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7) ABSTRACT

An organic light-emitting device comprising a light-emitting
layer or a plurality of organic compound thin layers includ-
ing a light-emitting layer formed between a pair of elec-
trodes, wherein at least one layer comprises at least one kind
of compound represented by the following formula (1):

@
R

R13 R12

wherein R', R'? and R*? each represents a group having a
cyclocondensed polyeyclic hydrocarbon structure in which
three or more rings are cyclocondensed; and a novel cyclo-
condensed polycyclic hydrocarbon compound.
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CYCLOCONDENSED POLYCYCLIC
HYDROCARBON COMPOUND AND
LIGHT-EMITTING DEVICE USING THE SAME

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This is a divisional application of prior application
Ser. No. 09/755,080, filed on Jan. 8, 2001, the disclosure of
which is incorporated herein by reference.

FIELD OF THE INVENTION

[0002] The present invention relates to cyclocondensed
polycyclic hydrocarbon compounds, light-emitting device
materials which can convert electric energy to light to emit
the light, and light-emitting devices. More particularly, the
invention relates to light-emitting devices which can be
suitably used in the fields of display devices, displays,
backlights, electrophotography, illumination light sources,
recording light sources, exposure light sources, reading light
sources, markings, billboards, interior decorations and the
like.

BACKGROUND OF THE INVENTION

[0003] At the present time, the research and development
of various dislay devices have been actively made. In
particular, organic light-emitting devices have attracted
attention as promising display devices, because they can
provide highly bright luminescence at low voltage. For
example, a light-emitting device in which an organic thin
film is formed by vapor deposition of an organic compound
(Applied Physics Letters, 51, 913, (1987)) has been known.
The light-emitting device described in this literature is
substantially improved in luminescence properties com-
pared with conventional single-layer devices, by using
tris(8-hydroxyquinolinato)aluminum complex (Alg) as an
electron-transporting material and laminating a hole-trans-
porting material (amine compound) therewith.

[0004] In recent years, the application of organic light-
emitting devices to full color displays has been actively
studied. However, for developing high performance full
color displays, it is necessary to improve properties of each
of blue, green and red light-emitting devices. For example,
in regard to the blue light-emitting device, distyrylarylene
compounds (DPVBI) described in “The Front Line of
Organic EL Devices and Their Industrialization”, page 38
(supervised by Seizo Miyata, NTS Co. Ltd., 1998) have
been widely studied. However, problems have arisen in
terms of color purity, durability, luminescence luminance
and efficiency, so that it has been desired that these problems
should be solved.

[0005] Organic light-emitting devices realizing highly
bright luminance are devices in which organic materials are
applied by vapor deposition to form a laminate. The fabri-
cation of the devices by coating is preferred from the
viewpoints of simplification of manufacturing processes,
processability and enlargement of their area. However, the
devices fabricated by the conventional coating system, in
particular, blue light-emitting devices are inferior in lumi-
nescence luminance and light-emission efficiency to the
devices fabricated by vapor deposition. Accordingly, devel-
opment of novel blue light-emitting device materials has
been desired.
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SUMMARY OF THE INVENITON

[0006] Tt is therefore an object of the invention is to
provide light-emitting devices good in luminescence prop-
erties.

[0007] Another object of the invention is to provide light-
emitting device materials good in luminescence properties.

[0008] The objects of the invention have been attained by
the following:

[0009] (1) An organic light-emitting device compris-
ing a light-emitting layer or a plurality of organic
compound thin layers including a light-emitting
layer formed between a pair of electrodes, wherein at
least one layer comprises at least one kind of com-
pound represented by the following formula (1):

1)
RU

AN

R13 RI2

[0010]  wherein R™, R* and R'? each represents a
group having a cyclocondensed polycyclic hydrocar-
bon structure in which three or more rings are
cyclocondensed,

[0011] (2) The organic light-emitting device
described in the above (1), wherein the compound
represented by the formula (1) is a compound rep-
resented by the following formula (2):

R,

A3

(R22 n2

[0012]  wherein Ar*?, Ar'? and Ar'> each represents
a group having an anthracene structure, a phenan-
threne structure or a pyrene structure, R*', R* and
R each represents a substituent, and n’, n* and n°
each represents an integer of from O to 4;

[0013] (3) The organic light-emitting device
deseribed in the above (2), wherein Ar'!, Ar' and
Ar each represents an anthryl group, a phenanthryl
group, a pyrenyl group, an anthrylphenyl group, a
perylenyl group, a chrysenyl group, a triphenylenyl
group or groups in which cyclocondensation is fur-
ther conducted to these structures;

[0014] (4) The organic light-emitting device
described in the above (2), wherein Ar'?, Ar'* and
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Ar?® each represents an anthryl group, an anthrylphe-
nyl group, a phenanthryl group or a pyrenyl group;

[0015] (5) The organic light-emitting device
described in the above (1), wherein the compound
represented by the formula (1) is utilized as charge-
transporting materials;

[0016] (6) The organic light-emitting device
described in the above (1), wherein the layer com-
prising the compound represented by the formula (1)
is formed by a coating method;

[0017] (7) A compound represented by the formula
(2) described in the above (2);

[0018] (8) The compound described in the above (7),
wherein Ar™, Ar'? and Ar'® each represents an
anthryl group, a phenanthryl group, a pyrenyl group,
an anthrylphenyl group, a perylenyl group, a chry-
senyl group, a triphenylenyl group or groups in
which cyclocondensation is further conducted to
these structures; and

[0019] (9) The compound described in the above (7),
wherein Ar'', Ar'?> and Ar'® each represents an
anthryl group, an anthrylphenyl group, a phenanthryl
group or a pyrenyl group.

DETAILED DESCRIPTION OF THE
INVENTION

[0020]

[0021] In formula (1), R™, R'* and R"> each represents a
group having a cyclocondensed polycyclic hydrocarbon
structure in which three or more rings are cyclocondensed.
The cyclocondensed polycyclic hydrocarbon structures in
which three or more rings are cyclocondensed include
structures described in Aldrich Structure Index, for example,
pages 177 and 178, the 1996 and 1997 editions, Aldrich Co.,
Library of Rare Chemicals Structure Index, for example,
pages 165 to 168, the 1993 edition, Sigma-Aldrich Co., and
Organic Chemistry-Biochemistry Nomenclature, the first
volume, pages 21 to 28, translated by Kazuo Hirayama,
Nankodo (1988). Examples of the structures include an
anthracene structure, a phenanthrene structure, a pyrene
structure, a triphenylene structure, a perylene structure, a
fluoranthene structure, an indacene structure, an acenaphth-
ylene structure, a fluorene structure, a tetraphenylene struc-
ture and structures in which cyclocondensation is further
conducted to these structures (for example, a benzan-
thracene structure, a benzpyrene structure, a pentacene
structure, a coronene structure and a chrysene structure).

[0022] The cyclocondensed polyeyelic hydrocarbon struc-
tures in which three or more rings are cyclocondensed are
preferably aromatic cyclocondensed hydrocarbon structures
in which three or more rings are cyclocondensed, and more
preferably an anthracene structure, a phenanthrene structure
and a pyrene structure.

[0023] R, R'?and R each has preferably from 14 to 50
carbon atoms, more preferably from 14 to 30 carbon atoms,
and still more preferably from 14 to 20 carbon atoms. R,
R*?and R™ are preferably groups composed of only carbon
and hydrogen atoms, and more preferably groups composed
of only aromatic hydrocarbon structures. R'*, R'* and R*
are each preferably a substituted or unsubstituted anthryl

The invention will be described in detail below.
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group, a substituted or unsubstituted pyrenyl group, a sub-
stituted or unsubstituted phenanthryl group, a substituted or
unsubstituted anthrylphenyl group, a substituted or unsub-
stituted pyrenylphenyl group or a substituted or unsubsti-
tuted phenanthrylphenyl group, and more preferably a sub-
stituted or unsubstituted anthrylphenyl group, a substituted
or unsubstituted pyrenylphenyl group or a substituted or
unsubstituted phenanthrylphenyl group. A substituent for
R™, R'? or R'? includes, for example, an R* group
described later, and is preferably an alkyl group. The term
“anthryl” has the same significance as “anthracenyl” and the
term “phenanthryl” has the same significance as “phenan-
threnyl”.

[0024] The compounds represented by formula (1) are
preferably compounds represented by formula (3). Formula
(3) will be described below.

®

Ar2t

Ar2l

/N\

ArZZ
Ar®

23
/Ar

A2

[0025] wherein Ar*', Ar** and Ar*® each represents an
arylene group or a heteroarylene group, and Ar**, Ar*> and
Ar*® each represents an aryl group or a heteroaryl group.
However, either of Ar*' and Ar** is a cyclocondensed
polycyclic hydrocarbon structure in which three or more
rings are cyclocondensed (preferably an aromatic cyclocon-
densed hydrocarbon structure in which three or more rings
are cyclocondensed), either of Ar** and Ar® is a cyclocon-
densed polycyclic hydrocarbon structure in which three or
more rings are cyclocondensed (preferably an aromatic
cyclocondensed hydrocarbon structure in which three or
more rings are cyclocondensed), and either of Ar*> and Ar*°
is a cyclocondensed polycyclic hydrocarbon structure in
which three or more rings are cyclocondensed (preferably an
aromatic cyclocondensed hydrocarbon structure in which
three or more rings are cyclocondensed).

[0026] Ar*, Ar** and Ar* each has preferably from 6 to
30 carbon atoms, more preferably from 6 to 20 carbon
atoms, and still more preferably from 6 to 16 carbon atoms.
The arylene groups and heteroarylene groups constituting
Ar*, Ar*? or Ar® include, for example, phenylene, naph-
thylene, anthrylene, phenanthrylene, pyrenylene, peryle-
nylene, fluorenylene, biphenylene, terphenylene, rubre-
nylene, chrysenylene, triphenylenylene, benzanthrylene,
benzophenanthrylene, diphenylanthrylene, pyridylene,
pyrazilene, quinolylene, quinoxalylene, quinazolylene,
acridylene, phenanthridylene, phthaladylene and phenan-
throlylene groups. These arylene and heteroarylene groups
may further have substituents. Examples of the substituents
include R* groups described later.

[0027] Ar*, Ar** and Ar*® are each preferably an arylene
group, more preferably a phenylene group, a naphthylene
group, an anthrylene group, a phenanthrylene group, a
pyrenylene group, a perylenylene group or a biphenylene
group, still more preferably a phenylene group, a naphthyl-
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ene group, an anthrylene group, a pyrenylene group or a
phenanthrylene group, and particularly preferably a phe-
nylene group.

[0028] Ar**, Ar*® and Ar*® each has preferably from 6 to
30 carbon atoms, more preferably from 6 to 20 carbon
atoms, and still more preferably from 6 to 16 carbon atoms.
The aryl groups and heteroaryl groups constituting Ar¥,
Ar or Ar*® include, for example, phenyl, naphthyl, anthryl,
phenanthryl, pyrenyl, anthrylphenyl, perylenyl, fluorenyl,
biphenyl, terphenyl, rubrenyl, chrysenyl, triphenylenyl, ben-
zanthryl, benzophenanthryl, diphenylanthryl, quinolyl, qui-
noxalyl, quinazolyl, acridyl, phenanthridyl, phthaladyl and
phenanthrolyl groups, and groups in which cyclocondensa-
tion is further conducted to these groups. These groups may
further have substituents. Examples of the substituents
include R*' groups described later, or the like.

[0029] Ar*, Ar*® and Ar*® are each preferably an aryl
group, more preferably a phenyl group, a naphthyl group, an
anthryl group, a phenanthryl group, a pyrenyl group, an
anthrylphenyl group, a perylenyl group or a biphenyl group,
and still more preferably an anthryl group, a pyrenyl group,
a phenanthryl group or an anthrylphenyl group, and particu-
larly preferably a pyrenyl group or an anthrylphenyl group.

[0030] The compounds represented by formula (1) are
more preferably compounds represented by formula (2).
Formula (2) will be described below.

@2

(RZQ)HZ

[0031] Ar', Ar'? and Ar'? each represents a group having
an anthracene structure, a phenanthrene structure or a pyrene
structure. Examples of Ar'!, Ar*? and Ar'? include an anthryl
group, a phenanthryl group, a pyrenyl group, an anthrylphe-
nyl group, a perylenyl group, a chrysenyl group, a triph-
enylenyl group and groups in which cyclocondensation is
further conducted to these structures (for example, a ben-
zanthryl group and a benzpyrenyl group). These groups may
further have substituents.

[0032] Ar", Ar'® and Ar"® are each preferably a substi-
tuted or unsubstituted anthrylphenyl group, a substituted or
unsubstituted anthryl group, a substituted or unsubstituted
phenanthryl group or a substituted or unsubstituted pyrenyl
group, more preferably an alkyl-substituted or unsubstituted
anthrylphenyl group, an alkyl-substituted or unsubstituted
phenanthryl group or an alkyl-substituted or unsubstituted
pyrenyl group, and particularly preferably a pyrenyl group
or a phenanthryl group. A substituent for Ar'', Ar'* or Ar*
includes, for example, an R*! group described later.

[0033] R*',R**and R* each represents a substituent. The
substituents include an alkyl group (having preferably from
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1 to 30 carbon atoms, more preferably from 1 to 20 carbon
atoms, and particularly preferably from 1 to 10 carbon
atoms, such as methyl, ethyl, iso-propyl, tert-butyl, n-octyl,
n-decyl, n-hexadecyl, cyclopropyl, cyclopentyl or cyclo-
hexyl), an alkenyl group (having preferably from 2 to 30
carbon atoms, more preferably from 2 to 20 carbon atoms,
and particularly preferably from 2 to 10 carbon atoms, such
as vinyl, allyl, 2-butenyl or 3-pentenyl), an alkynyl group
(having preferably from 2 to 30 carbon atoms, more pref-
erably from 2 to 20 carbon atoms, and particularly prefer-
ably from 2 to 10 carbon atoms, such as propargyl or
3-pentynyl), an aryl group (having preferably from 6 to 30
carbon atoms, more preferably from 6 to 20 carbon atoms,
and particularly preferably from 6 to 12 carbon atoms, such
as phenyl, p-methylphenyl, naphthyl or anthryl), an amino
group (having preferably from 0 to 30 carbon atoms, more
preferably from 0 to 20 carbon atoms, and particularly
preferably from 0 to 10 carbon atoms, such as amino,
methylamino, dimethylamino, diethylamino, dibenzy-
lamino, diphenylamino or ditolylamino), an alkoxyl group
(having preferably from 1 to 30 carbon atoms, more pref-
erably from 1 to 20 carbon atoms, and particularly prefer-
ably from 1 to 10 carbon atoms, such as methoxy, ethoxy,
butoxy or 2-cthylhexyloxy), an aryloxy group (having pref-
erably from 6 to 30 carbon atoms, more preferably from 6
to 20 carbon atoms, and particularly preferably from 6 to 12
carbon atoms, such as phenyloxy, 1-naphthyloxy or 2-naph-
tyloxy), a heteroaryloxy group (having preferably from 1 to
30 carbon atoms, more preferably from 1 t 20 carbon atoms,
and particularly preferably from 1 to 12 carbon atoms, such
as pyridyloxy, pyrazyloxy, pyrimidyloxy or quinolyloxy), an
acyl group (having preferably from 1 to 30 carbon atoms,
more preferably from 1 to 20 carbon atoms, and particularly
preferably from 1 to 12 carbon atoms, such as acetyl,
benzoyl, formyl or pivaloyl), an alkoxycarbonyl group (hav-
ing preferably from 2 to 30 carbon atoms, more preferably
from 2 to 20 carbon atoms, and particularly preferably from
2 to 12 carbon atoms, such as methoxycarbonyl or ethoxy-
carbonyl), an aryloxycarbonyl group (having preferably
from 7 to 30 carbon atoms, more preferably from 7 to 20
carbon atoms, and particularly preferably from 7 to 12
carbon atoms, such as phenyloxycarbonyl), an acyloxy
group (having preferably from 2 to 30 carbon atoms, more
preferably from 2 to 20 carbon atoms, and particularly
preferably from 2 to 10 carbon atoms, such as acetoxy or
benzoyloxy), an acylamino group (having preferably from 2
to 30 carbon atoms, more preferably from 2 to 20 carbon
atoms, and particularly preferably from 2 to 10 carbon
atoms, such as acetylamio or benzoylamino), an alkoxycar-
bonylamino group (having preferably from 2 to 30 carbon
atoms, more preferably from 2 to 20 carbon atoms, and
particularly preferably from 2 to 12 carbon atoms, such as
methoxycarbonylamino), an aryloxycarbonylamino group
(having preferably from 7 to 30 carbon atoms, more pref-
erably from 7 to 20 carbon atoms, and particularly prefer-
ably from 7 to 12 carbon atoms, such as phenyloxycarbo-
nylamino), a sulfonylamino group (having preferably from
1 to 30 carbon atoms, more preferably from 1 to 20 carbon
atoms, and particularly preferably from 1 to 12 carbon
atoms, such as methanesulfonylamino or benzenesulfony-
lamino), a sulfamoy! group (having preferably from 0 to 30
carbon atoms, more preferably from 0 to 20 carbon atoms,
and particularly preferably from O to 12 carbon atoms, such
as sulfamoyl, methylsulfamoyl, dimethylsulfamoyl or phe-
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nylsulfamoyl), a carbamoyl group (having preferably from 1
to 30 carbon atoms, more preferably from 1 to 20 carbon
atoms, and particularly preferably from 1 to 12 carbon
atoms, such as carbamoyl, methylcarbamoyl, diethylcar-
bamoyl or phenylcarbamoyl), an alkylthio group (having
preferably from 1 to 30 carbon atoms, more preferably from
1 to 20 carbon atoms, and particularly preferably from 1 to
12 carbon atoms, such as methylthio or ethylthio), an
arylthio group (having preferably from 6 to 30 carbon atoms,
more preferably from 6 to 20 carbon atoms, and particularly
preferably from 6 to 12 carbon atoms, such as phenylthio),
a heteroarylthio group (having preferably from 1 to 30
carbon atoms, more preferably from 1 to 20 carbon atoms,
and particularly preferably from 1 to 12 carbon atoms, such
as pyridylthio, 2-benzimidazolylthio, 2-benzoxazolylthio or
2-benzthiazolylthio), a sulfonyl group (having preferably
from 1 to 30 carbon atoms, more preferably from 1 to 20
carbon atoms, and particularly preferably from 1 to 12
carbon atoms, such as mesyl or tosyl), a sulfinyl group
(having preferably from 1 to 30 carbon atoms, more pref-
erably from 1 to 20 carbon atoms, and particularly prefer-
ably from 1 to 12 carbon atoms, such as methanesulfinyl or
benzenesulfinyl), a ureido group (having preferably from 1
to 30 carbon atoms, more preferably from 1 to 20 carbon
atoms, and particularly preferably from 1 to 12 carbon
atoms, such as ureido, methylureido or phenylureido), a
phosphoric acid amide group (having preferably from 1 to
30 carbon atoms, more preferably from 1 to 20 carbon
atoms, and particularly preferably from 1 to 12 carbon
atoms, such as diethylphosphoric acid amide or phenylphos-
phoric acid amide), a hydroxyl group, a mercapto group, a
halogen atom (such as fluorine, chlorine, bromine or iodine),
a cyano group, a sulfo group, a carboxyl group, a nitro
group, a hydroxamic acid group, a sulfino group, a

()

00

(-3
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hydrazino group, an imino group, a heterocyclic group
(having preferably from 1 to 30 carbon atoms, and more
preferably from 1 to 12 carbon atoms, having a heteroatom
such as nitrogen, oxygen or sulfur, and specifically including
imidazolyl, pyridyl, quinolyl, furyl, thienyl, piperidyl, mor-
pholino, benzoxazolyl, benzimidazolyl or benzthiazolyl),
and a silyl group (having preferably from 3 to 40 carbon
atoms, more preferably from 3 to 30 carbon atoms, and
particularly preferably from 3 to 24 carbon atoms, such as
trimethylsilyl or triphenylsilyl). These substituents may be
further substituted.

[0034] n', n* and n® each represents an integer of from 0
to 4. n?, n* and n> are each preferably from 0 to 2, more
preferably 0 or 1, and still more preferably 0.

[0035] The compound of the invention may be either a
so-called low-molecular weight compound having one
repeating unit of formula (1), or a so-called oligomer com-
pound or polymer compound having two or more repeating
units of formula (1) (the weight average molecular weight
(converted to polystyrene) is preferably from 1,000 to 5,000,
000, more preferably from 2,000 to 1,000,000, and still more
preferably from 3,000 to 100,000). In the case of the
polymer compound, the structure represented by formula (1)
may be contained either in a main chain of the polymer, or
in a side chain thereof. Further, the polymer compound may
be either a homopolymer compound, or a copolymer com-
pound. The compound of the invention is preferably the
low-molecular weight compound.

[0036] Specific examples of the compounds of the inven-
tion represented by formula (1), (2) or (3) (hereinafter also
referred to as the compounds of the invention) are shown
below, but it is to be understood that the invention is not
limited thereto.

Q
10-Ch

1O-0-Q-0O

QOO
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8
-continued
(1-24)
10-0-G-0O-
3 (125)
Q S
o
+«O-0O-O O
3 (1-26)
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[0037] Then, methods for producing the compounds of the
invention will be described below. The compounds of the
invention can be synthesized by utilizing various known
aromatic carbon-carbon bond formation reactions, for
example, methods described in Organic Synthesis Reaction
Guide, pages 617 to 643 (John Wiley & Sons, Inc.) and
Comprehensive Organic Transformation, pages 5 to 103
(VHC Co.). Specifically, synthesis methods of forming
carbon-carbon bonds in the presence of palladium catalysts
are preferred, and methods of synthesizing boric acid deriva-
tives and aryl halide derivatives in the presence of palladium
catalysts are more preferred.

[0038] The boric acid derivatives include substituted or
unsubstituted arylboric acid derivatives (for example, 1,4-
phenyldiboric acid and 4,4'-biphenyldiboric acid) and het-
eroarylboric acid derivatives (for example, pyridyldiboric
acid).

[0039] The halogen atoms of the aryl halide derivatives
are preferably chlorine, bromine and iodine, more preferably
bromine and iodine, and particularly preferably bromine.

[0040] Examples of the palladium catalysts include but are
not limited to palladium tetrakis(triphenylphosphine), pal-
ladium-carbon, palladium acetate and palladium dichloride
(dppf) (dppf: 1,1'-bisdiphenylphosphinoferrocene). Ligands
such as triphenylphosphine may be added at the same time.

[0041] In this reaction, bases are preferably used.
Although there is no particular limitation on the kind of base
used, examples thereof include sodium carbonate, sodium

acetate and triethylamine. Although there is no particular
limitation on the amount of base used, it is preferably from
0.1 to 20 equivalents, and particularly from 1 to 10 equiva-
lents, based on a boric acid (ester) site.

[0042] In this reaction, solvents are preferably used.
Examples of the solvents used include but are not limited to
ethanol, water, ethylene glycol dimethyl ether, diethylene
glycol dimethyl ether, dimethylformamide, toluene, tetrahy-
drofuran and mixed solvents thereof.

[0043] The light-emitting devices containing the com-
pounds of the invention will be described below. The
light-emitting devices of the invention can be used irrespec-
tive of the system, the driving system and the utilizing form,
as long as they utilize the compounds of the invention.
However, ones utilizing luminescence from the compounds
of the invention or utilizing the compounds as charge-
transporting materials are preferred. Typical examples of the
light-emitting devices include organic EL (electrolumines-
cence) devices.

[0044] There is no particular limitation on the method for
forming an organic layer of the light-emitting device con-
taining the compound of the invention. Methods such as
resistance heating vapor deposition, electron beam process-
ing, sputtering, molecular lamination, coating and ink jet
processing are used. In terms of their properties and pro-
duction, resistance heating vapor deposition and coating are
preferred.

[0045] The light-emitting device of the invention is an
device in which a light-emitting layer or a plurality of
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organic compound films including a light-emitting layer are
formed between a pair of electrodes, an anode and a cathode,
and may have a hole-injecting layer, a hole-transporting
layer, an electron-injecting layer, an electron-transporting
layer and/or a protective layer, in addition to the light-
emitting layer. Each of these layers may have another
function. Various materials can be used for the formation of
the respective layers.

[0046] The anodes supply holes to the hole-injecting lay-
ers, the hole-transporting layers and the light-emitting lay-
ers, and can be formed of metals, alloys, metal oxides,
conductive compounds or mixtures thereof, preferably mate-
rials having a work function of 4 eV or more. Specific
examples thereof include conductive metal oxides such as
tin oxide, zinc oxide, indium oxide and indium tin oxide
(ITO), metals such as gold, silver, chromium and nickel,
further mixtures or laminates of the metals with the con-
ductive metal oxides, inorganic conductive materials such as
copper iodide and copper sulfide, organic conductive mate-
rials such as polyaniline, polythiophene and polypyrrole,
and laminates thereof with ITO. Preferred are conductive
metal oxides, and ITO is particularly preferred in terms of
productivity, high conductivity and transparency. The thick-
ness of the anode is usually preferably from 10 nm to 5 um,
more preferably from 50 nm to 1 um, and still more
preferably from 100 nm to 500 nm, although it can be
appropriately selected depending on the kind of material.

[0047] As the anode, there is usually used one in which
layer formation is carried out on soda-lime glass, non-alkali
glass or a transparent resin substrate. When glass is used,
non-alkali glass is preferably used for decreasing ions eluted
from glass. When soda lime-glass is used, it is preferable to
use one provided with a barrier coat of silica or the like.
There is no particular limitation on the thickness of the
substrate, as long as it is sufficient to keep its mechanical
strength. When glass is used, the thickness is usually 0.2 mm
or more, and preferably 0.7 mm or more.

[0048] Various methods are used for the preparation of the
anodes depending on the kind of material. For example, in
the case of ITO, film formation is carried out by methods
such as electron beam processing, sputtering, resistance
heating vapor deposition, chemical reaction (sol-gel pro-
cessing) and coating of a dispersion of ITO.

[0049] The anodes are also capable of decreasing the
driving voltage of the devices and increasing the light-
emission efficiency by washing or other treatment. For
example, in the case of ITO, UV-ozone treatment and
plasma treatment are effective.

[0050] The cathodes supply electrons to the electron-
injecting layers, the electron-transporting layers and the
light-emitting layers, and are selected considering adhesion
to layers adjacent to the negative electrodes, such as the
electron-injecting layers, the electron-transporting layers
and the light-emitting layers, ionization potential and sta-
bility. As materials for the cathodes, there can be used
metals, alloys, metal halides, metal oxides, conductive com-
pounds or mixtures thereof. Specific examples thereof
include alkali metals (for example, Li, Na and K) or fluo-
rides thereof, alkali earth metals (for example, Mg and Ca)
or fluorides thereof, gold, silver, lead, aluminum, sodium-
potassium alloys or mixed metals thereof, lithium-aluminum
alloys or mixed metals thereof, magnesium-silver alloys or
mixed metals thereof, and rare earth metals such as indium
and ytterbium. Preferred are materials having a work func-
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tion of 4 eV or less, and more preferred are aluminum,
lithium-aluminum alloys or mixed metals thereof and mag-
nesium-silver alloys or mixed metals thereof. The cathode
may have not only a single-layer structure of the above-
mentioned compound or mixture, but also a laminated
structure containing the above-mentioned compound or
mixture. The thickness of the cathode is usually preferably
from 10 nm to 5 um, more preferably from 50 nm to 1 um,
and still more preferably from 100 nm to 1 um, although it
can be appropriately selected depending on the kind of
material.

[0051] For the preparation of the cathodes, methods such
as electron beam processing, sputtering, resistance heating
vapor deposition and coating are used. The metals can be
vapor deposited as simple substances, or two or more
components can be vapor deposited at the same time.
Further, it is also possible to vapor deposit the plurality of
metals at the same time to form an alloy electrode, or an
alloy previously prepared may also be vapor deposited.

[0052] Ttis preferred that the sheet resistance of the anodes
and the cathodes is so low as several hundred Q/square or
less.

[0053] Materials for the light-emitting layers may be any,
as long as they can form layers having the function of being
able to inject holes from the anodes, the hole-injecting layers
or the hole-transporting layers and to inject electrons from
the cathodes, the electron-injecting layers or the electron-
transporting layers, upon electric field application, the func-
tion of transporting injected charges, or the function of
providing the field of recombination of holes with electrons
to emit light. Examples of the compounds used in the
light-emitting layers include benzoxazole derivatives, ben-
zimidazole derivatives, benzthiazole derivatives, styrylben-
zene derivatives, polyphenyl derivatives, diphenylbutadiene
derivatives, tetraphenylbutadiene derivatives, naphthalimide
derivatives, coumarin derivatives, perylene derivatives,
perynone derivatives, oxadiazole derivatives, aldazine
derivatives, pyralizine derivatives, cyclopentadiene deriva-
tives, bis(styryl)anthracene derivatives, quinacridone
derivatives, pyrrolopyridine derivatives, thiadiazolepyridine
derivatives, cyclopentadiene derivatives, styrylamine
derivatives, aromatic dimethylidyne compounds, various
metal complexes represented by metal complexes of
8-quinolinol derivatives and rare earth complexes, and poly-
meric compounds such as polythiophene, polyphenylene
and polyphenylenevinylene, organic silane derivatives and
the compounds of the invention. Although there is no
particular limitation on the thickness of the light-emitting
layer, it is usually preferably from 1 nm to 5 um, more
preferably from 5 nm to 1 um, and still more preferably from
10 nm to 500 nm.

[0054] There is no particular limitation on the method for
forming the light-emitting layer. Methods such as resistance
heating vapor deposition, electron beam processing, sput-
tering, molecular lamination, coating (spin coating, casting
and dip coating), ink jet processing and LB processing are
used. Preferred are resistance heating vapor deposition and
coating.

[0055] Materials for the hole-injecting layers and the
hole-transporting layers may be any, as long as they have
any of the function of injecting holes from the anodes, the
function of transporting holes and the function of blocking
electrons injected from the cathodes. Specific examples
thereof include carbazole derivatives, triazole derivatives,
oxazole derivatives, oxadiazole derivatives, imidazole
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derivatives, polyarylalkane derivatives, pyrazoline deriva-
tives, pyrazolone derivatives, phenylenediamine derivatives,
arylamine derivatives, amino-substituted chalcone deriva-
tives, styrylanthracene derivatives, fluorenone derivatives,
hydrazone derivatives, stilbene derivatives, silazane deriva-
tives, aromatic tertiary amine compounds, styrylamine com-
pounds, aromatic dimethylidyne compounds, porphyrin
compounds, polysilane compounds, poly(N-vinylcarbazole)
derivatives, aniline copolymers, conductive high molecular
oligomers such as thiophene oligomers and polythiophene,
organic silane derivatives and the compounds of the inven-
tion. Although there is no particular limitation of the thick-
ness of the hole-injecting layer and the hole-transporting
layer, it is usually preferably from 1 nm to 5 um, more
preferably from 5 nm to 1 um, and still more preferably from
10 nm to 500 nm. The hole-injecting layer and the hole-
transporting layer may have either a single-layer structure
comprising one kind or two or more kinds of the above-
mentioned materials, or a multilayer structure having a
plurality of layers each comprising the same composition or
different compositions.

[0056] As methods for forming the hole-injecting layers
and the hole-transporting layers, there are used vacuum
vapor deposition, LB processing, coating (spin coating,
casting and dip coating) of the above-mentioned hole-
injecting and hole-transporting materials dissolved or dis-
persed in solvents, and ink jet processing. In the case of
coating, the materials can be dissolved or dispersed together
with resin components. The resin components include, for
example, polyvinyl chloride, polycarbonates, polystyrene,
polymethyl methacrylate, polybutyl methacrylate, polyes-
ters, polysulfones, polyphenylene oxide, polybutadiene,
poly(N-vinylcarbazole), hydrocarbon resins, ketone resins,
phenoxy resins, polyamides, ethyl cellulose, vinyl acetate,
ABS resins, polyurethane, melamine resins, unsaturated
polyester resins, alkyd resins, epoxy resins and silicone
resins.

[0057] Materials for the electron-injecting layers and the
electron-transporting layers may be any, as long as they have
any of the function of injecting electrons from the cathodes,
the function of transporting electrons and the function of
blocking holes injected from the anodes. Specific examples
thereof include triazole derivatives, oxazole derivatives,
oxadiazole derivatives, fluorenone derivatives, anthraquin-
odimethane derivatives, anthrone derivatives, diphe-
nylquinone derivatives, thiopyran dioxide derivatives, car-
bodiimide derivatives, fluorenylidenemethane derivatives,
distyrylpyrazine derivatives, heterocyclic tetra-carboxylic
anhydrides such as naphthaleneperylene, phthalocyanine
derivatives, various metal complexes represented by metal
complexes of 8-quinolinol derivatives, metallophthalocya-
nine and metal complexes each having benzoxazole or
benzothiazole as a ligand, and organic silane derivatives.
Although there is no particular limitation of the thickness of
the electron-injecting layer and the electron-transporting
layer, it is usually preferably from 1 nm to 5 um, more
preferably from 5 nm to 1 um, and still more preferably from
10 nm to 500 nm. The electron-injecting layer and the
electron-transporting layer may have either a single-layer
structure comprising one kind or two or more kinds of the
above-mentioned materials, or a multilayer structure having
a plurality of layers each comprising the same composition
or different compositions.

[0058] As methods for forming the electron-injecting lay-
ers and the electron-transporting layers, there are used
vacuum vapor deposition, LB processing and coating (spin
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coaling, casting and dip coating) of the above-mentioned
hole-injecting and hole-transporting materials dissolved or
dispersed in solvents, and ink jet processing. In the case of
coating, the materials can be dissolved or dispersed together
with resin components. As the resin components, for
example, ones illustrated in the case of the hole-injecting
layers and the hole-transporting layers can be applied.

[0059] Materials for the protective layers may be any, as
long as they have the function of inhibiting promoters of
device deterioration such as water and oxygen from entering
the devices. Specific examples thereof include metals such
as In, Sn, Pb, Au, Cu, Ag, Al, Ti and Ni, metal oxides such
as MgO, Si0, Si0,, AL,O;, GeO, NiO, Ca0, BaO, Fe,0,,
Y,0; and Ti0,, metal fluorides such as MgF,, LiF, AlF; and
CaF,, polyethylene, polypropylene, polymethyl methacry-
late, polyimides, polyureas, polytetrafluorocthylene, poly-
chlorotrifluoroethylene, polydichlorodifluoroethylene,
co-polymers of chlorotrifluoroethylene and dichlorodifluo-
roethylene, copolymers obtained by copolymerizing mono-
mer mixtures each containing tetrafluoroethylene and at
least one kind of comonomer, fluorine-containing copoly-
mers having cyclic structures on main chains of the copoly-
mers, water-absorptive substances having a water absorption
of 1% or more, and moisture-proof substances having a
water absorption of 0.1% or less.

[0060] There is no particular limitation on the method for
forming the protective layer. For example, vacuum vapor
deposition, sputtering, reactive sputtering, MBE (molecular
beam epitaxy) processing, cluster ion beam processing, ion
plating, plasma polymerization (high-frequency excitation
ion plating), plasma CVD, laser CVD, thermal CVD, gas
source CVD and coating can be applied.

[0061] The invention will be further illustrated in detail
below with reference to the following examples, which are,
however, not to be construed as limiting the invention.

Synthesis of Compound (1-1)

[0062] Diethylene glycol dimethyl ether (50 ml) and 50 ml
of water were added to 1.5 g of pyreneboric acid ester a, (.67
g of tris(p-bromophenyl)benzene, 1.47 g of sodium carbon-
ate, 0.05 g of triphenylphosphine and 0.05 g of palladium-
carbon, followed by stirring under reflux. After 6 hours, the
reaction solution was diluted with 200 m1 of chloroform and
200 ml of water, and filtered through cerite. The organic
layer was washed with two 100 ml portions of water, and
dried on sodium sulfate, followed by concentration of sol-
vent. After purification by column chromatography (chloro-
form), purification was conducted by recrystallization (chlo-
roform/methanol) to obtain 0.8 g of compound (1-1). A
vapor-deposited film of compound (1-1) was prepared, and
the film fluorescence thereof was measured. As a result, the
maximum wavelength (Ahmax) of the film fluorescence was
473 nm.

Synthesis of Compound (1-2)

[0063] Diethylene glycol dimethyl ether (50 ml) and 50 ml
of water were added to 1.0 g of boric acid ester b, 0.38 g of
tris(p-bromophenyl)benzene, 0.85 g of sodium carbonate,
0.05 g of triphenylphosphine and 0.05 g of palladium-
carbon, followed by stirring under reflux. After 6 hours, the
reaction solution was diluted with 200 ml of chloroform and
200 ml of water, and filtered through cerite. The organic
layer was washed with two 100 ml portions of water, and
dried on sodium sulfate, followed by concentration of sol-
vent. After purification by column chromatography (chloro-
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form), purification was conducted by recrystallization (chlo-
roform/methanol) to obtain 0.4 g of white solid compound

(1-2).
Synthesis of Compound (1-3)

[0064] Diethylene glycol dimethyl ether (50 ml) and 50 ml
of water were added to 1.5 g of boric acid ester ¢, 0.72 g of
tris(p-bromophenyl)benzene, 1.6 g of sodium carbonate,
0.05 g of triphenylphosphine and 0.05 g of palladium-
carbon, followed by stirring under reflux. After 6 hours, the
reaction solution was diluted with 200 ml of chloroform and
200 ml of water, and filtered through cerite. The organic
layer was washed with two 100 ml portions of water, and
dried on sodium sulfate, followed by concentration of sol-
vent. After purification by column chromatography (chloro-
form), purification was conducted by recrystallization (chlo-
roform/methanol) to obtain 0.9 g of compound (1-3). The
glass transition point (Tg) measured by differential scanning
calorimetry (DSC) was 153° C.

[0065] Reaction schemes of the above-mentioned com-
pounds (1-1), (1-2) and (1-3) of the invention are shown
below.
O~
/
B
oo
0
J .
N nAan -
Pd-C, PPhy
5 Na,CO3, water
0
veo” NN N e
3
0
/ j
B
\
@ O
O O b
N Br SEEAA

Pd-C, PPhy
Na,CO3, water

0]
MeO/\/ N OMe

Jul. 15, 2004

-continued
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COMPARATIVE EXAMPLE 1

[0066] A washed ITO substrate was placed in a vapor
deposition apparatus, and vapor deposited with o-NPD
(N, N'-diphenyl-N,N'-di(a-naphthyl)-benzidine) to a thick-
ness of 40 nm. Then, distyryl compound A was vapor
deposited thereon to a thickness of 20 nm, and azole
compound B was vapor deposited thereon to a thickness of
40 nm, thereby preparing a device. A mask patterned (a mask
giving a luminescence area of 4 mmx5 mm) was placed on
the organic thin film, and in a vapor deposition apparatus,
magnesium/silver of 10/1 were concurrently vapor depos-
ited to a thickness of 50 nm, followed by vapor deposition
of silver to a thickness of 50 nm. With Source Measure Unit
Model 2400 (manufactured by Toyo Technica K.K.), a direct
current constant voltage was applied to the EL device to
allow the device to emit light. The luminance thereof was
measured with Luminance Meter BM-8 (manufactured by
Topcon K.K.), and the emission wavelength was measured
with Spectrum Analyzer PMA-11 (manufactured by
Hamamatsu Photonics K.K.) As a result, blue-green lumi-
nescence having a CIE chromaticity value of (x, y)=(0.15,
0.20) and the luminance having a maximum luminance of
1130 cd/m* were obtained. When the device was allowed to
stand for one day in an atmosphere of nitrogen, it was
observed that a surface of the organic thin film became
clouded.
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[0067]

[0068]

[0069]

[0070]

Compound A
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COMPARATIVE EXAMPLE 2

[0071] A device was prepared in the same manner as with
Comparative Example 1 with the exception that compound
C was used in place of compound A used in Comparative
Example 1. An organic thin film became clouded, and the
evaluation of the device was impossible.

COMPARATIVE EXAMPLE 3

[0072] A device was prepared in the same manner as with
Comparative Example 1 with the exception that compound
D was used in place of compound A used in Comparative
Example 1. When the device was allowed to stand for one
day in an atmosphere of nitrogen, it was observed that a
surface of an organic thin film became clouded.

EXAMPLE 1

[0073] A device was prepared in the same manner as with
Comparative Example 1 with the exception that compound
(1-1) of the invention was used in place of compound A used
in Comparative Example 1. The device was evaluated in the
same manner as with Comparative Example 1. As a result,
blue-green luminescence of (0.19, 0.29) and a maximum
luminance of 4280 c¢d/m* were obtained. Even when the
device was allowed to stand for one day in an atmosphere of
nitrogen, an organic film was transparent.

EXAMPLE 2

[0074] A washed ITO substrate was placed n a vapor
deposition apparatus, and vapor deposited with o-NPD
(N,N'-diphenyl-N,N'-di(ca-naphthyl)-benzidine) to a thick-
ness of 40 nm. Then, distyryl compound A and compound
(1-1) of the invention (distyryl compound A:compound
(1-1)=50:1) were concurrently vapor deposited thereon to a
thickness of 20 nm, azole compound B was vapor deposited
thereon to a thickness of 40 nm, and a cathode was vapor
deposited in the same manner as with Comparative Example
1, thereby preparing a device. The device was evaluated in
the same manner as with Comparative Example 1. As a
result, blue luminescence of (0.16, 0.15) and a maximum
luminance of 9600 cd/m*were obtained. Even when the
device was allowed to stand for one day in an atmosphere of
nitrogen, an organic film was transparent.

EXAMPLE 3

[0075] Polyvinylcarbazole (40 mg), 12 mg of PBD (p-t-
butylphenyl-biphenyl-1,2,4-oxadiazole) and 1 mg of com-
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pound (1-1) of the invention were dissolved in 3 ml of
dichloroethane, and the resulting solution was applied onto
a washed substrate by spin coating (2000 rpm, 5 seconds).
A cathode was vapor deposited in the same manner as with
Comparative Example 1, thereby preparing a device. The
device was evaluated in the same manner as with Compara-
tive Example 1. As a result, blue luminescence of (0.15,
0.15) and a maximum luminance of 3180 cd/m* were
obtained.

EXAMPLE 4

[0076] A device was prepared in the same manner as with
Comparative Example 1 with the exception that compound
(1-2) of the invention and compound (1-1) of the invention
were used in place of NPD and compound A, respectively,
used in Comparative Example 1. The device was evaluated
in the same manner as with Comparative Example 1. As a
result, blue-green luminescence of (0.19, 0.27) and a maxi-
mum luminance of 4990 cd/m* were obtained. Even when
the device was allowed to stand for one day in an atmo-
sphere of nitrogen, an organic film was transparent. Further,
the device was heated at 100° C. for one hour in an
atmosphere of nitrogen. However, no increase in dark spots
was observed. On the other hand, for the device of Example
1, an increase in dark spots was observed under the same
conditions.

[0077] Similarly, EL devices containing the compounds of
the invention were prepared and evaluated. As a result, it
was confirmed that the compounds of the invention had high
functions (luminance, durability and film forming proper-
ties) as EL device materials.

[0078] The compounds of the invention are usable as the
organic EL device materials, and also applicable to medical
purposes, fluorescent brightening agents, photographic
materials, UV absorbing materials, laser dyes, dyes for color
filters and color converting filters.

[0079] While the invention has been described in detail
and with reference to specific embodiments thereof, it will
be apparent to one skilled in the art that various changes and
modifications can be made therein without departing from
the spirit and scope thereof.

What is claimed:

1. An organic light-emitting device comprising a light-
emitting layer or a plurality of organic compound thin layers
including a light-emitting layer formed between a pair of
electrodes, wherein at least one layer comprises at least one
compound represented by the following formula (1):

O]

wherein R™, R'* and R*® each represents a group composed
of only carbon and hydrogen atoms and having a cyclocon-
densed polycyclic hydrocarbon structure in which three or
more rings are cyclocondensed, and at least one of R, R™
and R*? represents an anthryl group.

Jul. 15, 2004

2. The organic light-emitting device according to claim 1,
wherein R, R and R'? each represents an anthryl group,
a pyrenyl group, a phenanthryl group, a fluoranthenyl group,
a pyrenylphenyl group, a phenanthrylphenyl group or an
anthrylphenyl group.

3. An organic light-emitting device comprising a light-
emitting layer or a plurality of organic compound thin layers
including a light-emitting layer formed between a pair of
electrodes, wherein at least one layer comprises at least one
compound represented by the following formula (1):

)

wherein R'', R'? and R*? each represents a group having a
cyclocondensed polycyclic hydrocarbon structure in which
three or more rings are cyclocondensed, and at least one of
R™, R'* and R represents an anthrylphenyl group.

4. The organic light-emitting device according to claim 3,
wherein R'*, R and R*? each represents an anthryl group,
a pyrenyl group, a phenanthryl group, a fluoranthenyl group,
a pyrenylphenyl group, a phenanthrylphenyl group or an
anthrylphenyl group.

5. An organic light-emitting device comprising a light-
emitting layer or a plurality of organic compound thin layers
including a light-emitting layer formed between a pair of
electrodes, wherein at least one layer comprises at least one
compound represented by the following formula (2):

Ar!! @
G(Rth)nl
(R23)n3 N
A3 (R”)HZQ Arl2

wherein at least one of Ar', Ar'*> and Ar'® represents an
anthryl group, R*, R** and R* each represents a substitu-
ent, and n', n* and n® each represents an integer of from 0
to 4.

6. The organic light-emitting device according to claim 5,
wherein Ar'?, Ar'® and Ar'® each represents an anthryl
group, a phenanthryl group, a pyrenyl group, a perylenyl
group, a chrysenyl group, a fluoranthenyl group or a triph-
enylenyl group.

7. The organic light-emitting device according to claim 3,
wherein n', n* and n” each represents 0 or 1.

8. The organic light-emitting device according to claim 6,
wherein n', n* and n® each represents 0 or 1.

* ok %k
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