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METHOD FOR SYNTHESIZING ANTHRACENE
DERIVATIVE AND ANTHRACENE DERIVATIVE,
LIGHT EMITTING ELEMENT, LIGHT EMITTING
DEVICE, ELECTRONIC DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a method for syn-
thesizing an anthracene derivative. The present invention also
relates to an anthracene derivative. Further, the present inven-
tion relates to a current-excitation light-emitting element, and
a light-emitting device and an electronic device each having
the light-emitting element.

BACKGROUND ART

[0002] Inrecentyears, researchand development have been
extensively conducted on light-emitting elements using elec-
troluminescence. As a basic structure of these light-emitting
elements, a structure where a substance having a light-emit-
ting property is interposed between a pair of electrodes is
used. By application of a voltage to this element, light emis-
sion from a substance having a light-emitting property can be
obtained.

[0003] Since such a light-emitting element is a self-lumi-
nous element, there are advantages such as higher visibility of
apixel than visibility of a liquid crystal display, and unneces-
sity of a backlight. Accordingly, such a light-emitting element
is considered to be suitable as a flat panel display element. In
addition, such a light-emitting element can be manufactured
to be thin and light, which is a great advantage. Moreover, the
light-emitting element has a feature that response speed is
extremely fast.

[0004] Furthermore, since such a light-emitting element
can be formed into a film form, planar light emission can be
easily obtained by formation of a large-area element. This
characteristic is difficult to be obtained by a point light source
typified by an incandescent lamp or an LED, or a line light
source typified by a fluorescent lamp. Therefore, the light-
emitting element has a high utility value as a plane light
source that can be applied to lighting or the like.

[0005] The light-emitting elements using electrolumines-
cence are classified roughly in accordance with whether they
use an organic compound or an inorganic compound as a
substance having a light-emitting property.

[0006] 1Ina case where a substance having a light-emitting
property is an organic compound, by application of a voltage
to the light-emitting element, electrons and holes are injected
from the pair of electrodes into the layer including an organic
compound having a light-emitting property to cause current
flow. Then, by recombination of these carriers (electrons and
holes), the organic compound having a light-emitting prop-
erty gets in an excited state, and light is emitted when the
excited state returns to a ground state. Because of such a
mechanism, this kind of light-emitting element is referred to
as a light-emitting element of a current excitation type.

[0007] Tt is to be noted that an excited state formed by an
organic compound can be a singlet excited state or a triplet
excited state. Light emission from the singlet excited state is
referred to as fluorescence, and light emission from the triplet
excited state is referred to as phosphorescence.

[0008] 1In order to overcome many problems derived from
materials of such a light-emitting element and to improve its
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element characteristics, improvement in an element structure,
material development, and so on are carried out.

[0009] For example, anthracene derivatives have been
developed as the material used for the light-emitting elements
(see Reference 1: Japanese Published Patent Application No.
2003-238534). However, in order to synthesize the anthran-
cene derivative disclosed in Reference 1, the plurality of steps
are required to be conducted. Therefore, the yield is not
favorable and a long time period for synthesis is needed.

DISCLOSURE OF INVENTION

[0010] In view ofthe foregoing problems, it is an object of
the present invention to provide a novel method for synthe-
sizing an anthracene derivative with the small number of
steps. It is another object of the present invention to provide a
novel anthracene derivative. It is further another object of the
present invention to provide a light-emitting element, a light-
emitting device, and an electronic device, each using the
anthracene derivative.

[0011] One aspect of the present invention is a method for
synthesizing an anthracene derivative represented by a gen-
eral formula (1) by coupling a 9-arylanthracene derivative
having an active site at a 10-position with a 9-arylcarbazole
derivative having an active site in an aryl group using metal,
a metal compound, or a metal catalyst.

@®

RS Ar! R!

R’ R?
R® R?
R’ Ar? R*

L
7\ I\
Nl

[0012] In the general formula (1), each of R* to R® repre-
sents hydrogen, an alkyl group having 1 to 4 carbon atoms, or
an aryl group having 6 to 15 carbon atoms; Ar' represents an
aryl group having 6 to 25 carbon atoms; Ar” represents an
arylene group having 6 to 25 carbon atoms; and each of A’
and A* represents hydrogen, an aryl group having 6 to 25
carbon atoms, or an alkyl group having 1 to 4 carbon atoms.

[0013] Another aspect of the present invention is a method
for synthesizing an anthracene derivative represented by the
general formula (1) by coupling an anthracene derivative
represented by a general formula (2) with a carbazole deriva-
tive represented by a general formula (3) using metal, a metal
compound, or a metal catalyst.
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@
R® Ar! R!

R’ R?
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M

R® Ar! R!

R R?
R® R?
R® TIZ R*
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[0014] Inthe general formulas (1) to (3), each of R* to R®
represents hydrogen, an alkyl group having 1 to 4 carbon
atoms, or an aryl group having 6 to 15 carbon atoms; Ar’
represents an aryl group having 6 to 25 carbon atoms; Ar>
represents an arylene group having 6 to 25 carbon atoms; each
of A' and A? represents hydrogen, an aryl group having 6 to
25 carbon atoms, or an alkyl group having 1 to 4 carbon
atoms; and each of X> and X° represents an active site.

[0015] In the above synthesizing method, copper, iron, or
the like can be given as the metal. As the metal compound,
copper iodide or the like can be given. As the metal catalyst,
apalladium catalyst, a nickel catalyst, or the like can be given.

[0016] In the above synthesizing method, boronic acid or
organoboron is preferably coupled with halogen at the active
site. That is, it is preferable that one of the active sites be
boronic acid or organoboron and the other be halogen. When
boronic acid or organoboron is coupled with halogen at the
active site, an anthracene derivative that is a target matter can
be obtained with high yield.

[0017] Another aspect of the present invention is a method
for synthesizing an anthracene derivative represented by the
general formula (1) by performing coupling reaction of
9-aryl-10-anthracene halide and (carbazol-9-yl)arylboronic
acid using a metal catalyst.
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RS Ar! R!
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[0018] In the general formula (1), each of R* to R® repre-
sents hydrogen, an alkyl group having 1 to 4 carbon atoms, or
an aryl group having 6 to 15 carbon atoms; Ar' represents an
aryl group having 6 to 25 carbon atoms; Ar” represents an
arylene group having 6 to 25 carbon atoms; and each of A'
and A* represents hydrogen, an aryl group having 6 to 25
carbon atoms, or an alkyl group having 1 to 4 carbon atoms.

[0019] In the above synthesis method, the metal catalyst is
preferably a palladium catalyst.

[0020] One aspect of the present invention is an anthracene
derivative represented by a structural formula (12).

a2)

N.
[0021] Another aspect of the present invention is an

anthracene derivative represented by a structural formula
(20).
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(20)
CH;

H3C_C_CH3

-0

[0022] Another aspect of the present invention is an
anthracene derivative represented by a structural formula
(43).

43)
CFs

%
G

[0023] Another aspect of the present invention is an
anthracene derivative represented by a structural formula

(16).
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(16)

OO

[0024] One aspect of the present invention is a light-emit-
ting element using the above anthracene derivative. Specifi-
cally, the light-emitting element has the above anthracene
derivative between a pair of electrodes.

[0025] Another aspect of the present invention is a light-
emitting element having a light-emitting layer between a pair
of electrodes, which has the above anthracene derivative. In
particular, the above anthracene derivative is preferably used
as a light-emitting substance. That is, the light-emitting ele-
ment preferably has a structure in which the above anthracene
derivative emits light.

[0026] A feature of the present invention is that a light-
emitting device has a light-emitting element including the
above anthracene derivative and a controller for controlling
light emission of the light-emitting element. The light-emit-
ting device in this specification includes an image display
device, a light-emitting device, and a light source (including
a lighting device). Further, the light-emitting device also
includes a module in which a connector such as an FPC
(Flexible Printed Circuit), a TAB (Tape Automated Bonding)
tape, or a TCP (Tape Carrier Package) is attached to a panel,
amodule in which a printed wiring board is provided atan end
of'a TAB tape or a TCP, and a module in which an IC (Inte-
grated Circuit) is directly mounted on the light-emitting
device by a COG (Chip On Glass) method.

[0027] Further, an electronic device using the light-emit-
ting element of the present invention in its display portion is
also included in the category of the present invention. There-
fore, the electronic device of the present invention has a
display portion, and the display portion is equipped with the
above-described light-emitting element and a controller for
controlling light emission of the light-emitting element.

[0028] Inaccordance with the present invention, it becomes
possible to omit synthesis steps for obtaining an anthracene
derivative that is a target matter, and then, it becomes possible
to synthesize an anthracene derivative more easily than the
conventional case. In addition, time period needed for reac-
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tion can be shortened, which leads to cost reduction. Further,
in accordance with the present invention, an anthracene
derivative can be synthesized with higher yield than the con-
ventional case.

[0029] An anthracene derivative of the present invention
that has the larger band gap can emit light with a short wave-
length. Further, the anthracene derivative can emit blue light
with high color purity.

[0030] A light-emitting element using an anthracene
derivative of the present invention can emit light with the
short wavelength and blue light with high color purity.

[0031] Further, a light-emitting material having a smaller
band gap than the anthracene derivative of the present inven-
tion (hereinafter, referred to as dopant) is added to a layer
including the anthracene derivative of the present invention,
whereby light can be obtained from the dopant. At this time,
since the anthracene derivative of the present invention has an
extremely large band gap, light that is not from the anthracene
derivative of the present invention but from the dopant can be
efficiently obtained even if dopant emitting light with rela-
tively short wavelength is used. Specifically, by using a light-
emitting material as dopant, which has emission maximum in
around 450 nm of the wavelength and shows an excellent blue
color purity, a light-emitting element that can obtain blue
light with a high color purity can be obtained.

[0032] When a light-emitting element is manufactured, in
which the anthracene derivative of the present invention is
added to alayer including a material having a larger band gap
than the anthracene derivative (hereinafter, refereed to as
host), light from the anthracene derivative of the present
invention can be obtained. In other words, the anthracene
derivative of the present invention serves as dopant. At this
time, since the anthracene derivative has an extremely large
band gap and exhibits light with the short wavelength, a
light-emitting element that can obtain blue light with a high
color purity can be manufactured.

[0033] When a light-emitting material of the present inven-
tion including the anthracene derivative is used, a light-emit-
ting element that provides an excellent color purity as blue
color can be obtained. Further, when the light-emitting mate-
rial of the present invention including the anthracene deriva-
tive is used, a highly reliable light-emitting element can be
obtained.

[0034] A light-emitting element of the present invention
including the above anthracene derivative is a light-emitting
element that can provide an excellent color purity as blue
light. Further, the light-emitting element of the present inven-
tion including the above anthracene derivative is a highly
reliable light-emitting element.

[0035] A light-emitting device of the present invention
including the light-emitting element is a light-emitting device
with high color reproducibility. Further, the light-emitting
device of the present invention including the light-emitting
element is a highly reliable light-emitting device.

[0036] An electronic device of the present invention includ-
ing the light-emitting element is an electronic device with
high color reproducibility. Further, the electronic device of
the present invention including the light-emitting element is a
highly reliable electronic device.

BRIEF DESCRIPTION OF DRAWINGS

[0037] FIGS. 1A to 1C are views explaining a light-emit-
ting element of the present invention.
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[0038] FIG. 2 is a view explaining a light-emitting element
of the present invention.

[0039] FIG. 3 is a view explaining a light-emitting element
of the present invention.

[0040] FIGS. 4A and 4B are views explaining a light-emit-
ting device of the present invention.

[0041] FIGS.5A and 5B are views explaining a light-emit-
ting device of the present invention.

[0042] FIGS. 6A to 6D are views each explaining an elec-
tronic device of the present invention.

[0043] FIG. 7 is a view explaining an electronic device of
the present invention.

[0044] FIG. 8 is a view explaining a lighting system of the
present invention.

[0045] FIG. 9 is a view explaining a lighting system of the
present invention.

[0046] FIGS. 10A and 10B are graphs each showing 'H
NMR of 9-[4-(N-carbazolyl)phenyl]-10-phenylanthracene.

[0047] FIG. 11 is a graph showing an absorption spectrum
of a toluene solution of 9-[4-(N-carbazolyl)phenyl]-10-phe-
nylanthracene.

[0048] FIG. 12 is a graph showing an absorption spectrum
of a thin film of 9-[4-(N-carbazolyl)phenyl]-10-phenylan-
thracene.

[0049] FIG. 13 is a graph showing an emission spectrum of
a toluene solution of 9-[4-(N-carbazolyl)phenyl]-10-pheny-
lanthracene.

[0050] FIG. 14 is a graph showing an emission spectrum of
a thin film of 9-[4-(N-carbazolyl)phenyl]-10-phenylan-
thracene.

[0051] FIGS. 15A and 15B are graphs each showing 'H
NMR of 9-(biphenyl-4-y1)-10-[4-(carbazol-9-yl)phenyl]an-
thracene.

[0052] FIG. 16 is a graph showing an absorption spectrum
of a toluene solution of 9-(biphenyl-4-y1)-10-[4-(carbazol-9-
yl)phenyl Janthracene.

[0053] FIG. 17 is a graph showing an absorption spectrum
of a thin film of 9-(biphenyl-4-y1)-10-[4-(carbazol-9-yl)phe-
nylJanthracene.

[0054] FIG. 18 is a graph showing an emission spectrum of
a toluene solution of 9-(biphenyl-4-y1)-10-[4-(carbazol-9-
yl)phenyl Janthracene.

[0055] FIG. 19 is a graph showing an emission spectrum of
a thin film of 9-(biphenyl-4-y1)-10-[ 4-(carbazol-9-yl)phenyl |
anthracene.

[0056] FIGS. 20A and 20B are graphs each showing 'H
NMR of 9-(4-tert-butylphenyl)-10-[4-(carbazol-9-y1)|phe-
nylanthracene.

[0057] FIG. 21 is a graph showing an absorption spectrum
of a toluene solution of 9-(4-tert-butylphenyl)-10-[4-(carba-
701-9-y1) Jphenylanthracene.

[0058] FIG. 22 is a graph showing an absorption spectrum
ofa thin film of 9-(4-tert-butylphenyl)-10-[4-(carbazol-9-y1)]
phenylanthracene.
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[0059] FIG. 23 is a graph showing an emission spectrum of
a toluene solution of 9-(4-tert-butylphenyl)-10-[ 4-(carbazol-
9-yl) Iphenylanthracene.

[0060] FIG. 24 is a graph showing an emission spectrum of
a thin film of 9-(4-tert-butylphenyl)-10-[4-(carbazol-9-y1)]
phenylanthracene.

[0061] FIGS. 25A and 25B are graphs each showing 'H
NMR of 9-[4-(carbazol-9-yl)phenyl]-10-(4-trifluorometh-
ylpehnyl)anthracene.

[0062] FIG. 26 is a graph showing an absorption spectrum
of a toluene solution of 9-[4-(carbazol-9-yl)phenyl|-10-(4-
trifluoromethylpehnyl)anthracene.

[0063] FIG. 27 is a graph showing an absorption of a thin
film of 9-[4-(carbazol-9-yl)phenyl - 10-(4-trifluoromethylpe-
hnyl)anthracene.

[0064] FIG. 28 is a graph showing an emission spectrum of
a toluene solution of 9-[4-(carbazol-9-yl)phenyl]-10-(4-trif-
luoromethylpehnyl)anthracene.

[0065] FIG. 29 is a graph showing an emission spectrum of
a thin film of 9-[4-(carbazol-9-yl)phenyl]-10-(4-triftuorom-
ethylpehnyl)anthracene.

[0066] FIGS. 30A and 30B are graphs each showing 'H
NMR of 9-[4-(carbazol-9-yl)phenyl]-10-(2-naphthyl)an-
thracene.

[0067] FIG. 31 is a graph showing an absorption spectrum
of a toluene solution of 9-[4-(carbazol-9-yl)phenyl]-10-(2-
naphthyl)anthracene.

[0068] FIG. 32 is a graph showing an absorption spectrum
of a thin film of 9-[4-(carbazol-9-yl)phenyl]-10-(2-naphthy-
Danthracene.

[0069] FIG. 33 is a graph showing an emission spectrum of
a toluene solution of 9-[4-(carbazol-9-yl)phenyl]-10-(2-
naphthyl)anthracene.

[0070] FIG. 34 is a graph showing an emission spectrum of
a thin film of 9-[4-(carbazol-9-yl)phenyl]-10-(2-naphthy-
Danthracene.

[0071] FIG. 35 is a graph showing current density vs. lumi-
nance characteristics of a light-emitting element manufac-
tured in Embodiment 6.

[0072] FIG. 36 is a graph showing voltage vs. luminance
characteristics of a light-emitting element manufactured in
Embodiment 6.

[0073] FIG. 37 is a graph showing luminance vs. current
efficiency characteristics of a light-emitting element manu-
factured in Embodiment 6.

[0074] FIG. 38 is a graph showing an emission spectrum of
a light-emitting element manufactured in Embodiment 6.

[0075] FIG. 39 is a graph showing current density vs. lumi-
nance characteristics of a light-emitting element manufac-
tured in Embodiment 7.

[0076] FIG. 40 is a graph showing voltage vs. luminance
characteristics of a light-emitting element manufactured in
Embodiment 7.

[0077] FIG. 41 is a graph showing luminance vs. current
efficiency characteristics of a light-emitting element manu-
factured in Embodiment 7.
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[0078] FIG. 42 is a graph showing an emission spectrum of
a light-emitting element manufactured in Embodiment 7.

[0079] FIG. 43 is a graph showing current density vs. lumi-
nance characteristics of a light-emitting element manufac-
tured in Embodiment 8.

[0080] FIG. 44 is a graph showing voltage vs. luminance
characteristics of a light-emitting element manufactured in
Embodiment 8.

[0081] FIG. 45 is a graph showing luminance vs. current
efficiency characteristics of a light-emitting element manu-
factured in Embodiment 8.

[0082] FIG. 46 is a graph showing an emission spectrum of
a light-emitting element manufactured in Embodiment 8.

[0083] FIG. 47 is a graph showing current density vs. lumi-
nance characteristics of a light-emitting element manufac-
tured in Embodiment 9.

[0084] FIG. 48 is a graph showing voltage vs. luminance
characteristics of a light-emitting element manufactured in
Embodiment 9.

[0085] FIG. 49 is a graph showing luminance vs. current
efficiency characteristics of a light-emitting element manu-
factured in Embodiment 9.

[0086] FIG. 50 is a graph showing an emission spectrum of
a light-emitting element manufactured in Embodiment 9.

[0087] FIG. 51 is a graph showing current density vs. lumi-
nance characteristics of a light-emitting element manufac-
tured in Embodiment 10.

[0088] FIG. 52 is a graph showing voltage vs. luminance
characteristics of a light-emitting element manufactured in
Embodiment 10.

[0089] FIG. 53 is a graph showing luminance vs. current
efficiency characteristics of a light-emitting element manu-
factured in Embodiment 10.

[0090] FIG. 54 is a graph showing an emission spectrum of
a light-emitting element manufactured in Embodiment 10.

[0091] FIG. 55 is a view explaining a light-emitting ele-
ment of embodiments.

[0092] FIG. 56 is a graph showing a CV measurement
result of a reduction side of 9-[4-(N-carbazolyl)phenyl]-10-
phenylanthracene.

[0093] FIG. 57 is a graph showing a CV measurement
result of an oxidation side of 9-[4-(N-carbazolyl)phenyl]-10-
phenylanthracene.

[0094] FIG. 58 is a graph showing a CV measurement
result of a reduction side of 9-(biphenyl-4-y1)-10-[4-(carba-
701-9-yl)phenyl]anthracene.

[0095] FIG. 59 is a graph showing a CV measurement
result of an oxidation side of 9-(biphenyl-4-y1)-10-[4-(carba-
701-9-yl)phenyl]anthracene.

[0096] FIG. 60 is a graph showing a CV measurement
result of a reduction side of 9-(4-tert-butylphenyl)-10-[4-
(carbazol-9-yl) |phenylanthracene.

[0097] FIG. 61 is a graph showing a CV measurement
result of an oxidation side of 9-(4-tert-butylphenyl)-10-[4-
(carbazol-9-yl) |phenylanthracene.
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[0098] FIG. 62 is a graph showing a CV measurement
result of a reduction side of 9-[4-(carbazol-9-yl)phenyl]-10-
(4-trifluvoromethylpehnyl)anthracene.

[0099] FIG. 63 is a graph showing a CV measurement
result of an oxidation side of 9-[4-(carbazol-9-yl)phenyl]-10-
(4-trifluvoromethylpehnyl)anthracene.

[0100] FIG. 64 is a graph showing a CV measurement
result of a reduction side of 9-[4-(carbazol-9-yl)phenyl]-10-
(2-naphthyl)anthracene.

[0101] FIG. 65 is a graph showing a CV measurement
result of an oxidation side of 9-[4-(carbazol-9-yl)phenyl]-10-
(2-naphthyl)anthracene.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0102] Hereinafter, embodiment modes of the present
invention will be described in detail with reference to the
accompanying drawings. However, the present invention is
not limited to the following description, and it is easily under-
stood by those skilled in the art that various changes and
modifications are possible, unless such changes and modifi-
cations depart from the content and the scope ofthe invention.
Therefore, the present invention is not construed as being
limited to the description of the following Embodiment
Modes.

Embodiment Mode 1

[0103] In this embodiment mode, a method for synthesiz-
ing an anthracene derivative of the present invention will be
described.

[0104] 1In a method for synthesizing an anthracene deriva-
tive of the present invention, a 9-arylanthracene derivative
having an active site at a 10-position is coupled with a 9-aryl-
carbazole derivative having an active site in an aryl group
using metal, a metal compound, or a metal catalyst, so that an
anthracene derivative represented by a general formula (1) is
synthesized.

[0105] More specifically, a 9-arylanthracene derivative
having an aryl group Ar' at a 9-position and an active site at a
10-position is coupled with a 9-arylcarbazole derivative hav-
ing an aryl group Ar® at a 9-position and an active site at the
aryl group Ar” using metal, a metal compound, or a metal
catalyst, so that an anthracene derivative represented by the
general formula (1) is synthesized.

®
R® Ar! R!

R R?

R® R?

[0106] That is, an anthracene derivative represented by a
general formula (2) is coupled with a carbazole derivative
represented by a general formula (3) using metal, a metal
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compound, or a metal catalyst, so that an anthracene deriva-
tive represented by the general formula (1) can be synthe-
sized.

@

R® Ar! R!
R’ R?
RG O R3
R® X3 R*
3)
X6
I
AP
|
N
1 8
(€]
R® Ar! R!
R’ R?
R® R?

[0107] Inthe general formulas (1) to (3), each of R' to R®
represents hydrogen, an alkyl group having 1 to 4 carbon
atoms, or an aryl group having 6 to 15 carbon atoms; Ar'
represents an aryl group having 6 to 25 carbon atoms; Ar>
represents an arylene group having 6 to 25 carbon atoms; and
each of A" and A? represents hydrogen, an aryl group having
6 to 25 carbon atoms, or an alkyl group having 1 to 4 carbon
atoms. Each of Ar', Ar*, A' and A® may have a substituent. As
the substituent, an alkyl group having 1 to 4 carbon atoms, an
aryl group having 6 to 25 carbon atoms, halogen, a haloalkyl
group, a cyano group, a nitro group, an ester group, an alkoxy-
carbonyl group, an acyloxy group, an alkoxy group, an acyl
group, a formyl group, a hydroxyl group, or the like can be
given. Specifically, the following can be given: a methyl
group, an ethyl group, an n-propyl group, an i-propyl group,
an n-butyl group, an i-butyl group, an s-butyl group, a t-butyl
group, a phenyl group, an o-tolyl group, an m-tolyl group, a
p-tolyl group, a 1-naphthyl group, a 2-naphthyl group, an
o-biphenylyl group, a m-biphenylyl group, a p-biphenylyl
group, a p-terphenyl-4-yl group, a p-terphenyl-3-yl group, a
p-terphenyl-2-yl group, a m-terphenyl-4-yl group, a m-ter-
phenyl-3-yl group, a m-terphenyl-2-yl group, an o-terphenyl-
4-yl group, an o-terphenyl-3-yl group, an o-terphenyl-2-yl
group, a fluoren-2-yl group, a 9,9-dimethylfluoren-2-yl
group, a 9,9-diphenylfluoren-2-yl group, a spiro-9,9'-bifluo-
ren-2-yl group, fluorine, chlorine, bromine, iodine, a trifluo-
romethyl group, a cyano group, a nitro group, a methylester
group, an ethylester group, a methoxycarbonyl group, an
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etoxycarbonyl group, an acetoxy group, a methoxy group, an
ethoxy group, a carboxyl group, an acetyl group, an aldehyde
group, or a hydroxyl group.

[0108] Further, for each of an active site X> and an active
site X°, halogen, boronic acid, organoboron, organotin, trif-
luoromethanesulfonate (triflate), a Grignard reagent, organic
mercury, thiocyanate, organozine, organoaluminum, orga-
nozirconium, or the like can be given.

[0109] As metal, a metal compound, or a metal catalyst
used for reaction, metal such as copper or iron, a metal com-
pound such as copper iodide(I), a metal catalyst such as a
palladium catalyst or a nickel catalyst can be given.

[0110] A method for synthesizing an anthracene derivative
of the present invention will be described in detail below. By
the method for synthesizing an anthracene derivative of the
present invention, coupling reaction of a 9-arylanthracene
derivative (compound E) having an active site X> and a 9-aryl-
carbazole derivative (compound H) having an active site X°is
performed using metal such as copper or iron, or a metal
compound such as copper iodide(I) as shown in a synthesis
scheme (A-4), so that an anthracene derivative (compound I)
that is a target matter can be synthesized. The metal or the
metal compound may be a metal catalyst such as a palladium
catalyst or a nickel catalyst. As the coupling reaction, Suzuki-
Miyaura coupling, Migita-Kosugi-Stille coupling, Kumada-
Tamao coupling, Negishi coupling, or the like can be used.

A-4
R® Ar! R! A
R’ R?
+
RS R3
RS x? R*
Compound E
X6
TIZ
N
Coupling
/ \ / \ Reaction
Al \A2
Compound H
R® Ar! R!
R’ R?
RS R?

R’ A2 R*
|
7\ T D
\/\ /\,
Al A?
Compound I

[0111] The 9-arylanthracene derivative (compound E) hav-
ing an active site X> can be synthesized by amethod described
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below. First, as shown in a synthesis scheme (A-1), coupling
reaction of an anthracene derivative (compound A) in which
carbon at a 9-position such as 9-anthracene halide is active
and arene (compound B) having reaction active carbon such
as arylboronic acid is performed using metal such as copper
or iron, a metal compound such as copper iodide(l), a metal
catalyst such as a palladium catalyst or a nickel catalyst, so
that a 9-arylanthracene derivative (compound C) is obtained.

(A-1)

R® x! R!
R’ R?
+
R® R?
RS R*
Compound A
Coupling
Tr ! Reaction
—_—
x2
Compound B
R® Ar! R!
R’ R?
RS R?
R3 R*
Compound C

[0112] Next, as shown in a synthesis scheme (A-2), carbon
ata 10-position is activated like halogenation of the 9-arylan-
thracene derivative (compound C), so that the 9-arylan-
thracene derivative (compound E) having an active site X° can
be obtained.

A-2)
RS Ar! R!
R’ R?
—_—
R® R?
R’ R*
Compound C
RS Ar! R!
R’ R?
RS R3
R’ x3 R*
Compound E
[0113] In a case where the 9-arylanthracene derivative

(compound E) having an active site X° is 9-aryl-10-an-
thracene halide or 9-aryl-10-triflateanthracene, the synthesis
can be performed by a method shown in a synthesis scheme
(A-3). Specifically, an anthracene derivative (compound F) in
which carbon at a 9-position and carbon at a 10-position are
activated is coupled with arene (compound G) having reac-
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tion active carbon such as arylboronic acid using metal such
as copper or iron, a metal compound such as copper iodide(l),
a metal catalyst such as a palladium catalyst or a nickel
catalyst, so that the 9-arylanthracene derivative (compound
E) having an active site X> can be obtained.

A-3
R® x4 R! 4
R’ R?
+
RS R3
RS x? R*
Compound F
Coupling
Tr ! Reaction
—_—
XS
Compound G
R® Ar! R!
R’ R?
RS R?
R3 x? R*
Compound E

[0114] In the above schemes (A-1) to (A-4), each of R! to
R represents hydrogen, an alkyl group having 1 to 4 carbon
atoms, or an aryl group having 6 to 15 carbon atoms; Ar’
represents an aryl group having 6 to 25 carbon atoms; Ar?
represents an arylene group having 6 to 25 carbon atoms; and
each of A* and A® represents hydrogen, an aryl group having
6 to 25 carbon atoms, or an alkyl group having 1 to 4 carbon
atoms. Each of Ar', Ar*, A' and A® may have a substituent. As
the substituent, an alkyl group having 1 to 4 carbon atoms, an
aryl group having 6 to 25 carbon atoms, halogen, a haloalkyl
group, a cyano group, a nitro group, a carbonyl group, an ester
group, an alkoxy group, or the like can be given.

[0115] In the above schemes (A-1) to (A-4), each of X' to
X represents halogen, boronic acid, organoboron, organotin,
trifluoromethanesulfonate (triflate), a Grignard reagent,
organic mercury, thiocyanate, organozine, organoaluminum,
or organozirconium.

[0116] Each synthesis scheme is described in detail below.
In particular, specific combination of the reaction active site
(X toX®) is described.

[0117] First, the synthesis scheme (A-4) is described.
When Suzuki-Miyaura coupling is performed in the coupling
reaction of the 9-arylanthracene derivative (compound E)
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having an active site X and the 9-arylcarbazole (compound
H) having an active site X5 represented by the synthesis
scheme (A-4), itis preferable that X> be halogen or triflate and
X°® be boronic acid or organoboron. Alternatively, it is pref-
erable that X> be boronic acid or organoboron and X% be
halogen or triflate. Moreover, a palladium catalyst is prefer-
ably used. When X? and X° are halogen, bromine or iodine is
preferable. That is, a synthesis method shown in a synthesis
scheme (A-14a) or a synthesis scheme (A-14b) is preferable.

. . . (A-14a)
R Ar R
R’ R?
+
R® R?
RS X3 R4
Compound E
31 32
R O\ /OR
|
Ar Coupling
l Reaction
Compound H
R® Ar! R!
R’ R?
RS R?
RS AIZ R4
N

/\/\
Al ®
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-continued
(A-14b)
RS Ar! R!
R’ R?
4
R® R?
R’ B R*
rR3o” or®
RS Ar! R!
R’ R?
R® R?
R’ B R*
HO/ \OH
Compound E
Coupling
Reaction
Compound H
RS Ar! R!
R’ R?
R® R?

R3 Ar? R*
|
7\ T N
\/\ /\’
Al A2
Compound I

[0118] Inthe above schemes (A-14a) and (A-14b), each of
R to R® represents hydrogen, an alkyl group having 1 to 4
carbon atoms, or an aryl group having 6 to 15 carbon atoms;
Ar' represents an aryl group having 6 to 25 carbon atoms; Ar?
represents an arylene group having 6 to 25 carbon atoms; and
each of A* and A® represents hydrogen, an aryl group having
6 to 25 carbon atoms, or an alkyl group having 1 to 4 carbon
atoms. Each of Ar', Ar*, A' and A% may have a substituent. As
the substituent, an alkyl group having 1 to 4 carbon atoms, an
aryl group having 6 to 25 carbon atoms, halogen, a haloalkyl
group, a cyano group, a nitro group, a carbonyl group, an ester
group, an alkoxy group, or the like can be given. X' and X'°
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represent halogen, and each of R*>! and R represents an alkyl
group having 1 to 6 carbon atoms. It is to be noted that R** and
R?? are combined to form a ring.

[0119] The anthracene derivative (compound 1) that is a
target matter can be obtained with extremely high yield in the
coupling reaction of the 9-arylanthracene derivative (com-
pound E) having an active site X> and the 9-arylcarbazole
(compound H) having an active site X° represented by the
synthesis scheme (A-4); therefore, Suzuki-Miyaura coupling
is preferably performed.

[0120] When X3 is halogen in the coupling reaction of the
9-arylanthracene derivative (compound E) having an active
site X> and the 9-arylcarbazole (compound H) having an
active site X° represented by the synthesis scheme (A-4), X°
is a Grignard reagent, organotin, or organic mercury. By
performing coupling reaction using metal, a metal com-
pound, or a metal catalyst such as a palladium catalyst or a
nickel catalyst, the anthracene derivative (compound ) can be
synthesized. Alternatively, when X6 is halogen, X> is a Grig-
nard reagent, organotin, or organic mercury. By performing
coupling reaction using metal, a metal compound, or a metal
catalyst such as a palladium catalyst or a nickel catalyst, the
anthracene derivative (compound I) that is a target matter can
be synthesized.

[0121] When X> and X5 are halogen or thiocyanate in the
coupling reaction of the 9-arylanthracene derivative (com-
pound E) having an active site X> and the 9-arylcarbazole
(compound H) having an active site XS, the anthracene
derivative (compound I) that is a target matter can be synthe-
sized by Ullmann reaction in which copper or a copper com-
pound is used. In the case where Ullmann reaction is per-
formed, although X* and X® may be same or different with
each other, X and X¢ are preferably iodine.

[0122] Next, the synthesis scheme (A-1) is described in
detail. When Suzuki-Miyaura coupling is performed in the
synthesis of the 9-arylanthracene derivative (compound C)
represented by the synthesis scheme (A-1), it is preferable
that X" be halogen or triflate and X* be boronic acid or orga-
noboron. For example, 9-aryl-10-anthracene halide and (car-
bazol-9-yl)arylboronic acid are preferably used. Alterna-
tively, it is preferable that X' be boronic acid or organoboron
and X7 be halogen or triflate. Further, a palladium catalyst is
preferably used. When X' and X* are halogen, bromine or
iodine is preferable. That is, the synthesis scheme (A-1) is
preferably a synthesis scheme (A-11a) or a synthesis scheme
(A-11b).

(A-11a)
RS Xll Rl

R’ R?
R® R?

Compound A
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B
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Ar!
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R® Ar! R!
R R?
RS R?
R3 R*
Compound C
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RO OR!2 ¢ )
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e B R!
R’ RZ
RS R3
RS R*
or
HO\ /OH
RS B R!
R’ R?
RS R3
RS R*
Compound A
Coupling
Arl Reaction
I i
x12
Compound B
R® Ar! R!
R R?
RS R?
R3 R*
Compound C

[0123] Inthe above schemes (A-11a) and (A-11b), each of
R! to R® represents hydrogen, an alkyl group having 1 to 4
carbon atoms, or an aryl group having 6 to 15 carbon atoms;
and Ar' represents an aryl group having 6 to 25 carbon atoms.
Ar' may have a substituent. As the substituent, an alkyl group
having 1 to 4 carbon atoms, an aryl group having 6 to 25
carbon atoms, halogen, a haloalkyl group, a cyano group, a
nitro group, a carbonyl group, an ester group, an alkoxy
group, or the like can be given. X' ! and X' represent halogen,
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and each of R'! and R'? represents an alkyl group having 1 to
6 carbon atoms. Itis to be noted that R** and R*? are combined
to form a ring.

[0124] The 9-arylanthracene derivative (compound C) that
is a target matter can be obtained with extremely high yield in
the synthesis of the 9-arylanthracene derivative (compound
C) represented by the synthesis scheme (A-1); therefore,
Suzuki-Miyaura coupling is preferably performed. In par-
ticular, in consideration of easiness for synthesis of materials,
it is preferable that X* be halogen or triflate and X be boronic
acid or organoboron.

[0125] When X" is halogen, X* is a Grignard reagent, orga-
notin, organic mercury, boronic acid, or organoboron. By
performing coupling reaction using metal, a metal com-
pound, or a metal catalyst such as a palladium catalyst or a
nickel catalyst, the 9-arylanthracene derivative (compound
C) can be synthesized. Alternatively, when X? is halogen, X"
is a Grignard reagent, organotin, organic mercury, boronic
acid, or organoboron. By performing coupling reaction using
metal, a metal compound, or a metal catalyst such as a palla-
dium catalyst or a nickel catalyst, the 9-arylanthracene
derivative (compound C) can be synthesized.

[0126] When X' and X* are halogen or thiocyanate, the
anthracene derivative (compound A) is coupled with arene
(compound B) having reaction active carbon by Ullmann
reaction in which copper or a copper compound is used, so
that the 9-arylanthracene derivative (compound C) can be
synthesized. In the case where Ullmann reaction is per-
formed, although X' and X* may be same or different with
each other, X' and X are preferably iodine.

[0127] Next, the synthesis scheme (A-2) is described in
detail. Carbon at a 10-position is activated like halogenation
of'the 9-arylanthracene derivative (compound C) represented
by the synthesis scheme (A-12), so that the 9-arylanthracene
derivative (compound E) having an active site X* can be
obtained. When bromination is performed in halogenation
reaction, bromination can be performed by using bromine,
N-bromosuccinimide (NBS), or the like. Alternatively, when
iodination is performed, iodination can be performed using
iodine, orthoperiodic acid, potassium iodide, N-iodosuccin-
imide, or the like.

" al Rl (A-12)
R’ R2
—_—
RS R}
R R*
Compound C
R® Ar! R!
R R?
R R}
RS X3 R*
Compound E
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[0128] Next, the synthesis scheme (A-3) is described in
detail. When Suzuki-Miyaura coupling is performed in the
reaction represented by the synthesis scheme (A-3), it is
preferable that X* be halogen or triflate and X° be boronic
acid or organoboron. Alternatively, it is preferable that X* be
boronic acid or organoboron and X be halogen or triflate.
Further, a palladium catalyst is preferably used. When X* and
X° are halogen, bromine or iodine is preferable.

[0129] That is, when the arylanthracene derivative (com-
pound E) having an active site X> is 9-aryl-10-anthracene
halide or 9-anthracene having a triflate group at a 10-position
as a reaction active site, a 9,10-dihalogenated anthracene
(compound F) and arylboronic acid (compound G) can be
synthesized by performing coupling reaction at a mole ratio
of 1:1 with the use of a palladium catalyst or the like as
represented by a synthesis scheme (A-13a). At this time, the
arylboronic acid (compound G) may be an arylorganoboron
compound. Alternatively, as represented by a synthesis
scheme (A-13b), anthracene-9,10-diboronic acid (compound
F) and halogenated arene (compound G) are subjected to
coupling reaction with a mole ratio of 1:1 with the use of a
palladium catalyst or the like, so that 9-aryl-10-anthracene
halide can be synthesized. At this time, the anthracene-9,10-
diboronic acid (compound F) may be an anthracene-9,10-
bisorganoboron compound.

A-13a
RS x4 R! ( )
R’ R?
+
RS R3
RS X3 R?
Compound F
Ar! Coupling
Reaction
B
rR20” o2
or
Ar!
B
HO/ \OH
Compound G
R® Ar! R!
R’ R?
RS R?
RS X3 R*
Compound E
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RS R3
RS X13 R4
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[0130] In the above schemes (A-13a) and (A-13b), each of

R! to R® represents hydrogen, an alkyl group having 1 to 4
carbon atoms, or an aryl group having 6 to 15 carbon atoms;
and Ar' represents an aryl group having 6 to 25 carbon atoms.
Ar' may have a substituent. As the substituent, an alkyl group
having 1 to 4 carbon atoms, an aryl group having 6 to 25
carbon atoms, halogen, a haloalkyl group, a cyano group, a
nitro group, a carbonyl group, an ester group, an alkoxy
group, or the like can be given. X*3, X'*, and X'° represent
halogen, and each of R** and R?? represents an alkyl group
having 1 to 6 carbon atoms. It is to be noted that R** and R**
are combined to form a ring.

[0131] A target matter can be obtained with extremely high
yield by coupling reaction of the anthracene derivative (com-
pound F) in which carbon at a 9-position and carbon at a
10-position are activated and the arene (compound G) having
reaction active carbon represented by the synthesis scheme
(A-3); therefore, Suzuki-Miyaura coupling is preferably per-
formed. In particular, in consideration of easiness for synthe-
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sis of materials, it is preferable that X° be halogen or triflate
and X* be boronic acid or organoboron.

[0132] When X" is halogen, X° is a Grignard reagent, orga-
notin, organic mercury, boronic acid, or organoboron. By
performing coupling reaction using metal, a metal com-
pound, or a metal catalyst such as a palladium catalyst or a
nickel catalyst, the 9-arylanthracene derivative (compound E)
can be synthesized. Alternatively, when X° is halogen, X*is a
Grignard reagent, organotin, organic mercury, boronic acid,
or organoboron. By performing coupling reaction using
metal, a metal compound, or a metal catalyst such as a palla-
dium catalyst or a nickel catalyst, the 9-arylanthracene
derivative (compound E) can be synthesized.

[0133] When X* and X° are halogen or thiocyanate, the
anthracene derivative (compound F) in which carbon at a
9-position and carbon at a 10-position are activated can be
coupled with the arene (compound G) having reaction active
carbon by Ullmann reaction in which copper or a copper
compound is used. In the case where the Ullmann reaction is
performed, although X* and X° may be same or different with
each other, X* and X° are preferably iodine.

[0134] In accordance with the above synthesis method, the
anthracene derivative represented by the general formula (1)
can be synthesized. That is, a different substituent is intro-
duced into a 9-position and into a 10-position of an
anthracene skeleton from each other.

[0135] 1In a case where a compound in which a different
substituent is introduced into the 9-position and into the
10-position of an anthracene skeleton is synthesized, skel-
etons are sequentially coupled one by one in general; there-
fore, the number of steps is increased, and it is not suitable for
industry. That is, takt time of synthesis becomes longer, and
the cost is increased due to lowering of the yield and the like.
However, when the number of steps is omitted as much as
possible (for example, a case of introducing two kinds of
skeletons at one time to an anthracene skeleton at one stage),
it is anticipated that variety of by-products are produced and
purification is difficult; therefore, it is not suitable for indus-
try. In particular, since purity of organic semiconductor mate-
rials is extremely important, there is a risk that characteristics
of materials are drastically lowered when purification is dif-
ficult.

[0136] In the synthesis method of the present invention,
skeletons that are to be introduced to an anthracene skeleton
are separately synthesized, and the skeletons are introduced
into a 9-position and into a 10-position of anthracene by 1
equivalent by the 2-3 steps. In the synthesis method of the
present invention, reaction proceeds with high yield in each
stage, and by-products are suppressed to be generated; there-
fore, this method can be considered to be the most suitable
method in the consideration of the above problems. In addi-
tion, this method is suitable for mass-synthesis because the
by-products can be suppressed, and it can be considered to be
suitable method for industry.

[0137] Further, synthesis stages for obtaining an
anthracene derivative that is a target matter can be omitted,
and an anthracene derivative with higher purity can be syn-
thesized more easily than the conventional method. Further-
more, time period for reaction can be shortened, which leads
to reduction in cost.

May 8, 2008

Embodiment Mode 2

[0138] In this embodiment mode, an anthracene derivative
of the present invention will be described.

[0139] An anthracene derivative of the present invention is
an anthracene derivative represented by a general formula (1).

@®

RS Ar! R!

R’ R?
R® R?
R’ Ar? R*

L
7\ I\
=

[0140] The anthracene derivative represented by the gen-
eral formula (1) has an anthracene skeleton to which an aryl
group is introduced as a substituent at 9- and 10-positions.

[0141] In general, since a blue light-emitting material with
high color purity has low electrochemical stability and low
stability in an excited state, a light-emitting element using the
blue light-emitting material has difficulty in having long life-
time. Accordingly, electrochemical stability and stability in
an excited state of a blue light-emitting material with high
color purity is needed for improvement in reliability of the
light-emitting element using the blue light-emitting material.
Moreover, in the light-emitting element and in a light-emit-
ting device and an electronic device that have the light-emit-
ting element, stability to high temperature is particularly
required in consideration of various external environments
where the element and devices are used.

[0142] An anthracene derivative is known as a compound
capable of emitting blue light; however, anthracene itself
tends to form excimer in a solid state; accordingly, efficient
light emission cannot be obtained even when anthracene itself
is used for a light-emitting element. Further, chromaticity is
reduced. Accordingly, introduction of bulky substituent is
required to prevent the formation of excimer. In particular, it
is an advantageous method to introduce a substituent into 9-
and 10-positions that are most reactive of anthracene. Further,
in order to keep the high carrier-transporting property of an
anthracene skeleton, it is particularly effective to introduce an
aryl group. The anthracene derivative represented by the gen-
eral formula (1) can suppress formation of excimer because
the anthracene derivative has an anthracene skeleton to which
an aryl group is introduced as a substituent at 9- and 10-po-
sitions. Further, the carrier-transporting property can be kept.

[0143] Onthe otherhand, a carbazolyl group has a structure
in which phenyl groups of a diphenylamine group are
bridged, so that a compound including a carbazolyl group has
higher thermal stability than a compound including a diphe-
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nylamine group. Accordingly, by introducing a carbazolyl
group, thermal stability (glass transition temperature or melt-
ing point) of a compound can be improved. Further, the
present inventors have revealed that electrochemical stability
is increased greater in the case of using a compound in which
one carbazolyl group is introduced, for example, a compound
in which a carbazolyl group is introduced into only one of
phenyl groups in diphenylanthracene, than the case of using a
compound in which two carbazolyl groups are introduced in
both the phenyl groups in diphenylanthracene.

[0144] In other words, the inventors have revealed that the
electrochemical stability is greatly improved by introducing a
carbazolyl group into only an aryl group on one side. There-
fore, it is a feature of the present invention that an anthracene
derivative has an aryl group at one of 9- and 10-positions of
anthracene as a substituent and an aryl group including a
carbazolyl group at the other position. In addition, the carba-
zolyl group preferably has a structure in which a nitrogen
atom at the 9-position is directly coupled with the aryl group.

[0145] An anthracene derivative of the present invention
having the above structure has an extremely large band gap;
therefore, light emission with a short wavelength is possible,
and blue light emission with high color purity can be
obtained.

[0146] It is to be noted that, in the anthracene derivative
provided in the present invention, an aryl group or an alkyl
group may be included in an anthracene skeleton or an aryl
group that is directly coupled with the anthracene skeleton.
This is based on the following reasons.

[0147] In a light-emitting element, crystallization of a
material causes capital damage to an element. Specifically, it
is an immediate cause of a short circuit between electrodes,
which inhibits light emission. Therefore, the crystallinity of a
material is required to be lowered. For this, it is effective to
introduce an appropriate substituent into an anthracene skel-
eton or an aryl group that is directly coupled with the
anthracene skeleton. An aryl group or an alkyl group can be
used as such a substituent.

[0148] An aryl group or an alkyl group to be introduced is
not limited; however, a phenyl group, an o-biphenyl group, or
the like is preferable as the aryl group, and a methyl group, a
t-butyl group, or the like is preferable as the alkyl group.

[0149] An alkyl group has an extremely great effect of
suppressing crystallization, and it can suppress crystalliza-
tion of a structure of which crystallization cannot be sup-
pressed by introducing an aryl group. It is to be noted that
introduction of an alkyl group may reduce a carrier transport-
ing property; therefore, in the case where the crystallinity of
the substance into which a substituent is to be introduced is
not so high, an aryl group is more effective as the substituent
to be introduced in terms of keeping the carrier transporting

property.

[0150] Typical examples of the anthracene derivative of the
present invention represented by the above general formula
(1) are shown in the following structural formulas (11) to
(53), structural formulas (61) to (76), and structural formulas
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(81) to (90). Naturally, the present invention is not limited

thereto.
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(90)

[0151] An anthracene derivative of the present invention
has high electrochemical stability. Further, the anthracene
derivative of the present invention has high thermal stability.
Further, the anthracene derivative of the present invention has
an extremely large band gap; accordingly, when it is used as
a host in a light-emitting layer of a light-emitting element,
blue light emission with high color purity can be obtained.
Further, the anthracene derivative of the present invention has
an extremely large band gap; accordingly, when it is used as
a dopant in a light-emitting layer of a light-emitting element,
blue light emission with high color purity can be obtained. A
light-emitting element using an anthracene derivative of the
present invention can be highly reliable. Especially, when an
anthracene derivative of the present invention is used as both
ahost and a dopant in a light-emitting layer of a light-emitting
element, the light-emitting element with extremely high reli-
ability can be obtained.

[0152] The anthracene derivative represented by the above
structural formulas (11) to (53), structural formulas (61) to
(76), and structural formulas (81) to (90) can be synthesized
using the synthesis method described in Embodiment Mode

Embodiment Mode 3

[0153] In this embodiment mode, a mode of a light-emit-
ting element using an anthracene derivative of the present
invention will be described with reference to FIGS. 1A to 1C
and FIG. 2.

[0154] A light-emitting element of the present invention
has a plurality of layers between a pair of electrodes. The
plurality of layers are stacked by combining layers formed
from a substance with a high carrier injecting property or a
substance with a high carrier transporting property, so that a
light-emitting region is formed in a place separated from the
electrodes, in other words, carriers are recombined in a por-
tion separated from the electrodes. In the present specifica-
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tion, a plurality of layers formed between a pair of electrodes
is hereinafter, referred to as an EL layer.

[0155] In this embodiment mode, a light-emitting element
includes a first electrode 102, a first layer 103, a second layer
104, a third layer 105, a fourth layer 106, and a second
electrode 107, which are sequentially stacked. It is to be noted
that description will be made below in this embodiment mode
under the condition that the first electrode 102 serves as an
anode and the second electrode 107 serves as a cathode.

[0156] A substrate 101 is used as a supporting base of the
light-emitting element. For the substrate 101, glass, plastic, or
the like can be used, for example. It is to be noted that another
material may be used as long as it serves as a supporting base
in a manufacturing process of the light-emitting element.

[0157] As the first electrode 102, a metal, an alloy, an elec-
trically conductive compound, a mixture thereof, or the like
having a high work function (specifically, 4.0 eV or more) is
preferably used. Specifically, indium oxide-tin oxide (ITO:
Indium Tin Oxide), indium oxide-tin oxide containing silicon
or silicon oxide, indium oxide-zinc oxide (IZO: Indium Zinc
Oxide), indium oxide containing tungsten oxide and zinc
oxide (IWZO), or the like can be given. Although these con-
ductive metal oxide films are generally formed by sputtering,
they may be formed by applying a sol-gel method or the like.
For example, a film of indium oxide-zinc oxide (IZO) can be
formed by a sputtering method using a target in which 1 to 20
wt % of zinc oxide is added to indium oxide. A film of indium
oxide containing tungsten oxide and zinc oxide (IWZO) can
be formed by a sputtering method using a target in which 0.5
to 5 wt % of tungsten oxide and 0.1 to 1 wt % of zinc oxide are
contained in indium oxide. In addition, gold (Au), platinum
(Pt), nickel (Ni1), tungsten (W), chromium (Cr), molybdenum
(Mo), iron (Fe), cobalt (Co), copper (Cu), palladium (Pd), a
nitride of a metal material (such as titanium nitride: TiN), or
the like can be given.

[0158] The first layer 103 is a layer including a substance
having a high hole injecting property. Molybdenum oxide
(MoOx), vanadium oxide (VOx), ruthenium oxide (RuOx),
tungsten oxide (WOx), manganese oxide (MnOx), or the like
can be used. Alternatively, the first layer 103 can be formed
using phthalocyanine (abbreviation H,Pc); a phthalocyanine-
based compound such as copper phthalocyanine (abbrevia-
tion CuPc); an aromatic amine compound such as 4,4'-bis[N-
(4-diphenylaminophenyl)-N-phenylamino [biphenyl
(abbreviation DPAB) or 4,4'-bis(N-{4-[N-(3-methylpheny1)-
N-phenylamino [phenyl}-N-phenylamino)biphenyl (abbre-
viation DNTPD); or a high molecular material such as poly-
(ethylene  dioxythiophene)/poly(styrenesulfonic  acid)
(PEDOT/PSS), or the like.

[0159] Alternatively, a composite material formed by com-
bining an organic compound and an inorganic compound can
be used for the first layer 103. In particular, a composite
material including an organic compound and an inorganic
compound having an electron accepting property with respect
to the organic compound has an excellent hole injecting prop-
erty and hole transporting property because the electrons are
transferred between the organic compound and the inorganic
compound, and the carrier density is increased.

[0160] 1In a case of using a composite material formed by
combining an organic compound and an inorganic compound
for the first layer 103, the first layer 103 can achieve an ohmic
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contact with the first electrode 102; therefore, a material of
the first electrode can be selected regardless of work function.

[0161] As the inorganic compound used for the composite
material, an oxide of a transition metal is preferably used.
Moreover, oxides of metals belonging to Groups 4 to 8 in the
periodic table can be given. Specifically, it is preferable to use
vanadium oxide, niobium oxide, tantalum oxide, chromium
oxide, molybdenum oxide, tungsten oxide, manganese oxide,
and rhenium oxide, because of their high electron accepting
properties. Among them, molybdenum oxide is particularly
preferable because it is stable under air, has a low moisture
absorption property, and is easily handled.

[0162] As the organic compound used for the composite
material, various compounds such as an aromatic amine com-
pound, a carbazole derivative, an aromatic hydrocarbon, and
a high molecular compound (such as oligomer, dendrimer, or
polymer) can be used. The organic compound used for the
composite material is preferably an organic compound hav-
ing a high hole transporting property. Specifically, a sub-
stance having a hole mobility of greater than or equal to 10~ °
cm?/Vs is preferably used. However, other materials than
these materials may also be used as long as the hole trans-
porting properties thereof are higher than the electron trans-
porting properties thereof. The organic compounds that can
be used for the composite material will be specifically shown
below.

[0163] For example, the following can be given as the aro-
matic amine compound: N,N'-di(p-tolyl)-N,N'-diphenyl-p-
phenylenediamine (abbreviation DTDPPA); 4,4'-bis[N-(4-
diphenylaminophenyl)-N-phenylamino [biphenyl
(abbreviation DPAB); 4,4'-bis(N-{4-[N-(3-methylphenyl)-
N-phenylamino [phenyl}-N-phenylamino)biphenyl  (abbre-
viation DNTPD); 1,3,5-tris|N-(4-diphenylaminophenyl)-N-
phenylamino [benzene (abbreviation DPA®B); and the like.

[0164] As the carbazole derivatives that can be used for the
composite material, the following can be provided specifi-
cally: 3-[N-(9-phenylcarbazol-3-yl)-N-phenylamino |-9-phe-
nylcarbazole (abbreviation PCzZPCAL1); 3,6-bis[ N-(9-phenyl-
carbazol-3-y1)-N-phenylamino |-9-phenylcarbazole
(abbreviation PCZPCA?2); 3-[N-(1-naphtyl)-N-(9-phenylcar-
bazol-3-yl)amino ]-9-phenylcarbazole (abbreviation PCz-
PCN1); and the like.

[0165] Moreover, as the carbazole derivative that can be
used for the composite material, the following can be given:
4.4'-di(N-carbazolyl)biphenyl (abbreviation CBP); 1,3,5-tris
[4-(N-carbazolyl)phenyl|benzene (abbreviation TCPB),
9-[4-(N-carbazolyl) |phenyl-10-phenylanthracene (abbrevia-
tion CzPA);, 1,4-bis[4-(N-carbazolyl)phenyl]-2,3,5,6-tet-
raphenylbenzene; or the like.

[0166] As thearomatic hydrocarbon that can be used for the
composite material, the following can be given for example:
2-tert-butyl-9,10-di(2-naphthyl)anthracene  (abbreviation
t-BuDNA); 2-tert-butyl-9,10-di(1-naphthyl)anthracene;
9,10-bis(3,5-diphenylphenyl)anthracene (abbreviation
DPPA);  2-tert-butyl-9,10-bis(4-phenylphenyl)anthracene
(abbreviation t-BuDBA); 9,10-di(2-naphthyl)anthracene
(abbreviation DNA); 9,10-diphenylanthracene (abbreviation
DPAnth); 2-tert-butylanthracene (abbreviation t-BuAnth);
9,10-bis(4-methyl-1-naphthyl)anthracene (abbreviation
DMNA);  2-tert-butyl-9,10-bis[2-(1-naphthyl)phenyl]an-
thracene; 9,10-bis[2-(1-naphthyl)phenyl]anthracene; 2,3,6,
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7-tetramethyl-9,10-di(1-naphthyl)anthracene;  2,3,6,7-tet-
ramethyl-9,10-di(2-naphthyl)anthracene; 9,9'-bianthryl;
10,10'-diphenyl-9,9'-bianthryl; 10,10'-bis(2-phenylphenyl)-
9,9"-bianthryl; 10,10'-bis[(2,3,4,5,6-pentaphenyl)phenyl]-9,
9'-bianthryl; anthracene; tetracene; rubrene; perylene; 2,5.8,
11-tetra(tert-butyl)perylene; and the like. Besides these
compounds, pentacene, coronene, or the like can also be used.
In particular, an aromatic hydrocarbon which has a hole
mobility of greater than or equal to 1X10~ ¢ ¢cm?*/Vs and
which has 14 to 42 carbon atoms is more preferable.

[0167] The aromatic hydrocarbon that can be used for the
composite material may have a vinyl skeleton. As the aro-
matic hydrocarbon having a vinyl group, the following are
given for example: 4,4'-bis(2,2-diphenylvinyl)biphenyl
(abbreviation DPVBi); 9,10-bis[4-(2,2-diphenylvinyl)phe-
nylJanthracene (abbreviation DPVPA); and the like.

[0168] Moreover, a high molecular compound such as
poly(N-vinylcarbazole) (abbreviation PVK) or poly(4-vinyl-
triphenylamine) (abbreviation PVTPA) can also be used.

[0169] As a substance forming the second layer 104, a
substance having a high hole transporting property, specifi-
cally, an aromatic amine compound (that is, a compound
having a benzene ring-nitrogen bond) is preferable. As a
material that is widely used, 4,4'-bis| N-(3-methylphenyl)-N-
phenylamino [biphenyl, derivatives thereof such as 4,4'-bis
[N-(1-naphthyl)-N-phenylamino [biphenyl (hereinafter
referred to as NPB), and star burst aromatic amine com-
pounds such as 4.4'4"-tris(N,N-diphenyl-amino)tripheny-
lamine and 4,4',4"-tris|N-(3-methylphenyl)-N-phenylamino |
triphenylamine can be given. These materials described here
are mainly substances each having a hole mobility of greater
than or equal to 10~ % cm?/vs. However, other materials than
these compounds may also be used as long as the hole trans-
porting properties thereof are higher than the electron trans-
porting properties thereof. The second layer 104 is not limited
to a single layer, and a mixed layer of the aforementioned
substances, or a stacked layer which comprises two or more
layers each including the aforementioned substance may be
used.

[0170] The third layer 105 is a layer including a light-
emitting substance. In this embodiment mode, the third layer
105 includes the anthracene derivative of the present inven-
tion described in Embodiment Mode 1. The anthracene
derivative of the present invention can favorably be applied to
alight-emitting element as a light-emitting substance because
the anthracene derivative of the present invention is capable
of emitting light with a short wavelength and exhibits blue
light emission with high color purity.

[0171] As the fourth layer 106, a substance having a high
electron transporting property can be used. For example, a
layer including a metal complex or the like having a quinoline
or benzoquinoline skeleton, such as tris(8-quinolinolato)alu-
minum (abbreviation Alq), tris(4-methyl-8-quinolinola-
to)aluminum (abbreviation Almg,), bis(10-hydroxybenzo|h]
quinolinato)beryllium (abbreviation BeBq,), or bis(2-
methyl-8-quinolinolato)(4-phenylphenolato)aluminum

(abbreviation BAlq) can be used. Alternatively, a metal com-
plex or the like having an oxazole-based or thiazole-based
ligand, such as bis[2-(2-hydroxyphenyl)benzoxazolato |zinc
(abbreviation Zn(BOX),) or bis[2-(2-hydroxyphenyl)-ben-
zothiazolato |zinc (abbreviation Zn(BTZ),) can be used.
Besides the metal complexes, 2-(4-biphenylyl)-5-(4-tert-bu-
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tylphenyl)-1,3,4-oxadiazole (abbreviation PBD), 1,3-bis|5-
(p-tert-butylphenyl)-1,3,4-oxadiazol-2-yl|benzene  (abbre-
viation ~ OXD-7),  3-(4-biphenylyl)-4-phenyl-5-(4-tert-
butylphenyl)-1,2,4-triazole (abbreviation TAZ),
bathophenanthroline (abbreviation BPhen), bathocuproine
(abbreviation BCP), or the like can also be used. The sub-
stances described here are mainly substances each having an
electron mobility of greater than or equal to 10~ % cm?/Vs.
The electron transporting layer may be formed using other
materials than those described above as long as the materials
have higher electron transporting properties than hole trans-
porting properties. Furthermore, the electron transporting
layer is not limited to a single layer, and two or more layers in
which each layer is made of the aforementioned substance
may be stacked.

[0172] As a substance forming the second electrode 107, a
metal, an alloy, an electrically conductive compound, a mix-
ture thereof, or the like having a low work function (specifi-
cally, 3.8 eV or less) is preferably used. As a specific example
of such a cathode material, an element belonging to Group 1
or Group 2 in the periodic table, that is, an alkali metal such as
lithium (L) or cesium (Cs), an alkaline earth metal such as
magnesium (Mg), calcium (Ca), or strontium (Sr), an alloy
including these metals (MgAg, AlLi) can be employed. A rare
earth metal such as europium (Eu) or ytterbium (Yb), an alloy
including these rare earth metals, or the like is also suitable.
However, by providing a layer having a function of promoting
electron injection between the second electrode 107 and the
fourth layer 106 so that it is stacked with the second electrode,
various conductive materials such as Al, Ag, ITO, or ITO
containing silicon or silicon oxide can be used for the second
electrode 107 regardless of the magnitude of the work func-
tion.

[0173] Asthelayer having a function of promoting electron
injection, an alkali metal, an alkaline earth metal, or a com-
pound thereof such as lithium fluoride (LiF), cesium fluoride
(CsF), or calcium fluoride (CaF,) can be used. For example,
a layer which contains substance having an electron trans-
porting property and an alkali metal, an alkaline earth metal,
or a compound thereof (Alq including magnesium (Mg) for
example) can be used. It is preferable to use such a layer
because electron injection from the second electrode 107
proceeds efficiently.

[0174] Various methods can be used for forming the first
layer 103, the second layer 104, the third layer 105, and the
fourth layer 106. For example, an evaporation method, an
ink-jet method, a spin coating method, or the like may be
used. Furthermore, each electrode or each layer may be
formed by a different film formation method.

[0175] By making current flow due to a potential difference
generated between the first electrode 102 and the second
electrode 107, holes and electrons are recombined in the third
layer 105 including a substance with a high light-emitting
property, which results in a light-emission from the light-
emitting element of the present invention. That is, the light-
emitting element of the present invention has a structure in
which a light-emitting region is formed in the third layer 105.

[0176] Light emission is extracted outside through one or
both of the first electrode 102 and the second electrode 107.
Therefore, one or both of the first electrode 102 and the
second electrode 107 is/are formed using an electrode having
a light transmitting property. In a case where only the first
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electrode 102 is an electrode having a light transmitting prop-
erty, light emission is extracted from a substrate side through
the first electrode 102 as shown in FIG. 1A. Alternatively, in
a case where only the second electrode 107 is an electrode
having a light transmitting property, light emission is
extracted from the side opposite to the substrate through the
second electrode 107 as shown in FIG. 1B. In a case where
both of the first electrode 102 and the second electrode 107
are the electrodes having a light transmitting property, light
emission is extracted from both of the substrate side and the
side opposite to the substrate through the first electrode 102
and the second electrode 107, as shown in FIG. 1C.

[0177] A structure of layers provided between the first elec-
trode 102 and the second electrode 107 is not limited to the
above-described structure. A structure other than the above-
described structure may be used as long as the light-emitting
region, in which holes and electrons are recombined, is
located away from the first electrode 102 and the second
electrode 107, so as to prevent the quenching due to proximity
of the light-emitting region and the metal.

[0178] Inother words, a stacked structure of the layer is not
particularly limited to the abovementioned structure, and a
layer formed using a substance having a high electron trans-
porting property, a substance having a high hole transporting
property, a substance having a high electron injecting prop-
erty, a substance having a high hole injecting property, a
bipolar substance (substance having a high electron trans-
porting property and a high hole transporting property), a hole
blocking material, or the like may be freely combined with
the anthracene derivative of the present invention.

[0179] A light-emitting element shown in FIG. 2 has a
structure in which a first electrode 302 serving as a cathode, a
first layer 303 formed using a substance having a high elec-
tron transporting property, a second layer 304 including a
light-emitting substance, a third layer 305 formed using a
substance having a high hole transporting property, a fourth
layer 306 formed using a substance having a high hole inject-
ing property, and a second electrode 307 serving as an anode
are sequentially stacked over a substrate 301.

[0180] In this embodiment mode, a light-emitting element
is manufactured over a substrate made of glass, plastic, or the
like. By manufacturing a plurality of the light-emitting ele-
ments described above over one substrate, a passive-matrix
light-emitting device can be manufactured. Alternatively, for
example, a thin film transistor (TFT) may be formed over a
substrate made of glass, plastic, or the like, and the light-
emitting elements may be manufactured over an electrode
electrically connected to the TFT. Accordingly, an active
matrix light-emitting device can be manufactured, in which
driving of the light-emitting element is controlled by the TFT.
The structure of the TFT is not strictly limited, and the TFT
may be a staggered TFT or an inverted staggered TFT. Crys-
tallinity of a semiconductor used for the TFT is also not
limited, and an amorphous semiconductor or a crystalline
semiconductor may be used. In addition, a driving circuit
formed over a TFT substrate may be formed using an N-type
TFT and a P-type TFT, or may be formed using any one of an
N-type TFT and a P-type TFT.

[0181] As shown in this embodiment mode, an anthracene
derivative of the present invention can be used for a light-
emitting layer as shown in this embodiment mode without
adding any other light-emitting substance, because the
anthracene derivative emits blue light with high purity.
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[0182] Since the anthracene derivative of the present inven-
tion has high luminous efficiency, a light-emitting element
with high luminous efficiency can be obtained by using the
anthracene derivative of the present invention in a light-emit-
ting element. Also, by using the anthracene derivative of the
present invention in a light-emitting element, a light-emitting
element with high reliability can be obtained.

[0183] Since the light-emitting element using the
anthracene derivative of the present invention is capable of
emitting blue light with high color purity, it can be favorably
used for a full-color display. Further, the ability of the light-
emitting element using the anthracene derivative of the
present invention to achieve emit blue light with high reliabil-
ity allows its application in a full-color display.

Embodiment Mode 4

[0184] In this embodiment mode, a light-emitting element
having a different structure from that shown in Embodiment
Mode 3 will be described.

[0185] Thethird layer 105 shown in Embodiment Mode 3 is
formed to have a structure in which an anthracene derivative
of the present invention is dispersed into another substance,
whereby light emission can be obtained from the anthracene
derivative of the present invention. Since the anthracene
derivative of the present invention exhibits blue light emis-
sion with high color purity, a light-emitting element exhibit-
ing blue light emission with high color purity can be obtained.

[0186] Here, as a substance for dispersing an anthracene
derivative of the present invention, a substance with a larger
band gap than the anthracene derivative of the present inven-
tion is preferably used. Specifically, a low molecular com-
pound such as 4,4'4"-tri(N-carbazolyl)triphenylamine
(abbreviation TCTA), 1,1-bis[4-(diphenylamino)phenyl]cy-
clohexane (abbreviation TPAC), 9,9-bis[4-(diphenylami-
no)phenyl|fluorene (abbreviation TPAF), 4,4'-di(N-carba-
zolyl)biphenyl (abbreviation CBP), 1,3-bis[5-(p-tert-
butylphenyl)-1,3,4-oxadiazol-2-yl|benzene  (abbreviation
OXD-7), 2,2',2"-(1,3,5-benzenetriyl)tris(1-phenyl-1H-benz-
imidazole) (abbreviation TPBI), 3-(4-tert-butylphenyl)-4-
phenyl-5-(4-biphenylyl)-1,2,4-triazole (abbreviation TAZ),
or 9,9',9"-[1,3,5-triazine-2,4,6-triyl [tricarbazole (abbrevia-
tion TCZTRZ), or a high molecular compound such as
poly(N-vinylcarbazole) (abbreviation PVK), poly(4-vinylt-
riphenylamine) (abbreviation PVTPA), or poly(2,5-pyridine-
diyl) (abbreviation PPy) can be used.

[0187] Since the anthracene derivative of the present inven-
tion is capable of emitting blue light with high color purity, by
using the anthracene derivative for a light-emitting element, a
light-emitting element exhibiting blue light emission with
high color purity can be obtained.

[0188] Since the anthracene derivative of the present inven-
tion has high luminous efficiency, a light-emitting element
with high luminous efficiency can be obtained by using the
anthracene derivative of the present invention in a light-emit-
ting element. Also, by using the anthracene derivative of the
present invention in a light-emitting element, a light-emitting
element with high reliability can be obtained.

[0189] Since the light-emitting element using the
anthracene derivative of the present invention is capable of
emitting blue light with high color purity, it can be favorably
used for a full-color display. Further, the ability of the light-
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emitting element using the anthracene derivative of the
present invention to achieve emit blue light with high reliabil-
ity allows its application in a full-color display.

[0190] TItis to be noted that the structure shown in Embodi-
ment Mode 2 except for the third layer 105 can be used as
appropriate.

Embodiment Mode 5

[0191] In this embodiment mode, a light-emitting element
having a different structure from those shown in Embodiment
Modes 3 and 4 will be described.

[0192] Thethird layer 105 shown in Embodiment Mode 3 is
formed to have a structure in which a light-emitting substance
is dispersed into the anthracene derivative of the present
invention, whereby light emission from the light-emitting
substance can be obtained.

[0193] In a case where the anthracene derivative of the
present invention is used as a material for dispersing another
light-emitting substance, a light emission color derived from
the light-emitting substance can be obtained. Further, a mixed
light emission color resulted from the anthracene derivative
of'the present invention and the light-emitting substance dis-
persed in the anthracene derivative can also be obtained.

[0194] Here, asubstance having a smaller band gap than the
anthracene derivative of the present invention is preferably
used as a light-emitting substance that is dispersed in the
anthracene derivative of the present invention. Specifically,
the following substances can be given, such as N,N'-bis|4-
(9H-carbazol-9-yl)phenyl |-N,N'-diphenylstilbene-4,4'-di-
amine (abbreviation YGA2S), 2,5,8,11-tetra(tert-butyl)p-
erylene (abbreviation TBP), perylene, coumarin 30,
coumarin 6, coumarin 545T, N,N'-dimethylquinacridone
(abbreviation DMQd), N,N'-diphenylquinacridone (abbre-
viation DPQd), N,N,9-triphenylanthracen-9-amine (abbre-
viation = DPhAPhA), 5,12-bis(1,1'-biphenyl-4-y1)-6,11-
diphenyltetracene (abbreviation BPT), rubrene, N,N,N',N'-
tetrakis(4-methylphenyl)tetracene-5,11-diamine
(abbreviation p-mPhTD), or 7,13-diphenyl-N,N,N'.N'-tet-
rakis(4-methylphenyl)acenaphthol 1,2-a]fluoranthene-3,10-
diamine (abbreviation p-mPhAFD).

[0195] Since the anthracene derivative of the present inven-
tion has a large band gap, a light-emitting substance dispersed
into the anthracene derivative of the present invention is
selected from a wide selection range. For example, a light-
emitting substance exhibiting blue light emission with high
color purity can be dispersed. Specifically, a light-emitting
substance having a band gap of greater than orequal to 2.7 eV
and less than or equal to 3.0 eV or a light-emitting substance
having a maximum emission wavelength between 400 to 500
nm is dispersed into the anthracene derivative of the present
invention because such a light-emitting substance exhibits
blue light emission with high color purity, whereby a light-
emitting element exhibiting blue light emission with high
color purity can be obtained.

[0196] Itis to be noted that the structure shown in Embodi-
ment Mode 3 except for the third layer 105 can be used as
appropriate.

Embodiment Mode 6

[0197] In this embodiment mode, a light-emitting element
having a different structure from those shown in Embodiment
Modes 3 to 5 will be described.
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[0198] By combining the anthracene derivative of the
present invention and an inorganic compound having an elec-
tron accepting property with respect to the anthracene deriva-
tive of the present invention, a layer including the anthracene
derivative of the present invention can be used between an
anode and a light-emitting layer. Specifically, the layer
including the anthracene derivative can be used for the first
layer 103 or the second layer 104 shown in Embodiment
Mode 3. By using such a composite material, carrier density
is increased, which contributes to improvement of the hole
injecting property and hole transporting property. Also, in a
case of using the composite material in the first layer 103, the
first layer 103 can achieve an ohmic contact with the first
electrode 102; therefore, a material of the first electrode can
be selected regardless of work function.

[0199] As the inorganic compound used for the composite
material, an oxide of a transition metal is preferably used.
Moreover, oxides of metals belonging to Groups 4 to 8 in the
periodic table can be given. Specifically, it is preferable to use
vanadium oxide, niobium oxide, tantalum oxide, chromium
oxide, molybdenum oxide, tungsten oxide, manganese oxide,
and rhenium oxide, because of their high electron accepting
properties. Among them, molybdenum oxide is particularly
preferable because it is stable under air, has a low moisture
absorption property, and is easily handled.

[0200] It is to be noted that this embodiment mode can be
combined with any other embodiment modes as appropriate.

Embodiment Mode 7

[0201] In this embodiment mode, a light-emitting element
in which a plurality of light-emitting units according to the
present invention are stacked (hereinafter, referred to as a
stacked type element) will be described with reference to
FIG. 3. This light-emitting element is a stacked type light-
emitting element that has a plurality of light-emitting units
between a first electrode and a second electrode. A structure
similar to those described in Embodiment Modes 3 to 6 can be
used for each light-emitting unit. In other words, the light-
emitting element described in Embodiment Mode 3 is a light-
emitting element having one light-emitting unit. In this
embodiment mode, a light-emitting element having a plural-
ity of light-emitting units will be described.

[0202] InFIG. 3, afirstlight-emitting unit 511 and a second
light-emitting unit 512 are stacked between a first electrode
501 and a second electrode 502. An electrode similar to that
described in Embodiment Mode 2 can be applied to the first
electrode 501 and the second electrode 502. The first light-
emitting unit 511 and the second light-emitting unit 512 may
have the same structure or different structures, and a structure
similar to those described in Embodiment Modes 3 to 6 can be
applied.

[0203] A charge generation layer 513 includes a composite
material of an organic compound and metal oxide. The com-
posite material of an organic compound and metal oxide is
described in Embodiment Mode 2 or 5, and includes an
organic compound and metal oxide such as vanadium oxide,
molybdenum oxide, or tungsten oxide. As the organic com-
pound, various compounds such as an aromatic amine com-
pound, a carbazole derivative, an aromatic hydrocarbon, and
a high molecular compound (such as oligomer, dendrimer, or
polymer) can be used. An organic compound having a hole
mobility of greater than or equal to 1 X107~ cm?/Vs is pref-
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erably applied as the organic compound having a hole trans-
porting property. However, other substances than these com-
pounds may also be used as long as the hole transporting
properties thereof are higher than the electron transporting
properties thereof. The composite material of an organic
compound and metal oxide is superior in a carrier injecting
property and a carrier transporting property, and accordingly,
low-voltage driving and low-current driving can be realized.

[0204] Ttis to be noted that the charge generation layer 513
may be formed with a combination of a composite material of
an organic compound and metal oxide and other materials.
For example, the charge generation layer 513 may be formed
with a combination of a layer including the composite mate-
rial of an organic compound and metal oxide and a layer
including one compound selected from electron donating
substances and a compound having a high electron transport-
ing property. Further, the charge generation layer 513 may be
formed with a combination of a layer including the composite
material of an organic compound and metal oxide and a
transparent conductive film.

[0205] 1In any case, the charge generation layer 513 inter-
posed between the first light-emitting unit 511 and the second
light-emitting unit 512 is acceptable as long as electrons are
injected to one light-emitting unit and holes are injected to the
other light-emitting unit when a voltage is applied between
the first electrode 501 and the second electrode 502. For
example, in a case of applying a voltage so that a potential of
the first electrode is higher than potential of the second elec-
trode, any structure is acceptable for the charge generation
layer 513 as long as the layer 513 injects electrons and holes
into the first light-emitting unit 511 and the second light-
emitting unit 512, respectively.

[0206] 1In this embodiment mode, the light-emitting ele-
ment having two light-emitting units is described; however,
the present invention can be applied to a light-emitting ele-
ment in which three or more light-emitting units are stacked.
By arranging a plurality of light-emitting units between a pair
of electrodes in such a manner that the plurality of light-
emitting units are partitioned with a charge generation layer
as the light-emitting element of this embodiment mode, an
element having a long lifetime in a high luminance region can
be realized with keeping a low current density. In a case of
applying the light-emitting element to a lightning system,
voltage drop due to resistance of an electrode material can be
decreased; therefore, uniform light emission in a large area is
possible. Further, low voltage driving is possible, and a light-
emitting device with low power consumption can be realized.

[0207] This embodiment mode can be combined with any
other embodiment modes as appropriate.

Embodiment Mode 8

[0208] 1In this embodiment mode, a light-emitting device
manufactured using an anthracene derivative of the present
invention will be described.

[0209] 1In this embodiment mode, a light-emitting device
manufactured using the anthracene derivative of the present
invention will be described with reference to FIGS. 4A and
4B. FIG. 4A is a top view showing a light-emitting device,
and FIG. 4B is a cross-sectional view of FIG. 4 A taken along
lines A-A' and B-B'. A driver circuit portion (source driver
circuit), a pixel portion, and a driver circuit portion (gate
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driver circuit) are denoted by reference numerals 601, 602,
and 603, respectively, and are indicated by dotted lines. Also,
a sealing substrate and a sealing material are denoted by
reference numerals 604 and 605, respectively, and a portion
surrounded by the sealing material 605 corresponds to a space
607.

[0210] A leading wiring 608 is a wiring for transmitting a
signal to be inputted to the source driver circuit 601 and the
gate driver circuit 603, and this wiring 608 receives a video
signal, a clock signal, a start signal, a reset signal, and the like
from an FPC (flexible printed circuit) 609 that is an external
input terminal. It is to be noted that only the FPC is shown
here; however, the FPC may be provided with a printed wiring
board (PWB). The light-emitting device in the present speci-
fication includes not only a light-emitting device itself but
also a light-emitting device attached with an FPC or a PWB.

[0211] Subsequently, a cross-sectional structure will be
described with reference to FIG. 4B. The driver circuit por-
tion and the pixel portion are formed over an element sub-
strate 610. Here, the source driver circuit 601, which is the
driver circuit portion, and one pixel in the pixel portion 602
are shown.

[0212] A CMOS circuit, which is a combination of an
n-channel TFT 623 and a p-channel TFT 624, is formed as the
source driver circuit 601. The driver circuit may be formed
using various CMOS circuits, PMOS circuits, or NMOS cir-
cuits. Although a driver-integration type device, in which a
driver circuit is formed over a substrate, is described in this
embodiment mode, a driver circuit is not necessarily formed
over a substrate and can be formed outside a substrate.

[0213] The pixel portion 602 has a plurality of pixels, each
of'which includes a switching TFT 611, a current control TFT
612, and a first electrode 613 that is electrically connected to
a drain of the current control TFT 612. It is to be noted that an
insulator 614 is formed so as to cover an end portion of the
first electrode 613. Here, a positive photosensitive acrylic
resin film is used for the insulator 614.

[0214] The insulator 614 is formed so as to have a curved
surface having curvature at an upper end portion or a lower
end portion thereof in order to obtain favorable coverage. For
example, in a case of using a positive photosensitive acrylic
resin as a material for the insulator 614, the insulator 614 is
preferably formed so as to have a curved surface with a
curvature radius (0.2 um to 3 pm) only at the upper end
portion thereof. Either a negative type resin which becomes
insoluble in an etchant by irradiation with light or a positive
type resin which becomes soluble in an etchant by irradiation
with light can be used for the insulator 614.

[0215] An EL layer 616 and a second electrode 617 are
formed over the first electrode 613. Here, a material having a
high work function is preferably used as a material for the first
electrode 613 serving as an anode. For example, the first
electrode 613 can be formed by using stacked layers of a
titanium nitride film and a film including aluminum as its
main component; a three-layer structure of a titanium nitride
film, a film including aluminum as its main component, and a
titanium nitride film; or the like as well as a single-layer film
such as an ITO film, an indium tin oxide film containing
silicon, an indium oxide film containing 2 to 20 wt % of zinc
oxide, a titanium nitride film, a chromium film, a tungsten
film, a Zn film, or a Pt film. When the first electrode 613 has
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a stacked structure, the electrode 613 shows low resistance
enough to serve as a wiring, giving favorable ohmic contact.

[0216] In addition, the EL layer 616 is formed by various
methods such as an evaporation method using an evaporation
mask, an inkjet method, and a spin coating method. The ELL
layer 616 includes the anthracene derivative of the present
invention described in Embodiment Mode 2. Further, the EL
layer 166 may be formed using another material including a
low molecular compound or a high molecular compound
(including oligomer and dendrimer).

[0217] As a material used for the second electrode 617,
which is formed over the EL layer 616 and serves as a cath-
ode, a material having a low work function (Al, Mg, Li, Ca, or
an alloy or a compound thereof such as MgAg, Mgln, AllLi,
LiF, or CaF,) is preferably used. In a case where light gener-
ated in the EL layer 616 is transmitted through the second
electrode 617, stacked layers of a metal thin film and a trans-
parent conductive film (ITO, indium oxide containing 2 to 20
wt % of zinc oxide, indium oxide-tin oxide containing silicon
or silicon oxide, zinc oxide (ZnO), or the like) are preferably
used as the second electrode 617.

[0218] By attachment of the sealing substrate 604 to the
element substrate 610 with the sealing material 605, a light-
emitting element 618 that is included in the invention shown
in Embodiment Modes 3 to 7 is provided in the space 607
surrounded by the element substrate 610, the sealing substrate
604, and the sealing material 605. It is to be noted that the
space 607 is filled with an inert gas (nitrogen, argon, or the
like). There is also a case where the space 607 is filled with the
sealing material 605.

[0219] Ttis to be noted that an epoxy-based resin is prefer-
ably used as the sealing material 605. It is desired that the
material allows as little moisture and oxygen as possible to
penetrate. As the sealing substrate 604, a plastic substrate
formed using FRP (Fiberglass-Reinforced Plastics), PVF
(polyvinyl fluoride), polyester, acrylic resin, or the like can be
used as well as a glass substrate or a quartz substrate.

[0220] As described above, a light-emitting device includ-
ing the anthracene derivative of the present invention can be
obtained.

[0221] Since the anthracene derivative described in
Embodiment Mode 2 is used for the light-emitting device of
the present invention, a light-emitting device having high
performance can be obtained. Specifically, a light-emitting
device having a long lifetime can be obtained.

[0222] Also, since the anthracene derivative of the present
invention has high luminous efficiency, a light-emitting
device with low power consumption can be obtained.

[0223] Further, since an anthracene derivative of the
present invention is capable of emitting blue light with high
color purity, the anthracene derivative can be favorably used
for a full-color display. Further, since the anthracene deriva-
tive of the present invention is capable of emitting blue light
with high reliability and low power consumption, it can be
favorably used for a full-color display.

[0224] Further, since the anthracene derivative of the
present invention is capable of blue light emission with high
color purity, a light-emitting device with high color reproduc-
ibility can be obtained.
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[0225] As described above, an active-matrix light-emitting
device that controls driving a light-emitting element with a
transistor is described in this embodiment mode; however, a
passive-matrix light-emitting device may be used. A perspec-
tive view of a passive-matrix light-emitting device manufac-
tured to which the present invention is applied is shown in
FIG. 5A. FIG. 5A is a perspective view of a light-emitting
device, and FIG. 5B is a cross-sectional view of FIG. 5A taken
along a line X-Y. In FIGS. 5A and 5B, an EL layer 955 is
provided between an electrode 952 and an electrode 956 over
a substrate 951. An end of the electrode 952 is covered with an
insulating layer 953. Then, a partition layer 954 is provided
over the insulating layer 953. A side wall of the partition layer
954 slopes so that a distance between one side wall and the
other side wall becomes narrow toward a substrate surface. In
other words, a cross section of the partition layer 954 in the
direction of a short side is trapezoidal, and a base (a side
expanding in a similar direction as a plane direction of the
insulating layer 953 and in contact with the insulating layer
953) is shorter than an upper side (a side expanding in a
similar direction as the plane direction of the insulating layer
953 and not in contact with the insulating layer 953). The
partition layer 954 provided in this manner allows prevention
of defects of a light-emitting element due to static electricity.
A light-emitting device with high reliability and a long life-
time can be also obtained in the case of the passive-matrix
light-emitting device by using the light-emitting element of
the present invention. Further, a light-emitting device with
low power consumption can be obtained.

Embodiment Mode 9

[0226] In this embodiment mode, an electronic device of
the present invention partially including the light-emitting
device described in Embodiment Mode 8 will be described.
The electronic device of the present invention includes the
anthracene derivative described in Embodiment Mode 2, and
has a display portion with high reliability and a long lifetime.
Also, the electronic device of the present invention has a
display portion with low power consumption.

[0227] As an electronic device including a light-emitting
element manufactured using the anthracene derivative of the
present invention, a camera such as a video camera or a digital
camera, a goggle type display, a navigation system, an audio
reproducing device (car audio component stereo, audio com-
ponent stereo, or the like), a computer, a game machine, a
portable information terminal (mobile computer, mobile
phone, portable game machine, electronic book, or the like),
and an image reproducing device provided with a recording
medium (specifically, a device capable of reproducing a
recording medium such as a Digital Versatile Disc (DVD)and
provided with a display device that can display the image),
and the like are given. Specific examples of these electronic
devices are shown in FIGS. 6A to 6D.

[0228] FIG. 6A shows a television device according to the
present invention, which includes a housing 9101, a support-
ing base 9102, a display portion 9103, a speaker portion 9104,
a video input terminal 9105, and the like. In the television
device, the display portion 9103 has light-emitting elements
similar to those described in Embodiment Modes 3 to 7, and
the light-emitting elements are arranged in matrix. The fea-
tures of the light-emitting element are exemplified by high
luminous efficiency and long lifetime. The display portion
9103 which includes the light-emitting elements has similar
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features. Therefore, in the television device, image quality is
scarcely deteriorated and low power consumption is
achieved. Owing to these features, deterioration compensa-
tion function and power supply circuits can be significantly
reduced or downsized in the television device, which enables
reduction of the size and weight of the housing 9101 and
supporting base 9102. In the television device according to
the present invention, low power consumption, high image
quality, and small size and lightweight are achieved; there-
fore, a product which is suitable for living environment can be
provided. Also, since the anthracene derivative described in
Embodiment Mode 1 is capable of blue light emission with
high color purity, a full-color display is possible, and a tele-
vision device having a display portion with high color repro-
ducibility can be obtained. Further, a television device having
a display portion with a long lifetime can be obtained.

[0229] FIG. 6B shows a computer according to the present
invention, which includes a main body 9201, a housing 9202,
adisplay portion 9203, a keyboard 9204, an external connec-
tion port 9205, a pointing device 9206, and the like. In the
computer, the display portion 9203 has light-emitting ele-
ments similar to those described in Embodiment Modes 3 to
7, and the light-emitting elements are arranged in matrix. The
features of the light-emitting element are exemplified by high
luminous efficiency and long lifetime. The display portion
9203 which includes the light-emitting elements has similar
features. Therefore, in the computer, image quality is scarcely
deteriorated and lower power consumption is achieved.
Owing to these features, deterioration compensation function
and power supply circuits can be significantly reduced or
downsized in the computer; therefore, small sized and light-
weight main body 9201 and housing 9202 can be achieved. In
the computer according to the present invention, low power
consumption, high image quality, and small size and light-
weight are achieved; therefore, a product which is suitable for
anenvironment can be supplied. Further, since the anthracene
derivative described in Embodiment Mode 1 is capable of
blue light emission with high color purity, a full-color display
is possible, and a computer having a display portion with high
color reproducibility can be obtained. Further, a computer
having a display portion with a long lifetime can be obtained.

[0230] FIG. 6C shows a mobile phone according to the
present invention, which includes a main body 9401, a hous-
ing 9402, a display portion 9403, an audio input portion 9404,
an audio output portion 9405, an operation key 9406, an
external connection port 9407, an antenna 9408, and the like.
In the mobile phone, the display portion 9403 has light-
emitting elements similar to those described in Embodiment
Modes 3 to 7, and the light-emitting elements are arranged in
matrix. The features of the light-emitting element are exem-
plified by high luminous efficiency and long lifetime. The
display portion 9403 which includes the light-emitting ele-
ments has similar features. Therefore, in the mobile phone,
image quality is scarcely deteriorated and lower power con-
sumption is achieved. Owing to these features, deterioration
compensation function and power supply circuits can be sig-
nificantly reduced or downsized in the mobile phone; there-
fore, small sized and lightweight main body 9401 and hous-
ing 9402 can be achieved. In the mobile phone according to
the present invention, low power consumption, high image
quality, and a small size and lightweight are achieved; there-
fore, a product which is suitable for carrying can be provided.
Further, since the anthracene derivative described in Embodi-
ment Mode 1 is capable of blue light emission with high color
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purity, a full-color display is possible, and a mobile phone
having a display portion with high color reproducibility can
be obtained. Further, a mobile phone having a display portion
with a long lifetime can be obtained.

[0231] FIG. 6D shows a camera according to the present
invention, which includes a main body 9501, a display por-
tion 9502, a housing 9503, an external connection port 9504,
a remote control receiving portion 9505, an image receiving
portion 9506, a battery 9507, an audio input portion 9508,
operation keys 9509, an eye piece portion 9510, and the like.
In the camera, the display portion 9502 has light-emitting
elements similar to those described in Embodiment Modes 3
to 7, and the light-emitting elements are arranged in matrix.
The features of the light-emitting element are exemplified by
high luminous efficiency and long lifetime. The display por-
tion 9502 which includes the light-emitting elements has
similar features. Therefore, in the camera, image quality is
scarcely deteriorated and lower power consumption can be
achieved. Owing to these features, deterioration compensa-
tion function and power supply circuits can be significantly
reduced or downsized in the camera; therefore, a small sized
and lightweight main body 9501 can be achieved. In the
camera according to the present invention, low power con-
sumption, high image quality, and small size and lightweight
are achieved; therefore, a product which is suitable for carry-
ing can be provided. Further, since the anthracene derivative
described in Embodiment Mode 1 is capable of blue light
emission with high color purity, a full-color display is pos-
sible, and a camera having a display portion with high color
reproducibility can be obtained. Further, a camera having a
display portion with a long lifetime can be obtained.

[0232] As described above, the applicable range of the
light-emitting device of the present invention is so wide that
the light-emitting device can be applied to electronic devices
in various fields. By using the anthracene derivative of the
present invention, electronic devices which have display por-
tions with a long lifetime can be provided. Further, electronic
devices which have display portions with high color repro-
ducibility can be obtained.

[0233] The light-emitting device of the present invention
can also be used as a lighting system. One mode using the
light-emitting element of the present invention as the lighting
system will be described with reference to FIG. 7.

[0234] FIG. 7 shows an example of a liquid crystal display
device using the light-emitting device of the present invention
as abacklight. The liquid crystal display device shown in FIG.
7 includes a housing 901, a liquid crystal layer 902, a back-
light 903, and a housing 904, and the liquid crystal layer 902
is connected to a driver IC 905. The light-emitting device of
the present invention is used for the backlight 903, and current
is supplied through a terminal 906.

[0235] By using the light-emitting device of the present
invention as the backlight of the liquid crystal display device,
a backlight with reduced power consumption and high lumi-
nous efficiency can be obtained. The light-emitting device of
the present invention is a lighting system with plane light
emission, and can have a large area. Therefore, the backlight
can have a large area, and a liquid crystal display device
having a large area can be obtained. Furthermore, the light-
emitting device of the present invention has a thin shape and
has low power consumption; therefore, a thin shape and low
power consumption of a display device can also be achieved.
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Since the light-emitting device of the present invention has a
long lifetime, a liquid crystal display device using the light-
emitting device of the present invention also has a long life-
time.

[0236] FIG. 8 shows an example of the light-emitting
device to which the present invention is applied. In FIG. 8, an
example for the application to a table lamp as a lighting
system is illustrated. A table lamp shown in FIG. 8 includes a
housing 2001 and a light source 2002, and the light-emitting
device of the present invention is used as the light source
2002. The light-emitting device of the present invention has
high luminous efficiency and has a long lifetime; therefore, a
table lamp also has high luminous efficiency and a long life-
time.

[0237] FIG. 9 shows an example of a light-emitting device
to which the present invention is applied. FIG. 9 shows an
example for the application to an indoor lighting system
3001. Since the light-emitting device of the present invention
can also have a large area, the light-emitting device of the
present invention can be used as a lighting system having a
large emission area. Further, the light-emitting device of the
present invention has a thin shape and consumes low power;
therefore, the light-emitting device of the present invention
can be used as a lighting system having a thin shape and
low-power consumption. A television device 3002 according
to the present invention as described in FIG. 6A is placed in a
room in which the light-emitting device to which the present
invention is applied is used as the indoor lighting device 3001,
and public broadcasting and movies can be watched. In such
a case, since both of the devices consume low power, a pow-
erful image can be watched in a bright room without concern
about electricity charges.

Embodiment 1

[0238] Inthis embodiment, a synthesis method of 9-[4-(N-
carbazolyl) |phenyl-10-phenylanthracene (abbreviation
CzPA) represented by a structural formula (11) will be
described.

an
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[Step 1] Synthesis of 9-bromo-10-phenylanthracene

(1) Synthesis of 9-phenylanthracene

[0239] A synthesis scheme of 9-phenylanthracene is shown
in (B-1).

(B-1)

B(OH),

Pd(OAc),, 2M K,CO;3 aq., DME,
P(o-tolyl)s

[0240] 25.7 g (100 mmol) of 9-bromoanthracene, 12.8 g
(105 mmol) of phenylboronic acid, 233 mg (1.0 mmol) of
palladium acetate(Il), and 913 mg (3.0 mmol) of tri(o-
tolyl)phospine were put into a 500-mL three-neck flask and
nitrogen substitution was carried out. Then, 100 mL of eth-
ylene glycol dimethyl ether and 75 mL (190 mmol) of a
sodium carbonate aqueous solution (2.0 mol/LL) were added
thereto, and the reaction mixture was stirred at 90° C. for 5
hours. After the reaction, the reaction mixture was subjected
to suction filtration to collect a precipitated solid. The
obtained solid was dissolved into toluene, and the resulting
solution was subjected to suction filtration through Florisil,
celite, and then alumina. The filtrate was washed with water
and saturated saline, and then an organic layer was dried with
magnesium sulfate. This mixture is naturally filtrated, and the
filtrate was condensed to obtain 25.0 g of a light-brown solid
that was a target matter with the yield of 98%.

Br

(i1) Synthesis of 9-bromo-10-phenylanthracene

[0241] A synthesis scheme of 9-bromo-10-phenylan-
thracene is shown in (B-2).

(B-2)

B, CCl,
—_—
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-continued

Br

[0242] 25.0 g (98.3 mmol) of 9-phenylanthracene was put
into a 1-L three-neck flask, and 300 mL of carbon tetrachlo-
ride was added thereto. A solution in which 15.6 g (98.3
mmol) of bromine was dissolved in 40 mL of carbon tetra-
chloride was dropped in the reaction solution at the room
temperature. After the dropping, the reaction solution was
stirred at the room temperature for 1 hour. Thereafter, the
reaction is completed by adding a sodium thiosulfate aqueous
solution, and the solution was further stirred for 1 hour. An
organic layer of the reaction mixture was washed with aque-
ous sodium hydroxide (2.0 mol/L) and saturated saline and
dried with magnesium sulfate. This mixture was filtrated
naturally, and the filtrate was condensed to obtain a solid. The
solid was dissolved in toluene, and the solution was subjected
to suction filtration through Florisil, celite, and then alumina.
The filtrate was concentrated to obtain a solid, and the solid
was recrystallized with a mixture solution of dichlo-
romethane and hexane, whereby 27.8 g of a light yellow
powdery solid that was a target matter was obtained with the
yield of 85%.

[Step 2] Synthesis of 4-(carbazol-9-yl)phenylboronic
acid
(1) Synthesis of N-(4-bromophenyl)carbazole

[0243] A synthesis scheme of N-(4-bromophenyl)carba-
zole is shown in (B-3).

(B-3)
H

L OO

Cul, K,CO;3, 18-crown-6-ether, DMPU, 80° C.

-0
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[0244] 56.3 g (0.24 mol) of 1,4-dibromobenzene, 31.3 g
(0.18 mol) of carbazole, 4.6 g (0.024 mol) of copper iodide(]),
66.3 g (0.48 mol) of potassium carbonate, and 2.1 g (0.008
mol) of 18-crown-6-ether were put into a 300-mL three-neck
flask, and nitrogen substitution was carried out. Then, 8 mL of
1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidinone
(DMPU) was added thereto, and the reaction mixture was
stirred at 180° C. for 6 hours. After the reaction mixture was
cooled to the room temperature, a precipitate was removed by
suction filtration. The filtrate was washed with a diluted
hydrochloric acid, a saturated sodium hydrogen-carbonate
aqueous solution, and a saturated saline solution in this order.
An organic layer was dried with magnesium sulfate. After
drying, the mixture was filtered naturally, and the filtrate was
concentrated to obtain an oily substance. The substance was
purified by silica gel column chromatography (hexane:ethyl
acetate=9:1 as a developing solvent). The resulting solid was
recrystallized with a mixture solvent of chloroform and hex-
ane, whereby 20.7 g of a light brown plate-shaped crystal that
was a target matter was obtained with the yield of 35%.

(ii) Synthesis of 4-(carbazol-9-yl)phenylboronic acid

[0245] A synthesis scheme of 4-(carbazol-9-yl)phenylbo-
ronic acid is shown in (B-4).

(B-4)

1) n-BuLi, THF, -78° C.
2) B(OMe)3,-78° C. = R T.
N 3) IMHCL R.T.

-0

B(OH),

OO

[0246] 21.8 g(67.5 mmol) of N-(4-bromophenyl)carbazole
was put into a 500-mL three-neck flask and nitrogen substi-
tution was carried out. After that, 200 mL of tetrahydrofuran
(THF) was added to keep the reaction system at —78° C.
inside. 48.9 mL (74.3 mmol) of n-butyllithium (1.52 mol/LL
hexane solution) was dropped to this reaction solution, and
the solution was stirred at the same temperature for 2 hours.
17.4 mL (155 mmol) of trimethyl borate was added and the
solution was stirred at —78° C. for 1 hour, and thereafter, the
solution was stirred for 12 hours while the reaction tempera-
ture was allowed to gradually increase to the room tempera-
ture. After reaction, 200 mL of hydrochloric acid (1 mol/L)
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was added to the reaction solution, and the solution was
stirred at the room temperature for 1 hour. The reaction mix-
ture was washed with water to extract a water layer with ethyl
acetate. The extracted solution and an organic layer were
washed with saturated saline together and dried with magne-
sium sulfate. After drying, the mixture was subjected to suc-
tion filtration, and the filtrate was condensed to obtain a solid.
The solid was recrystallized with a mixed solution of chloro-
form and hexane, whereby 12.8 g of a white powdery solid
that was a target matter was obtained with the yield of 66%.

[Step 3] Synthesis of 9-[4-(N-carbazolyl) phenyl-10-
phenylanthracene (abbreviation CzPA)

[0247] A synthesis scheme of CzPA is shown in (B-5).

(B-5)

+
Br
B(OH),
Pd(OAc),
(o-tolyl)zP
2M K,CO;3 aq.
N DME

—_—

oy

%
C

[0248] 1.44 g (432 mmol) of 9-bromo-10-phenylan-
thracene, 1.49 g (5.19 mmol) of 4-(carbazol-9-yl)phenylbo-
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ronic acid, 38.0 mg (0.17 mmol) of palladium acetate(Il), and
0.36 g (1.21 mmol) of tris(o-tolyl)phosphine were put into a
100-mL three-neck flask and nitrogen substitution was car-
ried out. Then, 10 mL of ethylene glycol dimethyl ether
(DME) and 6.5 mL (13.0 mmol) of a sodium carbonate aque-
ous solution (2.0 mol/L) were added and the solution was
stirred at 90° C. for 4 hours. After that, the reaction mixture
was subjected to suction filtration to collect a precipitated
solid. The obtained solid was dissolved into chloroform, and
the solution was subjected to suction filtration through Flori-
sil, celite, and then alumina. The filtrate was condensed to
obtain a solid, and the solid was recrystallized with a mixture
solvent of chloroform and hexane, whereby 1.81 g of a light
yellow powdery solid that was a target matter was obtained
with the yield of 85%. By a nuclear magnetic resonance
measurement (NMR), it was confirmed that this compound

was 9-[4-(N-carbazolyl) Jphenyl-10-phenylanthracene
(abbreviation CzPA).
[0249] 'H NMR data of CzPA is shown below. '"H NMR

(300 MHz, CDCl,); 8=8.22 (d,]=7.8 Hz, 2H), 7.86-7.82 (m,
3H), 7.61-7.36 (m, 20H). The ‘H NMR chart is shown in
FIGS. 10A and 10B. It is to be noted that the range of 6.5 ppm
to 8.5 ppm in FIG. 10A, which is expanded, is shown in FIG.
10B.

[0250] The thermogravimetry-differential thermal analysis
(TG-DTA) of CzPA was performed using a thermo-gravimet-
ric/differential thermal analyzer (TG/DTA 320, product of
Seiko Instruments Inc.). The thermophysical properties were
evaluated under a nitrogen atmosphere at a rate of tempera-
ture rise of 10° C./min. As a result, based on the relationship
between gravity and temperature (thermogravimetric mea-
surement), the temperature under normal pressure was 348°
C. that is the temperature at which the gravity is 95% or less
of the gravity at the starting point of the measurement. The
glass transition temperature and the melting point of CzPA,
which were measured with a differential scanning calorim-
eter (Pyris 1 DSC, product of Perkin Elmer Co., Ltd.), were
125° C.and 305° C. respectively; thus, it was found that CzPA
was thermally stable.

[0251] FIG. 11 shows an absorption spectrum of a toluene
solution of CzPA. FIG. 12 shows an absorption spectrum of a
thin film of CzPA. An ultraviolet-visible spectrophotometer
(V-550, manufactured by JASCO Corporation) was used for
the measurement. The solution was put into a quartz cell and
the thin film sample was evaporated on a quartz substrate to
form the samples. The absorption spectra thereof, from each
of which the absorption spectrum of quartz was subtracted,
are shown in FIGS. 11 and 12. In FIGS. 11 and 12, the
horizontal axis indicates the wavelength (nm) and the vertical
axis indicates the absorption intensity (given unit). In the case
of the toluene solution, absorption based on an anthracene
skeleton was observed at around 376 nm and 396 nm, and
absorption based on an anthracene skeleton was observed at
around 381 nm and 403 nm in the case of the thin film. The
emission spectrum of the toluene solution of CzPA (excita-
tion wavelength: 370 nm) is shown in FIG. 13. The emission
spectrum of the thin film of CzPA (excitation wavelength: 390
nm) is shown in FIG. 14. In FIGS. 13 and 14, the horizontal
axis indicates the wavelength (nm), and the vertical axis
indicates the emission intensity (given unit). The maximum
emission wavelength was 448 nm (the excitation wavelength:
370 nm) in the case of the toluene solution, and at451 nm (the
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excitation wavelength: 390 nm) in the case of the thin film. It
was found that blue light emission was obtained.

[0252] Inaddition,the HOMO level of CzPA in the thin film
state was —5.64 eV which was measured by a photoelectron
spectrometer (AC-2, manufactured by Riken Keiki Co., Ltd.)
in the air. Moreover, the absorption edge was obtained from
Tauc plot using data on the absorption spectrum of the thin
film of CzPA in FIG. 12. When the absorption edge was
estimated as an optical energy gap, the energy gap was 2.95
eV. Therefore, the LUMO level was —2.69 eV.

[0253] Moreover, the oxidation-reduction reaction charac-
teristic of CzPA was measured by cyclic voltammetry (CV)
measurement. Further, an electrochemical analyzer (ALS
model 600A, manufactured by BAS Inc.) was used for the
measurement.

[0254] As for a solution used in the CV measurement,
dehydrated dimethylformamide (DMF, manufactured by
Aldrich, 99.8%, catalog number: 22705-6) was used as a
solvent. Tetra-n-butylammonium perchlorate (n-Bu,NCIO,,
manufactured by Tokyo Chemical Industry Co., Ltd., catalog
number: T0836), which was a supporting electrolyte, was
dissolved in the solvent such that the concentration of the
tetra-n-butylammonium perchlorate was 100 mmol/L.. More-
over, the object to be measured was dissolved such that the
concentration thereof was set to be 1 mmol/L. Further, a
platinum electrode (a PTE platinum electrode, manufactured
by BAS Inc.) was used as a work electrode. A platinum
electrode (a VC-3 Pt counter electrode (5 cm), manufactured
by BAS Inc.) was used as an auxiliary electrode. An Ag/Ag™
electrode (an RES nonaqueous solvent reference electrode,
manufactured by BAS Inc.) was used as a reference electrode.
The measurement was conducted at the room temperature. It
is to be noted that the scanning speed of the CV measurement
was set to be 0.1 V/s, and scanning of 100 cycles were con-
ducted on each of the oxide side and the reduction side.

[0255] FIG. 56 shows a result of the CV measurement on
the reduction side of CzPA, and FIG. 57 shows a result of the
CV measurement on the oxidation side of CzPA. In FIG. 56
and FIG. 57, the horizontal axis indicates the potential (V) of
the work electrode with respect to the reference electrode,
while the vertical axis indicates a value (LA) of current flow-
ing between the work electrode and the auxiliary electrode.

[0256] From FIG. 56 and FIG. 57, in the case of CzPA,
reversible peaks are shown on the oxide side and the reduction
side. In addition, even when 100 cycles of oxidation to reduc-
tion or reduction to oxidation are repeated, peak intensity is
hardly changed. From the above, it was found that the
anthracene derivative of the present invention is extremely
stable to the repetition of oxidation-reduction reaction.

Embodiment 2

[0257] Inthis embodiment, a synthesis method of 9-(biphe-
nyl-4-y1)-10-[4-(carbazol-9-yl)phenylJanthracene (abbrevia-
tion PPCzPA) represented by a structural formula (12) will be
described.



US 2008/0107918 Al

12)

OO

[Step 1] Synthesis of
9-(4-biphenyl)-10-bromoanthracene
(1) Synthesis of 9-(biphenyl-4-yl)anthracene

[0258] A synthesis scheme of 9-(biphenyl-4-yl)anthracene
is shown in (C-1).

(C-1)

OO AVAY,

Pd(OAc);, 2M K,CO; aq., DME,
P(o-tolyl);

Br

[0259] 5.1 g (20 mmol) of 9-bromoanthracene, 4.0 g (20
mmol) of 4-biphenylboronic acid, and 246 mg (0.80 mmol) of
tri(ortho-tolyl)phosphine were put into a 100-mL three neck
flask and nitrogen substitution in the system was carried out.
20 mL of ethylene glycol dimethyl ether (DME) was added to
this mixture, and the mixture was stirred under reduced pres-

May 8, 2008

sure and degassed. After that, 45 mg (0.20 mmol) of palla-
dium acetate(I) and 10 mL (2.0 mol/L) of a potassium car-
bonate solution were added. This reaction mixture was stirred
at 80° C. for 3 hours under nitrogen gas stream. Then, the
reaction mixture was cooled to the room temperature, and a
solid that was precipitated was collected by suction filtration.
The collected solid was dissolved in toluene, and the solution
was subjected to suction filtration through Florisil, celite, and
then alumina. The filtrate was condensed to obtain a solid, and
the solid was recrystallized with ethanol, whereby 5.4 g of a
white powdery solid, which was a target matter, was obtained
with the yield of 81%.

(i1) Synthesis of
9-(biphenyl-4-y1)-10-bromoanthracene

[0260] A synthesis scheme of 9-(biphenyl-4-y1)-10-bro-
moanthracene is shown in (C-2).

(€-2)

B, CCl,
B ——

Br

[0261] 5.3 g (16 mmol) of 9-(biphenyl-4-yl)anthracene and
90 mL of carbon tetrachloride were put into a 200-mL three-
neck flask and were stirred. A solution in which 2.8 g (18
mmol) of bromine was dissolved in 10 mL of carbon tetra-
chloride was dropped into the above solution through a drop-
ping funnel. After that, the solution was stirred at the room
temperature for 1 hour, and a sodium thiosulfate aqueous
solution was added to the reaction solution to complete the
reaction. A water layer of the reaction mixture was extracted
by chloroform, and the extracted solution and an organic layer
were together washed with a saturated sodium hydrogen car-
bonate solution and saturated saline in this order. The organic
layer was dried with magnesium sulfate, and the mixture was
filtrated naturally to remove the magnesium sulfate. Then, the
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filtrate was condensed to obtain a solid. The obtained solid
was recrystallized with ethanol, whereby 5.4 g of a yellow
powdery solid, which was a target matter, was obtained with
the yield of 82%.

[Step 2] Synthesis of 9-(biphenyl-4-y1)-10-[4-(carba-
z01-9-yl)phenyl |anthracene (abbreviation PPCzPA)

[0262] A synthesis scheme of PPCzPA is shown in (C-3).

(€3
B(OH),

s

Pd(PPh3)4, 2M Na,COj3 aq., toluene

N

OO

[0263] 3.0 g (7.3 mmol) of 9-(biphenyl-4-y1)-10-bromoan-
thracene and 2.1 g (7.3 mmol) of 4-(carbazol-9-yl)phenylbo-
ronic acid were put into a 100-mL three-neck flask, and
nitrogen substitution in the system was carried out. 25 mL of
ethylene glycol dimethyl ether (DME) and 10 mL (2.0 mol/L)
of'a potassium carbonate solution were added to this mixture,
and the mixture was stirred under reduced pressure and
degassed. After that, 85 mg (0.017 mmol) of tetrakis(triph-
enylphosphine)palladium(0) was added. This reaction mix-
ture was stirred at 80 C.° for 12 hours under nitrogen gas
stream. Then, the reaction mixture was cooled to the room
temperature, and a solid that was precipitated was collected

May 8, 2008

by suction filtration. The collected solid was dissolved in
toluene, and the solution was subjected to suction filtration
through Florisil, celite, and then alumina. The filtrate was
condensed to obtain a solid, and the solid was recrystallized
with a mixture solvent of chloroform and hexane, whereby
2.9 g of a light yellow powdery solid, which was a target
matter, was obtained with the yield of 72%. By a nuclear
magnetic resonance measurement (NMR), it was confirmed
that this compound was 9-(biphenyl-4-y1)-10-[4-(carbazol-9-
yl)phenyl Janthracene (abbreviation PPCzPA).

[0264] ‘HNMR data of PPCZPA is shown below. "H NMR
(300 MHz, CDCl,); 6=7.33-7.61 (m, 13H), 7.68-7.88 (m,
14H), 8.21 (d, J=7.8 Hz, 2H). The "H NMR chart is shown in
FIGS. 15A and 15B. It is to be noted that the range of 6.5 ppm
to 8.5 ppm in FIG. 15A, which is expanded, is shown in FI1G.
15B.

[0265] When 2.18 g of the PPCzPA obtained by the above
synthesis method was purified by sublimation for 12 hours
under such condition that the flow of argon was 3.0 mL/min,
the pressure was 7.0 Pa, and the heating temperature was 290°
C., 1.61 g of a light yellow needle crystal of PPCzPA was
obtained with the yield of 74%.

[0266] The thermogravimetry-differential thermal analysis
(TG-DTA) of PPCzPA was performed using a thermo-gravi-
metric/differential thermal analyzer (TG/DTA 320, product
of' Seiko Instruments Inc.). As a result, based on the relation-
ship between gravity and temperature (thermogravimetric
measurement), the temperature under normal pressure was
390° C., which is the temperature at which the gravity is 95%
or less of the gravity at the starting point of the measurement.
It was found that PPCzPA had favorable heat resistance.

[0267] FIG. 16 shows an absorption spectrum of a toluene
solution of PPCzPA. FIG. 17 shows an absorption spectrum
of'athin film of PPCzPA. The measurement was conducted by
using a UV-visible spectrophotometer (V-550, manufactured
by JASCO Corporation). The solution was put in a quartz cell,
and the thin film was evaporated on a quartz substrate to form
the samples. The absorption spectra thereof, from each of
which the absorption spectrum of quartz was subtracted, are
shown in FIGS. 16 and 17. In FIGS. 16 and 17, the horizontal
axis indicates a wavelength (nm) while the vertical axis indi-
cates absorption intensity (given unit). In the case of the
toluene solution, absorption based on an anthracene skeleton
was observed at around 376 nm and 398 nm, and in the case
of the thin film, absorption based on an anthracene skeleton
was observed at around 382 nm and 404 nm. The light emis-
sion spectrum of the toluene solution of PPCzPA (excitation
wavelength: 370 nm) is shown in FIG. 18, while that of the
thin film of PPCzPA (excitation wavelength: 380 nm) is
shown in FIG. 19. In FIGS. 18 and 19, the horizontal axis
indicates s a wavelength (nm) and the vertical axis indicates
light emission intensity (given unit). The maximum light
emission wavelength was 429 nm in the case of the toluene
solution (excitation wavelength: 370 nm), and 450 nm in the
case of the thin film (excitation wavelength: 380 nm).

[0268] In addition, the HOMO level of PPCzPA in the thin
film state was —5.59 eV, which was measured by a photo-
electron spectrometer (AC-2, manufactured by Riken Keiki
Co., Ltd.) in the air. Moreover, the absorption edge was
obtained from Tauc plot using data on the absorption spec-
trum of the thin film of PPCzPA in FIG. 17. When the absorp-
tion edge was estimated as an optical energy gap, the energy
gap was 2.92 eV. Therefore, the LUMO level was —2.67 eV.
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[0269] Moreover, the oxidation-reduction reaction charac-
teristic of PPCzPA was measured by cyclic voltammetry
(CV) measurement. Further, an electrochemical analyzer
(ALS model 600A, manufactured by BAS Inc.) was used for
the measurement.

[0270] As for a solution used in the CV measurement,
dehydrated dimethylformamide (DMF, manufactured by
Aldrich, 99.8%, catalog number: 22705-6) was used as a
solvent. Tetra-n-butylammonium perchlorate (n-Bu,NCIO,,
manufactured by Tokyo Chemical Industry Co., [td., catalog
number: T0836), which was a supporting electrolyte, was
dissolved in the solvent such that the concentration of the
tetra-n-butylammonium perchlorate was 100 mmol/L.. More-
over, the object to be measured was dissolved such that the
concentration thereof was set to be 1 mmol/L. Further, a
platinum electrode (a PTE platinum electrode, manufactured
by BAS Inc.) was used as a work clectrode. A platinum
electrode (a VC-3 Pt counter electrode (5 cm), manufactured
by BAS Inc.) was used as an auxiliary electrode. An Ag/Ag™
electrode (an RES nonaqueous solvent reference electrode,
manufactured by BAS Inc.) was used as a reference electrode.
It is to be noted that the measurement was conducted at the
room temperature.

[0271] The reduction reaction characteristic of PPCzPA
was measured as follows. A scan for changing the potential of
the work electrode with respect to the reference electrode
from —2.50 V to —0.47V after changing the potential from
—0.47V to —2.50V was set as one cycle, and 100 cycles were
measured. Further, the oxidation reaction characteristic of
PPCzPA was measured as follows. A scan for changing the
potential of the work electrode with respect to the reference
electrode from 1.30V to —0.33 V after changing the potential
from —0.33 V to 1.30 V was set as one cycle, and 100 cycles
were measured. Further, the scanning speed of the CV mea-
surement was set to be 0.1 V/s.

[0272] FIG. 58 shows a result of the CV measurement on
the reduction side of PPCzPA, and FIG. 59 shows a result of
the CV measurement on the oxidation side of PPCzPA. In
FIG. 58 and FIG. 59, the horizontal axis shows the potential
(V) of the work electrode with respect to the reference elec-
trode, while the vertical axis shows a value (LA) of current
flowing between the work electrode and the auxiliary elec-
trode.

[0273] From FIG. 58 and FIG. 59, in the case of PPCZPA,
reversible peaks are shown on the oxide side and the reduction
side. In addition, even when 100 cycles of oxidation to reduc-
tion or reduction to oxidation are repeated, peak intensity is
hardly changed. From the above, it was found that the
anthracene derivative of the present invention is extremely
stable to the repetition of oxidation-reduction reaction.

Embodiment 3

[0274] Inthis embodiment, a synthesis method of 9-(4-tert-
butylphenyl)-10-[4-(carbazol-9-y1) |phenylanthracene
(abbreviation PTBCzPA) represented by a structural formula
(20) will be described.
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(20)
CH;

H3C_C_CH3

OO

[Step 1] Synthesis of
9-bromo-10-(4-tert-butylphenyl)anthracene
(1) Synthesis of 9-(4-tert-butylphenyl)anthracene

[0275] A synthesis scheme of 9-(4-tert-butylphenyl)an-
thracene is shown in (D-1).

D-1)
CH,

|
(HO)ZBOT—CHg

CH,

Pd(OAc),, 2M K,COj; aq., DME,
P(o-tolyl);

Br

H3C_C_CH3

[0276] 5.1 g (20 mmol) of 9-bromoanthracene, 3.6 g (20
mmol) of 4-tert-butylphenylboronic acid, and 244 mg (0.80
mmol) of tri(o-tolyl)phosphine were put into a 100-mL three-
neck flask, and nitrogen substitution in the system was carried
out. 20 mL of ethylene glycol dimethyl ether (DME) was
added to this mixture, and the mixture was stirred under
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reduced pressure and degassed. After that, 45 mg (0.20 mmol)
of'palladium acetate(II) and 10 mL (2.0 mol/L.) of a potassium
carbonate solution were added. This reaction mixture was
stirred at 80° C. for 3 hours under nitrogen gas stream. Then,
the reaction mixture was cooled to the room temperature, and
a solid that was precipitated was collected by suction filtra-
tion. The collected solid was dissolved in toluene, and the
solution was subjected to suction filtration through Florisil,
celite, and then alumina. The filtrate was condensed to obtain
a solid, and the solid was recrystallized with ethanol, whereby
5.0 g of a white powdery solid, which was a target matter, was
obtained with the yield of 81%.

(ii) Synthesis of
9-bromo-10-(4-tert-butylphenyl)anthracene
[0277] A synthesis scheme of 9-bromo-10-(4-tert-bu-
tylphenyl)anthracene is shown in (D-2).

(D-2)
CH;

H3C_C_CH3

B, CCl,
e

CH;

H3C_C_CH3

[0278] 5.0 g (16.0 mmol) of 9-(4-tert-butylphenyl)an-
thracene and 90 mL of carbon tetrachloride were put into a
500-mL three-neck flask and were stirred. A solution in which
2.8 g (18 mmol) of bromine was dissolved in 10 m[. of carbon
tetrachloride was dropped into the above solution through a
dropping funnel. After that, the solution was stirred at the
room temperature for 1 hour, and a sodium thiosulfate aque-
ous solution was added to the reaction solution to complete
the reaction. A water layer of the reaction mixture was
extracted by chloroform, and the extracted solution and an
organic layer were together washed with a saturated sodium
hydrogen carbonate solution and saturated saline. The
organic layer was dried with magnesium sulfate, and the
mixture was filtrated naturally to remove the magnesium
sulfate. Then, the filtrate was condensed to obtain a solid. The
obtained solid was recrystallized with ethanol, whereby 6.3 g
of a yellow powdery solid, which was a target matter, was
obtained with the yield of 99%.

May 8, 2008

[Step 2] Synthesis of 9-(4-tert-butylphenyl)-10-[ 4-
(carbazol-9-y1) |phenylanthracene (abbreviation
PTBCzPA)

[0279] A synthesis scheme of PTBCzPA is shown in (D-3).

D-3)
B(OH),
CH;

H;C—C—CH;

»
-0

Pd(PPhs)4, 2M Na,COj3 aq., toluene

CH;

H3C_C_CH3

%
»

[0280] 2.0 g(5.1 mmol) of 9-bromo-10-(4-tert-butylpheny-
Danthracene and 1.5 g (5.1 mmol) of 4-(carbazol-9-yl)phe-
nylboronic acid were put into a 100-mL. three-neck flask, and
nitrogen substitution in the system was carried out. 25 mL of
ethylene glycol dimethyl ether (DME) and 10 mL (2.0 mol/L)
of'a potassium carbonate solution were added to this mixture,
and the mixture was stirred under reduced pressure and
degassed. After that, 85 mg (0.017 mmol) of tetrakis(triph-
enylphosphine)palladium(0) was added. This reaction mix-
ture was stirred at 80 C.° for 12 hours under nitrogen gas
stream. Then, the reaction mixture was cooled to the room
temperature, and a solid that was precipitated was collected
by suction filtration. The collected solid was dissolved in
toluene, and the solution was subjected to suction filtration
through Florisil, celite, and then alumina. The filtrate was
condensed to obtain a solid, and the solid was purified by
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silica gel column chromatography (hexane:toluene=7:3).
The resulting solid was recrystallized with hexane, whereby
912 mg of a light yellow powdery solid, which was a target
matter, was obtained with the yield of 32%. By a nuclear
magnetic resonance measurement (NMR), it was confirmed
that this compound was 9-(4-tert-butylpheny1)-10-[4-(carba-
z01-9-y1) Jphenylanthracene (abbreviation PTBCzPA).

[0281] 'H NMR data of PTBCzPA is shown below. 'H
NMR (300 MHz, CDCl,); §=1.50 (s, 9H), 7.33-7.54 (m,
10H), 7.62-7.85 (m, 12H), 8.21 (d, J=7.8 Hz, 2H). The 'H
NMR chart is shown in FIGS. 20A and 20B. It is to be noted
that the range of 6.5 ppm to 8.5 ppm in FIG. 20A, which is
expanded, is shown in FIG. 20B.

[0282] When 901 mg of the obtained PTBCzPA by the
above synthesis method was purified by sublimation for 12
hours under such condition that the flow of argon was 20.0
ml./min, the pressure was 200 Pa, and the heating tempera-
ture was 300° C., 839 mg of a light yellow needle crystal of
PTBCzPA was obtained with the yield of 93%.

[0283] The thermogravimetry-differential thermal analysis
(TG/DTA) of PTBCzPA was performed using a thermo-
gravimetric/differential thermal analyzer (TG/DTA 320,
product of Seiko Instruments Inc.). As a result, based on the
relationship between gravity and temperature (thermogravi-
metric measurement), the temperature under normal pressure
was 377° C. that is the temperature at which the gravity is
95% or less of the gravity at the starting point of the measure-
ment. It was found that PTBCzPA had favorable heat resis-
tance.

[0284] FIG. 21 shows an absorption spectrum of a toluene
solution of PTBCzPA. FIG. 22 shows an absorption spectrum
of a thin film of PTBCzPA. The measurement was conducted
by using a UV-visible spectrophotometer (V-550, manufac-
tured by JASCO Corporation). The solution was put in a
quartz cell, and the thin film was evaporated on a quartz
substrate to form the samples. The absorption spectra thereof,
from each of which the absorption spectrum of quartz was
subtracted, are shown in FIGS. 21 and 22. In FIGS. 21 and 22,
the horizontal axis indicates a wavelength (nm) while the
vertical axis indicates absorption intensity (given unit). In the
case of the toluene solution, absorption based on an
anthracene skeleton was observed at around 376 and 396 nm,
and in the case of the thin film, absorption based on an
anthracene skeleton was observed at around 380 nm and 402
nm. The light emission spectrum of the toluene solution of
PTBCzPA (excitation wavelength: 370 nm) is shown in FIG.
23, while that of the thin film of PTBCzPA (excitation wave-
length: 380 nm) is shown in FIG. 24. In FIGS. 23 and 24, the
horizontal axis indicates a wavelength (nm) and the vertical
axis indicates light emission intensity (given unit). The maxi-
mum light emission wavelength was 423 nm in the case of the
toluene solution (excitation wavelength: 370 nm), and 443
nm in the case of the thin film (excitation wavelength: 380
nm).

[0285] In addition, the HOMO level of PTBCzPA in the
thin film state was —5.72 eV, which was measured by a
photoelectron spectrometer (AC-2, manufactured by Riken
Keiki Co., Ltd.) in the air. Moreover, the absorption edge was
obtained from Tauc plot using data on the absorption spec-
trum of the thin film of PTBCzPA in FIG. 22. When the
absorption edge was estimated as an optical energy gap, the
energy gap was 2.95 eV. Therefore, the LUMO level was
—2.77 eV.
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[0286] Moreover, the oxidation-reduction reaction charac-
teristic of PTBCzPA was measured by cyclic voltammetry
(CV) measurement. Further, an electrochemical analyzer
(ALS model 600A, manufactured by BAS Inc.) was used for
the measurement.

[0287] As for a solution used in the CV measurement,
dehydrated dimethylformamide (DMF, manufactured by
Aldrich, 99.8%, catalog number: 22705-6) was used as a
solvent. Tetra-n-butylammonium perchlorate (n-Bu,NCIO,,
manufactured by Tokyo Chemical Industry Co., Ltd., catalog
number: T0836), which was a supporting electrolyte, was
dissolved in the solvent such that the concentration of the
tetra-n-butylammonium perchlorate was 100 mmol/L.. More-
over, the object to be measured was dissolved such that the
concentration thereof was set to be 1 mmol/L. Further, a
platinum electrode (a PTE platinum electrode, manufactured
by BAS Inc.) was used as a work electrode. A platinum
electrode (a VC-3 Pt counter electrode (5 cm), manufactured
by BAS Inc.) was used as an auxiliary electrode. An Ag/Ag™
electrode (an RES nonaqueous solvent reference electrode,
manufactured by BAS Inc.) was used as a reference electrode.
It is to be noted that the measurement was conducted at the
room temperature.

[0288] The reduction reaction characteristic of PTBCzPA
was measured as follows. A scan for changing the potential of
the work electrode with respect to the reference electrode
from —2.40 V to —0.25V after changing the potential from
—0.25Vto —2.40V was set as one cycle, and 100 cycles were
measured. Further, the oxidation reaction characteristic of
PTBCzPA was measured as follows. A scan for changing the
potential of the work electrode with respect to the reference
electrode from 1.30 V to —0.33 V after changing the potential
from —0.33 Vto 1.30 V was set as one cycle, and 100 cycles
were measured. Further, the scanning speed of the CV mea-
surement was set to be 0.1 V/s.

[0289] FIG. 60 shows a result of the CV measurement on
the reduction side of PTBCzPA, and FIG. 61 shows a result of
the CV measurement on the oxidation side of PTBCzPA. In
FIG. 60 and FIG. 61, the horizontal axis indicates the poten-
tial (V) of the work electrode with respect to the reference
electrode, while the vertical axis indicates a value (LA) of
current flowing between the work electrode and the auxiliary
electrode.

[0290] FromFIG. 60 and FIG. 61, in the case of PTBCZPA,
reversible peaks are shown on the oxide side and the reduction
side. In addition, even when 100 cycles of oxidation to reduc-
tion or reduction to oxidation were repeated, peak intensity is
hardly changed. From the above, it is found that the
anthracene derivative of the present invention is extremely
stable to the repetition of oxidation-reduction reaction.

Embodiment 4

[0291] 1In this embodiment, a synthesis method of 9-[4-
(carbazol-9-yl)phenyl |-10-(4-trifluoromethylphenyl)an-
thracene (CF3CzPA) represented by a structural formula (42)
will be described.
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43)
CFs

-0

[Step 1] Synthesis of
9-bromo-10-(4-trifluoromethylphenyl)anthracene
(1) Synthesis of 4-trifluoromethylphenylboronic acid

[0292] A synthesis scheme of 4-trifluoromethylphenylbo-
ronic acid is shown in (E-1).

(E-4)
Br B(OH),
1) n-BuLi, THF, -78° C.
2) B(OMe)s3, -78° C. — R.T.
3) IMHCL R.T.
CF;s CF;

[0293] 33 g (0.15 mol) of 4-bromotrifluoromethylbenzen
was put into a S500-mL three-neck flask, and nitrogen substi-
tution in the system was carried out. Then, 200 mL of tetrahy-
drofuran (THF) was added thereto, and the mixture was
stirred. This mixture solution was stirred at —78° C., and 100
mL (0.16 mol) of n-butyllithium (1.6 mol/L.) was dropped
into the solution through a dropping funnel. After that, the
obtained solution was stirred at the same temperature for 1
hour, and 22.3 mL (0.20 mol) of trimethyl borate was added
to be stirred for about 12 hours while the reaction temperature
was allowed to gradually increase to the room temperature.
Then, 100 mL of dilute hydrochloric acid (1 mol/L) was
added to the reaction solution, and the solution was stirred for
1 hour. A water layer of the mixture was extracted using ethyl
acetate three times, the extracted solution and an organic layer
were washed together one time using saturated saline, and the
organic layer was dried with magnesium sulfate. The mixture
was filtrated naturally to remove magnesium sulfate, and the
filtrate was condensed to obtain a solid. The solid was washed
with chloroform, whereby 15 g of a white solid, which was a
target matter, was obtained with the yield of 54%.

43
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(i1) Synthesis of
9-(4-trifluoromethylphenyl)anthracene

[0294] A synthesis scheme of 9-(4-trifluoromethylpheny-
Danthracene is shown in (E-2).

(HO)ZBOCFg

Pd(OAc),;, 2M K,CO; aq., DME,
P(o-tolyl)s

(E-2)

Br
CF;

[0295] 5.1 g (20 mmol) of 9-bromoanthracene, 3.8 g (20
mmol) of 4-trifluoromethylphenylboronic acid, and 244 mg
(0.8 mmol) of tri(o-tolyl)phosphine were put into a 100-mL
three-neck flask, and nitrogen substitution in the system was
carried out. 20 mL of ethylene glycol dimethyl ether (DME)
was added to this mixture, and the mixture was stirred under
reduced pressure and degassed. After that, 45 mg (0.20 mmol)
of'palladium acetate(II) and 10 mL (2.0 mol/L.) of a potassium
carbonate solution were added. This reaction mixture was
stirred at 80° C. for 3 hours under nitrogen gas stream. Then,
the reaction mixture was cooled to the room temperature, and
a solid that was precipitated was collected by suction filtra-
tion. The collected solid was dissolved in toluene, and the
solution was subjected to suction filtration through Florisil,
celite, and then alumina. The filtrate was condensed to obtain
asolid, and the solid was recrystallized with ethanol, whereby
5.7 g of a white powdery solid, which was a target matter, was
obtained with the yield of 88%.

(iii1) Synthesis of
9-bromo-10-(4-trifluoromethylphenyl)anthracene

[0296] A synthesis scheme of 9-bromo-10-(4-trifluorom-
ethylphenyl)anthracene is shown in (E-3).

(E-3)
CF;

B, CCl,
B ——
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-continued

CF;

Br

[0297] 5.7 g (18 mmol) of 9-(4-trifluoromethylphenyl)an-
thracene and 90 mL of carbon tetrachloride were put into a
500-mL three-neck flask and stirred. A solution in which 3.2
g (20 mmol) of bromine was dissolved in 10 mL of carbon
tetrachloride was dropped into the above solution through a
dropping funnel. After that, the solution was stirred at the
room temperature for 1 hour, and a sodium thiosulfate aque-
ous solution was added to the reaction solution to complete
the reaction. A water layer of the reaction mixture was
extracted by chloroform, and the extracted solution and an
organic layer were together washed with a saturated sodium
hydrogen carbonate solution and saturated saline. The
organic layer was dried with magnesium sulfate, and the
mixture was filtrated naturally to remove the magnesium
sulfate. Then, the filtrate was condensed to obtain a solid. The
obtained solid was recrystallized with ethanol, whereby 5.9 g
of a yellow powdery solid, which was a target matter, was
obtained with the yield of 84%.

[Step 2] Synthesis of 9-[4-(carbazol-9-yl)phenyl]-10-

(4-trifluoromethylphenyl)anthracene (abbreviation
CF3CzPA)

[0298] A synthesis scheme of CF3CzPA is shown in (E-4).

(B-4)
B(OH),

CF;

20

Pd(PPh3),, 2M Na,COj; aq., toluene

Br
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-continued

CF;3

-0

[0299] 3.0 g (7.5 mmol) of 9-bromo-10-(4-trifluorometh-
ylphenyl)anthracene, 2.2 g (7.5 mmol) of 4-(carbazol-9-
yDphenylboronic acid, and 200 mg (0.66 mmol) of tri(o-
tolyl)phosphine were put into a 100-mL three-neck flask, and
nitrogen substitution in the system was carried out. 25 mL of
toluene and 10 mL (2.0 mol/L.) of a potassium carbonate
solution were added to this mixture, and the mixture was
stirred under reduced pressure and degassed. After that, 60
mg (0.27 mmol) of palladium acetate(Il) was added. This
reaction mixture was stirred at 80 C.° for 12 hours under
nitrogen gas stream. Then, the reaction mixture was washed
with water three times. A water layer of the mixture was
extracted three times using ethyl acetate, the extracted solu-
tion and an organic layer were washed together using satu-
rated saline, and the organic layer was dried with magnesium
sulfate. The mixture was filtrated naturally to remove mag-
nesium sulfate, and the filtrate was condensed to obtain a
solid, and the obtain was purified by silica gel column chro-
matography (hexane:toluene 65:35). The resulting solid was
recrystallized with hexane, whereby 1.6 g of a light yellow
powdery solid, which was a target matter, was obtained with
the yield 0f 38%. By a nuclear magnetic resonance measure-
ment (NMR), it was confirmed that this compound was 9-[4-
(carbazol-9-yl)phenyl |-10-(4-trifluoromethylphenyl)an-
thracene (abbreviation CF3CzPA).

[0300] '‘H NMR data of CF3CzPA is shown below. 'H
NMR (300 MHz, CDCl,); b=7.33-7.54 (m, 8H), 7.60-7.74
(m, 8H), 7.83-7.92 (m, 6H), 8.22 (d, I=7.8 Hz, 2H). The 'H
NMR chart is shown in FIGS. 25A and 25B. It is to be noted
that the range of 6.5 ppm to 8.5 ppm in FIG. 25A, which is
expanded, is shown in FIG. 25B.

[0301] When 1.5 g of the obtained CF3CzPA by the above
synthesis method was purified for 12 hours by sublimation
under such condition that the flow of argon was 20.0 mL/min,
the pressure was 200 Pa, and the heating temperature was
300° C., 848 mg of a light yellow needle crystal of CF3CzPA
was obtained with the yield of 56%.
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[0302] The thermogravimetry-differential thermal analysis
(TG/DTA) of CF3CzPA was performed using a thermo-gravi-
metric/differential thermal analyzer (TG/DTA 320, product
of Seiko Instruments Inc.). As a result, based on the relation-
ship between gravity and temperature (thermogravimetric
measurement), the temperature under normal pressure was
328° C. that is the temperature at which the gravity is 95% or
less of the gravity at the starting point of the measurement. It
was found that had favorable heat resistance.

[0303] FIG. 26 shows an absorption spectrum of a toluene
solution of CF3CzPA. FIG. 27 shows an absorption spectrum
of a thin film of CF3CzPA. The measurement was conducted
by using a UV-visible spectrophotometer (V-550, manufac-
tured by JASCO Corporation). The solution was put in a
quartz cell, and the thin film was evaporated on a quartz
substrate to form the samples. The absorption spectra thereof,
from each of which the absorption spectrum of quartz was
subtracted, are shown in FIGS. 26 and 27. In FIGS. 26 and 27,
the horizontal axis indicates a wavelength (nm) while the
vertical axis indicates absorption intensity (given unit). In the
case of the toluene solution, absorption based on an
anthracene skeleton was observed at around 376 nm and 396
nm, and in the case of the thin film, absorption based on an
anthracene skeleton was observed at around 380 nm and 402
nm. The light emission spectrum of the toluene solution of
CF3CzPA (excitation wavelength: 370 nm) is shown in FIG.
28, while that of the thin film of CF3CzPA (excitation wave-
length: 380 nm) is shown in FIG. 29. In FIGS. 28 and 29, the
horizontal axis indicates a wavelength (nm) and the vertical
axis indicates light emission intensity (given unit). The maxi-
mum light emission wavelength was 428 nm in the case of the
toluene solution (excitation wavelength: 370 nm), and 444
nm in the case of the thin film (excitation wavelength: 380
nm).

[0304] Inaddition,the HOMO level of CF3CZPA in the thin
film state was —6.01 eV, which was measured by a photo-
electron spectrometer (AC-2, manufactured by Riken Keiki
Co., Ltd.) in the air. Moreover, the absorption edge was
obtained from Tauc plot using data on the absorption spec-
trum of the thin film of CF3CzPA in FIG. 27. When the
absorption edge was estimated as an optical energy gap, the
energy gap was 2.95 eV. Therefore, the LUMO level was
—3.06 eV.

[0305] Moreover, the oxidation-reduction reaction charac-
teristic of CF3CzPA was measured by cyclic voltammetry
(CV) measurement. Further, an electrochemical analyzer
(ALS model 600A, manufactured by BAS Inc.) was used for
the measurement.

[0306] As for a solution used in the CV measurement,
dehydrated dimethylformamide (DMF, manufactured by
Aldrich, 99.8%, catalog number: 22705-6) was used as a
solvent. Tetra-n-butylammonium perchlorate (n-Bu,NCIO,,
manufactured by Tokyo Chemical Industry Co., [td., catalog
number: T0836), which was a supporting electrolyte, was
dissolved in the solvent such that the concentration of the
tetra-n-butylammonium perchlorate was 100 mmol/L.. More-
over, the object to be measured was dissolved such that the
concentration thereof was set to be 1 mmol/L. Further, a
platinum electrode (a PTE platinum electrode, manufactured
by BAS Inc.) was used as a work clectrode. A platinum
electrode (a VC-3 Pt counter electrode (5 cm), manufactured
by BAS Inc.) was used as an auxiliary electrode. An Ag/Ag™
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electrode (an RES nonaqueous solvent reference electrode,
manufactured by BAS Inc.) was used as a reference electrode.
It is to be noted that the measurement was conducted at the
room temperature.

[0307] The reduction reaction characteristic of CF3CzPA
was measured as follows. A scan for changing the potential of
the work electrode with respect to the reference electrode
from —2.23 V to —0.18V after changing the potential from
—0.18 Vto —2.23V was set as one cycle, and 100 cycles were
measured. Further, the oxidation reaction characteristic of
CF3CzPA was measured as follows. A scan for changing the
potential of the work electrode with respect to the reference
electrode from 1.30 V to —0.27V after changing the potential
from —0.27 V to 1.30 V was set as one cycle, and 100 cycles
were measured. Further, the scanning speed of the CV mea-
surement was set to be 0.1 V/s.

[0308] FIG. 62 shows a result of the CV measurement on
the reduction side of CF3CzPA, and FIG. 63 shows a result of
the CV measurement on the oxidation side of CF3CzPA. In
FIG. 62 and FIG. 63, the horizontal axis indicates the poten-
tial (V) of the work electrode with respect to the reference
electrode, while the vertical axis indicates a value (LA) of
current flowing between the work electrode and the auxiliary
electrode.

[0309] FromFIG. 62 and FIG. 63, in the case of CF3CZPA,
reversible peaks are shown on the oxide side and the reduction
side. In addition, even when 100 cycles of oxidation to reduc-
tion or reduction to oxidation were repeated, peak intensity is
hardly changed. From the above, it is found that the
anthracene derivative of the present invention is extremely
stable to the repetition of oxidation-reduction reaction.

Embodiment 5

[0310] In this embodiment, a synthesis method of 9-[4-
(carbazol-9-yl)phenyl]-10-(2-naphthyl)anthracene  (abbre-
viation BNCzPA) represented by a structural formula (16)
will be described.

(16)
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[Step 1] Synthesis of
9-bromo-10-(2-naphthyl)anthracene

(1) Synthesis of 9-(2-naphthyl)anthracene

[0311] A synthesis scheme of 9-(2-naphthyl)anthracene is
shown in (F-1).

(F-1)

o OQ

Pd(OAc),;, 2M K,CO;3 aq., DME,
P(o-tolyl)s

Br

[0312] 5.1 g (20 mmol) of 9-bromoanthracene, 3.4 g (20
mmol) of 2-naphthylboronic acid, and 244 mg (0.80 mmol)
tri(ortho-tolyl)phosphine were put into a 100-mlL. three-neck
flask, and nitrogen substitution in the system was carried out.
20 mL of ethylene glycol dimethyl ether (DME) was added to
this mixture, and the mixture was stirred under reduced pres-
sure and degassed. After that, 45 mg (0.20 mmol) of palla-
dium acetate(II) and 10 mL (2.0 mol/L) of a potassium car-
bonate solution were added. This reaction mixture was stirred
at 80° C. for 3 hours under nitrogen gas stream. Then, the
reaction mixture was cooled to the room temperature, and a
solid that was precipitated was collected by suction filtration.
The collected solid was dissolved in toluene, and the solution
was subjected to suction filtration through Florisil, celite, and
then alumina. The filtrate was condensed to obtain a solid, and
the solid was recrystallized with ethanol, whereby 5.6 g of a
white powdery solid, which was a target matter, was obtained
with the yield of 92%.
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(1) Synthesis of 9-bromo-10-(2-naphthyl)anthracene

[0313] A synthesis scheme of 9-bromo-10-(2-naphthyl)an-
thracene is shown in (F-2).

(F-2)

B, CCl,

RS

[0314] 5.6 g (18.0 mmol) of 9-(2-naphthyl)anthracene and
90 mL of carbon tetrachloride were put into a 500-mL three-
neck flask and stirred. A solution in which 3.2 g (20 mmol) of
bromine was dissolved in 10 mL of carbon tetrachloride was
dropped into the above solution through a dropping funnel.
After that, the solution was stirred at the room temperature for
1 hour, and a sodium thiosulfate aqueous solution was added
to the reaction solution to complete the reaction. A water layer
of'the reaction mixture was extracted by chloroform, and the
extracted solution and an organic layer were together washed
with a saturated sodium hydrogen carbonate solution and
saturated saline. The organic layer was dried with magnesium
sulfate, and the mixture was filtrated naturally to remove the
magnesium sulfate. Then, the filtrate was condensed to obtain
a solid. The obtained solid was recrystallized with ethanol,
whereby 5.5 g of a yellow powdery solid, which was a target
matter, was obtained with the yield of 79%.
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[Step 2] Synthesis of 9-[4-(carbazol-9-yl)phenyl]-10-
(2-naphthyl)anthracene (abbreviation BNCzPA)

[0315] A synthesis scheme of BNCzPA is shown in (F-3).
(F-3)
B(OH),

?

Pd(PPh3)s, 2M Na,CO; aq., DMF

N

OO

[0316] 3.0 g (7.8 mmol) of 9-bromo-10-(2-napthyl)an-
thracene and 2.3 g (7.8 mmol) of 4-(carbazol-9-yl)phenylbo-
ronic acid were put into a 100-mL three-neck flask, and
nitrogen substitution in the system was carried out. 25 mL of
ethylene glycol dimethyl ether (DME) and 10 mL (2.0 mol/L)
of'a potassium carbonate solution were added to this mixture,
and the mixture was stirred under reduced pressure and
degassed. After that, 90 mg (0.017 mmol) of tetrakis(triph-
enylphosphine)palladium(0) was added. This reaction mix-
ture was stirred at 80 C.° for 12 hours under nitrogen gas
stream. Then, the reaction mixture was washed with water. A
water layer of the mixture was extracted using ethyl acetate,
the extracted solution and an organic layer were washed
together using saturated saline, and the organic layer was
dried with magnesium sulfate. The mixture was filtrated natu-
rally to remove magnesium sulfate. The filtrate was con-
densed to obtain a solid, and the solid was purified by silica
gel column chromatography (hexane:toluene=7:3). The
resulting solid was recrystallized with hexane, whereby 2.4 g
of a light yellow solid, which was a target matter, was
obtained with the yield of 57%. By a nuclear magnetic reso-
nance measurement (NMR), it was confirmed that this com-
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pound was 9-[4-(carbazol-9-yl)phenyl ]-10-(2-naphthyl)an-
thracene (abbreviation BNCzPA).

[0317] ‘HNMR data of BNCzPA is shown below. 'H NMR
(300 MHz, CDCl,); 8=7.33-7.56 (m, 9H), 7.59-7.78 (m, 9H),
7.83-7.89 (m, 4H), 7.92-7.95 (m, 1H), 8.01-8.06 (m, 2H),
8.10(d, J=8.7Hz, 1H), 8.22(d, J=7.2Hz, 2H). The '"H NMR
chart is shown in FIGS. 30A and 30B. It is to be noted that the
range of 6.5 ppm to 8.5 ppm in FIG. 30A, which is expanded,
is shown in FIG. 30B.

[0318] When 1.79 g of the obtained BNCzPA by the above
synthesis method was purified by sublimation for 12 hours
under such condition that the flow of argon was 3.0 mL/min,
the pressure was 8.0 Pa, and the heating temperature was 290°
C., 1.59 g of a light yellow needle crystal of BNCzPA was
obtained with the yield of 89%.

[0319] The thermogravimetry-differential thermal analysis
(TG/DTA) of BNCzPA was performed using a thermo-gravi-
metric/differential thermal analyzer (TG/DTA 320, product
of' Seiko Instruments Inc.). As a result, based on the relation-
ship between gravity and temperature (thermogravimetric
measurement), the temperature under normal pressure was
368° C. that is the temperature at which the gravity is 95% or
less of the gravity at the starting point of the measurement. It
was found that had favorable heat resistance.

[0320] FIG. 31 shows an absorption spectrum of a toluene
solution of BNCzPA. FIG. 32 shows an absorption spectrum
of a thin film of BNCzPA. The measurement was conducted
by using a UV-visible spectrophotometer (V-550, manufac-
tured by JASCO Corporation). The solution was put in a
quartz cell, and the thin film was evaporated on a quartz
substrate to form the samples. The absorption spectra thereof,
from each of which the absorption spectrum of quartz was
subtracted, are shown in FIGS. 31 and 32. In FIGS. 31 and 32,
the horizontal axis indicates a wavelength (nm) while the
vertical axis indicates absorption intensity (given unit). In the
case of the toluene solution, absorption based on an
anthracene skeleton was observed at around 378 nm and 398
nm, and in the case of the thin film, absorption based on an
anthracene skeleton was observed at around 384 nm and 404
nm. The light emission spectrum of the toluene solution of
BNCzPA (excitation wavelength: 370 nm) is shown in FIG.
33, while that of the thin film of BNCzPA (excitation wave-
length: 381 nm) is shown in FIG. 34. In FIGS. 33 and 34, the
horizontal axis indicates a wavelength (nm) and the vertical
axis indicates light emission intensity (given unit). The maxi-
mum light emission wavelength was 426 nm in the case of the
toluene solution (excitation wavelength: 370 nm), and 440
nm in the case of the thin film (excitation wavelength: 381
nm).

[0321] Inaddition, the HOMO level of BNCzPA in the thin
film state was —5.72 eV, which was measured by a photo-
electron spectrometer (AC-2, manufactured by Riken Keiki
Co., Ltd.) in the air. Moreover, the absorption edge was
obtained from Tauc plot using data on the absorption spec-
trum of the thin film of BNCzPA in FIG. 32. When the absorp-
tion edge was estimated as an optical energy gap, the energy
gap was 2.92 eV. Therefore, the LUMO level was —2.80 eV.

[0322] Moreover, the oxidation-reduction reaction charac-
teristic of BNCzPA was measured by cyclic voltammetry
(CV) measurement. Further, an electrochemical analyzer
(ALS model 600A, manufactured by BAS Inc.) was used for
the measurement.

[0323] As for a solution used in the CV measurement,
dehydrated dimethylformamide (DMF, manufactured by
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Aldrich, 99.8%, catalog number: 22705-6) was used as a
solvent. Tetra-n-butylammonium perchlorate (n-Bu,NCIO,,
manufactured by Tokyo Chemical Industry Co., [td., catalog
number: T0836), which was a supporting electrolyte, was
dissolved in the solvent such that the concentration of the
tetra-n-butylammonium perchlorate was 100 mmol/L.. More-
over, the object to be measured was dissolved such that the
concentration thereof was set to be 1 mmol/L. Further, a
platinum electrode (a PTE platinum electrode, manufactured
by BAS Inc.) was used as a work clectrode. A platinum
electrode (a VC-3 Pt counter electrode (5 cm), manufactured
by BAS Inc.) was used as an auxiliary electrode. An Ag/Ag™
electrode (an RES nonaqueous solvent reference electrode,
manufactured by BAS Inc.) was used as a reference electrode.
It is to be noted that the measurement was conducted at the
room temperature.

[0324] The reduction reaction characteristic of BNCzPA
was measured as follows. A scan for changing the potential of
the work electrode with respect to the reference electrode
from —2.40 V to —0.24V after changing the potential from
—0.24Vto —2.40V was set as one cycle, and 100 cycles were
measured. Further, the oxidation reaction characteristic of
BNCzPA was measured as follows. A scan for changing the
potential of the work electrode with respect to the reference
electrode from 1.20V to —0.30V after changing the potential

YGA2S
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from —0.30V to 1.20 V was set as one cycle, and 100 cycles
were measured. Further, the scanning speed of the CV mea-
surement was set to be 0.1 V/s.

[0325] FIG. 64 shows a result of the CV measurement on
the reduction side of BNCzPA, and FIG. 65 shows a result of
the CV measurement on the oxidation side of BNCzPA. In
FIG. 64 and FIG. 65, the horizontal axis indicates the poten-
tial (V) of the work electrode with respect to the reference
electrode, while the vertical axis indicates a value (LA) of
current flowing between the work electrode and the auxiliary
electrode.

[0326] From FIG. 64 and FIG. 65, in the case of BNCzPA,
reversible peaks are shown on the oxide side and the reduction
side. In addition, even when 100 cycles of oxidation to reduc-
tion or reduction to oxidation were repeated, peak intensity is
hardly changed. From the above, it is found that the
anthracene derivative of the present invention is extremely
stable to the repetition of oxidation-reduction reaction.

Embodiment 6

[0327] Inthis embodiment, a light-emitting element of the
present invention will be described with reference to FIG. 55.
A chemical formula of a material used in this embodiment is
shown below.

Alg
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[0328] Hereinafter, a method for manufacturing a light-
emitting element of this embodiment is shown.

[0329] First, indium tin oxide containing silicon oxide
(ITSO) was deposited over a glass substrate 2101 by a sput-
tering method, so that a first electrode 2102 was formed. It is
to be noted that the thickness thereof was 110 nm and an
electrode area was 2 nm X2 nm.

[0330] Next, the substrate over which the first electrode was
formed was fixed to a substrate holder provided in a vacuum
evaporation apparatus in such a way that a surface of the
substrate having the first electrode faced downward. The
pressure was reduced to be about 10~ * Pa and then, 4,4'-bis
[N-(1-napthyl)-N-phenylamino [biphenyl (abbreviation
NPB) and molybdenum oxide(VI) were co-evaporated on the
first electrode 2102, thereby forming a layer 2103 containing
a composite material of an organic compound and an inor-
ganic compound. The film thickness of the layer 2103 was 50
nm, and the weight ratio between NPB and molybdenum
oxide(VI) was set 4:1 (=NPB:molybdenum oxide). It is to be
noted that the co-evaporation method is an evaporation
method in which evaporation is performed at one time from
plural evaporation sources in one process chamber.

[0331] Subsequently, a hole-transporting layer 2104 was
formed having a thickness of 10 nm over the layer 2103
containing a composite material using 4,4'-bis[N-(1-
napthyl)-N-phenylamino |biphenyl (abbreviation NPB) by an
evaporation method using resistance heating.

[0332] Further, a light-emitting layer 2105 having a thick-
ness of 30 nm was formed over the hole-transporting layer
2104 by co-evaporating 9-[4-(N-carbazolyl) Jphenyl-10-phe-
nylanthracene (abbreviation CzPA) represented by the struc-
tural formula (11) and N,N'-bis[4-(9H-carbazol-9-yl)phe-
nyl]-N,N'-diphenylstilbene-4,4'-diamine (abbreviation
YGA2S). Here, the weight ratio between CzPA and YGA2S
was adjusted so as to be 1:0.05 (=CzPA:YGAZ2S).

[0333] After that, an electron-transporting layer 2106 was
formed having a thickness of 10 nm using tris(8-quinolino-
lato)aluminum (abbreviation Alq) over the light-emitting
layer 2105 by an evaporation method using resistance heat-
ing.

[0334] Moreover, an electron-injecting layer 2107 was
formed having a thickness of 20 nm by co-evaporating tris(8-
quinolinolato)aluminum (abbreviation Alq) and lithium over
the electron-transporting layer 2106. Here, the weight ratio
between Alq and lithium was adjusted so as to be 1:0.01
(=Alg:lithium).

[0335] Then, a second electrode 2108 was formed of alu-
minum having a thickness of 200 nm over the electron-inject-
ing layer 2107 by an evaporation method using resistance
heating. Thus, a light-emitting element 1 was manufactured.

[0336] FIG. 35 shows current density vs. luminance char-
acteristics of the light-emitting element 1, FIG. 36 shows
voltage vs. luminance characteristics thereof, and FIG. 37
shows luminance vs. current efficiency characteristics
thereof. Also, FIG. 38 shows the emission spectrum which
was obtained at a current of 1 mA. A CIE chromaticity coor-
dinatg of the light-emitting element 1 at luminance of 1064
cd/m was (x=0.17, y=0.20), and light emission was blue.
Current efficiency at luminance of 1064 cd/m? was 4.8 cd/A,
and at that time, the voltage was 5.8 V and the current density
was 22.2 mA/cm?. In addition, as shown in FIG. 38, maxi-
mum emission wavelength at a current of 1 mA was 444 nm.
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Embodiment 7

[0337] Inthis embodiment, a light-emitting element of the
present invention will be described with reference to FIG. 55.
Hereinafter, a method for manufacturing a light-emitting ele-
ment of this embodiment is shown.

[0338] First, indium tin oxide containing silicon oxide
(ITSO) was deposited over a glass substrate 2101 by a sput-
tering method, so that a first electrode 2102 was formed. It is
to be noted that the thickness thereof was 110 nm and an
electrode area was 2 nm X2 nm.

[0339] Next, the substrate over which the first electrode was
formed was fixed to a substrate holder provided in a vacuum
evaporation apparatus in such a way that a surface of the
substrate having the first electrode faced downward. The
pressure was reduced to be about 10~ * Pa and then, 4,4'-bis
[N-(1-napthyl)-N-phenylamino [biphenyl (abbreviation
NPB) and molybdenum oxide(VI) were co-evaporated on the
first electrode 2102, thereby forming a layer 2103 containing
a composite material of an organic compound and an inor-
ganic compound. The film thickness of the layer 2103 was 50
nm, and the weight ratio between NPB and molybdenum
oxide(VI) was set 4:1 (=NPB:molybdenum oxide). It is to be
noted that the co-evaporation method is an evaporation
method in which evaporation is performed at one time from
plural evaporation sources in one process chamber.

[0340] Subsequently, a hole-transporting layer 2104 was
formed having a thickness of 10 nm over the layer 2103
containing a composite material using 4,4'-bis[N-(1-
napthyl)-N-phenylamino |biphenyl (abbreviation NPB) by an
evaporation method using resistance heating.

[0341] Further, a light-emitting layer 2105 having a thick-
ness of 30 nm was formed over the hole-transporting layer
2104 by co-evaporating 9-(biphenyl-4-y1)-10-[4-(carbazol-
9-yl)phenyl]anthracene (abbreviation PPCzPA) represented
by the structural formula (12) and N,N'-bis[4-(9H-carbazol-
9-yl)phenyl]-N,N'-diphenylstilbene-4,4'-diamine (abbrevia-
tion YGA2S). Here, the weight ratio between PPCzPA and
YGA2S was adjusted so as to be 1:0.05 (=PPCzPA: YGA2S).

[0342] After that, an electron-transporting layer 2106 was
formed having a thickness of 10 nm using tris(8-quinolino-
lato)aluminum (abbreviation Alq) over the light-emitting
layer 2105 by an evaporation method using resistance heat-
ing.

[0343] Moreover, an electron-injecting layer 2107 was
formed having a thickness of 20 nm by co-evaporating tris(8-
quinolinolato)aluminum (abbreviation Alq) and lithium over
the electron-transporting layer 2106. Here, the weight ratio
between Alq and lithium was adjusted so as to be 1:0.01
(=Alg:lithium).

[0344] Then, a second electrode 2108 was formed of alu-
minum having a thickness of 200 nm over the electron-inject-
ing layer 2107 by an evaporation method using resistance
heating. Thus, a light-emitting element 2 was manufactured.

[0345] FIG. 39 shows current density vs. luminance char-
acteristics of the light-emitting element 2, FIG. 40 shows
voltage vs. luminance characteristics thereof, and FIG. 41
shows luminance vs. current efficiency characteristics
thereof. Also, FIG. 42 shows the emission spectrum which
was obtained at a current of 1 mA. A CIE chromaticity coor-
dinatg of the light-emitting element 2 at luminance of 895
cd/m was (x=0.17, y=0.20), and light emission was blue.
Current efficiency at luminance of 895 cd/m?® was 4.4 cd/A,
and at that time, the voltage was 5.8 V and the current density
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was 20.1 mA/cm?. In addition, as shown in FIG. 42, maxi-
mum emission wavelength at a current of 1 mA was 443 nm.

Embodiment 8

[0346] In this embodiment, a light-emitting element of the
present invention will be described with reference to FIG. 55.
Hereinafter, a method for manufacturing a light-emitting ele-
ment of this embodiment is shown.

[0347] First, indium tin oxide containing silicon oxide
(ITSO) was deposited over a glass substrate 2101 by a sput-
tering method, so that a first electrode 2102 was formed. It is
to be noted that the thickness thereof was 110 nm and an
electrode area was 2 nm X2 nm.

[0348] Next, the substrate over which the first electrode was
formed was fixed to a substrate holder provided in a vacuum
evaporation apparatus in such a way that a surface of the
substrate having the first electrode faced downward. The
pressure was reduced to be about 10~ * Pa and then, 4,4'-bis
[ N-(1-napthyl)-N-phenylamino [biphenyl (abbreviation
NPB) and molybdenum oxide(VI) were co-evaporated on the
first electrode 2102, thereby forming a layer 2103 containing
a composite material of an organic compound and an inor-
ganic compound. The film thickness of the layer 2103 was 50
nm, and the weight ratio between NPB and molybdenum
oxide(VI) was set 4:1 (=NPB:molybdenum oxide). It is to be
noted that the co-evaporation method is an evaporation
method in which evaporation is performed at one time from
plural evaporation sources in one process chamber.

[0349] Subsequently, a hole-transporting layer 2104 was
formed having a thickness of 10 nm over the layer 2103
containing a composite material using 4,4'-bis[N-(1-
napthyl)-N-phenylamino |biphenyl (abbreviation NPB) by an
evaporation method using resistance heating.

[0350] Further, a light-emitting layer 2105 having a thick-
ness of 30 nm was formed over the hole-transporting layer
2104 by co-evaporating 9-(4-tert-butylphenyl)-10-[4-(carba-
z01-9-y1) Jphenylanthracene (abbreviation PTBCzPA) repre-
sented by the structural formula (20) and N,N'-bis[4-(9H-
carbazol-9-yl)phenyl|-N,N'-diphenylstilbene-4,4'-diamine
(abbreviation YGAZ2S). Here, the weight ratio between PTB-
CzPA and YGA2S was adjusted so as to be 1:0.05
(=PTBCzPA:YGA2S).

[0351] After that, an electron-transporting layer 2106 was
formed having a thickness of 10 nm using tris(8-quinolino-
lato)aluminum (abbreviation Alq) over the light-emitting
layer 2105 by an evaporation method using resistance heat-
ing.

[0352] Moreover, an electron-injecting layer 2107 was
formed having a thickness of 20 nm by co-evaporating tris(8-
quinolinolato)aluminum (abbreviation Alq) and lithium over
the electron-transporting layer 2106. Here, the weight ratio
between Alq and lithium was adjusted so as to be 1:0.01
(=Alg:lithium).

[0353] Then, a second electrode 2108 was formed of alu-
minum having a thickness of 200 nm over the electron-inject-
ing layer 2107 by an evaporation method using resistance
heating. Thus, a light-emitting element 3 was manufactured.

[0354] FIG. 43 shows current density vs. luminance char-
acteristics of the light-emitting element 3, FIG. 44 shows
voltage vs. luminance characteristics thereof, and FIG. 45
shows luminance vs. current efficiency characteristics
thereof. Also, FIG. 46 shows the emission spectrum which
was obtained at a current of 1 mA. A CIE chromaticity coor-
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dinate of the light-emitting element 3 at luminance of 1025
cd/m was (x=0.16, y=0.16), and light emission was blue.
Current efficiency at luminance of 1025 cd/m? was 2.2 cd/A,
and at that time, the voltage was 6.2 V and the current density
was 46.4 mA/cm®. In addition, as shown in FIG. 46, maxi-
mum emission wavelength at a current of 1 mA was 442 nm.

Embodiment 9

[0355] In this embodiment, a light-emitting element of the
present invention will be described with reference to FIG. 55.
Hereinafter, a method for manufacturing a light-emitting ele-
ment of this embodiment is shown.

[0356] First, indium tin oxide containing silicon oxide
(ITSO) was deposited over a glass substrate 2101 by a sput-
tering method, so that a first electrode 2102 was formed. It is
to be noted that the thickness thereof was 110 nm and an
electrode area was 2 nm X2 nm.

[0357] Next, the substrate over which the first electrode was
formed was fixed to a substrate holder provided in a vacuum
evaporation apparatus in such a way that a surface of the
substrate having the first electrode faced downward. The
pressure was reduced to be about 10~ * Pa and then, 4,4'-bis
[N-(1-napthyl)-N-phenylamino [biphenyl (abbreviation
NPB) and molybdenum oxide(VI) were co-evaporated on the
first electrode 2102, thereby forming a layer 2103 containing
a composite material of an organic compound and an inor-
ganic compound. The film thickness of the layer 2103 was 50
nm, and the weight ratio between NPB and molybdenum
oxide(VI) was set 4:1 (=NPB:molybdenum oxide). It is to be
noted that the co-evaporation method is an evaporation
method in which evaporation is performed at one tine from
plural evaporation sources in one process chamber.

[0358] Subsequently, a hole-transporting layer 2104 was
formed having a thickness of 10 nm over the layer 2103
containing a composite material using 4,4'-bis[N-(1-
napthyl)-N-phenylamino |biphenyl (abbreviation NPB) by an
evaporation method using resistance heating.

[0359] Further, a light-emitting layer 2105 having a thick-
ness of 30 nm was formed over the hole-transporting layer
2104 by co-evaporating 9-[4-(carbazol-9-yl)phenyl]-10-(2-
naphthyl)anthracene (abbreviation BNCzPA) represented by
the structural formula (16) and N,N'-bis[4-(9H-carbazol-9-
yl)phenyl |-N,N'-diphenylstilbene-4,4'-diamine ~ (abbrevia-
tion YGA2S). Here, the weight ratio between BNCzPA and
YGA2S was adjusted so as to be 1:0.05
(=BNCzPA:YGA2S).

[0360] After that, an electron-transporting layer 2106 was
formed having a thickness of 10 nm using tris(8-quinolino-
lato)aluminum (abbreviation Alq) over the light-emitting
layer 2105 by an evaporation method using resistance heat-
ing.

[0361] Moreover, an electron-injecting layer 2107 was
formed having a thickness of 20 nm by co-evaporating tris(8-
quinolinolato)aluminum (abbreviation Alq) and lithium over
the electron-transporting layer 2106. Here, the weight ratio

between Alq and lithium was adjusted so as to be 1:0.01
(=Alg:lithium).

[0362] Then, a second electrode 2108 was formed of alu-
minum having a thickness of 200 nm over the electron-inject-

ing layer 2107 by an evaporation method using resistance
heating. Thus, a light-emitting element 4 was manufactured.

[0363] FIG. 47 shows current density vs. luminance char-
acteristics of the light-emitting element 4, FIG. 48 shows
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voltage vs. luminance characteristics thereof, and FIG. 49
shows luminance vs. current efficiency characteristics
thereof. Also, FIG. 50 shows the emission spectrum which
was obtained at a current of 1 mA. A CIE chromaticity coor-
dinatg of the light-emitting element 4 at luminance of 938
cd/m was (x=0.18, y=0.22), and light emission was blue.
Current efficiency at luminance of 938 cd/m® was 4.3 cd/A,
and at that time, the voltage was 6.0V and the current density
was 21.9 mA/cm?. In addition, as shown in FIG. 50, maxi-
mum emission wavelength at a current of 1 mA was 445 nm.

Embodiment 10

[0364] Inthis embodiment, a light-emitting element of the
present invention will be described with reference to FIG. 55.
Hereinafter, a method for manufacturing a light-emitting ele-
ment of this embodiment is shown.

[0365] First, indium tin oxide containing silicon oxide
(ITSO) was deposited over a glass substrate 2101 by a sput-
tering method, so that a first electrode 2102 was formed. It is
to be noted that the thickness thereof was 110 nm and an
electrode area was 2 nm X2 nm.

[0366] Next, the substrate over which the first electrode was
formed was fixed to a substrate holder provided in a vacuum
evaporation apparatus in such a way that a surface of the
substrate having the first electrode faced downward. The
pressure was reduced to be about 10~ * Pa and then, 4,4'-bis
[N-(1-napthyl)-N-phenylamino [biphenyl (abbreviation
NPB) and molybdenum oxide(VI) were co-evaporated on the
first electrode 2102, thereby forming a layer 2103 containing
a composite material of an organic compound and an inor-
ganic compound. The film thickness of the layer 2103 was 50
nm, and the weight ratio between NPB and molybdenum
oxide(VI) was set 4:1 (=NPB:molybdenum oxide). It is to be
noted that the co-evaporation method is an evaporation
method in which evaporation is performed at one time from
plural evaporation sources in one process chamber.

[0367] Subsequently, a hole-transporting layer 2104 was
formed having a thickness of 10 nm over the layer 2103
containing a composite material using 4,4'-bis[N-(1-
napthyl)-N-phenylamino |biphenyl (abbreviation NPB) by an
evaporation method using resistance heating.

[0368] Further, a light-emitting layer 2105 having a thick-
ness of 30 nm was formed over the hole-transporting layer
2104 by co-evaporating 9-[4-(carbazol-9-yl)phenyl]-10-(4-
trifluoromethylphenyl)anthracene (CF3CzPA) represented
by the structural formula (42) and N,N'-bis[4-(9H-carbazol-
9-yl)phenyl]-N,N'-diphenylstilbene-4,4'-diamine (abbrevia-
tion YGAZ2S). Here, the weight ratio between CF3CzPA and
YGA2S was adjusted so as to be 1:0.05
(=CF3CzPA:YGA2S).

[0369] After that, an electron-transporting layer 2106 was
formed having a thickness of 10 nm using tris(8-quinolino-
lato)aluminum (abbreviation Alq) over the light-emitting
layer 2105 by an evaporation method using resistance heat-
ing.

[0370] Moreover, an electron-injecting layer 2107 was
formed having a thickness of 20 nm by co-evaporating tris(8-
quinolinolato)aluminum (abbreviation Alq) and lithium over
the electron-transporting layer 2106. Here, the weight ratio
between Alq and lithium was adjusted so as to be 1:0.01
(=Alg:lithium).

[0371] Then, a second electrode 2108 was formed of alu-
minum having a thickness of 200 nm over the electron-inject-
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ing layer 2107 by an evaporation method using resistance
heating. Thus, a light-emitting element 5 was manufactured.

[0372] FIG. 51 shows current density vs. luminance char-
acteristics of the light-emitting element 5, FIG. 52 shows
voltage vs. luminance characteristics thereof, and FIG. 53
shows luminance vs. current efficiency characteristics
thereof. Also, FIG. 54 shows the emission spectrum which
was obtained at a current of 1 mA. A CIE chromaticity coor-
dinatg of the light-emitting element 5 at luminance of 907
cd/m was (x=0.20, y=0.33), and light emission was light
blue. Current efficiency at luminance of 907 cd/m? was 4.5
cd/A, and at that time, the voltage was 6.8 V and the current
density was 20.3 mA/cm?. In addition, as shown in FIG. 54,
maximum emission wavelength at a current of 1 mA was 497
nm.

[0373] This application is based on Japanese Patent Appli-
cation serial no. 2006-234639 filed in Japan Patent Office on
Aug. 30, 20006, the entire contents of which are hereby incor-
porated by reference.

1. A method for synthesizing an anthracene derivative rep-
resented by a general formula (1) comprising the steps of:

coupling a 9-arylanthracene derivative having a first active
site at a 10-position with a 9-arylcarbazole derivative
having a second active site in an aryl group, by using
metal or a metal compound,

@®

RS Ar! R!

R’ R?
R® R?
R’ TIZ R*

N
7\ [ D
— /\ ,\’

Al A?

wherein each of R! to R® in the formula represents hydro-
gen, an alkyl group having 1 to 4 carbon atoms, or an aryl
group having 6 to 15 carbon atoms,

wherein Ar' in the formula represents an aryl group having
6 to 25 carbon atoms,

wherein Ar” in the formula represents an arylene group
having 6 to 25 carbon atoms, and

wherein each of A" and A? in the formula represents hydro-
gen, an aryl group having 6 to 25 carbon atoms, or an
alkyl group having 1 to 4 carbon atoms.
2. A method for synthesizing an anthracene derivative rep-
resented by a general formula (1) comprising the steps of:

coupling an anthracene derivative represented by a general
formula (2) with a carbazole derivative represented by a
general formula (3), by using metal or a metal com-
pound,
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R® R?
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Al A2

wherein each of R* to R® in the formula represents hydro-
gen, an alkyl group having 1 to 4 carbon atoms, or an aryl
group having 6 to 15 carbon atoms,

wherein Ar' in the formula represents an aryl group having
6 to 25 carbon atoms,

wherein Ar® in the formula represents an arylene group
having 6 to 25 carbon atoms,

wherein each of A' and A in the formula represents hydro-
gen, an aryl group having 6 to 25 carbon atoms, or an
alkyl group having 1 to 4 carbon atoms, and

wherein X> in the formula represents a first active site, and

wherein X in the formula represents a second active site.
3. The method according to claim 1 or 2, wherein the metal
or the metal compound is used as a catalyst.

4. The method according to claim 1 or 2, wherein the metal
is copper or iron.

5. The method according to claim 1 or 2, wherein the metal
compound is copper iodide.

6. The method according to claim 4, wherein the catalyst is
a palladium catalyst or a nickel catalyst.

7. The method according to claim 1 or 2,
wherein the first active sites is halogen, and

wherein the second active site is boronic acid or organobo-
ron.
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8. The method for synthesizing an anthracene derivative
represented by a general formula (1) comprising the steps of:

coupling 9-aryl-10-anthracene halide with (carbazol-9-
yDarylboronic acid using a metal catalyst,

(€]
RS Ar! R!

R® R?

wherein each of R! to R® in the formula represents hydro-
gen, an alkyl group having 1 to 4 carbon atoms, or an aryl
group having 6 to 15 carbon atoms,

wherein Ar' in the formula represents an aryl group having
6 to 25 carbon atoms,

wherein Ar® in the formula represents an arylene group
having 6 to 25 carbon atoms, and

wherein each of A" and A? in the formula represents hydro-
gen, an aryl group having 6 to 25 carbon atoms, or an
alkyl group having 1 to 4 carbon atoms.
9. The method according to claim 8, wherein the metal
catalyst is a palladium catalyst.
10. An anthracene derivative represented by a structural
formula (43).

43)
CF;

-0

11. An anthracene derivative represented by a structural
formula (16).
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12. A light-emitting element comprising the anthracene
derivative according to claim 10 or 11 between a pair of
(16) electrodes.
13. A light-emitting element comprising a light-emitting
layer between a pair of electrodes,

wherein the light-emitting layer includes the anthracene
derivative according to claim 10 or 11.
14. A light-emitting element comprising a light-emitting
layer between a pair of electrodes,

wherein the light-emitting layer includes the anthracene
derivative according to claim 10 or 11, and

wherein the anthracene derivative emits light.
15. A light-emitting device comprising:

the light-emitting element according to claim 13; and

a controller for controlling light emission of the light-
emitting element.
16. An electronic device comprising a display portion,

wherein the display portion is provided with a light-emit-
ting element according to claim 10 or 11 and a controller
for controlling light emission of the light-emitting ele-
ment.



