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(7) ABSTRACT

A light-emitting device comprising a pair of electrodes and
one or more organic layers disposed therebetween, the one
or more organic layers comprising a light-emitting layer,
wherein at least one of the one or more organic layers
comprises a compound represented by the following formula

D:
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wherein R, ; represents a substituent; R, represents a hydro-
gen atom, an aliphatic hydrocarbon group, an aryl group or
a heterocyclic group; R, 5 represents a hydrogen atom or a
substituent; n represents an integer of 0 to 2; L represents a
single bond or a linking group; and m represents an integer
of 2 or more.
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HETEROCYCLIC COMPOUND AND
LIGHT-EMITTING DEVICE USING SAME

FIELD OF THE INVENTION

[0001] The present invention relates to a light-emitting
device that converts electric energy into light to be useful for
indicating elements, display devices, backlights, electro-
photographies, illumination light sources, recording light
sources, exposing light sources, reading light sources, road
signs and markings, signboards, interiors, optical commu-
nications, etc. The present invention further relates to a
heterocyclic compound usable for the light-emitting device,
especially for an organic electroluminescence device.

BACKGROUND OF THE INVENTION

[0002] Recently, various display devices have been widely
studied. In particular, organic electroluminescence (EL)
devices are advantageous in that they can emit light with
high luminance by a lowered applying voltage, whereby
much attention has been paid thereto. For example, a light-
emitting device comprising organic thin layers provided by
vapor-depositing organic compounds has been disclosed in
Applied Physics Letters, 51, 913 (1987). This light-emitting
device has a structure where an electron-transporting mate-
rial of tris(8-hydroxyquinolinato) aluminum complex (Alq)
and a hole-transporting material of an amine compound are
disposed between electrodes as a laminate, thereby exhib-
iting more excellent light-emitting properties than that of
conventional light-emitting devices having a single-layer
structure.

[0003] The above light-emitting device having the lami-
nate structure can be improved with respect to light-emitting
efficiency by doping the device with a fluorescent compound
such as a coumarin dye, etc. as disclosed in Journal of
Applied Physics, Vol.65, Page 3610, 1989, etc. Emission
wavelength can be controlled by changing the fluorescent
compound. However, in the case of using Alq as a charge-
transporting material for the light-emitting device, particu-
larly for a blue light-emitting device, green light emission
due to Alq is observed in addition to light emission by the
doped fluorescent compound when the driving voltage is
increased to obtain high luminance. As a result, the light-
emitting device is reduced in the color purity. Therefore, it
has been desired to develop a host material that can suppress
the reduction of the color purity, and for example, Japanese
Patent Laid-Open No. 10-92578 and U.S. Pat. No. 5,766,779
have disclosed that a particular indole derivative can be used
as the host material to provide a blue light-emitting device
high in the color purity. However, the device using the indole
derivative needs high driving voltage to obtain a high
luminance, and thus it has been desirable to develop a
material, a light-emitting device using the same providing
high luminance with low driving voltage.

[0004] Further, though it is known that the light-emitting
efficiency of the light-emitting device can be improved by a
method using a hole-blocking material such as 3-(biphenyl-
4-y1)-4-phenyl-5-(4-tert-butylphenyl)-1,2,4-triazole (TAZ),
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bathocuproine (BCP), etc., the device using the hole-block-
ing material is poor in durability. In particular, such light-
emitting device is disadvantageous in that the properties of
the device are worsened during high temperature storage or
continuous operation.

[0005]
such that comprises a charge-transporting material doped
with a small amount of a fluorescent compound is excellent
in the color purity and the light-emitting efficiency. How-
ever, such a light-emitting device is poor in reproducibility
of the light emission. Further, the fluorescent compound is
low in durability, whereby reduction of the luminance,
change of the emission color, ete. is caused when the device
is used for a long-term. Proposal has been made to overcome
such problems is a method of using a material having both
of a charge-transporting property and a light-emitting prop-
erty. However, in the case of using the fluorescent compound
at a high concentration, the device using the material is poor
in luminance because of concentration quenching, associa-
tion of the fluorescent compound, etc.

Among the conventional light-emitting devices,

[0006] Although the organic layer of the organic light-
emitting device may be formed by a vapor deposition
method, a sputtering method, a coating method, etc., the
organic layer is desirably formed by the coating method
from the viewpoints of simplification of production pro-
cesses, improvement of workability, application to a flexible
device having a large emitting area, etc. However, the
organic layer has been generally formed by the vapor
deposition method in the conventional organic light-emit-
ting devices high in the luminance, and the light-emitting
devices produced by the coating method have been poor in
the luminance and the light-emitting efficiency.

OBJECT AND SUMMARY OF THE INVENTION

[0007] An object of the present invention is to provide a
light-emitting device excellent in light-emitting properties,
durability in repeated use and color purity. Another object of
the present invention is to provide a heterocyclic compound
that is usable for the light-emitting device and has a wide
applicability for an electronic device, etc.

[0008]
objects, the inventor has found that a light-emitting device
using a particular compound having a purine skeleton is
excellent in light-emitting properties, durability and color
purity. The present invention has been accomplished by the
finding.

As aresult of intense research in view of the above

[0009] Thus, a light-emitting device of the present inven-
tion comprises a pair of electrodes and one or more organic
layers disposed between the electrodes, the one or more
organic layers comprising a light-emitting layer, wherein at
least one of the one or more organic layers comprises a
compound having a purine skeleton represented by the
following formula (I).
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Formula (I)
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[0010] Inthe formula (I), R, represents a substituent; R,
represents a hydrogen atom, an aliphatic hydrocarbon group,
an aryl group or a heterocyclic group; R, represents a
hydrogen atom or a substituent; n represents an integer of 0
to 2; L represents a single bond or a linking group; and m
represents an integer of 2 or more.

[0011] Ttis preferred that the compound represented by the
formula () is further represented by any one of the following
formulae (II) and (XI).
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[0012] In the formula (II), R,;, R,, and R, represent a
substituent, respectively; R, R, s and R, represent a hydro-
gen atom, an aliphatic hydrocarbon group, an aryl group or
a heterocyclic group, respectively; R,,, R,z and R, repre-
sent a hydrogen atom or a substituent, respectively; n21, n22
and n23 represent an integer of 0 to 2, respectively; L, L,
and L5 represent a single bond or a linking group, respec-
tively; and Y represents a nitrogen atom or a 1,3,5-benzen-
etriyl group.
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represent an arylene group or a divalent aromatic heterocy-
clic group, respectively; L, represents a single bond or a
linking group; and L,,, and L, represent a single bond,
—O0—, —S— or —N(R,,)—, respectively, in which R,
represents a hydrogen atom, an aliphatic hydrocarbon group,

an aryl group or a heterocyclic group.

[0014]
formula (II) is furthermore represented by any one of the
following formulae (IIT) and (IV). It is preferred that the

compound represented by the formula (XI) is furthermore

It is preferred that the compound represented by the

represented by any one of the following formulae (XII) and
(XII). The heterocyclic compound of the present invention
represented by the formula (III), (IV), (XII) or (XIII) has a
wide applicability for an electronic device, etc.

Formula (IT)

N
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Formula (XI)
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[0013] In the formula (XI), R,;; and R,,, represent a
substituent, respectively; R, ;5 and R, , represent a hydrogen
atom, an aliphatic hydrocarbon group, an aryl group or a
heterocyclic group, respectively; R, and R, represent a
hydrogen atom or a substituent, respectively; n111 and n112

represent an integer of 0 to 2, respectively; Z, and Z,

L112 )\ )\ / (Ri1patint



US 2003/0072965 Al

Formula (IIT)
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[0015] In the formula (III), R,;, R,, and R, represent a
substituent, respectively; R4, R55 and R4 represent a hydro-
gen atom, an aliphatic hydrocarbon group, an aryl group or
a heterocyclic group, respectively; and n31, n32 and n33
represent an integer of 0 to 2, respectively.

Formula (IV)
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[0016] In the formula (IV), R,;, R,, and R 5 represent a
substituent, respectively; R,,, R,s and R ; represent a hydro-
gen atom or a substituent, respectively; and n41, n42 and
n43 represent an integer of 0 to 2, respectively.

(Ri26)n126 (Ri2s)n12s

P!
Riz2n12——
122)n122 KN )\
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[0017] In the formula (XII), R;,; and R;,, represent a
substituent, respectively; R .5 and R, ,, represent a hydrogen
atom or a substituent, respectively; R, .5 and R, represent
a substituent, respectively; n121 and nl22 represent an
integer of 0 to 2, respectively; n125 and n126 represent an
integer of O to 4, respectively; and L,,, represents a single
bond or a linking group.

Formula (XIII)

(Tlss)nns (T137)n137
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[0018] In the formula (XII), R,5; and R,;, represent a

hydrogen atom or a substituent, respectively; R,5; and R,
represent a hydrogen atom or a substituent, respectively;
R and R,;4 represent a hydrogen atom, an aliphatic hydro-
carbon group, an aryl group or a heterocyclic group, respec-
tively; R,5, and R ;4 represent a substituent, respectively;
n137 and n138 represent an integer of 0 to 4, respectively;
L5, represents a single bond or a linking group; and L, .,
and L,5; represent a single bond, —O—, — or
—N(R,;55)— respectively, in which R, ,, represents a
hydrogen atom, an aliphatic hydrocarbon group, an aryl
group or a heterocyclic group.

[0019] In the organic layer comprising the compound
represented by the formula (I), the compound is preferably
dispersed in a polymer. Further, it is preferred that the
organic layer comprising the compound represented by the
formula (I) further comprises a transition metal complex.
The transition metal complex is preferably an ortho-metal-
lation complex. Weight ratio of the compound represented
by the formula (I) is preferably 1 to 99 weight % based on
the total of the organic layer comprising the compound when
the compound is used as a host material. Further, the weight
ratio is preferably 1 to 100 weight % when the compound is
used as a material other than the host material.

[0020] Incidentally, although the compound having the
purine skeleton according to the present invention falls
within claims attached to the specification of Japanese
Patent Laid-Open No. 2000-63818, the compound according

Formula (XII)

A
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to the present invention is not recited concretely or specifi-
cally in the specification of Japanese Patent Laid-Open No.
2000-63818 so that a structure, superior result and advan-
tage of the subject matter of the present invention have been
unexpected by those skilled in the art based on the specifi-
cation.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0021] [1] Compound Having Purine Skeleton

[0022] A light-emitting device of the present invention
comprises a compound having a purine skeleton. It is
preferred that the compound has a plurality of the purine
skeletons, or both of the purine skeleton and another azole
skeleton. The compound particularly preferably has a plu-
rality of the purine skeletons. The azole skeleton may be
monocyclic or polycyclic, and examples thereof include an
imidazole skeleton, a benzimidazole skeleton, a naphthoimi-
dazole skeleton, a thiazole skeleton, a benzthiazole skeleton,
a naphthothiazole skeleton, an isothiazole skeleton, an
oxazole skeleton, a benzoxazole skeleton, a naphthoxazole
skeleton, an isoxazole skeleton, a selenazole skeleton, a
benzselenazole skeleton, a naphthoselenazole skeleton, a
pyrazole skeleton, an indazole skeleton, a triazole skeleton,
a benzotriazole skeleton, a 4-azabenzimidazal skeleton, etc.
The azole skeleton is preferably an imidazole skeleton, a
benzimidazole skeleton, a naphthoimidazole skeleton, a
benzthiazole skeleton, an oxazole skeleton, a benzoxazole
skeleton, an isoxazole skeleton, an indazole skeleton, a
benzotriazole skeleton or a 4-azabenzimidazal skeleton,
more preferably a benzimidazole skeleton, a benzoxazole
skeleton, an indazole skeleton or a 4-azabenzimidazal skel-
eton.

[0023] The compound having the purine skeleton is rep-
resented by the following formula (I). The compound rep-
resented by the formula (I) is hereinafter referred to as
“compound (I)”.

Formula (I)

T oY
] T Rith
NP

m

[0024] In the formula (I), R, represents a substituent and
examples thereof include: alkyl groups, the number of
carbon atom thereof being preferably 1 to 30, more prefer-
ably 1 to 20, particularly preferably 1 to 10, such as a methyl
group, an ethyl group, an isopropyl group, a t-butyl group,
a n-octyl group, a n-decyl group, a n-hexadecyl group, a
cyclopropyl group, a cyclopentyl group and a cyclohexyl
group; alkenyl groups, the number of carbon atoms thereof
being preferably 2 to 30, more preferably 2 to 20, particu-
larly preferably 2 to 10, such as a vinyl group, an allyl group,
a 2-butenyl group and a 3-pentenyl group; alkynyl groups,
the number of carbon atoms thereof being preferably 2 to 30,
more preferably 2 to 20, particularly preferably 2 to 10, such
as a propargyl group and a 3-pentynyl group; aryl groups,
the number of carbon atoms thereof being preferably 6 to 30,
more preferably 6 to 20, particularly preferably 6 to 12, such
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as a phenyl group, a p-methylphenyl group and a naphtyl
group; amino groups, the number of carbon atom thereof
being preferably 0 to 30, more preferably O to 20, particu-
larly preferably O to 10, such as a unsubstituted amino group,
a methylamino group, a dimethylamino group, a diethy-
lamino group, a dibenzylamino group, a diphenylamino
group and a ditolylamino group; alkoxy groups, the number
of carbon atom thereof being preferably 1 to 30, more
preferably 1 to 20, particularly preferably 1 to 10, such as a
methoxy group, an ethoxy group, a butoxy group and a
2-ethylhexyloxy group; aryloxy groups, the number of car-
bon atoms thereof being preferably 6 to 30, more preferably
6 to 20, particularly preferably 6 to 12, such as a phenyloxy
group, a 1-naphthyloxy group and a 2-naphthyloxy group;
acyl groups, the number of carbon atom thereof being
preferably 1 to 30, more preferably 1 to 20, particularly
preferably 2 to 12, such as an acetyl group, a benzoyl group,
a formyl group and a pivaloyl group; alkoxycarbonyl
groups, the number of carbon atoms thereof being preferably
2 to 30, more preferably 2 to 20, particularly preferably 2 to
12, such as a methoxycarbonyl group and an ethoxycarbonyl
group; aryloxycarbonyl groups, the number of carbon atoms
thereof being preferably 7 to 30, more preferably 7 to 20,
particularly preferably 7 to 12, such as a phenyloxycarbonyl
group; acyloxy groups, the number of carbon atoms thereof
being preferably 2 to 30, more preferably 2 to 20, particu-
larly preferably 2 to 10, such as an acetoxy group and a
benzoyloxy group; acylamino groups, the number of carbon
atoms thereof being preferably 2 to 30, more preferably 2 to
20, particularly preferably 2 to 10, such as an acetylamino
group and a benzoylamino group; alkoxycarbonylamino
groups, the number of carbon atoms thereof being preferably
2 to 30, more preferably 2 to 20, particularly preferably 2 to
12, such as a methoxycarbonylamino group; aryloxycarbo-
nylamino groups, the number of carbon atoms thereof being
preferably 7 to 30, more preferably 7 to 20, particularly
preferably 7 to 12, such as a phenyloxycarbonylamino
group; sulfonylamino groups, the number of carbon atom
thereof being preferably 1 to 30, more preferably 1 to 20,
particularly preferably 1 to 12, such as a methane sulfony-
lamino group and a benzene sulfonylamino group; sulfa-
moyl groups, the number of carbon atom thereof being
preferably 0 to 30, more preferably O to 20, particularly
preferably O to 12, such as a unsubstituted sulfamoyl group,
a methylsulfamoyl group, a dimethylsulfamoyl group and a
phenylsulfamoyl group; carbamoyl groups, the number of
carbon atom thereof being preferably 1 to 30, more prefer-
ably 1 to 20, particularly preferably 1 to 12, such as a
unsubstituted carbamoyl group, a methylcarbamoyl group, a
diethylcarbamoyl group and a phenylcarbamoyl group;
alkylthio groups, the number of carbon atom thereof being
preferably 1 to 30, more preferably 1 to 20, particularly
preferably 1 to 12, such as a methylthio group and an
ethylthio group; arylthio groups, the number of carbon
atoms thereof being preferably 6 to 30, more preferably 6 to
20, particularly preferably 6 to 12, such as a phenylthio
group; sulfonyl groups, the number of carbon atom thereof
being preferably 1 to 30, more preferably 1 to 20, particu-
larly preferably 1 to 12, such as a mesyl group and a tosyl
group; sulfinyl groups, the number of carbon atom therecof
being preferably 1 to 30, more preferably 1 to 20, particu-
larly preferably 1 to 12, such as a methane sulfinyl group and
a benzene sulfinyl group; ureide groups, the number of
carbon atom thereof being preferably 1 to 30, more prefer-
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ably 1 to 20, particularly preferably 1 to 12, such as a
unsubstituted ureide group, a methylureide group and a
phenylureide group; phosphoric amide groups, the number
of carbon atom thereof being preferably 1 to 30, more
preferably 1 to 20, particularly preferably 1 to 12, such as a
diethylphosphoric amide group and a phenylphosphoric
amide group; a hydroxyl group; a mercapto group; halogen
atoms such as a fluorine atom, a chlorine atom, a bromine
atom and an iodine atom; a cyano group; a sulfo group; a
carboxyl group; a nitro group; a hydroxamic acid group; a
sulfino group; a hydrazino group; an imino group; hetero-
cyclic groups that may have a nitrogen atom, an oxygen
atom, a sulfur atom, etc. as a hetero atom, the number of
carbon atom thereof being preferably 1 to 30, more prefer-
ably 1 to 12, such as an imidazolyl group, a pyridyl group,
a quinolyl group, a furyl group, a thienyl group, a piperidyl
group, a morpholino group, a benzoxazolyl group, a benz-
imidazolyl group, a benzthiazolyl group, a carbazolyl group
and an azepinyl group; silyl groups, the number of carbon
atom thereof being preferably 3 to 40, more preferably 3 to
30, particularly preferably 3 to 24, such as a trimethylsilyl
group and a triphenylsilyl group; etc. The substituent may be
further substituted.

[0025] R, is preferably an alkyl group, an alkenyl group,
an alkynyl group, an aryl group, an amino group, an alkoxy
group, an aryloxy group, an acyl group, an alkoxycarbonyl
group, an aryloxycarbonyl group, an acyloxy group, an
acylamino group, an alkoxycarbonylamino group, an ary-
loxycarbonylamino group, a sulfonylamino group, a sulfa-
moyl group, a carbamoyl group, an alkylthio group, an
arylthio group, a sulfonyl group, a halogen atom, a cyano
group or a heterocyclic group, more preferably an alkyl
group, an alkenyl group, an aryl group, an alkoxy group, an
aryloxy group, a halogen atom, a cyano group or a hetero-
cyclic group, furthermore preferably an alkyl group, an aryl
group, an alkoxy group, an aryloxy group or an aromatic
heterocyclic group, particularly preferably an alkyl group,
an aryl group, an alkoxy group or an aryloxy group, the most
preferably an alkyl group, an alkoxy group or an aryloxy

group.

[0026] Inthe formula (I), R,, represents a hydrogen atom,
an aliphatic hydrocarbon group, an aryl group or a hetero-
cyclic group.

[0027] The aliphatic hydrocarbon group of R, is prefer-
ably selected from the group consisting of: alkyl groups, the
number of carbon atom thereof being preferably 1 to 20,
more preferably 1 to 12, particularly preferably 1 to &, such
as a methyl group, an ethyl group, an isopropyl group, a
t-butyl group, a n-octyl group, a n-decyl group, a n-hexa-
decyl group, a cyclopropyl group, a cyclopentyl group and
a cyclohexyl group; alkenyl groups, the number of carbon
atoms thereof being preferably 2 to 20, more preferably 2 to
12, particularly preferably 2 to 8, such as a vinyl group, an
allyl group, a 2-butenyl group and a 3-pentenyl group; and
alkynyl groups, the number of carbon atoms thereof being
preferably 2 to 20, more preferably 2 to 12, particularly
preferably 2 to 8, such as a propargyl group and a 3-pentynyl
group. The aliphatic hydrocarbon group is preferably an
alkyl group or an alkenyl group.

[0028] The aryl group of R,, is preferably has 6 to 30
carbon atoms, more preferably has 6 to 20 carbon atoms,
particularly preferably has 6 to 12 carbon atoms. Examples
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of the aryl group include a phenyl group, a 2-methylphenyl
group, a 3-methylphenyl group, a 4-methylphenyl group, a
4-methoxyphenyl group, a 3-trifluoromethylphenyl group, a
pentafluorophenyl group, a 2-biphenylyl group, a 3-biphe-
nylyl group, a 4-biphenylyl group, a 1-naphtyl group, a
2-naphtyl group, a 1-pyrenyl group, etc. Among the groups,
preferred are a phenyl group, a 2-methylphenyl group, a
3-methylphenyl group, a 3-trifluoromethylphenyl group, a
pentafluorophenyl group, a 2-biphenylyl group, a 4-biphe-
nylyl group, a 1-naphtyl group, a 2-naphtyl group and a
1-pyrenyl group, more preferred are a phenyl group, a
2-methylphenyl group, a 2-biphenylyl group, a 4-biphenylyl
group and a 2-naphtyl group, particularly preferred are a
phenyl group, a 2-methylphenyl group, a 2-biphenylyl group
and a 2-naphtyl group, the most preferred are a phenyl
group.

[0029] The heterocyclic group of R, is preferably has 1 to
20 carbon atom, more preferably has 1 to 12 carbon atom,
particularly preferably has 2 to 10 carbon atoms. The
heterocyclic group may have a monocyclic structure or a
polycyclic structure such as a condensed ring and a ring
assemblage. The heterocyclic group is preferably an aro-
matic heterocyclic group comprising at least one hetero
atom selected from the group consisting of a nitrogen atom,
an oxygen atom, a sulfur atom and a selenium atom. The
heterocyclic group may have a structure of a pyrrolidine
ring, a piperidine ring, a pyrrole ring, a furan ring, a
thiophene ring, an imidazoline ring, an imidazole ring, a
benzimidazole ring, a naphthoimidazole ring, a thiazolidine
ring, a thiazole ring, a benzthiazole ring, a naphthothiazole
ring, an isothiazole ring, an oxazoline ring, an oxazole ring,
a benzoxazole ring, a naphthoxazole ring, an isoxazole ring,
a selenazole ring, a benzselenazole ring, a naphthoselena-
zole ring, a pyridine ring, a quinoline ring, an isoquinoline
ring, an indole ring, an indolenine ring, a pyrazole ring, a
pyrazine ring, a pyrimidine ring, a pyridazine ring, a triazine
ring, an indazole ring, a purine ring, a phthalazine ring, a
naphthylizine ring, a quinoxaline ring, a quinazoline ring, a
cinnoline ring, a pteridine ring, a phenanthridine ring, a
pteridine ring, a phenanthroline ring, a tetrazaindene ring,
etc. Among them, preferred are a furan ring, a thiophene
ring, a pyridine ring, a quinoline ring, a pyrazine ring, a
pyrimidine ring, a pyridazine ring, a triazine ring, a phthala-
zine ring, a naphthylizine ring, a quinoxaline ring and a
quinazoline ring, more preferred are a furan ring, a
thiophene ring, a pyridine ring, a quinoline ring and a
triazine ring, particularly preferred are a quinoline ring and
a triazine ring.

[0030] In the case where R, is an aliphatic hydrocarbon
group, an aryl group or a heterocyclic group, the groups may
have a substituent with examples and preferred embodi-
ments being the same as those of R ;. R, is preferably an
alkyl group, an aryl group or an aromatic heterocyclic group,
more preferably an aryl group or an aromatic heterocyclic
group, particularly preferably an aryl group or an aromatic
heterocyclic group having a 6-membered ring structure.

[0031] In the formula (I), R, represents a hydrogen atom
or a substituent with examples being the same as those of
R,;. R,; is preferably a hydrogen atom, an alkyl group, an
alkenyl group, an alkynyl group, an aryl group, a halogen
atom or a heterocyclic group, more preferably a hydrogen
atom, an alkyl group, an aryl group or a heterocyclic group,
furthermore preferably a hydrogen atom, an alkyl group, an
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aryl group or an aromatic heterocyclic group, particularly
preferably a hydrogen atom, an alkyl group or an aryl group,
further particularly preferably a hydrogen atom or an alkyl
group, the most preferably a hydrogen atom.

[0032] In the formula (I), n is an integer of 0 to 2,
preferably 0 or 1, more preferably 0. When n is 2, a plurality
of R;;’s may be the same or different substituents and may
bond together to form a ring.

[0033] In the formula (I), L represents a single bond or a
linking group. L bonds to a position of a purine skeleton, to
which R,,, R, or R, may be attached. Thus, R,;, R, and
R,; may be substituted by L. L is preferably a single bond
or a linking group composed of C, H, N, O, S, Si and/or Ge,
more preferably a single bond or a linking group selected
from the group consisting of alkylene groups, alkenylene
groups, alkynylene groups, arylene groups, multi-valent
heterocyclic groups and combinations of the groups and N,
O or S, particularly preferably a single bond or a linking
group selected from the group consisting of alkylene groups,
arylene groups, aryltriyl groups, multi-valent aromatic het-
erocyclic groups and combinations of the groups and N, O
or S. The multi-valent aromatic heterocyclic group prefer-
ably has an azole ring, a thiophene ring or a furan ring.

[0034] The linking group of L may have a substituent with
examples being the same as those of R;;. The substituent on
L is preferably an alkyl group, an alkenyl group, an alkynyl
group, an aryl group, an alkoxy group, an aryloxy group, an
acyl group, a halogen atom, a cyano group, a heterocyclic
group or a silyl group, more preferably an alkyl group, an
alkenyl group, an alkynyl group, an aryl group, an alkoxy
group, an aryloxy group, a halogen atom, a cyano group or
an aromatic heterocyclic group, particularly preferably an
alkyl group, an aryl group or an aromatic heterocyclic group.

[0035] Specific examples of the linking group represented
by L will be illustrated below without intention of restricting
the scope of the present invention defined by the claims
attached hereto.
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[0036] In the formula (I), m is an integer of 2 or more,
preferably an integer of 2 to 8, more preferably an integer of
2 to 6, furthermore preferably an integer of 2 to 4, particu-
larly preferably 2 or 3, the most preferably 2.

[0037] The compound (I) is preferably represented by any
one of the following formulae (IT) and (XI), more preferably
represented by the following formula (XI).

Formula (II)

\ / Xy
|
(R20n21
)\ /
R>7 N
R
ZS\N I/\N
L, I o —— Rodaz
|
/I\ NP

R3g N
Formula (XI)
R113

—I/\If

L112 T Rurpoin
R I

Riis

[0038] In the formula (II), R,;, R,, and R, are the same
as above-mentioned R,; with respect to meaning and pre-
ferred embodiments, respectively. R, R,5 and R, are the
same as above-mentioned R,, with respect to meaning and
preferred embodiments, respectively. R,-, R,5 and R,g are
the same as above-mentioned R, ; with respect to meaning
and preferred embodiments, respectively. Further, n21, n22
and n23 are the same as above-mentioned n with respect to
meaning and preferred embodiments, respectively.

[0039] In the formula (II), L;, L, and L5 have the same
meaning as above-mentioned L, respectively. L;, L, and L,
are preferably a single bond or a linking group selected from
the group consisting of arylene groups, divalent aromatic
heterocyclic groups and combinations thereof, more prefer-
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ably a single bond or a linking group selected from the group
consisting of divalent aromatic heterocyclic groups com-
prising a benzene ring, a naphthalene ring, an anthracene
ring, a pyridine ring, a pyrazine ring, a thiophene ring, a
furan ring, an oxazole ring, a thiazole ring, an oxathiazole
ring, a thiadiazole ring or a triazole ring and combinations
thereof, furthermore preferably a single bond or a linking
group selected from the group consisting of divalent aro-
matic heterocyclic groups comprising a benzene ring or a
thiophene ring and combinations thereof, particularly pref-
erably a single bond or a linking group selected from the
group consisting of divalent aromatic heterocyclic groups
comprising a benzene ring and combinations thereof, the
most preferably a single bond, respectively. The linking
group of L;, L, and I, may have a substituent with examples
being the same as those of R, ;.

[0040] In the formula (IT), Y represents a nitrogen atom or
a 1,3,5-benzenetriyl group. The 1,3,5-benzenetriyl group
may have a substituent at 2-, 4- and/or 6-position, and the
substituent may be an alkyl group, an aryl group, a halogen
atom, etc. Y is preferably a nitrogen atom or an unsubstituted
1,3,5-benzenetriyl group, more preferably an unsubstituted
1,3,5-benzenetriyl group.

[0041] In the formula (XI), R,;; and R, ,, are the same as
above-mentioned R, with respect to meaning and preferred
embodiments, respectively. R;;5 and R,,, are the same as
above-mentioned R, with respect to meaning and preferred
embodiments, respectively. R,;5 and R;;4 are the same as
above-mentioned R, ; with respect to meaning and preferred
embodiments, respectively. Further, n111 and nl12 are the
same as above-mentioned n with respect to meaning and
preferred embodiments, respectively.

[0042] In the formula (XI), Z, and Z, represent an arylene
group or a divalent aromatic heterocyclic group, respec-
tively. Z, and Z, are preferably a divalent linking group
comprising a benzene ring, a naphthalene ring, an
anthracene ring, a pyridine ring, a pyrazine ring, a thiophene
ring, a furan ring, an oxazole ring, a thiazole ring, an
oxadiazole ring, a thiadiazole ring or a triazole ring, more
preferably a divalent linking group comprising a benzene
ring, a naphthalene ring, an anthracene ring, a pyridine ring,

Formula (IIT)

/N \/\\\ (Rspn3t
N

Rl N
V \
< N\ N
Rs6
N N—/
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a thiophene ring, a furan ring, an oxazole ring or a thiazole
ring, furthermore preferably a divalent linking group com-
prising a benzene ring, a naphthalene ring, a thiophene ring
or a furan ring, particularly preferably a phenylene group or
a naphtylene group, the most preferably a phenylene group,
respectively.

[0043] In the formula (XI), L;;; has the same meaning as
above-mentioned L. L,, is preferably a single bond or a
linking group composed of C, H, N, O, S, Si and/or Ge, more
preferably a single bond or a linking group selected from the
group consisting of alkylene groups, alkenylene groups,
alkynylene groups, arylene groups, divalent heterocyclic
groups and combinations thereof, furthermore preferably a
single bond or a linking group selected from the group
consisting of alkylene groups, arylene groups, divalent het-
erocyclic groups and combinations thereof, particularly
preferably an alkylene group or a linking group of a com-
bination of an alkylene group and an arylene group.

[0044] Inthe formula (XI),L,;, and L, represent a single
bond, —O—, —S— or —N(R,,)—, respectively. R, is
the same as above-mentioned R, with respect to meaning
and preferred embodiments. L.112 and L5 are preferably a
single bond or —O—, respectively. R,,, is preferably a
hydrogen atom, an alkyl group, an aryl group or an aromatic
heterocyclic group, more preferably a hydrogen atom or an
alkyl group, particularly preferably an alkyl group. L, ,
bonds to a position of a purine skeleton, to which R, ,, R,
or R,;5 may be attached, and L,;5 bonds to a position of a
purine skeleton, to which R;;,, R;;, or Ry may be
attached. Thus, R,;;, R;;5 and R, ;5 may be substituted by
L, and Ry5, Ry, and Ry; 5 may be substituted by L.

[0045] The compound represented by the formula (I) is
preferably represented by any one of the following formulae
(III) and (IV), particularly preferably represented by the
following formula (IV). The compound represented by the
formula (XI) is preferably represented by any one of the
following formulae (XII) and (XIII). The heterocyclic com-
pound of the present invention represented by the formula
(1), (IV), (XII) or (XIII) has a wide applicability for an
electronic device, etc.

Formula (IV)
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[0046] In the formula (IIT), R5;, R4, and R4, are the same
as above-mentioned R;; with respect to meaning and pre-
ferred embodiments, respectively. R;,, Ry5 and Ry, are the
same as above-mentioned R, with respect to meaning and
preferred embodiments, respectively. Further, n31, n32 and
n33 are the same as above-mentioned mentioned n with
respect to meaning and preferred embodiments, respec-
tively.

[0047] In the formula (IV), R,;, Ry, and R, 5 are the same
as above-mentioned R,; with respect to meaning and pre-
ferred embodiments, respectively. R,.,, R,5 and R, are the
same as above-mentioned R, 5 with respect to meaning and
preferred embodiments, respectively. Further, n41, n42 and
n43 are the same as above-mentioned n with respect to
meaning and preferred embodiments, respectively.

[0048] Inthe formula (XII), R,,; and R,,, are the same as
above-mentioned R;; with respect to meaning and preferred
embodiments, respectively. R;,5 and R;,, are the same as
above-mentioned R, ; with respect to meaning and preferred
embodiments, respectively. R, and R, are the same as
above-mentioned R, with respect to meaning and preferred
embodiments, respectively. n121 and n122 are the same as
above-mentioned n with respect to meaning and preferred
embodiments, respectively. n125 and n126 are an integer of
0 to 4, preferably an integer of 0 to 2, more preferably 0 or
1, respectively. L,,; is the same as above-mentioned L,
with respect to meaning and preferred embodiments.

[0049] Inthe formula (XIII), R 5, and R, 5, are the same as
above-mentioned R, with respect to meaning and preferred

embodiments, respectively. R,55 and R, 5, are the same as
above-mentioned R, 5 with respect to meaning and preferred
embodiments, respectively. R;55 and R, ;4 are the same as
above-mentioned R, with respect to meaning and preferred
embodiments, respectively. R;5, and R, are the same as
above-mentioned R;; with respect to meaning and preferred
embodiments, respectively. n137 and n138 are the same as
above-mentioned n125 and n126 with respect to meaning
and preferred embodiments, respectively. L, 5, is the same as
above-mentioned L, ,; with respect to meaning and preferred
embodiments. L, and L, ;; represent a single bond, —O—,
—S— or —N(R, 5,)—, respectively. R 5, is the same as
above-mentioned R,;, with respect to meaning and pre-
ferred embodiments. Thus, L5, and L, 55 are the same as
above-mentioned L;;, and L;;5 with respect to meaning and

preferred embodiments, respectively.

[0050] The compound (I) may be such that acts as a
hole-injecting material, a hole-transporting material, a light-
emitting material, an electron-transporting material, an elec-
tron-injecting material, a host material, etc. The transition
metal complex (1) may have a plurality of functions. In this
invention, the compound (I) is preferably used as an ¢lec-
tron-injecting material, an electron-transporting material
and/or a host material. Concrete examples of the compound
(I) will be illustrated below without intention of restricting
the scope of the present invention defined by the claims
attached hereto.
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[0051] The compound (I) can be synthesized with refer-
ence to: Annalen der Chemie, Vol. 673, Page 82 (1964);
Journal of the Chemical Society, Section C, Page 10 (1966);
Chemische Berichte, Vol.100, Page 2280 (1967); Yakugaku
Zassi (Journal of the Pharmaceutical Society of Japan), Vol.
99, Page 114 (1979); Journal of Heterocyclic Chemistry,
Vol. 34, Page 1459 (1997); Journal of Organic Chemistry,
Vol. 27, Page 986 (1962); Journal of Organic Chemistry, Vol.
48, Page 850 (1983); etc.

[0052]

[0053] The light-emitting device of the present invention
comprises a pair of electrodes (positive electrode and nega-
tive electrode) and one or more organic layers disposed
between the electrodes. The one or more organic layers
comprises a light-emitting layer. At least one of the one or
more organic layers comprises the compound (I). Although
system utilizing the light-emitting device, a driving method
therefor, use thereof, etc. are not particularly limited, the

[2] Light-Emitting Device
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light-emitting device is preferably such that uses the com-
pound (I) as an electron-injecting material, an electron-
transporting material and/or a host material. An organic
electroluminescence (EL) device is known as a typical
light-emitting device.

[0054] In the case of using the compound (I) as the host
material, weight ratio of the compound (I) is preferably 1 to
99 weight %, more preferably 25 to 98 weight %, particu-
larly preferably 65 to 98 weight % based on the total of the
organic layer comprising the compound (I). On the other
hand, in the case of using the compound (I) as a material
other than the host material, the weight ratio of the com-
pound (I) is preferably 1 to 100 weight %, more preferably
25 to 100 weight %, particularly preferably 50 to 100 weight
% based on the total of the organic layer comprising the
compound (I).

[0055] Method for providing the organic layer comprising
the compound (I) is not particularly limited, and the organic
layer may be provided by a resistance heating vapor depo-
sition method, an electron beam method, a sputtering
method, a molecular stacking method, a coating method (a
spin-coating method, a casting method, a dip-coating
method, etc.), an ink-jet method, a printing method, a
transferring method, etc. Among the methods, preferred are
the resistance heating vapor deposition method and the
coating method from the viewpoints of simplification of
production processes and properties of the light-emitting
device. Thickness of the organic layer comprising the com-
pound (I) is also not particularly limited. In general, the
thickness is preferably 1 to 200 nm, more preferably 5 to 100
nm.

[0056] In the organic layer comprising the compound (1),
the compound (I) is preferably dispersed in a polymer.
Examples of the polymer include poly(vinyl chloride), poly-
carbonates, polystyrene, poly(methyl methacrylate), polyes-
ters, polysulfones, poly(phenylene oxide), polybutadiene,
poly(N-vinylcarbazole), hydrocarbon resins, ketone resins,
phenoxy resins, polyamides, ethyl celluloses, poly(vinyl
acetate), ABS resins, polyurethanes, melamine resins, unsat-
urated polyester resins, alkyd resins, epoxy resins, silicone
resins, etc. Weight ratio of the polymer is preferably 10 to 90
weight %, more preferably 20 to 60 weight % based on the
total of the organic layer comprising the compound (I).

[0057] Tt is preferred that the organic layer comprising the
compound (I) further comprises a transition metal complex.
It is particularly preferable that the compound (I) is used as
the host compound and doped with the transition metal
complex acting as a guest compound. It is preferred that T,
level of the guest compound (the transition metal complex)
is smaller than that of the host compound (the compound
(D), wherein “T; level” means an energy level at a lowest
triplet excited state. Further, T, level of a compound con-
tained in a layer such as a hole-transporting layer, an
electron-transporting layer, a hole-blocking layer, etc. adja-
cent to the light-emitting layer is preferably larger than that
of the guest compound contained in the light-emitting layer,
more preferably larger than that of the host compound
contained in the light-emitting layer. The transition metal
complex used in the present invention may be such a
compound that is described in: Masatoshi Watabe,
Shigenobu Yano and Takao Ikariya, “Sakutai-Kagaku No
Kiso, Werner Sakutai To Yuki Kinzoku Sakutai (Foundation
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of Coordination Chemistry, Werner Complex and Organic
Metal Complex)” Kodansha Ltd. (1989); Akio Yamamoto,
“Yukikinzoku-Kagaku, Kiso To Oyo (Metalorganic Chem-
istry, Foundation and Application)”, Page 150 to 232,
Shokabo Publishing Co., Ltd., (1982); etc. Weight ratio of
the transition metal complex is preferably 0.1 to 10 weight
%, more preferably 0.5 to 3 weight % based on the total of
the organic layer comprising the compound (I).

[0058] A central metal atom of the transition metal com-
plex is not particularly limited. The transition metal complex
may comprise one transition metal atom or a plurality of
transition metal atoms, thus, the transition metal complex
may be a so-called multi-nuclear complex. In the multi-
nuclear complex, a plurality of transition metal atoms may
be the same or different atoms. Number of carbon atoms in
the transition metal complex is preferably 5 to 100, more
preferably 10 to 60, particularly preferably 12 to 40.

[0059] The transition metal complex may comprise one or
more kind of ligand. The ligand is not particularly limited
and may be such that is described in: H. Yersin, “Photo-
chemistry and Photophysics of Coordination Compounds”,
Springer-Verlag, Inc. (1987); Akio Yamamoto, “Yukikin-
zoku-Kagaku, Kiso To Oyo (Metalorganic Chemistry, Foun-
dation and Application)”, Shokabo Publishing Co., Ltd.,
(1982); etc. Examples of the ligand include: halogen ligands
such as a chlorine ligand; nitrogen-containing heterocyclic
ligands such as bipyridyl ligands, phenanthroline ligands
and phenylpyridine ligands; diketone ligands such as an
acetylacetone ligand; phosphorus ligands such as triph-
enylphosphine ligands, tributylphosphine ligands and trim-
ethyl phosphite ligands; isocyanide ligands such as t-butyl-
isocyanide ligands; a carbon monoxide ligand; etc.

[0060] The transition metal complex may be a neutral
complex or an ionic complex containing a counter ion. The
counter ion is not particularly limited and may be such that
is described in Akio Yamamoto, “Yukikinzoku-Kagaku,
Kiso To Oyo (Metalorganic Chemistry, Foundation and
Application)”, Shokabo Publishing Co., Ltd., (1982), etc.
Further, the transition metal complex may be a low molecu-
lar weight compound, or an oligomer or a polymer having
repeating units. In the case where the transition metal
complex is the oligomer or the polymer, its weight-average
molecular weight determined by polystyrene standard is
preferably 1,000 to 5,000,000, more preferably 2,000 to
1,000,000, particularly preferably 3,000 to 100,000.

[0061] The transition metal complex is preferably an
ortho-metallation complex, more preferably an ortho-met-
allation iridium complex. The ortho-metallation complex
used in this invention may be such as described in: Akio
Yamamoto, “Yukikinzoku-Kagaku, Kiso To Oyo (Metalor-
ganic Chemistry, Foundation and Application)”, Page 150
and 232, Shokabo Publishing Co., Ltd., (1982); H. Yersin,
“Photochemistry and Photophysics of Coordination Com-
pounds”, Page 71 to 77 and 135 to 146, Springer-Verlag, Inc.
(1987); etc.

[0062] A central metal atom of the ortho-metallation com-
plex may be selected from transition metals. The central
metal is preferably rhodium, platinum, gold, iridium, ruthe-
nium or palladium, particularly preferably iridium. The
iridium atom in the ortho-metallation complex is preferably
trivalent, although valence of the central metal atom is not
particularly limited. Number of carbon atoms of the ortho-
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metallation complex is preferably 5 to 100, more preferably
10 to 60, particularly preferably 12 to 40.

[0063] The ortho-metallation complex may comprise one
or more kind of ligand, and preferably comprises 1 to 3 kind
of ligand, more preferably comprises 1 or 2 kind of ligand,
particularly preferably comprises 1 kind of ligand.

[0064] Although ligand of the ortho-metallation complex
is not particularly limited, the ortho-metallation complex
generally comprises a particular ligand. Examples of the
particular ligand include: aryl-substituted, nitrogen-contain-
ing heterocyclic derivatives; heteroaryl-substituted, nitro-
gen-containing heterocyclic derivatives; 7,8-benzoquinoline
derivatives; phosphinoaryl derivatives; phosphinoheteroaryl
derivatives; phosphinoxyaryl derivatives; phosphinoxyhet-
eroaryl derivatives, aminomethylaryl derivatives, aminom-
ethylheteroaryl derivatives; etc. In the aryl-substituted,
nitrogen-containing heterocyclic derivatives and the het-
eroaryl-substituted, nitrogen-containing heterocyclic deriva-
tives, nitrogen-containing heterocycle may be a pyridine
ring, a pyrimidine ring, a pyrazine ring, a pyridazine ring, a
quinoline ring, an isoquinoline ring, a quinoxaline ring, a
phthalazine ring, a quinazoline ring, a naphthylizine ring, a
cinnoline ring, a perimidine ring, a phenanthroline ring, a
pyrrole ring, an imidazole ring, a pyrazole ring, an oxazole
ring, an oxadiazole ring, a triazole ring, a thiadiazole ring, a
benzimidazole ring, a benzoxazole ring, a benzthiazole ring,
a phenanthridine ring, etc. In the aryl-substituted, nitrogen-
containing heterocyclic derivatives, the aryl group generally
bonds to a carbon atom adjacent to the nitrogen atom in the
nitrogen-containing heterocycle. The aryl group may be a
phenyl group, a naphthyl group, an anthracenyl group, a
pyrenyl group, etc. Further, in the heteroaryl-substituted,
nitrogen-containing heterocyclic derivatives, the heteroaryl
group generally bonds to a carbon atom adjacent to the
nitrogen atom in the nitrogen-containing heterocycle. The
heteroaryl group may be a group containing the above-
exemplified nitrogen-containing heterocycle, a thiophenyl
group, a furyl group, etc.

[0065] The particular ligand forming the ortho-metallation
complex is preferably an aryl-substituted, nitrogen-contain-
ing heterocyclic derivative, a heteroaryl-substituted, nitro-
gen-containing heterocyclic derivative or a 7,8-benzoquino-
line derivative, more preferably a phenylpyridine derivative,
a thiophenylpyridine derivative or a 7,8-benzoquinoline
derivative, particularly preferably a thiophenylpyridine
derivative or a 7,8-benzoquinoline derivative.

[0066] In addition to the particular ligand, the ortho-
metallation complex may comprise other ligand, which is
not particularly limited and may be such that is described in:
H. Yersin, “Photochemistry and Photophysics of Coordina-
tion Compounds”, Springer-Verlag, Inc. (1987); Akio Yama-
moto, “Yukikinzoku-Kagaku, Kiso To Oyo (Metalorganic
Chemistry, Foundation and Application)”, Shokabo Publish-
ing Co., Ltd., (1982); etc. The other ligand is preferably a
halogen ligand such as a chlorine ligand, a nitrogen-con-
taining heterocyclic ligand such as a bipyridyl ligand and a
phenanthroline ligand, or a diketone ligand, more preferably
a chlorine ligand or a bipyridyl ligand.

[0067] The ortho-metallation complex used in the present
invention is preferably a complex containing a moiety
represented by the following formula (K-I) or a tautomer
thereof.
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Formula (K-I)

[0068] In the formula (K-I), M represents a transition
metal atom. M is preferably rhodium, platinum, gold, iri-
dium, ruthenium or palladium, more preferably rhodium,
platinum or iridium, particularly preferably platinum or
iridium, the most preferably iridium.

[0069] In the formula (K-I), Q. represents an atomic
group forming a 5- or 6-membered aromatic ring. The 5- or
6-membered aromatic ring formed by Q,; may be an aro-
matic hydrocarbon ring or an aromatic heterocycle, and
examples thereof include a benzene ring, a naphthalene ring,
an anthracene ring, a pyrene ring, a pyridine ring, a quino-
line ring, an isoquinoline ring, a pyridazine ring, a pyrimi-
dine ring, a pyrazine ring, a thiophene ring, a furan ring, a
pyrrole ring, a pyrazole ring, an imidazole ring, a thiazole
ring, an oxazole ring, a thiadiazole ring, an oxadiazole ring,
a triazole ring, a quinoxaline ring, a phthalazine ring, a
naphthylizine ring, a cinnoline ring, a perimidine ring, a
phenanthroline ring, a benzthiazole ring, a benzoxazole ring,
a benzimidazole ring, a phenanthridine ring, etc. Of these,
preferred are a benzene ring, a naphthalene ring, a pyridine
ring, a quinoline ring, an isoquinoline ring, a thiophene ring
and a furan ring, more preferred are a benzene ring, a
naphthalene ring, a pyridine ring, a quinoline ring, an
isoquinoline ring and a thiophene ring, particularly preferred
are a benzene ring, a naphthalene ring and a thiophene ring.

[0070] In the formula (K-I), Q. , represents an atomic
group forming a 5- or 6-membered aromatic azole ring.
Examples of the 5- or 6-membered aromatic azole ring
formed by Q. include a pyridine ring, a quinoline ring, an
isoquinoline ring, a pyridazine ring, a pyrimidine ring, a
pyrazine ring, a pyrazole ring, an imidazole ring, a thiazole
ring, an oxazole ring, a thiadiazole ring, an oxadiazole ring,
a triazole ring, a quinoxaline ring, a phthalazine ring, a
naphthylizine ring, a cinnoline ring, a perimidine ring, a
phenanthroline ring, a benzthiazole ring, a benzoxazole ring,
a benzimidazole ring, a phenanthridine ring, etc. Of these,
preferred are a pyridine ring, a quinoline ring, an isoquino-
line ring, a pyrazole ring and a pyridazine ring, more
preferred are a pyridine ring, a quinoline ring, an isoquino-
line ring and a pyrazole ring, particularly preferred are a
pyridine ring, a quinoline ring and an isoquinoline ring.

[0071] The rings formed by Q,, and Q,, may have a
substituent with examples being the same as those of R ;.
The substituent on the Q,; and Q,, is preferably an alkyl
group, an alkenyl group, an alkynyl group, an aryl group, an
amino group, an alkoxy group, an aryloxy group, an acyl
group, an alkoxycarbonyl group, an aryloxycarbonyl group,
an acyloxy group, an acylamino group, an alkoxycarbony-
lamino group, an aryloxycarbonylamino group, a sulfony-
lamino group, a sulfamoyl group, a carbamoyl group, an
alkylthio group, an arylthio group, a sulfonyl group, a
halogen atom, a cyano group or a heterocyclic group, more
preferably an alkyl group, an aryl group, an alkoxy group, an
aryloxy group, an alkylthio group, an arylthio group, a
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halogen atom, a cyano group or a heterocyclic group,
particularly preferably an alkyl group, an aryl group, an
alkoxy group, an aryloxy group, a halogen atom or a cyano
group. A plurality of the substituents may bond together to
form a ring on the Q,; and Q..

[0072] The ortho-metallation complex containing the moi-
ety represented by the formula (K-I) and the tautomer
thereof may comprise one or more transition metal atom,
thus, may be a so-called multi-nuclear complex. In the
multi-nuclear complex, a plurality of transition metal atoms
may be the same or different atoms.

[0073] The ortho-metallation complex used in the present
invention is more preferably a complex represented by the
following formula (K-IT) or a tautomer thereof.

Formula (K-IT)

I (Lx2)m22

[0074] TIn the formula (K-IT), R**! and R**? represent a
substituent with examples being the same as those of R,
respectively. R¥*? and R¥?? may be further substituted and
may bond together to form a condensed ring. It is preferable
that R®** and R*** are an alkyl group, an aryl group, a
heterocyclic group, an alkoxy group, an aryloxy group or a
halogen atom, respectively, or bond together to form a

24
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condensed ring. It is more preferable that R*¥** and R** are

an alkyl group, an aryl group or a fluorine atom, respec-
tively, or bond together to form a condensed aromatic ring.

[0075] Inthe formula (K-IT), q21 and 22 are an integer of
0 to 4, preferably an integer of O to 2, respectively. It is
particularly preferred that the sum of q21 and q22 is 0, 1 or
2. When 21 is 2 or more, a plurality of R***’s may be the
same or different substituents. When 22 is 2 or more, a
plurality of R***’s may be the same or different substituents.

[0076] In the formula (K-II), L, represents a ligand.
Examples of the ligand of L, include those of the above-
mentioned particular ligand and other ligand for the ortho-
metallation complex. L, is preferably the above-mentioned
particular ligand, a nitrogen-containing heterocyclic ligand,
a diketone ligand, a halogen ligand, a phosphorus ligand, an
isonitrile ligand or a carbon monoxide ligand, more prefer-
ably the above-mentioned particular ligand, a diketone
ligand, a bipyridyl ligand, a phosphorus ligand or an isoni-
trile ligand.

[0077] In the formula (K-II), m21 is an integer of 1 to 3,
preferably 2 or 3, more preferably 3. m22 is an integer of 0
to 5, preferably an integer of 0 to 2, more preferably O or 1.
m21 and m22 are preferably selected in combination with
each other such that the complex represented by the formula
(K-II) is a neutral complex.

[0078] The ortho-metallation complex is preferably a low
molecular weight compound though it may be an oligomer
or a polymer having a plurality of repeating units. The
weight-average molecular weight of the oligomer and poly-
mer determined by polystyrene standard is preferably 1,000
to 5,000,000, more preferably 2,000 to 1,000,000, particu-
larly preferably 3,000 to 100,000. Specific examples of the
ortho-metallation complex used in the present invention will
be illustrated below without intention of restricting the scope
of the present invention defined by the claims attached
hereto.

CH;
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[0079] The ortho-metallation complex used in the present
invention may be synthesized by a known method described
in: Inorg. Chem., 1991, Vol. 30, Page 1685; Inorg. Chem.,
1988, Vol. 27, Page 3464; Inorg. Chem., 1994, Vol. 33, Page
545; Inorg. Chim. Acta, 1991, Vol. 181, Page 245; I.
Organomet. Chem., 1987, Vol. 335, Page 293; J. Am. Chem.
Soc., 1985, Vol. 107, Page 1431, etc.

[0080] The organic layer comprising the compound (I)
may further comprise a charge-transporting material other
than the compound (I), etc. in addition to the above-men-
tioned polymer and transition metal complex.

[0081] The light-emitting device of the present invention
comprises the light-emitting layer, and may further comprise
a hole-injecting layer, a hole-transporting layer, an electron-
injecting layer, an electron-transporting layer, a protective
layer, etc. These layers may have a plurality of functions.
The compound (I) may be contained in any of the layers. The
compound (I) is preferably used for the electron-injecting
layer, the electron-transporting layer and/or the light-emit-
ting layer. Each component of the light-emitting device
according to the present invention will be described in detail
below.

[0082] (A) Positive Electrode

[0083] The positive electrode acts to supply holes to the
hole-injecting layer, the hole-transporting layer, the light-
emitting layer, etc. The positive electrode is generally made
of a metal, an alloy, a metal oxide, an electrically conductive
compound, a mixture thereof, etc., preferably made of a
material having a work function of 4.0 ¢V or more.
Examples of a material for the positive electrode include:
metals such as gold, silver, chromium and nickel; electri-
cally conductive metal oxides such as tin oxide, zinc oxide,
indium oxide and ITO (Indium Tin Oxide); mixtures and
laminations of the metal and the electrically conductive
metal oxide; electrically conductive inorganic compounds
such as copper iodide and copper sulfide; electrically con-
ductive organic compounds such as polyaniline, poly-
thiophene and polypyrrole; laminations of the electrically
conductive organic compound and ITO; etc. Among the
materials, preferred are the electrically conductive metal
oxides, particularly preferred is ITO from the viewpoints of
productivity, electroconductivity, transparency, etc.

[0084] Method for providing the positive electrode may be
selected depending on the material used therefor. For
example, the positive electrode made of ITO may be formed
by an electron beam method, a sputtering method, a resis-
tance heating vapor deposition method, a chemical reaction
method such as a sol-gel method, a coating method using a
dispersion containing indium tin oxide, etc. The positive
electrode may be subjected to a washing treatment, etc., to
lower the driving voltage, or to increase the light-emitting
efficiency of the light-emitting device. For example, in the
case of the positive electrode made of ITO, UV-ozone
treatment and plasma treatment are effective. Sheet resis-
tance of the positive electrode is preferably a few hundred
Q/square or less. Although thickness of the positive elec-
trode may be appropriately selected depending on the mate-
rial used therefor, generally, the thickness is preferably 10
nm to 5 um, more preferably 50 nm to 1 um, particularly
preferably 100 to 500 nm.

[0085] The positive electrode is generally disposed on a
substrate made of a soda lime glass, a non-alkali glass, a
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transparent resin, etc. The glass substrate is preferably made
of the non-alkali glass to reduce ion elution. In the case of
using the soda lime glass, it is preferred that the substrate is
coated with silica, etc. beforehand. Thickness of the sub-
strate is not particularly limited if only it has sufficient
strength. In the case of the glass substrate, the thickness is
generally 0.2 mm or more, preferably 0.7 mm or more.

[0086] (B) Negative Electrode

[0087] The negative electrode acts to supply electrons to
the electron-injecting layer, the electron-transporting layer,
the light-emitting layer, etc. Material for the negative clec-
trode may be selected from metals, alloys, metal halides,
metal oxides, electrically conductive compounds, mixtures
thereof, ete. correspondingly to ionization potential, stabil-
ity, adhesion property with a layer adjacent to the negative
electrode such as the light-emitting layer, etc. Examples of
the material for the negative electrode include: alkali metals
such as Li, Na, K and Cs, and fluorides and oxides thereof;
alkaline earth metals such as Mg and Ca, and fluorides and
oxides thereof; gold; silver; lead; aluminum; alloys and
mixtures of sodium and potassium; alloys and mixtures of
lithium and aluminum; alloys and mixtures of magnesium
and silver; rare earth metals such as indium and ytterbium,
mixtures thereof; etc. The negative electrode is preferably
made of a material having a work function of 4.0 eV or less,
more preferably made of aluminum, an alloy or a mixture of
lithium and aluminum, or an alloy and a mixture of mag-
nesium and silver.

[0088] The negative electrode may have a single-layer
structure or a multi-layer structure. Preferred multi-layer
structure is aluminum/lithium fluoride, aluminum/lithium
oxide, etc. The negative electrode may be provided by an
electron beam method, a sputtering method, a resistance
heating vapor deposition method, a coating method, etc. A
plurality of materials may be simultaneously deposited. The
negative electrode of an alloy may be formed by simulta-
neously depositing a plurality of metals, or by depositing an
alloy prepared beforehand. Sheet resistance of the negative
electrode is preferably a few hundred £2/square or less.
Although thickness of the negative electrode may be appro-
priately selected depending on the material used therefor,
generally, the thickness is preferably 10 nm to 5 um, more
preferably 50 nm to 1 wm, particularly preferably 100 nm to
1 um.

[0089] (C) Hole-Injecting Layer and Hole-Transporting
Layer
[0090] The hole-injecting material and the hole-transport-

ing material used for the hole-injecting layer and the hole-
transporting layer are not particularly limited if they have
any function of: injecting the holes provided from the
positive electrode into the light-emitting layer; transporting
the holes to the light-emitting layer; and blocking the
electrons provided from the negative electrode. Examples of
the hole-injecting material and the hole-transporting mate-
rial include carbazole, triazole, oxazole, oxadiazole, imida-
zole, polyarylalkanes, pyrazoline, pyrazolone, phenylenedi-
amine, arylamines, amino-substituted chalcone,
styrylanthracene, fluorenone, hydrazone, stilbene, silazane,
aromatic tertiary amine compounds, styrylamine com-
pounds, aromatic dimethylidyne compounds, porphyrin
compounds, polysilane compounds, poly(N-vinylcarba-
zole), aniline copolymers, electrically conductive polymers
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and oligomers such as oligothiophenes and polythiophenes,
organic silane compounds, derivatives thereof, carbon, etc.

[0091] Each of the hole-injecting layer and the hole-
transporting layer may have a structure of single-layer made
of one or more materials, or multi-layers made of the same
material or different materials. The hole-injecting layer and
the hole-transporting layer may be formed by a vacuum
deposition method, an LB method, a coating method using
a solution or a dispersion containing the above material such
as a spin-coating method, a casting method and a dip-coating
method, an ink-jet method, a printing method, a transferring
method, etc.

[0092] The solution and the dispersion used in the coating
method may contain a resin. Examples of the resin include
poly(vinyl chloride), polycarbonates, polystyrene, poly(m-
ethyl methacrylate), poly(butyl methacrylate), polyesters,
polysulfones, poly(phenylene oxide), polybutadiene,
poly(N-vinylcarbazole), hydrocarbon resins, ketone resins,
phenoxy resins, polyamides, ethyl celluloses, poly(vinyl
acetate), ABS resins, polyurethanes, melamine resins, unsat-
urated polyester resins, alkyd resins, epoxy resins, silicone
resins, etc. Although the thickness of each of the hole-
injecting layer and the hole-transporting layer is not par-
ticularly limited, generally, the thickness is preferably 1 nm
to 5 um, more preferably 5 nm to 1 um, particularly
preferably 10 to 500 nm.

[0093] (D) Light-Emitting Layer

[0094] In the light-emitting layer, holes injected from the
positive electrode, the hole-injecting layer or the hole-
transporting layer and electrons injected from the negative
electrode, the electron-injecting layer or the electron-trans-
porting layer are recombined to emit light when electric field
is applied to the light-emitting device. A light-emitting
material for the light-emitting layer are not particularly
limited if only they have functions of: receiving the holes
provided from the positive electrode, etc.; receiving the
electrons provided from the negative electrode, etc.; trans-
porting the charges; and providing the occasion where the
holes and the electrons are recombined to emit light when
electric field is applied to the light-emitting device. The
light-emitting material may be such that utilizes singlet
exciton, triplet exciton or both thereof for light emission,
and examples thereof include: benzoxazole, benzoimida-
zole; benzothiazole; styrylbenzene; polyphenyl; diphenylb-
utadiene; tetraphenylbutadiene; naphthalimido; coumarin;
perylene; perynone; oxadiazole; aldazine; pyralidine; cyclo-
pentadiene; bis(styryl)anthracene; quinacridon; pyrrolopyri-
dine; thiadiazolopyridine, cyclopentadiene; styrylamine;
aromatic dimethylidine compounds; metal complexes such
as 8-quinolinol metal complexes, rare-earth metal com-
plexes and ortho-metallation complexes (tris(2-phenylpyri-
dine)-iridium (III), etc.); high molecular weight light-emit-
ting material such as polythiophene, polyphenylene,
polyphenylenevinylene and polyfluorene; organic silane
compounds; derivatives thereof; the compound (I) having a
purine skeleton; etc.

[0095] The light-emitting layer may be formed by: a
resistance heating vapor deposition method; an electron
beam method; a sputtering method; a molecular stacking
method; a coating method such as a spin-coating method, a
casting method and a dip-coating method; an ink-jet method;
a printing method; an LB method; a transferring method; etc.
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Among the methods, the resistance heating vapor deposition
method and the coating method are preferred. Although
thickness of the light-emitting layer is not particularly
limited, generally, the thickness is preferably 1 nm to 5 ym,
more preferably 5 nm to 1 um, particularly preferably 10 to
500 nm.

[0096] (E) Electron-Injecting Layer and Electron-Trans-
porting Layer
[0097] The electron-injecting material and the electron-

transporting material used for the electron-injecting layer
and the electron-transporting layer are not particularly lim-
ited if they have any function of: injecting the electrons
provided from the negative electrode into the light-emitting
layer; transporting the electrons to the light-emitting layer;
and blocking the holes provided from the positive electrode.
Although the electron-injecting layer and/or the electron-
transporting layer is preferably made of the compound (I),
other material may be used therefor. Examples of the other
material include: triazole; oxazole; oxadiazole; fluorenone;
anthraquinodimethane; anthrone; diphenylquinone; thiopy-
ran  dioxide;  carbodimide;  fluorenylidenemethane;
distyrylpyrazine; anhydrides derived from a tetracarboxylic
acid having such a ring as a naphthalene ring and a perylene
ring; phthalocyanine; metal complexes such as 8-quinolinol
metal complexes, metallophthalocyanines, and metal com-
plexes containing a benzoxazole ligand or a benzothiazole
ligand; derivatives thereof; etc.

[0098] Each of the electron-injecting layer and the elec-
tron-transporting layer may have a structure of single-layer
made of one or more materials, or multi-layers made of the
same material or different materials. The electron-injecting
layer and the electron-transporting layer may be formed by
a vacuum deposition method, an LB method, an ink-jet
method, a printing method, a transferring method, a coating
method using a solution or a dispersion containing the above
material such as a spin-coating method, a casting method
and a dip-coating method, etc. The solution and the disper-
sion used in the coating method may contain a resin.
Examples of the resin may be the same as those for the
hole-injecting layer and the hole-transporting layer.
Although thickness of each of the electron-injecting layer
and the electron-transporting layer is not particularly lim-
ited, generally, the thickness is preferably 1 nm to 5 um,
more preferably 5 nm to 1 um, particularly preferably 10 to
500 nm.

[0099] (F) Protective Layer

[0100] The protective layer acts to shield the light-emit-
ting device from penetration of moisture, oxygen, etc. that
promotes deterioration of the device. Examples of a material
for the protective layer include: metals such as In, Sn, Pb,
Au, Cu, Ag, Al, Ti and Ni; metal oxides such as MgO, SiO,
Si10,, Al, O3, GeO, NiO, Ca0, BaO, Fe,0;, Y,0; and TiO,;
metal fluorides such as MgF,, LiF, AlF; and CaF,; polyeth-
ylene, polypropylene; poly(methylmethacrylate); polyim-
ides; polyureas; polytetrafluoroethylene; polychlorotrifluo-
roethylene; polydichlorodifluoroethylene; copolymers of
chlorotrifluoroethylene  and  dichlorodifluoroethylene;
copolymers of tetrafluoroethylene and at least one comono-
mer; fluorine-containing copolymers having a cyclic struc-
ture in the main chain; a moisture-absorbing substance
having a water absorption of 1% or more; a moisture-
resistant substance having a water absorption of 0.1% or
less; etc.
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[0101] The protective layer may be formed by a vacuum
deposition method, a sputtering method, an activated sput-
tering method, a molecular beam epitaxy method (MBE
method), a cluster ion beam method, an ion-plating method,
a plasma polymerization method, a high frequency excita-
tion ion-plating method, a plasma CVD method, a laser
CVD method, a thermal CVD method, a gas source CVD
method, a coating method, an ink-jet method, a printing
method, a transferring method, etc.

EXAMPLES

[0102] The present invention will be explained in further
detail by the following Examples without intention of
restricting the scope of the present invention defined by the
claims attached hereto.

Synthesis Example 1
[0103] Synthesis of Compound (E-2)

NI,
CICH ,CN
_—
NH,
(Y]
NHCH,CN

(H,N—CH=NH,)*AcO-

NHCH,CN

Q
OTE

(E-2)

[0104] 21.6 g of Compound (1), 67.2 g of sodium hydro-
gen carbonate and 150 ml of N,N-dimethylacetamide were
put in a three-necked flask, and 27.8 ml of chloroacetonitrile
was added thereto dropwise over 10 minutes while stirring
at the inner temperature of 50° C. This was stirred for 3
hours at the inner temperature of 50° C., and further stirred
for 2 hours at the inner temperature of 80° C. The resultant
mixture was cooled to room temperature, and 500 ml of
ethyl acetate and 500 ml of water were added thereto to
extract the mixture. Thus-obtained ethyl acetate phase was
washed five times with a mixture of 50 ml of saturated
sodium chloride solution and 400 ml of water, dried over
anhydrous sodium sulfate, and concentrated by a rotating
evaporator. Residue was added 70 ml of acetonitrile to and
stirred in an ice bath to precipitate a crystal. Then, the crystal
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was separated by vacuum filtration and dried to prepare 27.4
g of Compound (2) (Yield: 74%). 18.6 g of Compound (2),
208 g of formamidine acetate and 400 ml of 1-methoxy-2-
propanol were put in a three-necked flask and stirred for 6
hours under heat reflux. This was cooled to the room
temperature to precipitate a crystal, and then, the crystal was
separated by vacuum filtration. Thus-obtained crystal was
stirred in ethanol under heat reflux, separated by vacuum
filtration, and dried to prepare 27.0 g of Compound (E-2)
(Yield: 86%).

Synthesis Example 2

[0105] Synthesis of Compound (E-8)
NO,
1) Hy, P4/C
2) SOH
NO,
® /AHL0
SO.H
@
SO;H
SO3H
)
NHCH,CN
() ) e
NHCH,CN
(6)
N

AN
\
Na
(E-8)

[0106] 48.8 g of Compound (3), 5 g of wet Pd/C (10%)
and 240 ml of methanol were put in an autoclave having an
inner volume of 1000 ml and stirred at an inner temperature
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of 50° C. for 3 hours under a hydrogen pressure of 100
atmospheres while heating. After the resultant mixture was
cooled to the room temperature, Pd/C was removed by
filtration, and a solution containing 72 g of Compound (4)
and 200 ml of methanol was added to the mixture to
precipitate a crystal. Then, thus-obtained crystal was sepa-
rated by vacuum filtration and dried under a reduced pres-
sure to prepare 92.5 g of Compound (5) (Yield: 98%).

[0107] 47.2 g of Compound (5), 67.2 g of sodium hydro-
gen carbonate and 150 ml of N,N-dimethylacetamide were
put in a three-necked flask, and 13.9 ml of chloroacetonitrile
was added thereto dropwise over 10 minutes while stirring
at the inner temperature of 50° C. This was stirred for 3
hours at the inner temperature of 50° C., and further stirred
for 2 hours at the iner temperature of 80° C. The resultant
mixture was cooled to the room temperature, and 500 ml of
ethyl acetate and 500 ml of water were added thereto to
extract the mixture. Thus-obtained ethyl acetate phase was
washed five times with a mixture of 50 ml of saturated
sodium chloride solution and 400 ml of water, dried over
anhydrous sodium sulfate, and concentrated by a rotating
evaporator. Residue was purified by a silica gel column
chromatography to prepare 21.5 g of Compound (6) (Yield:
82%).

[0108] 26.2 g of Compound (6), 208 g of formamidine
acetate and 400 ml of butanol were put in a three-necked
flask and stirred for 8 hours under heat reflux. This was
cooled to the room temperature to precipitate a crystal, and
then, the crystal was separated by vacuum filtration. Thus-
obtained crystal was stirred in ethanol under heat reflux,
separated by vacuum filtration, and dried to prepare 29.3 g
of Compound (E-8) (Yield: 75%).

Synthesis Example 3
[0109] Synthesis of Compound (E-41)

NH,
CH,
CICH,CN
_ =
NH,
™
NHCH,CN
CH;4
(H,N— CH=—NI,)*AcO"
NHCH,CN

®
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-continued

[0110] 24.4 g of Compound (7), 67.2 g of sodium hydro-
gen carbonate and 100 ml of N,N-dimethylacetamide were
put in a three-necked flask, and 27.8 ml of chloroacetonitrile
was added thereto dropwise over 10 minutes while stirring
at the inner temperature of 50° C. This was stirred for 3
hours at the inner temperature of 50° C., stirred for 2 hours
at the inner temperature of 80° C., and further stirred for 3
hours at the inner temperature of 120° C. while heating. The
resultant mixture was cooled to the room temperature, and
500 ml of ethyl acetate and 500 ml of water were added
thereto to extract the mixture. Thus-obtained ethyl acetate
phase was washed five times with a mixture of 50 ml of
saturated sodium chloride solution and 400 ml of water,
dried over anhydrous sodium sulfate, and concentrated by a
rotating evaporator. Residue was purified by a silica gel
column chromatography and by recrystallization from
methanol to prepare 30.0 g of Compound (8) (Yield: 75%).

[0111] 20.0 g of Compound (8), 208 g of formamidine
acetate and 400 ml of 1-methoxy-2-propanol were put in a
three-necked flask and stirred for 15 hours under heat reflux.
This was cooled to the room temperature and concentrated
by an evaporator, and then, residue was purified by a silica
gel column chromatography to prepare 22.3 g of Compound
(E-41) (Yield: 68%).

Synthesis Example 4

[0112] Synthesis of Compound (E-42)
NH,
CICH,CN
NH,
NH,
M
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-continued

NHCH,CN

(H,N— CH=NI,)* AcO"

NHCH,CN

NHCH,CN
®)
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[0113] 24.6 g of Compound (9), 100.8 g of sodium hydro-
gen carbonate and 100 ml of N,N-dimethylacetamide were
put in a three-necked flask, and 41.8 ml of chloroacetonitrile
was added thereto dropwise over 30 minutes while stirring
at the inner temperature of 50° C. This was stirred for 3
hours at the inner temperature of 50° C., stirred for 2 hours
at the inner temperature of 80° C., and further stirred for 3
hours at the inner temperature of 120° C. while heating. The
resultant mixture was cooled to the room temperature, and
500 ml of ethyl acetate and 500 ml of water were added
thereto to extract the mixture. Thus-obtained ethyl acetate
phase was washed five times with a mixture of 50 ml of
saturated sodium chloride solution and 400 ml of water,
dried over anhydrous sodium sulfate, and concentrated by a
rotating evaporator. Residue was purified by a silica gel
column chromatography to prepare 30.3 g of Compound
(10) (Yield: 63%).

[0114] 24.0 g of Compound (10), 312 g of formamidine

acetate and 400 ml of 1-methoxy-2-propanol were put in a
N three-necked flask and stirred for 15 hours under heat reflux.
This was cooled to the room temperature and concentrated
by an evaporator, and then, residue was purified by a silica
gel column chromatography to prepare 25.9 g of Compound
(E-42) (Yield: 60%).

Synthesis Example 5

[0115] Synthesis of Compound (E-51)

HN

BrCH,CN
N/ T\ /™
an
/ \ (H,N— CH==NH,)*AcO"
NHCH,CN

ope
7\

N\ —

(E-S1)
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[0116] 34.5 g of Compound (11), 34.0 g of sodium hydro-
gen carbonate and 100 ml of N,N-dimethylacetamide were
putin a three-necked flask, and 15.2 ml of bromoacetonitrile
was added thereto dropwise over 30 minutes while stirring
at the inner temperature of 50° C. This was stirred for 3
hours at the inner temperature of 50° C., stirred for 2 hours
at the inner temperature of 80° C., and further stirred for 2
hours at the inner temperature of 120° C. while heating. The
resultant mixture was cooled to the room temperature, and
500 ml of ethyl acetate and 500 ml of water were added
thereto to extract the mixture. Thus-obtained ethyl acetate
phase was washed five times with a mixture of 50 ml of
saturated sodium chloride solution and 400 ml of water,
dried over anhydrous sodium sulfate, and concentrated by a
rotating evaporator. Residue was added 150 ml of acetoni-
trile to and stirred in an ice bath to precipitate a crystal.
Then, the crystal was separated by vacuum filtration to
prepare 32.6 g of Compound (12) (Yield: 77%).

[0117] 42.3 g of Compound (12), 208 g of formamidine
acetate and 260 ml of 1-methoxy-2-propanol were put in a
three-necked flask and stirred for 4 hours under heat reflux.
This was cooled to the room temperature, added 1 L of
chloroform to, and stirred to precipitate a crystal. The crystal
was removed by filtration and the resultant filtrate was
concentrated by a rotating evaporator. Then, residue was
purified by a silica gel column chromatography to prepare
283 g of Compound (E-51) (Yield: 51%). Thus-obtained
Compound (E-51) had a melting point of 263 to 267° C.

Synthesis Example 6
[0118] Synthesis of Compound (E-13)

NH,

BrCH,CN

—_—
H,N NH,

13)
NHCH,CN
HL,NCH——=NI,)*AcO"

NC—CH,NH NHCH,CN

(4

[0119] 12.3 gof Compound (13), 50.4 g of sodium hydro-
gen carbonate and 100 ml of N,N-dimethylacetamide were

(E-13)
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put in a three-necked flask, and 22.8 ml of bromoacetonitrile
was added thereto dropwise over 30 minutes while stirring
at the inner temperature of 50° C. This was stirred for 3
hours at the inner temperature of 50° C., stirred for 2 hours
at the inner temperature of 80° C., and further stirred for 12
hours at the inner temperature of 120° C. while heating. The
resultant mixture was cooled to the room temperature and
poured into an ice bath to precipitate a crystal. The crystal
was separated by vacuum filtration and stirred in a mixed
solvent of 100 ml of chloroform and 100 ml of methanol
under heat reflux. After 3 hours of stirring, the resulting
crystal was separated by vacuum filtration to prepare 8.6 g
of Compound (14) (Yield: 36%).

[0120] 8.6 g of Compound (14), 112 g of formamidine
acetate and 150 ml of 1-methoxy-2-propanol were put in a
three-necked flask and stirred for 24 hours under heat reflux.
This was cooled to the room temperature and poured into an
ice bath to precipitate a crystal. The crystal was separated by
filtration, and then, 100 ml of chloroform and 100 ml of
methanol was added to the crystal. The resultant mixture
was stirred for 10 hours under heat reflux and subjected to
vacuum filtration to prepare 2.33 g of Compound (E-13)
(Yield: 15%). Thus-obtained Compound (E-13) had a melt-
ing point of 270° C. or more.

Synthesis Example 7

[0121] Synthesis of Compound (E-64)

o o
\B/
(0] (0]
\ /
/’ A\
Z N o o
|\ | \>—Br (16)
N N
H
(15)
N
LN
H—N /N
H
/
N, N,
S \ N
JNA W/ )
(E-64)
[0122] 1.99 g of Compound (15), 1.37 g of Compound

(16), 2.5 g of sodium hydrogen carbonate, 0.20 g of triph-
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enylphosphine, 10 ml of toluene, 1.5 ml of ethanol and 5 ml
of water were put in a three-necked flask, and thereto was
further added 0.1 g of palladium (II) chloride-triphenylphos-
phine complex while stirring under reflux. The resultant
mixture was stirred for 10 hours under heat reflux and added
to acetonitrile to precipitate a crystal. The crystal was
separated by vacuum filtration and washed with water. Then,
the crystal was washed in a mixed solvent of 20 ml of
methanol and 20 ml of chloroform while stirring under heat
reflux, and subjected to vacuum filtration to prepare 0.32 g
of Compound (E-64) (Yield: 25%). Thus-obtained Com-
pound (E-64) had a melting point of 270° C. or more.
Incidentally, Compound (15) was synthesized by a method
described in Journal of Organic Chemistry, Vol. 27, Page
986 (1962).

Synthesis Example 8
[0123] Synthesis of Compound (E-57)

cl
N
N | CH,l
Y
Iz
(18)
cl
7 N HO OH
0 (O
\N N @0y
CH, BUOK
19

N N
CHy” N\/ N N\/ N\CH3
(E-57)

[0124] 15.5 g of Compound (18) and 100 ml of tetrahy-
drofuran were put in a three-necked flask, and 16.5 ml of
1,8-diazabicyclo[ 5,4,0]-7-undecene was added thereto drop-
wise over 7 minutes while stirring at the inner temperature
of 7 to 9° C. in an ice bath. After stirring the resultant
mixture for 10 minutes, 8.1 ml of iodomethane was added
thereto dropwise over 10 minutes at 8 to 10° C. This was
stirred for 1 hour at 8 to 10° C., and further stirred for 5
hours while raising the temperature to the room temperature.
The resulting mixture was concentrated by a rotating evapo-
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rator, and purified by a silica gel column chromatography to
prepare 8.5 g of Compound (19) (Yield: 50%).

[0125] 9.13 g of Compound (20) and 30 ml of N,N-
dimethylacetamide were put in a three-necked flask, and
9.87 g of potassium-t-butoxide was added thereto while
stirring at the room temperature. This was stirred for 20
minutes at the inner temperature of 100° C. and cooled to the
room temperature. Then, 14.84 g of Compound (19) was
added thereto while stirring and stirred at the room tem-
perature for 2 hours, and this was further stirred at the inner
temperature of 100° C. for 2 hours while heating. The
resulting mixture was cooled to the room temperature and
poured into an ice bath to precipitate a crystal. The crystal
was separated by vacuum filtration, and then, a mixed
solvent of 20 ml of chloroform and 30 ml of methanol was
added to the crystal. The mixture was stirred for 1 hour
under heat reflux, 20 ml of the mixed solvent was distilled
off, and the resulting crystal was separated by vacuum
filtration to prepare 11.7 g of Compound (E-57) (Yield:
59%). Thus-obtained Compound (E-57) had a melting point
of 270° C. or more.

Example 1

[0126] A glass substrate having an ITO electrode was
washed, and on the glass substrate were vacuum vapor-
deposited copper phthalocyanine in 5 nm thickness, N,N'-
bis(1-naphtyl)-N,N'-diphenylbenzidine (NPD) in 40 nm
thickness, Blue Light-Emitting Material A in 20 nm thick-
ness, and Compound shown in Table 1 in 40 nm thickness
in this order under a condition of 1.0x107? to 1.3x107> Pa.
Then, on the resulting laminate was disposed a mask pat-
terned for a light-emitting area of 4 mmx5 mm, magnesium
and silver (mole ratio: magnesium/silver=10/1) was co-
vapor-deposited thereon into 250 nm, and silver was further
vapor-deposited thereon into 300 nm under a condition of
1.0x10 * to 1.3x10° Pa, whereby the light-emitting devices
101 to 113 shown in Table 1 were produced, respectively.
Incidentally, the light-emitting devices 101 to 113 were
sealed in a dried glove box.

[0127] Thus-obtained each light-emitting device was
made to emit light while applying direct current voltage
thereto by “Source-Measure Unit 2400” manufactured by
TOYO CORPORATION, and measured with respect to
luminance, emission wavelength and chromaticity coordi-
nates (CIE). The luminance was measured by “Luminance
Meter BM-8” manufactured by TOPCON CORPORATION,
and the emission wavelength and the chromaticity coordi-
nates were measured by “Spectral Analyzer PMA-11”
manufactured by Hamamatsu Photonics K.K. Further, each
light-emitting device was allowed to stand at 85° C. under
a condition of 70% RH for 3 days, and then, evaluated with
respect to a relative luminance at a driving voltage of 10 V
and the existence of a dark spot in the light-emitting surface.
Incidentally, the relative liminance was a value relative to
the standard value of 100, which expressed the luminance
measured immediately after the production of the light-
emitting device at a driving voltage of 10 V. The dark spot
was a portion that emitted no light, and the existence of the
dark spot was evaluated by visual observation. The results
are shown in Table 1. Blue Light-Emitting Material A and
Comparative Compounds 1 to 5 will be shown below.
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TABLE 1
Light- Emission Maximum  Chromaticity ~ Minimum
Emitting Wavelength  Luminance  Coordinates Driving Relative
Device Compound Anax (0001) (cd/m?) X,Y) Voltage (V)  Luminance Dark Spot
101  Comparative 460 510 (0.15, 0.15) 6 79 Not Comparative
Compound 1 Observed
102 Comparative 462 320 (0.15, 0.15) 7 19 Observed  Comparative
Compound 2
103 Comparative 461 660 (0.15, 0.15) 6 12 Observed  Comparative
Compound 3
104  Comparative 460 710 (0.15, 0.14) 6 17 Observed Comparative
Compound 4
105 (B-13) 460 2711 (0.15, 0.14) 4 88 Not Present
Observed  Invention
106 (E-16) 461 3030 (0.15, 0.16) 4 91 Not Present
Observed Invention
107 (E-20) 461 3798 (0.15, 0.15) 4 93 Not Present
Observed  Invention
108 (B-41) 462 2560 (0.15, 0.14) 4 86 Not Present
Observed Invention
109 (E-42) 461 4013 (0.15, 0.14) 4 95 Not Present
Observed  Invention
10 (B-43) 461 3489 (0.15, 0.15) 4 94  Not Present
Observed Invention
111 (E-51) 461 3120 (0.15, 0.15) 4 87 Not Present
Observed Invention
12 (B-57) 461 3830 (0.15, 0.15) 4 94  Not Present
Observed  Invention
113 Comparative 461 240 (0.15, 0.15) 6 35 Observed Comparative
Compound 5
Blue Light-Emitting Material A
C=—CH CH=C

[0128] Comparative Compound 1 disclosed in Japanese

Patent Laid-Open No. 10-92578

N,
=
N@

[0129] Comparative Compound 2 (PBD)

O*/N*‘.l<

[0130] Comparative Compound 3 disclosed in Japanese
Patent Laid-Open No. 2000-63818

I
\

CN
H
~
N
N=<

t(:41—19
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[0131] Comparative Compound 4 Comparative Com-

pound 5
NC N\ S
J\

N
N

N/_ N o) OCH;

[0132] As shown in Table 1, the Compound (I) having a
purine skeleton acted as an electron-transporting material in
a non-doped type, light-emitting device, so that each of the
light-emitting devices 105 to 112 according to the present
invention using the Compound (I) emitted a blue light with
high luminance and excellent color purity. Further, each of
the light-emitting devices 105 to 112 according to the
present invention was not extremely lowered in the lumi-
nance and provided no dark spot during the storage at a high
temperature, to be excellent in durability.

Example 2

[0133] A glasssubstrate of 25 mmx25 mmx0.7 mm in size
having an ITO positive electrode of 150 nm thickness, which
was manufactured by Sanyo Vacuum Industries Co., Ltd.,
was subjected to etching and washing. On the ITO positive
electrode was vapor-deposited copper phthalocyanine in
approximately 10 nm thickness, and further, thereon were
vacuum vapor-deposited N,N'-bis(3-methylphenyl)-N,N'-
diphenylbenzidine (TPD) in approximately 40 nm thickness,
a material composed of Host Material and Light-Emitting
Material shown in Table 2 in approximately 20 nm thick-
ness, bathocuproin in approximately 6 nm thickness and
tris(8-hydroxyquinolinato)aluminum (Alg) in approxi-
mately 20 nm thickness in this order at the room temperature
under a condition of 107 to 10~* Pa. Then, on the resulting
laminate was disposed a mask patterned for a light-emitting
area of 5 mmx4 mm, magnesium and silver (mole ratio:m-
agnesium/silver=10/1) was co-vapor-deposited thereon into
250 nm and silver was further vapor-deposited thercon into
300 nm in a deposition apparatus, whereby the light-emit-
ting devices 201 to 221 shown in Table 2 were produced,
respectively.

[0134] Thus-obtained each light-emitting device was
made to emit light while applying direct current voltage by
“Source-Measure Unit 2400” manufactured by TOYO
CORPORATION, and measured with respect to luminance

38

Apr. 17,2003

and emission wavelength. The luminance was measured by
“Luminance Meter BM-8” manufactured by TOPCON
CORPORATION, and the emission wavelength was mea-
sured by “Spectral Analyzer PMA-11" manufactured by
Hamamatsu Photonics K.K. Further, each light-emitting
device was put in an autoclave where the inner atmosphere
was replaced with argon gas, allowed to stand at 85° C. for
3 days, and then, measured with respect to luminance and
evaluated with respect to the existence of the dark spot in the
light-emitting surface. The results are shown in Table 2, and
structure of CBP will be shown below.

TABLE 2
Light- Light- Emission
Emitting Host Emitting Wavelength
Device Material ~ Material Amax (nM)
201 CBP K-1 513 Comparative
202 CBP K-2 488 Comparative
203 CBP K-30 468 Comparative
204 (E-13) K-1 514 Present Invention
205 (E-13) K2 488 Present Invention
208 (E-13) K-30 469 Present Invention
207 (E-16) K-1 514 Present Invention
208 (E-16) K2 487 Present Invention
209 (E-43) K-1 513 Present Invention
210 (E-43) K-2 488 Present Invention
211 (E-43) K-30 466 Present Invention
212 (E-50) K-1 512 Present Invention
213 (E-50) K-2 487 Present Invention
214 (E-51) K-1 514 Present Invention
215 (E-51) K2 489 Present Invention
216 (E-60) K-1 513 Present Invention
217 (E-60) K-2 487 Present Invention
218 (E-60) K-30 468 Present Invention
219 (E-66) K-1 513 Present Invention
220 (E-66) K-2 487 Present Invention
221 (E-66) K-30 468 Present Invention
Light-Emitting Properties
Immediately after Production
of Light-Emitting Device Light-Emitting Properties after
Luminance Storage at 85° C.
(at Applying External  Luminance
Light- Voltage Quantum  (at Applying
Emitting of 12V, Efficiency  Voltage of
Device cd/m?) (%) 12 V, cd/m?) Dark Spot
201 36600 8.1 11700  Observed
202 8200 6.4 3000 Observed
203 4000 1.8 800 Observed
204 42100 9.9 38100  Hardly Observed
205 9200 7.3 7800  Hardly Observed
206 11000 5.3 9700  Hardly Observed
207 37800 9.3 30900  Hardly Observed
208 8800 7.1 7900 Hardly Observed
209 40400 8.8 37400 Hardly Observed
210 9100 6.8 8200  Hardly Observed
211 8900 4.6 8100  Hardly Observed
212 38800 9.7 33700  Hardly Observed
213 8900 7.8 7700  Hardly Observed
214 37000 8.6 34600  Hardly Observed
215 8700 7.2 7600 Hardly Observed
216 39600 10.5 32400 Hardly Observed
217 9700 8.5 8100  Hardly Observed
218 10600 6.4 8600  Hardly Observed
219 40800 11.4 33200 Hardly Observed
220 11200 9.2 9100  Hardly Observed
221 11000 7.3 8600  Hardly Observed
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[0135] CBP disclosed in Applied Physics Letters, 75, 4
(1999)

[0136] As shown in Table 2, the comparative light-emit-
ting devices 201 to 203 using CBP as a host material
exhibited remarkable reduction of the luminance and the
presence of the dark spot after the storage at the high
temperature. As compared with this, the light-emitting
devices 204 to 221 according to the present invention using
the Compound (I) having a purine skeleton exhibited only a
little reduction of the luminance and an excellent light-
emitting surface after the storage, to be improved in dura-
bility.

Example 3

[0137] A glass substrate of 25 mmx25 mmx0.7 mm in size
having an I'TO positive electrode of 150 nm thickness, which
was manufactured by Sanyo Vacuum Industries Co., Ltd.,
was subjected to etching and washing. The ITO positive
electrode was spin-coated with a solution prepared by dis-
solving 40 mg of poly(N-vinylcarbazole) (PVK), 12 mg of
2-(4-tert-butylphenyl)-5-(bipheny1-4-yl)-1,3,4-oxadiazole
(PBD) and 1 mg of the light emitting material K-1 in 3 ml
of 1,2-dichloroethane. The resultant organic layer disposed
on the ITO positive electrode had thickness of approxi-
mately 120 nm. Then, a negative electrode was disposed on
the organic layer by vapor deposition in the same manner as
Example 2 to produce the light-emitting device 301 shown
in Table 3. Further, light-emitting devices 302 to 319 were
produced in the same manner as the light-emitting device
301 except for using 20 mg of Host Material and 1 mg of
Light-Emitting Material shown in Table 3. Structures of
PVK and PBD will be shown below.

PVK
—t-CHCHJn—
Weight-Average Molecular Weight
(determined by polystyrene standard): 23,000
PBD

@*”
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-continued
Coumarin 6
I Q
/Q:\r S
Et o
Sy 6] o]
Et
[0138] Thus-obtained each light-emitting device was

made to emit light while applying direct current voltage by
“Source-Measure Unit 24007 manufactured by TOYO
CORPORATION, and measured with respect to luminance
and emission wavelength. The luminance was measured by
“Luminance Meter BM-8” manufactured by TOPCON
CORPORATION, and the emission wavelength was mea-
sured by “Spectral Analyzer PMA-11" manufactured by
Hamamatsu Photonics K.K. Further, each light-emitting
device was put in an autoclave where the inner atmosphere
was replaced with argon, allowed to stand at 85° C. for 3
days, and then, measured with respect to luminance and
evaluated with respect to the existence of the dark spot in the
light-emitting surface. The results are shown in Table 3.

TABLE 3
Light- Light- Emission
Emitting Host Emitting Wavelength
Device Material ~ Material Amax (01)
301 — K-1 514 Comparative
302 — K-2 488 Comparative
303 CBP K-1 513 Comparative
304 CBP K-2 488 Comparative
305 (E-8) K-1 513 Present Invention
306 (E-20) K-1 514 Present Invention
307 (E-41) K1 513 Present Invention
308 (E-42) K-1 513 Present Invention
309 (E-42) K2 487 Present Invention
310 (E-43) K-1 512 Present Invention
311 (E-44) K-1 513 Present Invention
312 (E-45) K-1 514 Present Invention
313 (E-46) K-1 513 Present Invention
314 (E-51) K1 514 Present Invention
315 (E-51) K2 488 Present Invention
316 (E-52) K-1 513 Present Invention
317 (E-52) K2 487 Present Invention
318 Comparative K-1 514 Comparative
Compound 5
319 Comparative K-2 488 Comparative
Compound 5
Light-Emitting Properties
Immediately after Production
of Light-Emitting Device Light-Emitting Properties after
Luminance Storage at 85° C.
(at Applying FExternal ~ Luminance
Light- Voltage Quantum  (at Applying
Emitting of 18 V, Efficiency  Voltage of
Device cd/m?) (%) 18 V, ¢d/m?) Dark Spot
301 11200 2.6 3200 Observed
302 8400 2 2100 Observed
303 12300 2.9 2800 Observed
304 9600 2.3 1600 Observed
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TABLE 3-continued

305 17600 4.1 13600  Hardly Observed
306 14800 3.6 11700  Hardly Observed
307 16700 3.7 12600  Hardly Observed
308 15200 3.6 11900  Hardly Observed
309 12900 31 9600  Hardly Observed
310 14300 3.6 11000 Hardly Observed
311 15000 3.7 11400  Hardly Observed
312 17200 3.8 13900 Hardly Observed
313 14600 3.6 11800  Hardly Observed
314 17700 3.5 12400  Hardly Observed
315 11900 3.8 10400  Hardly Observed
316 18200 38 14800  Hardly Observed
317 12800 4.2 12100 Hardly Observed
318 13400 3.2 5800  Observed

319 10600 2.7 4100 Observed

[0139] As shown in Table 3, although a coating type,
light-emitting device was conventionally poor in the light-
emitting efficiency in general, the light-emitting devices 305
to 317 according to the present invention using the Com-
pound (I) having a purine skeleton were high in the lumi-
nance and the light-emitting efficiency and excellent in the
durability.
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Example 4

[0140] A glass substrate of 25 mmx25 mmx0.7 mm in size
having an I'TO positive electrode of 150 nm thickness, which
was manufactured by Sanyo Vacuum Industries Co., Ltd.,
was subjected to etching and washing. On the ITO positive
electrode were vacuum vapor-deposited tetrakis(4-dipheny-
laminophenyl)silane in approximately 50 nm thickness, a
material composed of Host Material and Light-Emitting
Material shown in Table 4 in approximately 36 nm thickness
and Compound (17) in approximately 36 nm thickness in
this order at the room temperature under a condition of 107>
to 10* Pa. Then, on the resulting laminate was disposed a
mask patterned for a light-emitting area of 5 mmx4 mm,
magnesium and silver (mole ratio:magnesium/silver=10/1)
was co-vapor-deposited thereon into 250 nm and silver was
further vapor-deposited thereon into 300 nm in a deposition
apparatus, whereby the light-emitting devices 401 to 407
shown in Table 4 were produced, respectively. Thus-ob-
tained each light-emitting device was measured with respect
to luminance and emission wavelength and evaluated with
respect to the existence of the dark spot in the same manner
as Example 2. The results are shown in Table 4, and structure
of Compound (17) will be shown below.

TABLE 4

an

Emission Wavelength

Light-Emitting Device Host Material Light-Emitting Material Amax (M)

401 CBP K-50 485 Comparative

402 (E-13) K-50 463 Present Invention
403 (E-42) K-50 463 Present invention
404 (E-47) K-50 463 Present Invention
405 (E-48) K-50 463 Present Invention
406 (E-51) K-50 463 Present Invention
407 (E-57) K-50 463 Present Invention

Light-Emitting Properties Immediately after
Production of Light-Emitting Device

Light-Emitting Properties after
Storage at 85° C.

Luminance (at Applying
Voltage of 12 V, cd/m?)

Light-Emitting Device

External Quantum
Efficiency (%)

Luminance (at Applying
Voltage of 12 V, cd/m?) Dark Spot

401 216
402 4400
403 4100
404 4700
405 5200
406 5400
407 5600

0.9 32 Observed

7.2 3200 Hardly Observed

6.6 3400 Hardly Observed

7.5 3000 Hardly Observed

81 4100 Hardly Observed

8.7 4600 Hardly Observed
10.0 4800 Hardly Observed
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[0141] As shown in Table 4, the comparative light-emit-
ting device 401 using CBP as a host material was low in the
luminance and the external quantum efficiency immediately
after production of light-emitting device, and exhibited
remarkable reduction of the luminance and the presence of
the dark spot after the storage at the high temperature. As
compared with this, the light-emitting devices 402 to 407
according to the present invention using the Compound (I)
having a purine skeleton were high in the luminance and the
external quantum efficiency immediately after production of
light-emitting device, and exhibited only a little reduction of
the luminance and an excellent light-emitting surface after
the storage, to be excellent in both of the light-emitting
properties and the durability.

[0142] As described in detail above, the light-emitting
device of the present invention uses the compound of the

formula (I) having a purine skeleton as the host material, the
charge-transporting material, etc., to emit light with high
luminance and excellent light-emitting efficiency. Further,
the light-emitting device of the present invention exhibits
only a little reduction of the luminance and has an excellent
light-emitting surface after storage at a high temperature, to
be excellent in durability. Although a conventional, coating
type, light-emitting device has been poor in light-emitting
efficiency, the coating type, light-emitting device according
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Formula (T)

Rz A
1 : II\I_(Rn)n
N

m

wherein R, ; represents a substituent; R, represents a hydro-
gen atom, an aliphatic hydrocarbon group, an aryl group or
a heterocyclic group; R, ; represents a hydrogen atom or a
substituent; n represents an integer of 0 to 2; L represents a
single bond or a linking group; and m represents an integer
of 2 or more.

2. The light-emitting device of claim 1, wherein said
compound is represented by the following formula (II):

Formula (II)

Rog
. X
Lllﬁ—: I?I_(Rzﬂnm
R% N N
Ra6 Y. Ras_ PN
PN Y | ¥
15 L—— T Raz2u22
/\ -~ /)
R N N

wherein R,;, R,, and R,; represent a substituent, respec-
tively; R,,, R,s and R, represent a hydrogen atom, an
aliphatic hydrocarbon group, an aryl group or a heterocyclic
group, respectively; R,-, Rog and R, represent a hydrogen
atom or a substituent, respectively; n21, n22 and n23 rep-
resent an integer of 0 to 2, respectively; L, L, and L4
represent a single bond or a linking group, respectively; and
Y represents a nitrogen atom or a 1,3,5-benzenetriyl group.
3. The light-emitting device of claim 1, wherein said
compound is represented by the following formula (XI):

Formula (XI)

Ryis
N/\I_ o fate N I/\N
Ri1Datiz—— —ll—Lns Lo N ——Ri1ai1t
> F \ x> Z
kN/\N)\RHS 2—Ly1—7s 7 N/\N)

to the present invention is excellent in both of light-emitting
properties and durability.

What is claimed is:

1. A light-emitting device comprising a pair of electrodes
and one or more organic layers disposed between said
electrodes, said one or more organic layers comprising a
light-emitting layer, wherein at least one of said one or more
organic layers comprises a compound represented by the
following formula (I):

wherein R,,, and R, ,, represent a substituent, respectively;
R,;; and R ,, represent a hydrogen atom, an aliphatic
hydrocarbon group, an aryl group or a heterocyclic group,
respectively; R, ;5 and R, represent a hydrogen atom or a
substituent, respectively; n111 and n112 represent an integer
of 0 to 2, respectively; Z, and Z, represent an arylene group
or a divalent aromatic heterocyclic group, respectively; L,
represents a single bond or a linking group; and L,,, and
L . represent a single bond, —O—, —S— or —N(R;,)}—,

1
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respectively, in which R, represents a hydrogen atom, an
aliphatic hydrocarbon group, an aryl group or a heterocyclic
group.

4. The light-emitting device of claim 2, wherein said
compound is represented by any one of the following

formulae (III) and (IV): Formula (IID)

N—= - Rat)n3t

\ .

\/
N

N N
/
Riq
R

N.
(R33)u33 =

N
O

Razha

35
Y !
N
=/

wherein R5;, Ry, and R, represent a substituent, respec-
tively; Ry, Ry and Ry represent a hydrogen atom, an
aliphatic hydrocarbon group, an aryl group or a heterocyclic
group, respectively; and n31, n32 and n33 represent an
integer of 0 to 2, respectively;

N/
e
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Formula (IV)

Rat)nas
i
N
SN
N Ryg

Ryg —"N»
>\ //
N/ ¥ )N\ \ hIII\(R42)n42
% Rys \N
P

NS
(R43);3/

wherein R, ;, R,, and R,; represent a substituent, respec-
tively; R,,, R s and R, represent a hydrogen atom or a
substituent, respectively; and n41, n42 and n43 represent an
integer of O to 2, respectively.

5. The light-emitting device of claim 3, wherein said
compound is represented by any one of the following
formulae (XII) and (XIII):

Ri26)126
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wherein R;,; and R, represent a substituent, respectively;
R;,; and R,,, represent a hydrogen atom or a substituent,
respectively; R,,5 and R, represent a substituent, respec-
tively; n121 and nl22 represent an integer of 0 to 2,
respectively; n125 and n126 represent an integer of 0 to 4,
respectively; and L,,,; represents a single bond or a linking

group;

Formula (XIII)

(TISS)HBS (T137)n137
<\: />_L131_<\ >
1|~133 ]|—132
N | = N N Z | N
M A KA
Rizs N N Rizz Rz N Il\T Riz
Rise Ryss

wherein R;5; and R,5, represent a hydrogen atom or a
substituent, respectively; R, 55 and R 5, represent a hydrogen
atom or a substituent, respectively; R, 55 and R, 5, represent
a hydrogen atom, an aliphatic hydrocarbon group, an aryl
group or a heterocyclic group, respectively; R,5- and R, 44
represent a substituent, respectively; n137 and n138 repre-
sent an integer of 0 to 4, respectively; L,5; represents a
single bond or a linking group; and L5, and L5 represent
a single bond, —O—, —S— or —N(R ;4)—, respectively,
in which R,5 represents a hydrogen atom, an aliphatic
hydrocarbon group, an aryl group or a heterocyclic group.

6. The light-emitting device of claim 1, wherein at least
one of said one or more organic layers comprises said
compound dispersed in a polymer.

7. The light-emitting device of claim 1, wherein at least
one of said one or more organic layers comprises said
compound and a transition metal complex.

8. The light-emitting device of claim 7, wherein said
transition metal complex is an ortho-metallation complex.

9. The light-emitting device of claim 1, wherein said
compound is used as a host material, weight ratio of said
compound being 1 to 99 weight % based on the total of the
organic layer comprising said compound.

10. The light-emitting device of claim 1, wherein said
compound is used as a material other than a host material,
weight ratio of said compound being 1 to 100 weight %
based on the total of the organic layer comprising said
compound.

Formula (XII)

=
| (les)nly N‘/(\l Ruzt)ni21
N e
_ )\ / 121 \ /

Rz | )
1221227 )\
KN N/

Ryoq
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11. A heterocyclic compound represented by any one of

the following formulae (III) and (IV): Formula (III

N—_~ Ra)nat
X
N N
e
R34
Ris
/

N,
Rs3)uas N =
\ \ u

< \
—

N w
R3¢ N=/

Rz

wherein R5;, Ry, and R,; represent a substituent, respec-
tively; Ry, Ry and Ry represent a hydrogen atom, an
aliphatic hydrocarbon group, an aryl group or a heterocyclic
group, respectively; and n31, n32 and n33 represent an
integer of O to 2, respectively;

Formula (IV)

Ra)nat
=N

—

N\/ﬁ\

Ryq

Rys ———NB

) ,

N N "
N 4 )\ \ N\(R4z)n4z
S
= Ris N
%, |
V N

Razhas

wherein R,;, R,, and R, represent a substituent, respec-
tively; R,,, R,5 and R, represent a hydrogen atom or a
substituent, respectively; and n41, n42 and n43 represent an
integer of O to 2, respectively.

12. A heterocyclic compound represented by any one of
the following formulae (XII) and (XIII):

Ryz6hios (R125)n125
(_ |— —_\
/ Lior
Riz2niz—— K
R124

wherein R, and R, ,, represent a substituent, respectively;
R;,5 and R,,, represent a hydrogen atom or a substituent,
respectively; Ri,s and R;,¢ represent a substituent, respec-
tively; n121 and nl22 represent an integer of 0 to 2,
respectively; n125 and n126 represent an integer of 0 to 4,
respectively; and L, ,, represents a single bond or a linking

group;

Formula (XIII)

(Rlss)nlss R137)n137
11 1
Rizs T N Rizz Rian N 1|\T Rin
Rise Ryss

wherein R;5; and R4, represent a hydrogen atom or a
substituent, respectively; R, 55 and R 5, represent a hydrogen
atom or a substituent, respectively; R, ;5 and R4 represent
a hydrogen atom, an aliphatic hydrocarbon group, an aryl
group or a heterocyclic group, respectively; R,5- and R, 44
represent a substituent, respectively; n137 and n138 repre-
sent an integer of O to 4, respectively; L, ;, represents a
single bond or a linking group; and L5, and L, represent
—0—, —S— or —N(R 30)—, respectively,

in which R,5, represents a hydrogen atom, an aliphatic

a single bond,

hydrocarbon group, an aryl group or a heterocyclic group.

)\ T R0

Formula (XII)

Rz
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