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(57) ABSTRACT

Fluorescence-emitting material which improves luminous
efficiency of an organic light-emitting element such as an
organic EL element or an organic PL element and an organic
light-emitting element using the fluorescence-emitting mate-
rial. The fluorescence-emitting material includes a compound
having an indolocarbazole skeleton represented by the fol-
lowing general formula (1), as defined in the specification.

@

The organic light-emitting element includes an organic EL
element including: a substrate; an anode; a cathode; and a
light-emitting layer, the anode and the cathode being lami-
nated on the substrate and the light-emitting layer being sand-
wiched between the anode and the cathode, in which the
light-emitting layer includes: the organic light-emitting mate-
rial; and as a host material, an organic compound having
excited triplet energy higher than that of the organic light-
emitting material.

|
w A o




Patent Application Publication Sep. 27, 2012 US 2012/0241732 Al

FIG. 1




US 2012/0241732 Al

ORGANIC LIGHT-EMITTING MATERIAL
AND ORGANIC LIGHT-EMITTING
ELEMENT

TECHNICAL FIELD

[0001] The present invention relates to a novel organic
light-emitting material which emits fluorescence and delayed
fluorescence and an organic light-emitting element using the
organic light-emitting material.

BACKGROUND ART

[0002] In general, an organic light-emitting element has
such a configuration that a thin film including an organic
light-emitting material is formed on a substrate as its simplest
structure. The organic light-emitting element is subjected to
optical and electrical excitation so as to emit light. As a result,
light is emitted from the organic light-emitting element. A
photo luminescence element (PL element), in which optical
excitation is performed, serves as the organic light-emitting
element as long as at least the above-mentioned element
configuration is satisfied. That is, the PL element utilizes a
phenomenon in which an organic light-emitting material is
excited by being irradiated with light depending on a light
absorption wavelength of the organic light-emitting material,
and light is then emitted as energy upon return from a con-
duction band to a valence band. On the other hand, an organic
electroluminescence element (hereinafter, referred to as
“organic EL element™), in which electrical excitation is per-
formed, includes a light-emitting layer and a pair of counter
electrodes sandwiching the light-emitting layer therebetween
as its simplest structure. That is, the organic EL element
utilizes a phenomenon in which electrons are injected from an
cathode and holes are injected from an anode when an electric
field is applied between both the electrodes, and light is
emitted as energy upon return from a conduction band to a
valence band of an energy level at which the electrons and the
holes recombine with each other in a light-emitting layer.
[0003] Inrecentyears,in particular, the organic EL element
has increasingly been expected to find practical applications
in energy-saving displays and lighting. In such circum-
stances, an organic EL element using an organic thin film has
been developed actively. As a fluorescent organic compound
to be used as a material for such organic EL element, there are
known, for example, perylene, a thiazole derivative, a quina-
cridone derivative, rubrene, a benzophenone derivative, and a
coumarin derivative. However, a conventional fluorescent
organic compound involves the following fundamental prob-
lem in terms of excitation efficiency of the compound. That s,
upon recombination of electrons and holes in a light-emitting
layer of an organic EL element, singlet excitons as fluores-
cence-emitting excitons are formed only at a ratio of 25% of
all excitons, yielding an internal quantum efficiency of 25% at
the highest and a luminous efficiency of the organic EL ele-
ment of about 5% at the highest (Non Patent Literature 1).
[0004] It has recently been found that when a specific por-
phyrin-based metal complex as a fluorescent organic com-
pound is used as the light-emitting material for the organic EL
element, the porphyrin-based metal complex emits thermally
activated delayed fluorescence, leading to an improvement in
exciton generation efficiency of the element (Patent Litera-
tures 1 and 2 and Non Patent Literature 1).

[0005] Patent Literatures 1 and 2 disclose the following
matters. In an organic EL element, carriers are injected from
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each of both electrodes, i.e., positive and negative electrodes
to a light-emitting substance to generate a light-emitting sub-
stance in an excited state so as to emit light. It is generally said
that in the case of a carrier injection type organic EL element,
25% of generated excitons are excited to an excited singlet
state and the remaining 75% are excited to an excited triplet
state. Accordingly, it is conceivable that utilization of light to
be emitted from the excited triplet state, i.e., phosphorescence
should provide higher energy use efficiency. However, in the
phosphorescence, the excited triplet state has a long lifetime,
and hence deactivation of energy occurs through saturation of
an excited state and interactions with excitons in an excited
triplet state, with the result that a high quantum yield is not
obtained in many cases in general. In view of the foregoing,
an organic EL. element utilizing a material which emits
delayed fluorescence is conceivable. A certain kind of fluo-
rescent substance emits fluorescence via intersystem crossing
or the like leading to energy transition to an excited triplet
state and the subsequent reverse intersystem crossing to an
excited singlet state through triplet-triplet annihilation or
thermal energy absorption. In the organic EL element, it is
considered that the latter material which emits thermally acti-
vated delayed fluorescence is particularly useful. In this case,
when a delayed fluorescent material is utilized in the organic
EL element, excitons in an excited singlet state emit fluores-
cence as per normal. On the other hand, excitons in an excited
triplet state absorb heat produced from a device and undergo
intersystem crossing to an excited singlet to emit fluores-
cence. The fluorescence in this case is light emission from the
excited singlet and hence is light emission at the same wave-
length as fluorescence. However, the fluorescence has a
longer lifetime of light to be emitted, i.e., a longer emission
lifetime than those of normal fluorescence and phosphores-
cence by virtue of reverse intersystem crossing from an
excited triplet state to an excited singlet state, and hence is
observed as fluorescence delayed as compared to the normal
fluorescence and phosphorescence. This can be defined as
delayed fluorescence. Through the use of such thermally acti-
vated type exciton transfer mechanism, i.e., through thermal
energy absorption after carrier injection, the ratio of a com-
pound in an excited singlet state, which has usually been
generated only at a ratio of 25%, can be increased to 25% or
more. The use of a compound which emits intense fluores-
cence and delayed fluoresce even at a low temperature of less
than 100° C. results in sufficient intersystem crossing from an
excited triplet state to an excited singlet state by means of heat
of an device, contributing to emission of delayed fluores-
cence. Thus, the luminous efficiency is drastically improved.

[0006] Based onsuchhypothesis, Patent Literatures 1 and 2
and Non Patent Literature 1 each disclose that a specific
porphyrin-based metal complex emits delayed fluorescence.
However, none of the literatures discloses a relationship
between the luminous efficiency and a difference between
excited singlet energy and excited triplet energy and has any
description suggesting the possibility of delayed fluorescence
in an organic compound containing no metal atom other than
the porphyrin-based metal complex. Further, the organic EL
element according to each of the reports provides signifi-
cantly lower luminous efficiency than a theoretical value.
Thus, it is desired that an additional improvement be made in
order to use the element in actual applications such as a
display, a display element, a backlight, and lighting.

[0007] Patent Literatures 3 and 4 each disclose that a com-
pound having an indolocarbazole skeleton is used in an



US 2012/0241732 Al

organic EL element. However, none of the literatures dis-
closes that delayed fluorescence is emitted in light emission
of the compound itself.

CITATION LIST
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SUMMARY OF INVENTION

[0013] An object of the present invention is to provide a
highly efficient and practically useful organic light-emitting
element and an organic light-emitting material suitable for the
organic light-emitting element.

[0014] The inventors of the invention have made extensive
studies. As a result, the inventors have found an organic
light-emitting material which emits fluorescence and delayed
fluorescence and have also found that the use of the organic
light-emitting material in an organic light-emitting element
provides an organic PL element and a highly efficient organic
EL element. Thus, the present invention has been completed.
[0015] The present invention relates to an organic light-
emitting material which emits fluorescence and delayed fluo-
rescence, the organic light-emitting material including a com-
pound represented by the following general formula (1):

(1a)

(1b)

where: a ring A represents an aromatic ring represented by the
formula (1a) to be fused with an adjacent ring at an arbitrary
position; a ring B represents a heterocycle represented by the
formula (1b) to be fused with an adjacent ring at an arbitrary
position; Ar’s in the formulae (1) and (1b) each independently
represent an aromatic hydrocarbon group or an aromatic het-
erocyclic group; R’s in the formulae (1) and (1a) each inde-
pendently represent hydrogen or a monovalent substituent,
provided that adjacent substituents may together form a ring;
and n represents an integer of 1 or more and 4 or less.
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[0016] The present invention also relates to an organic
light-emitting material represented by the general formula
(1), in which the organic light-emitting material which emits
fluorescence and delayed fluorescence has a difference
between excited singlet energy and excited triplet energy of
0.2 eV or less.

[0017] The present invention also relates to a fluorescence
and delayed fluorescence type organic light-emitting ele-
ment, including: a substrate; and at least one light-emitting
layer including the organic light-emitting material, the light-
emitting layer being provided on the substrate.

[0018] In the general formula (1), it is preferred to satisfy
any one or more of the following requirements: n represents
1; at least one of Ar represents an aromatic heterocyclic
group; and at least one of Ar represents a group represented by
the following general formula (2):

(&)

where: X’s each independently represent N, C—H, or
C—Ar, and at least one of X’s represents N; and Ar,’s each
independently represent an aromatic hydrocarbon group oran
aromatic heterocyclic group, provided that when X represents
C—Ar,, Ar, and a ring including X may have a side in
common to form a fused ring.

[0019] The fluorescence and delayed fluorescence type
organic light-emitting element includes an organic electrolu-
minescence element including: a substrate; an anode; a cath-
ode; and at least one light-emitting layer including the organic
light-emitting material, the anode and the cathode being pro-
vided on the substrate and the light-emitting layer being sand-
wiched between the anode and the cathode.

[0020] The light-emitting layer of the fluorescence and
delayed fluorescence type organic light-emitting element or
the organic electroluminescence element advantageously
includes: the organic light-emitting material; and a host mate-
rial having at least any one of excited singlet energy and
excited triplet energy higher than those of the organic light-
emitting material.

[0021] Further, the organic light-emitting material formed
of the compound represented by the general formula (1) is
preferably a compound represented by the following general
formula (11).

an

(11b)
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where: a ring A represents a heterocycle represented by the
formula (11b) to be fused with an adjacent ring at an arbitrary
position; Ar,’s each independently represent an aromatic
hydrocarbon group or an aromatic heterocyclic group; and
R’s each independently represent hydrogen or a monovalent
substituent.

[0022] In the general formula (11), it is preferred that at
least any one of Ar, represent an aromatic heterocyclic group
or represent a group represented by the general formula (2).

BRIEF DESCRIPTION OF DRAWINGS

[0023] FIG. 1A schematic cross-sectional view illustrating
an example of an organic EL element.

DESCRIPTION OF EMBODIMENTS

[0024] An organic light-emitting material of the present
invention is a compound represented by the general formula
(1) which emits fluorescence and delayed fluorescence. Fur-
ther, the organic light-emitting material of the present inven-
tion is an organic light-emitting material which emits fluo-
rescence and delayed fluorescence, the organic light-emitting
material having a difference between excited singlet energy
and excited triplet energy of 0.2 eV or less, preferably 0.15 ev
or less.

[0025] The organic light-emitting material of the present
invention is preferably a compound represented by the gen-
eral formula (1) which emits fluorescence and delayed fluo-
rescence, the compound having a difference between excited
singlet energy and excited triplet energy of 0.2 eV or less.
Further, the organic light-emitting material of the present
invention is preferably an organic compound having no metal
atom in the molecule.

[0026] The compound represented by the general formula
(1) has an indolocarbazole skeleton or a skeleton in which one
to three indole rings are further linked to and fused with an
indolocarbazole ring. In addition, the compound has structure
in which Ar is bonded to N in each of the indolocarbazole ring
and the indole rings and R is bonded to each of rings free of N.
[0027] That is, in the general formula (1), a ring A is an
aromatic ring represented by the formula (1a) and a ring B is
a heterocycle represented by the formula (1b). Thus, a fused
ring of the ring A and the ring B is an indole ring. In the fused
ring of the ring A and the ring B, continuous fusion like “ring
A-ring B-ring A-ring B" is possible and “n” combinations of
“ring A-ring B” may exist. In the general formula (1), n
represents an integer of 1 to 4.

[0028] The skeleton of the compound represented by the
general formula (1) has a fused ring structure in which an
indole ring, “n” fused rings of a ring A and a ring B, and a
benzene ring starting from the left are linked together. For
example, in the case of n=1, when a tricyclic fused ring
constructed of the ring A and the indole ring on the left side of
the ring A is regarded as a carbazole ring and a bicyclic fused
ring constructed of the ring B and the benzene ring on the
right side of the ring B is regarded as an indole ring, fusion can
occur between the 1,2-position, 2,3-position, or 3,4-position
of the carbazole ring and the 2,3-position or 3,2-position of
the indole ring. Hence, there are isomers different in direction
of N in the heterocycle represented by the formula (1b). Thus,
in the case of n=1, the indolocarbazole ring, which is the
skeleton of the compound represented by the general formula
(1), includes five kinds of isomers represented by the follow-
ing formulae (A) to (E). It should be noted that an increase in
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n leads town increase in the number of isomers, but the
number of isomers is limited because a position at which
fusion can occur is limited from the structural viewpoint.

A)
®)
©
R
™)
R R Tr R
R O O N O R
R Il\f R
R Ar R R
(E)
R 1|\r R 1|\r R
R N N R
R Y T
R R R
[0029] Inthe general formula (1) and the formula (1b), Ar’s

each independently represent an aromatic hydrocarbon group
or an aromatic heterocyclic group, preferably an aromatic
hydrocarbon group having 6 to 100 carbon atoms or an aro-
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matic heterocyclic group having 3 to 100 carbon atoms, more
preferably an aromatic hydrocarbon group having 5 to 50
carbon atoms or an aromatic heterocyclic group having 3 to
50 carbon atoms, still more preferably an aromatic hydrocar-
bon group having 6 to 50 carbon atoms or an aromatic het-
erocyclic group having 3 to 50 carbon atoms. When each of
those aromatic hydrocarbon groups or aromatic heterocyclic
groups has one or more substituents, the number of carbon
atoms to be calculated includes the number of carbon atoms in
each of those substituents.

[0030] Preferred examples of the aromatic hydrocarbon
group or the aromatic heterocyclic group include groups each
produced by removing one hydrogen atom from benzene,
pentalene, indene, naphthalene, azulene, heptalene, octalene,
indacene, acenaphthylene, phenalene, phenanthrene,
anthracene, trindene, fluoranthene, acephenanthrylene,
aceanthrylene, triphenylene, pyrene, chrysene, tetraphene,
tetracene, pleiadene, picene, perylene, pentaphene, penta-
cene, tetraphenylene, cholanthrylene, helicene, hexaphene,
rubicene, coronene, trinaphthylene, heptaphene, pyran-
threne, ovalene, corannulene, fulminene, anthanthrene, zeth-
rene, terylene, naphthacenonaphthacene, truxene, furan, ben-
zofuran, isobenzofuran, xanthene, oxanthrene, dibenzofuran,
perixanthenoxanthene, thiophene, thioxanthene, thianthrene,
phenoxathiin, thionaphthene, isothianaphthene, thiophthene,
thiophanthrene, dibenzothiophene, pyrrole, pyrazole, tellura-
zole, selenazole, thiazole, isothiazole, oxazole, furazan, pyri-
dine, pyrazine, pyrimidine, pyridazine, triazine, indolizine,
indole, isoindole, indazole, purine, quinolizine, isoquinoline,
carbazole, indolocarbazole, imidazole, naphthyridine,
phthalazine, quinazoline, benzodiazepine, quinoxaline, cin-
noline, quinoline, pteridine, phenanthridine, acridine, perimi-
dine, phenanthroline, phenazine, carboline, phenotellura-
zine, phenoselenazine, phenothiazine, phenoxazine,
anthyridine, thebenidine, quindoline, quinindoline, acrindo-
line, phthaloperine, triphenodithiazine, triphenodioxazine,
phenanthrazine, anthrazine, benzothiazole, benzoimidazole,
benzooxazole, benzisooxazole, benzisothiazole, or an aro-
matic compound having a plurality of these aromatic rings
linked together. More preferred examples thereof include
groups each produced by removing one hydrogen atom from
benzene, naphthalene, anthracene, pyridine, pyrazine, pyri-
midine, pyridazine, triazine, isoindole, indazole, purine, iso-
quinoline, imidazole, naphthyridine, phthalazine, quinazo-
line, benzodiazepine, quinoxaline, cinnoline, quinoline,
pteridine, phenanthridine, acridine, perimidine, phenanthro-
line, phenazine, carboline, indole, carbazole, indolocarba-
zole, or an aromatic compound having a plurality of these
aromatic rings linked together. It should be noted that in the
case of the group produced from each of the aromatic com-
pounds having a plurality of aromatic rings linked together,
the number of the aromatic rings to be linked together is
preferably 2 to 10, more preferably 2 to 7 and the aromatic
rings to be linked together may be identical to or different
from each other. In that case, a bonding position at which Ar
is bonded to N is not limited and may be a ring at the end
portion or a ring at the central portion of the aromatic rings
linked together. Further, in the case where Ar represents a
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group produced by removing one hydrogen atom from each
of the aromatic compounds having a plurality of aromatic
rings linked together, when an aromatic ring to be first bonded
to N in the general formulae (1) and (1b) is an aromatic
hydrocarbon ring, the group is included in an aromatic hydro-
carbon group, and when an aromatic ring to be first bonded to
N is an aromatic heterocycle, the group is included in an
aromatic heterocyclic group. Herein, the aromatic ring is a
collective term for an aromatic hydrocarbon ring and an aro-
matic heterocycle.

[0031] Herein, the group produced from a plurality of aro-
matic rings linked together is, for example, represented by
each of the following formulae.

(Ar, to Ar, each represent a substituted or unsubstituted aro-
matic ring.)

[0032] Specific examples of the group produced from a
plurality of aromatic rings linked together include groups
each produced by removing one hydrogen atom from biphe-
nyl, terphenyl, bipyridine, bipyrimidine, bitriazine, terpyri-
dine, bistriazylbenzene, dicarbazolylbenzene, carbazolylbi-
phenyl, dicarbazolylbiphenyl, indolocarbazolyltriazine,
phenylterphenyl, carbazolylterphenyl, binaphthalene, phe-
nylpyridine, phenylcarbazole, diphenylcarbazole, diphe-
nylpyridine, phenylpyrimidine, diphenylpyrimidine, phenyl-
triazine, diphenyltriazine, phenylnaphthalene,
diphenylnaphthalene, indolocarbazolylbenzene, indolocar-
bazolylpyridine, or indolocarbazolyltriazine.

[0033] The aromatic hydrocarbon group or the aromatic
heterocyclic group may have a substituent and the total num-
ber of substituents is 1 to 10, preferably 1 to 6, more prefer-
ably 1to 4. It should be noted that the group produced from an
aromatic compound having a plurality of aromatic rings
linked together may also have a substituent. Preferred
examples of the substituent include an alkyl group having 1 to
20 carbon atoms, an alkoxy group having 1 to 20 carbon
atoms, an alkylthio group having 1 to 20 carbon atoms, an
alkyl-substituted amino group having 1 to 20 carbon atoms,
an acyl group having 2 to 20 carbon atoms, a diarylamino
group having 12 to 24 carbon atoms, an alkenyl group having
2 to 10 carbon atoms, an alkynyl group having 2 to 10 carbon
atoms, an alkoxycarbonyl group having 2 to 10 carbon atoms,
an alkylsulfonyl group having 1 to 10 carbon atoms, a
haloalkyl group having 1 to 10 carbon atoms, an amide group,
an alkylamide group having 2 to 10 carbon atoms, a trialkyl-
silyl group having 3 to 20 carbon atoms, a trialkylsilylalkyl
group having 4 to 20 carbon atoms, a trialkylsilylalkenyl
group having 5 to 20 carbon atoms, a trialkylsilylalkynyl
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group having 5 to 20 carbon atoms, a cyano group, a nitro
group, and a hydroxy group. More preferred examples of the
substituent include a methyl group, an ethyl group, an n-pro-
pyl group, an i-propyl group, an n-butyl group, a t-butyl
group, a methoxy group, an ethoxy group, an n-propoxy
group, an i-propoxy group, and a diphenylamino group.
When two or more substituents exist, the substituents may be
identical to or different from each other.

[0034] At least one of Ar’s in the general formulae (1) and
(1b) represents preferably an aromatic heterocyclic group,
more preferably a group represented by the general formula
(2). Although details of the reasons why the groups are pre-
ferred are not clear, possible reasons are that when at least one
aromatic heterocyclic group is bonded to N in the indolocar-
bazole skeleton represented by the general formula (1), an
electronic state in the molecule becomes preferred for
delayed fluorescence emission and an appropriate positional
relationship is formed for the intermolecular conformation as
well. As aresult, it is estimated that the organic light-emitting
material of the present invention efficiently emits delayed
fluorescence and an element using the organic light-emitting
material of the present invention can serve as a highly efficient
organic light-emitting element.

[0035] In the general formula (2), X’s each independently
represent N, C—H, or C—Ar, and at least one of X’s repre-
sents N. One to three N atoms are preferred, two or three N
atoms are more preferred, and three N atoms are still more
preferred.

[0036] Herein, when X’s in the general formula (2) each
represent C—Ar , Ar, ’s each independently represent an aro-
matic hydrocarbon group or an aromatic heterocyclic group,
provided that Ar, and a ring including X may have a side in
common to form a fused ring. Preferred specific examples of
Ar, are the same as those of the aromatic hydrocarbon group
or the aromatic heterocyclic group described for Ar. Preferred
examples of the substituent are also the same as those of the
substituent described for Ar.

[0037] Specific examples of the group represented by the
general formula (2) include groups each produced from pyri-
dine, pyrazine, pyrimidine, pyridazine, or triazine. Specific
examples of the group in the case where Ar, and a ring
including X have a side in common to form a fused ring in the
general formula (2) include groups each produced by remov-
ing one hydrogen atom from indolizine, purine, quinolizine,
isoquinoline, naphthyridine, phthalazine, quinazoline, qui-
noxaline, cinnoline, quinoline, pteridine, phenanthridine,
acridine, perimidine, phenanthroline, phenazine, carboline,
anthyridine, thebenidine, quindoline, quinindoline, acrindo-
line, or phthaloperine. Of those, groups each produced by
removing one hydrogen atom from pyridine, pyrazine, pyri-
midine, pyridazine, triazine, purine, quinolizine, naphthyri-
dine, phthalazine, quinazoline, quinoxaline, cinnoline, pteri-
dine, or anthyridine are preferred.

[0038] R’s in the general formulae (1) and (1a) each inde-
pendently represent hydrogen or a monovalent substituent. R
may be exemplified by hydrogen or an alkyl group having 1 to
20 carbon atoms, an aralkyl group having 7 to 20 carbon
atoms, an alkenyl group having 2 to 20 carbon atoms, an
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alkynyl group having 2 to 20 carbon atoms, a cyano group, a
dialkylamino group having 2 to 20 carbon atoms, a diary-
lamino group having 12 to 20 carbon atoms, a diaralkylamino
group having 12 to 20 carbon atoms, an amino group, a nitro
group, an acyl group having 2 to 20 carbon atoms, an alkoxy-
carbonyl group having 2 to 20 carbon atoms, an alkoxy group
having 1 to 20 carbon atoms, an alkylsulfonyl group having 1
to 20 carbon atoms, a hydroxy group, an amide group, a
substituted or unsubstituted aromatic hydrocarbon group
having 6 to 30 carbon atoms, a substituted or unsubstituted
aromatic heterocyclic group having 3 to 30 carbon atoms, a
haloalkyl group having 1 to 10 carbon atoms, an alkylamide
group having 2 to 10 carbon atoms, a trialkylsilyl group
having 3 to 20 carbon atoms, a trialkylsilylalkyl group having
4 to 20 carbon atoms, a trialkylsilylalkenyl group having 5 to
20 carbon atoms, or a trialkylsilylalkynyl group having 5 to
20 carbon atoms. R may be preferably exemplified by hydro-
gen, an alkyl group having 1 to 10 carbon atoms, an alkoxy
group having 1 to 10 carbon atoms, an alkylthio group having
1 to 10 carbon atoms, an alkylamino group having 1 to 10
carbon atoms, an acyl group having 2 to 10 carbon atoms, an
aralkyl group having 7 to 20 carbon atoms, a substituted or
unsubstituted aromatic hydrocarbon group having 6 to 30
carbon atoms, or a substituted or unsubstituted aromatic six-
membered heterocyclic group having 3 to 30 carbon atoms. R
more preferably represents hydrogen or an alkyl group having
1 to 3 carbon atoms, an alkoxy group having 1 to 3 carbon
atoms, an acyl group having 2 to 4 carbon atoms, a phenyl
group, or a pyridyl group.

[0039] Of the compounds each represented by the general
formula (1), a compound represented by the general formula
(11)1s given as a preferred compound. In the general formula
(11), a ring A is a heterocycle represented by the formula
(11b), which corresponds to the formula (1b) of the general
formula (1), and Ar, corresponds to Ar of the general formula
(1). Thus, from the descriptions thereof'in the general formula
(1), the general formula (11) and the formula (11b) are under-
stood.

[0040] Of the compounds each represented by the general
formula (1), compounds represented by the following general
formulae (3) to (8) are given as preferred compounds.

€)
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-continued

[0041] Inthe general formulae (3)to (8), X’s and Ar, ’s have
the same meanings as those in the general formula (2). Fur-
ther, Ar’s have the same meanings as that in the general
formula (1). Of the compounds represented by the general
formulae (3) to (8), a case where all X’s each represent N is
given as a more preferred compound.

[0042] Ar’s and R’s in the general formulae (3) to (8) have
the same meanings as Ar’s and R’s in the general formula (1)
and the formulae (1a) and (1b). Further, Ar,’s have the same
meanings as Ar, in the case where X’s in the general formula
(2) each represent C—Ar, . Preferred examples of Ar, Ar |, and
R are also the same as described above. It should be noted that
the phrase “have the same meanings” means that definitions
of those symbols are identical to each other, and when a
plurality of those symbols exist, the meaning of each of the
symbols may vary in the range of the definitions.

[0043] The compound represented by the general formula
(1) of the present invention may be easily manufactured by a
known method. For example, a compound represented by the
general formula (6) where Ar represents a phenyl group and
all X’s each represent N may be manufactured in accordance
with the following reaction formula with reference to the
synthesis example shown in Synlett, 2005(1), 42.

NHNH,HCI
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lowing reaction formula with reference to synthesis examples
-continued disclosed in The Journal of Organic Chemistry, 2007, 72(15)
5886 and Tetrahedron, 1999, 55, 2371.

X
R—: | R

F

N
H

[0044] Further, a compound represented by the general for-
mula (3) where X’s each represent N may be produced in
accordance with the following reaction formula with refer-
ence to synthesis examples disclosed in Archiv der Pharmazie
(Weinheim, Germany), 1987, 320(3), 280.

. _I/\ J |L /\I_ . HC(OC;Hs);

H
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H

[0045] Further, a compound represented by the general for- [0046] Hereinafter, there are given preferred specific
mula (5) where Ar represents a phenyl group and all X’s each examples of the compound represented by the general for-
represent N may be synthesized in accordance with the fol- mula (1). However, the compound is not limited thereto.
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[0047]
present invention is an organic light-emitting material which
emits fluorescence and delayed fluorescence, the organic
light-emitting material having a difference between excited
singlet energy and excited triplet energy (AE) of 0.2 eV or
less, the organic light-emitting material of the present inven-

When the organic light-emitting material of the

(987)

tion may be a compound other than the compound repre-
sented by the general formula (1) but is preferably the com-
pound represented by the general formula (1). AE described
above is preferably 0.15 ev or less. Further, when the organic
light-emitting material which emits fluorescence and delayed
fluorescence of the present invention is the compound repre-
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sented by the general formula (1), AE is not limited but
preferably falls within the range described above.

[0048] The organic light-emitting material of the present
invention is used as a material for an organic light-emitting
element. The organic light-emitting material is incorporated
into a light-emitting layer of an organic light-emitting ele-
ment to provide an excellent organic light-emitting element
such as an organic PL element or an organic EL element. The
organic light-emitting material may be used alone in the
light-emitting layer. However, as necessary, for the purpose
of, for example, confining, in the organic light-emitting mate-
rial, singlet excitons and triplet excitons generated in the
organic light-emitting material, the organic light-emitting
material of the present invention and an organic compound
which has a higher value of at least any one of excited singlet
energy and excited triplet energy than those of the organic
light-emitting material and serves as a host material are pref-
erably used in the light-emitting layer. At least any one of the
excited singlet energy (S1h) and excited triplet energy (T1h)
of the organic compound is preferably higher by 0.1 eV or
more, particularly preferably higher by 0.2 eV or more than
the excited singlet energy (S1g) and excited triplet energy
(T1g) of the organic light-emitting material of the present
invention. That is, it is preferred that one or both of (S1h)-
(S1g)>0.1 eV and (T1h)-(T1g)>0.1 eV be satisfied and it is
more preferred that one or both of (S1h)-(S1g)>0.2 eV and
(T1h)-(T1g)>0.2 eV be satisfied.

[0049] Next, an organic light-emitting element of the
present invention is described. The organic light-emitting
element includes an organic PL element and an organic EL
element. A structure of the organic EL. element is described
with reference to the drawings. However, the structure of the
organic EL element of the present invention is by no means
limited to one illustrated in the FIGURE.

[0050] FIG. 11is a cross-sectional view schematically illus-
trating a structure example of a general organic EL element to
be used in the present invention. In the FIGURE, a substrate
is represented by 1, an anode is represented by 2, a hole-
injecting layer is represented by 3, a hole-transporting layer is
represented by 4, a light-emitting layer is represented by 5, an
electron-transporting layer is represented by 6, and a cathode
is represented by 7. The organic EL element of the present
invention has, as essential layers, an anode, a hole-transport-
ing layer, a light-emitting layer, and a cathode.

[0051] Further, as a structural example of an organic PL
element, a construction including the substrate 1 and the
light-emitting layer 5 in FIG. 1 is given as the simplest
example. The description of each layer in the organic EL
element may also be interpreted as the description of each
layer in the organic PL element. However, the organic PL
element has no electrode. Hence, layers required for both the
elements are different from each other.

[0052] Further, the organic EL element of the present
invention may have, as layers other than the essential layers,
an electron-transporting layer, an electron-injecting layer, an
electron-blocking layer, a hole-blocking layer, and an exciton
element layer. In addition, the hole-transporting layer may be
a hole-injecting/transporting layer having a hole-injecting
function and the electron-transporting layer may be an elec-
tron-injecting/transporting layer having an electron-injecting
function.

[0053] Itshould be noted that the organic EL element of the
present invention may have an structure opposite to that illus-
trated in FIG. 1, that is, the cathode 7, the electron-transport-

Sep. 27,2012

ing layer 6, the light-emitting layer 5, the hole-transporting
layer 4, and the anode 2 may be laminated on the substrate 1
in the stated order. Also in this case, a layer may be added or
omitted, as necessary.

[0054] Hereinafter, the respective members and the respec-
tive layers of the organic EL element are described.

Substrate The organic EL element of the present
invention is preferably supported by a substrate. The
substrate is not particularly limited and may be any
substrate which is conventionally used in an organic
EL element. For example, a substrate formed of
glass, transparent plastic, quartz, or the like may be
used.

Anode Preferably used as the anode in the organic
EL element is one using, as an electrode substance,
any of a metal, an alloy, an electrically conductive
compound, and a mixture thereof with a high work
function (4 eV or more). Specific examples of such
electrode substance include metals such as Au and
conductive transparent materials such as Cul, indium
tin oxide (ITO), SnO,, and ZnO. Further, a material
capable of producing an amorphous transparent con-
ductive film such as IDIXO (In,0,—Z7nO) may be
used. In the production of the anode, it is possible to
form any of those electrode substances into a thin
film by a method such as vapor deposition or sputter-
ing, and then form a pattern having a desired shape
by a photolithographic method. Alternatively, in the
case of not requiring high pattern accuracy (about
100 um or more), it is also possible to form a pattern
via a mask having a desired shape during the vapor
deposition or sputtering of any of the electrode sub-
stances. Alternatively, in the case of using a coatable
substance such as an organic conductive compound,
it is also possible to employ a wet film-forming
method of a printing mode, a coating mode, or the
like. When emitted light is extracted from the anode,
the transmittance is desirably set to more than 10%,
and the sheet resistance as the anode is preferably
several hundred Q/[] or less. In addition, the film
thickness, which varies depending on materials, is
selected in the range of generally 10 to 1,000 nm,
preferably 10 to 200 nm.

Cathode

[0055] Meanwhile, used as the cathode is one using, as an
electrode substance, any of a metal (referred to as electron-
injecting metal), an alloy, an electrically conductive com-
pound, and a mixture thereof with a low work function (4 eV
or less). Specific examples of such electrode substance
include sodium, a sodium-potassium alloy, magnesium,
lithium, a magnesium/copper mixture, a magnesiuny/silver
mixture, a magnesium/aluminum mixture, a magnesium/in-
dium mixture, an aluminum/aluminum oxide (Al,0;) mix-
ture, indium, a lithium/aluminum mixture, and a rare earth
metal. Of those, from the viewpoints of electron-injecting
property and durability against oxidation and the like, a mix-
ture of an electron-injecting metal and a second metal, which
has a work function value higher than that of the electron-
injecting metal and is a stable metal, such as a magnesium/
silver mixture, a magnesium/aluminum mixture, a magne-
siun/indium mixture, an aluminun/aluminum oxide (Al,05)
mixture, a lithium/aluminum mixture, or aluminum is suit-
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able. The cathode may be produced by forming any of those
electrode substances into a thin film by a method such as
vapor deposition or sputtering. Further, the sheet resistance as
the cathode is preferably several hundred Q/[] or less, and the
film thickness is selected in the range of generally 10 nm to 5
um, preferably 50 to 200 nm. It should be noted that a case
where any one of the anode and the cathode of the organic EL
element is transparent or translucent in order to transmit
emitted light is advantageous because light emission Iumi-
nance is improved.

[0056] Further, when the conductive transparent material
given in the description about the anode is used for the cath-
ode, a transparent or translucent cathode may be produced.
The application of this technique allows the production of an
element in which both of the anode and the cathode each have
transparency.

Light-Emitting Layer

[0057] The light-emitting layer is a layer which emits light
after excitons have been generated through the recombination
of holes and electrons injected respectively from an anode
and a cathode. The light-emitting layer may be formed
through the use of an organic light-emitting material alone but
preferably includes an organic light-emitting material and a
host material. As the organic light-emitting material, there
may be used one kind or two or more kinds selected from the
organic light-emitting materials of the present invention. In
order that each of the organic EL element and organic PL
element of the present invention exhibits high luminous effi-
ciency, it is important to confine, in the organic light-emitting
material, singlet excitons and triplet excitons generated in the
organic light-emitting material. Accordingly, it is preferred to
use the host material in addition to the organic light-emitting
material in the light-emitting layer. As the host material, there
may be used an organic compound having a higher value of at
least any one of excited singlet energy and excited triplet
energy than those of the organic light-emitting material of the
present invention. This allows singlet excitons and triplet
excitons generated in the organic light-emitting material of
the present invention to be confined in the molecule of the
organic light-emitting material of the present invention and
allows the luminous efficiency to be exhibited sufficiently. In
the organic light-emitting element or organic EL element of
the present invention, light is emitted from the organic light-
emitting material of the present invention included in the
light-emitting layer. The light emission includes both of fluo-
rescence emission and delayed fluorescence emission. In this
regard, however, part of the light emission may be derived
from the host material.

[0058] In the case of using the host material, it is recom-
mended that the content of the organic light-emitting material
ofthe present invention in the light-emitting layer fall within
the range of 1 to 50 wt %, preferably 1 to 20 wt %.

[0059] The host material in the light-emitting layer is pref-
erably an organic compound which has a hole-transporting
ability and an electron-transporting ability, prevents an emis-
sion wavelength from becoming longer, and has a high glass
transition temperature.
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Injecting Layer The injecting layer refers to a layer
to be provided between an electrode and an organic
layer for the purposes of reducing a driving voltage
and improving a light emission luminance. The
injecting layer includes a hole-injecting layer and an
electron-injecting layer, and may be provided
between the anode and the light-emitting layer or the
hole-transporting layer, and between the cathode and
the light-emitting layer or the electron-transporting
layer. The injecting layer may be provided as
necessary.

Blocking Layer

[0060] The blocking layer is capable of blocking charges
(electrons or holes) and/or excitons present in the light-emit-
ting layer from diffusing to the outside of the light-emitting
layer. The electron-blocking layer may be arranged between
the light-emitting layer and the hole-transporting layer, and
blocks electrons from passing through the light-emitting
layer toward the hole-transporting layer. Similarly, the hole-
blocking layer may be arranged between the light-emitting
layer and the electron-transporting layer, and blocks holes
from passing through the light-emitting layer toward the elec-
tron-transporting layer. The blocking layer may also be used
for blocking excitons from diffusing to the outside of the
light-emitting layer. That is, the electron-blocking layer and
the hole-blocking layer may each have a function of an exci-
ton-blocking layer as well. The electron-blocking layer or
exciton-blocking layer as used herein is meant to include a
layer having a function of an electron-blocking layer and an
exciton-blocking layer in one layer.

Hole-Blocking Layer

[0061] The hole-blocking layer has a function of the elec-
tron-transporting layer in a broad sense. The hole-blocking
layer has a role in blocking holes from reaching the electron-
transporting layer while transporting electrons. This can
improve the probability of recombination of electrons and
holes in the light-emitting layer. As a material for the hole-
blocking layer, a material for the electron-transporting layer
to be described below may be used as necessary.

Electron-Blocking Layer

[0062] The electron-blocking layer has a function of trans-
porting holes in a broad sense. The electron-blocking layer
has a role in blocking electrons from reaching the hole-trans-
porting layer while transporting holes. This can improve the
probability of recombination of electrons and holes in the
light-emitting layer.

Exciton-Blocking Layer

[0063] The exciton-blocking layer refers to a layer for
blocking excitons, which are generated by the recombination
of’holes and electrons in the light-emitting layer, from diffus-
ing to a charge-transporting layer. The insertion of this layer
allows excitons to be efficiently confined in the light-emitting
layer, which can improve the luminous efficiency of an ele-
ment. The exciton-blocking layer may be inserted on any of
the anode side and the cathode side of the adjacent light-
emitting layer, and may be simultaneously inserted on both of
the sides. That is, when the exciton-blocking layer is provided
on the anode side, the layer may be inserted between the
hole-transporting layer and the light-emitting layer so as to be
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adjacent to the light-emitting layer. When the exciton-block-
ing layer is inserted on the cathode side, the layer may be
inserted between the light-emitting layer and the cathode so
as to be adjacent to the light-emitting layer. Further, the hole-
injecting layer, the electron-blocking layer, and the like may
be provided between the anode and the exciton-blocking
layer adjacent to the anode side of the light-emitting layer,
and the electron-injecting layer, the electron-transporting
layer, the hole-blocking layer, and the like may be provided
between the cathode and the exciton-blocking layer adjacent
to the cathode side of the light-emitting layer. In the case of
providing the blocking layer, it is preferred that at least any
one of the excited singlet energy and excited triplet energy of
a material to be used as the blocking layer be higher than the
excited singlet energy and excited triplet energy of a light-
emitting material.

Hole-Transporting Layer

[0064] The hole-transporting layer is formed of a hole-
transporting material having a function of transporting holes.
The hole-transporting layer may be provided in a single layer
or a plurality of layers.

[0065] The hole-transporting material has any of hole-in-
jecting or -transporting property and electron-blocking prop-
erty, and may be an organic material or an inorganic material.
An applicable known hole-transporting material is exempli-
fied by a triazole derivative, an oxadiazole derivative, an
imidazole derivative, a carbazole derivative, an indolocarba-
zole derivative, a polyarylalkane derivative, a pyrazoline
derivative, a pyrazolone derivative, a phenylenediamine
derivative, an arylamine derivative, an amino-substituted
chalcone derivative, an oxazole derivative, a styrylanthracene
derivative, a fluorenone derivative, a hydrazone derivative, a
stilbene derivative, a silazane derivative, an aniline-based
copolymer, or a conducting polymeric oligomer, particularly
a thiophene oligomer. However, preferably used are a por-
phyrin compound, an aromatic tertiary amine compound, and
a styrylamine compound, and more preferably used is an
aromatic tertiary amine compound.

Electron-Transporting Layer

[0066] The electron-transporting layer is formed of a mate-
rial having a function of transporting electrons. The electron-
transporting layer may be provided in a single layer or a
plurality of layers.

[0067] An electron-transporting material (may also serve
as a hole-blocking material) has only to have a function of
transporting electrons, which are injected from the cathode,
to the light-emitting layer. An applicable electron-transport-
ing layer is exemplified by a nitro-substituted fluorene deriva-
tive, a diphenylquinone derivative, a thiopyran dioxide
derivative, carbodiimide, a fluorenylidenemethane deriva-
tive, an anthraquinodimethane derivative, an anthrone deriva-
tive, or an oxadiazole derivative. In addition, in oxadiazole
derivative, a thiadiazole derivative in which an oxygen atom
of an oxadiazole ring is substituted by a sulfur atom, or a
quinoxaline derivative having a quinoxaline ring known as an
electron-withdrawing group may also be used as the electron-
transporting material. In addition, a polymer material
obtained by introducing any of those materials into a polymer
chain, or a polymer material including any of those materials
in a polymer main chain may also be used.
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[0068] The organic EL element produced by the above-
mentioned method emits light when an electric field is
applied between an anode and a cathode of the resultant
element. At this time, in the case of light emission based on
excited singlet energy, lights having different wavelengths
depending on the energy levels are observed as fluorescence
emission and delayed fluorescence emission. Further, in the
case of light emission based on excited triplet energy, a wave-
length depending on the energy level is observed as phospho-
rescence. As for fluorescence, when general fluorescence
emission occurs, the emission lifetime is 2 uS or less, whereas
when delayed fluorescence emission occurs, an emission life-
time of more than 2 S is observed as the emission lifetime.
Thus, both the fluorescence emissions are distinguishable
from each other.

[0069] On the other hand, as for phosphorescence, it is
almost impossible to observe the phosphorescence at room
temperature because the excited triplet energy of a general
organic compound like the compound of the present invention
is so unstable as to be converted to heat and the like and has so
short lifetime as to be immediately inactivated. The excited
triplet energy of the general organic compound may be mea-
sured by observing light emission under an extremely low
temperature condition.

[0070] The organic EL. element of the present invention
may be applied to any of a single element, an element formed
of a structure with arrangement in an array fashion, and a
structure in which an anode and a cathode are arranged in an
X-Y matrix fashion. According to the present invention, there
is provided an element having significantly improved lumi-
nous efficiency as compared to a conventional element using
light emission from a singlet state by incorporating the
organic light-emitting material having a specific skeleton of
the present invention into the light-emitting layer. The ele-
ment can exhibit excellent performance when being applied
to a full-color or multi-color panel. The element may also be
utilized in a backlight, lighting, and the like.

EXAMPLES

[0071] Hereinafter, the present invention is described in
more detail by way of examples. However, it should be under-
stood that the present invention is by no means limited to
these examples and can be carried out in various forms with-
out departing from the gist of the present invention. It should
be noted that compound numbers correspond to numbers
attached to the above-mentioned chemical formulae. Further,
Example in which an example number is followed by (R)
means Reference Example or Comparative Example.

Synthetic Example 1
Synthesis of Compound (11)

[0072] 33.3 g (297.0 mmol) of 1,2-cyclohexanedione and
86.0 g (594.7 mmol) of phenylhydrazine hydrochloride were
loaded into a 2,000-m1 three-necked flask subjected to degas-
sing and nitrogen purging, 1,000 ml of ethanol were added
thereto, and the mixture was stirred. After that, 3.0 g (30.6
mmol) of concentrated sulfuric acid were added dropwise to
the flask over 5 minutes and the mixture was then heated to
65° C. and stirred for 4 hours. The resultant mixture was
cooled to room temperature and the precipitated purple-
brown crystal was then collected by filtration. The crystal
collected by filtration was washed by reslurrying twice with
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500 ml of ethanol. The resultant was dried under reduced
pressure to afford 80.0 g (280.5 mmol, 96.3% yield) of a
purple-brown powder.

[0073] Next, 72.0 g (261.5 mmol) of the purple-brown
powder described above were loaded into a 1,000-ml three-
necked flask, 720 g of acetic acid and 72.0 g of trifluoroacetic
acid were added thereto, and the mixture was stirred. After
that, the mixture was heated to 100° C. and stirred for 15
hours. The resultant mixture was cooled to room temperature
and the precipitated yellow crystal was then collected by
filtration. After that, the crystal collected by filtration was
rinsed with 200 ml of acetic acid and then rinsed with 200 ml
of'hexane. The resultant was dried under reduced pressure to
afford 28.0 g (109.4 mmol, 41.8% yield) of a white powder.
[0074] Next, 26.0 g (101.4 mmol) of the white powder
obtained above, 122.7 g (601.4 mmol) of iodobenzene, 54.7 g
(287.2 mmol) of copper iodide, and 66.7 g (482.6 mmol) of
potassium carbonate were loaded into a 2,000-ml three-
necked flask subjected to degassing and nitrogen purging,
800 ml of quinoline were added thereto, and the mixture was
stirred. After that, the mixture was heated to 190° C. and
stirred for 72 hours. The resultant mixture was cooled once to
room temperature, 500 ml of water and 500 ml of dichlo-
romethane were then added thereto, and the mixture was
stirred. The precipitated yellow crystal was then collected by
filtration. The filtrate was transferred to a 2,000-ml separating
funnel and separated into an organic layer and an aqueous
layer. The organic layer was washed three times with 500 ml
of water. After that, the resultant organic layer was dried over
magnesium sulfate. The magnesium sulfate was separated by
filtration once and the solvent was then distilled off under
reduced pressure. The residue was then purified by column
chromatography to afford 12.7 g (38.3 mmol, 37.8% yield) of
a white solid.

[0075] Next, 2.16 g (49.5 mmol) of 55% sodium hydride
were loaded into a 500-ml three-necked flask subjected to
degassing and nitrogen purging, 70 ml of dry N,N-dimethyl-
formamide (DMF) were added thereto, and the mixture was
stirred under a nitrogen stream. A solution of 12.7 g (38.3
mmol) of the white powder obtained above in 70 ml of dry
DMF was added dropwise to the flask over 15 minutes. After
the completion of the dropwise addition, stirring was contin-
ued for 1 hour. After that, a solution of 3.54 g (19.2 mmol) of
cyanuric chloride in 70 ml of dry DMF was added dropwise to
the flask over 15 minutes. After the completion of the drop-
wise addition, stirring was continued for 2 hours, 350 g of
water were then added thereto, and the precipitated crystal
was collected by filtration. The crystal collected by filtration
was reslurried twice with 300 g of water and then reslurried
with 300 g of methanol. The resultant was dried under
reduced pressure and then purified by column chromatogra-
phy to afford 11.3 g (14.5 mmol, 75.5% yield) of a white
powder.

[0076] Next, 10.0 g (12.9 mmol) of the white powder
obtained above, 3.25 g (16.4 mmol) of 4-biphenylboronic
acid, and 1.5 g (1.3 mmol) of tetrakis(triphenylphosphine)
palladium(0) were loaded into a 1,000-ml three-necked flask,
50 ml of ethanol and 100 ml of toluene were added thereto,
and the mixture was stirred. After that, 6.5 g (47.0 mmol) of
sodium carbonate were dissolved in 50 ml of water. The
solution was added to the flask and the mixture was heated to
85° C. and stirred for 5 hours. The resultant mixture was
cooled once to room temperature, 100 ml of water and 100 ml
of toluene were then added thereto, and the mixture was
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stirred. Insoluble matter was then separated by filtration. The
filtrate was transferred to a 1,000-ml separating funnel and
separated into an organic layer and an aqueous layer. The
organic layer was washed three times with 100 ml of water.
After that, the resultant organic layer was dried over magne-
sium sulfate. The magnesium sulfate was separated by filtra-
tion once and the solvent was then distilled off under reduced
pressure. The residue was then purified by column chroma-
tography to afford 6.9 g (7.7 mmol, 59.7% yield) of Com-
pound (11) as a yellow solid.

[0077] The EI-MS (M+1) of Compound (11) was 894 and
the melting point of the compound was undetectable.

Example 1

[0078] On a glass substrate, Compound (11) was deposited
from the vapor from a vapor deposition source under the
condition of a degree of vacuum of 5.0x10™* Pa by a vacuum
vapor deposition method so as to form a thin film having a
thickness of 100 nm at a rate 0f 0.2 nm/sec. The produced thin
film was irradiated with light having a wavelength of 337 nm
with N2 laser. An emission spectrum from the thin film upon
the irradiation was evaluated at a temperature of 5 K. As a
result, fluorescence emission at 466 nm and phosphoresce
emission at 486 nm were confirmed. Based on the wave-
lengths, the excited singlet energy and excited triplet energy
of Compound (11) were found to be 2.66 eV and 2.55 eV,
respectively. Further, a difference between the excited singlet
energy and the excited triplet energy (AE) was 0.11 eV.

Example 2(R)

[0079] On a glass substrate, 1,3-dicarbazolylbenzene
(mCP) was deposited from a vapor deposition source under
the condition of a degree of vacuum of 5.0x10™* Pa by a
vacuum vapor deposition method so as to form a thin film
having a thickness of 100 nm at a rate of 0.2 nm/sec. The
produced thin film was irradiated with light having a wave-
length of 337 nm with N2 laser. An emission spectrum from
the thin film upon the irradiation was evaluated at a tempera-
ture of 5 K. As a result, fluorescence emission at 375 nm and
phosphoresce emission at 420 nm were confirmed. Based on
the wavelengths, the excited singlet energy and excited triplet
energy of mCP were found to be 3.30 eV and 2.95 eV, respec-
tively.

[0080] mCP iscalculated to have excited singlet energy and
excited triplet energy higher by 0.64 eV and higher by 0.4 eV,
respectively, than the excited singlet energy and excited trip-
let energy of Compound (11).

Example 3

[0081] Ona glass substrate, Compound (11) and mCP were
deposited from the vapor from different vapor deposition
sources under the condition of a degree of vacuum of 5.0x
107* Pa by a vacuum vapor deposition method so as to form a
thin film containing Compound (11) at a concentration of 6.0
wt % and having a thickness of 100 nm at a rate of 0.3 nm/sec.
Thus, an organic PL element was obtained. The element was
irradiated with light at 337 nm with N2 laser through the use
of'a C9920-02 type absolute quantum yield measuring appa-
ratus manufactured by Hamamatsu Photonics K.K. An emis-
sion spectrum from the thin film upon the irradiation was
subjected to characteristic evaluation at 300 K. As a result,
light emission at 478 nm derived from Compound (11) was
confirmed and the external luminous efficiency in that case
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was 41%. Next, the element was irradiated with light at 337
nm with N2 laser and a time resolved spectrum upon the
irradiation was evaluated with a C4334 type streak camera
manufactured by Hamamatsu Photonics K.K. A component
having an emission lifetime of 2 uS or less and a component
having an emission lifetime of more than 2 uS were judged as
fluorescence and delayed fluorescence, respectively. As a
result, the light emission of the element included 35% of a
fluorescence component and 65% of a delayed fluorescence
component.

[0082] The PL element was evaluated at a temperature of
150 K, 200 K, or 250 K in the same manner as described
above. Table 1 shows the results collectively.

TABLE 1
External Delayed
luminous Fluorescence fluorescence
efficiency component component
Temperature (%) (%) (%)
300 K 41 35 65
250K 39 35 65
200 K 43 33 67
150 K 24 60 40
Example 4

[0083] An organic PL element was obtained in the same
manner as in Example 3 except that the concentration of
Compound (11) was changed to 2.0 wt %, 10.0 wt %, or 14.0
wt %. The organic PL element was evaluated at 150K, 200K,
250K, and 300 K in the same manner as in Example 3. Table
2 shows the results.

TABLE 2
External Delayed
luminous  Fluorescence fluorescence
Concentration  efficiency component  component
Temperature (wt %) (%) (%) (%)
300K 2 38 39 61
250K 2 28 44 56
200K 2 30 47 53
150 K 2 30 64 36
300K 10 40 24 76
250K 10 43 24 76
200K 10 40 31 69
150K 10 32 35 65
300K 14 39 28 72
250K 14 31 29 71
200 K 14 26 33 67
150K 14 24 53 47
Example 5
[0084] On a glass substrate, on which an anode being

formed of ITO and having a thickness of 100 nm had been
formed, the respective thin films were laminated at a degree of
vacuum of 5.0x10~* Pa by a vacuum deposition method. First,
molybdenum trioxide was formed into a film having a thick-
ness of 0.7 nm on ITO. Next, diphenylnaphthyldiamine
(NPD) was formed into a film having a thickness of 40 nm.
Next, mCP was formed into a film having a thickness of 10
nm. Next, Compound (11) and mCP were co-deposited from
different vapor deposition sources to form a film having a
thickness of 20 nm. In this case, the concentration of Com-
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pound (11) was 6.0 wt %. Next, bathophenanthroline (BPhen)
was formed into a film having a thickness of 40 nm. Then,
cesium was formed into a film having a thickness of 0.5 nm.
Finally, aluminum (Al) was formed into a film having a thick-
ness of 70 nm to serve as an electrode. Thus, an organic EL
element was produced.

[0085] The resultant organic EL element was subjected to
characteristic evaluation at 300 K with a C9920-02 type abso-
lute quantum yield measuring apparatus manufactured by
Hamamatsu Photonics K.K while being connected to an
external power source and applied with a DC voltage. As a
result, light emission at 478 nm derived from Compound (11)
was confirmed. The external luminous efficiency was 3.4% at
a current density of 0.03 mA/cm®. Next, a time resolved
spectrum of the element was evaluated with a C4334 type
streak camera manufactured by Hamamatsu Photonics K.K.
A component having an emission lifetime of 2 uS or less and
a component having an emission lifetime of more than 2 pS
were judged as fluorescence and delayed fluorescence,
respectively. As a result, the light emission of the element
included 60% of a fluorescence component and 40% of a
delayed fluorescence component.

[0086] Theorganic EL elementwas evaluated at 150 K, 200
K, 250 K, and 300 K in the same manner as described above
except that the current density was set to 5 mA/cm?. Table 3
shows the results collectively.

TABLE 3
External Delayed
luminous Fluorescence fluorescence
efficiency component component
Temperature (%) (%) (%)
300K 2.0 60 40
250K 1.9 52 48
200K 1.7 42 58
150K 1.6 45 55

Example 6(R)

[0087] 10 mg of an octaethylporphyrin-tin fluoride com-
plex (SnF,(OEP)) were dissolved in a mixed solution of
methanol/dichloromethane (weight ratio=1/9). The solution
was impregnated into filter paper and then dried. The resultant
thin film was irradiated with light at 337 nm with N2 laser and
an emission spectrum from the thin film upon the irradiation
was evaluated at 5 K. As a result, fluorescence emissionat 570
nm and phosphorescence emission at 706 nm were con-
firmed. Based on the wavelengths, the excited singlet energy,
excited triplet energy, and AE of SnF,(OEP) were found to be
2.17 eV, 1.76 eV, and 0.41 eV, respectively.

Example 7(R)

[0088] A 5-wt % solution of polyvinylcarbazole (PVCz) in
dichloromethane was used to form a thin film having a thick-
ness of 100 nm on a glass substrate by a spin coating method.
The produced thin film was irradiated with light at 337 nm
with N2 laser and an emission spectrum from the thin film
upon the irradiation was evaluated at 5 K. As a result, fluo-
rescence emission at 376 nm and phosphorescence emission
at 425 nm were confirmed. Based on the wavelengths, the
excited singlet energy and excited triplet energy of PVCz
were found to be 3.30 eV and 2.91 eV, respectively.
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[0089] From comparisons with the results of measurement
of the excited singlet energy and excited triplet energy of
SnF,(OEP) in Example 6, PVCz has excited singlet energy
and excited triplet energy higher by 1.13 eV and higher by
1.15 eV, respectively, than those of SnF,(OEP).

Example 8(R)

[0090] On a glass substrate by a spin coating method, a
solution of 10 mg of SnF,(OEP) and 500 mg of PVCz in 10 ml
of dichloromethane was used to form a mixture of SnF,(OEP)
and PVCz into a thin film having a thickness of 100 nm on a
glass substrate by a spin coating method. Thus, an organic PL.
element was produced. The organic PL element was sub-
jected to characteristic evaluation at 300 K in the same man-
ner as in Example 3. As a result, light emission at 570 nm
derived from SnF,(OEP) was confirmed. The external lumi-
nous efficiency was 1.4%. Further, the light emission of the
element included 49% of a fluorescence component and 51%
of a delayed fluorescence component.

Example 9(R)

[0091] On a glass substrate having formed thereon an
anode formed of ITO having a film thickness of 100 nm, each
thin film and a cathode were laminated by a spin coating
method or a vacuum vapor deposition method. First, an aque-
ous solution of a mixture of polyethylene dioxythiophene and
polystyrene sulfonic acid (PEDOT:PSS aqueous solution)
was used to form a film having a thickness of 40 nm on the
ITO. Next, a solution of 10 mg of SnF,(OEP) and 500 mg of
PVCzin 10 ml of dichloromethane was used to form a mix-
ture SnF,(OEP) and PVCz into a thin film having a thickness
of 100 nm. Next, a magnesium-silver alloy (Mg/Ag=10/1)
was formed into a film having a thickness of 100 nm to serve
as an electrode. Finally, silver (Ag) was formed into a film
having a thickness of 10 nm. Thus, an organic EL element was
produced. The organic EL element was subjected to charac-
teristic evaluation at 300 K in the same manner as in Example
5. As a result, light emission at 570 nm derived from SnF,
(OEP) was confirmed. The external luminous efficiency was
0.01%. Further, the light emission of the element included
48% of a fluorescence component and 52% of a delayed
fluorescence component.

Example 10(R)

[0092] On a glass substrate, 4,4'-bis(carbazol-9-yl)biphe-
nyl (CBP) was deposited from a vapor deposition source
under the condition of a degree of vacuum of 5.0x10™* Pa by
a vacuum vapor deposition method so as to form a thin film
having a thickness of 100 nm at a rate of 0.2 nm/sec. The
produced thin film was irradiated with light having a wave-
length of 337 nm with N2 laser. An emission spectrum from
the thin film upon the irradiation was evaluated at a tempera-
ture of 5 K. As a result, fluorescence emission at 393 nm and
phosphoresce emission at 488 nm were confirmed. Based on
the wavelengths, the excited singlet energy and excited triplet
energy of the compound CBP were found to be 3.15 eV and
2.54 eV, respectively. From comparisons with the results of
measurement of the excited singlet energy and excited triplet
energy of Compound (11) in Example 1, CBP was found to

have excited singlet energy and excited triplet energy higher
by 0.49 eV and lower by 0.01 eV, respectively, than those of
Compound (11).

Example 11

[0093] On aglass substrate, Compound (11) and CBP were
deposited from different vapor deposition sources under the
condition of a degree of vacuum of 5.0x10~* Pa by a vacuum
vapor deposition method so as to form a thin film containing
Compound (11) at a concentration of 6 wt % and having a
thickness of 100 nm at a rate of 0.2 nm/sec. Thus, an organic
PL element was obtained. The organic PL element was sub-
jected to characteristic evaluation at 300 K in the same man-
ner as in Example 3. As a result, light emission at 478 nm
derived from Compound (11) was confirmed. The external
luminous efficiency was 17%. Further, the light emission of
the element included 45% of a fluorescence component and
55% of a delayed fluorescence component.

[0094] The organic PL element was evaluated at tempera-
tures of 150 K, 200 K, and 250 K in the same manner as
described above. Table 4 shows the results collectively.

TABLE 4

External

luminous Fluorescence Delayed

efficiency component fluorescence

Temperature (%) (%) component (%)
300K 17 45 55
250K 14 39 61
200K 10 41 59
150K 5 37 63
Example 12

[0095] On a glass substrate, on which an anode being
formed of ITO and having a thickness of 100 nm had been
formed, the respective thin films were laminated at a degree of
vacuum of 5.0x10~* Pa by a vacuum deposition method. First,
diphenylnaphthyldiamine (NPD) was formed into a film hav-
ing a thickness of 40 nm on ITO. Next, mCP was formed into
afilm having a thickness of 10 nm. Next, Compound (11) and
mCP were co-deposited from different vapor deposition
sources to form a film having a thickness of 20 nm. In this
case, the concentration of Compound (11) was 6.0 wt %.
[0096] Next, 3,3'.5,5'-tetra[(m-pyridyl)-phen-3-yl|biphe-
nyl (BP4 mPy) was formed into a film having a thickness of
40 nm. In addition, lithium fluoride was formed into a film
having a thickness of 0.8 nm. Finally, aluminum (Al) was
formed into a film having a thickness of 70 nm to serve as an
electrode. Thus, an organic EL element was produced. The
organic EL element was subjected to characteristic evaluation
at300 K in the same manner as in Example 5. As a result, light
emission at 495 nm derived from Compound (11) was con-
firmed. The external luminous efficiency was 5.5% at a cur-
rent density of0.01 mA/cm?. Further, the light emission of the
element included 60% of a fluorescence component and 40%
of a delayed fluorescence component.

[0097] The results reveal that the compound having a dif-
ference between excited singlet energy and excited triplet
energy AE of 0.2 eV or less or the indolocarbazole compound
of the present invention represented by the general formula
(1) provides a highly efficient PL light-emitting element and
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EL light-emitting element as compared to SnF,(OEP) known
as a material which emits delayed fluorescence (AE of 0.41
eV).

Synthetic Example 2
Synthesis of Compound (31)

[0098] Under a nitrogen atmosphere, 33.3 g (0.30 mol) of
1,2-cyclohexanedione, 86.0 g (0.60 mol) of phenylhydrazine
hydrochloride, and 1,000 ml of ethanol were stirred at room
temperature, and to the stirred mixture was added dropwise
over 5 minutes 3.0 g (0.031 mol) of concentrated sulfuric
acid. After that, the mixture was stirred for 4 hours while
being heated at 65° C. The reaction solution was cooled to
room temperature. The precipitated crystal was then collected
by filtration and washed with ethanol (2x500 ml) to afford
80.0 g of a purple-brown crystal. 72.0 g (0.26 mol) of the
crystal, 72.0 g of trifluoroacetic acid, and 720.0 g of acetic
acid were stirred for 15 hours while being heated at 100° C.
The reaction solution was cooled to room temperature. The
precipitated crystal was then collected by filtration and
washed with acetic acid (200 ml). The resultant was purified
by reslurrying to afford 30.0 g (45% yield) of (B-1) as a white
crystal.

[0099] Under a nitrogen atmosphere, 26.0 g (0.10 mol) of
(B-1),122.7 g(0.60 mol) of iodobenzene, 54.7 g (0.29 mol) of
copper iodide, 66.7 g (0.48 mol) of potassium carbonate, and
800 ml of quinoline were stirred for 72 hours while being
heated at 190° C. The reaction solution was cooled to room
temperature. Distilled water (500 ml) and dichloromethane
(500 ml) were then added thereto while being stirred. The
precipitated crystal was separated by filtration and the organic
layer was then washed with distilled water (3x500 ml). The
organic layer was dried over anhydrous magnesium sulfate,
the magnesium sulfate was then separated by filtration, and
the solvent was distilled off under reduced pressure. The
resultant residue was purified by silica gel column chroma-
tography to afford 13.7 g (41% yield) of (B-2) as a white solid.
[0100] 72.2 g (0.392 mol) of cyanuric chloride and 500 ml
of dry tetrahydrofuran (THF) were added to a 2,000-ml three-
necked flask subjected to degassing and nitrogen purging and
the mixture was stirred. While the temperature of the liquid
contained in the flask was kept at =20° C. or less, 500 ml of a
1 mol/l solution of phenyl magnesium bromide in THF were
added dropwise to the flask over 2 hours and stirring was then
continued for 0.5 hour. After that, 300 ml of toluene and 500
ml of 2N hydrochloric acid were added to the flask while the
temperature of the liquid contained in the flask was kept at 5°
C. or less. The liquid contained in the flask was transferred to
a 2,000-ml separating funnel and separated into an organic
layer and an aqueous layer. The organic layer was washed
twice with 300 ml of water and washed once with brine. The
organic layer was then dried over magnesium sulfate. The
magnesium sulfate was separated by filtration. The filtrate
was then transferred to a 2,000-ml recovery flask and the
solvent was distilled off under reduced pressure. 1.0 kg of
n-hexane was added to the resultant pale yellow crystal and
the mixture was heated and stirred. After that, the resultant
mixture was cooled and the precipitated needle crystal was
collected by filtration and dried to afford 50.9 g (0.225 mol,
57.4% yield) of (B-3).

[0101] 1.64 g of 56% sodium hydride and 50 ml of dry
DMEF were added to a 500-ml three-necked flask subjected to
degassing and nitrogen purging and the mixture was stirred.
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Next, a solution prepared by dissolving 10.0 g (30.1 mmol) of
(B-2) in 60 ml of dry DMF was added dropwise to the flask
over 30 minutes. After that, stirring was continued for 1 hour.
Next, a solution prepared by dissolving 7.00 g (30.9 mmol) of
(B-3) in 60 ml of dry DMF was added dropwise to the flask
over 30 minutes. After that, stirring was continued the whole
day and night. Next, 300 g of water were added to the flask
and the precipitated yellow crystal was collected by filtration.
The yellow crystal collected by filtration was reslurried with
methanol and dried to afford 15.0 g (28.7 mmol, 95.6% yield)
of (B-4).

[0102] The reaction formulae are shown below.

®/§\N ﬁ\ /@ .
oele®

H H
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-continued
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[0103] Under a nitrogen atmosphere, 50 g (177 mmol) of
p-bromoiodobenzene, 30.0 g (179.4 mmol) of carbazole, 1.0
g (5.25 mmol) of copper iodide, 187.5 g (885 mmol) of
tripotassium phosphate, and 500 ml of 1,4-dioxane were
added and stirred. 6.0 g (52.5 mmol) of trans-1,2-cyclohex-
anediamine were added thereto and the mixture was heated to
110° C. and stirred for 4 hours. The reaction solution was
cooled to room temperature, inorganic matter was then sepa-
rated by filtration, and the solvent was distilled off under
reduced pressure. 600 ml of methanol were added to the
resultant residue and the residue was reslurried with heating
for 2 hours. The resultant was cooled and the precipitate was
then collected by filtration and then dried under reduced
pressure to afford 50 g (140.0 mmol, 78.9% yield) of (B-5) as
a pale brown crystal.

[0104] Under a nitrogen atmosphere, 3.6 g (149 mmol) of
magnesium and 150 ml of dry THF were added to a flask and
heated to reflux. A solution prepared by dissolving 40.0 g
(124 mmol) of (B-5) in 150 ml of dry THF was added drop-
wise to the flask over 30 minutes. After that, stirring was
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continued for 2 hours. After the confirmation of disappear-
ance of the raw materials, the mixture was cooled (liquid A).

[0105] Under a nitrogen atmosphere, 19.3 g (186 mmol) of
trimethoxyborane and 200 ml of dry THF were added to a
flask. The flask was placed in an ice bath and the internal
temperature was set to 0° C. or less. The liquid A described
above was added dropwise thereto over 45 minutes and stir-
ring was then continued for 1 hour. 12 ml of methanol were
added to the flask to quench the reaction. After that, 130 ml of
2M HCI were added and stirring was continued at room
temperature for 2 hours. The precipitated crystal was col-
lected by filtration. THF was distilled off under reduced pres-
sure from the filtrate, and the residue was extracted three
times with toluene. Magnesium sulfate was added to the
toluene layer for drying, and the magnesium sulfate was then
separated by filtration. The filtrate was concentrated under
reduced pressure. 300 g of ethyl acetate were added to the
resultant solid and the mixture was reslurried with heating for
1 hour. The resultant was cooled to room temperature and the
precipitate was filtered. After that, the precipitate was dried
under reduced pressure to afford 25.7 g (89.5 mmol, 72.2%
yield) of (B-6) as a gray solid.

[0106] 6.7 g (12.9 mmol) of (B-4) obtained above, 4.1 g
(14.2 mmol) of (B-6), 1.5 g (1.3 mmol) of tetrakis(triph-
enylphosphine)palladium(0), 50 ml of ethanol, and 100 ml of
toluene were added to a 300-ml three-necked flask subjected
to degassing and nitrogen purging and stirred. After that, 6.5
g (47.0 mmol) of potassium carbonate were dissolved in 50
ml of water. The solution was added to the flask and the
mixture was heated to 85° C. and stirred for 5 hours. The
resultant mixture was cooled once to room temperature, 100
ml of water and 100 ml of toluene were then added thereto,
and the mixture was stirred. Insoluble matter was then sepa-
rated by filtration once. The filtrate was transferred to a 1,000-
ml separating funnel and separated into an organic layer and
an aqueous layer. The organic layer was washed three times
with 100 ml of water. After that, the resultant organic layer
was dried over magnesium sulfate. The magnesium sulfate
was separated by filtration once and the solvent was then
distilled off under reduced pressure. The residue was then
purified by column chromatography to afford 6.9 g (9.5
mmol, 73.6% yield) of Compound (31) as a yellow solid. The
EI-MS (M+1) of the compound was 729.

[0107] The reaction formulae are shown below.
E Br
" -
I
Br
N
B-5)
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and 303.2 g of a saturated sodium bicarbonate aqueous solu-

-continued tion. The aqueous layer was extracted with ethyl acetate
BOH), (2x100 ml) and the organic layer was then washed with a

saturated sodium bicarbonate aqueous solution (100 ml) and

distilled water (2x100 ml). The organic layer was dried over

anhydrous magnesium sulfate. The magnesium sulfate was

then separated by filtration and the solvent was distilled off

under reduced pressure. The resultant residue was dissolved

in 150 ml oftoluene, 2.5 g of palladium/activated carbon were
added thereto, and the mixture was then stirred for 3 hours
while being heated to reflux at 111° C. The reaction solution

B5) B6) was cooled to room temperature. The palladiunyactivated
carbon was then separated by filtration and the solvent was

distilled off under reduced pressure. The residue was purified
O O by recrystallization to afford 14.7 g (37% yield) of (F-1) as a
N

white crystal.

[0109] Under a nitrogen atmosphere, 14.1 g (0.061 mol) of

)\ (F-1), 11.4 g (0.071 mol) of N,N'-dimethylaminoacetalde-

N hyde diethylacetal, and 110.0 g of acetic acid were stirred for
)§ 8 hours while being heated to reflux at 118° C. The reaction
N solution was cooled to room temperature. The precipitated

crystal was then collected by filtration and washed with acetic
acid (30 ml). The resultant crystal was purified by reslurrying
to afford 10.4 g (67% yield) of (F-2) as a white crystal.

[0110] Under a nitrogen atmosphere, 10.0 g (0.039 mol) of
(F-2),39.8 g (0.20 mol) of iodobenzene, 6.2 g (0.098 mol) of
copper, 8.1 g (0.059 mol) of potassium carbonate, and 200 ml
of tetraglyme were added and stirred. After that, the mixture
was heated to 190° C. and stirred for 24 hours. The reaction

N,
solution was cooled to room temperature and copper and
inorganic matter were then separated by filtration. 200 ml of
distilled water were added to the filtrate and the mixture was

(B-6) stirred. The precipitated crystal was separated by filtration.
The resultant crystal was dried under reduced pressure and
O then purified by column chromatography to afford 9.7 g
O O (0.029 mol, 75% yield) of (F-3) as a white powder.
N N [0111] The reaction formulae are shown below.

HCI (g)

Fi0

-

Y

:
OO

31) Pd/C

—_
Toluene

Synthetic Example 3
Synthesis of Compound (130)

[0108] Under a nitrogen atmosphere, a solution of 20.0 g
(0.17 mol) of indole in 300 ml of dry diethyl ether was stirred
at room temperature, and the stirred solution was bubbled
with a hydrogen chloride gas generated by adding dropwise
over 1 hour 112.0 g (1.10 mol) of concentrated hydrochloric
acidto 211.7 g (2.16 mol) of concentrated sulfuric acid. The
reaction solution was stirred at room temperature for 15
hours. To the mixture were then added 121.0 g of ethyl acetate



US 2012/0241732 Al Sep. 27,2012
204

under reduced pressure with a vacuum dryer to afford 14.5 g
-continued (6.5 mmol, 50.2% yield) of (F-4).
[0113] 2.18 g (50.0 mmol) of 55% sodium hydride and 70
ml of dry DMF were added to a 2,000-ml three-necked flask
subjected to degassing and nitrogen purging and the mixture
was stirred under a nitrogen stream. 150 ml of dry DMF were
added to 13.5 g (40.6 mmol) of (F-3) to prepare a solution.
The solution was then added dropwise to the flask over 10
minutes. After the completion of the dropwise addition, stir-
ring was continued for 1 hour. Next, a solution 0f10.4 g (39.0
mmol) of (F-4) in 150 ml of dry DMF was added dropwise to
the flask over 1 hour. After the completion of the dropwise
addition, stirring was continued for 3 hours. After that, 600 g
of water were added thereto and the precipitated crystal was
collected by filtration. The crystal collected by filtration was
reslurried twice with 300 g of water and then reslurried with
300 g of methanol. The resultant crystal was purified by
column chromatography to afford 13.1 g (23.2 mmol, 57.2%
yield) of Compound (130) as a yellow solid. The EI-MS
(M+1) of Compound (130) was 564.

[0114] The reaction formulae are shown below.

Cl

tetraglyme /]\
I\i Ny PhMgBr
A
N Cl

Cl

(F-4)

(F-3)

[0112] Next, 12.5 g (0.068 mol) of cyanuric chloride and 55
ml of dry THF were added to a 200-ml three-necked flask
subjected to degassing and nitrogen purging and the mixture
was stirred under a nitrogen stream in an ice bath. After that,
105.6 g (0.186 mol) of a 32% solution of phenyl magnesium
bromide in THF were added dropwise to the flask over 2
hours. The temperature was kept at 15° C. or less during the
dropwise addition. After the completion of the dropwise addi-
tion, stirring was continued for 1.5 hours. After that, 80 g of
toluene were added to the flask. The flask was then cooled in
an ice bath and 76.5 g (0.254 mol) of a 12% HCI aqueous
solution were added dropwise to the flask over 15 minutes.
The temperature was kept at 30° C. or less during the drop- cl
wise addition. The contents in the flask were transferred to a

500-ml separating funnel and separated into an organic layer Ny
and an aqueous layer. The organic layer was washed three |

times with 100 ml of water. The resultant organic layer was N/
then dried over magnesium sulfate. The magnesium sulfate

was separated by filtration once and the solvent was then

distilled off reduced pressure. 110 g of methanol were added

to the resultant residue and the mixture was stirred for 1 hour. (F-4)
The precipitate was then separated by filtration and dried

F-3)
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[0117] The reaction formulae are shown below.

-continued

B-2)

Synthesis Example 4
Synthesis of Compound (183)

[0115] 2.16 g (49.5 mmol) of 55% sodium hydride and 70
ml of dry DMF were added to a 500-ml three-necked flask
subjected to degassing and nitrogen purging and the mixture
was stirred under a nitrogen stream. 13.7 g (41.2 mmol) of
(B-2) obtained by the method described in Synthesis
Example 2 were added to 70 ml of dry DMF to prepare a
solution. The solution was then added dropwise to the flask
over 15 minutes. After the completion of the dropwise addi-
tion, stirring was continued for 1 hour. After that, 3.76 g (20.4
mmol) of cyanuric chloride were added to 70 ml of dry DMF
to prepare a solution. The solution was then added dropwise
to the flask over 15 minutes. After the completion of the
dropwise addition, stirring was continued for 2 hours, 350 g
of water were then added thereto, and the precipitated crystal
was collected by filtration. The crystal collected by filtration
was reslurried twice with 300 g of water and then reslurried
with 300 g of methanol. The resultant was dried under
reduced pressure and then purified by column chromatogra-
phy to afford 10.9 g (14.0 mmol, 70.0% yield) of (B-7) as a
white powder.

[0116] 10.0 g (12.9 mmol) of (B-7), 2.0 g (16.4 mmol) of
phenylboronic acid, 1.5 g (1.3 mmol) of tetrakis(triph-
enylphosphine)palladium(0), 50 ml of ethanol, and 100 ml of
toluene were added to a 300-ml three-necked flask and
stirred. After that, 6.5 g (47.0 mmol) of sodium carbonate
were dissolved in 50 ml of water. The solution was added to
the flask and the mixture was heated to 85° C. and stirred for
5 hours. The resultant mixture was cooled once to room
temperature, 100 ml of water and 100 ml of toluene were then
added thereto, and the mixture was stirred. Insoluble matter
was then separated by filtration once. The filtrate was trans-
ferred to a 1,000-ml separating funnel and separated into an

organic layer and an aqueous layer. The organic layer was (B-7)

washed three times with 100 ml of water. After that, the B(OH),
resultant organic layer was dried over magnesium sulfate.

The magnesium sulfate was separated by filtration once and —

the solvent was then distilled off under reduced pressure. The
residue was then purified by column chromatography to
afford 5.3 g (6.5 mmol, 50.2% yield) of Compound (183) as
a yellow solid. The EI-MS (M+1) of Compound (183) was
818.
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-continued

(183)

Synthetic Example 5

[0118] Compound (192) was synthesized in accordance
with the reaction formula shown below.

[0119] 10.0 g (12.9 mmol) of (B-7), 4.5 g (16.4 mmol) of
(3,5-diphenyl)boronic acid, 1.5 g (1.3 mmol) of tetrakis
(triphenylphosphine)palladium(0), 50 ml of ethanol, and 100
ml of toluene were added to a 300-ml three-necked flask and
stirred. After that, 6.5 g (47.0 mmol) of sodium carbonate
were dissolved in 50 ml of water. The solution was added to
the flask and the mixture was heated to 85° C. and stirred for
5 hours. The resultant mixture was cooled once to room
temperature, 100 ml of water and 100 ml of toluene were then
added thereto, and the mixture was stirred. Insoluble matter
was then separated by filtration once. The filtrate was trans-
ferred to a 1,000-ml separating funnel and separated into an
organic layer and an aqueous layer. The organic layer was
washed three times with 100 ml of water. After that, the
resultant organic layer was dried over magnesium sulfate.
The magnesium sulfate was separated by filtration once and
the solvent was then distilled off under reduced pressure. The
residue was then purified by column chromatography to
afford 4.7 g (4.8 mmol, 37.5% yield) of Compound (192) as
a yellow solid. The EI-MS (M+1) of Compound (192) was
971.

[0120] The reaction formula is shown below.

B-7)
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-continued
B(OH),

Example 13

[0121] A thin film was formed in the same manner as in
Example 1 except that Compound (31), (130), (183),0r (192)
was used in place of Compound (11). In the same manner as
in Example 1, the produced thin film was irradiated with light
at 337 nm with N2 laser and an emission spectrum from the
thin film upon the irradiation was evaluated at a temperature
of 5 K. Fluorescence emission and phosphorescence emis-
sion were confirmed. The excited singlet energy (S1) and
excited triplet energy (T1) of each compound were deter-
mined based on a fluorescence emission wavelength (FA) and
a phosphorescence emission wavelength (PA.). Further, a dif-
ference between (S1) and (T1) (AE) was determined. Table 5
shows the results.

TABLE 5
Fr Pr S1 T1 AE
Compound nm nm eV eV eV
31 503 521 2.47 2.38 0.09
130 500 500 2.48 2.48 0.00
183 456 470 2.72 2.64 0.08
192 468 479 2.65 2.59 0.06

Examples 14 to 17

[0122] An organic PL element was obtained in the same
manner as in Example 3 except that Compound (31), (130),
(183), or (192) was used in place of Compound (11). The PL,
element was subjected to characteristic evaluation at 150 K to
350 K in the same manner as in Example 3. Table 6 shows the
results.
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TABLE 6
External Delayed
luminous  Fluorescence fluorescence
Temperature efficiency component component
Compound K (%) (%) (%)
31 350 30 13 87
31 325 27 14 86
31 300 33 13 87
31 250 35 10 90
31 200 35 10 90
31 150 42 9 91
130 325 23 30 70
130 300 30 16 84
130 250 40 15 85
130 200 47 16 84
130 150 50 21 79
183 350 36 58 42
183 325 41 58 42
183 300 46 52 48
183 250 44 54 46
183 200 48 53 47
183 150 57 61 39
192 350 29 55 45
192 325 39 45 55
192 300 45 39 61
192 250 41 43 57
192 200 45 41 59
192 150 60 49 51
Example 18

[0123] An organic EL element was produced in the same
manner as in Example 12 except that Compound (31) was
used in place of Compound (11), BPhen was used in place of
BP4 mPy, and the film thickness of aluminum (Al) was set to
100 nm. In the same manner as in Example 12, the resultant
organic EL element was subjected to characteristic evaluation
at 300 K through the use of a C9920-02 type absolute quan-
tum yield measuring apparatus manufactured by Hamamatsu
Photonics K.K. while being connected to an external power
source and applied with a DC voltage. As a result, light
emission at 520 nm derived from Compound (31) was con-
firmed. The external luminous efficiency was 5.6% at a cur-
rent density of 0.1 mA/cm?. Further, a time resolved spectrum
of the element was evaluated in the same manner as in
Example 12. As a result, the light emission of the element
included 44% of a fluorescence component and 56% of a
delayed fluorescence component.

Example 19

[0124] An organic EL element was produced in the same
manner as in Example 18 except that Compound (130) was
used in place of Compound (31). The resultant organic EL
element was subjected to characteristic evaluation at 300 K in
the same manner as in Example 18. As a result, light emission
at 500 nm derived from Compound (130) was confirmed. The
external luminous efficiency was 4.1% at a current density of
0.2 mA/cm?. The light emission of the element included 61%
of a fluorescence component and 38% of a delayed fluores-
cence component.

Example 20

[0125] An organic EL element was produced in the same
manner as in Example 18 except that Compound (183) was
used in place of Compound (31). The resultant organic EL
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element was subjected to characteristic evaluation at 300 K in
the same manner as in Example 18. As a result, light emission
at 490 nm derived from Compound (183) was confirmed. The
external luminous efficiency was 4.4% at a current density of
0.01 mA/cm?. The light emission of the element included
59% of a fluorescence component and 41% of a delayed
fluorescence component.

Example 21

[0126] An organic EL element was produced in the same
manner as in Example 18 except that Compound (192) was
used in place of Compound (31). The resultant organic EL
element was subjected to characteristic evaluation at 300 K in
the same manner as in Example 18. As a result, light emission
at 493 nm derived from Compound 192 was confirmed. The
external luminous efficiency was 3.7% at a current density of
0.01 mA/cm?. The light emission of the element included
53% of a fluorescence component and 47% of a delayed
fluorescence component.

Example 22

[0127] On a glass substrate, on which an anode being
formed of ITO and having a thickness of 100 nm had been
formed, the respective thin films were laminated at a degree of
vacuum of 5.0x10™* Pa by a vacuum deposition method. First,
diphenylnaphthyldiamine (NPD) was formed into a film hav-
ing a thickness of 40 nm on ITO. Next, mCP was formed into
a film having a thickness of 10 nm. Next, Compound (130)
was formed into a film having a thickness of 20 nm. Next,
Bphen was formed into a film having a thickness of 40 nm.
Then, lithium fluoride was formed into a film having a thick-
ness of 0.8 nm. Finally, aluminum (Al) was formed into a film
having a thickness of 100 nm to serve as an electrode. Thus,
an organic EL element was produced.

[0128] The resultant organic EL element was subjected to
characteristic evaluation at 300 K in the same manner as in
Example 5 while being connected to an external power source
and applied with a DC voltage. As a result, light emission at
525 nm derived from Compound (130) was confirmed. The
external luminous efficiency was 5.8% at a current density of
0.03 mA/cm?. The light emission of the element included
59% of a fluorescence component and 41% of a delayed
fluorescence component.

INDUSTRIAL APPLICABILITY

[0129] The fluorescence and delayed fluorescence type
organic light-emitting element using the organic light-emit-
ting material of the present invention can emit light with high
luminance and high efficiency. The organic EL element of the
present invention can emit light with high luminance and high
efficiency at a low voltage. Therefore, potential applications
of the organic EL element of the present invention include a
flat panel display (such as a display for an OA computer or a
wall-hung TV), an on-vehicle display element, a cellular
phone display, a light source utilizing the feature of the ele-
ment as a planar light emitter (such as a light source for a
copying machine or a backlight source for liquid crystal dis-
plays and meters), a display board, and the field of lighting
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such as a marker lamp. Accordingly, the element has a large
technical value.

1. An organic light-emitting material which emits fluores-
cence and delayed fluorescence, the organic light-emitting
material comprising a compound represented by the follow-
ing general formula (1):

R R
R R
ﬂnl‘
R lel p R
R Ar R
(1a)
R
/ )
I_R
AN

(1b)

where: a ring A represents an aromatic ring represented by
the formula (1a) to be fused with an adjacent ring at an
arbitrary position; a ring B represents a heterocycle rep-
resented by the formula (1b) to be fused with an adjacent
ring at an arbitrary position; Ar’s in the formulae (1) and
(1b) each independently represent an aromatic hydro-
carbon group or an aromatic heterocyclic group; R’s in
the formulae (1) and (1a) each independently represent
hydrogen or a monovalent substituent selected from the
group consisting of an alkyl group having 1 to 10 carbon
atoms, an alkoxy group having 1 to 10 carbon atoms, an
alkylthio group having 1 to 10 carbon atoms, an alky-
lamino group having 1 to 10 carbon atoms, an acyl group
having 2 to 10 carbon atoms, an aralkyl group having 7
to 20 carbon atoms, a substituted or unsubstituted aro-
matic hydrocarbon group having 6 to 30 carbon atoms,
and a substituted or unsubstituted aromatic six-mem-
bered heterocyclic group having 3 to 30 carbon atoms,
provided that adjacent substituents may together form a
ring; and n represents an integer of 1 or more and 4 or
less.

2. An organic light-emitting material according to claim 1,
wherein the organic light-emitting material which emits fluo-
rescence and delayed fluorescence has a difference between
excited singlet energy (S1) and excited triplet energy (T1) of
0.2 eV orless.

3. An organic light-emitting material according to claim 1,
wherein n in the general formula (1) represents 1.

4. An organic light-emitting material according to claim 1,
wherein at least one of Ar in the general formula (1) repre-
sents an aromatic heterocyclic group.
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5. An organic light-emitting material according to claim 1,
wherein at least one of Ar in the general formula (1) repre-
sents a group represented by the following general formula

(2):

@

Z x
Il

X
~
\X/

P

where: X’s each independently represent N, C—H, or
C—Ar, and at least one of X’s represents N; and Ar,’s
each independently represent an aromatic hydrocarbon
group or an aromatic heterocyclic group, provided that
when X represents C—Ar,, Ar, and a ring comprising X
may have a side in common to form a fused ring.

6. A fluorescence and delayed fluorescence type organic
light-emitting element, comprising: a substrate; and at least
one light-emitting layer comprising the organic light-emit-
ting material according to claim 1, the light-emitting layer
being provided on the substrate.

7. An organic light-emitting element according to claim 6,
wherein the organic light-emitting element comprises an
organic electroluminescence element comprising: a sub-
strate; an anode; a cathode; and at least one light-emitting
layer comprising the organic light-emitting material, the
anode and the cathode being provided on the substrate and the
light-emitting layer being sandwiched between the anode and
the cathode.

8. An organic light-emitting element according to claim 6,
wherein the light-emitting layer comprises: the organic light-
emitting material; and a host material having at least any one
of excited singlet energy (S1) and excited triplet energy (T1)
higher than those of the organic light-emitting material.

9. An organic light-emitting element according to claim 7,
wherein the light-emitting layer comprises: the organic light-
emitting material; and a host material having at least any one
of excited singlet energy (S1) and excited triplet energy (T1)
higher than those of the organic light-emitting material.

10. An organic light-emitting material which emits fluo-
rescence and delayed fluorescence, the organic light-emitting
material having a difference between excited singlet energy
(S1) and excited triplet energy (T1) of 0.2 eV or less.

11. A fluorescence and delayed fluorescence type organic
light-emitting element, comprising: a substrate; and at least
one light-emitting layer comprising the organic light-emit-
ting material according to claim 10, the light-emitting layer
being provided on the substrate.

12. An organic light-emitting element according to claim
11, wherein the light-emitting layer comprises: the organic
light-emitting material; and a host material having at least any
one of excited singlet energy (S1) and excited triplet energy
(T1) higher than those of the organic light-emitting material.
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