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(57) ABSTRACT

A compound represented by the following Formula (1) is
useful as an electron transport material of an organic EL
device, and an organic EL device comprising the compound
in the electron transport layer is long in life, and low in drive
voltage:

n

wherein G is an n-valent link, n is an integer of 2 to 4; R* to R*
are each independently hydrogen, a monovalent group, or a
free valency bonded with G, and R® to R® are each indepen-
dently hydrogen or a monovalent group, and one of R* to R*
is a free valency bonded with G; and n groups of 2,3'-bipy-
ridyl may be the same or different with each other.
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ELECTRON TRANSPORT MATERIAL AND
ORGANIC ELECTROLUMINESCENT
DEVICE USING THE SAME

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The invention relates to a novel electron transport
material having a 2,3'-bipyridyl group, and an organic elec-
troluminescent device (hereinafter abbreviated as an organic
EL device, or merely as a device occasionally) using the
above electron transport material.

[0003] 2. Related Art

[0004] In recent years, attentions are paid to an organic EL
device as a full color flat panel display in the subsequent
generation, and the organic EL device has been actively
researched. In order to accelerate practical use of the organic
EL device, reduction of voltage for driving a device and long
life are an essential element, and a new electron transport
material has been developed to achieve the above perfor-
mances. In JP 2003-123983 A/2003 (:Patent document 1), an
art is described that an organic EL device can be driven at low
voltage by using a phenanthroline derivative for an electron
transport material, and that an organic EL device can be
driven at low voltage also by using a 2,2'-bipyridyl compound
as an analog of the phenanthroline for an electron transport
material in a similar manner. However, characteristics (e.g.
drive voltage, emission efficiency) of the device which are
reported in Examples of the above document are only a rela-
tive value based on Comparative example, and an actual mea-
surement which can be judged to be a practically applicable
value is not described. Additionally, an example where a
2,2'-bipyridyl compound is used for an electron transport
material is disclosed in Proceedings of the 107 International.
Workshop on Inorganic and Organic Electroluminescence
(:Non-patent document 1), JP 2002-158093 A/2002 (:Patent
document 2), and JP H11-514143 A/1999 (:Patent document
3). The 2,2"-bipyridyl compound described in Non-patent
document 1 is low in glass transition temperature (hereinafter
abbreviated as Tg), and not practically applicable. When the
2,2'-bipyridyl compound described in Patent document 2 is
used for an organic EL device, the organic EL device can be
driven at relatively low voltage, however, further decrease in
voltage is desired for practical use. A specific compound is
not shown in Patent document 3.

[0005] Patent document 1: JP 2003-123983 A/2003
[0006] Patent document 2: JP 2002-158093 A/2002
[0007] Patent document 3: JP H11-514143 A/1999

[0008] Non-patent document 1: Proceedings of the 107
International Workshop on Inorganic and Organic Elec-
troluminescence.

DISCLOSURE OF THE INVENTION
Problems to be Solved by the Invention

[0009] The present invention has been made in light of the
problems involved in such conventional techniques as
described above, and an object of the present invention is to
provide an electron transport material contributing to reduc-
tion of drive voltage and long life in an organic EL device.
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Further, an object of the present invention is to provide an
organic EL device using the above electron transport mate-
rial.

Means for Solving the Problems

[0010] Intensive investigations repeated by the present
inventors have resulted in finding that an organic EL, device
which has high luminance and long life and which can be
driven at low voltage can be obtained by using a compound
having 2,3'-bipyridyl for an electron transport layer of the
organic EL. device, and they have completed the present
invention based on the above knowledge.

[0011] The problems described above are solved by the
respective items shown below.

[1] A compound represented by the following Formula (1):

@

n

wherein G is an n-valent link, not a single bond, n is an integer
of2 to 4;

R' to R* are each independently hydrogen, a monovalent
group, or a free valency bonded with G, R® to R® are each
independently hydrogen or a monovalent group, and one of
R' to R* is a free valency bonded with G; and n groups of
2,3'-bipyridyl may be the same or different with each other.
[2] The compound as described in the above item 1, wherein
one of R' to R, is a free valency bonded with G, and others are
hydrogen, and R® to R® are each independently hydrogen.
[3] The compound as described in the above item 2, wherein
the compound is represented by the following Formula (2):

@
N, N
x =
G N R® R N. N
z N
Y . \:/
R2 x R R4 a RIS
R RIS

wherein G is one selected from a group consisting of groups
represented by the following Formulas (G1) to (G3); one of
R® to R'? is a free valency bonded with G, and others are
hydrogen; and one of R'? to R'% is a free valency bonded with
G, and others are hydrogen:

-Gl (G1)
-G-G'- (G2)
-GLalgh (G3)
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wherein G' is independently a divalent group derived from
one selected from a group consisting of compounds repre-
sented by the following Formulas (A-1) to (A-20) and For-
mulas (B-1) to (B-42):
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4
-continued -continued
(B-20) N N (B-32)
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N N/ N NP
(B-21) (B-33)
0 e
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| AN XN / N AN
NP N~
N N
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(B-29) (B-41)
N S
e )
< N
N
N N (B-30) N (B-42)
| XN / N~ ﬁ
NS =N\
(B-31)
N7 wherein R is independently hydrogen, methyl, ethyl, hexyl,
L cyclohexyl, phenyl, 1-naphthyl, or 2-naphthyl; and a divalent
N group derived from one selected from a group consisting of

compounds represented by Formulas (A-1) to (A-20) and
Formulas (B-1) to (B-42) may have a substituent on a position
other than an atom having a free valency.
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[4] The compound as described in the above item 3, wherein
the compound is represented by the following Formula (2-1):

@1

wherein a definition of G is the same with the definition of G
in the Formula (2).

[5] The compound as described in the above item 4, wherein
G is a link represented by Formula (G1), wherein G is a
divalent group derived from one selected from a group con-
sisting of compounds represented by Formulas (A-1) to
(A-20), and the above divalent group may have a substituent.
[6] The compound as described in the above item 4, wherein
G is a link represented by Formula (G1), wherein. G' is a
divalent group derived from one selected from a group con-
sisting of compounds represented by Formulas (A-1) to
(A-10), and the above divalent group may have a substituent.
[7] The compound as described in the above item 4, wherein
G is a link represented by Formula (G1), wherein G* is one
selected from a group consisting of divalent groups repre-
sented by the following Formulas (C-1) to (C-15):

(&)

(€2

(&)

-continued
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-continued

(C-11)

(C-12)

(C-13)

(C-14)

(C-15)

wherein R is independently hydrogen, methyl, ethyl, hexyl,
cyclohexyl, phenyl, 1-naphthyl, or 2-naphthyl; and a divalent
group represented by Formulas (C-1) to (C-15) may have a
substituent on a position other than an atom having a free
valency.

[8] The compound as described in the above item 4, wherein
G is alink represented by Formula (G2), wherein G is a same
divalent group derived from one selected from a group con-
sisting of compounds represented by Formulas (A-1) to
(A-20) and Formulas (B-1) to (B-42), and the above divalent
group may have a substituent.

[0012] [9] The compound as described in the above item 4,
wherein G is a link represented by Formula (G2), wherein G*
is a same divalent group derived from one selected from a
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group consisting of compounds represented by Formulas
(A-1) to (A-10), and the above divalent group may have a
substituent.

[10] The compound as described in the above item 4, wherein
G isa link represented by Formula (G2), wherein G' is a same
group selected from a group consisting of divalent groups
represented by the following Formulas (C-1) to (C-5):

(&)

Saadiecs

C0

wherein R is independently hydrogen, methyl, ethyl, hexyl,
cyclohexyl, phenyl, 1-naphthyl, or 2-naphthyl; and a divalent
group represented by Formulas (C-1) to (C-5) may have a
substituent on a position other than an atom having a free
valency.

[0013] [11]Thecompoundas described in the aboveitem 4,
wherein G is a link represented by the following Formulas
(G3-1) to (G-3-3):

_GlB.GlB.GlB. (G3-1)
_GHA.GB Gl (G3-2)
_GlB.GglAGlB. (G3-3)
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wherein G'# is independently a divalent group derived from
one selected from a group consisting of compounds repre-
sented by Formulas (A-1) to (A-20), and the above divalent
group may have a substituent; and G'7 is independently a
divalent group derived from one selected from a group con-
sisting of compounds represented by Formulas (B-1) to
(B-42), and the above divalent group may have a substituent.
[12] The compound as described in the above item 11,
wherein G is a link represented by Formula (G3-1); and G*°
is a same group selected from a group consisting of divalent
groups represented by the following Formulas (D-1) to
(D-15):

(D-1)
(D-2)
D-3)
f
W,
iiiig:
D-5)
D-6)
®-7)
(D-8)
Ao
N D-9)
A
wy
(D-10)
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wherein R is independently hydrogen, methyl, ethyl, hexyl,
cyclohexyl, phenyl, 1-naphthyl, or 2-naphthyl; and a divalent
group represented by Formulas (D-1) to (D-15) may have a
substituent on a position other than an atom having a free
valency.

[13] The compound as described in the above item 11,
wherein G is a link represented by Formula (G3-2); and G4
is a same group selected from a group consisting of divalent
groups represented by Formulas (C-1) to (C-5), and G'? is a
same group selected from a group consisting of divalent
groups represented by Formulas (D-1) to (D-15).

[14] The compound as described in the above item 11,
wherein G is a link represented by Formula (G3-3); and G4
is one selected from a group consisting of divalent groups
represented by Formulas (C-1) to (C-5), and G'Z is a same
group selected from a group consisting of divalent groups
represented by Formulas (D-1) to (D-15).

[15] The compound as described in the above item 11,
wherein G is a link represented by the following Formula
(G3-4):

_GlB2. GBI GlB2_ (G3-4)

wherein G'#* is one selected from a group consisting of
divalent groups represented by Formulas (D-1) to (D-9), and
G'#2 is a same group selected from a group consisting of
divalent groups represented by Formulas (D-1) to (D-15).

[16] The compound as described in the above item 3, wherein
the compound is represented by the following Formula (2-2):

2-2)

wherein a definition of G is the same with the definition of G
in Formula (2).
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[17] The compound as described in the above item 16,
wherein G is a link represented by Formula (G1), wherein G*
is a divalent group derived from one selected from a group
consisting of compounds represented by Formulas (A-1) to
(A-20), and the above divalent group may have a substituent.

[18] The compound as described in the above item 16,
wherein G is a link represented by Formula (G1), wherein G*
is a divalent group derived from one selected from a group
consisting of compounds represented by Formulas (A-1) to
(A-10), and the above divalent group may have a substituent.

[19] The compound as described in the above item 16,
wherein G is a link represented by Formula (G1), wherein G*
is one selected from a group consisting of divalent groups
represented by Formulas (C-1) to (C-15).

[20] The compound as described in the above item 16,
wherein G is a link represented by Formula (G2), wherein G*
is a same divalent group derived from one selected from a
group consisting of compounds represented by Formulas
(A-1) to (A-20) and Formulas (B-1) to (B-42), and the above
divalent group may have a substituent.

[21] The compound as described in the above item 16,
wherein G is a link represented by Formula (G2), wherein G*
is a same divalent group derived from one selected from a
group consisting of compounds represented by Formulas
(A-1) to (A-10), and the above divalent group may have a
substituent.

[22] The compound as described in the above item 16,
wherein G is a link represented by Formula (G2), wherein G*
is a same group selected from a group consisting of divalent
groups represented by Formulas (C-1) to (C-5).

[23] The compound as described in the above item 16,

wherein G is a link represented by the following Formulas
(G3-1) to (G3-3):

_GB.GE_GIB. (G3-1)
_Gl.GlB Gla (G3-2)
_GlB.Gl4.GlB. (G3-3)

wherein G'# is independently a divalent group derived from
one selected from a group consisting of compounds repre-
sented by Formulas (A-1) to (A-20), and the above divalent
group may have a substituent; and G'Z is independently a
divalent group derived from one selected from a group con-
sisting of compounds represented by Formulas (B-1) to
(B-42), and the above divalent group may have a substituent.

[24] The compound as described in the above item 23,
wherein G is a link represented by Formula (G3-1); and G*Z
is a same group selected from a group consisting of divalent
groups represented by Formulas (D-1) to (D-15).

[25] The compound as described in the above item 23,
wherein G is a link represented by Formula (G3-2); and G
is a same group selected from a group consisting of divalent
groups represented by Formulas (C-1) to (C-5), and G'% is
one selected from a group consisting of divalent groups rep-
resented by Formulas (D-1) to (D-15).

[26] The compound as described in the above item 23,
wherein G is a link represented by Formula (G3-3); and G
is one selected from a group consisting of divalent groups
represented by Formulas (C-1) to (C-5), and G'Z is a same
group selected from a group consisting of divalent groups
represented by Formulas (D-1) to (D-15).
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[0014] The compound as described in the above item 23,
wherein G is a link represented by the following Formula
(G3-4):

_GB2.GlBl 182 (G3-4)

wherein G'® is one selected from a group consisting of diva-
lent groups represented by Formulas (D-1) to (D-9), and G'&2
is a same group selected from a group consisting of divalent
groups represented by Formulas (D-1) to (D-15).

[28] The compound as described in the above item 3, wherein
the compound is represented by the following Formula (2-3):

2-3)

N /N

N/ T\

wherein a definition of G is the same with the definition of G
in Formula (2).

[29] The compound as described in the above item 28,
wherein G is a link represented by Formula (G1), wherein G*
is a divalent group derived from one selected from a group
consisting of compounds represented by Formulas (A-1) to
(A-20), and the above divalent group may have a substituent.
[30] The compound as described in the above item 28,
wherein G is a link represented by Formula (G1), wherein G*
is a divalent group derived from one selected from a group
consisting of compounds represented by Formulas (A-1) to
(A-10), and the above divalent group may have a substituent.
[31] The compound as described in the above item 28,
wherein G is a link represented by Formula (G1), wherein G*
is one selected from a group consisting of divalent groups
represented by Formulas (C-1) to (C15).

[32] The compound as described in the above item 28,
wherein G is a link represented by Formula (G2), wherein G*
is a same divalent group derived from one selected from a
group consisting of compounds represented by Formulas
(A-1) to (A-20) and Formulas (B-1) to (B-42), and the above
divalent group may have a substituent.

[33] The compound as described in the above item 28,
wherein G is a link represented by Formula (G2), wherein G*
is a same divalent group derived from one selected from a
group consisting of compounds represented by Formulas
(A-1) to (A-10), and the above divalent group may have a
substituent.

[0015] [34] The compound as described in the above item
28, wherein G is a link represented by Formula (G2), wherein
G' is a same group selected from a group consisting of diva-
lent groups represented by Formulas (C-1) to (C-5), and the
above divalent group may have a substituent.

[35] The compound as described in the above item 28,
wherein G is a link represented by the following Formulas
(G3-1) to (G3-3):

_GlB.GlB.GlB. (G3-1)
_GHA.GB Gl (G3-2)
_GlB.GglAGlB. (G3-3)
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wherein G'# is independently a divalent group derived from
one selected from a group consisting of compounds repre-
sented by Formulas (A-1) to (A-20), and the above divalent
group may have a substituent; and G'Z is independently a
divalent group derived from one selected from a group con-
sisting of compounds represented by Formulas (B-1) to
(B-42), and the above divalent group may have a substituent.
[36] The compound as described in the above item 35,
wherein G is a link represented by Formula (G3-1); and G'#
is a same group selected from a group consisting of divalent
groups represented by Formulas (D-1) to (D-15).

[37] The compound as described in the above item 35,
wherein G is a link represented by Formula (G3-2); and G4
is a same group selected from a group consisting of divalent
groups represented by Formulas (C-1) to (C-5), and G'% is
one selected from a group consisting of divalent groups rep-
resented by Formulas (D-1) to (D-15).

[38] The compound as described in the above item 35,
wherein G is a link represented by Formula (G3-3); and G
is one selected from a group consisting of divalent groups
represented by Formulas (C-1) to (C-5), and G'% is a same
group selected from a group consisting of divalent groups
represented by Formulas (D-1) to (D-15).

[39] The compound as described in the above item 35,
wherein G is a link represented by the following Formula
(G3-4):

_GlB2 GBI Gl1B2. (G3-4)

wherein G'#' is one selected from a group consisting of
divalent groups represented by Formulas (D-1) to (D-9), and
G'52 is a same group selected from a group consisting of
divalent groups represented by Formulas (D-1) to (D-15).

[40] The compound as described in the above item 3, wherein
the compound is represented by the following Formula (2-4):

@4

wherein a definition of G is the same with the definition of G
in Formula (2).

[0016] [41] The compound as described in the above item
40, wherein G is a link represented by Formula (G1), wherein
G' is a divalent group derived from one selected from a group
consisting of compounds represented by Formulas (A-1) to
(A-20), and the above divalent group may have a substituent.
[42] The compound as described in the above item 40,
wherein G is a link represented by Formula (G1), wherein G*
is a divalent group derived from one selected from a group
consisting of compounds represented by Formulas (A-1) to
(A-10), and the above divalent group may have a substituent.
[43] The compound as described in the above item 40,
wherein G is a link represented by Formula (G1), wherein G*
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is one selected from a group consisting of divalent groups
represented by Formulas (C-1) to (C15).

[44] The compound as described in the above item 40,
wherein G is a link represented by Formula (G2), wherein G*
is a same divalent group derived from one selected from a
group consisting of compounds represented by Formulas
(A-1) to (A-20) and Formulas (B-1) to (B-42), and the above
divalent group may have a substituent.

[45] The compound as described in the above item 40,
wherein G is a link represented by Formula (G2), wherein G*
is a same divalent group derived from one selected from a
group consisting of compounds represented by Formulas
(A-1) to (A-10), and the above divalent group may have a
substituent.

[46] The compound as described in the above item 40,
wherein G is a link represented by Formula (G2), wherein G*
is a same group selected from a group consisting of divalent
groups represented by Formulas (C-1) to (C-5).

[47] The compound as described in the above item 40,

wherein G is a link represented by the following Formulas
(G3-1) to (G3-3):

_GB.GB.GIB. (G3-1)
_GHGB.GlA (G3-2)
_GE.GH_GIE. (G3-3)

wherein G is independently a divalent group derived from
one selected from a group consisting of compounds repre-
sented by Formulas (A-1) to (A-20), and the above divalent
group may have a substituent; and G'Z is independently a
divalent group derived from one selected from a group con-
sisting of compounds represented by Formulas (B-1) to
(B-42), and the above divalent group may have a substituent.

[48] The compound as described in the above item 47,
wherein G is a link represented by Formula (G3-1); and G'Z
is a same group selected from a group consisting of divalent
groups represented by Formulas (D-1) to (D-15).

[49] The compound as described in the above item 47,
wherein G is a link represented by Formula (G3-2); and G4
is one selected from a group consisting of divalent groups
represented by Formulas (C-1) to (C-5), and G'Z is a same
group selected from a group consisting of divalent groups
represented by Formulas (D-1) to (D-15).

[50] The compound as described in the above item 47,
wherein G is a link represented by Formula (G3-3); and G'*
is one selected from a group consisting of divalent groups
represented by Formulas (C-1) to (C-5), and G'Z is a same
group selected from a group consisting of divalent groups
represented by Formulas (D-1) to (D-15).

[51] The compound as described in the above item 47,
wherein G is a link represented by the following Formula
(G3-4):

_GlB2_ 1Bl 182 (G3-4)

wherein G'#* is one selected from a group consisting of
divalent groups represented by Formulas (D-1) to (D-9), and
G'#2 is a same group selected from a group consisting of
divalent groups represented by Formulas (D-1) to (D-15).
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[52] The compound as described in the above item 3, wherein
the compound is represented by the following Formula (2-5):

-5

wherein a definition of G is the same with the definition of G
in Formula (2).

[53] The compound as described in the above item 52,
wherein G is a link represented by Formula (G1), wherein G*
is a divalent group derived from one selected from a group
consisting of compounds represented by Formulas (A-1) to
(A-20), and the above divalent group may have a substituent.
[54] The compound as described in the above item 52,
wherein G is a link represented by Formula (G1), wherein G*
is a divalent group derived from one selected from a group
consisting of compounds represented by Formulas (A-1) to
(A-10), and the above divalent group may have a substituent.
[55] The compound as described in the above item 52,
wherein G is a link represented by Formula (G1), wherein G*
is one selected from a group consisting of divalent groups
represented by Formulas (C-1) to (C17).

[56] The compound as described in the above item 3, wherein
the compound is represented by the following Formula (2-6):

2-6)

wherein a definition of G is the same with the definition of G
in Formula (2):

[57] The compound as described in the above item 56,
wherein. G is a link represented by Formula (G1), wherein G*
is a divalent group derived from one selected from a group
consisting of compounds represented by Formulas (A-1) to
(A-20), and the above divalent group may have a substituent.

[58] The compound as described in the above item 56,
wherein G is a link represented by Formula (G1), wherein G*
is a divalent group derived from one selected from a group
consisting of compounds represented by Formulas (A-1) to
(A-10), and the above divalent group may have a substituent.

[59] The compound as described in the above item 56,
wherein G is a link represented by Formula (G1), wherein G*
is one selected from a group consisting of divalent groups
represented by Formulas (C-1) to (C17).
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[60] The compound as described in the above item 3, wherein
the compound is represented by the following Formula (2-7):

@7
/N

N N=—

\ G _N
St \_J

wherein a definition of G is the same with the definition of G
in Formula (2).

[61] The compound as described in the above item 60,
wherein G is a link represented by Formula (G1), wherein G*
is a divalent group derived from one selected from a group
consisting of compounds represented by Formulas (A-1) to
(A-20), and the above divalent group may have a substituent.
[62] The compound as described in the above item 60,
wherein G is a link represented by Formula (G1), wherein G*
is a divalent group derived from one selected from a group
consisting of compounds represented by Formulas (A-1) to
(A-10), and the above divalent group may have a substituent.
[63] The compound as described in the above item 60,
wherein G is a link represented by Formula (G1), wherein G*
is one selected from a group consisting of divalent groups
represented by Formulas (C-1) to (C17).

[64] The compound as described in the above item 2, wherein
the compound is represented by the following Formula (3):

€)
N, N,
| X Z
/ \
R2 R

wherein G is a group represented by the following Formula
(G4) or (G5); one of R'” to R*° is a free valency bonded with
G, and others are hydrogen; one of R*! to R**is a free valency
bonded with G, and others are hydrogen; and one of R* to
R?*is a free valency bonded with G, and others are hydrogen,

~ .~ G4
G
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-continued
(G5)

wherein G' is independently a divalent group derived from
one selected from a group consisting of compounds repre-
sented by Formulas (A-1) to (A-20) and Formulas (B-1) to
(B-42); G** is one selected from a group consisting of triva-
lent groups represented by the following Formulas (E-1) to
(E-10), and G*? is boron, nitrogen, a phosphoryl group, or one
selected from a group consisting of trivalent groups repre-
sented by Formulas (E-1) to (E-10):

E-1

E-2)

(E-3)

(E-4)

o) E@ Q- S0
; . ;@

11

Sep. &, 2011
-continued

(E-5)

|

ﬁi‘

(E-6)
(B-7)
(E-8)

}
(E-9)
(E-10)

)~

Z,

A

[65] The compound as described in the above item 64,
wherein G is a link represented by Formula (G5), and G' is the
same.
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[66] The compound as described in the above item 2, wherein
the compound is represented by the following Formula (4):

Q)

wherein G is a group represented by the following Formula
(G6) or (G7); one of R** to R3? is a free valency bonded with
G, and others are hydrogen; one of R** to R* is a free valency
bonded with G, and others are hydrogen; one of R*” to R*’ is
a free valency bonded with G, and others are hydrogen; and
one of R*! to R**is a free valency bonded with G, and others
are hydrogen:

(G6)
_:
(G7
,
_Gl_cl}SB_Gl_
!

wherein G' is independently a divalent group derived from
one selected from a group consisting of compounds repre-
sented by Formulas (A-1) to (A-20) and Formulas (B-1) to
(B-42); G** is one selected from a group consisting of tet-
ravalent groups represented by the following Formulas (F-1)
to (F-8); and G*# is carbon, silicon, or one selected from
tetravalent groups represented by (F-1) to (F-8).

12
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(F-1)

(F-2)

(F-3)

(F-4)

(F-5)

(F-6)

(F-7)
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-continued
(F-8)

[67] The compound as described in the above item 66,
wherein G is a link represented by Formula (G7), wherein G*
is the same.

[68] The compound as described in the above item 4, wherein
G is anthracene-9,10-diyl.

[69] The compound as described in the above item 16,
wherein G is anthracene-9,10-diyl.

[70] The compound as described in the above item 4, wherein
G is 2-phenylanthracene-9,10-diyl.

[71] The compound as described in the above item 16,
wherein G is 2-phenylanthracene-9,10-diyl.

[72] The compound as described in the above item 4, wherein
G is 2-t-butylanthracene-9,10-diyl.

[73] The compound as described in the above item 16,
wherein G is 2-t-butylanthracene-9,10-diyl.

[74] The compound as described in the above item 4, wherein
G is 2-methylanthracene-9,10-diyl.

[75] The compound as described in the above item 16,
wherein G is 2-methylanthracene-9,10-diyl.

[76] The compound as described in the above item 4, wherein
G is 7,7-diphenylbenzo|c]fluorene-5,9-diyl.

[77] The compound as described in the above item 16,
wherein G is 7,7-diphenylbenzo[c]fluorene-5,9-diyl.

[78] An organic electroluminescent device comprising the
compound as described in any one of the above items 1 to 77.
[79] An organic electroluminescent device comprising at
least a hole transport layer, an emission layer, and an electron
transport layer sandwiched between an anode and a cathode
on a substrate, wherein the above electron transport layer
comprises the compound as described in any one of the above
items 1 to 77.

Effects of the Invention

[0017] A compound of the present invention is character-
istic to be stable even when voltage is applied in a thin film
state, and high in charge transport capacity. The compound of
the present invention is suitable as a charge transport material
inanorganic EL device. An organic EL device which has long
life and which can be driven at low voltage can be obtained by
using the compound of the present invention for an electron
transport layer of the organic EL device. A high performance
display unit for full color display and so forth can be produced
by using the organic EL device of the present invention.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0018] In the following, the present invention is explained
in more detail.
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<Explanation of a Compound>

[0019] The first present invention refers to a compound
having a 2,3'-bipyridyl group represented by the following
Formula (1):

@

wherein G is an n-valent link, not a single bond. The n-valent
link is a generic term that means an n-valent atom, an n-valent
group, and aring having n free valencies, and the n-valent link
may be constituted by combining the above atom, group,
and/or ring. Also when an n-valent link is unsymmetrical in
structure, n groups of 2,3'-bipyridyl may be bonded to an
optional position of the above link. Detailed explanation on
the n-valent link G is described later.

[0020] Inthe present specification, a group formed by R! to
R® and a 2,3"-bipyridyl nucleus is referred to as a 2,3'-bipy-
ridyl group. One of R' to R* in the 2,3'-bipyridyl group is a
free valency bonded with G, and others are each indepen-
dently hydrogen or a monovalent group. R® to R® are each
independently hydrogen or a monovalent group. N groups of
2,3"-bipyridyl may be the same or different with each other,
preferably, the same. The description of “n free valencies” in
the link G and the “free valency bonded with G” in the
2,3"-bipyridyl group as described above does not represent
that G and the 2,3'-bipyridyl group exist in the form of a free
radical (radical). The “free valency” means a so-called “bond-
ing hand” which bonds with another group or atom through a
covalent bond. More specifically, the description of “one of
R! to R* in a 2,3'-bipyridyl group is a free valency bonded
with G” represents a state where any one of R' to R* in the
2,3"-bipyridyl group bonds with an optional position of the
link G.

[0021] A monovalent group in R! to R® is a nitro group, a
cyano group, a dimesitylboryl group, aryl having 6 to 12
carbon atoms, or alkyl having 1 to 12 carbon atoms. The
above alkyl may be a straight or branched chain, or in the form
of a ring. A specific example of the monovalent group is
phenyl, 2-biphenylyl, 3-biphenylyl, 4-biphenylyl, 1-naph-
thyl, 2-naphthyl, methyl, t-butyl, or cyclohexyl. R® to R® are
each preferably hydrogen.

[0022] For a 2,3"-bipyridyl group, R*, R?, or R? preferably
bonds with G. R to R* which are not involved in bonding with
G are preferably hydrogen.

[0023] InFormula (1), nis most preferably 2, more prefer-
ably, 3, preferably, 4. One of reasons thereof is easiness to
produce a compound. A second reason is an expected advan-
tage of facilitating to form a film during producing an organic
EL device because a molecular weight does not extremely
increase, and subliming ability is considered to be compara-
tively improved.
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<Compound in which n is 2>

[0024] A compound in which n is 2 is represented by the
following Formula (2) in detail:

One of R® to R'? is a free valency bonded with G, and others
are hydrogen. In this case, R?, R'°, or R'! preferably bonds
with G. One of R'? to R'% is a free valency bonded with G, and
others are hydrogen. In this case, R'?, R'*, or R'® preferably
bonds with G. Two groups of 2,3'-bipyridyl may be the same
or different with each other, preferably, the same.

[0025] G is one selected from a group consisting of links
represented by the following Formulas (G1) to (G3). In the
Formulas (G2) and (G3), G may be the same or different with
each other.

-Gl- (G1)
-GL-Gl- (G2)
-G-G-G!- (G3)

G' is independently a divalent group derived from one
selected from a group consisting of compounds represented
by the following Formulas (A-1) to (A-20) and Formulas
(B-1) to (B-42). Hereinafter, a group consisting of com-
pounds represented by Formulas (A-1) to (A-20) or (B-1) to
(B-42) is referred to as A group or B group occasionally.

(A1)
(A-2)
R R
(A3)
R
N,

T
920
o
920

Q (A7)
S80S0

o
)

-
4
(]
.

=
e

(A-9)

(A-10)

(A-11)
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R R
R
|
N,
N
7\
——

%

N
N
(I

(A-12)

(A-13)

(A-14)

(A-15)

(A-16)

(A-17)

(A-18)

(A-19)

(A-20)
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(B-1)

(B-2)

(B-3)

(B-4)

(B-5)

(B-6)

(B-7)

(B-8)

(B-9)

(B-10)

(B-11)

(B-12)

(B-13)
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(B-14)

(B-15)

(B-16)

(B-17)

(B-18)

(B-19)

(B-20)

(B-21)

(B-22)

(B-23)

(B-24)

(B-25)

(B-26)
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(B-27)

(B-28)

(B-29)

(B-30)

(B-31)

(B-32)

(B-33)

(B-34)

(B-35)

(B-36)

(B-37)

(B-38)

(B-39)
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-continued
(B-40)

(B-41)

(B-42)

[0026] R is independently hydrogen, methyl, ethyl, hexyl,
cyclohexyl, phenyl, 1-naphthyl, or 2-naphthyl.

[0027] A divalent group derived from one selected from a
group consisting of compounds represented by Formulas
(A-1) to (A-20) and Formulas (B-1) to (B-42) may have a
substituent on a position other than an atom having a free
valency. A specific example of the substituent is phenyl, 2-bi-
phenylyl, 3-biphenylyl, 4-biphenylyl, 1-naphthyl, 2-naph-
thyl, methyl, t-butyl, or cyclohexyl.

<Compound in which n is 3>

[0028] A compound in which n is 3 is represented by the
following Formula (3) in detail:

[0029] OneofR'7toR* isafree valency linked with G, and
others are hydrogen. In this case, R'7, R'®, or R'? preferably
bonds with G. One of R* to R**is a free valency linked with
G, and others are hydrogen. In this case, R**, R*?, or R**
preferably bonds with G. One of R*® to R*® is a free valency
linked with G, and others are hydrogen. In this case, R**, R*°,
or R*7 preferably bonds with G. Three groups of 2,3'-bipy-
ridyl may be the same or different with each other, preferably,
the same.

[0030] G is a link represented by the following Formula
(G4) or (G5). In the Formula (G5), G' may be the same or
different with each other, preferably, the same.

Sep. &, 2011

(G4

(G5)

G' is independently a divalent group derived from one
selected from a group consisting of compounds in the A group
and the B group as described above.

[0031] G**is one selected from a group consisting of triva-
lent groups represented by the following Formulas (E-1) to
(E-10),and G*# is boron, nitrogen, a phosphoryl group, or one
selected from a group consisting of trivalent groups repre-
sented by the Formulas (E-1) to (E-10).

§ ¢

O ©2)
>

¢
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(E-6)

E-D

(E-8)
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<Compound in which n is 4>
[0032] A compound in which n is 4 is represented by the
following Formula (4) in detail:

@

N. N
A 7
P /N N

|
[
R? AN R4
R3)

One of R* to R3? is a free valency linked with G, and others
are hydrogen. In this case, R*%, R*°, or R*' preferably bonds
with G. One of R* to R*® is a free valency linked with G, and
others are hydrogen. In this case, R*3, R**, or R* preferably
bonds with G. One of R*” to R*’ is a free valency linked with
G, and others are hydrogen. In this case, R*’, R*®, or R*
preferably bonds with G. One of R*! to R* is a free valency
linked with G, and others are hydrogen. In this case, R*!, R*?,
or R*® preferably bonds with G. Four groups of 2,3'-bipyridyl
may be the same or different with each other, preferably, the
same.

[0033] G is a link represented by the following Formula
(G6) or (G7). In the Formula (G7), G* may be the same or
different with each other, preferably, the same.

| G6)
_G3A
| @7
Gl
I
_GI_G3E_G1_
¥

G' is independently a divalent group derived from one
selected from a group consisting of compounds in the A group
and the B group as described above.

[0034] G is one selected from a group consisting of tet-
ravalent groups represented by the following Formulas (F-1)
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to (F-8), and G*% is carbon, silicon, or one selected from a
group consisting of tetravalent groups represented by the -continued
Formulas (F-1) to (F-8).
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(F-7)
(F_l)
(F-8)

F-2)
<More Detailed Explanation of Compound in which n is 2>
[0035] A preferable compound in which n is 2 is repre-
sented by the following Formulas (2-1) to (2-7):
-1
(F-3)
2-2)
N N=— —N —N
/ \ .
(74 _/ L/ \ 7/ \ 7/
2-3)
(F-5) 2-4)
(F-6)
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-continued

2-5)

2-6)

(Y ) )

In the Formulas (2-1) to (2-7), a compound represented by
Formulas (2-1), (2-2), and (2-3) is preferable, and a com-
pound represented by Formulas (2-1) and (2-2) is more pref-
erable. In the Formulas (2-1) to (2-7), G is most preferably a
link represented by Formula (G1), more preferably, a link
represented by Formula (G3), preferably, a link represented
by Formula (G2).

[0036] In Formulas (2-1) to (2-4), when G is a link repre-
sented by Formula (G1), G' is preferably a divalent group
derived from one selected from a group consisting of com-
pounds in the above A group, more preferably, a divalent
group derived from one selected from a group consisting of
compounds represented by (A-1) to (A-10) in the A group,
further preferably, one selected from a group consisting of
divalent groups represented by (C-1) to (C-15):

()
L/

(€1

20

ST

-continued

P
P

.
S

)

O’.

94® E ®
5 &

.

.
0

0
S

Sep. &, 2011

(€-2)

(€3)

(©-4)

(C5)

(C-6)

(S

(C-8)
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€9

(C-10)

(C-11)

(C-12)

(C-13)

(C-14)
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R is independently hydrogen, methyl, ethyl, hexyl, cyclo-
hexyl, phenyl, 1-naphthyl, or 2-naphthyl. A divalent group
represented by the Formulas (C-1) to (C-15) may have a
substituent on a position other than an atom having a free
valency. A specific example of the substituent is phenyl, 2-bi-
phenylyl, 3-biphenylyl, 4-biphenylyl, 1-naphthyl, 2-naph-
thyl, methyl, t-butyl, or cyclohexyl.

[0037] In Formulas (2-1) to (2-4), when G is a link repre-
sented by Formula (G2), G' is preferably a same divalent
group derived from one selected from a group consisting of
compounds in the A group and the B group as described
above, more preferably, a same divalent group derived from
one selected from a group consisting of compounds repre-
sented by (A-1) to (A-10), further preferably, a same group
selected from a group consisting of divalent groups repre-
sented by the above (C-1) to (C-15).

[0038] In Formulas (2-1) to (2-4), when G is a link repre-
sented by Formula (G3), more specifically, G is preferably a
link represented by the following Formulas (G3-1) to (G3-3):

(C-15)

_GlB.GlB.GlB. (G3-1)
_GlGle.gla. (G3-2)
_GlB.Gla.GlB. (G3-3)

G'* is independently a divalent group derived from one
selected from a group consisting of compounds in the above
A group, and G*# is independently a divalent group derived
from one selected from a group consisting of compounds in
the above B group.

[0039] In Formulas (2-1) to (2-4), when G is a link repre-
sented by Formula (G3-1), G'# is preferably a same group
selected from a group consisting of divalent groups repre-
sented by the following Formulas (D-1) to (D-15):

~
L

(D-1)

(D-2)

(D-3)

)
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(D-4)
(D-5)
(D-6)
&
\( 7/
N—N
(D-7)
O,
\( 7/
N—N
(D-8)
S
\( Y
N—N
(D-9)
N\
\[ J/
N
(D-10)
S
~<7T
N
(D-11)
O
<7
N
(D-12)
N
~<T
N
(D-13)
NY
L N
(D-14)
NY
P!
(D-15)
N\
\[ J/
N

R is independently hydrogen, methyl, ethyl, hexyl, cyclo-
hexyl, phenyl, 1-naphthyl, or 2-naphthyl. A divalent group
represented by Formulas (D-1) to (D-15) may have a substitu-
ent on a position other than an atom having a free valency. A
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specific example of the substituent is phenyl, 2-biphenylyl,
3-biphenylyl, 4-biphenylyl, 1-naphthyl, 2-naphthyl, methyl,
t-butyl, or cyclohexyl.

[0040] In Formulas (2-1) to (2-4), when G is a link repre-
sented by Formula (G3-2), G'“ is preferably a same group
selected from a group consisting of divalent groups repre-
sented by the above Formulas (C-1) to (C-5), and G'Z is
preferably one selected from a group consisting of divalent
groups represented by the above Formulas (D-1) to (D-15).

[0041] In Formulas (2-1) to (2-4), when G is a link repre-
sented by Formula (G3-3), G'# is preferably one selected
from a group consisting of divalent groups represented by the
above Formulas (C-1) to (C-5), and G'Z is preferably a same
group selected from a group consisting of divalent groups
represented by the above Formulas (D-1) to (D-15).

[0042] In Formulas (2-1) to (2-4), when G is a link repre-
sented by Formula (G3-1), more specifically, G is more pref-
erably a link represented by Formula (G3-4):

_GlB2. GBI GlB2_ (G3-4)

G'2! is one selected from a group consisting of divalent
groups represented by the above Formulas (D-1) to (D-9), and
G'#2 is a same group selected from a group consisting of
divalent groups represented by the above Formulas (D-1) to
(D-195).

[0043] In Formulas (2-5) to (2-7), G is preferably a link
represented by Formula (G1). When G is a link represented by
Formula (G1), G' is preferably a divalent group derived from
one selected from a group consisting of compounds in the
above A group, more preferably, a divalent group derived
from one selected from a group consisting of compounds
represented by (A-1) to (A-10) in the above A group, further
preferably, one selected from a group consisting of divalent
groups represented by the following Formulas (C-1) to

(C-15):

(C)

(€2
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(C-10)

(C-11)

(C-12)

(C-13)

(C-14)

(C-15)
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(C-16)

(C-17)

R is independently hydrogen, methyl, ethyl, hexyl, cyclo-
hexyl, phenyl, 1-naphthyl, or 2-naphthyl. A divalent group
represented by Formulas (C-1) to (C-17) may have a substitu-

(2-1-1)
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ent on a position other than an atom having a free valency. A
specific example of the substituent is phenyl, 2-biphenylyl,
3-biphenylyl, 4-biphenylyl, 1-naphthyl, 2-naphthyl, methyl,
t-butyl, or cyclohexyl.

<Specific Example of Compound>

[0044] A specific example of a compound of the present
invention is shown by the Formulas as listed below. However,
the present invention is not limited by disclosure of a specific
structure of the specific examples below.

<Specific Example of Compound Represented by Formula
@2-1)>

[0045] A specific example of a compound represented by
Formula (2-1) is shown by the following Formulas (2-1-1) to
(2-1-39). A preferable compound among the compounds
below is shown by Formulas (2-1-1) to (2-1-25), (2-1-40), and
(2-1-41). A more preferable compound is shown by Formulas
(2-1-1) to (2-1-13), (2-1-40), and (2-1-41). A further prefer-
able compound is shown by Formulas (2-1-1), (2-1-5) to
(2-1-8), (2-1-11), (2-1-40), and (2-1-41).

(2-1-2)

(2-1-5)

(2-1-6)




US 2011/0215310 Al Sep. 8, 2011
25

(2-1-11) (2-1-12)
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(2-1-13) (2-1-14)

(2-1-15) (2-1-16)

(2-1-17) (2-1-18)

(2-1-19) (2-1-20)
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(2-1-21) (2-1-22)

(2-1-23) (2-1-24)

(2-1-25) (2-1-26)
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(2-1-27) (2-1-28)
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(2-1-29)
(2-1-30)
(2-1-31) (2-1-32)

(2-1-33) (2-1-34)
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(2-1-35)
(2-1-36)
(2-137)

(2-1-38)
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(2-1-39) (2-1-40)

<Specific Example of Compound Represented by Formula
(2-2)>

[0046] A specific example of a compound represented by
Formula (2-2) is shown by the following Formulas (2-2-1) to

(2-2-1)

(2-1-41)

(2-2-28). A preferable compound among the compounds
below is shown by Formulas (2-2-1) to (2-2-11), (2-2-22),
(2-2-25) to (2-2-27), (2-2-29), and (2-2-30). A more prefer-
able compound is shown by Formulas (2-2-1) to (2-2-3),
(2-2-5), (2-2-6), (2-2-9), (2-2-29), and (2-2-30).

(2-2-2)
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(2-2-10) (2-2-11)

(2-2-12) (2-2-13)

(2-2-14) (2-2-15)
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(2-2-16) (2-2-17)
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(2-2-18)

(2-2-19) (2-2-20)

(2-2:21)




US 2011/0215310 Al Sep. 8, 2011

34
-continued
(2-2-22)
(2-2-23)
(2-2-24) (2-2-25)

/N \ /N CeHyz CeHis N /N/
Easteath

(2-2-26) (2-2-27)
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-continued
(2-2-28) (2-2-29)

(2-2-30)
<Specific Example of Compound Represented by Formula
(2-3)> -continued
[0047] A specific example of a compound represented by
Formula (2-3) is shown by the following Formulas (2-3-1) to (234

(2-3-14).
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(2-3-6) (2-3-10)
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<Specific Example of Compound Represented by Formula
(2-4)> -continued

[0048] A specific example of a compound represented by
Formula (2-4) is shown by the following Formulas (2-4-1) to
(2-4-5):

(2-4-1)

(2-4-4)

(2-4-2)

<Specific Example of Compound Represented by Formula
(2-5)>

[0049] A specific example of a compound represented by
Formula (2-5) is shown by the following Formulas (2-5-1) to
(2-5-5):

(2-5-1)
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-continued
(2-5-3)
(2-5-5)
<Specific Example of Compound Represented by Formula
(2-6)>
[0050] A specific example of a compound represented by
Formula (2-6) is shown by the following Formulas (2-6-1) to
(2-6-5):
(2-6-1) (2-6-2)

(2-6-3)
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-continued
(2-6-5)

<Specific Example of Compound Represented by Formula
2-7)>
[0051] A specific example of a compound represented by
Formula (2-7) is shown by the following Formulas (2-7-1) to
(2-7-5):

(2-7-1) (2-7-2)

(2-7-3)

(2-7-4) @-7-5)
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<Specific Example of Compound Represented by Formula
€

[0052] A specific example of a compound represented by
Formula (3) is shown by the following Formulas (3-1) to
(3-6):

G-1)

Sep. &, 2011
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[0053] A specific example of a compound represented by
Formula (4) is shown by the following Formulas (4-1) to
(4-4):

3-5) @1




US 2011/0215310 Al
42

-continued
@4

<Synthetic Process for Compound>

[0054] A compound of the present invention can be synthe-
sized by making use of a known process, for example, Suzuki
coupling reaction or Negishi coupling reaction. A scheme for
synthesizing a compound represented by Formula (2) by
Suzuki coupling reaction or Negishi coupling reaction is
exemplified below.

Sep. &, 2011

Scheme 1: Suzuki coupling

(HO),B— G—B(OH),

or

(RO),B—G—B(OR),

o o
j \ / i
B—G—B8
/ \
o o

3
(HO),B A \\_/>_<\:/> (HO),B

Pd-catalyst/base

@
Pd-catalyst/base

X—6— Pd-catalyst/base

wherein G is a divalent group or a ring having two free
valencies, and X is chlorine, bromine, iodine, or triflate (tri-
fluoromethanesulfonate).

Scheme 2: Negishi coupling

ClZn—G—7ZnCl

@
Pd-catalyst/base

Pd-catalyst/base

Pd-catalyst/base
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X—G—

Pd-catalyst/base

wherein G is a divalent group or a ring having two free
valencies, and X is chlorine, bromine, iodine, or triflate (tri-
fluoromethanesulfonate).

[0055] Scheme 1 shows a process of allowing 2,3'-bipyri-
dine having a reactive group to react with G in which two
places are converted to boronic acid or boronate in two steps
under the presence of a palladium catalyst and a base, and a
process of allowing boronic acid of 2,3'-bipyridine to react
with G having reactive groups in two places in two steps
under the presence of a palladium catalyst and a base. When
a same group of 2,3'-bipyridyl is introduced into G, 2,3'-
bipyridine having a reactive group at a molar ratio of two
times as large as G may be allowed to react at one time in the
upper process, and boronic acid of 2,3'-bipyridine at a molar
ratio of two times as large as G may be allowed to react at one
time in the lower process.

[0056] Scheme 2 shows a process of allowing 2,3'-bipyri-
dine having a reactive group to react with G in which two
places are converted to a zinc complex in two steps under the
presence of a palladium catalyst, and a process of allowing a
zinc complex of 2,3'-bipyridine to react with G having reac-
tive groups in two places in two steps under the presence of a
palladium catalyst. When a same group of 2,3'-bipyridyl is
introduced into G, 2,3'-bipyridine having a reactive group at a
molar ratio of two times as large as G may be allowed to react
at one time in the upper process, and a zinc complex of
2,3'-bipyridine at a molar ratio of two times as large as G may
be allowed to react at one time in the lower process.

[0057] When G is a link in which plural divalent groups are
linked, or plural rings having two free valencies are linked, or
a divalent group and a ring having two free valencies are
combined, for example, when a link is represented by For-
mula -G'-G'-, a 2,3-bipyridyl group may be linked to G* as a
simple substance by using the above coupling reaction,
respectively, and then an intended compound may be synthe-
sized by linking G' with each other by a known coupling
reaction. Even during the above coupling reaction, Suzuki
coupling reaction or Negishi coupling reaction is preferably
used.

[0058] Moreover, when G' is a heteroring such as oxadia-
zole, such a process can be also used as synthesizing through
an intramolecular cyclization dehydration reaction of
hydrazide obtained by allowing hydrazine to react with acid
chloride ofaring having a 2,3'-bipyridyl group for both of G*.
[0059] A compound represented by Formula (3) or For-
mula (4) can be also synthesized by combining the above
synthetic process suitably. As described above, a synthetic
process of a compound of the present invention is exempli-
fied. However, the present invention is not limited by the
above exemplified synthetic processes.

[0060] A specific example of a palladium catalyst used in
Suzuki coupling reaction is Pd(PPh;),, PdCL,(PPh,),,
Pd(OACc),, tris(dibenzylideneacetone)dipalladium(0), or tris
(dibenzylieneacetone)dipalladium(0) chloroform complex.
A phosphine compound may be added, if necessary, to the

Pd-catalyst/base

above palladium compounds in order to accelerate the reac-
tion. A specific example of the phosphine compound is tri(t-
butyl)phosphine, tricyclohexyl phosphine, 1-(N,N-dimethy-
laminomethyl)-2-(di-t-butylphosphino)ferrocene, 1-(N,N-
dibutylaminomethyl)-2-(di-t-butylphosphino)ferrocene,
1-(methoxymethyl)-2-(di-t-butylphosphino)ferrocene, 1,1'-
bis(di-t-butylphosphino)ferrocene, 2,2'-bis(di-t-butylphos-
phino)-1,1'-binaphtyl, 2-methoxy-2'-(di-t-butylphosphino)-
1,1'-binaphtyl, or 2-dicyclohexylphosphino-2',6'-
dimethoxybiphenyl. A specific example of a base used in the
above reaction is sodium carbonate, potassium carbonate,
cesium carbonate, sodium bicarbonate, sodium hydroxide,
potassium hydroxide, barium hydroxide, sodium ethoxide,
sodium t-butoxide, sodium acetate, tripotassium phosphate,
or potassium fluoride. Furthermore, a specific example of a
solvent used in the above reaction is benzene, toluene, xylene,
N,N-dimethylformamide, tetrahydrofuran, diethyl ether,
t-butylmethyl ether, 1,4-dioxane, methanol, ethanol, or iso-
propyl alcohol. The solvent can be selected suitably, and may
be used alone or as a mixed solvent.

[0061] A specific example of a palladium catalyst used in
Negishi coupling reaction is Pd(PPh,),, PdCl,(PPh,),,
Pd(OAc),, tris(dibenzylideneacetone)dipalladium(0), tris
(dibenzylideneacetone)dipalladium(0) chloroform complex,
bis(tri-t-butylphosphino)palladium(0), or (1,1'-bis(diphe-
nylphosphino)ferrocene)dichloropalladium(I 1). Further-
more, a specific example of a solvent used in the reaction is
benzene, toluene, xylene, N,N-dimethylformamide, tetrahy-
drofuran, diethyl ether, t-butylmethyl ether, or 1,4-dioxane.
The solvent can be selected suitably, and may be used alone or
as a mixed solvent.

[0062] When a compound of the present invention is used
for an electron injection layer or an electron transport layer in
an organic EL device, the organic EL device is stable during
applying an electric field, moreover, emission can be obtained
at low voltage. The above performances represent that the
compound of the present invention is excellent as an electron
injection material or an electron transport material of an elec-
troluminescent type device. The electron injection layer
referred to in this case means a layer for receiving an electron
from a cathode to an organic layer, and the electron transport
layer means a layer for transporting an injected electron to an
emission layer. Moreover, the electron transport layer can
simultaneously serve as the electron injection layer. A mate-
rial used for each layer is referred to as the electron injection
material and the electron transport material, respectively.

<Explanation of Organic EL Device>

[0063] Thesecond presentinvention refers to anorganic EL
device comprising a compound represented by Formula (1) of
the present invention in an electron injection layer or an
electron transport layer. The organic EL device of the present
invention has low drive voltage and high durability during
driving.
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[0064] An organic EL device of the present invention has
structures of various modes. Fundamentally, the device com-
prises a multilayer structure in which at least a hole transport
layer, an emission layer, and an electron transport layer are
sandwiched between an anode and a cathode. An example of
a specific constitution of a device is (1) anode/hole transport
layer/emission layer/electron transport layer/cathode, (2)
anode/hole injection layer/hole transport layer/emission
layer/electron transport layer/cathode, or (3) anode/hole
injection layer/hole transport layer/emission layer/electron
transport layer/electron injection layer/cathode.

[0065] A compound of the present invention has high elec-
tron injection ability and high electron transport ability, and
therefore the compound can be used for an electron injection
layer or an electron transport layer as a simple substance or in
combination with another material. According to an organic
EL device of the invention, emission of blue color, green
color, red color, and/or white color can be also obtained by
combining a hole injection layer, a hole transport layer, and/or
an emission layer in which another material is used for an
electron transport material of the present invention.

[0066] An emission material or a dopant in an emission
layer which can be used for an organic EL. device of the
present invention is an emission material such as a daylight
fluorescent material, a fluorescent whitening agent, a laser
coloring matter, an organic scintillator, and various kinds of
fluorescence analysis reagents described in “Optical Func-
tional Materials” Polymer Functional Material Series (1991),
p- 236, edited by the Society of Polymer Science, Japan, and
published by Kyoritsu Shuppan Co., Ltd., a dopant material
described in p. 155 to 156, and an emission material of a
phospher, phosphorescent material described in p. 170 to 172
of “Organic EL Materials and Displays™ (2001), edited by J.
Kido, and published by CMC Co., Ltd.

[0067] A compound which can be used as an emission
material or a dopant in an emission layer is a polycyclic
aromatic compound, a hetero aromatic compound, an organic
metal complex, a coloring matter, a polymeric emission mate-
rial, a styryl derivative, an aromatic amine derivative, a cou-
marin derivative, a borane derivative, an oxazine derivative, a
compound having a spiro ring, an oxadiazole derivative, and/
or a fluorene derivative. An example of the polycyclic aro-
matic compound is anthracene derivative, phenanthrene
derivative, naphthacene derivative, pyrene derivative, chry-
sene derivative, perylene derivative, coronene derivative, or
rubrene derivative. An example of the hetero aromatic com-
pound is oxadiazole derivative having a dialkylamino group
or a diarylamino group, pyrazoloquinoline derivative, pyri-
dine derivative, pyran derivative, phenanthroline derivative,
silole derivative, thiophene derivative having a tripheny-
lamino group, or quinacridone derivative. An example of the
organic metal complex is a complex of zinc, aluminum, beryl-
lium, europium, terbium, dysprosium, iridium, platinum,
osmium, and gold with quinolinol derivative, benzoxazole
derivative, benzothiazole derivative, oxadiazole derivative,
thiadiazole derivative, benzimidazole derivative, pyrrole
derivative, pyridine derivative, and phenanthroline derivative.
A coloring matter may be exemplified by xanthene derivative,
polymethine derivative, porphyrin derivative, coumarin
derivative, dicyanomethylenepyran derivative, dicyanometh-
ylenethiopyran derivative, oxobenzanthracene derivative,
carbostyryl derivative, perylene derivative, benzoxazole
derivative, benzothiazole derivative, and benzimidazole
derivative. An example of the polymeric emission material is
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polyparaphenylvinylene derivative, polythiophene deriva-
tive, polyvinylcarbazole derivative, polysilane derivative,
polyfluorene derivative, and polyparaphenylene derivative.
Anexample of the styryl derivative is amine-containing styryl
derivative and styrylarylene derivative.

[0068] Another electron transport material used for an
organic EL device of the present invention can be optionally
selected from compounds which can be used as an electron
transport compound in a photoconductive material, or com-
pounds which can be used for an electron transport layer and
an electron injection layer of the organic EL device.

[0069] A specific example of the above electron transport
material is quinolinol base metal complex, 2,2'-bipyridyl
derivative, phenanthroline derivative, diphenylquinone
derivative, perylene derivative, oxadiazole derivative,
thiophene derivative, triazole derivative, thiadiazole deriva-
tive, metal complex of oxine derivative, quinoxaline deriva-
tive, polymer of quinoxaline derivative, benzazole derivative
compound, gallium complex, pyrazol derivative, perfluorated
phenylene derivative, triazine derivative, pyrazine derivative,
benzoquinoline derivative, imidazopyridine derivative, and
borane derivative.

[0070] For a hole injection material and a hole transport
material used for an organic EL device of the present inven-
tion, an optional material can be used by selecting from
compounds conventionally used as a charge transport mate-
rial for a hole in a photoconductive material, and publicly
known materials used for a hole injection layer and a hole
transport layer of the organic EL device. A specific example
thereof is carbazole derivative, triarylamine derivative, and
phthalocyanine derivative.

[0071] Each layer constituting an organic EL device of the
present invention can be formed by making a thin film from a
material constituting each layer by a vapor deposition
method, a spin cast method, or a cast method. Thickness of the
thus formed each layer can be set up suitably according to
properties of the material without any particular limitation.
The thickness is usually in a range of 2 nm to 5000 nm. As a
method for forming a thin film from an emission material, the
vapor deposition method is preferably adopted because a
uniform film can be easily obtained and a pinhole is difficult
to generate. When the thin film is formed by using the vapor
deposition method, deposition conditions thereof change
depending on kinds of emission materials of the present
invention. In general, the deposition conditions are preferably
set up suitably in a range of 50 to 400° C. as a boat heating
temperature, 10~°to 107> Pa as a degree of vacuum, 0.01 to 50
nm/second as a deposit rate, =150 to +300° C. as a substrate
temperature, and 5 nm to 5 pm as thickness.

[0072] An organic EL device of the present invention is
preferably supported on a substrate in any of the structures
described above. The substrate may be any one as long as the
substrate has mechanical strength, heat stability, and trans-
parency, and a glass and a transparent plastic film can be used.
A metal, an alloy, an electroconductive compound, and a
mixture thereof each having a work function larger than 4 eV
can be used for an anode material. A specific example thereof
is a metal such as gold, Cul, indium tin oxide (hereafter
abbreviated as ITO), SnO,, or ZnO.

[0073] A metal, an alloy, an electroconductive compound,
or a mixture thereof each having a work function smaller than
4 eV can be used for a cathode material. A specific example
thereof is aluminum, calcium, magnesium, lithium, magne-
sium alloy, or aluminum alloy. A specific example of the alloy
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is aluminunm/lithium fluoride, aluminunylithium, magne-
sium/silver, or magnesium/indium. At least one of electrodes
has preferably a light transmittance set to 10% or more in
order to efficiently take out emission from an organic EL
device. The electrode is preferably controlled to have a sheet
resistance of several hundreds of €2/square or less. Thickness
is set depending on properties of an electrode material in a
range of, usually, 10 nmto 1 um, preferably, 10 nm to 400 nm.
Such the electrode can be produced by forming a thin film
using the electrode substance described above by a vapor
deposition or sputtering method.

[0074] Next, as one example of a method for preparing an
organic EL device by using an emission material of the
present invention, a method for preparing an organic EL
device comprising the anode/hole injection layer/hole trans-
port layer/emission layer/electron transport material of the
present invention/cathode each described above is explained.
A thin film of an anode material is formed on a suitable
substrate by a vapor deposition method to prepare an anode,
and then thin films of a hole injection layer and a hole trans-
port layer are formed on the above anode. A thin film of the
emission layer is formed thereon. A thin film is formed on the
above emission layer by depositing the electron transport
material of the present invention, and the thin film is used as
the electron transport layer. Furthermore, a thin film compris-
ing a cathode material by a vapor deposition method is
formed to prepare the cathode, and thus an intended organic
EL device is obtained. In preparing the organic EL. device
described above, the organic EL device can be also prepared
in the order of the cathode, the electron transport layer, the
emission layer, the hole transport layer, the hole injection
layer, and the anode by reversing a preparation order.

[0075] When direct current voltage is applied to the thus
obtained organic EL. device, the voltage may be applied by
setting polarity of an anode as plus and a cathode as minus.
When a degree of 2 to 40 V is applied, emission can be
observed from a transparent or translucent electrode side
(anode or cathode, and both). Moreover, the organic EL
device emits also when alternating current voltage is applied.
A waveform of alternating current to be applied may be
optional. In the following, the present invention is explained
in more detail based on Example.

Example 1
Synthetic Example 1
Synthesis of Compound of Formula (2-2-1)

Synthesis of 9,10-bis(4,4,5,5-tetramethyl-1,3,2-diox-
aborolanyl)anthracene

[0076] Into aflask, 5.38 g of 9,10-dibromoanthracene, 10 g
of bis(pinacolate)diboron, 784 mg of[1,1'-bis(diphenylphos-
phino)ferrocene]palladium(II) dichloride, 9.4 g of potassium
acetate, and 100 ml of dimethylsulfoxide were put, and the
solution was stirred at 100° C. for 16 hours under argon
atmosphere. After heating, the reaction liquid was concen-
trated in an evaporator, and the concentrates were purified by
silica gel column chromatography, and thus 4.38 g of 9,10-
bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolanyl)anthracene
was obtained.

Synthesis of 5-bromo-2,3'-bipyridine

[0077] Intoa 11 flask, 20 g of 3-pyridine boronic acid, 50 g
of2,5-dibromopyridine, 5.5 g of Pd(PPh,),, 33.9 g of sodium
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carbonate, 500 ml of toluene, 150 ml of ethanol, and 150 ml
of pure water were put, and the solution was stirred at reflux
temperature for 3.5 hours. After heating, the reaction liquid
was cooled to room temperature and the organic layer was
extracted. The organic layer was concentrated in an evapora-
tor, the concentrates were purified by column chromatogra-
phy, then, recrystallized in heptane, and thus 27 g of 5-bromo-
2,3'-bipyridine was obtained.

Synthesis of 9,10-bis(2,3'-bipyridine-5-yl)anthracene

[0078] Into a flask, 2.53 g of 9,10-bis(4,4,5,5-tetramethyl-
1,3,2-dioxaborolanyl)anthracene, 2 g of 5-bromo-2,3'-bipy-
ridine, 960 mg of Pd(PPh,),, 3.81 g of tripotassium phos-
phate, 60 ml of dioxane, and 15 ml of pure water were put, and
the solution was stirred at reflux temperature for 3 days under
argon atmosphere. After heating, the reaction liquid was
cooled to room temperature, pure water was added, and then
the organic layer was extracted. The organic layer was con-
centrated in an evaporator, the concentrates were purified by
column chromatography, yellow powders which were con-
centrated again and obtained were washed by toluene, and
thus 800 mg of 9,10-bis(2,3'-bipyridine-5-yl)anthracene was
obtained. 1H-NMR (CDCl,) 8 7.4-7.6 (m, 6H), 7.2-7.3 (m,
4H), 8.0 (d, 4H), 8.5 (s, 2H), 8.8 (d, 4H), 9.4 (s, 2H).

Example 2
Synthetic Example 2
Synthesis of Compound of Formula (2-2-2)
Synthesis of 2-phenylanthracene

[0079] Into a flask, 5.00 g of 2-chloroanthracene, 4.3 g of
phenylboronic acid, 538 mg of tris(dibenzylieneacetone)di-
palladium(0), 494 mg of tricyclohexyl phosphine, 9.98 g of
tripotassium phosphate, and 75 ml of toluene were put, and
the solution was stirred at reflux temperature for 2 hours
under argon atmosphere. After heating, 1.5 liter of toluene
was added to the reaction liquid, the liquid was cooled to
room temperature and then filtrated, and thus the filtrates
were purified by silica gel column chromatography. The fil-
trates were concentrated in an evaporator, the concentrates
were recrystallized in toluene, and thus 5.0 g of 2-phenylan-
thracene was obtained.

Synthesis of 9,10-dibromo-2-phenylanthracene

[0080] In a flask under nitrogen atmosphere, 3.32 g of
2-phenylanthracene was dissolved in 400 ml of dichlo-
romethane. In the flask, a solution in which 5.00 g of bromine
was dissolved in 30 ml of carbon tetrachloride was dropped
over 15 minutes. After dropping, the solution was stirred at
room temperature for 2 hours, and the reaction was termi-
nated using a sodium thiosulfate aqueous solution. The
organic layer was extracted by a separating funnel, and con-
centrated in an evaporator. The concentrates were recrystal-
lized in 50 ml of toluene, and thus 4.4 g of 9,10-dibromo-2-
phenylanthracene was obtained.

Synthesis of 9,10-bis(4,4,5,5-tetramethyl-1,3,2-diox-
aborolanyl)-2-phenylanthracene

[0081] Into a flask, 10.0 g of 9,10-dibromo-2-phenylan-
thracene, 14.8 g of bis(pinacolate)diboron, 838 mg of bis
(dibenzylieneacetone)palladium(0), 1.02 g of tricyclohexyl
phosphine, 7.15 g of potassium acetate, and 50 ml of 1,4-
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dioxane were put, and the solution was stirred at reflux tem-
perature for 8 hours under argon atmosphere. After heating,
toluene was added to the reaction liquid, the reaction liquid
was cooled to room temperature and then filtrated, and thus
the filtrates were concentrated in an evaporator. The concen-
trates were purified by silica gel column chromatography, and
then recrystallized in a tetrahydrofuran/heptane mixed solu-
tion, and thus 8.3 g of 9,10-bis(4,4,5,5-tetramethyl-1,3,2-
dioxaborolanyl)-2-phenylanthracene was obtained.

Synthesis of 6-bromo-2,3'-bipyridine

[0082] Under nitrogen atmosphere, 6.32 g of 3-bromopy-
ridine was dissolved in 400 ml of dehydrated toluene. The
solution was cooled at -78° C. and 17 ml of 2.6M normal-
butyllithium was dropped. After 0.5 hours, 12.6 g of zinc
chloride tetramethylethylenediamine, and 200 ml of dehy-
drated THF were added. The solution was heated to room
temperature, 10.63 g of 2,6-dibromopyridine and 0.6 g of
Pd(PPh,), were added, and the solution was stirred for 24
hours. The reaction liquid was washed by an ammonium
chloride aqueous solution, and the organic layer was concen-
trated in an evaporator. The concentrates were purified by
column chromatography, and thus 4.2 g of 6-bromo-2,3'-
bipyridine was obtained.

Synthesis of 9,10-bis(2,3'-bipyridine-5-yl)-2-pheny-
lanthracene

[0083] Into a flask, 2.00 g of 9,10-bis(4,4,5,5-tetramethyl-
1,3,2-dioxaborolanyl)-2-phenylanthracene, 2.04 g of
5-bromo-2,3'-bipyridine, 181 mg of tris(dibenzylieneac-
etone)dipalladium(0), 167 mg of tricyclohexyl phosphine,
3.35 g of tripotassium phosphate, and 75 ml of toluene were
put, and the solution was stirred at reflux temperature for 24
hours under argon atmosphere. After heating, the reaction
liquid was cooled to room temperature, and filtered by cerite.
The filtrates were concentrated in an evaporator, and the
concentrates were purified by silica gel column chromatog-
raphy, yellow powders which were concentrated again and
obtained were washed by toluene, and thus 800 mg of 9,10-
bis(2,3'-bipyridine-5-yl)-2-phenylanthracene was obtained.
[0084] 1H-NMR (CDCl,) 8 7.2-8.2 (m, 18H), 8.5 (m, 2H),
8.7 (s, 2H), 8.9 (s, 2H), 9.4 (s, 2H)

Example 3
Synthetic Example 3
Synthesis of Compound of Formula (2-1-40)

Synthesis of 9,10-bis(2,3'-bipyridine-6-yl)-2-pheny-
lanthracene

[0085] Into aflask, 1.5 g 0f'9,10-bis(4,4,5,5-tetramethyl-1,
3,2-dioxaborolanyl)-2-phenylanthracene, 1.9 g of 6-bromo-
2,3'-bipyridine, 201 mg of tris(dibenzylieneacetone)dipalla-
dium(0), 187 mg of tricyclohexyl phosphine, 4.7 g of
tripotassium phosphate, and 50 ml of toluene were put, and
the solution was stirred at reflux temperature for 9 hours
under argon atmosphere. After heating, the reaction liquid
was cooled to room temperature, and washed by a saturated
sodium chloride aqueous solution. The organic layer was
concentrated in an evaporator, and the concentrates were
purified by activated alumina column chromatography, and
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further recrystallized in ethyl acetate and toluene, and thus
670 mg of 9,10-bis(2,3'-bipyridine-6-yl)-2-phenylanthracene
was obtained.

[0086] 1H-NMR (CDCl,) § 7.3-7.4 (m, 7H), 7.5-7.7 (m,
7H), 7.8 (m, 1H), 7.9 (s, 1H), 8.0 (m, 2H), 8.1 (m, 2H), 8.4 (m,
2H), 8.6 (m, 2H), 9.3 (s, 2H)

Example 4
Synthetic Example 4
Synthesis of Compound of Formula (2-2-9)

Synthesis of 3,6-dibromo-9-naphthalene-1-yl-carba-
zole

[0087] Into a flask, 10.00 g of 3,6-dibromo-9H-carbazole,
4.1 ml of 1-fluoronaphthalene, 12.06 g of cesium carbonate,
and 300 ml of dimethylsulfoxide were put, and the solution
was stirred at 145° C. for 36 hours under nitrogen atmosphere.
After heating, the reaction liquid was cooled to room tem-
perature and then filtrated, and the filtrates were concentrated
by a vacuum pump. The concentrates were purified by silica
gel column chromatography, and then washed by methanol,
and thus 5.5 g of 3,6-dibromo-9-naphthalene-1-yl-carbazole
was obtained.

Synthesis of 3,6-bis(4,4,5,5-tetramethyl-1,3,2-diox-
aborolanyl)-9-naphthalene-1-yl-carbazole

[0088] Into a flask, 2.00 g of 3,6-dibromo-9-naphthalene-
1-yl-carbazole, 2.46 g of bis(pinacolate)diboron, 304 mg of
bis(dibenzylieneacetone)palladium(0), 358 mg of tricyclo-
hexyl phosphine, 1.30 g of potassium acetate, and 30 ml of
1,4-dioxane were put, and the solution was stirred at reflux
temperature for 7 hours under argon atmosphere. After heat-
ing, toluene was added to the reaction liquid, the reaction
liquid was cooled to room temperature and then filtrated, and
thus the filtrates were concentrated in an evaporator. The
concentrates were purified by silica gel column chromatog-
raphy, and thus 820 mg of 3,6-bis(4,4,5,5-tetramethyl-1,3,2-
dioxaborolanyl)-9-naphthalene-1-yl-carbazole was
obtained.

Synthesis of 3,6-bis(2,3'-bipyridine-5-y1)-9-naphtha-
lene-1-yl-carbazole

[0089] Into a flask, 1.50 g of 3,6-bis(4,4,5,5-tetramethyl-1,
3,2-dioxaborolanyl)-9-naphthalene-1-yl-carbazole, 1.32 g of
5-bromo-2,3'-bipyridine, 194 mg of Pd(PPh;),, 2.40 g of
tripotassium phosphate, 25 ml of 1,4-dioxane, and 5 ml of
water were put, and the solution was stirred at reflux tempera-
ture for 10 hours under argon atmosphere. After heating, the
reaction liquid was cooled to room temperature, and washed
by a saturated sodium chloride aqueous solution. The organic
layer was concentrated in an evaporator, and the concentrates
were washed by methanol. After washing, the concentrates
were purified by silica gel column chromatography, recrys-
tallized in a chloroforny/ethyl acetate mixed solvent, and thus
475 mg of 3,6-bis(2,3'-bipyridine-5-yl)-9-naphthalene-1-yl-
carbazole was obtained.
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[0090] 1H-NMR (CDCl,) 8 7.1 (d, 2H), 7.3-7.5 (m, 4H),
7.6 (t, 1H), 7.6-7.8 (m, 4H), 7.9 (d, 2H), 8.0-8.2 (m, 4H), 8.4
(d, 2H), 8.5 (s, 2H), 8.6 (d, 2H), 9.1 (s, 2H), 9.3 (s, 2H)

Example 5
Synthetic Example 5
Synthesis of Compound of Formula (2-2-29)

Synthesis of 5,9-bis(4,4,5,5-tetramethyl-1,3,2-diox-
aborolanyl)-7,7-diphenylbenzo[c]fluorine

[0091] Into aflask, 13.1 g of'5,9-bis(trifluoromethanesulfo-
nyloxy)-7,7-diphenylbenzo[c]fluorene, 11.2 g of bis(pinaco-
late)diboron, 1.2 g of bis(dibenzylieneacetone)palladium(0),
1.4 g of tricyclohexyl phosphine, 6.5 g of potassium acetate,
and 300 ml of 1,4-dioxane were put, and the solution was
stirred at 80° C. for 4.5 hours under argon atmosphere. After
heating, the reaction liquid was concentrated in an evaporator.
The concentrates were purified by silica gel column chroma-
tography, and then washed by ethanol, and thus 9.8 g of
5,9-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolanyl)-7,7-
diphenylbenzo|[c]fluorene was obtained.

Synthesis of 5,9-bis(2,3'-bipyridine-5-yl)-7,7-diphe-
nylbenzo[c]fluorine

[0092] Into a flask, 2.0 g of 5,9-bis(4,4,5,5-tetramethyl-1,
3,2-dioxaborolanyl)-7,7-diphenylbenzo[c]fluorene, 1.65 g of
5-bromo-2,3'-bipyridine, 222 mg of Pd(PPh,),, 2.72 g of
tripotassium phosphate, 25 ml of 1,4-dioxane, and 5 ml of
water were put, and the solution was stirred at reflux tempera-
ture for 7.5 hours under argon atmosphere. After heating, the
reaction liquid was cooled to room temperature, and washed
by a saturated sodium chloride aqueous solution. The organic
layer was concentrated in an evaporator, and the concentrates
were purified by silica gel column chromatography. The con-
centrates were recrystallized in a chloroform/ethyl acetate
mixed solvent, and thus 345 mg of 5,9-bis(2,3'-bipyridine-5-
y1)-7,7-diphenylbenzo|[c]fluorene was obtained.

[0093] 1H-NMR (CDCl,) 87.3 (m, 10H), 7.4 (m, 2H), 7.5
(m, 2H), 7.7-8.0 (m, 8H), 7.9 (m, 2H), 8.5 (d, 1H), 8.6 (m,
2H), 8.8 (s, 1H), 8.9 (d, 1H), 9.0 (s, 1H), 9.3 (s, 1H), 9.4 (s,
1H)

Example 6
Synthetic Example 6
Synthesis of Compound of Formula (2-2-25)

Synthesis of 2,7-bis(2,3'-bipyridine-5-y1)-9,9-di-
hexylfluorene

[0094] Into a flask, 0.6 g of 9,9-dihexyl-fluorene-2,7-dibo-
ronic acid, 0.5 g of 5-bromo-2,3'-bipyridine, 115 mg of
Pd(PPh;),, 1.27 g of tripotassium phosphate, and 20 ml of
toluene were put, and the solution was stirred at reflux tem-
perature for 6.5 hours under argon atmosphere. After heating,
the reaction liquid was cooled to room temperature, and
washed by a saturated sodium chloride aqueous solution. The
organic layer was concentrated in an evaporator, and the
concentrates were purified by activated alumina column chro-
matography. The concentrates were recrystallized in a hep-
tane/ethyl acetate mixed solvent, and thus 150 mg of 2,7-bis
(2,3'-bipyridine-5-y1)-9,9-dihexylfluorene was obtained.
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[0095] 1H-NMR (CDCl,) 0.7 (m, 10H), 1.1 (m, 12H), 2.0
(m, 4H), 7.4 (m, 2H), 7.6 (m, 4H), 7.8 (m, 4H), 8.0 (m, 2H),
8.4 (m, 2H), 8.6 (m, 2H), 9.0 (s, 2H), 9.2 (s, 2H)

Example 7
Synthetic Example 7
Synthesis of Compound of Formula (2-2-30)

Synthesis of 1,4-bis(2,3'-bipyridine-5-yl)-naphtha-
lene

[0096] Into a flask, 2.2 g of 1,4-bis(4,4,5,5-tetramethyl-1,
3,2-dioxaborolanyl)-naphthalene, 2.8 g of 5-bromo-2,3'-bi-
pyridine, 450 mg of tris(dibenzylieneacetone)dipalladium
(0), 280 mg of tricyclohexyl phosphine 9.6 g of tripotassium
phosphate, and 50 ml of toluene were put, and the solution
was stirred at reflux temperature for 16 hours under argon
atmosphere. After heating, the reaction liquid was cooled to
room temperature, and washed by a saturated sodium chlo-
ride aqueous solution. The organic layer was concentrated in
an evaporator, and the concentrates were purified by activated
alumina column chromatography. The concentrates were fur-
ther washed by ethyl acetate, and then recrystallized in tolu-
ene, and thus 250 mg of 1,4-bis(2,3'-bipyridine-5-yl)-naph-
thalene was obtained. IH-NMR (CDCl,) 8 7.4-7.6 (m, 6H),
7.9-8.1 (m, 6H), 8.4 (m, 2H), 8.7 (m, 2H), 8.9 (s, 2H), 9.3 (s,
2H)

Example 8
Synthetic Example 8
Synthesis of Compound of Formula (2-1-1)

Synthesis of 9,10-bis(2,3'-bipyridine-6-yl)-an-
thracene

[0097] Into a flask, 1.56 g of 9,10-bis(4,4,5,5-tetramethyl-
1,3,2-dioxaborolanyl)anthracene, 1.86 g of 6-bromo-2,3'-bi-
pyridine, 198 mg of tris(dibenzylieneacetone)dipalladium
(0), 182 mg of tricyclohexyl phosphine, 4.6 g of tripotassium
phosphate, and 60 ml of toluene were put, and the solution
was stirred at reflux temperature for 12 hours under argon
atmosphere. After heating, the reaction liquid was cooled to
room temperature, and washed by water. The organic layer
was concentrated in an evaporator, and the concentrates were
purified by activated alumina column chromatography, and
thus 960 mg of 9,10-bis(2,3'-bipyridine-6-yl)anthracene was
obtained. IH-NMR (CDCl,) 8 7.2-7.8 (m, 12H), 7.9-8.1 (m,
4H), 8.4 (s, 2H), 8.6 (s, 2H), 9.3 (s, 2H)

Example 9
Synthetic Example 9
Synthesis of Compound of Formula (2-1-41)

Synthesis of 3,9-bis(4,4,5,5-tetramethyl-1,3,2-diox-
aborolanyl)-11,11-diphenylbenzo[ct]fluorine

[0098] Into a flask, 5.2 g of 3,9-bis(trifluoromethanesulfo-
nyloxy)-11,11-diphenylbenzo[a]fluorene, 4.6 g of bis(pina-
colate)diboron, 0.48 g of bis(dibenzylieneacetone)palladium
(0), 0.56 g of tricyclohexyl phosphine, 2.6 g of potassium
acetate, and 100 ml of 1,4-dioxane were put, and the solution
was stirred at 80° C. for 3.5 hours under argon atmosphere.
After heating, the reaction liquid was cooled to room tem-
perature, and ethyl acetate was added, and then the reaction
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liquid was filtrated. Obtained solid was purified by silica gel
column chromatography, and thus 2.0 g of 3,9-bis(4,4,5,5-
tetramethyl-1,3,2-dioxaborolanyl)-11,11-diphenylbenzo[ o]
fluorene was obtained.

Synthesis of 3,9-bis(2,3'-bipyridine-6-yl1)-11,11-
diphenylbenzo[a]fluorine

[0099] Into a flask, 1.8 g of 3,9-bis(4,4,5,5-tetramethyl-1,
3,2-dioxaborolanyl)-11,11-diphenylbenzo[c]fluorene, 1.60
g of 6-bromo-2,3'-bipyridine, 215 mg of Pd(PPh,),, 2.63 g of
tripotassium phosphate, 25 ml of 1,4-dioxane, and 5 ml of
water were put, and the solution was stirred at reflux tempera-
ture for 4.5 hours under argon atmosphere. After heating, the
reaction liquid was cooled to room temperature, and washed
by water. Then, the reaction liquid was washed by methanol,
and then purified by activated alumina column chromatogra-
phy, furthermore, recrystallized in N,N-dimethylformamide
and chlorobenzene, and thus 142 mg of 3,9-bis(2,3'-bipyri-
dine-6-y1)-11,11-diphenylbenzo[c]fluorene was obtained.
[0100] 'H-NMR (CDCl,) 8 7.3-7.4 (m, 6H), 7.4 (m, 6H),
7.55(d, 1H),7.65(d, 1H),7.7 (s, 1H), 7.8 (d, 1H), 7.85 (d, 1H)
7.9 (d, 1H), 7.95 (d, 1H) 8.0 (d, 1H), 8.0-8.1 (m, 3H), 8.2 (s,
1H), 8.3-8.4 (m, 2H), 8.6-8.7 (m, 2H), 8.9 (s, 1H), 9.0 (s, 1H),
9.2 (s, 1H), 9.25 (s, 1H)

Example 10
Synthetic Example 10
Synthesis of Compound of Formula (2-1-42)

Synthesis of 2,7-bis(4,4,5,5-tetramethyl-1,3,2-diox-
aborolanyl)triphenylene

[0101] Into a flask, 2 g of 1,2-bis(3-methoxyphenyl)ben-
zene was put, and allowed to dissolve in 100 ml of dichlo-
romethane under nitrogen atmosphere. In the solution, 3.25 g
ofiron(I1I) chloride was added, and the solution was stirred at
room temperature for 56.5 hours. Methanol was added to
terminate the reaction, and then the solution was washed by
water. The organic layer was purified by silica gel column
chromatography, and then recrystallized in a toluene/heptane
mixed solvent, and thus 1.4 g of 2,7-dimethoxytriphenylene
was obtained. Obtained 2,7-dimethoxytriphenylene was con-
verted to 2,7-dihydroxytriphenylene by boron tribromide,
and allowed to react with trifluoromethanesulfonyl chloride,
and converted to 2,7-bis(trifluoromethanesulfonyloxy)triph-
enylene. The product was allowed react with bis(pinacolate)
diboron, and thus 2,7-bis(4,4,5,5-tetramethyl-1,3,2-diox-
aborolanyl)triphenylene was synthesized.

Synthesis of
2,7-bis(2,3'-bipyridine-6-y)triphenylene

[0102] Into a flask, 0.4 g of 2,7-bis(4,4,5,5-tetramethyl-1,
3,2-dioxaborolanyl)triphenylene, 0.43 g of 6-bromo-2,3'-bi-
pyridine, 58 mg of Pd(PPh,),, 353 mg of sodium carbonate,
15 ml of toluene, 5 ml of ethanol, and 5 ml of water were put,
and the solution was stirred at reflux temperature for 14.5
hours under argon atmosphere. After heating, the reaction
liquid was cooled to room temperature, and water was added.
The solution was extracted by dichloromethane, and the
organic layer was concentrated in an evaporator. The concen-
trates were purified by activated alumina column chromatog-
raphy, recrystallized in chlorobenzene, and thus 96 mg of
2,7-bis(2,3'-bipyridine-6-yl)triphenylene was  obtained.
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1H-NMR (CDCl,) 3 7.5 (m, 2H), 7.7-7.8 (m, 4H), 7.9-8.0 (m,
4H), 8.45 (d, 2H), 8.55 (d, 2H), 8.7 (m, 2H), 8.8-9.0 (m, 4H),
9.4-9.6 (m, 4H)

[0103] Another emission material of the present invention
can be synthesized through selecting a raw material com-
pound suitably by a method corresponding to the synthetic
example described above.

Example 11

[0104] A 25 mmx75 mmx1.1 mm glass substrate (manu-
factured by Tokyo Sanyo Vacuum Co., Ltd.) on which ITO
was deposited at a thickness of 150 nm was used as a trans-
parent substrate. The transparent substrate was fixed to a
substrate holder of a commercial deposition system (manu-
factured by Sinku Kiko Co., Ltd.), and a molybdenum-made
boat source for deposition containing copper phthalocyanine,
a molybdenum-made boat source for deposition containing
N,N'-diphenyl-N,N'-dinaphthyl-4,4'-diaminobipheny] (here-
inafter abbreviated as NPD), a molybdenum-made boat
source for deposition containing tris(8-hydroxyquinoline)
aluminum (hereinafter abbreviated as ALQ), a molybdenum-
made boat source for deposition containing the compound
(2-2-1) synthesized in Example 1, a molybdenum-made boat
source for deposition containing lithium fluoride, and a tung-
sten-made boat source for deposition containing aluminum
were mounted. A vacuum chamber was decompressed to
1x1072 Pa, the boat source for deposition containing copper
phthalocyanine was heated, and copper phthalocyanine was
deposited to become a thickness of 20 nm to form a hole
injection layer, next, the boat source for deposition containing
NPD was heated, and NPD was deposited to become a thick-
ness of 30 nm to form a hole transport layer. Next, the molyb-
denum-made boat source for deposition containing ALQ was
heated, and ALQ was deposited to become a thickness of 35
nm to form an emission layer. Next, the boat source for
deposition containing the compound (2-2-1) was heated, and
the compound (2-2-1) was deposited to become a thickness of
15 nm to form an electron transport layer. The above deposit
rate was 0.1 to 0.2 nm/second. Then, the boat source for
deposition containing lithium fluoride was heated, and
lithium fluoride was deposited to become a thickness of 0.5
nm at a deposit rate of 0.003-0.01 nm/second, then, the boat
source for deposition containing aluminum was heated, and
aluminum was deposited to become a thickness of 100 nm at
adeposit rate of 0.2 to 0.5 nm/second, and thus an organic EL.
device was obtained. When direct current voltage was applied
by using an ITO electrode as an anode, and a lithium fluoride/
aluminum electrode as a cathode, emission of green color
having a wavelength of approximately 520 nm was obtained.
Moreover, when a constant current drive test was carried out
at current density for obtaining an initial luminance of 1000
cd/m?, luminance after elapse of approximately 60 hours was
906 cd/m”>.

[0105] When a direct current voltage of approximately 6 V
was applied, an electric current of approximately 149
mA/cm? flowed, and thus emission of green color having a
luminance of approximately 4300 cd/m?, and a wavelength of
520 nm was obtained.

Example 12

[0106] A 25 mmx75 mmx1.1 mm glass substrate (manu-
factured by Tokyo Sanyo Vacuum Co., Ltd.) on which ITO
was deposited at a thickness of 150 nm was used as a trans-
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parent substrate. The transparent substrate was fixed to a
substrate holder of a commercial deposition system (manu-
factured by Sinku Kiko Co., Ltd.), and a molybdenum-made
boat source for deposition containing copper phthalocyanine,
a molybdenum-made boat source for deposition containing
N,N'-diphenyl-N,N'-dinaphthyl-4,4'-diaminobipheny! (here-
inafter abbreviated as NPD), a molybdenum-made boat
source for deposition containing the following compound
(A): 9-phenyl-10-[6-(1,1";3,1")terphenyl-5'-ylInaphthalene-
2-yl]anthracene, a molybdenum-made boat source for depo-
sition containing the following styrylamine derivative (B):
N,N,N',N'-tetra(4-biphenylyl)-4,4'-diaminostilbene, a
molybdenum-made boat source for deposition containing the
compound (2-2-1), a molybdenum-made boat source for
deposition containing lithium fluoride, and a tungsten-made
boat source for deposition containing aluminum were
mounted.

[0107] A vacuum chamber was decompressed to 1x1073
Pa, the boat source for deposition containing copper phtha-
locyanine was heated, and copper phthalocyanine was depos-
ited to become a thickness of 20 nm to form a hole injection
layer, next, the boat source for deposition containing NPD
was heated, and NPD was deposited to become a thickness of
30 nm to form a hole transport layer. Next, the molybdenum-
made boat source for deposition containing the compound
(A) and the molybdenum-made boat source for deposition
containing the compound (B) were simultaneously heated,
and the compounds (A) and (B) were deposited to become a
thickness of 30 nm to form an emission layer. A deposit rate
was adjusted such that a weight ratio of the compound (A) and
the compound (B) may become approximately 95 to 5. Next,
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the boat source for deposition containing the compound (2-2-
1) was heated, and the compound (2-2-1) was deposited to
become a thickness of 20 nm to form an electron transport
layer. The above deposit rate was 0.001 to 3.0 nm/second.
Then, the boat source for deposition containing lithium fluo-
ride was heated, and lithium fluoride was deposited to
become a thickness of 0.5 nm at a deposit rate 0£'0.003 to 0.01
nm/second, then, the boat source for deposition containing
aluminum was heated, and aluminum was deposited to
become a thickness of 100 nm at a deposit rate of 0.1 to 1.0
nm/second, and thus an organic EL device was obtained.
When direct current voltage was applied by using an ITO
electrode as an anode, and a lithium fluoride/aluminum elec-
trode as a cathode, emission of blue color having a wave-
length of approximately 455 nm was obtained. Moreover, a
constant current drive test was carried out at current density
for obtaining an initial luminance of 1000 cd/m>. Drive test
start voltage was 4.75 V, and luminance after elapse of 80
hours was 931 cd/m?.

Example 13

[0108] An organic EL device was obtained in a manner
similar to Example 12 except that a compound (2-2-2) was
used instead of the compound (2-2-1). An ITO electrode was
used as an anode, and a lithium fluoride/aluminum electrode
as a cathode, and then a constant current drive test was carried
out at current density for obtaining an initial luminance of
1000 cd/m?. Drive test start voltage was 5.53 V, and lumi-
nance after elapse of 80 hours was 849 cd/m?.

Example 14

[0109] An organic EL device was obtained in a manner
similar to Example 12 except that a compound (2-1-40) was
used instead of the compound (2-2-1). An ITO electrode was
used as an anode, and a lithium fluoride/aluminum electrode
as a cathode, and then a constant current drive test was carried
out at current density for obtaining an initial luminance of
1000 cd/m*. Drive test start voltage was 4.92 V, and lumi-
nance after elapse of 80 hours was 881 cd/m?.

Example 15

[0110] An organic EL device was obtained in a manner
similar to Example 12 except that a compound (2-2-9) was
used instead of the compound (2-2-1). An ITO electrode was
used as an anode, and a lithium fluoride/aluminum electrode
as a cathode, and then a constant current drive test was carried
out at current density for obtaining an initial luminance of
1000 cd/m?. Drive test start voltage was 5.72 V, and lumi-
nance after elapse of 25 hours was 767 cd/m”.

Example 16

[0111] An organic EL device was obtained in a manner
similar to Example 12 except that a compound (2-2-29) was
used instead of the compound (2-2-1). An ITO electrode was
used as an anode, and a lithium fluoride/aluminum electrode
as a cathode, and then a constant current drive test was carried
out at current density for obtaining an initial luminance of
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1000 cd//m>. Drive test start voltage was 4.62 V, and lumi-
nance after elapse of 80 hours was 617 cd/m?.

Example 17

[0112] An organic EL device was obtained in a manner
similar to Example 12 except that a compound (2-2-25) was
used instead of the compound (2-2-1). An ITO electrode was
used as an anode, and a lithium fluoride/aluminum electrode
as a cathode, and then a constant current drive test was carried
out at current density for obtaining an initial luminance of
1000 cd/m?. Drive test start voltage was 4.54 V, and lumi-
nance after elapse of 80 hours was 680 cd/m?.

Example 18

[0113] An organic EL device was obtained in a manner
similar to Example 12 except that a compound (2-2-30) was
used instead of the compound (2-2-1). An ITO electrode was
used as an anode, and a lithium fluoride/aluminum electrode
as a cathode, and then a constant current drive test was carried
out at current density for obtaining an initial luminance of
1000 cd/m?. Drive test start voltage was 4.80 V, and lumi-
nance after elapse of 80 hours was 700 cd/m>.

Example 19

[0114] An organic EL device was obtained in a manner
similar to Example 12 except that a compound (2-1-1) was
used instead of the compound (2-2-1). An ITO electrode was
used as an anode, and a lithium fluoride/aluminum electrode
as a cathode, and then a constant current drive test was carried
out at current density for obtaining an initial luminance of
1000 cd/m?. Drive test start voltage was 4.34 V, and lumi-
nance after elapse of 25 hours was 885 cd/m>.

Comparative Example 1

[0115] An organic EL device was obtained in a manner
similar to Example 11 except that the following compound
(C) (the compound II-4 described in Patent document 1) was
used instead of the compound (2-2-1). An ITO electrode was
used as an anode, and a lithium fluoride/aluminum electrode
as a cathode, and then a constant current drive test was carried
out at current density for obtaining an initial luminance of
1000 cd/m?, luminance after elapse of approximately 60
hours was 884 cd/m>. When a direct current voltage of
approximately 6 V was applied, an electric current of approxi-
mately 121 mA/cm® flowed, and emission of green color
having a luminance of approximately 3920 cd/cm?, and a
wavelength of 520 nm was obtained.
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Comparative Example 2

[0116] An organic EL device was obtained in a manner
similar to Example 12 except that the compound (C) was used
instead of the compound (2-2-1). An ITO electrode was used
as an anode, and a lithium fluoride/aluminum electrode as a
cathode, and then a constant current drive test was carried out
at current density for obtaining an initial luminance of 1000
cd/m?. Drive test start voltage was 3.71 V, luminance after
elapse of 25 hours was 699 cd/m?, and luminance after elapse
of 80 hours was 496 cd/m>.

Comparative Example 3

[0117] An organic EL device was obtained in a manner
similar to Example 12 except that tris(8-quinolinol)alumi-
num (Alq,) was used instead of the compound (2-2-1). An
ITO electrode was used as an anode, and a lithium fluoride/
aluminum electrode as a cathode, and then a constant current
drive test was carried out at current density for obtaining an
initial luminance of 1000 cd/m>. Drive test start voltage was
6.36V, and luminance after elapse of 80 hours was 830 cd/m>.

INDUSTRIAL APPLICABILITY

[0118] According to a preferable embodiment of the
present invention, an organic EL device which is further
better in performance of drive voltage and life of a device can
be provided. In particular, drive voltage and life of a device for
emission of blue color can be improved, and therefore a high
performance display unit including the above improved per-
formance can be provided.

1-79. (canceled)
80. A compound represented by the following Formula

(2-1):

)

wherein G' is a divalent group derived from one compound
selected from the group consisting of compounds represented
by the following Formulas (A-1) to (A-20) and Formulas
(B-1) to (B-42):

(A-D)
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wherein each R is independently hydrogen, methyl, ethyl,
hexyl, cyclohexyl, phenyl, 1-naphthyl, or 2-naphthyl; and the
divalent group derived from one compound selected from the
group consisting of compounds represented by Formulas
(A-1) to (A-20) and Formulas (B-1) to (B-42) may have a
substituent on a position other than an atom having a free
valency.

81. The compound as described in claim 80, wherein G is
a divalent group derived from one compound selected from
the group consisting of compounds represented by the For-
mulas (A-1) to (A-20), and the divalent group may have a
substituent.

82. The compound as described in claim 80, wherein G is
a divalent group derived from one compound selected from
the group consisting of compounds represented by the For-
mulas (A-1) to (A-10), and the divalent group may have a
substituent.

83. The compound as described in claim 80, wherein G is
one group selected from the group consisting of divalent
groups represented by the following Formulas (C-1) to

(C-15):
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wherein each R is independently hydrogen, methyl, ethyl,
hexyl, cyclohexyl, phenyl, 1-naphthyl, or 2-naphthyl and the
divalent group represented by Formulas (C-1) to (C-15) may
have a substituent on a position other than an atom having a
free valency.

84. The compound as described in claim 80, wherein G is
anthracene-9,10-diyl.

85. The compound as described in claim 80, wherein G is
2-phenylanthracene-9,10-diyl.

86. The compound as described in claim 80, wherein G is
2-t-butylanthracene-9,10-diyl.

87. The compound as described in claim 80, wherein G is
2-methylanthracene-9,10-diyl.

88. The compound as described in claim 80, wherein G is
7,7-diphenylbenzo|c]fluorene-5,9-diyl.

89. An organic electroluminescent device comprising the
compound as described in claim 80.

90. An organic electroluminescent device comprising at
least a hole transport layer, an emission layer, and an electron
transport layer sandwiched between an anode and a cathode
on a substrate, wherein the above electron transport layer
comprises the compound as described in claim 80.

91. An organic electroluminescent device comprising the
compound as described in claim 81.

92. An organic electroluminescent device comprising the
compound as described in claim 82.

93. An organic electroluminescent device comprising the
compound as described in claim 83.

94. An organic electroluminescent device comprising the
compound as described in claim 84.

95. An organic electroluminescent device comprising the
compound as described in claim 85.

96. An organic electroluminescent device comprising the
compound as described in claim 86.

(C-15)
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97. An organic electroluminescent device comprising the
compound as described in claim 87.

98. An organic electroluminescent device comprising the
compound as described in claim 88.

99. An organic electroluminescent device comprising at
least a hole transport layer, an emission layer, and an electron
transport layer sandwiched between an anode and a cathode
on a substrate, wherein the above electron transport layer
comprises the compound as described in claim 81.

100. An organic electroluminescent device comprising at
least a hole transport layer, an emission layer, and an electron
transport layer sandwiched between an anode and a cathode
on a substrate, wherein the above electron transport layer
comprises the compound as described in claim 82.

101. An organic electroluminescent device comprising at
least a hole transport layer, an emission layer, and an electron
transport layer sandwiched between an anode and a cathode
on a substrate, wherein the above electron transport layer
comprises the compound as described in claim 83.

102. An organic electroluminescent device comprising at
least a hole transport layer, an emission layer, and an electron
transport layer sandwiched between an anode and a cathode
on a substrate, wherein the above electron transport layer
comprises the compound as described in claim 84.

103. An organic electroluminescent device comprising at
least a hole transport layer, an emission layer, and an electron
transport layer sandwiched between an anode and a cathode
on a substrate, wherein the above electron transport layer
comprises the compound as described in claim 85.

104. An organic electroluminescent device comprising at
least a hole transport layer, an emission layer, and an electron
transport layer sandwiched between an anode and a cathode
on a substrate, wherein the above electron transport layer
comprises the compound as described in claim 86.

105. An organic electroluminescent device comprising at
least a hole transport layer, an emission layer, and an electron
transport layer sandwiched between an anode and a cathode
on a substrate, wherein the above electron transport layer
comprises the compound as described in claim 87.

106. An organic electroluminescent device comprising at
least a hole transport layer, an emission layer, and an electron
transport layer sandwiched between an anode and a cathode
on a substrate, wherein the above electron transport layer
comprises the compound as described in claim 88.

* * #* ok %



patsnap

TREMOF) B AR RERAENENBRR RN
[F(RE)E US20110215310A1 K (aH)A 2011-09-08
BRiES US13/107105 % A 2011-05-13

[FRIEE(FRR)AGE) ONOHYE
I EHIROSHI
£ ILAKIKO
A EMANABU

BB (E R AGR) ONOH &
I AHIROSHI
£ ILAKIKO
A EMANABU

HAREERR)AGE) B0

FRIRBAA ONO YOUHEI
YAMADA HIROSHI
KAGEYAMA AKIKO
UCHIDA MANABU

KBAAN ONO, YOUHEI
YAMADA, HIROSHI
KAGEYAMA, AKIKO
UCHIDA, MANABU

IPCH %S HO1L51/54 C07D401/14 C07D417/14 C07D413/14

CPCH%S C07D213/22 C07D213/53 C07D401/14 C07D413/14 C07D417/14 CO9K11/06 Y10S428/917 HO1L51
/0067 HO1L51/0069 HO1L51/0071 HO1L51/5048 H05B33/14 C09K2211/1029

£ 5 PCT/JP2006/317545 2006-09-05 WO
2005255794 2005-09-05 JP

H A3 FF TR US8202633
SNEBEEEE Espacenet  USPTO
BEGR)

ATR (1) ZRRWILENTREGHELSRGHN B FERME , FEES
FEEAETSEZCEWNENELSRG4FSK , HERFPBER .
GENEE , nR2F4N B, RIZRAZHMMM NS , — M EFAREG
BEKNEEN , REERSTEHMIUMAIR—NER , AR 1ER 45
=N R ECREHEEN; ntd2,38#39;-BALIE Al LUEE th AT AR &



https://share-analytics.zhihuiya.com/view/ed4a7709-c3b4-4e4d-9a3a-9dd456bf5fbe
https://worldwide.espacenet.com/patent/search/family/037835815/publication/US2011215310A1?q=US2011215310A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220110215310%22.PGNR.&OS=DN/20110215310&RS=DN/20110215310

