/m?)
Example ]  Compound 1 7.1 64 1,700
Example 2 Compound 3 7.0 6.3 1,800
Example 3 Compound 61 6.7 6.9 2.000
Example 4  Compound 63 6.8 6.7 1,900
Comparative Comparative 7.5 6.2 1,500
Example ]  Compound 1
Comparative Comparative 8.1 53 1,200
Example 2 Compound 2
[0123] Inaddition, for the evaluation of the electrolumines-

cent properties of the organic electroluminescent device 200
thus manufactured, a brightness light distribution character-
istics measurement system of Hamamatsu Photonics Co. was
used.

[0124] According to Table 1, it may be found that the life of
the organic electroluminescent devices of Examples 1 to 4
according to an embodiment was longer than the organic

electroluminescent devices of Comparative Examples 1 and
2

[0125] Theamine derivative having a silyl group according
to an embodiment, represented by General Formula (1) is
provided with a silyl group having electron tolerance and is a
material for performing stable hole transportation with
respect to electrons. Thus, the deterioration of a device due to
electrons intruded into a hole transport layer may be
restrained, and the long life of the device may be realized by
using the amine derivative having a silyl group according to
an embodiment.
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[0126] In the above described Examples 1 to 4, the amine
derivative having a silyl group according to an embodiment,
represented by General Formula (1) was used as the hole
transport material of the organic electroluminescent device;
however, the use of the amine derivative having a silyl group
according to an embodiment is not limited to the organic
electroluminescent device, and is expanded to other lumines-
cent devices or luminescent apparatuses. In addition, though
the organic electroluminescent devices shown in FIGS. 1 and
2 are used in an organic electroluminescent display of a
passive-matrix driving type, they may be also used in an
organic electroluminescent display of an active-matrix driv-
ing type.

[0127] Remarkable improvement of the emission effi-
ciency, the driving voltage and the life of an organic electrolu-
minescent device may be obtained by disposing the amine
derivative represented by General Formula (1), for example,
an amine derivative having the following structure, as a mate-
rial for an organic electroluminescent device between an
emission layer and an anode.

[0128] Inanexample structure of the amine derivative rep-
resented by the above General Formula (1), Ar' and Ar” are
independently a substituted or unsubstituted aryl group or a
substituted or unsubstituted heteroaryl group, at least one of
Ar' and Ar* is substituted with a substituted or unsubstituted
silyl group, Ar’ is a substituted or unsubstituted dibenzofuryl
group, and L is divalent connecting group not including a
single bond.

[0129] Here, as the aryl group and the heteroaryl group of
“the substituted or unsubstituted aryl group” or “the substi-
tuted or unsubstituted heteroaryl group” of Ar' and Ar?, a
phenyl group, a naphthyl group, an anthracenyl group, a
phenanthryl group, a biphenyl group, a terphenyl group, a
fluorenyl group, a triphenylene group, a biphenylene group, a
pyrenyl group, a benzothiazolyl group, a thiophenyl group, a
thienothiophenyl group, a thienothienothiophenyl group, a
benzothiophenyl group, a dibenzothiophenyl group, a diben-
zofuryl group, a N-arylcarbazolyl group, a N-heteroarylcar-
bazolyl group, a N-alkylcarbazolyl group, a phenoxazyl
group, a phenothiazyl group, a pyridyl group, a pyrimidyl
group, a triazinyl group, a quinolinyl group and a quinoxalyl
group are examples, as described above. The phenyl group,
the naphthyl group, the biphenyl group, the terphenyl group,
the fluorenyl group, the triphenylene group, the diben-
zothiophenyl group, the dibenzofuryl group and the N-phe-
nylcarbazolyl group may be used, and the phenyl group, the
biphenyl group, the fluorenyl group, the triphenylene group,
the dibenzothiophenyl group, the dibenzofuryl group and the
N-?henylcarbazolyl group are examples. As the aryl group of
Ar' and Ar®, an aryl group having 6 to 18 carbon atoms for
forming a ring may be used, and as the heteroaryl group of Ar*
and Ar§, a heteroary! group having 5 to 18 carbon atoms for
forming a ring may be used.

[0130] As the substituent of the aryl group or the heteroaryl
group of Ar* and Ar?, an alkyl group, an alkoxy group, an aryl
group and a heteroaryl group may be used. Examples of the
aryl group and the heteroaryl group are the same as the above
eAi(rezmpliﬁed aryl group and the heteroaryl group of Ar* and

[0131] In an example structure of the amine derivative
according to an embodiment, Ar® in General Formula (1) is a
substituted or unsubstituted dibenzofuryl group. Each sub-
stituent of the substituted dibenzofuryl group is indepen-
dently a substituted or unsubstituted aryl group having 6 to 30
carbon atoms for forming a ring, a substituted or unsubsti-
tuted heteroaryl group having 5 to 20 carbon atoms for form-
ing a ring or a substituted or unsubstituted alkyl group having
1 to 8 carbon atoms.

[0132] In addition, in an example structure of the amine
derivative, L. is a divalent connecting group in General For-



US 2015/0270502 A1 Sep. 24, 2015
46

mula (1) or may be a substituted or unsubstituted arylene _continued
group or a substituted or unsubstituted heteroarylene group.
For example, L. may be the divalent group of the exemplified
groups as Ar' and Ar*. As L, an arylene group having 6 to 18
carbon atoms for forming a ring may be used, and a phenylene
group is an example. In an example structure of the amine
derivative represented by General Formula (1), L is not the
single bond. By combining the substituted or unsubstituted

N
dibenzofuryl group for Ar’ with an amine part via the divalent
connecting group, particularly, via the phenyl group, the con-
jugation system of the it electrons of a whole molecule may be 0 Si

enlarged. Thus, hole transport properties may be improved, O
and the driving at a low voltage, the increase of the life and the
improvement of the emission efficiency of the organic elec-
troluminescent device may be attained. In addition, since the
stability of the molecule is improved, the deterioration of the A3

organic electroluminescent device may be restrained, and the
increase of the device life may be attained.

[0133] As the substituent of the arylene group or the het-
eroarylene group of L, an alkyl group, an alkoxy group, an
aryl group and a heteroaryl group may be included. For

N
example, the above-described alkyl group, alkoxy group, aryl
group and heteroaryl group as the substituent of the aryl group
or the heteroaryl group of Ar' and Ar?, may be included. 0 Si

[0134] As the substituent of the silyl group substituted in at O
least one of Ar' and Ar?, an alkyl group, an alkoxy group, an
aryl group and a heteroaryl group may be exemplified. For

example, the above-described alkyl group, alkoxy group, aryl
group and heteroaryl group as the substituent of the aryl group

or the heteroaryl group of Ar' and Ar?, may be exemplified, I

and the phenyl group may be used for example. In addition,
the silyl group substituted for at least one of Ar* and Ar* may

be a triarylsilyl group where an aryl substituent at the silyl
group has 6 to 18 carbon atoms for forming a ring.

[0135] As the amine derivative in which the dibenzofuryl
group for Ar® is combined with the divalent connecting group

N
L in General Formula (1), the following compounds are
examples, without limitation.
[Formula 62] Q \©

A-l

[Formula 63]
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i [Formula 75]
G
[Formula 74]

g

(] L

: SO0
N G0

LTS
O O [0136] As described above, in an example amine derivative
O O according to an embodiment in accordance with General
. Formula (1), Ar’ is a substituted or unsubstituted dibenzofu-

& ryl group, and the dibenzofuryl group is combined with a
divalent connecting group L. The dibenzofuryl group has
strong electron tolerance. Thus, the electron tolerance of a
hole transport layer may be improved, and the deterioration of
ahole transport material due to electrons intruded in the hole

transport layer may be restrained by using the amine deriva-
tive in which Ar’ is the substituted or unsubstituted dibenzo-
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furyl group in General Formula (1) as the hole transport
material. In addition, by introducing the dibenzofuryl group,
the planarity of the amine derivative may be increased, and
the glass transition temperature thereof may be elevated.
Thus, the improvement of the emission efficiency, the lower-
ing of the driving voltage and the increase of the life of the
organic electroluminescent device may be realized. In addi-
tion, the conjugation system of the m electrons of a whole
molecule may be enlarged by combining the dibenzofuryl
group and the amine part via the divalent connecting group L.
Since hole transport properties may be improved, and the
stability of the molecule may be improved, the decrease of the
driving voltage, the increase of the life and the improvement
of the emission efficiency of the organic electroluminescent
device may be realized. The amine derivative according to an
embodiment may realize the improvement of the emission
efficiency, the decrease of the driving voltage and the increase
of the life of the organic electroluminescent device particu-
larly in blue-bluish green region.

[0137] In addition, in an example structure of the amine
derivative represented by General Formula (1), the substi-
tuted or unsubstituted dibenzofuryl group for Ar® is combined
with L at position 2, position 3 or position 4, and may be
combined with the connecting group L at position 3. In addi-
tion, the substituted or unsubstituted dibenzofuryl group for
Ar’® may be combined with respect to the nitrogen atom (N) of
the amine part at the para position of the divalent connecting
group. By combining the dibenzofuryl group at the para posi-
tion of the divalent connecting group, the conjugation length
of the m electrons of a whole molecule may be the longest, and
the increase of the life of the organic electroluminescent
device may be attained.

[0138] The amine derivative according to an embodiment
represented by General Formula (1), in which the dibenzofu-
ryl group for Ar® is combined with the divalent connecting
group L may be used as the material of the hole transport layer
ofthe organic electroluminescent device 100 shown in FIG. 1.
In addition, the configuration of the organic electrolumines-
cent device 100 shown in FIG. 1 is an embodiment of the
organic electroluminescent device according to an embodi-
ment, but embodiments are not limited thereto and may be
variously modified.

[0139] In addition, the use of the amine derivative accord-
ing to an embodiment represented by General Formula (1), in
which the dibenzofuryl group for Ar® is combined with the
divalent connecting group L is not limited to the hole trans-
port material of the organic electroluminescent device; for
example it may be used as the material of a hole injection
layer or the material of an emission layer. In the case that the
amine derivative is used as the material of the hole injection
layer or the material of the emission layer, the emission effi-
ciency of the organic electroluminescent device may be
improved, and the driving at a low voltage and the increase of
the life of the organic electroluminescent device may be real-
ized as in the case using the amine derivative as the material
of the hole transport layer.

Example II

[0140] With respect to the amine derivative according to an
embodiment represented by General Formula (1), in which
the dibenzofuryl group for Ar® is combined with the divalent
connecting group L, examples of synthesizing Compounds
A-10, A-18, A-25, A-35 and A-41 will be explained herein-
after.
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[0141] Thefollowing synthetic methods are only examples,
and embodiments are not limited thereto.

[0142] (Synthesis of Compound A-10)

[0143] Compound A-10 according to an embodiment was
synthesized by the following process.

[0144] Under an argon atmosphere, 1.50 g of Compound
(vi), 1.90 g of Compound (vii), 0.11 g of bis(dibenzylidene-
acetone)palladium(0) (Pd(dba),), 0.15 g of tri-t-butylphos-
phine ((t-Bu);P), 0.54 g of sodium t-butoxide were added to a
100 mL three-necked flask, followed by heating and refluxing
in 45 mL of atoluene solvent for about 6 hours. After cooling
in the air, water was added to the reaction mixture, an organic
layer was separated, and solvents were distilled. The crude
product thus obtained was separated by silica gel column
chromatography (using a mixture solvent of dichloromethane
and hexane) and recrystallized using a mixture solvent of
toluene/hexane to produce 1.86 g (yield 86%) of Compound
A-10 as a white solid.

[Formula 76]

(vi)

Pd(dba),
(‘BujsP,
NaO'Bu

—_—
toluene

Va0
@

(vii)
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A-10(86%)

[0145] The chemical shift values of Compound A-10 mea-
sured by 'H NMR were 8.00 (d, 1H), 7.96 (d, 1H), 7.78 (d,
1H), 7.64-7.53 (m, 20H), 7.48-7.33 (m, 14H), 7.29-7.25 (m,
6H). In addition, the molecular weight of Compound A-10
measured by FAB-MS was 822.

[0146] (Synthesis of Compound A-18)

[0147] Under an argon atmosphere, 2.50 g of Compound
(viii), 2.52 g of Compound (ii), 0.25 g of Pd,(dba),, 0.10 g of
(t-Bu),P, 1.85 g of sodium t-butoxide were added to a 100 mL
three-necked flask, followed by heating and refluxing in 60
mL ofa toluene solvent for about 8 hours. After cooling in the
air, water was added to the reaction mixture, an organic layer
was extracted, and solvents were distilled. The crude product
thus obtained was separated by silica gel column chromatog-
raphy (using a mixture solvent of dichloromethane and hex-
ane) and recrystallized using a mixture solvent of toluene/
hexane to produce 3.31 g (yield 73%) of Compound A-18 as
a white solid.

[Formula 77]
OO O O
N

H

(viii)

Pd(dba)s,
(‘Bu)sP,

NaO‘Bu
Si B ——
toluene

(i)
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A-18(73%)

[0148] The chemical shift values of Compound A-18 mea-
sured by "H NMR were 8.13 (d, 1H), 7.98 (d, 1H), 7.69-7.24
(m, 35H), 7.16 (d, 2H). In addition, the molecular weight of
Compound A-18 measured by FAB-MS was 745.

[0149] (Synthesis of Compound A-25)

[0150] Under an argon atmosphere, 1.22 g of Compound
(vii), 0.80 g of Compound (ix), 88 mg of Pd(dba),, 0.12 g of
(t-Bu);P, 0.43 g of sodium t-butoxide were added to a 100 mL
three-necked flask, followed by heating and refluxing in 38
mL ofatoluene solvent for about 7 hours. After cooling in the
air, water was added to the reaction mixture, organic layer
was separated, and solvents were distilled. The crude product
thus obtained was separated by silica gel column chromatog-
raphy (using a mixture solvent of dichloromethane and hex-
ane) and recrystallized using a mixture solvent of toluene/
hexane to produce 1.49 g (yield 79%) of Compound A-25 as
a white solid.

[Formula 78]
HN
+

Si

(vii)
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Pd(dba),, (‘Bu);P, NaO‘Bu
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A-25 (79%)

[0151] The chemical shift values of Compound A-25 mea-
sured by 'H NMR were 8.01 (d, 1H), 7.93-7.86 (m, 3H),
7.76-1.53 (m, 17H), 7.50-7.28 (m, 22H). In addition, the
molecular weight of Compound A-25 measured by FAB-MS
was 822.

[0152]

[0153] Under an argon atmosphere, 0.8 g of Compound (x),
0.54 g of Compound (xi), 0.06 g of Pd(dba),, 0.12 g of
(t-Bu),P, 0.3 g of sodium t-butoxide were added to a 100 mL
three-necked flask, followed by heating and refluxing in 38
mL ofa toluene solvent for about 7 hours. After cooling in the
air, water was added to the reaction mixture, an organic layer
was separated, and solvents were distilled. The crude product
thus obtained was separated by silica gel column chromatog-
raphy (using a mixture solvent of dichloromethane and hex-

(Synthesis of Compound A-35)

ane) and recrystallized using a mixture solvent of toluene/
hexane to produce 0.95 g (yield 80%) of Compound A-35 as
a white solid.
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[Formula 78]

Pd(dba);, (Bu);P, NaOBu

toluene

9
oD

A-35 (80%)

[0154] The chemical shift values of Compound A-35 mea-
sured by 'H NMR were 7.99 (d, 1H), 7.91 (d, 1H), 7.87 (d,
2H), 7.62-7.28 (m, 33H), 7.20 (d, 2H). In addition, the
molecular weight of Compound A-35 measured by FAB-MS
was 745.

[0155] (Synthesis of Compound A-41)

[0156] Under an argon atmosphere, 1.50 g of Compound
(vii), 0.87 g of Compound (xi), 0.11 g of Pd(dba),, 0.15 g of
(t-Bu),P, 0.54 g of sodium t-butoxide were added to a 100 mL
three-necked flask, followed by heating and refluxing in 45
mL ofatoluene solvent for about 7 hours. After cooling in the
air, water was added to the reaction mixture, an organic layer
was separated, and solvents were distilled. The crude product
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thus obtained was separated by silica gel column chromatog-
raphy (using a mixture solvent of dichloromethane and hex-
ane) and recrystallized using a mixture solvent of toluene/
hexane to produce 1.86 g (yield 89%) of Compound A-41 as
a white solid.

[Formula 80]
+
H N\©\
Sis :
(vii)
Br
0 Pd(dba),, (‘Bu)3P, NaO'Bu

toluene

U
S

4
%

A-41 (89%)

[0157] The chemical shift values of Compound A-41 mea-
sured by 'H NMR were 8.00 (d, 1H), 7.93-7.87 (m, 3H),
7.66-7.53 (m, 17H), 7.50-7.28 (m, 22H). In addition, the
molecular weight of Compound A-41 measured by FAB-MS
was 822.

[0158] Hereinafter, organic electroluminescent devices
using the above described Compounds A-10, A-18, A-25,
A-35 and A-41 as the materials for the organic electrolumi-
nescent devices according to an embodiment in a hole trans-
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port layer will be explained. An organic electroluminescent
device using Compound A-10 in the hole transport layer
corresponds to Example 5, an organic electroluminescent
device using Compound A-18 in the hole transport layer
corresponds to Example 6, an organic electroluminescent
device using Compound A-25 in the hole transport layer
corresponds to Example 7, an organic electroluminescent
device using Compound A-35 in the hole transport layer
corresponds to Example 8 and an organic electroluminescent
device using Compound A-41 in the hole transport layer
corresponds to Example 9.

[0159] The manufacture of the organic electroluminescent
device according to Example 5 according to an embodiment
was conducted by a vacuum deposition as for the organic
electroluminescent device of Example 1 and the following
procedure. First, with respect to an ITO-glass substrate pat-
terned and washed in advance, surface treatment using ozone
was conducted. In addition, the layer thickness of an ITO
layer was about 150 nm. Immediately after the ozone treat-
ment, a layer was formed using 2-TNATA as a hole injection
material (thickness of about 60 nm) on the ITO layer.

[0160] Then, a layer was formed using Compound A-10
according to an embodiment as a hole transport material
(about 30 nm), and a layer of ADN doped with TBP in a ratio
of about 3% was formed by a co-deposition (about 25 nm).
[0161] After that, a layer was formed using Alg; as an
electron transport material (about 25 nm), and LiF (about 1.0
nm) as an electron injection layer and aluminum (about 100
nm) as a cathode were laminated one by one to manufacture
the organic electroluminescent device 200 shown in FIG. 2.
[0162] As Examples 6,7, 8 and 9, organic electrolumines-
cent devices were manufactured by performing the same pro-
cedure described in Example 5 except for using Compounds
A-18, A-25, A-35 and A-41 instead of Compound A-10 used
in Example 5.

[0163] As Comparative Examples 3, 4 and 5, organic elec-
troluminescent devices were manufactured by performing the
same procedure described in Example 5 except for using
Comparative Compounds 3, 4 and 5 represented in the fol-
lowing as compound constituting a hole transport materials of
organic electroluminescent devices.

[Formua 81]

Comparative Compound 3

O y

atss
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[0164] The driving voltage, the emission efficiency and the
halflife of the organic electroluminescent devices 200 manu-
factured in Examples 5 to 9 and Comparative Examples 3 to
5 were evaluated. In addition, emission efficiency means val-
ues at about 10 mA/cm? and half life means luminance
decrease time to half from an initial luminance of about 1,000
cd/m?. The evaluation results are shown in Table 2.

Comparative Compound 4

)

Comparative Compound 5

TABLE 2

Hole Current Half

transport Voltage efficiency life

material V) (cd/A) (hr)
Example 5 Compound A-10 5.9 84 4,700
Example 6 Compound A-18 6.3 8.2 4,500
Example 7 Compound A-25 6.0 8.0 3,500
Example 8 Compound A-35 5.0 7.9 3,000
Example 9 Compound A-39 6.0 8.2 4,500
Comparative Comparative 6.2 6.0 1,500
Example 3 Compound 3
Comparative Comparative 6.1 59 1,700
Example 4 Compound 4
Comparative Comparative 8.1 53 1,200
Example 5 Compound 5
[0165] According to Table 2, the organic electrolumines-

cent devices of Examples 5 to 9 had improved emission
efficiency and longer life than the organic electroluminescent

58
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devices of Comparative Examples 3 to 5. For example, in the
amine derivative represented by General Formula (1), it can
be seen that the emission efficiency and the life of Example 5
using Compound A-10 having the configuration of combin-
ing the dibenzofuryl group for Ar® with the divalent connect-
ing group L at position 3, as a hole transport material was
markedly improved. Tt thus appears that the r electrons of a
whole molecule were enlarged, hole transport properties and
the stability of the molecule were improved, and the increase
of the emission efficiency, the decrease of the driving voltage
and the long life of the organic electroluminescent device
were realized by the combination of the dibenzofuryl group
exhibiting strong electron tolerance with the connecting
group L at position 3.

[0166] In the above-described Examples 5 to 9, the
example amine derivative according to an embodiment, in
which Ar’ is the substituted or unsubstituted dibenzofuryl
group, and L is the divalent connecting group other than a
single bond in General Formula (1) was used as the hole
transport material of the organic electroluminescent device;
however, the use of the amine derivative according to an
embodiment is not limited to the organic electroluminescent
device, and is expanded to other luminescent devices or lumi-
nescent apparatus. In addition, the organic electrolumines-
cent device using the amine derivative according to an
embodiment, in which Ar® is the substituted or unsubstituted
dibenzofuryl group, and L is the divalent connecting group
other than the single bond in General Formula (1) may be
used in an organic electroluminescent display of a passive-
matrix driving type, and they may be also used in an organic
electroluminescent display of an active-matrix driving type.

[0167] Remarkable improvement of the emission effi-
ciency, the driving voltage and the life of an organic electrolu-
minescent device may be obtained by disposing the amine
derivative represented by General Formula (1), for example,
an amine derivative having the following structure as a mate-
rial for an organic electroluminescent device between an
emission layer and an anode.

[0168] Inanexample structure of the amine derivative rep-
resented by General Formula (1), Ar' and Ar” are indepen-
dently a substituted or unsubstituted aryl group or a substi-
tuted or unsubstituted heteroaryl group, at least one of Ar" and
Ar? is substituted with a substituted or unsubstituted silyl
group, Ar’ is a substituted or unsubstituted dibenzofuryl
group, and L is a single bond.

[0169] Here, as the aryl group and the heteroaryl group of
“the substituted or unsubstituted aryl group” or “the substi-
tuted or unsubstituted heteroaryl group” of Ar' and Ar?, as
described above, a phenyl group, a naphthyl group, an anthra-
cenyl group, a phenanthryl group, a biphenyl group, a terphe-
nyl group, a fluorenyl group, a triphenylene group, a biphe-
nylene group, a pyrenyl group, a benzothiazolyl group, a
thiophenyl —group, a thienothiophenyl group, a
thienothienothiophenyl group, a benzothiophenyl group, a
dibenzothiophenyl group, a dibenzofuryl group, a N-arylcar-
bazolyl group, a N-heteroarylcarbazolyl group, a N-alkylcar-
bazolyl group, a phenoxazyl group, a phenothiazyl group, a
pyridyl group, a pyrimidyl group, a triazinyl group, a quino-
linyl group and a quinoxalyl group are examples. The phenyl
group, the naphthyl group, the biphenyl group, the terphenyl
group, the fluorenyl group, the triphenylene group, the diben-
zothiophenyl group, the dibenzofuryl group and the N-phe-
nylcarbazolyl group may be used. As the aryl group, an aryl
group having 6 to 18 carbon atoms for forming a ring may be
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used, and as the heteroaryl group, a heteroaryl group having 5
to 18 carbon atoms for forming a ring may be used.

[0170] As the substituent of the aryl group or the heteroaryl
group of Ar* and Ar?, an alkyl group, an alkoxy group, an aryl
group and a heteroaryl group are examples. Examples of the
aryl group and the heteroaryl group are the same as the above
exemplified aryl group and the heteroaryl group of Ar' and
Ar’,

[0171] As the substituent of the silyl group substituted for
at least one of Ar' and Ar® may include an alkyl group, an
alkoxy group, an aryl group and a heteroaryl group. For
example, the same alkyl group, alkoxy group, aryl group and
heteroaryl group explained as the substituent of the aryl group
or the heteroaryl group of Ar' and Ar* may be used, and, for
example, a phenyl group may be used. In addition, as the silyl
group substituted for at least one of Ar' and Ar* may be a
triarylsilyl group where an aryl substituent at the silyl group
has 6 to 18 carbon atoms for forming a ring.

[0172] In addition, in an example amine derivative accord-
ing to an embodiment, one of Ar' and Ar* may be substituted
with the substituted or unsubstituted silyl group. As described
above, since the silyl group exhibits strong electron tolerance,
the amine derivative introducing the silyl group may contrib-
ute to the improvement of the electron tolerance of the hole
transport layer by being used as the hole transport material.
[0173] In an example structure of the amine derivative
according to an embodiment, Ar® is a substituted or unsubsti-
tuted dibenzofuryl group. In the substituted dibenzofuryl
group, each substituent of the dibenzofuryl group may inde-
pendently be a substituted or unsubstituted aryl group having
6 to 18 carbon atoms for forming a ring. The substituents of
the dibenzofuryl group may be combined to each other to
form a saturated or unsaturated ring. In an implementation,
the substituents at position 1 and position 9 of the dibenzo-
furyl group are not combined to each other.

[0174] Inanexample structure of the amine derivative, L is
asingle bond. Here, the combining position of the substituted
or unsubstituted dibenzofuryl group for Ar® with L is not
specifically limited; it may be position 2, position 3 or posi-
tion 4, and for example, position 3. That is, as described
above, in an example structure of the amine derivative accord-
ing to an embodiment, L is the single bond, and the substi-
tuted or unsubstituted dibenzofiryl group for A’ may be
combined with the nitrogen atom (N) of the amine part at
position 2, position 3 or position 4, and is for example com-
bined with the nitrogen atom (N) at position 3. Through the
combination of the dibenzofuryl group with the nitrogen
atom (N) at the amine part at position 3, the conjugation
system of the m electrons of a whole molecule may be
enlarged. Thus, the improvement of hole transport propetties
may be enhanced, and the improvement of the emission effi-
ciency and the increase of the life of the organic electrolumi-
nescent device may be enhanced. In addition, since L is the
single bond, the deterioration of film forming properties due
to the increase of molecular weight may be prevented.
[0175] In an example structure of the amine derivative
according to an embodiment, the dibenzofuryl group for Ar®
exhibits strong electron tolerance like the silyl group substi-
tuted for at least one of Ar* and Ar”. Thus, the amine deriva-
tive according to an embodiment having the dibenzofuryl
group is more stable with respect to electrons and restrains the
deterioration of a material due to electrons intruded into a
laminated layer by using thereof as a material for an organic
electroluminescent device, particularly as a material of a
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laminated layer between an emission layer and an anode. In
addition, due to the high planarity, the dibenzofuryl group has
high glass transition temperature. As a result, the emission
efficiency of the organic electroluminescent device may be
improved, and the driving at a low voltage and the long life
thereof may be realized. For example, an example amine
derivative according to an embodiment, which is an amine
derivative in which the dibenzofuryl group for Ar® is com-
bined with the single bond of L in General Formula (1), may
improve the emission efficiency of the organic electrolumi-
nescent device further and realize the driving ata low voltage
and the long life thereof in a blue-bluish green region.

[0176] As the amine derivative in which the dibenzofuryl
group for Ar® is combined with L of the single bond in Gen-
eral Formula (1), the following compounds are examples,
without limitation.

[Formula 82]
B-1
N
[0) Si
B-2
N
[0) Si
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45 mL of atoluene solvent at about 80° C. for about 6 hours.
After cooling in the air, water was added to the reaction
mixture, an organic layer was separated, and solvents were
distilled. The crude product thus obtained was separated by
silica gel column chromatography (using a mixture solvent of
dichloromethane and hexane) and recrystallized using a mix-
ture solvent of toluene/hexane to produce 2.50 g (yield 88%)
of Compound B-1 as a white solid.

[Formula 92]

0.

SO

Br

JC
-
SO

[0177] An example amine derivative according to an
embodiment, which is an amine derivative in which the
dibenzofuryl group for Ar’ is combined with the single bond
of L in General Formula (1), may be used as the material of
the hole transport layer of the organic electroluminescent
device 100 shown in FI1G. 1. In addition, the configuration of
the organic electroluminescent device 100 shown in FIG. 1 is
an illustration of the organic electroluminescent device
according to an embodiment without limitation, and may be
variously modified.

[0178] In addition, the use of an example amine derivative
according to an embodiment, which is an amine derivative in
which the dibenzofuryl group for Ar® is combined with the
single bond of L in General Formula (1), is not limited to the
hole transport material of the organic electroluminescent
device; it may be used as the material of the hole injection
layer or the material of the emission layer. In the case that the
amine derivative is used as the material of the hole injection
layer or the material of the emission layer, the emission effi-
ciency of the organic electroluminescent device may be
improved, and the long life of the organic electroluminescent
device may be realized as the case using the amine derivative
as the material of the hole transport layer.

Example I11

[0179] With respect to an example amine derivative accord-
ing to an embodiment, represented by General Formula (1), in
which the dibenzofuryl group for Ar® is combined with the
single bond of L, examples of synthesizing Compounds B-1,
B-16, B-21, B-34 and B-39 will be explained hereinafter.
However, the following synthetic methods are only examples,
and embodiments are not limited thereto.

[0180] (Synthesis of Compound B-1)

[0181] Under an argon atmosphere, 1.50 g of Compound
(x1), 1.90 g of Compound (x), 0.11 g of Pd(dba),, 0.15 g of
(t-Bu);P and 0.54 g of sodium t-butoxide were added to a 100
mL three-necked flask, followed by heating and refluxing in

Pd(dba)s, (Bw);P, NaO'Bu

toluene

ROV
o0

®

Cap

2

[0182] The chemical shift values of Compound B-1 mea-
sured by 'H NMR were 7.89 (d, 2H), 7.80 (d, 2H), 7.66-7.51
(m, 14H), 7.50-7.31 (m, 13H), 7.22 (d, 2H), 7.19 (d, 2H). In
addition, the molecular weight of Compound B-1 measured
by FAB-MS was 669.
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[0183] (Synthesis of Compound B-16)

[0184] Under an argon atmosphere, 2.00 g of Compound
(xiii), 3.08 g of Compound (v), 0.31 g of Pd(dba),, 0.13 g of
(t-Bu),P and 1.15 g of sodium t-butoxide were added to a 100
mL three-necked flask, followed by heating and refluxing in
110mL of a toluene solvent at about 80° C. for about 8 hours.
After cooling in the air, water was added to the reaction
mixture, an organic layer was separated, and solvents were
distilled. The crude product thus obtained was separated by
silica gel column chromatography (using a mixture solvent of
dichloromethane and hexane) and recrystallized using a mix-
ture solvent of toluene/hexane to produce 1.42 g (yield 68%)
of Compound B-16 as a white solid.

O O
OO
(xiii)

Oselats

O

[Formula 93]

Pd(dba),, (‘Bu);P, NaO'Bu

toluene

/>€

O~

A\
/!

ICACONS
l%@

[0185] The chemical shift values of Compound B-16 mea-
sured by 'H NMR were 7.88 (d, 1H), 7.80(d, 1H), 7.67-7.59
(m, 12H), 7.58-7.51 (m, 6H), 7.50-7.39 (m, 11H), 7.39-7.31
(m,4H),7.22-7.19 (m, 4H). In addition, the molecular weight
of Compound B-16 measured by FAB-MS was 745.

[0186] (Synthesis of Compound B-21)

[0187] Under an argon atmosphere, 2.09 g of Compound
(vii), 0.94 g of Compound (xiv), 0.18 g of Pd(dba),, 0.38 g of
(t-Bu);P and 0.74 g of sodium t-butoxide were added to a 100
mL three-necked flask, followed by heating and refluxing in
120 mL of a toluene solvent at about 80° C. for about 7 hours.
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After cooling in the air, water was added to the reaction
mixture, an organic layer was separated, and solvents were
distilled. The crude product thus obtained was separated by
silica gel column chromatography (using a mixture solvent of
dichloromethane and hexane) and recrystallized using a mix-
ture solvent of toluene/hexane to produce 2.29 g (yield 85%)
of Compound B-21 as a white solid.

[Formula 94]

HN\.\‘\
N
Si

(vii)

0O

(xiv)

Pd(dba)y, (Bu);P, NaO'Bu

toluene

s

B-21
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[0188] The chemical shift values of Compound B-21 mea-
sured by '"H NMR were 7.88-7.81 (m, 2H), 7.61-7.52 (m,
12H), 7.58-7.51 (m, 6H), 7.50-7.39 (m, 11H), 7.39-7.31 (m,
4H), 7.22-7.19 (m, 4H). In addition, the molecular weight of
Compound B-21 measured by FAB-MS was 745.

[0189] (Synthesis of Compound B-34)

[0190] Under an argon atmosphere, 1.11 g of Compound
(vii), 0.47 g of Compound (xv), 0.10 g of Pd(dba),, 0.19 g of
(t-Bu);P and 0.37 g of sodium t-butoxide were added to a 100
ml three-necked flask, followed by heating and refluxing in
60 mL of a toluene solvent at about 80° C. for about 7 hours.
After cooling in the air, water was added to the reaction
mixture, an organic layer was separated, and solvents were
distilled. The crude product thus obtained was separated by
silica gel column chromatography (using a mixture solvent of
dichloromethane and hexane) and recrystallized using a mix-
ture solvent of toluene/hexane to produce 0.98 g (yield 69%)
of Compound B-34 as a white solid.

[Formula 95]
B
/
Z |
N
N
H \| N X
/
Si
(vii)
Br
0 Pd(dba),, (‘Bu);P, NaO'Bu

toluene

-0

(xv)
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B-34

[0191] The chemical shift values of Compound B-34 mea-
sured by 'H NMR were 7.88-7.81 (m, 2H), 7.61-7.52 (m,
12H), 7.58-7.51 (m, 6H), 7.50-7.39 (m, 11H), 7.39-7.31 (m,
4H), 7.22-7.19 (m, 4H). In addition, the molecular weight of
Compound B-34 measured by FAB-MS was 745.

[0192] (Synthesis of Compound B-39)

[0193] Under an argon atmosphere, 1.50 g of Compound
(xvi), 0.59 g of Compound (xv), 0.11 g of Pd(dba),, 0.15 g of
(t-Bu),P and 0.54 g of sodium t-butoxide were added to a 100
mL three-necked flask, followed by heating and refluxing in
45 mL of atoluene solvent at about 80° C. for about 7 hours.
After cooling in the air, water was added to the reaction
mixture, an organic layer was separated, and solvents were
distilled. The crude product thus obtained was separated by
silica gel column chromatography (using a mixture solvent of
dichloromethane and hexane) and recrystallized using a mix-
ture solvent of toluene/hexane to produce 1.36 g (yield 72%)
of Compound B-39 as a white solid.

[Formula 96]
I N
+

| S

(xvi)
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-continued
1y

Pddba),, (Bu);P, NaO'Bu

toluene

[0194] The chemical shift values of Compound B-39 mea-
sured by 'H NMR were 8.49 (d, 2H), 8.16 (d, 2H), 7.81 (d,
2H), 7.78-7.55 (m, 12H), 749-7.33 (m, 16H), 7.32-7.25 (m,
5H), 7.13 (d, 2H). In addition, the molecular weight of Com-
pound B-39 measured by FAB-MS was 795.

[0195] Hereinafter, organic electroluminescent devices
using the above described Compounds B-1, B-16, B-21, B-34
and B-39 as the materials for the organic electroluminescent
device according to an embodiment in a hole transport layer
will be explained. An organic electroluminescent device
using Compound B-1 in the hole transport layer corresponds
to Example 10, an organic electroluminescent device using
Compound B-16 in the hole transport layer corresponds to
Example 11, an organic electroluminescent device using
Compound B-21 in the hole transport layer corresponds to
Example 12, an organic electroluminescent device using
Compound B-34 in the hole transport layer corresponds to
Example 13 and an organic electroluminescent device using
Compound B-39 in the hole transport layer corresponds to
Example 14.

[0196] The manufacture of the organic electroluminescent
device according to Example 10 according to an embodiment
was conducted by a vacuum deposition as for the organic
electroluminescent device of Example 1 and the following
procedure. First, with respect to an ITO-glass substrate pat-
terned and washed in advance, surface treatment using ozone
was conducted. In addition, the layer thickness of an ITO
layer was about 150 nm. Immediately after the ozone treat-
ment, a layer was formed using 2-TNATA as a hole injection
material (thickness of about 60 nm) on the ITO layer.

[0197] Then, a layer was formed using Compound B-1
according to an embodiment as a hole transport material
(about 30 nm), and a layer of ADN doped with TBP in a ratio
of about 3% was formed by a co-deposition (about 25 nm).
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[0198] After that, a layer was formed using Alg, as an
electron transport material (about 25 nm), and LiF (about 1.0
nm) as an electron injection layer and aluminum (about 100
nm) as a cathode were laminated one by one to manufacture
the organic electroluminescent device 200 shown in FIG. 2.
[0199] As Examples 11, 12, 13 and 14, organic electrolu-
minescent devices were manufactured by performing the
same procedure described in Example 10 except for using
Compound B-16, Compound B-21, Compound B-34 and
Compound B-39 instead of Compound B-1 used in Example
10.

[0200] As Comparative Examples 6 and 7, organic elec-
troluminescent devices were manufactured by performing the
same procedure described in Example 10 except for using
Comparative Compounds 6 and 7 represented in the follow-
ing as compounds constituting hole transport materials of
organic electroluminescent devices.

[Formula 97]

Comparative Compound 6

AONS
%

Comparative Compound 7

=

N

[0201] The driving voltage, the emission efficiency and the
halflife of the organic electroluminescent devices 200 manu-
factured in Examples 10 to 14 and Comparative Examples 6
and 7 were evaluated. In addition, emission efficiency means
values at about 10 mA/cm? and half life means luminance
decrease time to half from an initial luminance of about 1,000
cd/m?. The evaluation results are shown in Table 3.

TABLE 3
Hole Current Half
transport Voltage efficiency life
material V) (cd/A) (hr)
Example 10 Compound B-1 6.5 6.6 2,000
Example 11 Compound B-16 6.4 6.9 2,100
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TABLE 3-continued

Hole Current Half
transport Voltage efficiency life
material V) (cd/A) (hr)
Example 12 Compound B-21 6.3 6.9 3,300
Example 13 Compound B-34 6.3 6.8 2,900
Example 14 Compound B-39 5.6 6.8 1,800
Comparative Comparative 8.1 6.3 1,200
Example 6 Compound 6
Comparative ~ Comparative 8.1 53 1,200
Example 7 Compound 7
[0202] According to Table 3, the organic electrolumines-

cent devices of Examples 10 to 14 have decreased driving
voltage, improved emission efficiency and longer life than the
organic electroluminescent devices of Comparative
Examples 6 and 7. For example, it can be seen that the
decrease of the driving voltage and the improvement of the
emission efficiency and the life of Example 12 using Com-
pound B-21 having the configuration of combining the sub-
stituted or unsubstituted dibenzofuryl group for Ar® with the
nitrogenatom (N) at the amine part at position3 in an example
amine derivative according to an embodiment, were marked.

[0203] In the above-described Examples 10 to 14, an
example amine derivative according to an embodiment, in
which the substituted or unsubstituted dibenzofuryl group for
Ar® was combined with L of the single bond in General
Formula (1), was used as the hole transport material of the
organic electroluminescent device as an embodiment, how-
ever, the use of the amine derivative according to an embodi-
ment is not limited to the organic electroluminescent device,
and is expanded to other luminescent devices or luminescent
apparatus. In addition, the organic electroluminescent device
using an example amine derivative according to an embodi-
ment, in which the substituted or unsubstituted dibenzofuryl
group for Ar® is combined with the single bond of L in Gen-
eral Formula (1) may be used in an organic electrolumines-
cent display of a passive-matrix driving type, and they may be
also used in an organic electroluminescent display of an
active-matrix driving type.

[0204] Remarkable improvement of the emission effi-
ciency, the driving voltage and the life of an organic electrolu-
minescent device may be obtained by disposing the amine
derivative represented by General Formula (1), particularly,
an amine derivative having the following structure as a mate-
rial for an organic electroluminescent device between an
emission layer and an anode.

[0205] Inanexample structure of the amine derivative rep-
resented by General Formula (1), Ar' and Ar” are indepen-
dently a substituted or unsubstituted aryl group or a substi-
tuted or unsubstituted heteroaryl group, at least one of Ar* and
Ar? is substituted with a substituted or unsubstituted silyl
group, Ar® is a substituted or unsubstituted fluorenyl group,
and L is a substituted or unsubstituted arylene group or a
substituted or unsubstituted heteroarylene group.

[0206] Here, as the aryl group and the heteroaryl group of
“the substituted or unsubstituted aryl group” or “the substi-
tuted or unsubstituted heteroaryl group” of Ar' and Ar?, as
described above, a phenyl group, a naphthyl group, an anthra-
cenyl group, a phenanthryl group, a biphenyl group, a terphe-
nyl group, a fluorenyl group, a triphenylene group, a biphe-
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nylene group, a pyrenyl group, a benzothiazolyl group, a
thiophenyl — group, a thienothiophenyl group, a
thienothienothiopheny! group, a benzothiophenyl group, a
dibenzothiophenyl group, a dibenzofuryl group, a N-arylcar-
bazolyl group, a N-heteroarylcarbazolyl group, a N-alkylcar-
bazolyl group, a phenoxazyl group, a phenothiazyl group, a
pyridyl group, a pyrimidyl group, a triazinyl group, a quino-
linyl group, and a quinoxalyl group are examples. The phenyl
group, the naphthyl group, the biphenyl group, the terphenyl
group, the fluorenyl group, the triphenylene group, the diben-
zothiophenyl group, the dibenzofuryl group and the N-phe-
nylcarbazolyl group may be used. As the aryl group, an aryl
group having 6 to 18 carbon atoms for forming a ring may be
used, and as the heteroaryl group, a heteroary! group having 5
to 18 carbon atoms for forming a ring may be used.

[0207] Asthesubstituent of the aryl group or the heteroaryl
group of Ar' and Ar?, an alkvl group, an alkoxy group, an aryl
group and a heteroaryl group are examples. Examples of the
aryl group and the heteroaryl group are the same as the above
exemplified aryl group and the heteroaryl group of Ar* and
Ar®. The alkyl group of the substituent of the aryl group or the
heteroaryl group of Ar* and Ar? is not specifically limited and
may include a methyl group, an ethyl group, a propyl group,
an isopropyl group, a cyclopropyl group, a butyl group, an
isobutyl group, a t-butyl group, a cyclobutyl group, a pentyl
group, an isopentyl group, a neopentyl group, a cyclopentyl
group, a hexyl group, a cyclohexyl group, a heptyl group, a
cycloheptyl group, an octyl group, a nonyl group, a decyl
group, etc. In addition, the alkoxy group of the substituent of
the aryl group or the heteroaryl group of Ar' and Ar® is not
specifically limited and may include a methoxy group, an
ethoxy group, a n-propoxy group, an iSOpropoxy group, a
n-butoxy group, an isobutoxy group, a t-butoxy group, a
n-pentyloxy group, a neopentyloxy group, a n-hexyloxy
group, a n-heptyloxy group, a n-octyloxy group, a 2-ethyl-
hexyloxy group, a nonyloxy group, a decyloxy group, a 3,7-
dimethyloctyloxy group, etc.

[0208] As the substituent of the silyl group for at least one
of Ar* and Ar?, an alkyl group, an alkoxy group, an aryl group
and a heteroaryl group are examples. For example, the same
alkyl group, alkoxy group, aryl group and heteroaryl group
explained as the substituent of the aryl group or the heteroaryl
group of Ar' and Ar* may be used, and, for example, a phenyl
group and a methyl group may be used. In addition, as the
silyl group substituted for at least one of Ar* and Ar” may be
atriarylsilyl group where an aryl substituent at the silyl group
has 6 to 18 carbon atoms for forming a ring or a trialkylsilyl
group where an alkyl substituent at the silyl group has 1 to 6
carbon atoms.

[0209] Inaddition, in an example amine derivative accord-
ing to an embodiment, only one of Ar' and Ar* may be sub-
stituted with the substituted or unsubstituted silyl group.
Since only one of Ar* and Ar* may be substituted with the
substituted orunsubstituted silyl group, the localization of the
lowest unoccupied molecular orbital (LUMO) around amine
may be restrained, and the decrease of energy gap may be
prevented.

[0210] In an example structure of the amine derivative
according to an embodiment, Ar is a substituted or unsubsti-
tuted fluorenyl group. Each substituent of the fluorenyl group
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is independently a hydrogen atom, a substituted or unsubsti-
tuted aryl group having 6 to 18 carbon atoms for forming a
ring, a substituted or unsubstituted heteroaryl group having 5
to 18 carbon atoms for forming a ring, or a substituted or
unsubstituted alkyl group having 1 to 10 carbon atoms. The
substituent of the fluorenyl group may be the substituted or
unsubstituted aryl group and may for example be a phenyl
group at position 9.

[0211] Inanexample structure of the amine derivative, L is
a substituted or unsubstituted arylene group or a substituted
or unsubstituted heteroarylene group. Here, as the aryl group
and the heteroarylene group of “the substituted or unsubsti-
tuted arylene group” and “the substituted or unsubstituted
heteroarylene group” of L may be the same aryl group and the
heteroaryl group of “the substituted or unsubstituted aryl
group” or “the substituted or unsubstituted heteroaryl group”
exemplified for Ar' and Ar®. As the arylene group and the
heteroarylene group of “the substituted or unsubstituted
arylene group” and “the substituted or unsubstituted het-
eroarylene group” of L, an aryl group having 6 to 18 carbon
atoms for forming a ring and a heteroarylene group having 5
to 18 carbon atoms for forming a ring may be used. A phe-
nylene group and a biphenylene group may be used. In addi-
tion, the substituted or unsubstituted fluorenyl group for Ar®
may be combined at position 2 with L at para position with
respect to the nitrogen atom (N) around an amine part.
Through the combination of the fluorenyl group with L at
position 2, appropriate levels of HOMO and LUMO may be
realized.

[0212] In an example amine derivative according to an
embodiment, Ar® is the substituted or unsubstituted fluorenyl
group, and L is the substituted or unsubstituted arylene group
or the substituted or unsubstituted heteroarylene group.
Through the bonding of the substituted or unsubstituted fluo-
renyl group for Ar’ with the nitrogen atom (N) at the amine
part combined with Ar' and Ar?, at least one of which is
substituted with a silyl group, via the substituted or unsubsti-
tuted arylene group or the substituted or unsubstituted het-
eroarylene group of L, the conjugation system of it electrons
may be enlarged, and hole transport properties and the stabil-
ity of a molecule may be improved. In addition, by introduc-
ing the fluorenyl group, the substituted or unsubstituted
arylene group or the substituted or unsubstituted het-
eroarylene group of the connecting group I may be pla-
narized, thereby improving the hole transport properties of
the amine derivative. Through using the amine derivative
according to an embodiment as the material of a hole trans-
port layer disposed between an emission layer and an anode,
the improvement of the emission efficiency, the decrease of
the driving voltage and the increase of the life of the organic
electroluminescent device may be realized. For example, the
improvement of the emission efficiency, the decrease of the
driving voltage and the increase of the life of the organic
electroluminescent device may be realized in a blue-bluish
green region.

[0213] As an example amine derivative according to an
embodiment, in which the substituted or unsubstituted fluo-
renyl group for Ar’ is combined with the substituted or unsub-
stituted arylene group or the substituted or unsubstituted het-
eroarylene group of L in General Formula (1), the following
compounds are examples, without limitation.
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[Formula 98]

C-1
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C-10 [Formula 101]
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An example amine derivative according to an
embodiment, which is an amine derivative in which the sub-
stituted or unsubstituted fluorenyl group for Ar’ is combined
with the substituted or unsubstituted arylene group or the
substituted or unsubstituted heteroarylene group of L in Gen-
eral Formula (1), may be used as the material of the hole
transport layer of the organic electroluminescent device 100
shown in FIG. 1. In addition, the configuration of the organic
electroluminescent device 100 shown in FIG. 1 is an illustra-
tion of the organic electroluminescent device according to an
embodiment without limitation, and may be variously modi-
fied.

[0215] In addition, the use of an example amine derivative
according to an example embodiment, which is an amine
derivative in which the fluorenyl group for Ar® is combined
with the substituted or unsubstituted arylene group or the
substituted or unsubstituted heteroarylene group of L in Gen-
eral Formula (1), is not limited to the hole transport material
of the organic electroluminescent device; it may be used as
the material of the hole injection layer or the material of the
emission layer. In the case that the amine derivative is used as
the material of the hole injection layer or the material of the
emission layer, the emission efficiency of the organic elec-
troluminescent device may be improved, and the long life of
the organic electroluminescent device may be realized as the
case using the amine derivative as the material of the hole
transport layer.

C-17
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Example IV

[0216] Withrespectto an example amine derivative accord-
ing to an embodiment, represented by General Formula (1), in
which the fluorenyl group for Ar® is combined with the sub-
stituted or unsubstituted arylene group or the substituted or
unsubstituted heteroarylene group of L, examples of synthe-
sizing Compound C-1, Compound C-2, Compound C-4 and
Compound C-6 will be explained hereinafter. However, the
following synthetic methods are only examples, and embodi-
ments are not limited thereto.

[0217] (Synthesis of Compound C-1)

[0218] First, under an argon atmosphere, 7.0 g of 4-bro-
motetraphenylsilane, 0.241 g of copper(]) oxide, 34.16 mL of
N-methylpyrrolidone and 11.40 mI. ofa 28% aqueous ammo-
nia solution were added to a 300 mL Schlenk flask, followed
by heating and stirring at about 40° C. for about 10 minutes.
Then, the temperature was elevated to about 80° C., followed
by heating and stirring for 12 hours. Water was added to the
reaction mixture, and extraction with ethyl acetate was con-
ducted. The solvent was distilled under a reduced pressure,
and the residue thus obtained was separated by silica gel
column chromatography to produce 5.8 g of Compound
(xvii).

[Formula 103]

NH;
Cug_ O

—_—
NMP

OFO-

(xvii)

[0219] Then, under an argon atmosphere, 4.0 g of Com-
pound (xvii), 2.65 g of 4-bromobiphenyl, 0.59 g of Pd,(dba)
5.CHCl,, 0.46 g of (t-Bu);P and 2.19 g of sodium t-butoxide
were added to a 200 mL three-necked flask, followed by
heating and stirring in 120 mL of a toluene solvent at about
80° C. for about 3 hours. The reaction mixture was extracted
with toluene, and an organic layer was distilled under a
reduced pressure. The residue thus obtained was separated by
silica gel column chromatography to produce 5.34 g of Com-
pound (x).
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[Formula 104]

=)

Pdy(dba)y/CHCl3, P(t-Bu)s, NaOtBu

QgOm

(xvii)

Toluene

RotY
200

[0220] In addition, under an argon atmosphere, 2.65 g of
9,9-dimethylfluorene-2-boronic acid, 3.0 g of 4-bromoiodo-
benzene, 21.6 mL of toluene, 10.6 mL of ethanol, 10.6 mL of
a 2 M sodium carbonate aqueous solution and 0.193 g of
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tetrakis(triphenylphosphine)palladium(0) were added to a
100 mL four-necked flask, followed by heating and stirring at
about 80° C. for about 3 hours. The reaction mixture was
extracted with toluene, and an organic layer was distilled
under a reduced pressure. The residue thus obtained was
separated by silica gel column chromatography to produce
3.3 g of Compound (xviii).

[Formula 105]

Pd(PPhy),, 2M NayCO; ag.
B(OE
Q. O Toluene/BEOH/H,0
Q O Br
(xviii)

[0221] After that, under an argon atmosphere, 1.04 g of
Compound (xviii), 1.50 g of Compound (x), 0.15 g of Pd,
(dba),.CHCl,, 0.12 g of (t-Bu),P and 0.57 g of sodium t-bu-
toxide were added to a 100 mL three-necked flask, followed
by heating and stirring in 30 mL of a toluene solvent at about
80° C. for about 3 hours. The reaction mixture was extracted
with toluene, and an organic layer was distilled under a
reduced pressure. The residue thus obtained was separated by
silica gel column chromatography to produce 2.10 g of Com-
pound C-1.

[Formula 106]

l : i
N @
H
0y
Pda(dba)y/CHCL,, P(t-Bu);, NaOtBu

atasa

(xviii)

Toluene
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C-1

[0222]

[0223] First, under an argon atmosphere, 4.03 g of 9,9-
biphenylfluorene-2-boronic acid, 3.0 g of 4-bromoiodoben-
zene, 21.6 mL of toluene, 10.6 mL of ethanol, 10.6 mL ofa 2
M sodium carbonate aqueous solution, and 0.193 g of tetrakis
(triphenylphosphine)palladium(0) were added to a 100 mL
four-necked flask, followed by heating and stirring at about
80° C. for about 3 hours. The reaction mixture was extracted
with toluene, and an organic layer was distilled under a
reduced pressure. The residue thus obtained was separated by
silica gel column chromatography to produce 3.5 g of Com-
pound (xix).

(Synthesis of Compound C-2)

[Formula 107]

Pd(PPh3)y, 2M NayCO3 aq.
Toluene/EtOH/H,0O

e
Q.O -
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-continued

Q0
ateca

(xix)

[0224] Then, under an argon atmosphere, 1.17 g of Com-
pound (xix), 1.50 g of Compound (x), 0.15 g of Pd,(dba);.
CHCl,, 0.12 g of (t-Bu),P and 0.57 g of sodium t-butoxide
were added to a 100 mL four-necked flask, followed by heat-
ing and stirring in 30 mL of a toluene solvent at about 80° C.
for about 3 hours. The reaction mixture was extracted with
toluene, and an organic layer was distilled under a reduced
pressure. The residue thus obtained was separated by silica
gel column chromatography to produce 2.30 g of Compound
C-2.
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[0225] (Synthesis of Compound C-4) -continued

[Formula 108]

C-2

[0226] First, under an argon atmosphere, 2.00 g of

2-bromo-9,9-dimethylfluorene, 1.76 g of 4-(4,4,5,5-tetram-

ethyl-1,3,2-dioxaborolan-2-yl)aniline, 14.7 mL of toluene,

7.3 mL of ethanol, 3.6 mL of a 2 M sodium phosphate aque- -
ous solution and 0.254 g of tetrakis(triphenylphosphine)pal- o
ladium(0) were added to a 100 mL four-necked flask, fol- . O
lowed by heating and stirring at about 80° C. for about 3

hours. The reaction mixture was extracted with toluene, and

an organic layer was distilled under a reduced pressure. The {xx)

residue thus obtained was separated by silica gel column

chromatography to produce 1.25 g of Compound

[Formula 109]
[0227] Then, under an argon atmosphere, 1.25 g of Com-

0 pound (xx), 1.02 g of 4-bromobiphenyl, 0.13 g of Pd,(dba);.
\BONH CHCI;, 0.18 g of (t-Bu);P and 0.84 g of sodium t-butoxide
/ 2 were added to a 200 mL four-necked flask, followed by heat-

ing and stirring in 43.8 mL of a toluene solvent at about 80° C.

for about 3 hours. The reaction mixture was extracted with

. Br Pd(PPhs)y, 2M K5PO4 aq. toluene, and an organic layer was distilled under a reduced
Toluene/BOH/H,0 pressure. The residue thus obtained was separated by silica
g°C. gel column chromatography to produce 1.63 g of Compound

(xxi).
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[Formula 110]

=)

Pd,(dba)3/CHCl3,
P(t-Bu);, NaOtBu

AU =

(xx)

NH

o™

(xxi)

[0228] After that, under an argon atmosphere, 1.63 g of
Compound (xxi), 0.85 g of (4-bromophenyl)trimethylsilane,
0.11 g of Pd,(dba);.CHCl;, 0.15 g of (t-Bu);P and 0.72 g of
sodium t-butoxide were added to a 100 mL four-necked flask,
followed by heating and stirring at about 80° C. for about 3
hours. The reaction mixture was extracted with toluene, and
an organic layer was distilled under a reduced pressure. The
residue thus obtained was separated by silica gel column
chromatography to produce 2.00 g of Compound C-4.

Br Ti—
Pdy(dba)y/CHCL;,

P(t-Bu);, NaOtBu

NH
O Toluene

[Formula 111]
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[0229] (Synthesis of Compound C-6)

[0230] First, under an argon atmosphere, 1.00 g of Com-
pound (xx), 1.46 g of (4-bromotetraphenylsilane, 0.1 g of
Pd,(dba),.CHCl,, 0.14 g of (t-Bu);P and 0.67 g of sodium
t-butoxide were added to a 200 mL four-necked flask, fol-
lowed by heating and stirring in 35.0 mL of a toluene solvent
at about 80° C. for about 3 hours. The reaction mixture was
extracted with toluene, and an organic layer was distilled
under a reduced pressure. The residue thus obtained was
separated by silica gel column chromatography to produce
2.05 g of Compound (xxii).

[Formula 112]

-0

Pdy(dba)s/CHCl3,
P(t-Bu);, NaOtBu

800 A

S - QS‘Q

(xxii)

[0231] After that, under an argon atmosphere, 2.05 g of
Compound (xxii), 0.94 g of 1-(4-bromophenyl)naphthalene,
0.10 g of Pd,(dba);.CHCl;, 0.13 g of (t-Bu),P and 0.64 g of
sodium t-butoxide were added to a 100 mL four-necked flask,
followed by heating and stirring in 33 mL of a toluene solvent
at about 80° C. for about 3 hours. The reaction mixture was
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extracted with toluene, and an organic layer was distilled
under a reduced pressure. The residue thus obtained was
separated by silica gel column chromatography to produce
2.52 g of Compound C-6.

Zm

e

(xxil)

2t

[0232] Hereinafter, organic electroluminescent devices
using the above described Compound C-1, Compound C-2,
Compound C-4 and Compound C-6 as the material for the
organic electroluminescent device according to an embodi-
ment in a hole transport layer will be explained. An organic
electroluminescent device using Compound C-1 in the hole
transport layer corresponds to Example 15, an organic elec-
troluminescent device using Compound C-2 in the hole trans-
port layer corresponds to Example 16, an organic electrolu-
minescent device using Compound C-4 in the hole transport
layer corresponds to Example 17 and an organic electrolumi-
nescent device using Compound C-6 in the hole transport
layer corresponds to Example 18.

[0233] The manufacture of the organic electroluminescent
device according to Example 15 according to an embodiment
was conducted by a vacuum deposition as for the organic
electroluminescent device of Example 1 and the following
procedure. First, with respect to an ITO-glass substrate pat-
terned and washed in advance, surface treatment using ozone
was conducted. In addition, the layer thickness of an ITO
layer was about 150 nm. Immediately after the ozone treat-
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[Formula 113]

Br Q O

Pdy(dba)y/CHCl;, P(t-Bu);, NaOtBu

Toluene

Si

C-6

ment, a layer was formed using 2-TNATA as a hole injection
material (thickness of about 60 nm) on the ITO layer.
[0234] Then, a layer was formed using Compound C-1
according to an embodiment as a hole transport material
(about 30 nm), and a layer of ADN doped with TBP in a ratio
of about 3% was formed by a co-deposition (about 25 nm).
[0235] After that, a layer was formed using Alg, as an
electron transport material (about 25 nm), and LiF (about 1.0
nm) as an electron injection layer and aluminum (about 100
nm) as a cathode were laminated one by one to manufacture
the organic electroluminescent device 200 shown in FIG. 2.
[0236] AsExamples 16,17 and 18, organic electrolumines-
cent devices were manufactured by performing the same pro-
cedure described in Example 15 except for using Compound
C-2, Compound C-4 and Compound C-6 instead of Com-
pound C-1 used in Example 15.

[0237] As Comparative Example 8, an organic electrolumi-
nescent device was manufactured by performing the same
procedure described in Example 15 except for using Com-
parative Compound 8 represented in the following as a com-
pound constituting a hole transport material of an organic
electroluminescent device.
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[Formula 114]

Comparative Compound 8

A

[0238] The driving voltage, the emission efficiency and the
halflife of the organic electroluminescent devices 200 manu-
factured in Examples 15 to 18 and Comparative Example 8
were evaluated. In addition, emission efficiency means values
at about 10 mA/cm?, and half life means luminance decrease
time to half from an initial luminance of about 1,000 cd/m?.
The evaluation results are shown in Table 4.

TABLE 4

Hole Current Half

transport Volrage efficiency life

marerial V) (cd/A) (hr)
Example 15 Compound C-1 6.2 7.4 2,500
Example 16  Compound C-2 6.1 7.5 2,600
Example 17 Compound C-4 6.2 7.0 2,300
Example 18  Compound C-6 6.2 7.1 2,500
Comparative Comparative 6.8 6.8 1,900
Example 9 Compound 8

[0239] According to Table 4, the organic electrolumines-

cent devices of Examples 15 to 18 have decreased driving
voltage, improved emission efficiency and longer life than the
organic electroluminescent device of Comparative Example
8. For example, it can be seen that the decrease of the driving
voltage and the improvement of the emission efficiency and
the life of Example 16 using Compound C-2 in which a
phenyl group is substituted at position 9 of the substituted or
unsubstituted fluorenyl group for Ar” in an example structure
of the amine derivative, were marked.

[0240] In the above-described Examples 15 to 18, an
example amine derivative according to an embodiment, in
which the substituted or unsubstituted fluorenyl group for Ar®
is combined with the substituted or unsubstituted arylene
group or the substituted or unsubstituted heteroarylene group
of L in General Formula (1), was used as the hole transport
material of the organic electroluminescent device as an
embodiment; however, the use of the amine derivative
according to an embodiment is not limited to the organic
electroluminescent device, and may be expanded to other
luminescent devices or luminescent apparatus. In addition,
the organic electroluminescent device using an example
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amine derivative according to an embodiment may be used in
an organic electroluminescent display of a passive-matrix
driving type, and they may be also used in an organic elec-
troluminescent display of an active-matrix driving type.
[0241] Remarkable improvement of the emission effi-
ciency, the driving voltage and the life of an organic electrolu-
minescent device may be obtained by disposing the amine
derivative represented by General Formula (1), for example,
an amine derivative having the following structure as a mate-
rial for an organic electroluminescent device between an
emission layer and an anode.

[0242] Inan example structure of the amine derivative rep-
resented by General Formula (1), Ar' and Ar* are indepen-
dently a substituted or unsubstituted aryl group or a substi-
tuted or unsubstituted heteroaryl group, at least one of Ar" and
Ar? is substituted with a substituted or unsubstituted silyl
group, Ar’ is a substituted or unsubstituted fluorenyl group,
and L is a single bond. An example structure of the amine
derivative represented by General Formula (1) is represented
by the following General Formula (3).

[Formula 115]
G

Al‘l

|

N

L/ \AIZ
TR
g

[0243] Here, as the aryl group and the heteroaryl group of

“the substituted or unsubstituted aryl group” or “the substi-
tuted or unsubstituted heteroaryl group” of Ar' and Ar?, as
described above, a phenyl group, a naphthyl group, an anthra-
cenyl group, a phenanthryl group, a biphenyl group, a terphe-
nyl group, a fluorenyl group, a triphenylene group, a biphe-
nylene group, a pyrenyl group, a benzothiazolyl group, a
thiophenyl —group, a thienothiophenyl group, a
thienothienothiopheny! group, a benzothiophenyl group, a
dibenzothiophenyl group, a dibenzofuryl group, a N-arylcar-
bazolyl group, a N-heteroarylcarbazolyl group, a N-alkylcar-
bazolyl group, a phenoxazyl group, a phenothiazyl group, a
pyridyl group, a pyrimidyl group, a triazinyl group, a quino-
linyl group and a quinoxalyl group are examples. The phenyl
group, the naphthyl group, the biphenyl group, the terphenyl
group, the fluorenyl group, the triphenylene group, the diben-
zothiophenyl group, the dibenzofuryl group and the N-phe-
nylcarbazolyl group may be used. As the aryl group, an aryl
group having 6 to 18 carbon atoms for forming a ring may be
used, and the phenyl group and the triphenylene group are
examples. As the heteroaryl group, a heteroaryl group having
5 to 18 carbon atoms for forming a ring may be used, and the
dibenzofuryl group and the N-phenylcarbazolyl group are
examples.

[0244] Ar' and Ar* may be independently a substituted or
unsubstituted aryl group. In addition, Ar' may be the substi-
tuted or unsubstituted aryl group and Ar* may be the substi-
tuted or unsubstituted dibenzoheterole group.

[0245] As the substituent of the aryl group or the heteroaryl
group of Ar' and Ar?, a halogen atom, an alkyl group, an
alkoxy group, an aryl group and a heteroaryl group are
examples. Examples of the aryl group and the heteroaryl
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group are the same as the above exemplified aryl group and
the heteroaryl group of Ar* and Ar®. As the halogen atom, a
fluorine atom may be used, without specific limitation. The
alkyl group is not specifically limited and may include a
methyl group, an ethyl group, a propyl group, an isopropyl
group, a cyclopropyl group, a butyl group, an isobutyl group,
a t-butyl group, a cyclobutyl group, a pentyl group, an iso-
pentyl group, a neopentyl group, a cyclopentyl group, a hexyl
group, a cyclohexyl group, a heptyl group, a cycloheptyl
group, an octyl group, a nonyl group, a decyl group, etc. The
alkoxy group is not specifically limited and may include a
methoxy group, an ethoxy group, a n-propoxy group, an
isopropoxy group, a n-butoxy group, an isobutoxy group, a
t-butoxy group, a n-pentyloxy group, a neopentyloxy group,
an-hexyloxy group, a n-heptyloxy group, a n-octyloxy group,
a 2-ethylhexyloxy group, a nonyloxy group, a decyloxy
group, a 3,7-dimethyloctyloxy group, etc.

[0246] In an example amine derivative according to an
embodiment represented by General Formula (3), Ar® is a
substituted or unsubstituted fluorenyl group in General For-
mula (1). By introducing the fluorenyl group, the hole trans-
port properties of the amine derivative according to an
embodiment may be improved. By using an example amine
derivative according to an embodiment introducing the fluo-
renyl group as the material for a hole transport layer disposed
between an anode and an emission layer, the improvement of
the emission efficiency and the increase of the life of the
organic electroluminescent device may be realized. For the
substituted fluorenyl group, each substituent is independently
a substituted or unsubstituted aryl group or a substituted or
unsubstituted heteroaryl group. As the alkyl group for the
substitution in the fluorenyl group for Ar®, an alkyl group
having 1 to 10 carbon atoms may be used. For example, a
methyl group may be used. As the aryl group for substitution
in the fluorenyl group for Ar?, an aryl group having 6 to 12
carbon atoms for forming a ring may be used. For example, a
phenyl group or a naphthyl group may be used. As the het-
eroaryl group for the substitution in the fluorenyl group for
Ar’, a heteroaryl group having 4 to 12 carbon atoms for
forming a ring may be used. For example, a dibenzofuryl
group may be used.

[0247] As the substituent of the alkyl group, the aryl group
or the heteroaryl group substituted in the fluorenyl group, an
aryl group, an alkoxy group, a heteroaryl group, a halogen
atom may be used. Examples of the aryl group and the het-
eroaryl group may be the same as the aryl group and the
heteroaryl group exemplified for Ar' and Ar®. The halogen
atom may be a fluorine atom, without specific limitation.
Examples of the alkyl group may be the same as the alkyl
group explained as the substituent of the aryl group or the
heteroaryl group of Ar' and Ar?.

[0248] As described above, in the amine derivative repre-
sented by General Formula (3), which is an example amine
derivative according to an embodiment, L is a single bond.
The bonding position of the substituted or unsubstituted fluo-
renyl group for Ar® with L, that is, the bonding position of the
fluorenyl group with a nitrogen atom (N), is not specifically
limited, however, position 2 may be used. In an example
amine derivative according to an embodiment represented by
General Formula (3), the substituted or unsubstituted fluore-
nyl group for Ar® is combined with the nitrogen atom (N) of
an amine part at position 2. Thus, the conjugation system of
the welectrons of a whole molecule may be enlarged, and hole
transport properties and the stability of the molecule may be
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improved. Accordingly, the improvement of the emission
efficiency and the increase of the life of the organic electrolu-
minescent device may be realized.

[0249] As the substituent of the silyl group substituted for
at least one of Ar' and Ar?, an alkyl group, an alkoxy group, an
aryl group and a heteroaryl group are examples. For example,
the substituent is the same as the alkyl group, the alkoxy
group, the aryl group and the heteroaryl group explained as
the substituent of the aryl group or the heteroaryl group of Ar*
and Ar”. For example, as the silyl group substituted for at least
one of Ar* and Ar?, a triarylsilyl group where an aryl substitu-
ent at the silyl group has 6 to 18 carbon atoms for forming a
ring or a trialkylsilyl group where an alkyl substituent at the
silyl group has 1 to 6 carbon atoms may be used.

[0250] Inthe amine derivative represented by General For-
mula (3), which is an example amine derivative according to
an embodiment, only at least one of Ar' and Ar* may be
substituted with a substituted or unsubstituted silyl group.

[0251] As the amine derivative represented by General For-
mula (3), which is an example amine derivative according to
an embodiment, the following compounds are examples,
without limitation.

[Formula 116]
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[0252] As described above, in an example structure of the
amine derivative according to an embodiment, Ar® is the
substituted or unsubstituted fluorenyl group in General For-
mula (1). Through the combination of the fluorenyl group
with the single bond of L, that is, through the combination of
the substituted or unsubstituted fluorenyl group for Ar® with
the nitrogen atom (N) of an amine part, hole transport prop-
erties may be improved. Thus, the emission efficiency may be
improved, and the long life may be realized for the organic
electroluminescent device by disposing the amine derivative
as the material of the organic electroluminescent device
between an emission layer and an anode. For example, the
emission efficiency may be improved, and the long life may
be realized for the organic electroluminescent device by using
the amine derivative in a blue-bluish green region.

[0253] An example structure of the amine derivative
according to an embodiment represented by General Formula
(3) may be used as the material of the hole transport layer of
the organic electroluminescent device 100 shown in FIG. 1. In
addition, the configuration of the organic electroluminescent
device 100 shown in FIG. 1 is an illustration of the organic
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electroluminescent device according to an embodiment with-
out limitation, and may be variously modified.

[0254] In addition, the use of the amine derivative accord-
ing to an embodiment represented by General Formula (3),
which has the structure of the amine derivative according to
an embodiment, is not limited to the hole transport material of
the organic electroluminescent device; it may be used as the
material of the hole injection layer or the material of the
emission layer. In the case that the amine derivative is used as
the material of the hole injection layer or the material of the
emission layer, the emission efficiency of the organic elec-
troluminescent device may be improved, and the long life of
the organic electroluminescent device may be realized as the
case using the amine derivative as the material of the hole
transport layer.

Example V

[0255] With respect to the amine derivative according to an
embodiment represented by General Formula (3), examples
of synthesizing Compound D-1, Compound D-3 and Com-
pound D-26 will be explained hereinafter. However, the fol-
lowing synthetic methods are only examples, and embodi-
ments are not limited thereto. In addition, Compound D-1 is
the same as Compound 1 in the above-described Example 1.

[0256] (Synthesis of Compound D-1)

[0257] Compound (i) (1.57 g, 4.33 mmol), Compound (ii)
(1.20 g, 3.61 mmol), Pd,(dba);.CHCl; (0.37 g, 0.36 mmol)
and toluene (36 mL) were added to a reaction vessel. Then,
tri(t-butyl)phosphine (0.93 ml, 1.44 mmol, 1.56 M) and
sodium t-butoxide (1.04 g, 10.8 mmol) were added thereto,
and the inner part of the vessel was purged with a nitrogen gas,
followed by stirring at about 80° C. for about 4 hours. After
cooling in the air, water was added to the reaction mixture,
and an organic layer was extracted. The organic layer thus
obtained was dried with anhydrous magnesium sulfate and
filtered. The filtrate was concentrated by a rotary evaporator.
The crude product thus obtained was separated by silica gel
column chromatography (developing solvent: dichlo-
romethane/hexane), and the solid thus obtained was recrys-
tallized using toluene/hexane to produce 2.26 g of a target
product, Compound D-1, as a white powder solid with the
yield of 90% (FAB-MS: C51H41NSi, measured value 695).

[Formula 134]
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[0258] (Synthesis of Compound D-3)

[0259] Compound (xxii) (1.40 g, 2.89 mmol), Compound
(i) (1.00 g, 2.41 mmol), Pd,(dba),.CHCl; (0.25 g, 0.24
mmol) and toluene (28 mL) were added to a reaction vessel.
Then, tri(t-butyl)phosphine (0.62 mL, 0.96 mmol, 1.56 M)
and sodium t-butoxide (0.69 g, 7.22 mmol) were added
thereto, and the inner part of the vessel was purged with a
nitrogen gas, followed by stirring at about 100° C. for about 8
hours. After cooling in the air, water was added to the reaction
mixture, and an organic layer was extracted. The organic
layer thus obtained was dried with anhydrous magnesium
sulfate and filtered. The filtrate was concentrated by a rotary
evaporator. The crude product thus obtained was separated by
silica gel column chromatography (developing solvent:
dichloromethane/hexane), and the solid thus obtained was
recrystallized using toluene/hexane to produce 1.38 g of a
target product, Compound D-3, as a white powder solid with
the yield of 70% (FAB-MS: C61H45NS1, measured value
819).

QC

[Formula 135]
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[0260] (Synthesis of Compound D-26)
[0261] Compound (i) (0.79 g, 2.20 mmol), Compound (v)

(0.90 g, 1.83 mmol), Pd,(dba);.CHCI; (0.19 g, 0.18 mmol)
and toluene (18 mL) were added to a reaction vessel. Then,
tri(t-butyl)phosphine (0.47 mL, 0.73 mmol, 1.56 M) and
sodium t-butoxide (0.53 g, 5.49 mmol) were added thereto,
and the inner part of the vessel was purged with a nitrogen gas,
followed by stirring at about 100° C. for about 12 hours. After
cooling in the air, water was added to the reaction mixture,
and an organic layer was extracted. The organic layer thus
obtained was dried with anhydrous magnesium sulfate and
filtered. The filtrate was concentrated by a rotary evaporator.
The crude product thus obtained was separated by silica gel
column chromatography (developing solvent: dichlo-
romethane/hexane), and the solid thus obtained was recrys-
tallized using toluene/hexane to produce 1.06 g of a target
product, Compound D-26, as a white powder solid with the
yield of 75% (FAB-MS: C57H45NSi, measured value 771).
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[0262] Hereinafter, organic electroluminescent devices
using the above described Compound D-1, Compound D-3
and Compound C-26 as the materials for the organic elec-
troluminescent devices according to an embodiment in hole
transport layers will be explained. An organic electrolumi-
nescent device using Compound D-1 in the hole transport
layer corresponds to Example 19, an organic electrolumines-
cent device using Compound D-3 in the hole transport layer
corresponds to Example 20 and an organic electrolumines-
cent device using Compound D-26 in the hole transport layer
corresponds to Example 21. As described above, Compound
D-1 is the same as Compound 1 in Example 1.

[0263] The manufacture of the organic electroluminescent
device according to Example 19 according to an embodiment
was conducted by a vacuum deposition as for the organic
electroluminescent device of Example 1 and the following
procedure. First, with respect to an ITO-glass substrate pat-
terned and washed in advance, surface treatment using ozone
was conducted. In addition, the layer thickness of an ITO
layer was about 150 nm. Immediately after the ozone treat-
ment, a layer was formed using 2-TNATA as a hole injection
material (thickness of about 60 nm) on the ITO layer.

[0264] Then, a layer was formed using Compound D-1
according to an embodiment as a hole transport material
(about 30 nm), and a layer of ADN doped with TBP in a ratio
of about 3% was formed by a co-deposition (about 25 nm).

[0265] After that, a layer was formed using Alg; as an
electron transport material (about 25 nm), and LiF (about 1.0
nm) as an electron injection layer and aluminum (about 100
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nm) as a cathode were laminated one by one to manufacture
the organic electroluminescent device 200 shown in FIG. 2.

[0266] AsExamples 20 and 21, organic electroluminescent
devices were manufactured by performing the same proce-
dure described in Example 19 except for using Compound
D-3 and Compound D-26 instead of Compound D-1 used in
Example 19.

[0267] As Comparative Examples 9 and 10, organic elec-
troluminescent devices were manufactured by performing the
same procedure described in Example 19 except for using
Comparative Compound 9 and Comparative Compound 10
represented in the following as compounds constituting hole
transport materials of the organic electroluminescent devices,
like in the above Example 1.

[Formula 137]
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[0268] The driving voltage, the current efficiency and the
halflife of the organic electroluminescent devices 200 manu-
factured in Examples 19 to 21 and Comparative Examples 9
and 10 were evaluated. In addition, current efficiency means
values at about 10 mA/cm?, and half life means luminance
decrease time to half from an initial luminance of about 1,000
cd/m?. The evaluation results are shown in Table 5.
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TABLE 5
Hole Current Half
transport Voltage efficiency life
material V) (cd/A) (hr)
Example 19 Compound D-1 7.1 6.4 1,700
Example 20 Compound D-3 73 6.7 1,900
Example 21 Compound D-26 6.7 6.9 2,100
Comparative Comparative 7.5 6.2 1,500
Example 9 Compound 9
Comparative ~ Comparative 8.1 53 1,200

Example 10 Compound 10

[0269] According to Table 5, the organic electrolumines-
cent devices of Examples 19 to 21 have improved emission
efficiency and longer life than the organic electroluminescent
devices of Comparative Examples 9 and 10. In addition, the
organic electroluminescent devices of Examples 19 to 21
have a decreased driving voltage than the organic electrolu-
minescent devices of Comparative Examples 9 and 10.
[0270] In the above-described Examples 19 to 21, an
example amine derivative according to an embodiment rep-
resented by General Formula (3), was used as the hole trans-
port material of the organic electroluminescent device as an
embodiment; however, the use of the amine derivative
according to an embodiment is not limited to the organic
electroluminescent device and may be expanded to other
luminescent devices or luminescent apparatus. In addition,
the organic electroluminescent device using the amine deriva-
tive according to an embodiment represented by General
Formula (3) may be used in an organic electroluminescent
display of a passive-matrix driving type, and they may be also
used in an organic electroluminescent display of an active-
matrix driving type.

[0271] Remarkable improvement of the emission effi-
ciency, the driving voltage and the life of an organic electrolu-
minescent device may be obtained by disposing the amine
derivative represented by General Formula (1), particularly,
an amine derivative having the following structure as a mate-
rial for an organic electroluminescent device between an
emission layer and an anode.

[0272] 1Inanexample structure of the amine derivative rep-
resented by the above General Formula (1), Ar' and Ar? are
independently a substituted or unsubstituted aryl group or a
substituted or unsubstituted heteroaryl group, at least one of
Ar' and A is substituted with a substituted or unsubstituted
silyl group, Ar’ is a substituted or unsubstituted carbazole
group, and L. is a substituted or unsubstituted arylene group or
a substituted or unsubstituted heteroarylene group.

[0273] Here, as the aryl group and the heteroaryl group of
“the substituted or unsubstituted aryl group” or “the substi-
tuted or unsubstituted heteroaryl group” of Ar' and Ar?, as
described above, a phenyl group, a naphthyl group, an anthra-
cenyl group, a phenanthryl group, a biphenyl group, a terphe-
nyl group, a fluorenyl group, a triphenylene group, a biphe-
nylene group, a pyrenyl group, a benzothiazolyl group, a
thiophenyl — group, a thienothiophenyl group, a
thienothienothiopheny! group, a benzothiophenyl group, a
dibenzothiophenyl group, a dibenzofuryl group, a N-arylcar-
bazolyl group, a N-heteroarylcarbazolyl group, a N-alkylcar-
bazolyl group, a phenoxazyl group, a phenothiazyl group, a
pyridyl group, a pyrimidyl group, a triazinyl group, a quino-
linyl group and a quinoxalyl group are examples. The phenyl
group, the naphthyl group, the biphenyl group, the terphenyl
group, the fluorenyl group, the triphenylene group, the diben-
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zothiophenyl group, the dibenzofuryl group and the N-phe-
nylcarbazolyl group may be used. As the aryl group, an aryl
group having 6 to 18 carbon atoms for forming a ring may be
used, and as the heteroaryl group, a heteroaryl group having 5
to 18 carbon atoms for forming a ring may be used.

[0274] As the substituent of the aryl group or the heteroaryl
group of Ar* and Ar?, an alkyl group, an alkoxy group, an aryl
group and a heteroaryl group are examples. Examples of the
aryl group and the heteroaryl group are the same as the above
exemplified aryl group and the heteroaryl group of Ar' and
Ar®. The alkyl group as the substituent of the aryl group or the
heteroaryl group of Ar' and Ar? is not specifically limited and
may include a methyl group, an ethyl group, a propyl group,
an isopropyl group, a cyclopropyl group, a butyl group, an
isobutyl group, a t-butyl group, a cyclobutyl group, a pentyl
group, an isopentyl group, a neopentyl group, a cyclopentyl
group, a hexyl group, a cyclohexyl group, a heptyl group, a
cycloheptyl group, an octyl group, a nonyl group, a decyl
group, etc. In addition, the alkoxy group as the substituent of
the aryl group or the heteroaryl group of Ar' and Ar® is not
specifically limited and may include a methoxy group, an
ethoxy group, a n-propoxy group, an isOpropoxy group, a
n-butoxy group, an isobutoxy group, a t-butoxy group, a
n-pentyloxy group, a neopentyloxy group, a n-hexyloxy
group, a n-heptyloxy group, a n-octyloxy group, a 2-ethyl-
hexyloxy group, a nonyloxy group. a decyloxy group, a 3,7-
dimethyloctyloxy group, etc.

[0275]  As the substituent of the silyl group substituted for
at least one of Ar' and Ar?, an alkyl group, an alkoxy group, an
aryl group and a heteroaryl group are examples. For example,
the substituent is the same as the alkyl group, the alkoxy
group, the aryl group and the heteroaryl group explained as
the substituent of the aryl group or the heteroaryl group of Ar*
and Ar*. For example, a phenyl group and a methyl group may
be used. In addition, as the silyl group substituted for at least
oneof Ar' and Ar?, a triarylsilyl group where an aryl substitu-
ent at the silyl group has 6 to 18 carbon atoms and a trialkyl-
silyl group where an alkyl substituent at the silyl group has 1
to 6 carbon atoms may be used.

[0276] In an example structure of the amine derivative
according to an embodiment, Ar® is a substituted or unsubsti-
tuted carbazolyl group in General Formula (1). The substitu-
ent of the carbazolyl group is independently a hydrogen atom,
a substituted or unsubstituted aryl group having 6 to 18 car-
bon atoms for forming a ring, a substituted or unsubstituted
heteroaryl group having 5 to 18 carbon atoms for forming a
ring or a substituted or unsubstituted alkyl group having 1 to
10 carbon atoms. As the substituent of the carbazolyl group,
the substituted or unsubstituted aryl group may be used and,
for example, a carbazolyl group substituted with a phenyl
group at position 9 may be used. By substituting the phenyl
group at position 9 of the carbazolyl group, ionization poten-
tial may be controlled, and hole transport properties may be
improved. In addition, by positioning a tertiary amine at
position 9 of the carbazolyl group, the durability of the amine
derivative may be improved, and the long life of the organic
electroluminescent device may be attained.

[0277] Inanexample structure of the amine derivative, L is
a substituted or unsubstituted arylene group or a substituted
or unsubstituted heteroarylene group. In General Formula
(1), by combining the carbazolyl group for Ar> with an amine
part via a connecting group of L, the conjugation system of
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the welectrons of awhole molecule may be enlarged, and hole
transport properties and the stability of the molecule may be
improved.

[0278] Here, as the aryl group and the heteroarylene group
of “the substituted or unsubstituted arylene group” and “the
substituted or unsubstituted heteroarylene group” of L may
be the same aryl group and the heteroaryl group of “the
substituted or unsubstituted aryl group” or “the substituted or
unsubstituted heteroaryl group” exemplified for Ar' and Ar*.
As the arylene group and the heteroarylene group of “the
substituted or unsubstituted arylene group” and “the substi-
tuted or unsubstituted heteroarylene group” of L, an aryl
group having 6 to 18 carbon atoms for forming a ring and a
heteroarylene group having 5 to 18 carbon atoms for forming
aring may be used. A phenylene group may be used. Since L
is the phenylene group, an appropriate energy level may be
realized.

[0279] In an example structure of the amine derivative
according to an embodiment, the substituted or unsubstituted
carbazolyl group for Ar’ is connected to the substituted or
unsubstituted arylene group or the substituted or unsubsti-
tuted heteroarylene group of the connecting group L at posi-
tion 1 to position 4. In an implementation, the substituted or
unsubstituted carbazolyl group for Ar® is connected to L at
position 2 or position 3, and, for example, is connected to L at
position 3. Through the combination of the substituted or
unsubstituted carbazolyl group for Ar® with L at position 2 or
position 3, HOMO may be enlarged, and hole transport prop-
erties may be improved. For example, in the case that the
bonding position with L is position 3 of the carbazolyl group,
the long life of the organic electroluminescent device may be
attained because LUMO is not present in the carbazolyl
group.

[0280] In an example amine derivative according to an
embodiment, Ar® is the substituted or unsubstituted carba-
zolyl group, and L is the substituted or unsubstituted arylene
group or the substituted or unsubstituted heteroarylene group.
Through introducing the substituted or unsubstituted carba-
zolyl group for Ar’, the hole transport properties of the amine
derivative may be improved. In addition, through the combi-
nation of the substituted or unsubstituted carbazolyl group
with the nitrogen atom (N) at the amine part combined with
Ar' and Ar?, at least one of which is substituted with a silyl
group, via the substituted or unsubstituted arylene group or
the substituted or unsubstituted heteroarylene group of L, the
conjugation system of it electrons may be enlarged, and hole
transport properties may be improved, and the level of
HOMO may be controlled, thereby improving the emission
efficiency of the organic electroluminescent device and real-
izing the decrease of the driving voltage and the long life
thereof. For example, the improvement of the emission effi-
ciency, the decrease of the driving voltage and the increase of
the life of the organic electroluminescent device may be real-
ized in a blue-bluish green region.

[0281] As an example amine derivative in which the sub-
stituted or unsubstituted carbazolyl group for Ar® is combined
with the substituted or unsubstituted arylene group or the
substituted or unsubstituted heteroarylene group of L in Gen-
eral Formula (1), the following compounds are examples,
without limitation.
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[0282] An example amine derivative according to an
embodiment, which is an amine derivative in which the sub-
stituted or unsubstituted carbazolyl group for Ar® is combined
with the substituted or unsubstituted arylene group or the
substituted or unsubstituted heteroarylene group of L in Gen-
eral Formula (1), may be used as the material of the hole
transport layer of the organic electroluminescent device 100
shown in FIG. 1. In addition, the configuration of the organic
electroluminescent device 100 shown in F1G. 1 is an illustra-
tion of the organic electroluminescent device according to an
embodiment without limitation, and may be variously modi-
fied.

[0283] In addition, the use of an example amine derivative
according to an embodiment, the amine derivative in which
the substituted or unsubstituted carbazolyl group for Ar® is
combined with the substituted or unsubstituted arylene group
or the substituted or unsubstituted heteroarvlene group of L in
General Formula (1), is not limited to the hole transport
material of the organic electroluminescent device; it may be
used as the material of the hole injection layer or the material
of the emission layer. In the case that the amine derivative is
used as the material of the hole injection layer or the material
of the emission layer, the emission efficiency of the organic
electroluminescent device may be improved, and the long life
of the organic electroluminescent device may be realized as
the case using the amine derivative as the material of the hole
transport layer.

Example VI

[0284] With respect to an example amine derivative accord-
ing to an embodiment, which is the amine derivative in which
the substituted or unsubstituted carbazolyl group for Ar3 is
combined with the substituted or unsubstituted arylene group
or the substituted or unsubstituted heteroarylene group of L in
General Formula (1), examples of synthesizing Compound
E-1, Compound E-2 and Compound E-3 will be explained
hereinafter. However, the following synthetic methods are
only examples, and embodiments are not limited thereto. In
addition, Compound E-1 is the same as Compound 61 in the
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above-described Example 3, and Compound E-2 is the same
as Compound 63 in the above-described Example 4.

[0285]

[0286] Compound (iv) (0.70 g, 1.44 mmol), Compound (v)
(0.71 g, 1.44 mmol), Pd,(dba), (0.04 g, 0.07 mmol) and
toluene (30 mL) were added to a reaction vessel. Then, tri(t-
butyl)phosphine (0.14 mL, 0.28 mmol, 2.00 M) and sodium
t-butoxide (0.21 g, 2.16 mmol) were added thereto, and the
inner part of the vessel was purged with a nitrogen gas,
followed by refluxing for about 6 hours. After cooling in the
air, water was added to the reaction mixture, and an organic
layer was extracted. The organic layer thus obtained was
dried with anhydrous magnesium sulfate and filtered. The
filtrate was concentrated by a rotary evaporator. The crude
product thus obtained was separated by silica gel column
chromatography (developing solvent: toluene/hexane), and
the solid thus obtained was recrystallized using dichlo-
romethane/hexane to produce 1.15 g of a target product,
Compound E-1, as a white powder solid with the yield of 89%
(FAB-MS: C66H48N2Si, measured value 897).

(Synthesis of Compound E-1)

[Formula 143]
g
x
| A
A
/NH
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[0287] (Synthesis of Compound E-2)

[0288] Compound (iv) (1.00 g, 2.06 mmol), Compound (ii)
(0.85 g, 2.06 mmol), Pd(dba), (0.06 g, 0.10 mmol) and tolu-
ene (10 mL) were added to a reaction vessel. Then, tri(t-butyl)
phosphine (0.03 mL, 0.06 mmol, 2.00 M) and sodium t-bu-
toxide (0.30 g, 3.08 mmol) were added thereto, and the inner
part of the vessel was purged with a nitrogen gas, followed by
stirring while refluxing for about 4 hours. After cooling in the
air, water was added to the reaction mixture, and an organic
layer was extracted. The organic layer thus obtained was
dried with anhydrous magnesium sulfate and filtered. The
filtrate was concentrated by a rotary evaporator. The crude
product thus obtained was separated by silica gel column
chromatography (developing solvent: toluene/hexane), and
the solid thus obtained was recrystallized using dichlo-
romethane/hexane to produce 1.59 g of a target product,
Compound E-2, as a white powder solid with the yield of 94%
(FAB-MS: C60H44N2Si, measured value 821)

NH
.
N
fiv)

[Formula 144]
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[0289]

[0290] Compound (xxiv) (1.00 g, 2.51 mmol), Compound
(x) (1.26 g, 2.51 mmol), Pd,(dba);.CHCl, (0.13 g, 0.13
mmol) and toluene (25 mL) were added to a reaction vessel.
Then, tri(t-butyl)phosphine (0.33 mL, 0.50 mmol, 1.5 M) and
sodium t-butoxide (0.48 g, 5.02 mmol) were added thereto,
and the inner part of the vessel was purged with a nitrogen gas,
followed by stirring while refluxing for about 3 hours. After
cooling in the air, water was added to the reaction mixture,
and an organic layer was extracted. The organic layer thus
obtained was dried with anhydrous magnesium sulfate and
filtered. The filtrate was concentrated by a rotary evaporator.
The crude product thus obtained was separated by silica gel
column chromatography (developing solvent: toluene/hex-
ane), and the solid thus obtained was recrystallized using
dichloromethane/hexane to produce 2.00 g of a target prod-
uct, Compound E-3, as a white powder solid with the yield of
97% (FAB-MS: C60H44N2Si, measured value 821).

(Synthesis of Compound E-3)

[Formula 145]

Br

(xxiv)

<



US 2015/0270502 Al

-continued

Pd;(dba)3*CHCl3
(t-Bu)sP
NaO(t-Bu)

Si ——
toluene

)

SVeaot®
s - gce

[0291] Hereinafter, organic electroluminescent devices
using the above described Compound E-1, Compound E-2
and Compound E-3 as the materials for the organic electrolu-
minescent devices according to an embodiment in hole trans-
port layers will be explained. An organic electroluminescent
device using Compound E-1 in the hole transport layer cor-
responds to Example 22, an organic electroluminescent
device using Compound E-2 in the hole transport layer cor-
responds to Example 23 and an organic electroluminescent
device using Compound E-3 in the hole transport layer cor-
responds to Example 24. In addition, as described above,
Compound E-1 is the same as Compound 61 in Example 3,
and Compound E-2 is the same as Compound 63 in Exanple
4.

[0292] The manufacture of the organic electroluminescent
device according to Example 22 according to an embodiment
was conducted by a vacuum deposition as for the organic
electroluminescent device of Example 1 and the following
procedure. First, with respect to an ITO-glass substrate pat-
terned and washed in advance, surface treatment using ozone
was conducted. In addition, the layer thickness of an ITO
layer was about 150 nm. Immediately after the ozone treat-
ment, a layer was formed using 2-TNATA as a hole injection
material (thickness of about 60 nm) on the ITO layer.
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[0293] Then, a layer was formed using Compound E-1
according to an embodiment as a hole transport material
(about 30 nm), and a layer of ADN doped with TBP in a ratio
of about 3% was formed by a co-deposition (about 25 nm).

[0294] After that, a layer was formed using Alg; as an
electron transport material (about 25 nm), and LiF (about 1.0
nm) as an electron injection layer and aluminum (about 100
nm) as a cathode were laminated one by one to manufacture
the organic electroluminescent device 200 shown in FIG. 2.

[0295] AsExamples 23 and 24, organic electroluminescent
devices were manufactured by performing the same proce-
dure described in Example 22 except for using Compound
E-2 and Compound E-3 instead of Compound E-1 used in
Example 22.

[0296] As Comparative Examples 11, 12 and 13, organic
electroluminescent devices were manufactured by perform-
ing the same procedure described in Example 22 except for
using Comparative Compounds 11, 12 and 13 represented in
the following as compounds constituting hole transport mate-
rials of the organic electroluminescent devices.

[Formula 137]

Comparative Compound 11

|
3

(4
avas
aY

Comparative Compound 12
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[0297] The driving voltage, the current efficiency and the
halflife of the organic electroluminescent devices 200 manu-
factured in Examples 22 to 24 and Comparative Examples 11
to 13 were evaluated. In addition, emission efficiency means
values at about 10 mA/cm?, and half life means luminance
decrease time to half from an initial luminance of about 1,000
cd/m>. The evaluation results are shown in Table 6.

TABLE 6

Hole Current Half

transport Voliage efficiency life

material V) (cd/A) (hr)
Example 22 Compound E-1 6.7 6.9 2,000
Example 23 Compound E-2 6.8 6.7 1,900
Example 24 Compound E-3 6.9 6.6 1,800
Comparative Comparative 75 6.2 1,500
Example 11 Compound 11
Comparative Comparative 8.1 5.3 1,200
Example 12 Compound 12
Comparative Comparative 7.2 6.0 1,500
Example 13 Compound 13

[0298] According to Table 6, the organic electrolumines-

cent devices of Examples 22 to 24 have decreased driving
voltage, improved emission efficiency and longer life than the

organic electroluminescent devices of Comparative
Examples 11 to 13.
[0299] In the above-described Examples 22 to 24, an

example amine derivative according to an embodiment, in
which the substituted or unsubstituted carbazolyl group for
Ar? is combined with the substituted or unsubstituted arylene
group or the substituted or unsubstituted heteroarylene group
of L in General Formula (1), was used as the hole transport
material of the organic electroluminescent device as an
embodiment; however, the use of the amine derivative
according to an embodiment is not limited to the organic
electroluminescent device, and is expanded to other lumines-
cent devices or luminescent apparatus. In addition, the
organic electroluminescent device using an example amine
derivative according to an embodiment may be used in an
organic electroluminescent display of a passive-matrix driv-
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ing type, and they may be also used in an organic electrolu-
minescent display of an active-matrix driving type.

[0300] Remarkable improvement of the emission effi-
ciency, the driving voltage and the life of an organic electrolu-
minescent device may be obtained by disposing the amine
derivative represented by General Formula (1), for example,
an amine derivative having the following structure as a mate-
rial for an organic electroluminescent device between an
emission layer and an anode.

[0301] Inanexample structure of the amine derivative rep-
resented by General Formula (1), Ar* and Ar? are indepen-
dently a substituted or unsubstituted aryl group or a substi-
tuted or unsubstituted heteroaryl group, at least one of Ar' and
Ar’® is substituted with a substituted or unsubstituted silyl
group, Ar® is a substituted or unsubstituted carbazolyl group,
and L is a divalent connecting group including a substituted or
unsubstituted arylene group or a substituted or unsubstituted
heteroarylene group. An example structure of the amine
derivative represented by General Formula (1) is represented
by the following General Formula (4).

[Formula 147]

)

[0302] Here, as the aryl group and the heteroaryl group of
“the substituted or unsubstituted aryl group” or “the substi-
tuted or unsubstituted heteroaryl group” of Ar' and Ar?, as
described above, a phenyl group, a naphthyl group, an anthra-
cenyl group, a phenanthryl group, a biphenyl group, a terphe-
nyl group, a fluorenyl group, a triphenylene group, a biphe-
nylene group, a pyrenyl group, a benzothiazolyl group, a
thiophenyl — group, a thienothiophenyl group, a
thienothienothiopheny! group, a benzothiophenyl group, a
dibenzothiophenyl group, a dibenzofuryl group, a N-arylcar-
bazolyl group, a N-heteroarylcarbazolyl group, a N-alkylcar-
bazolyl group, a phenoxazyl group, a phenothiazyl group, a
pyridyl group, a pyrimidyl group, a triazinyl group, a quino-
linyl group, and a quinoxalyl group are examples. The phenyl
group, the naphthyl group, the biphenyl group, the terphenyl
group, the fluorenyl group, the triphenylene group, the diben-
zothiophenyl group, the dibenzofuryl group and the N-phe-
nylcarbazolyl group may be used. As the aryl group, an aryl
group having 6 to 18 carbon atoms for forming a ring may be
used, and as the heteroaryl group, a heteroaryl group having 5
to 18 carbon atoms for forming a ring may be used.

[0303] As the substituent of the aryl group or the heteroaryl
group of Ar' and Ar®, a halogen atom, an alkyl group, an
alkoxy group, an aryl group and a heteroaryl group are
examples. Examples of the aryl group and the heteroaryl
group are the same as the above exemplified aryl group and
the heteroaryl group of Ar' and Ar*. As the halogen atom, a
fluorine atom may be used, without specific limitation. The
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alkyl group is not specifically limited and may include a
methyl group, an ethyl group, a propyl group, an isopropyl
group, a cyclopropyl group, a butyl group, an isobutyl group,
a t-butyl group, a cyclobutyl group, a pentyl group, an iso-
pentyl group, a neopentyl group, a cyclopentyl group, a hexyl
group, a cyclohexyl group, a heptyl group, a cycloheptyl
group, an octyl group, a nonyl group, a decyl group, etc. The
alkoxy group is not specifically limited and may include a
methoxy group, an ethoxy group, a n-propoxy group, an
1SOpropoxy group, a n-butoxy group, an isobutoxy group, a
t-butoxy group, a n-pentyloxy group, a neopentyloxy group,
an-hexyloxy group, a n-heptyloxy group, a n-octyloxy group,
a 2-ethylhexyloxy group, a nonyloxy group, a decyloxy
group, a 3,7-dimethyloctyloxy group, etc.

[0304] Ar’ is a substituted or unsubstituted carbazolyl
group, and the carbazolyl group is combined with L at posi-
tion 9. R' to R® in General Formula (4) are independently a
hydrogen atom, a substituted or unsubstituted aryl group hav-
ing 6 to 30 carbon atoms for forming a ring, a substituted or
unsubstituted heteroaryl group having 5 to 30 carbon atoms
for forming a ring, a substituted or unsubstituted alkyl group
having 1 to 15 carbon atoms, a substituted or unsubstituted
silyl group, a cyano group, a halogen atom or a deuterium
atom. Examples of the aryl group and the heteroaryl group
substituted for R* to R® of the carbazolyl group may be the
same as the substitute or unsubstituted aryl group and the
heteroaryl group of Ar* and Ar*. Examples of the alkyl group
substituted for R' to R® of the carbazolyl group may be the
same as the alkyl group substituted at the aryl group and the
heteroaryl group of Ar" and Ar*. The substituent of R’ to R® of
the carbazolyl group may be the same as the above-described
substituent of the aryl group or the heteroaryl group of Ar' and
Ar* Tn addition, R' to R® in General Formula (4) may be
combined to each other to form a saturated or unsaturated
ring.

[0305] L is a divalent connecting group and preferably, a
substituted or unsubstituted arylene group or a substituted or
unsubstituted heteroarylene group. The substituted or unsub-
stituted arylene group of L preferably has 6 to 18 carbon
atoms for forming a ring. The substituted or unsubstituted
heteroarylene group of L has preferably 6 to 18 carbon atoms
for forming a ring. The arylene group and the heteroarylene
group of “the substituted or unsubstituted arylene group” or
“the substituted or unsubstituted heteroarylene group” of L
may be a phenylene group, a naphthylene group, a biphe-
nylene group, an anthracenyl group, a triphenylene group, a
fluorenylene group, etc., and the phenylene group, the biphe-
nylene group and the fluorenylene group may be used.

[0306] In addition, in the case that L is the fluorenylene
group, Ar' and Ar® in General Formula (4) may be the aryl
group having 6 to 12 carbon atoms for forming a ring.

[0307] As the substituent of the silyl group substituted for
atleast oneof Ar* and Ar?, an alkyl group, an alkoxy group, an
aryl group and a heteroaryl group are examples. For example,
the substituent is the same as the alkyl group, the alkoxy
group, the aryl group and the heteroaryl group explained as
the substituent of the aryl group or the heteroaryl group of Ar*
and Ar?. For example, as the silyl group substituted in at least
oneof Ar' and Ar?, a triarylsilyl group where an aryl substitu-
ent at the silyl group has 6 to 18 carbon atoms for forming a
ring and a trialkylsilyl group where an alkyl substituent at the
silyl group has 1 to 6 carbon atoms may be used.

[0308] As amine derivative represented by General For-
mula (4), which is an example amine derivative according to
an embodiment, the following compounds are examples,
without limitation.

[Formula 148]
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[0309] In an example amine derivative according to an
embodiment, Ar® is the substituted or unsubstituted carba-
zolyl group in General Formula (1). By introducing the car-
bazolyl group in the amine derivative according to an embodi-
ment, hole transport properties may be improved. In addition,
by introducing the carbazolyl group in the amine derivative
according to an embodiment having a silyl group substituted
for at least one of Ar' and Ar?, more appropriate level of
HOMO may be realized. In addition, by combining the car-
bazolyl group with the amine part via the connecting group L,
the level of HOMO may be controlled further. Thus, by dis-
posing the amine derivative as a material for an organic elec-
troluminescent device between an emission layer and an
anode, the emission efficiency of the organic electrolumines-
cent device may be improved and the driving at a low voltage
and the long life thereof may be realized. For example, the
amine derivative according to an entbodiment may contribute
to the improvement of the emission efficiency of the organic
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electroluminescent device and the realization of the driving at
alow voltage and the long life thereof in a blue-bluish green
region.

[0310] The amine derivative of the invention represented
by General Formula (4), which shows an example structure of
the amine derivative according to an embodiment, may be
used as the material of the hole transport layer of the organic
electroluminescent device 100 shown in FIG. 1. In addition,
the configuration of the organic electroluminescent device
100 shown in FIG. 1 is an illustration of the organic electrolu-
minescent device according to an embodiment without limi-
tation, and may be variously modified.

[0311] In addition, the use of the amine derivative accord-
ing to an embodiment, which shows an example structure of
the amine derivative according to an embodiment, is not
limited to the hole transport material of the organic electrolu-
minescent device; it may be used as the material of the hole
injection layer or the material of the emission layer. In the
case that the amine derivative is used as the material of the
hole injection layer or the material of the emission layer, the
emission efficiency of the organic electroluminescent device
may be improved, and the long life of the organic electrolu-
minescent device may be realized as the case using the amine
derivative as the material of the hole transport layer.

Example VII

[0312] With respect to the amine derivative according to an
embodiment represented by

[0313] General Formula (4), examples of synthesizing
Compound F-10, Compound F-26 and Compound F-38 will
be explained hereinafter. However, the following synthetic
methods are only examples, and embodiments are not limited
thereto.

[0314] (Synthesis of Compound F-1)

[0315] Under an argon atmosphere, 1.50 g of Compound
(xxv), 1.90 g of Compound (x), 0.11 g of Pd(dba),, 0.15 g of
(t-Bu);P and 0.54 g of sodium t-butoxide were added to a 100
mL three-necked flask, followed by heating and refluxing in
45 mL of a toluene solvent for about 6 hours. After cooling in
the air, water was added to the reaction mixture to separate an
organic layer, and solvents were distilled. The crude product
thus obtained was separated by silica gel column chromatog-
raphy (using a mixture solvent of dichloromethane and hex-
ane) and was recrystallized using a mixture solvent of tolu-
ene’hexane to produce 2.50 g (yield 81%) of Compound F-1
as a white solid.

[Formula 162]
Br

O~
O

(XxV)
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[0316] The chemical shift values of Compound F-1 mea-
sured by 'H NMR were 8.15 (d, 2H), 7.81 (d, 2H), 7.66-7.51
(m, 14H), 7.51-7.34 (m, 18H), 7.34-7.26 (m, 6H), 7.17 (d,
2H). In addition, the molecular weight of Compound F-1
measured by FAB-MS was 821.

[0317] (Synthesis of Compound F-23)

[0318] Under an argon atmosphere, 1.20 g of Compound
(xxv1), 1.07 g of Compound (x), 0.06 g of Pd(dba),, 0.09 g of
(t-Bu);P and 0.31 g of sodium t-butoxide were added to a 100
mL three-necked flask, followed by heating and refluxing in
36 mL of a toluene solvent for about 8 hours. After cooling in
the air, water was added to the reaction mixture to separate an
organic layer, and solvents were distilled. The crude product
thus obtained was separated by silica gel column chromatog-
raphy (using a mixture solvent of dichloromethane and hex-
ane) and was recrystallized using a mixture solvent of tolu-
ene/hexane to produce 1.60 g (vield 76%) of Compound F-23
as a white solid.
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[0319] The chemical shift values of Compound F-23 mea-
sured by 'H NMR were 8.30 (d, 2H), 7.98 (d, 2H), 7.82 (d,
1H), 7.75-7.18 (m, 39H), 7.37-7.23 (m, 6H), 7.15 (d, 2H). In
addition, the molecular weight of Compound F-23 measured
by FAB-MS was 984.

[0320] (Synthesis of Compound F-26)

[0321] Under an argon atmosphere, 1.50 g of Compound
(xxvii), 2.70 g of Compound (vii), 0.13 g of Pd(dba),, 0.19 g
of (t-Bu);P and 0.67 g of sodium t-butoxide were added to a
100 mL three-necked flask, followed by heating and refluxing
in 45 mL of atoluene solvent for about 7 hours. After cooling
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in the air, water was added to the reaction mixture to separate
an organic layer, and solvents were distilled. The crude prod-
uct thus obtained was separated by silica gel column chroma-
tography (using a mixture solvent of dichloromethane and
hexane) and was recrystallized using a mixture solvent of
toluene/hexane to produce 3.29 g (yield 86%) of Compound
F-26 as a white solid.

[Formula 164]
Br
O N
+
(xxvii)
9
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N Pd(dba)s,
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[0322] The chemical shift values of Compound F-26 mea-
sured by "H NMR were 8.07 (d, 2H), 7.75 (d, 2H), 7.67-7.52
(m, 12H), 7.51-7.33 (m, 18H), 7.33-7.20 (m, 8H), 7.16 (d,
2H). In addition, the molecular weight of Compound F-26
measured by FAB-MS was 821.
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[0323] (Synthesis of Compound F-38)

[0324] Under an argon atmosphere, 1.50 g of Compound
(xxvii), 2.35 g of Compound (x), 0.13 g of Pd(dba),, 0.19 g of
(t-Bu);P and 0.67 g of sodium t-butoxide were added to a 100
mL three-necked flask, followed by heating and refluxing in
45 mL of a toluene solvent for about 7 hours. After cooling in
the air, water was added to the reaction mixture to separate an
organic layer, and solvents were distilled. The crude product
thus obtained was separated by silica gel column chromatog-
raphy (using a mixture solvent of dichloromethane and hex-
ane) and was recrystallized using a mixture solvent of tolu-
ene'hexane to produce 2.74 g (vield 79%) of Compound F-38
as a white solid.

9N
9

[Formula 165]
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[0325] The chemical shift values of Compound F-38 mea-
sured by 'H NMR were 8.09 (d, 2H), 7.76 (d, 2H), 7.65-7.51
(m, 10H), 7.51-7.35 (m, 18H), 7.32-7.21 (m, 6H), 7.18 (d,
2H). In addition, the molecular weight of Compound F-38
measured by FAB-MS was 744.

[0326] (Synthesis of Compound F-39)

[0327] Under an argon atmosphere, 1.50 g of Compound
(xxv), 2.18 g of Compound (vii), 0.11 g of Pd(dba),, 0.15 g of
(t-Bu);P and 0.54 g of sodium t-butoxide were added to a 100
ml three-necked flask, followed by heating and refluxing in
45 mL of a toluene solvent for about 7 hours. After cooling in
the air, water was added to the reaction mixture to separate an
organic layer, and solvents were distilled. The crude product
thus obtained was separated by silica gel column chromatog-
raphy (using a mixture solvent of dichloromethane and hex-
ane) and was recrystallized using a mixture solvent of tolu-
ene’hexane to produce 2.97 g (vield 88%) of Compound F-39
as a white solid.

[Formula 166]
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[0328] The chemical shift values of Compound F-39 mea-
sured by 'H NMR were 8.18 (d, 2H), 7.82 (d, 2H), 7.68-7.51
(m, 14H), 7.51-7.35 (m, 20H), 7.35-7.28 (m, 8H), 7.16 (d,
2H). In addition, the molecular weight of Compound F-39
measured by FAB-MS was 896.

[0329] Hereinafter, organic electroluminescent devices
using the above described Compound F-1, Compound F-23
Compound F-26, Compound F-38 and Compound F-39 as the
materials for the organic electroluminescent devices accord-
ing to an embodiment in hole transport layers will be
explained. An organic electroluminescent device using Com-
pound F-1 in the hole transport layer corresponds to Example
25, an organic electroluminescent device using Compound
F-23 in the hole transport layer corresponds to Example 26,
an organic electroluminescent device using Compound F-26
in the hole transport layer corresponds to Example 27, an
organic electroluminescent device using Compound F-38 in
the hole transport layer corresponds to Example 28 and an
organic electroluminescent device using Compound F-39 in
the hole transport layer corresponds to Example 29.

[0330] The manufacture of the organic electroluminescent
device according to Example 25 according to an embodiment
was conducted by a vacuum deposition as for the organic
electroluminescent device of Example 1 and the following
procedure. First, with respect to an ITO-glass substrate pat-
terned and washed in advance, surface treatment using ozone
was conducted. In addition, the layer thickness of an ITO
layer was about 150 nm. Immediately after the ozone treat-
ment, a layer was formed using 2-TNATA as a hole injection
material (thickness of about 60 nm) on the ITO layer.
[0331] Then, a layer was formed using Compound F-1
according to an embodiment as a hole transport material
(about 30 nm), and a layer of ADN doped with TBP in a ratio
of about 3% was formed by a co-deposition (about 25 nm).
[0332] After that, a layer was formed using Alg; as an
electron transport material (about 25 nm), and LiF (about 1.0
nm) as an electron injection layer and aluminum (about 100
nm) as a cathode were laminated one by one to manufacture
the organic electroluminescent device 200 shown in FIG. 2.
[0333] As Examples 26, 27, 28 and 29, organic electrolu-
minescent devices were manufactured by performing the
same procedure described in Example 25 except for using
Compound F-23, Compound F-26, Compound F-38 and
Compound F-39 instead of Compound F-1 used in Example
25.
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[0334] As Comparative Examples 14 and 15, organic elec-
troluminescent devices were manufactured by performing the
same procedure described in Example 25 except for using
Comparative Compounds 14 and 15 represented in the fol-
lowing as compounds constituting hole transport materials of
the organic electroluminescent devices.

[Formula 167]

Comparative Compound 14

Comparative Compound 15

[0335] The driving voltage, the current efficiency and the
halflife of the organic electroluminescent devices 200 manu-
factured in Examples 25 to 29 and Comparative Examples 14
and 15 were evaluated. In addition, emission efficiency means
values at about 10 mA/cm®, and half life means luminance
decrease time to half from an initial luminance of about 1,000
cd/m®. The evaluation results are shown in Table 7.

TABLE 7

Hole Current Half

transport Voltage efficiency life

material V) (cd/A) (hr)
Example 25 Compound F-1 6.4 6.6 2,000
Example 26 Compound F-23 6.9 6.7 2,000
Example 27 Compound F-26 6.3 6.8 2,100
Example 28 Compound F-38 6.3 6.9 1,800
Example 29 Compound F-39 6.5 6.6 2,300
Comparative Comparative 7.2 6.0 1,500
Example 14 Compound 14
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TABLE 7-continued
Hole Current Half
transport Voltage efficiency life
material V) (cd/A) (hr)
Comparative Comparative 8.1 53 1,500
Example 15 Compound 15
[0336] According to Table 7, the organic electrolumines-

cent devices of Examples 25 to 29 have improved emission
efficiency and longer life than the organic electroluminescent
devices of Comparative Examples 14 and 15. In addition, the
organic electroluminescent devices of Examples 25 to 29
have adecreased driving voltage when compared to that of the

organic electroluminescent devices of Comparative
Examples 14 and 15.
[0337] In the above-described Examples 25 to 29, an

example amine derivative according to an embodiment rep-
resented by General Formula (4), was used as the hole trans-
port material of the organic electroluminescent device as an
embodiment; however, the use of the amine derivative
according to an embodiment is not limited to the organic
electroluminescent device, and is expanded to other lumines-
cent devices or luminescent apparatus. In addition, the
organic electroluminescent device using the amine derivative
having a silyl group according to an embodiment represented
by General Formula (4) may be used in an organic electrolu-
minescent display of a passive-matrix driving type, and they
may be also used in an organic electroluminescent display of
an active-matrix driving type.

[0338] Remarkable improvement of the emission effi-
ciency, the driving voltage and the life of an organic electrolu-
minescent device may be obtained by disposing the amine
derivative represented by General Formula (1), particularly,
an amine derivative having the following structure as a mate-
rial for an organic electroluminescent device between an
emission layer and an anode.

[0339] Anexample structure of the amine derivative having
asilyl group, represented by the above General Formula (1) is
represented by the following General Formula (8).

[Formula 168]

, ®)
SiRy R 2R3

\ /

Ro)m

[0340] That is, in the amine derivative represented by the
above General Formula (1), Ar' is an aryl group substituted
with a silyl group represented by the following General For-
mula (5).



US 2015/0270502 Al

[Formula 169]
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[0341] InGeneral Formula (5),01s an integer satisfying the

relation of O<o<2, R,,, R, and R,; are independently an
alkyl group having 1 to 15 carbon atoms, a substituted or
unsubstituted aryl group having 6 to 30 carbon atoms for
forming a ring or a heteroaryl group having 1 to 30 carbon
atoms for forming aring. R, |, R, and R, ; may be connected
to each other to form a ring.

[0342] In General Formula (5), o may be 0 or 1. Since o is
Oor 1, the blocking capability of the amine derivative accord-
ing to an embodiment from the intrusion of electrons into a
hole transport layer may be increased, the deterioration may
be restrained, and the long life of the organic electrolumines-
cent device may be realized. In addition, in General Formula
(5), Ry, Ry5 and R 5 are independently a methyl group, a
normal alkyl group having 6 or less carbon atoms, a phenyl
group, a biphenylyl group, a terphenyl group, a quaterphenyl
group, a naphthyl group, a carbazolyl group and a dibenzo-
furan group. For example, when R, ;, R, and R, ; are inde-
pendently the phenyl group, the glass transition temperature
(Tg) may be increased, and layer forming properties may be
improved.

[0343] 1In addition, an example amine derivative having a
silyl group according to an embodiment represented by Gen-
eral Formula (8) is an amine derivative represented by Gen-
eral Formula (1), in which Ar? is a substituted or unsubstituted
aryl group having 6 to 30 carbon atoms for forming a ring. In
addition, Ar® in the amine derivative represented by General
Formula (1) is also represented by Ar® in the amine derivative
represented by General Formula (8).

[0344] The aryl group of Ar* may include, for example, a
phenyl group, a naphthyl group, an anthracenyl group, a
phenanthryl group, a biphenyl group, a terphenyl group, a
quaterphenyl group, etc.

[0345] In addition, an example amine derivative having a
silyl group according to an embodiment represented by Gen-
eral Formula (8) is an amine derivative represented by Gen-

eral Formula (1), in which Ar® is an aryl group represented by
the following General Formula (6).

[Formula 170]

(6)
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[0346] In General Formula (6), each R, is independently a
hydrogen atom, a halogen atom, an alkyl group having 1 to 15
carbon atoms or a substituted or unsubstituted aryl group
having 6 to 30 carbon atoms for forming a ring, and m is an
integer satisfying the relation of 0=ms<5.

[0347] In addition, an example amine derivative having a
silyl group according to an embodiment represented by Gen-
eral Formula (8) is an amine derivative represented by Gen-
eral Formula (1), in which L is an arylene group represented
by the following General Formula (7).

[Formula 171]

™

[0348] InGeneral Formula (7), each R, is independently a
hydrogen atom, a halogen atom, an alkyl group having 1 to 15
carbon atoms or a substituted or unsubstituted aryl group
having 6 to 30 carbon atoms for forming a ring. 1 is an integer
satisfying the relation of 0<l<4, and n is an integer satisfying
the relation of 2=n<5. Here, the kind and number (1) of R,
substituted in the arylene group represented by General For-
mula (7) may be different for each arylene group. In General
Formula (7), n may be 2 or 3. Since n is 2 or 3, the electron
tolerance of the amine derivative may be improved further. In
addition, through the increase of a molecular weight, the
attainment of high glass transition temperature may be easy.

[0349] Theamine derivative having a silyl group according
to an entbodiment represented by General Formula (8) may
include the following compounds, without limitation. In the
following exemplified compounds, Ph represents a phenyl
group, and Me represents a methyl group.

[Formula 172]

SiPhs
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G2 [Formula173]

SiPh;
G-6
O SiPhs
G4
SiPh;

000 jQ
& Y

00 8,

| s



US 2015/0270502 A1 Sep. 24, 2015
123

-continued -continued

N
[Formula 174]

G-0 [Formula 175]

SiPhz G-12
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SiPh;
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G-14 G-17
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[Formula 176]
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[Formula 177]
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-continued
G-23

SiMePh,

N

[0350] Theamine derivative having a silyl group according
to an embodiment represented by General Formula (8) is an
amine derivative according to an embodiment, in which Ar* is
an aryl group substituted with a silyl group having strong
electron tolerance. Thus, the amine derivative having a silyl
group according to an embodiment represented by General
Formula (8) is stable to electrons. When the amine derivative
is used as a material for an organic electroluminescent device,
particularly, as the material of a hole transport layer adjacent
to an emission layer, the electron tolerance of the hole trans-
port layer may be improved, the deterioration of the hole
transport material due to electrons intruded into the hole
transport layer may be restrained, and the increase of the life
of the organic electroluminescent device may be realized.

[0351] Inaddition, since the amine derivative having a silyl
group according to an embodiment represented by General
Formula (8) has an arylene group in which n is at least 2 in
General Formula (7), it electrons may be enlarged, hole trans-
port properties may be improved, and the improvement of the
emission efficiency and the increase of the life of the organic
electroluminescent device may be realized. In addition, since
the amine derivative having a silyl group according to an
embodiment represented by General Formula (8) has an
arylene group of which n is at least 2 in General Formula (7),
glass transition temperature (Tg) may be increased, and layer
forming properties may be improved.

[0352] In addition, in the amine derivative having a silyl
group according to an embodiment represented by General
Formula (8), the arylene group in which n is 2 in General
Formula (7) includes an aryl group represented by General
Formula (6), and at least one terpheny! group is combined
with the N atom of amine. A compound having a terpheny-
lamine skeleton has very high hole tolerance and electron
tolerance. Thus, when n is 2 in General Formula (7), by using
the amine derivative having a silyl group according to an
embodiment as the material for the organic electrolumines-
cent device, particularly, as the material of a hole transport
layer adjacent to an emission layer, the tolerance with respect
to electrons inflowing from the emission layer to the hole
transport layer may be improved further, the emission effi-
ciency of the organic electroluminescent device may be
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improved, and the life of the organic electroluminescent
device may be increased further.

[0353] The amine derivative having a silyl group of the
invention represented by General Formula (8) may be used as
the material of the hole transport layer of the organic elec-
troluminescent device 100 shown in FIG. 1. In addition, the
configuration of the organic electroluminescent device 100
shown in FIG. 1 is an illustration of the organic electrolumi-
nescent device according to an embodiment without limita-
tion, and may be variously modified.

[0354] Inaddition, the use of the amine derivative having a
silyl group according to an embodiment represented by Gen-
eral Formula (8), is not limited to the hole transport material
of the organic electroluminescent device; it may be used as
the material of the hole injection layer or the material of the
emission layer like the amine derivative having a silyl group
represented by General Formula (1). In the case that the amine
derivative having a silyl group represented by General For-
mula (8) is used as the material of the hole injection layer, the
emission efficiency of the organic electroluminescent device
may be improved, and the long life of the organic electrolu-
minescent device may be realized as the case using the amine
derivative having a silyl group as the material of the hole
transport layer.

Example VIII

[0355] With respect to the amine derivative having a silyl
group according to an embodiment represented by General
Formula (8), examples of synthesizing Compound G-8, Com-
pound G-9, Compound G-13 and Compound G-18 will be
explained hereinafter. However, the following synthetic
methods are only examples, and embodiments are not limited
thereto.

[0356] (Synthesis of Compound G-8)

[0357] Compound G-8 according to an embodiment was
synthesized by the following procedure.

[0358] Under an argon atmosphere, 3 g of 4-aminoterphe-
nyl, 5.08 g of 4-bromotetraphenylsilane, 0.34 g of Pd,(dba),,
2.34 ¢ of sodium t-butoxide and 120 mL of toluene were
added to a 300 mL three-necked flask, and 0.5 mL of a 2M
toluene solution of (t-Bu);P was added thereto, followed by
stirring at room temperature for about 24 hours. After cooling
in the air, an organic layer was separated, and solvents were
distilled. The solid thus obtained was separated by silica gel
column chromatography to produce 5.0 g (yield 73%) of
Precursor G-8a as a white solid.

[Formula 178]
Precursor G-8a

SiPh,

[0359] Under an argon atmosphere, 5.0 g of Precursor
A-8a, 2.0 g of 4-bromobiphenyl, 0.23 g of Pd,(dba), 1.65 g
of sodium t-butoxide and 100 mL of toluene were added to a
300 mL three-necked flask, and 0.5 mL of a 2M toluene
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solution of (t-Bu),P was added thereto, followed by heating
and stirring at about 80° C. for about 12 hours. After cooling
in the air, water was added, an organic layer was separated,
and solvents were distilled. The solid thus obtained was sepa-
rated by column chromatography to produce 2.5 g (yield
73%) of Compound G-8 as a white solid (FAB-MS measured
value: 731.3).

[Formula 179]

SiPhy

[0360] (Synthesis of Compound G-9)

[0361] Compound G-9 according to an embodiment was
synthesized by the following procedure.

[0362] Under an argon atmosphere, 5.0 g of Precursor
A-8a, 2.4 g of 1-bromo-4-phenylanthracene, 0.23 g of Pd,
(dba);, 1.65 g of sodium t-butoxide and 100 mL of toluene
were added to a 300 mL three-necked flask, and 0.35 ml of a
2 M toluene solution of (t-Bu),P was added thereto, followed
by heating and stirring at about 80° C. for about 12 hours.
After cooling in the air, water was added, an organic layer was
separated, and solvents were distilled. The solid thus obtained
was separated by column chromatography to produce 4.4 g
(vield 60%) of Compound G-9 as a white solid (FAB-MS
measured value: 781.3).

[Formula 180]
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[0363] (Synthesis of Compound G-13)

[0364] Compound G-13 according to an embodiment was
synthesized by the following procedure.

[0365] Under an argon atmosphere, 2.5 g of 4-aminoter-
phenyl, 2.3 gof4-bromobiphenyl, 0.34 gof Pd,(dba),, 2.34 ¢
of sodium t-butoxide and 120 mL of toluene were added to a
300 mL three-necked flask, and 0.5 ml of a 2 M toluene
solution of (t-Bu),P was added thereto, followed by stirring at
room temperature for about 24 hours. After cooling in the air,
water was added, an organic layer was separated, and solvents
were distilled. The solid thus obtained was separated by col-
umn chromatography to produce 3.0 g (vield 76%) of Precur-
sor G-13a as a white solid.

[Formula 181]

[0366] Under an argon atmosphere, 3.0 g of Precursor
G-13a,2.3 g of 4-bromo(4'-trimethylsilyl)biphenyl, 0.23 g of
Pd,(dba),, 1.65 g of sodium t-butoxide and 100 mL of toluene
were added to a 300 mL three-necked flask, and 0.35 ml of a
2 M toluene solution of (t-Bu),P was added thereto, followed
by heating and stirring at about 80° C. for about 12 hours.
After cooling in the air, water was added, an organic layer was
separated, and solvents were distilled. The solid thus obtained
was separated by column chromatography to produce 4.3 g
(vield 91%) of Compound G-13 as a white solid (FAB-MS
measured value: 621.3).

Precursor G-13a

[Formula 182]
G-13

SiMey
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[0367] (Synthesis of Compound G-18)

[0368] Compound G-18 according to an embodiment was
synthesized by the following procedure.

[0369] Under an argon atmosphere, 3.0 g of Precursor
G-13a, 3.7 g of 4-bromo(4'-triphenylsilyl )biphenyl, 0.23 g of
Pd,(dba)s, 1.65 g of sodium t-butoxide and 100 mL oftoluene
were added to a 300 mL three-necked flask, and 0.35 ml of a
2 M toluene solution of (t-Bu),P was added thereto, followed
by stirring at about 80° C. for about 12 hours. After cooling in
the air, water was added, an organic layer was separated, and
solvents were distilled. The solid thus obtained was separated
by column chromatography to produce 6.1 g (yield 90%) of
the following Compound G-18 as a white solid.

[Formula 183]
G-18

SiPhs

[0370] Hereinafter, an organic electroluminescent device
manufactured using the above described Compound G-8 in a
hole transport layer according to Example 30 will be
explained.

[0371] The manufacture of the organic electroluminescent
device according to Example 30 according to an embodiment
was conducted by a vacuum deposition as for the organic
electroluminescent device of Example 1 and the following
procedure. First, with respect to an ITO-glass substrate pat-
terned and washed in advance, surface treatment using ozone
was conducted. In addition, the layer thickness of an ITO
layer was about 150 nm. Immediately after the ozone treat-
ment, a layer was formed using 2-TNATA as a hole injection
material (thickness of about 60 nm) on the ITO layer.

[0372] Then, a layer was formed using Compound G-8
according to an embodiment as a hole transport material
(about 30 nm), and a layer of ADN doped with TBP in a ratio
of about 3% was formed by a co-deposition (about 25 nm).

[0373] After that, a layer was formed using Alg, as an
electron transport material (about 25 nm), and LiF (about 1.0
nm) as an electron injection layer and aluminum (about 100
nm) as a cathode were laminated one by one to manufacture
the organic electroluminescent device 200 shown in FIG. 2.

[0374] As Example 31, an organic electroluminescent
device was manufactured by performing the same procedure
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described in Example 30 except for using Compound G-9
instead of Compound G-8 used in Example 30.
[Formula 184]
G-9

SiPhs

S8

[0375] As Example 32, an organic electroluminescent
device was manufactured by performing the same procedure
described in Example 30 except for using Compound G-13
instead of Compound G-8 used in Example 30.

[Formula 185]

G-13

SiMe;

>0

[0376] As Example 33, an organic electroluminescent
device was manufactured by performing the same procedure
described in Example 30 except for using Compound G-18
instead of Compound G-8 used in Example 30.
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[Formula 186]
G-18

SiPhs

Sl o

[0377] As Comparative Examples 16, 17 and 18, organic
electroluminescent devices were manufactured by perform-
ing the same procedure described in Example 30 except for
using Comparative Compounds 16, 17 and 18 represented in
the following as compounds constituting hole transport mate-
rials of the organic electroluminescent devices.

[Formula 187]

Comparative Compound 16

“

‘Q

Comparative Compound 17
SiPhy

N
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-continued
Comparative Compound 18

Q
- O
5

[0378] The driving voltage, the emission efficiency and the
halflife of the organic electroluminescent devices 200 manu-
factured in Examples 30 to 33 and Comparative Examples 16
to 18 were evaluated. In addition, emission efficiency means
values at about 10 mA/cm?, and half life means luminance
decrease time to half from an initial luminance of about 1,000
cd/m>. The evaluation results are shown in Table 8.

TABLE 8
Current
Hole transport ~ Voltage efficiency Tg
material V) (cd/A) Life (ht)  (°C)
Example 30 Compound G-8 7.5 8.9 4,900 112
Example 31 Compound G-9 8.1 7.2 2,500 119
Example 32 Compound G- 6.9 9.2 2,200 134
13
Example 33 Compound G- 7.5 9.2 4,900 127
18
Comparative Comparative 7.5 5.2 1,800 71
Example 16 Compound 16
Comparative Comparative 8.1 6.3 1,200 66
Example 17 Compound 17
Comparative Comparative 7.7 8.5 2,100 110
Example 18  Compound 18
[0379] According to Table 8, the organic electrolumines-

cent devices of Examples 30 to 33 have improved emission
efficiency and longer life than the organic electroluminescent
devices of Comparative Examples 16, 17 and 18.

[0380] Theamine derivative having a silyl group according
to an embodiment represented by General Formula (8) is
provided with a silyl group having electron tolerance and has
strong electron tolerance. In addition, since the amine deriva-
tive having a silyl group according to an embodiment has an
arylene group in which n is at least 2 in General Formula (7),
electron tolerance may be improved and hole transport prop-
erties may be improved, thereby realizing the improvement of
the emission efficiency and the long life of the organic elec-
troluminescent device. By using the amine derivative having
a silyl group according to an embodiment represented by
General Formula (8), the deterioration of the device due to
electrons intruded in the hole transport layer may be
restrained, hole transport properties may be improved, and
the improvement of the emission efficiency and the increase
of the life of the organic electroluminescent device may be
realized.

[0381] In the above-described Examples 30 to 33, the
amine derivative having a silyl group according to an embodi-
ment represented by General Formula (8), was used as the
hole transport material of the organic electroluminescent
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device as an embodiment; however, the use of the amine
derivative according to an embodiment is not limited to the
organic electroluminescent device, and may be expanded to
other luminescent devices or luminescent apparatus. In addi-
tion, the organic electroluminescent device using the amine
derivative having a silyl group according to an embodiment
represented by General Formula (8) may be used in an
organic electroluminescent display of a passive-matrix driv-
ing type, and they may be also used in an organic electrolu-
minescent display of an active-matrix driving type.

[0382] By way of summation and review, an organic elec-
troluminescent device including a plurality of layers having
different properties, such as an emission layer and a layer for
transporting carriers (holes and electrons) to the emission
layer, has been considered. To realize the improvement of the
emission properties and the long life of the organic electrolu-
minescent device, a hole transport layer having good hole
transporting capability and carrier tolerance is desired. From
this point of view, various hole transport materials have been
considered.

[0383] As materials used in each layer of an organic elec-
troluminescent device, various compounds such as an aro-
matic amine compound, etc. have been considered. For
example, a carbazole derivative has been considered as a hole
transport material or a hole injection material. In addition, an
amine compound having a terphenyl group has been consid-
ered as a hole transport material and a host material in an
emission layer. An amine compound having a fluorenyl group
has been considered as a hole transport material or a hole
injection material. An amine derivative having a dibenzofuryl
group has been considered as a hole transport material or a
host material of an emission layer. An amine derivative hav-
ing a silyl group has been considered as a hole transport
material. A carbazole derivative substituted with a condensed
ring has been considered. A triarylamine derivative has been
considered as a material of an emission layer or a hole injec-
tion transport material. A tri(p-terphenyl-4-yl)amine com-
pound has been considered as a hole transport material. A
diamine compound has been considered as a hole transport
material. An amine compound having a silyl group has been
considered as a material of an emission layer. An amine
compound having a silyl group has been considered as a
material of an electron inhibiting layer or a material of an
emission layer. However, the organic electroluminescent
devices using the above-described materials may not have
sufficient emission life, and an organic electroluminescent
device having higher efficiency, driven at a low voltage and
having long emission lifeis desired. Thus, the increase of life
is desired for an organic luminescent material for the appli-
cation of an organic electroluminescent device in a display
device. However, devices using the materials discussed here
in a hole injection layer or a hole transport layer may not
provide a desired level of tolerance, and the improvement of
the device life is desired.

[0384] As described above, an amine derivative according
to an embodiment may realize the improvement of the emis-
sion efficiency and the increase of the life of the organic
electroluminescent device, and may be used in various uses
suich as an organic electroluminescent display, lighting, etc.
[0385] Restraints on the device life of the organic electrolu-
minescent device may be due to, during the recombination of
holes and electrons near the interface of an emission layer and
a hole transport layer and emitting light, the intrusion of
electrons that have not participated in the recombination into
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the hole transport layer and the damage to a hole transport
material, which may detetiorate the device. As set forth in the
present disclosure, embodiments may provide an organic
electroluminescent device having improved life and an
organic luminescent material for realizing thereof by restrain-
ing the deterioration of the device due to electrons intruded
into a hole transport layer.

[0386] According to an embodiment, hole transport prop-
erties may be improved. Thus, the high efficiency, the low
driving voltage and the long life of an organic electrolumi-
nescent device may be realized.

[0387] According to an embodiment, the high efficiency
and the long life of an organic electroluminescent device may
be realized.

[0388] According to an embodiment, the amine derivative
is the compound of General Formula (1), in which Ar! is an
aryl group substituted with a silyl group exhibiting high elec-
tron tolerance, and electron tolerance may be improved, and
the improvement of the emission efficiency and the long life
of an organic electroluminescent device may be realized.
[0389] The amine derivative according to an embodiment
may introduce a dibenzofuryl group, and the electron toler-
ance thereof may be improved further, and the transition
temperature thereof may be elevated. Thus, the high effi-
ciency and the long life of an organic electroluminescent
device may be realized.

[0390] In the amine derivative according to an embodi-
ment, L. is not the single bond but a divalent connecting group,
and the conjugation system of it electrons of a whole mol-
ecule may be enlarged. Thus, hole transport properties may be
improved, and the stability of the molecule may be further
improved. In addition, the high efficiency, the low driving
voltage and the long life of an organic electroluminescent
device may be realized.

[0391] According to an embodiment, the improvement of
the emission efficiency, the decrease of the driving voltage
and the increase of the life of an organic electroluminescent
device may be realized.

[0392] According to an embodiment, an organic electrolu-
minescent device realizing the improvement of high effi-
ciency, the decrease of a driving voltage and the increase of
long life may be provided.

[0393] According to an embodiment, the high efficiency
and the long life of an organic electroluminescent device may
be realized. The dibenzofuryl group exhibits strong electron
tolerance and high planarity, and high glass transition tem-
perature thereof may be shown. Thus, the improvement of the
emission efficiency, the driving at a low voltage and the long
life of an organic electroluminescent device may be realized.
In addition, the improvement of layer forming properties may
be enhanced when manufacturing the organic electrolumi-
nescent device.

[0394] According to an embodiment, the dibenzofuryl
group is combined with L at position 3, thatis, with a nitrogen
atom (N) around an amine part, and the conjugation system of
it electrons in a whole molecule may be enlarged. Thus, the
improvement of hole transport properties may be enhanced,
and the improvement of the high efficiency and thelong life of
an organic electroluminescent device may be realized.
[0395] According to an embodiment, the fluorenyl group
may be combined with the amine part via the connecting
group L, and the conjugation system of it electrons may be
enlarged, and the hole transport properties and the stability of
amolecule may be improved. In addition, by introducing the
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fluorenyl group, the connecting group L of a substituted or
unsubstituted arylene group or a substituted or unsubstituted
heteroarylene group may be planarized, and the hole transport
properties of the amine derivative may be improved. Thus, the
improvement of the emission efficiency and the long life of an
organic electroluminescent device may be realized.

[0396] According to an embodiment, the fluorenyl group is
combined with a nitrogen atom (N) around an amine part at
position 2, and the conjugation system of it electrons in a
whole molecule may be enlarged. Thus, hole transport prop-
erties may be improved and the stability of the molecule may
be improved, and the high efficiency and the long life of an
organic electroluminescent device may be realized.

[0397] The amine derivative according to an embodiment
introduces a carbazolyl group, and hole transport properties
may be improved. By the combination of the carbazolyl
group with an amine part via the substituted or unsubstituted
arylene group or the substituted or unsubstituted het-
eroarylene group of L, the level of the highest occupied
molecular orbital (HOMO) may be controlled. Thus, the
improvement of the emission efficiency and the long life of an
organic electroluminescent device may be realized.

[0398] According to an embodiment, the carbazolyl group
is combined with L at position 2 or position 3, and the con-
jugation system of & electrons of a whole molecule may be
enlarged. Thus, hole transport properties may be improved,
and the stability of the molecule may be improved at the same
time. In addition, the improvement of the emission efficiency
and the long life of an organic electroluminescent device may
be realized.

[0399] The amine derivative according to an embodiment
introduces a carbazolyl group, and hole transport properties
may be improved. The carbazolyl group is combined with an
amine part via a connecting group L, and the level of HOMO
may be controlled. Thus, the improvement of the emission
efficiency and the long life of an organic electroluminescent
device may be realized.

[0400] In the amine derivative according to an embodi-
ment, Ar* in General Formula (1) is an ary] group substituted
with a silyl group exhibiting strong electron tolerance, and
electron tolerance of the amine derivative may be improved.
In addition, since General Formula (7) includes an arylene
group having n greater than or equal to 2, it electrons may be
enlarged, and good hole transport properties may be exhib-
ited. Thus, the amine derivative according to an embodiment
may realize an organic electroluminescent device having
improved emission efficiency and long life. In addition, since
the amine derivative according to an embodiment includes an
arylene group having n greater than or equal to 2 in General
Formula (7), the glass transition temperature (Tg) thereof
may be improved, and layer forming properties may be
improved. The preferable glass transition temperature of the
amine derivative may be greater than or equal to about 120° C.
in consideration of a manufacturing process.

[0401] R,,,R,,andR,;inGeneral Formula(5)areaphenyl
group in the amine derivative according to an embodiment,
and the glass transition temperature (Tg) thereof may be
improved, and layer forming properties may be improved.
[0402] Since o may be 0 or 1 in General Formula (5) in the
amine derivative according to an embodiment, the blocking
capability of electrons from the intrusion into a hole transport
layer may be increased, the deterioration of a hole transport
material may be restrained, and the long life of an organic
electroluminescent device may be realized.
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[0403] Since n may be 2 in General Formula (7) in the
amine derivative according to an embodiment, the electron
tolerance of the amine derivative may be improved further.
[0404] According to an embodiment, a material for an
organic electroluminescent device exhibiting strong electron
tolerance and good hole transport properties may be pro-
vided.

[0405] According to an embodiment, an organic electrolu-
minescence device having improved emission efficiency and
increased device life, and a material for an organic electrolu-
minescent device realizing thereof may be provided.

[0406] In the amine derivative according to an embodi-
ment, the connecting group L is the phenylene group, the
biphenylene group or the fluorenylene group, and the conju-
gation system of the 7 electrons of a whole molecule may be
enlarged and hole transport properties and the stability of the
molecule may be improved. The improvement of the emis-
sion efficiency and the long life of an organic electrolumines-
cent device may be realized.

[0407] 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 amine derivative represented by the following Gen-
eral Formula (1):

[Formula 1]

1 M
Ar
N
17 a2
AI3

wherein, in General Formula (1),

Ar', Ar* and Ar” are independently a substituted or unsub-
stituted aryl group or a substituted or unsubstituted het-
eroaryl group, at least one of Ar', Ar* and Ar® being
substituted with a substituted or unsubstituted silyl
group, and

L is a single bond, a substituted or unsubstituted arylene
group or a substituted or unsubstituted heteroarylene
group.

2. The amine derivative as claimed in claim 1, whetein at
least one of Ar', Ar® and Ar® is the substituted or unsubstituted
heteroaryl group.

3. The amine derivative as claimed in claim 1, wherein Ar*
and Ar® are independently the substituted or unsubstituted
aryl group.

4. The amine derivative as claimed in claim 2, wherein Ar!
and Ar? are independently a substituted or unsubstituted aryl
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group having 6 to 18 carbon atoms for forming a ring, and Ar®
is a substituted or unsubstituted dibenzoheterole group.

5. The amine derivative as claimed in claim 1, wherein the
silyl group is:

a triarylsilyl group where an aryl substituent at the silyl

group has 6 to 18 carbon atoms for forming a ring, or

a trialkylsilyl group where an alkyl substituent at the silyl

group has 1 to 6 carbon atoms.

6. The amine derivative as claimed in claim 1, wherein each
of Ar' and Ar? is substituted with a silyl group.

7. The amine derivative as claimed in claim 1, wherein each
of Ar', Ar* and Ar® is substituted with a silyl group.

8. The amine derivative having a silyl group as claimed in
claim 1, wherein L is a single bond or an arylene group having
6 to 14 carbon atoms for forming a ring.

9. The amine derivative as claimed in claim 4, wherein Ar®
is a substituted or unsubstituted dibenzofuryl group.

10. The amine derivative as claimed in claim 9, wherein L
is not the single bond.

11. The amine derivative as claimed in claim 10, wherein L
is a phenylene group, and the dibenzofuryl group is combined
with L at position 3 of the dibenzofuryl group.

12. The amine derivative as claimed in claim 11, wherein
the amine derivative represented by General Formula (1) is a
compound represented by the following General Formula (2):

[Formula 2]

Q‘ Q

13. The amine derivative as claimed in claim 1, wherein Ar*
and Ar? are independently a substituted or unsubstituted aryl
group or a substituted or unsubstituted heteroaryl group, at
least one of Ar' and Ar? being substituted with a substituted or
unsubstituted silyl group, Ar’ is a substituted or unsubstituted
dibenzofuryl group, and L is a single bond.

14. The amine derivative as claimed in claim 13, wherein
the dibenzofuryl group is combined with L at position 3 of the
dibenzofuryl group.

15. The amine derivative as claimed in claim 1, wherein Ar*
and Ar” are independently a substituted or unsubstituted aryl
group or a substituted or unsubstituted heteroaryl group, at
least one of Ar' and Ar? is substituted with a substituted or
unsubstituted silyl group, Ar® is a substituted or unsubstituted
carbazolyl group, and L is a substituted or unsubstituted
arylene group or a substituted or unsubstituted heteroarylene

group.
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16. The amine derivative as claimed in claim 1, wherein Ar®
is a substituted or unsubstituted fluorenyl group, and L. is a
single bond, and the amine derivative is represented by the
following General Formula (3):

©)

17. The amine derivative as claimed in claim 16, wherein
the substituent of the fluorenyl group is independently a sub-
stituted or unsubstituted alkyl group, a substituted or unsub-
stituted aryl group, or a substituted or unsubstituted het-

eroaryl group.
18. The amine derivative as claimed in claim 16, wherein

the fluorenyl group is combined with L at position 2 of the
fluorenyl group.

19. The amine derivative as claimed in claim 16, wherein
Ar' and Ar* are independently a substituted or unsubstituted

aryl group.

20. The amine derivative as claimed in claim 16, wherein
Ar" is a substituted or unsubstituted aryl group and Ar* is a
substituted or unsubstituted dibenzoheterole group.

21. The amine derivative as claimed in claim 16, wherein
one of Ar' and Ar? is substituted with a substituted or unsub-
stituted silyl group.

22. The amine derivative as claimed in claim 16, wherein
the silyl group is:

a triarylsilyl group where an aryl substituent at the silyl
group has 6 to 18 carbon atoms for forming a ring, or

a trialkylsilyl group where an alkyl substituent at the silyl
group has 1 to 6 carbon atoms.

23. The amine derivative as claimed in claim 1, wherein Ar*
and Ar? are independently a substituted or unsubstituted aryl
group or a substituted or unsubstituted heteroaryl group, at
least one of Ar' and Ar® being substituted with a substituted or
unsubstituted silyl group, Ar’ is a substituted or unsubstituted
carbazolyl group, and T is a substituted or unsubstituted
arylene group or a substituted or unsubstituted heteroarylene
group.

24. The amine derivative as claimed in claim 23, wherein

the substituted or unsubstituted carbazolyl group is combined
with L at position 2 or position 3 of the carbazolyl group.

25. The amine derivative as claimed in claim 1, wherein Ar!
and Ar” are independently a substituted or unsubstituted aryl
group or a substituted or unsubstituted heteroaryl group, at
least one of Ar' and Ar” being substituted with a substituted or
unsubstituted silyl group, Ar’ is a substituted or unsubstituted
carbazolyl group, and L is a substituted or unsubstituted
arylene group or a substituted or unsubstituted heteroarylene
group, and the amine derivative is represented by the follow-
ing General Formula (4):
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@

wherein, in the above General Formula (4), R* to R® are a
hydrogen atom, a substituted or unsubstituted aryl group
having 6 to 30 carbon atoms for forming a ring, a sub-
stituted or unsubstituted heteroaryl group having 5 to 30
carbon atoms for forming a ring, a substituted or unsub-
stituted alkyl group having 1 to 15 carbon atoms, a
substituted or unsubstituted silyl group, a cyano group, a
halogen atom, or a deuterium atom.

26. The amine derivative as claimed in claim 25, wherein
two or more of R* to R® are combined to each other to form a
saturated or unsaturated ring.

27.The amine derivative as claimed in claim 26, wherein L
is a phenylene group, a biphenylene group or a fluorenylene
group.

28. The amine derivative as claimed in claim 27, wherein
Ar' and Ar* are an aryl group having 6 to 12 carbon atoms for
forming a ring when L is the fluorenylene group.

29. The amine derivative as claimed in claim 1, wherein Ar*
is an aryl group substituted with a silyl group and represented
by the following General Formula (5), Ar? is a substituted or
unsubstituted aryl group having 6 to 30 carbon atoms for
forming a ring, Ar’ is an aryl group represented by the fol-
lowing General Formula (6), and L is an arylene group rep-
resented by the following General Formula (7):

)

/SiRllRuRls
7 | (\\
| L\~

(©)

™

wherein,

in the above General Formula (5), o is an integer satisfying
the relation of 0=0=<2, R,,, R, and R, are indepen-
dently an alkyl group having 1 to 15 carbon atoms, a
substituted or unsubstituted aryl group having 6 to 30
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carbon atoms for forming a ring, or a heteroaryl group
having 1 to 30 carbon atoms for forming a ring,
in the above General Formula (6), each R, is independently
ahydrogen atom, a halogen atom, an alkyl group having
1 to 15 carbon atoms, a substituted or unsubstituted aryl
group having 6 to 30 carbon atoms for forming a ring,
and m is an integer satisfying the relation of 0=m=5, and
in the above General Formula (7), each R,, is indepen-
dently a hydrogen atom, a halogen atom, an alkyl group
having 1 to 15 carbon atoms, a substituted or unsubsti-
tuted aryl group having 6 to 30 carbon atoms for forming
aring, 1is an integer satisfying the relation of0<l<4, and
n is an integer satisfying the relation of 2<n<5.
30. The amine derivative as claimed in claim 29, wherein
R, ., R,;and R ; are each a phenyl group.
31. The amine derivative as claimed in claim 30, wherein o
isOor 1.
32. The amine derivative as claimed in claim 31, wherein n
is 2.
33. A material for an organic electroluminescent device,
the material comprising the amine derivative represented by
the following General Formula (1):

[Formula 1]

1)
A

|

N
3/L/ a2
Ar

wherein, in General Formula (1),

Ar', Ar® and Ar® are independently a substituted or unsub-
stituted aryl group or a substituted or unsubstituted het-
eroaryl group, at least one of Ar', Ar* and Ar® being
substituted with a substituted or unsubstituted silyl
group, and

L is a single bond, a substituted or unsubstituted arylene
group or a substituted or unsubstituted heteroarylene
group.

34. The material for an organic electroluminescent device
as claimed in claim 33, wherein Ar” is a substituted or unsub-
stituted fluorenyl group, and L is a single bond, and the amine
derivative is represented by the following General Formula

©F

&)
Al‘l

N
N2
I Ar,
Y

/

e

35. The material for an organic electroluminescent device
as claimed in claim 34, wherein the material for an organic
electroluminescent device is a hole transport material.

36. The material for an organic electroluminescent device
as claimed in claim 33, wherein Ar' is an aryl group substi-
tuted with a silyl group and represented by the following
General Formula (5), Ar? is a substituted or unsubstituted aryl
group having 6 to 30 carbon atoms for forming a ring, Ar’ is
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an aryl group represented by the following General Formula
(6), and L is an arylene group represented by the following
General Formula (7):

®)

/SiRanle;
2N A
| N~

©

™

wherein,

in the above General Formula (5), o is an integer satisfying
the relation of 0=0<2, R,,, R, and R 5 are indepen-
dently an alkyl group having 1 to 15 carbon atoms, a
substituted or unsubstituted aryl group having 6 to 30
carbon atoms for forming a ring, or a heteroaryl group
having 1 to 30 carbon atoms for forming a ring,

inthe above General Formula (6), each R, is independently

ahydrogen atom, a halogen atom, an alkyl group having
1to 15 carbon atoms, a substituted or unsubstituted aryl
group having 6 to 30 carbon atoms for forming a ring,
and m is an integer satisfying the relation of Osm=5, and
in the above General Formula (7), each R, is indepen-
dently a hydrogen atom, a halogen atom, an alkyl group
having 1 to 15 carbon atoms, a substituted or unsubsti-
tuted aryl group having 6 to 30 carbon atoms for forming
aring, 1 is an integer satisfying the relation of O<l<4, and
n is an integer satisfying the relation of 2<n<5.
A material for an organic electroluminescent device compris-
ing the amine derivative as claimed in claim 42.

37. An organic electroluminescent device comprising the
amine derivative at least in an emission layer and in one layer
of laminated layers between the emission layer and an anode,
wherein the amine derivative represented by the following
General Formula (1):

[Formula 1]

49)
Arl
|
N
3 /L/ a2
Ar

wherein, in General Formula (1),

Ar', Ar? and Ar’ are independently a substituted or unsub-
stituted aryl group or a substituted or unsubstituted het-
eroaryl group, at least one of Ar', Ar* and Ar’ being
substituted with a substituted or unsubstituted silyl
group, and
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L is a single bond, a substituted or unsubstituted arylene
group or a substituted or unsubstituted heteroarylene
group.

38. The electroluminescent device comprising the amine
derivative as claimed in claim 37, wherein Ar* and Ar® are
independently a substituted or unsubstituted aryl group or a
substituted or unsubstituted heteroaryl group, at least one of
Ar' and Ar® being substituted with a substituted or unsubsti-
tuted silyl group, Ar’ is a substituted or unsubstituted diben-
zofuryl group, and L. is a single bond.

39. The organic electroluminescent device comprising the
amine derivative as claimed in claim 37, wherein Ar! and Ar®
are independently a substituted or unsubstituted aryl group or
asubstituted or unsubstituted heteroaryl group, at least one of
Ar' and Ar is substituted with a substituted or unsubstituted
silyl group, Ar® is a substituted or unsubstituted carbazolyl
group, and L, is a substituted or unsubstituted arylene group or
a substituted or unsubstituted heteroarylene group.

40. The organic electroluminescent device further com-
prising a hole transport layer disposed between a cathode and
the anode, wherein the hole transport layer includes the amine
derivative as claimed in claim 37, wherein Ar? is a substituted
or unsubstituted fluorenyl group, and L is a single bond, and
the amine derivative is represented by the following General
Formula (3):

&)
Al‘l

N
SN
\L Arc,
>

/

e

41. The organic electroluminescent device comprising the
amine derivative as claimed in claim 37, wherein Ar' and Ar*
are independently a substituted or unsubstituted aryl group or
asubstituted or unsubstituted heteroaryl group, at least one of
Ar' and Ar® being substituted with a substituted or unsubsti-
tuted silyl group, Ar’ is a substituted or unsubstituted carba-
zolyl group, and L is a substituted or unsubstituted arylene
group or a substituted or unsubstituted heteroarylene group.

42. The organic electroluminescent device comprising the
amine derivative as claimed in claim 37, wherein Ar' and Ar®
are independently a substituted or unsubstituted aryl group or
asubstituted or unsubstituted heteroaryl group, at least one of
Ar' and Ar? being substituted with a substituted or unsubsti-
tuted silyl group, Ar® is a substituted or unsubstituted carba-
zolyl group, and L is a substituted or unsubstituted arylene
group or a substituted or unsubstituted heteroarylene group,
and the amine derivative is represented by the following Gen-
eral Formula (4):

*
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wherein, in the above General Formula (4), R* to R® are a
hydrogen atom, a substituted or unsubstituted aryl group
having 6 to 30 carbon atoms for forming a ring, a sub-
stituted or unsubstituted heteroaryl group having 5 to 30
carbon atoms for forming a ring, a substituted or unsub-
stituted alkyl group having 1 to 15 carbon atoms, a
substituted or unsubstituted silyl group, a cyano group, a
halogen atom, or a deuterium atom.

43. The organic electroluminescent device comprising the
material for an organic electroluminescent device in one layer
of laminated layers disposed between the emission layer and
the anode, wherein Ar' is an aryl group substituted with a silyl
group and represented by the following General Formula (5),
Ar*is a substituted or unsubstituted aryl group having 6 to 30
carbon atoms for forming a ring, Ar® is an aryl group repre-
sented by the following General Formula (6), and L is an
arylene group represented by the following General Formula

(@

. ®)
SiRiRpR3

(©)

\ |/

Rg)m

™

wherein,

in the above General Formula (5), o is an integer satisfying
the relation of 0=<0<2, R,,, R, and R 5 are indepen-
dently an alkyl group having 1 to 15 carbon atoms, a
substituted or unsubstituted aryl group having 6 to 30
carbon atoms for forming a ring, or a heteroaryl group
having 1 to 30 carbon atoms for forming a ring,

in the above General Formula (6), each R, is independently
a hydrogen atom, a halogen atom, an alkyl group having
1 to 15 carbon atoms, a substituted or unsubstituted aryl
group having 6 to 30 carbon atoms for forming a ring,
and m is an integer satisfying the relation of 0=m=<5, and

in the above General Formula (7), each R,, is indepen-
dently a hydrogen atom, a halogen atom, an alkyl group
having 1 to 15 carbon atoms, a substituted or unsubsti-
tuted aryl group having 6 to 30 carbon atoms for forming
aring, 1 is an integer satisfying the relation of O<l<4, and
n is an integer satisfying the relation of 2<n<5.
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