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(57) ABSTRACT

To provide a compound represented by the following for-
mula (1-5).

{1-5)
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Two of *1 are fused with a group represented by the formula
(1A) to form a nitrogen atom-containing five-membered
ring; and two of *2 are fused with a group represented by the
formula (1A), which is different from the group bonded with
the two of *1, to form a nitrogen atom-containing five-
membered ring.
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COMPOUND AND ORGANIC
ELECTROLUMINESCENCE DEVICE

TECHNICAL FIELD

[0001] The invention relates to a new compound and an
organic electroluminescence device using the same.

BACKGROUND ART

[0002] When voltage is applied to an organic electrolumi-
nescence device (hereinafter, referred to as an organic EL
device in several cases), holes and electrons are injected into
an emitting layer from an anode and a cathode, respectively.
Then, thus injected holes and electrons are recombined in
the emitting layer, and excitons are formed therein.

[0003] The organic EL device includes the emitting layer
between the anode and the cathode. Further, the organic EL
device has a stacked structure including an organic layer
such as a hole-injecting layer, a hole-transporting layer, an
electron-injecting layer, and an electron-transporting layer
in several cases.

[0004] Patent Document 1 discloses a compound used as
a material for an organic electroluminescence device.

RELATED ART DOCUMENTS

Patent Documents

[0005] Patent Document 1: WO2013/077344
SUMMARY OF THE INVENTION
[0006] One of objects of the invention is to provide a

compound which can be used as a material for an organic
electroluminescence device. Further, another object of the
invention is to provide an organic electroluminescence
device having high luminous efficiency.

[0007] One aspect of the invention provides a compound
having structures represented by the following formulas (a)

and (b).

()

(b)

[0008] wherein, in the structures represented by the for-
mulas (a) and (b),

[0009] a ring A, a ring B, a ring C and a ring D are
independently
[0010] a substituted or unsubstituted aromatic hydrocar-

bon ring having 6 to 50 carbon atoms that form a ring
(hereinafter referred to as “ring carbon atoms™) or
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[0011] a substituted or unsubstituted heterocyclic ring
having 5 to 50 atoms that form a ring (hereinafter referred
to as “ring atoms™);

[0012] two or more of the ring A, the ring B, the ring C and
the ring D are the heterocyclic ring;

[0013] each of sites *a, *b, *c and *d in the formula (a)
and the formula (b) represents a position of an atom; and
[0014] the atoms located in the sites *a, *b, *c and *d form
a substituted or unsubstituted and saturated or unsaturated
six-membered ring including the four atoms located in the
sites.

[0015] Another aspect of the invention provides an
organic electroluminescence device having a cathode, an
anode, and one or more organic layer arranged between the
cathode and the anode, wherein at least one layer in the one
or more organic layers contains the compound according to
one aspect of the invention, and a compound represented by
the following formula (10):

(10)

Ryps Rip
R4 O Rygy
Ryjo O Rypo
Rios O Rigs
Rios Ryo7
[0016] wherein, in the formulas (10), at least one of R |,

to R, o 15 a group represented by the following formula (31);
when two or more groups represented by the following
formula (31) exist, two or more groups represented by the
following formula (31) may be the same with or different
from each other;

L101'Ar101 (31)

[0017] wherein, in the formula (31),

[0018] L, is

a single bond,

a substituted or unsubstituted arylene group having 6 to 30
ring carbon atoms, or

a substituted or unsubstituted divalent heterocyclic group
having 5 to 30 ring atoms;

[0019] Ar,,, is

a substituted or unsubstituted aryl group having 6 to 50 ring
carbon atoms, or

a substituted or unsubstituted monovalent heterocyclic
group having 5 to 50 ring atoms;

[0020] one or more sets of two or more adjacent to each
other among R, to R}, that are not the group represented
by the formula (31) form a substituted or unsubstituted and
saturated or unsaturated ring, or do not form the ring;
[0021] R,,, to R,,, that are neither the group represented
by the formula (31) nor form the ring are independently

a hydrogen atom, a halogen atom, a cyano group, a nitro
£roup,

a substituted or unsubstituted alkyl group having 1 to 50
carbon atoms,
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a substituted or unsubstituted alkenyl group having 2 to 50
carbon atoms,

a substituted or unsubstituted alkynyl group having 2 to 50
carbon atoms,

a substituted or unsubstituted cycloalkyl group having 3 to
50 ring carbon atoms,

S i(RQOI) (R902) (R-QOS) >

—O0—(Rypa)
—S—(Rgos)

—NRgo6)Roo7)

a substituted or unsubstituted aryl group having 6 to 50 ring
carbon atoms, or

a substituted or unsubstituted monovalent heterocyclic
group having 5 to 50 ring atoms;

[0022] Ry, to Ry, are independently

a hydrogen atom,

a substituted or unsubstituted alkyl group having 1 to 50
carbon atoms,

a substituted or unsubstituted cycloalkyl group having 3 to
50 ring carbon atoms,

a substituted or unsubstituted aryl group having 6 to 50 ring
carbon atoms, or

a substituted or unsubstituted monovalent heterocyclic
group having 5 to 50 ring atoms; and

when two or more of Ry, to Ry, exist, two or more of Ry,
to Ryy; may be the same with or different from each other.
[0023] Another aspect of the invention provides an elec-
tronic apparatus provided with the organic electrolumines-
cence device.

Advantageous Effects of the Invention

[0024] According to the invention, an organic electrolu-
minescence device having high luminous efficiency can be
provided.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] FIG. 1 is a diagram showing a schematic configu-
ration of one embodiment of an organic EL device of the
invention.

DETAILED DESCRIPTION OF THE
INVENTION

Definition

[0026] In the present specification, a hydrogen atom
means an atom including isotopes different in the number of
neutrons, namely, a protium, a deuterium and a tritium.

[0027] In the present specification, a term “ring carbon
atoms” represents the number of carbon atoms among atoms
forming a subject ring itself of a compound having a
structure in which atoms are bonded in a ring form (for
example, a monocyclic compound, a fused ring compound,
a cross-linked compound, a carbocyclic compound or a
heterocyclic compound). When the subject ring is substi-
tuted by a substituent, the carbon contained in the substituent
is not included in the number of ring carbon atoms. The
same shall apply to the “ring carbon atoms™ described
below, unless otherwise noted. For example, a benzene ring
has 6 ring carbon atoms, a naphthalene ring has 10 ring
carbon atoms, a pyridine ring has 5 ring carbon atoms, and
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a furan ring has 4 ring carbon atoms. Further, for example,
a 9,9-diphenylfluorenyl group has 13 ring carbon atoms, and
a 9.9'-spirobifluorenyl group has 25 ring carbon atoms.
[0028] Further, when the benzene ring or the naphthalene
ring is substituted by an alkyl group as a substituent, for
example, the number of carbon atoms of the alkyl group is
not included in the ring carbon atoms.

[0029] In the present specification, a term “ring atoms”
represents the number of atoms forming a subject ring itself
of a compound having a structure in which atoms are bonded
in a ring form (for example, a monocycle, a fused ring and
a ring assembly) (for example, a monocyclic compound, a
fused ring compound, a cross-linked compound, a carbocy-
clic compound or a heterocyclic compound). The term “ring
atoms” does not include atoms which do not form the ring
(for example, a hydrogen atom which terminates a bond of
the atoms forming the ring) or atoms contained in a sub-
stituent when the ring is substituted by the substituent. The
same shall apply to the “ring atoms” described below, unless
otherwise noted. For example, a pyridine ring has 6 ring
atoms, a quinazoline ring has 10 ring atoms, and a furan ring
has 5 ring atoms. A hydrogen atom bonded with a carbon
atom of the pyridine ring or the quinazoline ring or an atom
forming the substituent is not included in the number of the
ring atoms.

[0030] In the present specification, a term “XX to YY
carbon atoms” in an expression of “substituted or unsubsti-
tuted Z7Z group having XX to YY carbon atoms” represents
the number of carbon atoms when the ZZ group is unsub-
stituted. The number of carbon atoms of a substituent when
the Z7 group is substituted is not included. Here, “YY” is
larger than “XX”, and “XX” and “YY” each mean an integer
of 1 or more.

[0031] In the present specification, a term “XX to YY
atoms” in an expression of “substituted or unsubstituted 77
group having XX to YY atoms” represents the number of
atoms when the ZZ group is unsubstituted. The number of
atoms of a substituent when the group is substituted is not
included. Here, “YY” is larger than “XX”, and “XX” and
“YY” each mean an integer of 1 or more.

[0032] A term “unsubstituted” in the case of “substituted
or unsubstituted ZZ group” means that the ZZ group is not
substituted by a substituent, and a hydrogen atom is bonded
therewith. Alternatively, a term “substituted” in the case of
“substituted or unsubstituted Z7Z group” means that one or
more hydrogen atoms in the ZZ group are substituted by a
substituent. Similarly, a term “substituted” in the case of
“BB group substituted by an AA group” means that one or
more hydrogen atoms in the BB group are substituted by the
AA group.

[0033] Hereinafter, the substituent described herein will
be described.
[0034] The number of the ring carbon atoms of the

“unsubstituted aryl group” described herein is 6 to 50,
preferably 6 to 30, and more preferably 6 to 18, unless
otherwise specified.

[0035] The number of the ring carbon atoms of the
“unsubstituted heterocyclic group” described herein is S to
50, preferably 5 to 30, and more preferably 5 to 18, unless
otherwise specified.

[0036] The number of the carbon atoms of the “unsubsti-
tuted alkyl group” described herein is 1 to 50, preferably 1
to 20, and more preferably 1 to 6, unless otherwise specified.
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[0037] The number of the carbon atoms of the “unsubsti-
tuted alkenyl group” described hetein is 2 to 50, preferably
2 to 20, and more preferably 2 to 6, unless otherwise
specified.

[0038] The number of the carbon atoms of the “unsubsti-
tuted alkynyl group” described herein is 2 to 50, preferably
2 to 20, and more preferably 2 to 6, unless otherwise
specified.

[0039] The number of the ring carbon atoms of the
“unsubstituted cycloalkyl group” described herein is 3 to 50,
preferably 3 to 20, and more preferably 3 to 6, unless
otherwise specified.

[0040] The number of the ring carbon atoms of the
“unsubstituted arylene group” described herein is 6 to 50,
preferably 6 to 30, and more preferably 6 to 18, unless
otherwise specified.

[0041] The number of the ring atoms of the “unsubstituted
divalent heterocyclic group” described herein is 5 to 50,
preferably 5 to 30, and more preferably 5 to 18, unless
otherwise specified.

[0042] The number of the carbon atoms of the “unsubsti-
tuted alkylene group” described herein is 1 to 50, preferably
1 to 20, and more preferably 1 to 6, unless otherwise
specified.

[0043] Specific examples (specific example group G1) of
the “substituted or unsubstituted aryl group” described
herein include an unsubstituted aryl group and a substituted
aryl group described below. (Here, a term “unsubstituted
aryl group” refers to a case where the “substituted or
unsubstituted aryl group” is the “unsubstituted aryl group,”
and a term “substituted aryl group” refers to a case where the
“substituted or unsubstituted aryl group” is the “substituted
aryl group”. Hereinafter, a case of merely “aryl group”
includes both the “unsubstituted aryl group” and the “sub-
stituted aryl group”.

[0044] The “substituted aryl group” refers to a case where
the “unsubstituted aryl group” has a substituent, and specific
examples thereof include a group in which the “unsubsti-
tuted aryl group” has the substituent, and a substituted aryl
group described below. It should be noted that examples of
the “unsubstituted aryl group” and examples of the “substi-
tuted aryl group” listed herein are only one example, and the
“substituted aryl group” described herein also includes a
group in which a group in which “unsubstituted aryl group”
has a substituent or the like further has a substituent, and a
group in which “substituted aryl group” further has a sub-
stituent.

[0045] An unsubstituted aryl group:

a phenyl group,

a p-biphenyl group,

a m-biphenyl group,

an o-biphenyl group,

a p-terphenyl-4-yl group,

a p-terphenyl-3-yl group,

a p-terphenyl-2-yl group,

a m-terphenyl-4-yl group,

a m-terphenyl-3-yl group,

a m-terphenyl-2-yl group,

an o-terphenyl-4-yl group,

an o-terphenyl-3-yl group,

an o-terphenyl-2-yl group,

a 1-naphthyl group,

a 2-naphthyl group,

an anthryl group,
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a benzanthryl group,

a phenanthryl group,

a benzophenanthryl group,

a phenalenyl group,

a pyrenyl group,

a chrysenyl group,

a benzochrysenyl group,

a triphenylenyl group,

a benzotriphenylenyl group,

a tetracenyl group,

a pentacenyl group,

a fluoreny! group,

a 9,9'"-spirobifluorenyl group,

a benzofluorenyl group,

a dibenzofluorenyl group,

a fluoranethenyl group,

a benzofluoranethenyl group, and

a perylenyl group.

A substituted aryl group:

an o-tolyl group,

a m-tolyl group,

a p-tolyl group,

a p-xylyl group,

a m-xylyl group,

an o-xylyl group,

a p-isopropyl phenyl group,

a m-isopropyl phenyl group,

an o-isopropyl phenyl group,

a p-t-butylphenyl group,

a m-t-butylphenyl group,

an o-t-butylphenyl group,

a 3.4,5-trimethylphenyl group,

a 9,9-dimethylfluorenyl group,

a 9.,9-diphenylfluorenyl group

a 9,9-di(4-methylphenyl)fluorenyl group,

a 9,9-di(4-isopropylphenyl)fluorenyl group,

a 9,9-di(4-t-butylphenyl)fluorenyl group,

a cyanophenyl group,

a triphenylsilylphenyl group,

a trimethylsilylphenyl group,

a phenylnaphthyl group, and

a naphthylphenyl group.

[0046] The “heterocyclic group” described herein is a ring
group having at least one hetero atom in the ring atom.
Specific examples of the hetero atom include a nitrogen
atom, an oxygen atom, a sulfur atom, a silicon atom, a
phosphorus atom and a boron atom.

[0047] The “heterocyclic group” described herein may be
a monocyclic group, or a fused ring group.

[0048] The “heterocyclic group” described herein may be
an aromatic heterocyclic group, or an aliphatic heterocyclic
group.

[0049] Specific examples (specific example group G2) of
the “substituted or unsubstituted heterocyclic group” include
an unsubstituted heterocyclic group and a substituted het-
erocyclic group described below. (Here, the unsubstituted
heterocyclic group refers to a case where the “substituted or
unsubstituted heterocyclic group™ is the “unsubstituted het-
erocyclic group,” and the substituted heterocyclic group
refers to a case where the “substituted or unsubstituted
heterocyclic group” is the “substituted heterocyclic group”.
Hereinafter, the case of merely “heterocyclic group”
includes both the “unsubstituted heterocyclic group” and the
“substituted heterocyclic group”.
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[0050] The “substituted heterocyclic group” refers to a
case where the “unsubstituted heterocyclic group” has a
substituent, and specific examples thereof include a group in
which the “unsubstituted heterocyclic group” has a substitu-
ent, and a substituted heterocyclic group described below. Tt
should be noted that examples of the “unsubstituted hetero-
cyclic group” and examples of the “substituted heterocyclic
group” listed herein are merely one example, and the “sub-
stituted heterocyclic group” described herein also includes a
group in which “unsubstituted heterocyclic group” which
has a substituent or the like further has a substituent, and a
group in which “substituted heterocyclic group” further has
a substituent.

[0051] An unsubstituted heterocyclic group having a
nitrogen atom:

a pyrrolyl group,

an imidazolyl group,

a pyrazolyl group,

a triazolyl group,

a tetrazolyl group,

an oxazolyl group,

an isoxazolyl group,

an oxadiazolyl group,

a thiazolyl group,

an isothiazolyl group,

a thiadiazolyl group,

a pyridyl group,

a pyridazinyl group,

a pyrimidinyl group,

a pyrazinyl group,

a triazinyl group,

an indolyl group,

an isoindolyl group,

an indolizinyl group,

a quinolizinyl group,

a quinolyl group,

an isoquinolyl group,

a cinnolyl group,

a phthalazinyl group,

a quinazolinyl group,

a quinoxalinyl group,

a benzimidazolyl group,

an indazolyl group,

a phenanthrolinyl group,

a phenanthridinyl group

an acridinyl group,

a phenazinyl group,

a carbazolyl group,

a benzocarbazolyl group,

a morpholino group,

a phenoxazinyl group,

a phenothiazinyl group,

an azacarbazolyl group, and

a diazacarbazolyl group.

[0052] An unsubstituted heterocyclic group having an
oxXygen atom:

a furyl group,

an oxazolyl group,

an isoxazolyl group,

an oxadiazolyl group,

a xanthenyl group,

a benzofuranyl group,

an isobenzofuranyl group,

a dibenzofuranyl group,
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a naphthobenzofurany! group,

a benzooxazolyl group,

a benzisoxazolyl group,

a phenoxazinyl group,

a morpholino group,

a dinaphthofuranyl group,

an azadibenzofuranyl group,

a diazadibenzofuranyl group,

an azanaphthobenzofuranyl group, and

a diazanaphthobenzofuranyl group.

[0053] An unsubstituted heterocyclic group having a sul-
fur atonu:

a thienyl group,

a thiazolyl group,

an isothiazolyl group,

a thiadiazolyl group,

a benzothiophenyl group,

an isobenzothiophenyl group,

a dibenzothiopheny! group,

a naphthobenzothiophenyl group,

a benzothiazolyl group,

a benzisothiazolyl group,

a phenothiazinyl group,

a dinaphthothiophenyl group,

an azadibenzothiophenyl group,

a diazadibenzothiophenyl group,

an azanaphthobenzothiophenyl group, and

a diazanaphthobenzothiophenyl group.

[0054] A substituted heterocyclic group having a nitrogen
atom:

a (9-phenyl)carbazolyl group,

a (9-biphenylyl)carbazolyl group,

a (9-phenyl)phenylcarbazolyl group,

a (9-naphthyl)carbazolyl group,

a diphenylcarbazol-9-yl group,

a phenylcarbazol-9-yl group,

a methylbenzimidazolyl group,

an ethylbenzimidazolyl group,

a phenyltriazinyl group,

a biphenylyltriazinyl group,

a diphenyltriazinyl group,

a phenylquinazolinyl group, and

a biphenylylquinazolinyl group.

[0055] A substituted heterocyclic group having an oxygen
atom:

a phenyldibenzofuranyl group,

a methyldibenzofuranyl group,

a t-butyldibenzofuranyl group, and

a monovalent residue of spiro[9H-xanthene-9,9'-[9H]fluo-
rene].
[0056]
atom:
a phenyldibenzothiophenyl group,

a methyldibenzothiophenyl group,

a t-butyldibenzothiophenyl group, and

a monovalent residue of spiro[9H-thioxantene-9,9'-[9H]
fluorene].

[0057] A monovalent group derived from the following
unsubstituted heterocyclic ring containing at least one of a
nitrogen atom, an oxygen atom and a sulfur atom, and a
group in which a monovalent group derived from the
following unsubstituted heterocyclic ring has a substituent:

A substituted heterocyclic group having a sulfur
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-continued

XY-17)

X4

Y, /
XY-18)

X4
Y4
.

[0058] In the formulas (XY-1)to (XY-18), X, and Y , are
independently an oxygen atom, a sulfur atom, NH or CH,.
However, at least one of X, and Y, is an oxygen atom, a
sulfur atom or NH.

[0059] The heterocyclic ring represented by the formulas
(XY-1) to (XY-18) becomes a monovalent heterocyclic
group having a bond at an arbitrary position.

[0060] An expression “the monovalent group derived
from the unsubstituted heterocyclic ring represented by the
formulas (XY-1) to (XY-18) has a substituent” refers to a
case where the hydrogen atom bonded with the carbon atom
which constitutes a skeleton of the formulas is substituted by
a substituent, or a state in which X, or Y, is NH or CH,, and
the hydrogen atom in the NH or CH, is replaced with a
substituent.

[0061] Specific examples (specific example group G3) of
the “substituted or unsubstituted alkyl group” include an
unsubstituted alkyl group and a substituted alkyl group
described below. (Here, the unsubstituted alkyl group refers
to a case where the “substituted or unsubstituted alkyl
group” is the “unsubstituted alkyl group,” and the substi-
tuted alkyl group refers to a case where the “substituted or
unsubstituted alkyl group” is the “substituted alkyl group”).
Hereinafter, the case of merely “alkyl group” includes both
the “unsubstituted alkyl group” and the “substituted alkyl
group”.

[0062] The “substituted alkyl group” refers to a case
where the “unsubstituted alkyl group” has a substituent, and
specific examples thereof include a group in which the
“unsubstituted alkyl group” has a substituent, and a substi-
tuted alkyl group described below. It should be noted that
examples of the “unsubstituted alkyl group™ and examples
of the “substituted alkyl group” listed herein are merely one
example, and the “substituted alky! group” described herein
also includes a group in which “unsubstituted alkyl group”
has a substituent further has a substituent, a group in which
“substituted alkyl group” further has a substituent, and the
like.

[0063]
a methyl group,

An unsubstituted alkyl group:

an ethyl group,

a n-propyl group,
an isopropyl group,
a n-butyl group,
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an isobutyl group,

a s-butyl group, and

a t-butyl group.

[0064] A substituted alkyl group:

a heptafluoropropyl group (including an isomer),

a pentafluoroethyl group,

a 2,2 2-trifluoroethyl group, and

a trifluoromethyl group.

[0065] Specific examples (specific example group G4) of
the “substituted or unsubstituted alkenyl group” include an
unsubstituted alkenyl group and a substituted alkenyl group
described below. (Here, the unsubstituted alkenyl group
refers to a case where the “substituted or unsubstituted
alkenyl group” is the “unsubstituted alkenyl group,” and the
substituted alkenyl group refers to a case where the “sub-
stituted or unsubstituted alkenyl group” is the “substituted
alkenyl group”). Hereinafter, the case of merely “alkenyl
group” includes both the “unsubstituted alkenyl group” and
the “substituted alkenyl group”.

[0066] The “substituted alkenyl group” refers to a case
where the “unsubstituted alkenyl group™ has a substituent,
and specific examples thereof include a group in which the
“unsubstituted alkenyl group” has a substituent, and a sub-
stituted alkenyl group described below. It should be noted
that examples of the “unsubstituted alkenyl group” and
examples of the “substituted alkenyl group” listed herein are
merely one example, and the “substituted alkenyl group”
described herein also includes a group in which “unsubsti-
tuted alkenyl group” has a substituent further has a substitu-
ent, a group in which “substituted alkenyl group” further has
a substituent, and the like.

[0067] An unsubstituted alkenyl group and a substituted
alkenyl group:

a vinyl group,

an allyl group,

a 1-butenyl group,

a 2-butenyl group,

a 3-butenyl group,

a 1,3-butanedienyl group,

a 1-methylvinyl group,

a 1-methylallyl group,

a 1,1-dimethylallyl group,

a 2-methylallyl group, and

a 1,2-dimethylallyl group.

[0068] Specific examples (specific example group G5) of
the “substituted or unsubstituted alkynyl group” include an
unsubstituted alkynyl group described below. (Here, the
unsubstituted alkynyl group refers to a case where the
“substituted or unsubstituted alkynyl group” is the “unsub-
stituted alkynyl group”). Hereinafter, a case of merely
“alkynyl group” includes both the “unsubstituted alkynyl
group” and the “substituted alkynyl group”.

[0069] The “substituted alkynyl group” refers to a case
where the “unsubstituted alkynyl group™ has a substituent,
and specific examples thereof include a group in which the
“unsubstituted alkynyl group” described below has a sub-
stituent.

[0070] An unsubstituted alkynyl group:

an ethynyl group.

[0071] Specific examples (specific example group G6) of
the “substituted or unsubstituted cycloalkyl group”
described herein include an unsubstituted cycloalkyl group
and a substituted cycloalkyl group described below. (Here,
the unsubstituted cycloalkyl group refers to a case where the
“substituted or unsubstituted cycloalkyl group” is the
“unsubstituted cycloalkyl group,” and the substituted
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cycloalkyl group refers to a case where the “substituted or
unsubstituted cycloalkyl group” is the “substituted
cycloalkyl group”). Hereinafter, a case of merely
“cycloalkyl group” includes both the “unsubstituted
cycloalkyl group” and the “substituted cycloalkyl group”.

[0072] The “substituted cycloalkyl group” refers to a case
where the “unsubstituted cycloalkyl group” a the substitu-
ent, and specific examples thereof include a group in which
the “unsubstituted cycloalkyl group” has a substituent, and
a substituted cycloalkyl group described below. It should be
noted that examples of the “unsubstituted cycloalkyl group”
and examples of the “substituted cycloalkyl group” listed
herein are merely one example, and the “substituted
cycloalkyl group” described herein also includes a group in
which “unsubstituted cycloalkyl group” has a substituent
further has a substituent, a group in which “substituted
cycloalkyl group” further has a substituent, and the like.

[0073]
a cyclopropyl group,

An unsubstituted aliphatic ring group:

a cyclobutyl group,

a cyclopentyl group,

a cyclohexyl group,

a 1-adamantyl group,

a 2-adamantyl group,

a 1-norbornyl group, and
a 2-norbornyl group.

[0074] A substituted cycloalkyl group:
a 4-methylcyclohexyl group.
[0075] Specific examples (specific example group G7) of

the group represented by —Si(Rgq; )(Rog2)(Rogs) described
herein include

Si(G1)(G1)(G1),
Si(G1)(G2)(G2),
Si(G1)(G1)(G2),
Si(G2)(G2)(G2),
Si(G3)(G3)(G3),

Si(G5)(G5)(G5) and

Si(G6)(G6)(G6).
[0076] In which,
[0077] G1 is the “aryl group” described in the specific

example group G1.

[0078] G2 is the “heterocyclic group” described in the
specific example group G2.

[0079] G3 is the “alkyl group” described in the specific
example group G3.

[0080] G5 is the “alkynyl group” described in the specific
example group G35.

[0081] G6 is the “cycloalkyl group” described in the
specific example group G6.

[0082] Specific examples (specific example group G8) of
the group represented by —O—(R,,,) described herein
include
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—0O(G1),
—0(G2),
—0(G3) and

—0(G6).

[0083] In which,

[0084] G1 is the “aryl group” described in the specific
example group G1.

[0085] G2 is the “heterocyclic group” described in the
specific example group G2.

[0086] @3 is the “alkyl group” described in the specific
example group G3.

[0087] G6 is the “cycloalkyl group” described in the
specific example group G6.

[0088] Specific examples (specific example group G9) of
the group represented by —S—(Ryqs) described herein
include

—S(G1),
—S(G2),
—S(G3) and

—8(G6).

[0089] In which,

[0090] G1 is the “aryl group” described in the specific
example group G1.

[0091] G2 is the “heterocycle group” described in the
specific example group G2.

[0092] @3 is the “alkyl group” described in the specific
example group G3.

[0093] G6 is the “cycloalkyl group” described in the
specific example group G6.

[0094] Specific examples (specific example group G10) of
the group represented by —N(R,,5)(Ry,,) described herein
include

— N(G1)(G1),
—N(G2)(G2),
—N(G1)(G2),

~ N(G3)(G3) and

—N(G6) (G6).
[0095] In which,
[0096] G1 is the “aryl group” described in the specific

example group Gl.

[0097] G2 is the “heterocycle group” described in the
specific example group G2.

[0098] @3 is the “alkyl group” described in the specific
example group G3.

[0099] G6 is the “cycloalkyl group” described in the
specific example group G6.

[0100] Specific examples (specific example group G11) of
the “halogen atom” described herein include a fluorine atom,
a chlorine atom, a bromine atom and an iodine atom.
[0101] Specific examples of the “alkoxy group” described
herein include a group represented by —O(G3), where G3
is the “alkyl group” described in the specific example group
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G3. The number of carbon atoms of the “unsubstituted
alkoxy group” are 1 to 50, preferably 1 to 30, and more
preferably 1 to 18, unless otherwise specified.

[0102] Specific examples of the “alkylthio group”
described herein include a group represented by —S(G3),
where G3 is the “alkyl group” described in the specific
example group G3. The number of carbon atoms of the
“unsubstituted alkylthio group” are 1 to 50, preferably 1 to
30, and more preferably 1 to 18, unless otherwise specified.
[0103] Specific examples of the “aryloxy group”
described herein include a group represented by —O(G1),
where G1 is the “aryl group” described in the specific
example group G1. The number of ring carbon atoms of the
“unsubstituted aryloxy group” are 6 to 50, preferably 6 to 30,
and more preferably 6 to 18, unless otherwise specified.
[0104] Specific examples of the “arylthio group”
described herein include a group represented by —S(G1),
where G1 is the “aryl group” described in the specific
example group G1. The number of ring carbon atoms of the
“unsubstituted arylthio group” are 6 to 50, preferably 6 to
30, and more preferably 6 to 18, unless otherwise specified.
[0105] Specific examples of the “aralkyl group” described
herein include a group represented by -(G3)-(G1), where G3
is the “alkyl group” described in the specific example group
G3, and G1 is the “aryl group” described in the specific
example group G1. Accordingly, the “aralkyl group” is one
embodiment of the “substituted alkyl group” substituted by
the “aryl group”. The number of carbon atoms of the
“unsubstituted aralkyl group,” which is the “unsubstituted
alkyl group” substituted by the “unsubstituted aryl group,”
are 7 to 50, preferably 7 to 30, and more preferably 7 to 18,
unless otherwise specified.

[0106] Specific example of the “aralkyl group” include a
benzyl group, a 1-phenylethyl group, a 2-phenylethyl group,
a 1-phenylisopropyl group, a 2-phenylisopropyl group, a
phenyl-t-butyl group, an a-naphthylmethyl group, a 1-a-
naphthylethyl group, a 2-a-naphthylethyl group, a 1-a-naph-
thylisopropyl group, a 2-a-naphthylisopropyl group, a
[-naphthylmethyl group, a 1-f-naphthylethyl group, a 2-8-
naphthylethyl group, a 1-f-naphthylisopropyl group, and a
2-B-naphthylisopropyl group.

[0107] The substituted or unsubstituted aryl group
described herein is, unless otherwise specified, preferably a
phenyl group, a p-biphenyl group, a m-biphenyl group. an
o-biphenyl group, a p-terphenyl-4-yl group, a p-terphenyl-
3-yl group, a p-terphenyl-2-yl group, a m-terphenyl-4-yl
group, a m-terphenyl-3-yl group, a m-terphenyl-2-yl group,
an o-terphenyl-4-yl group, an o-terphenyl-3-yl group, an
o-terphenyl-2-yl group, a 1-naphthyl group, a 2-naphthyl
group, an anthryl group, a phenanthryl group, a pyrenyl
group, a chrysenyl group, a triphenylenyl group, a fluorenyl
group, a 9,9'-spirobifluorenyl group, a 9,9-diphenylfluorenyl
group, or the like.

[0108] The substituted or unsubstituted heterocyclic group
described herein is, unless otherwise specified, preferably a
pyridyl group, a pyrimidinyl group, a triazinyl group, a
quinolyl group, an isoquinoly! group, a quinazolinyl group,
a benzimidazolyl group, a phenanthrolinyl group, a carba-
zolyl group, a benzocarbazolyl group, an azacarbazolyl
group, a diazacarbazolyl group, a dibenzofuranyl group, a
naphthobenzofuranyl group, an azadibenzofuranyl group, a
diazadibenzofuranyl group, a dibenzothiophenyl group, a
naphthobenzothiophenyl group, an azadibenzothiophenyl
group, a diazadibenzothiophenyl group, a (9-phenyl)carba-
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zolyl group, a (9-biphenylyl)carbazolylgroup, a (9-phenyl)
phenylcarbazolyl group, a diphenylcarbazole-9-yl group, a
phenylcarbazol-9-y1 group, a phenyltriazinyl group, a biphe-
nylyltriazinyl group, diphenyltriazinyl group, a phe-
nyldibenzofurany! group, a phenyldibenzothiophenyl group,
an indrocarbazolyl group, a pyrazinyl group, a pyridazinyl
group, a quinazolinyl group, a cinnolinyl group, a phthalazi-
nyl group, a quinoxalinyl group, a pyrrolyl group, an indolyl
group, a pyrrolo[3,2,1-jk]carbazolyl group, a furanyl group,
a benzofuranyl group, a thiophenyl group, a benzothiophe-
nyl group, a pyrazolyl group, an imidazolyl group, a benz-
imidazolyl group, a triazolyl group, an oxazolyl group, a
benzoxazolyl group, a thiazolyl group, a benzothiazolyl
group, an isothiazolyl group, a benzisothiazolyl group, a
thiadiazolyl group, an isoxazolyl group, a benzisoxazolyl
group, a pyrrolidinyl group, a piperidinyl group, a piperazi-
nyl group, an imidazolidinyl group, an indro[3,2,1-jk]car-
bazolyl group, a dibenzothiophenyl group, or the like.

[0109] The dibenzofuranyl group and the dibenzothiophe-

nyl group as described above are specifically any group
described below, unless otherwise specified.

XY-76)
Xp
XY-77)
'j‘
XY-78)
iXB
XY-79)

Xz

&
v

[0110] In the formulas (XY-76) to (XY-79), X5 is an
oxygen atom or a sulfur atom.

[0111] The substituted or unsubstituted alkyl group
described herein is, unless otherwise specified, preferably a
methyl group, an ethyl group, a propyl group, an isopropyl
group, a n-butyl group, an isobutyl group, a t-butyl group, or
the like.

[0112] The “substituted or unsubstituted arylene group”
descried herein refers to a group in which the above-
described “aryl group” is converted into divalence, unless
otherwise specified. Specific examples (specific example
group G12) of the “substituted or unsubstituted arylene
group” include a group in which the “aryl group” described
in the specific example group G1 is converted into diva-
lence.
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[0113] Specific examples (specific example group G13) of
the “substituted or unsubstituted divalent heterocyclic
group” include a group in which the “heterocyclic group”
described in the specific example group G2 is converted into
divalence.

[0114] Specific examples (specific example group G14) of
the “substituted or unsubstituted alkylene group” include a
group in which the “alkyl group” described in the specific
example group G3 is converted into divalence.

[0115] The substituted or unsubstituted arylene group
described herein is any group described below, unless oth-
erwise specified.

— /(R9os)m901 e
\ /
— /(R908)m901 ooy
\_/
— /(R908)m901 e
a¥a
(XY-23)
XY-24)
XY-25)

(Rogs)moor

{Roog)mgol
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-continued
(XY-26)
(Ro08)mo01
Roo8)m901
XY-27)
\(R908)m901
Roo8)moor
XY-28)
—\(RQOS:)mQI)l
\Y
(R908)m901/\ /
(XY-29)

(Roog)mso1 (Roog)moo1
[0116] In the formulas (XY-20) to (XY-29), 8908 is a
substituent.
[0117] Then, m901 is an integer of O to 4, and when m901

is 2 or more, a plurality of R,,, may be the same with or
different from each other.

XY-30)
" Rogo Roge
XY-31)

* Rogo Rogo

3

*

9
»
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-continued

Rogo Roog

O*
5

%

Rogo Ropo

O*
&

Rgog Roop

S
S

Rge Rooo

S
Y

Rgo Rooo

.
g

%

Rooo Rooo

g
&

Rogy Rogg

9
5

*
*

Rgos Roog

e
G

(XY-32)

(XY-33)

(XY-34)

(XY-35)

(XY-36)

(XY-37)

(XY-38)

(XY-39)
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-continued
(XY-40)

Rogo Rogg

C
g

[0118] In the formulas (XY-30) to (XY-40), Rqys is inde-
pendently a hydrogen atom or a substituent. Two of Ry
may be bonded with each other through a single bond to
form a ring.

XY-41)
A~ Ro10)mon2
D
raa
XY-42)
| A g\
/\
(Ro10)mo0z
XY-43)
.~ Ro10)mon2
D
AN
. XY-44)
| N X
/\
(Ro10)mo02
XY-45)
Ro10)mo02
(XY-46)

* o~ Ro10)mon2
| \/
=L

[0119] In the formulas (XY-41) to (XY-46), Ry, is a
substituent.

[0120] Then, m902 is an integer of O to 6. When m902 is
2 or more, a plurality of Ry, may be the same with or
different from each other.

[0121] The substituted or unsubstituted divalent heterocy-
clic group described herein is preferably any group
described below, unless otherwise specified.
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-continued

(XY-50) (XY-58)
Ry Royy

*

0*
Y

%? fz

< O

*

XY-51)
I|{911 (XY-59)
N,
(XY-5) '
. I|{911
N (XY-60)
I|{911
N
(XY-53) O O
. I|{911
N * *
O O (XYv_61)
|
XY-54)
1|1911
N,
!
(XY-55)
1|{911 *
N,
!
XY-56)
Ry
X

%

XY-57)

&
%
O

[0122] 1In the formulas (XY-50) to (XY-60), Ry, is a
hydrogen atom or a substituent.
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(XY-65)

(XY-66)

(XY-67)

(XY-698)

(XY-69)

(XY-70)

XY-T1)

XY-72)

(XY-73)

(XY-74)
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-continued
XY-75)

[0123] In the formulas (XY-65) to (XY-75), Xz is an
oxygen atom or a sulfur atom.

[0124] Herein, a case where “one or more sets of two or
more groups adjacent to each other are bonded with each
other to form a substituted or unsubstituted and saturated or
unsaturated ring” will be described by taking, as an example,
a case of an anthracene compound represented by the
following formula (XY-80) in which a mother skeleton is an
anthracene ring.

(XY-80)
Rops Rox

Ropq O Ry
Ro30 O Rozg
o O -

Rozg Roy7

[0125] For example, two adjacent to each other into one
set when “one or more sets of two or more groups adjacent
to each other are bonded with each other to form the ring”
among Ro,, 10 Ry;, include Ry, and Ry,,, Ry,; and Ry o5,
Rons and Ry, Rop, and Reyg Rosp and Ress, Roos and R,
§926 and Rys7, Roy7 and Reyg, Ropg and Ry, and Rgyo and
921+

[0126] The above-described “one or more sets” means that
two or more sets of two groups adjacent to each other may
simultaneously form the ring. For example, a case where
Rg,; and Rg,, are bonded with each other to form a ring A,
and simultaneously R,,; and Ry, are bonded with each
other to form a ring B is represented by the following
formula (XY-81).

(XY-81)
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[0127] A case where “two or more groups adjacent to each
other” form a ring means that, for example. Ry,, and Rg,,
are bonded with each other to form a ring A, and Ry, and
R,,; are bonded with each other to form a ring C. A case
where the ring A and ring C sharing R,,, are formed, in
which the ring A and the ring C are fused to the anthracene
mother skeleton by three of Ry,; to Ry, adjacent to each
other, is represented by the following (XY-82).

[0128] The rings A to C formed in the formulas (XY-81)
and (XY-82) are a saturated or unsaturated ring.

[0129] A term “unsaturated ring” means an aromatic
hydrocarbon ring or an aromatic heterocyclic ring. A term
“saturated ring” means an aliphatic hydrocarbon ring or an
aliphatic heterocyclic ring.

[0130] For example, the ring A formed by Ry,; and Ryy,
being bonded with each other, represented by the formula
(XY-81), means a ring formed by a carbon atom of the
anthracene skeleton bonded with R,,,, a carbon atom of the
anthracene skeleton bonded with Ry,,, and one or more
arbitrary elements. Specific examples include, when the ring
A is formed by Ry, and Ry,,, a case where an unsaturated
ring is formed of a carbon atom of an anthracene skeleton
bonded with Ry, . a carbon atom of the anthracene skeleton
bonded with R,,, and four carbon atoms, in which a ring
formed by Ry,; and R,, is formed into a benzene ring.
Further, when a saturated ring is formed, the ring is formed
into a cyclohexane ring.

[0131] Here, “arbitrary elements” are preferably a C ele-
ment, a N element, an O element and a S element. In the
arbitrary elements (for example, a case of the C element or
the element), the carbon atoms of the anthracene mother
skeleton that do not form the ring may be terminated with
the hydrogen atom or the like, or may be substituted by an
arbitrary substituent. When the ring contains the arbitrary
elements other than the C element, the ring to be formed is
a heterocyclic ring.

[0132] The number of “one or more arbitrary elements”
forming the saturated or unsaturated ring is preferably 2 or
more and 15 or less, more preferably 3 or more and 12 or
less, and further preferably 3 or more and 5 or less.

[0133] When the above-described “saturated or unsatu-
rated ring” has a substituent, the substituent is as described
above.

[0134] In one embodiment of the present specification, the
substituent (hereinafter, referred to as an “arbitrary substitu-
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ent” in several cases) in the case of the “substituted or
unsubstituted” is a group selected from the group consisting
of

an unsubstituted alkyl group having 1 to 50 carbon atoms,
an unsubstituted alkenyl group having 2 to 50 carbon atoms,
an unsubstituted alkynyl group having 2 to 50 carbon atoms,
an unsubstituted cycloalkyl group having 3 to 50 ring carbon
atoms,

—Si(Ro01)(Ron2)(Roos)s

407(R904))

7Si(R905)

[0135] 7N(R906)(R907)

wherein,

Rgo; 10 Ry, are independently

a hydrogen atom,

a substituted or unsubstituted alkyl group having 1 to 50
carbon atoms,

a substituted or unsubstituted cycloalkyl group having 3 to
50 ring carbon atoms,

a substituted or unsubstituted aryl group having 6 to 50 ring
carbon atoms, or

a substituted or unsubstituted monovalent heterocyclic
group having 5 to 50 ring atoms; and

when two or more of Ry, to Ry, exist, two or more of Ry,
to Rgy; may be the same with or different from each other,
a halogen atom, a cyano group, a nitro group,

an unsubstituted aryl group having 6 to 50 ring carbon
atoms, and

an unsubstituted monovalent heterocyclic group having 5 to
50 ring atoms.

[0136] In one embodiment, the substituent in the case of
“substituted or unsubstituted” is a group selected from the
group consisting of

an alkyl group having 1 to 50 carbon atoms,

an aryl group having 6 to 50 ring carbon atoms, and

a monovalent heterocyclic group having 5 to 50 ring atoms.
[0137] In one embodiment, the substituent in the case of
“substituted or unsubstituted” is a group selected from the
group consisting of

an alkyl group having 1 to 18 carbon atoms,

an aryl group having 6 to 18 ring carbon atoms, and

a monovalent heterocyclic group having 5 to 18 ring atoms.
[0138] Specific examples of each group of the arbitrary
substituent described above are as described above.

[0139] Herein, unless otherwise specified, the saturated or
unsaturated ring (preferably substituted or unsubstituted and
saturated or unsaturated five-membered or six-memnibered
ring, more preferably a benzene ring) may be formed by the
arbitrary substituents adjacent to each other.

[0140] Herein, unless otherwise specified, the arbitrary
substituent may further have the substituent. Specific
examples of the substituent that the arbitrary substituent
further has include to the ones same as the arbitrary sub-
stituent described above.

[Compound]

[0141] The compound according to one aspect of the
invention has a structure represented by the following for-
mulas (a) and (b).
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(b)

[0142] In the formulas (a) and (b),
[0143] a ring A, a ring B, a ring C and a ring D are
independently

a substituted or unsubstituted aromatic hydrocarbon ring
having 6 to 50 ring carbon atoms, or

a substituted or unsubstituted heterocyclic ring having 5 to
50 ring atoms.

[0144] Two or more of the ring A, the ring B, the ring C
and the ring D are a heterocyclic ring.

[0145] Then, each of sites *a, *b, *c and *d in the formula
(a) and the formula (b) represents a position of an atom, and
the atoms located in the sites *a, *b, *¢ and *d form one
substituted or unsubstituted and saturated or unsaturated
six-membered ring including four atoms thereof.

[0146] The “aromatic hydrocarbon ring” of the ring A, the
ring B, the ring C and the ring D has the same structure as
the ring in which the hydrogen atom is introduced into the
“arvl group” described above. Specific examples of the
“substituted or unsubstituted aromatic hydrocarbon ring
having 6 to 50 ring carbon atoms” include the ring in which
the hydrogen atom is introduced into the “aryl group”
described in the specific example group G1.

[0147] The “heterocyclic ring” of the ring A, the ring B,
the ring C and the ring D has the same structure as the ring
in which the hydrogen atom is introduced into the “hetero-
cyclic group” described above. Specific examples of the
“substituted or unsubstituted heterocyclic ring having 5 to
50 ring atoms” include the ring in which the hydrogen atom
1s introduced into the “heterocyclic group” described in the
specific example group G 2.

[0148] Specific examples of one substituted or unsubsti-
tuted and saturated or unsaturated six-membered ring having
the sites *a, *b, *c and *d include a six-membered carbon
ring such as benzene, cyclohexane, cyclohexene and cyclo-
hexadiene; and a six-membered heterocyclic ring such as
pyridine, 1,4-dihydropyridine, piperidine, pyrazine, 1,4-di-
hydropyrazine, piperazine, diazine, 1,4-dioxane, dioxin,
morpholine and oxazine.

[0149] Inone embodiment, the compound according to the
present aspect has a structure represented by the following
formulas (a), (b) and (c).
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(b)

©

[0150] In the formula, a ring A, a ring B, a ring C and a
ring D are as defined in the formulas (a) and (b).

[0151]

[0152] Z, to Z, independently is a carbon atom or a hetero
atom forming a saturated or unsaturated six-membered ring.

[0153] Two adjacent to each other among 7, to Z, are
bonded with the sites *a and *b in the formula (a) to form
a fused ring.

[0154] Two adjacent to each other among 7, to Z, that are
not bonded with the sites *a and *b in the formula (a) are
bonded with sites *c and *d in the formula (b) to form a
fused ring.

[0155] Z, to Z, that are not bonded with the sites *a, *b,
*c and *d are independently C(R,), C (R,)(R,), a hetero
atom or a hetero atom bonded with a hydrogen atom or a
substituent.

[0156] Whentwo of R, R, and R_ exist, respectively, two
of R, R, and R_ may be the same with or different from each
other.

[0157] When the number of the substituents of the hetero
atom is two or more, two or more substituents may be the
same with or different from each other.

[0158] R,, R,, R. and the substituent of the hetero atom
are bonded with one or more of the ring A to the ring D to
form a substituted or unsubstituted and saturated or unsatu-
rated ring, or do not form the ring.

[0159] R,, R,, and R, that do not form the ring are
independently a hydrogen atom, a halogen atom, a cyano
group, a nitro group,

In the formula (c),

a substituted or unsubstituted alkyl group having 1 to 50
carbon atoms,

a substituted or unsubstituted alkenyl group having 2 to 50
carbon atoms,

a substituted or unsubstituted alkynyl group having 2 to 50
carbon atoms,
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a substituted or unsubstituted cycloalkyl group having 3 to
50 ring carbon atoms,

—Si(Roo1) Ropa)Rops)s
—O—(Rop4):

787(R905)5

[0160] —N(Ryoq)(Reo):

a substituted or unsubstituted aryl group having 6 to 50 ring
carbon atoms, or

a substituted or unsubstituted monovalent heterocyclic
group having 5 to 50 ring atoms.

[0161] Ry, to Ryq; are independently

a hydrogen atom,

a substituted or unsubstituted alkyl group having 1 to 50
carbon atoms,

a substituted or unsubstituted cycloalkyl group having 3 to
50 ring carbon atoms,

a substituted or unsubstituted aryl group having 6 to 50 ring
carbon atoms, or

a substituted or unsubstituted monovalent heterocyclic
group having 5 to 50 ring atoms. When two or more of Ro;
to Rggy exist, two or more of Rgy; t0 Rgy; may be the same
with or different from each other.

[0162] Specific examples of the saturated or unsaturated
six-membered ring represented by the formula (c) include a
six-membered carbon ring such as benzene, cyclohexane,
cyclohexene and cyclohexadiene; and a six-membered het-
erocyclic ring such as pyridine, 1,4-dihydropyridine, piperi-
dine, pyrazine, 1,4-dihydropyrazine, piperazine, diazine,
1,4-dioxane, dioxin, morpholine and oxazine.

[0163] When Z, to Z in the formula (c) are a hetero atom
bonded with a substituent, specific examples of the substitu-
ent include to the ones same as the substituent in the case of
“substituted or unsubstituted” in the section of [Definition]
in the present specification.

[0164] In one embodiment, the formula (¢) is a structure
represented by the following formula (c1).

(el)

c Ra
1
o e,
.
S
R 4

[0165] In the formula (cl),

[0166] C, to C, are a carbon atom, and two adjacent to
each other among C, to C, are bonded with sites *a and *b
in the formula (a) to form a fused ring.

[0167] Two adjacent to each other among C, to C, that are
not bonded with the sites *a and *b in the formula (a) are
bonded with sites *c and *d in the formula (b) to form a
fused ring.

[0168] C, to C; that are not bonded with the sites *a, *b,
*c and *d are independently bonded with R ,. Two of R, may
be the same with or different from each other.

[0169] R, is as defined in the formula (c).

[0170] The structure represented by the formula (cl) is a
structure in which two of R, are bonded with a benzene ring.
[0171] In one embodiment, the compound having a struc-
ture represented by the formulas (a), (b) and (c) is a
compound represented by the following formula (1-1).
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{1-1)

[0172] Inthe formula (1-1),aring A, aring B, aring C and
aring D are as defined in the formulas (a) and (b).

[0173] R, is bonded with either or both of the ring A and
the ring B to form a substituted or unsubstituted and satu-
rated or unsaturated ring, or does not form the ring.
[0174] R, is bonded with either or both of the ring C and
the ring D to form a substituted or unsubstituted and
saturated or unsaturated ring, or does not form the ring.
[0175] R, and R, that do not form the ring are indepen-
dently

a hydrogen atom, a halogen atom, a cyano group, a nitro
group,

a substituted or unsubstituted alkyl group having 1 to 50
carbon atoms,

a substituted or unsubstituted alkenyl group having 2 to 50
carbon atoms,

a substituted or unsubstituted alkynyl group having 2 to 50
carbon atoms,

a substituted or unsubstituted cycloalkyl group having 3 to
50 ring carbon atoms,

—Si(Rg1)(Rg02)(Rop3):

_O_(R9O4)’

7Si(R905)5

[0176]  —N(Rgo5)(Roo7),
a substituted or unsubstituted aryl group having 6 to 50 ring

carbon atoms, or

a substituted or unsubstituted monovalent heterocyclic
group having 5 to 50 ring atoms.

Rgp; to Ry, are as defined in the formula (c).

[0177] Thering A, the ring B, the ring C and the ring D are
a ring fused with a fused bicyclic structure containing the
nitrogen atoms on both sides of the benzene ring in a center
of the formula (1-1) (a substituted or unsubstituted aromatic
hydrocarbon ring having 6 to 50 ring carbon atoms, or a
substituted or unsubstituted heterocyclic ring having 5 to 50
ring atoms).

[0178] R, may be bonded with either or both of the ring A
and the ring B to form a substituted or unsubstituted and
saturated or unsaturated ring. Similarly, R, may be bonded
with either or both of the ring C and the ring D to form a
substituted or unsubstituted and saturated or unsaturated
ring.

[0179] The heterocyclic ring in this case contains the
nitrogen atom on the fused bicyclic structure in the formula
(1-1). The heterocyclic ring in this case may contain a hetero
atom other than the nitrogen atom. An expression “R, and R,
are bonded with the ring A, the ring B, the ring C and the
ring D” specifically means that the atoms forming the ring
A, the ring B, the ring C and the ring D are bonded with the
atoms forming R, and R,. For example, R, may be bonded
with the ring A to form a nitrogen-containing heterocyclic
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ring in which the ring containing R, is fused with the ring A.
Specific examples of the nitrogen-containing heterocyclic
ring include a compound corresponding to two heterocyclic
rings containing nitrogen in the specific example group G2.

[0180] In one embodiment, the compound represented by
the formula (1-1) is a compound represented by the follow-
ing formula (1-2).

[0181] In the formula (1-2), R;, R,, a ring A, a ring B, a
ring C and a ring D are as defined in the formula (1-1).

[0182] The ring B and the ring C in the compound of the
formula (1-2) contain, as the ring atoms, three carbon atoms
on the fused bicyclic structure containing the nitrogen atom
described above.

[0183] In one embodiment, the compound represented by
the formula (1-1) is a compound represented by the follow-
ing formula (1-3).

1-3)

[0184] In the formula (1-3), aring A, and a ring D, are a
substituted or unsubstituted heterocyclic ring having 5 to 50
ring atoms.

[0185] One or more sets of two or more adjacent to each
other among R |, R,, R; to R, the ring A and the ring D, are
bonded with each other to form a substituted or unsubsti-
tuted and saturated or unsaturated ring, or do not form the
ring.

[0186] R,, R, and R; to Ry that do not form the ring are
independently

a hydrogen atom, a halogen atom, a cyano group, a nitro
group,

a substituted or unsubstituted alkyl group having 1 to 50
carbon atoms,

a substituted or unsubstituted alkenyl group having 2 to 50
carbon atoms,

a substituted or unsubstituted alkynyl group having 2 to 50
carbon atoms,
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a substituted or unsubstituted cycloalkyl group having 3 to
50 ring carbon atoms,

—Si(Ro1)(Ro02)(Rogs):

—O0—Rop4),

—S—Ro0s).

[0187]  —N(Rop6)(Rogs),

a substituted or unsubstituted aryl group having 6 to 50 ring
carbon atoms, or

a substituted or unsubstituted monovalent heterocyclic
group having 5 to 50 ring atoms.

[0188] Ry, to Ry, are as defined in the formula (c).
[0189] In the formula (1-3), the ring B and the ring C in
the formula (1-1) are formed into a benzene ring structure.
The ring A, and the ring D, in the formula (1-3) correspond
to the ring A and the ring Din the formula (1-1), respectively.
One or more sets of two or more adjacent to each other
among R, R,, R, to R, the ring A, and the ring D, may be
bonded with each other to form a substituted or unsubsti-
tuted and saturated or unsaturated ring. For example, R and
R, are bonded to form a structure in which a benzene ring,
an indole ring, a pyrrole ring, a benzofuran ring, a benzo-
thiophene ring, or the like is fused with the six-membered
ring to which R, and R, are bonded.

[0190] In one embodiment, the compound represented by
the formula (1-1) is a compound represented by the follow-
ing formula (1-4).

(1-4)

[0191] In the formula (1-4), aring B, and a ring C, are a
substituted or unsubstituted heterocyclic ring having 5 to 50
ring atoms.

[0192] One or more sets of two or more adjacent to each
other among R, R,, R, to R4, the ring B, and the ring C,
are bonded with each other to form a substituted or unsub-
stituted and saturated or unsaturated ring, or do not form the
ring.

[0193] R,,R,and R, to R, that do not form the ring are
independently

a hydrogen atom, a halogen atom, a cyano group, a nitro
group,

a substituted or unsubstituted alkyl group having 1 to 50
carbon atoms,

a substituted or unsubstituted alkenyl group having 2 to 50
carbon atoms,
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a substituted or unsubstituted alkynyl group having 2 to 50
carbon atoms,

a substituted or unsubstituted cycloalkyl group having 3 to
50 ring carbon atoms,

—Si(Ro1)(Ro02)(Rops):

*O*(R9o4)’

7Si(R905)5

[0194]  —NRs05)(Roor).

a substituted or unsubstituted aryl group having 6 to 50 ring
carbon atoms, or

a substituted or unsubstituted monovalent heterocyclic
group having 5 to 50 ring atoms.

[0195] Ry, to Ry, are as defined in the formula (c).

[0196] In the formula (1-4), the ring A and the ring D in
the formula (1-1) are formed into a benzene ring structure.
The ring B, and the ring C, in the formula (1-3) correspond
to the ring B and the ring C in the formula (1-1), respec-
tively. One or more sets of two or more adjacent to each
other among R, R,, R;; to Ry, the ring B; and the ring C,
may be bonded with each other to form a substituted or
unsubstituted and saturated or unsaturated ring. For
example, R, and R, are bonded to form a structure in
which a benzene ring, an indole ring, a pyrrole ring, a
benzofuran ring, a benzothiophene ring or the like is fused
with the six-membered ring to which R;; and R, are
bonded.

[0197] In one embodiment, in the compounds represented
by the formulas (1-1) to (1-4), the hetero atom contained in
the substituted or unsubstituted heterocyclic ring having 5 to
50 ring atoms, represented by the ring A to the ring D and
the ring A, to the ring D, is an atom selected from O, S and
N.

[0198] In one embodiment, one or more sets of two or
more adjacent to each other among R, R, R to Ry, the ring
A, and the ring D, in the formula (1-3) do not form a
substituted or unsubstituted and saturated or unsaturated
ring.

[0199] In one embodiment, one or more sets of two or
more adjacent to each other among R . R,, R, to R g, the
ring B, and the ring C, in the formula (1-4) do not form a
substituted or unsubstituted and saturated or unsaturated
ring.

[0200] In one embodiment, the substituted or unsubsti-
tuted heterocyclic ring having 5 to 50 ring atoms represented
by the ring A to the ring D and the ring A, to the ring D, in
the compounds represented by the formulas (1-1) to (1-4)
independently has a structure selected from dibenzofuran,
benzimidazole, indolocarbazole, pyridine, pyrazine,
pyridazine, pyrimidine, triazine, quinoline, isoquinoline,
quinazoline, cinnoline, phthalazine, quinoxaline, pyrrole,
indole, pyrrolo[3,2,1-jk|carbazole, furan, benzofuran, thio-
phene, benzothiophene, pyrazole, imidazole, benzimidazole,
triazole, oxazole, benzoxazole, thiazole, benzothiazole, iso-
thiazole, benzisothiazole, thiadiazole, isoxazol, benzisox-
azole, pyrrolidine, piperidine, piperazine, imidazolidine,
carbazole, indro[3,2,1-jk]carbazole and dibenzothiophene,
or a heterocyclic structure containing the structure thereof as
a partial structure.
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[0201] In one embodiment, the compound represented by
the formula (1-3) is a compound represented by the follow-
ing formula (1-5).

{1-5)

[0202] In the formula (1-5), R, R, and R, to Ry are as
defined in the formula (1-3).

[0203] Tow of *1 are fused with a group represented by
the following formula (1A) to form a nitrogen atom-con-
taining five-membered ring.

[0204] Two of *2 are fused with a group represented by
the following formula (1A), which is different from the
group bonded with the two of *1, to form a nitrogen
atom-containing five-membered ring.

[0205] Two groups represented by the formula (1A) may
be the same with or different from each other.

a4

Ry Rys
Ros Ros

[0206] In the formula (1A), one set selected from R,, and
R, Ryrand Ro5, Ryy and R, R, 5 and R, R, and R, and
R,, and R, is bonded with the two of *1 or the two of *2
in the formula (1-5).

[0207] One or more sets of two or more adjacent to each
other among R, to R, that are not bonded with the two of
*1 or the two of *2 in the formula (1-5) are bonded with each
other to from a substituted or unsubstituted and saturated or
unsaturated ring, or do not form the ring.

[0208] R, to R, that are neither bonded with the two of
*1 or the two of *2 in the formula (1-5), nor form the ring
are independently

a hydrogen atom, a halogen atom, a cyano group, a nitro
group,

a substituted or unsubstituted alkyl group having 1 to 50
carbon atoms,

a substituted or unsubstituted alkenyl group having 2 to 50
carbon atoms,
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a substituted or unsubstituted alkynyl group having 2 to 50 _continued
carbon atoms,

a substituted or unsubstituted cycloalkyl group having 3 to (1->-2)

50 ring carbon atoms,

—Si(Roo1)(Rop2)Rons)s
—O0—(Rop4):

7Si(R905)’

[0209]  —NRs05)(Reo7),

a substituted or unsubstituted aryl group having 6 to 50 ring
carbon atoms, or

a substituted or unsubstituted monovalent heterocyclic
group having 5 to 50 ring atoms.

[0210] R, to Ry, are as defined in the formula (c).

[0211] X, is selected from O, S and N(R;,), and two of X
may be the same with or different from each other.

[0212] R;sis bonded with either or both of R,; and R, to
form a substituted or unsubstituted and saturated or unsatu-
rated ring, or does not form the ring.

[0213] R, that does not form the ring is a hydrogen atom, (1:5-)

a substituted or unsubstituted alkyl group having 1 to 50
carbon atoms,

a substituted or unsubstituted cycloalkyl group having 3 to
50 ring carbon atoms,

a substituted or unsubstituted aryl group having 6 to 50 ring
carbon atoms, or

a substituted or unsubstituted monovalent heterocyclic
group having 5 to 50 ring atoms.

[0214] In the compound represented by the formula (1-5),
examples of a fused form of the group represented by the
formula (1A) are shown in the following formulas (1-5-1) to
(1-5-6).

(1-5-1)

(1-5-4)
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-continued

(1-5-5)

[0215] Inthe formulas (1-5-1)to (1-5-6), X, R, R5, Ry to
Rg and R, to R, are as defined in the formula (1-5).

[0216] Between two groups represented by the formula
(1A) in the formula (1-5-1), R,; and R,, in one left group are
bonded with the two of *1 in the formula (1-5), and R,, and
R,, in the other (right) group are bonded with the two of *2
in the formula (1-5).

[0217] Between two groups represented by the formula
(1A) in the formula (1-5-2), R,, and R, in one left group,
are bonded with the two of *1 in the formula (1-5), and R,
and R,; in the other group are bonded with the two of *2 in
the formula (1-5).
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[0218] Between two groups represented by the formula
(1A) in the formula (1-5-3), R,; and R, in one left group are
bonded with the two of *1 in the formula (1-5), and R,, and
R,; in the other group are bonded with the two of *2 in the
formula (1-5).

[0219] Between two groups represented by the formula
(1A) in the formula (1-5-4), R, 5 and R, in one group on left
side are bonded with the two of *1 in the formula (1-5), and
R,5 and R, in the other group are bonded with the two of
*2 in the formula (1-5).

[0220] Between two groups represented by the formula
(1A) in the formula (1-5-5), R, and R, in one left group are
bonded with the two of *1 in the formula (1-5), and R, and
R, in the other group are bonded with the two of *2 in the
formula (1-5).

[0221] Between two groups represented by the formula
(1A) in the formula (1-5-6), R, and R, in one left group are
bonded with the two of *1 in the formula (1-5), and R, and
R,z in the other group are bonded with the two of *2 in the
formula (1-5).

[0222] It should be noted that, in the above-described
formulas, only examples in which two groups represented
by the formula (1A) are bonded with the two of in the
formula (1-5) in the same bonding positions are shown, but
bonding is not limited thereto. Since synthesis is easy, the
compounds represented by the formulas (1-5-1) to (1-5-6)
are preferable.

[0223] In one embodiment, the compound represented by
the formula (1-4) is a compound represented by the follow-
ing formula (1-6).

{1-6)

Ry
Rz
Ris
Ry Rl
N *2
2l / #2
M / %2
1 N
Ry Rig
Rys
Ry7
Ris
[0224] 1In the formula (1-6), R, R, and R}, to R are as

defined in the formula (1-4).

[0225] Three of *1 are fused with a group represented by
the following formula (1A) to form a nitrogen-containing
fused ring.

[0226] Three of *2 are fused with a group represented by
the following formula (1A), which is different from the
group bonded with the two of *1, to form a nitrogen-
containing fused ring.

[0227] Two groups represented by the formula (1A) may
be the same with or different from each other.
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(14)

Ras Rae

[0228] In the formula (1A), one set selected from R, to
R,s Rys to Ryy, Rys 10 R, and Ry to R, is bonded with the
three of *1 or the three of *2 in the formula (1-6).

[0229] One or more sets of two or more adjacent to each
other among R, to R, that are not bonded with the three of
*1 and the three of *2 in the formula (1-6) are bonded with
each other to form a substituted or unsubstituted and satu-
rated or unsaturated ring, or do not form the ring.

[0230] R,, to R, that are neither bonded with the three of
*1 and the three of *2 in the formula (1-6) nor form the ring
are independently

a hydrogen atom, a halogen atom, a cyano group, a nitro
group,

a substituted or unsubstituted alkyl group having 1 to 50
carbon atoms,

a substituted or unsubstituted alkenyl group having 2 to 50
carbon atoms,

a substituted or unsubstituted alkynyl group having 2 to 50
carbon atoms,

a substituted or unsubstituted cycloalkyl group having 3 to
50 ring carbon atoms,

—Si(Rg01)(Ron2)(Rons)s
—O0—(Rgg4):

7Si(R905)5

[0231] —NRo05)Roo7):

a substituted or unsubstituted aryl group having 6 to 50 ring
carbon atoms, or

a substituted or unsubstituted monovalent heterocyclic
group having 5 to 50 ring atoms.

[0232] Ry, to Rgy, are as defined in the formula (c).
[0233] X, is selected from O, S and N(R5;), and two of X
may be the same with or different from each other.

[0234] R, is bonded with either or both of R, and R, to
form a substituted or unsubstituted and saturated or unsatu-
rated ring, or does not form the ring.

[0235] R, that does not form the ring is a hydrogen atom,
a substituted or unsubstituted alkyl group having 1 to 50
carbon atoms,

a substituted or unsubstituted cycloalkyl group having 3 to
50 ring carbon atoms,

a substituted or unsubstituted aryl group having 6 to 50 ring
carbon atoms, or

a substituted or unsubstituted monovalent heterocyclic
group having 5 to 50 ring atoms.

[0236] In the compound represented by the formula (1-6),
examples of a fused form of the group represented by the

formula (1A) are shown in the following formulas (1-6-1) to
(1-6-4).

20
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(1-6-2)

(1-6-3)
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-continued

[0237] In the formulas (1-6-1) to (1-6-4), X, R;, R,, Ry,
to R,5 and R,; to Ry, are as defined in the formula (1-6).
[0238] Between two groups represented by the formula
(1A) in the formula (1-6-1), R,,, R,, and R,; in one left
group are bonded with the three of *1 in the formula (1-6),
and R,;, R,, and R,; in the other (right) group are bonded
with the three of *2 in the formula (1-6).

[0239] Between two groups represented by the formula
(1A) in the formula (1-6-2), R,,, R,; and R,, in one left
group are bonded with the three of *1 in the formula (1-6),
and R,,, R,; and R,, in the other group are bonded with the
three of *2 in the formula (1-6).
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[0240] Between two groups represented by the formula
(1A) in the formula (1-6-3), R,s, R, and R, in one left
group are bonded with the three of *1 in the formula (1-6),
and R, R, and R, are bonded with the three of *2 in the
formula (1-6) in the other group.

[0241] Between two groups represented by the formula
(1A) in the formula (1-6-4), R,¢, R,, and R,4 in one left
group are bonded with the three of *1 in the formula (1-6),
and R, ¢, R, and R, in the other group are bonded with the
three of *2 in the formula (1-6).

[0242] It should be noted that, in the above-described
formulas, only examples in which two groups represented
by the formula (1A) are bonded with the three of in the
formula (1-6) in the same bonding positions are shown, but
bonding positions are not limited thereto. Since the synthesis
is easy, the compounds represented by the formulas (1-6-1)
to (1-6-4) are preferable.

[0243] Each substituent in the formulas (1-1) to (1-6),
(1-5-1) to (1-5-6), (1-6-1) to (1-6-4) and (1-A), and a detail
of the substituent in the case of “substituted or unsubsti-
tuted” are as described in the section of [Definition] in the
present specification.

[0244] Known alternative reaction or raw materials
according to an intended product are used in copying the
synthesis in Examples described later. whereby the com-
pound represented by the formula (1-1) can be synthesized.

[0245] Hereinafter, specific examples of the compound
represented by the formula (1-1) will be described, but are
illustrative only, and the compound represented by the
formula (1-1) is not limited to the following specific
examples.
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[0246]

The compound according to the present aspect is
useful as a material for an organic EL device.

[0247] The compound according to the present aspect is
useful as a material of an emitting layer of the organic EL
device, and particularly useful as a fluorescent emitting
material (also referred to as a fluorescent dopant) of the
emitting layer.

[0248] The compound according to the present aspect can
cause improvement in luminous efliciency of the organic EL
device.

[Organic Electroluminescence Device]

[0249] An organic electroluminescence device according
to another aspect of the invention has a cathode, an anode
and one or more organic layers arranged between the cath-
ode and the anode. Then, at least one layer of the one or
more organic layers includes the compound according to one
aspect of the invention described above, and a compound
represented by the following formula (10).

(10)

Rios Ry
Rio4 O Ria1
Rio O Rygo
Rios O Rigs
Rios Riyo7
[0250] In the formula (10), at least one of R, to R}, is

a group represented by the following formula (31). When
two or more groups represented by the following formula
(31) exist, the two or more groups represented by the
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following formula (31) may be the same with or different
from each other.

-Lior-Ator E0)

[0251] In the fornula (31),
[0252] L, is
a single bond,

a substituted or unsubstituted arylene group having 6 to 30
ring carbon atoms, or

a substituted or unsubstituted divalent heterocyclic group
having 5 to 30 ring atoms.

[0253] Ar,,, is
a substituted or unsubstituted aryl group having 6 to 50 ring
carbon atoms, or

a substituted or unsubstituted monovalent heterocyclic
group having 5 to 50 ring atoms.

[0254] One or more sets of two or more adjacent to each
other among R, to R, that are not the group represented
by the formula (31) form a substituted or unsubstituted and
saturated or unsaturated ring, or do not form the ring.

[0255] R,,, to R, that are neither the group represented
by the formula (31) nor form the ring are independently

a hydrogen atom, a halogen atom, a cyano group, a nitro
group,

a substituted or unsubstituted alkyl group having 1 to 50
carbon atoms,

a substituted or unsubstituted alkenyl group having 2 to 50
carbon atoms,

a substituted or unsubstituted alkynyl group having 2 to 50
carbon atoms,

a substituted or unsubstituted cycloalkyl group having 3 to
50 ring carbon atoms,

[0256]  Si(Rgg;)(Rog2)(Rogs),
—O0—(Rop4):

7Si(R905)7

[0257]  —NRoos)(Ron),

a substituted or unsubstituted aryl group having 6 to 50 ring
carbon atoms, or

a substituted or unsubstituted monovalent heterocyclic
group having 5 to 50 ring atoms.

Ryg; to Ry, are independently
a hydrogen atom,

a substituted or unsubstituted alkyl group having 1 to 50
carbon atoms,

a substituted or unsubstituted cycloalkyl group having 3 to
50 ring carbon atoms,

a substituted or unsubstituted aryl group having 6 to 50 ring
carbon atoms, or

a substituted or unsubstituted monovalent heterocyclic
group having 5 to 50 ring atoms. When two or more of R,
to Ry, exist, two or more of Ry, to R, may be the same
with or different from each other.

[0258] In one embodiment, the compound (10) is a com-
pound represented by the following formula (10-1).
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(10-1)
Rios Rio
Rips O Rigg
Arjor—Lio; O Lipi—Ario1
Rios O Rigs
Rios Rio7

[0259] In the formula (10-1), R, to Ry, and L, and
Ar,,, are as defined in the formula (10).

[0260] In one embodiment, the compound (10) is a com-
pound represented by the following formula (10-2).

(10-2)

Rips Lio1—Aryor
Rios O Rin
Arjg—Lios O Lip—Arg
R105 O R]gg
Rios Ryo7

[0261] In the formula (10-2),R,;,, Rig5t0 Rygg, and L,
and Ar,,, are as defined in the formula (10).

[0262] In one embodiment, the compound (10) is a com-
pound represented by the following formula (10-3).

(10-3)

Rig4 R4
Ryo4s O Ryo14
Arjoa—L1o14 O Ligra—Aryo14
Riyos4 O Ryosa
R4 Ryg74

[0263] In the formula (10-3), R,,,, to R, are indepen-
dently a hydrogen atom. or a substituted or unsubstituted
aryl group having 6 to 50 ring carbon atoms.

[0264] L,,,, is a single bond, or a substituted or unsub-
stituted arylene group having 6 to 30 ring carbon atoms. Two
of L, 4, may be the same with or different from each other.
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[0265] Ar,,,, is a substituted or unsubstituted aryl group
having 6 to 50 ring carbon atoms. Two of Ar,, , may be the
same with or different from each other.

[0266] In one embodiment, the compound (10) is a com-
pound represented by the following formula (10-4):

(10-4)

Rygz4 Rio24 Ro R

Ryoas O Ryo14 X O R¢7
Re2
Arpia—Lio14 Lioi4 * O Reg
Re3 Rgs
Rioss Q Rioss R
4

Rioe4 Ryo74

[0267] In the formula (10-4),
[0268] L,,, and Ar,,, are as defined in the formula (10).
[0269] R,,,t0R s, are independently a hydrogen atom,

or a substituted or unsubstituted aryl group having 6 to 50
ring carbon atoms.

[0270] X, 1s O, S or N(Rg,).

[0271] R, is a hydrogen atom, a substituted or unsubsti-
tuted alkyl group having 1 to 50 carbon atoms, or a substi-
tuted or unsubstituted aryl group having 6 to 50 ring carbon
atoms.

[0272] One of R, to Reg 1s be bonded with L, ;.

[0273] One or more sets of two or more adjacent to each
other among R, to Ry, that are not bonded with L, ,, form
a substituted or unsubstituted and saturated or unsaturated
ring, or do not form the ring.

[0274] R,, to Ry, that are neither bonded with L,,, nor
form the ring are independently a hydrogen atom, a substi-
tuted or unsubstituted alkyl group having 1 to 50 carbon
atoms, or a substituted or unsubstituted aryl group having 6
to 50 ring carbon atoms.

[0275] In one embodiment, the compound (10) is a com-
pound represented by the following formula (10-4A).
{10-44)
Reos Ress

Ryo34 Rio04

Rioas O Riow
R4
Aryg—Lyo Q Lior *
Re34
Ryos4 Q Ryosa Reaa

Rioss Rio74

[0276] In the formula (10-4A),
[0277] L,,, and Ar,,, are as defined in the formula (10).
[0278] R, toR,,e, are independently a hydrogen atom,

or a substituted or unsubstituted aryl group having 6 to 50
ring carbon atoms.

[0279] X, is O, S or N(Ry,).

[0280] R, is a hydrogen atom, a substituted or unsubsti-
tuted alkyl group having 1 to 50 carbon atoms, or a substi-
tuted or unsubstituted aryl group having 6 to 50 ring carbon
atoms.
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[0281] Any of one set of two groups adjacent to each other
among R, , to R, , forms a ring represented by the follow-
ing formula (10-4A-1).

(10-4A-1)

Ryg
R
71 / «
\ %
Ry
Ry3
[0282] In the formula (10-4A-1),
[0283] two of * are bonded with two adjacent to each other

among R, , to R, ,, respectively.
[0284] One of R, to R4 is bonded with L, ;.

[0285] R,, to R,, that are not bonded with L, are
independently a hydrogen atom, a substituted or unsubsti-
tuted alkyl group having 1 to 50 carbon atoms, or a substi-
tuted or unsubstituted aryl group having 6 to 50 ring carbon
atoms.

[0286] One or more sets of two or more adjacent to each
other among Ry, , to Ry, , that do not form the ring repre-
sented by the formula (10-4A-1) form a substituted or
unsubstituted and saturated or unsaturated ring, or do not
form the ring.

[0287] Ry, to Reo, that do not form the ring represented
by the formula (10-4A-1) and the substituted or unsubsti-
tuted and saturated or unsaturated ring are independently a
hydrogen atom, a substituted or unsubstituted alkyl group
having 1 to 50 carbon atoms, or a substituted or unsubsti-
tuted aryl group having 6 to 50 ring carbon atoms.

[0288] In one embodiment, the compound (10) is a com-
pound represented by the following formula (10-6).

(10-6)

Rios4 Ri024

X
Rioas O Rion4 12 Rg7
x
| R¢s
Arjo—Lyos Lior—~
A
Riosa ' Ryos4

Riosa Rio74

[0289] In the formula (10-6),

[0290] L,,, and Ar,,, are as defined in the formula (10).
[0291] R, ,toR,ys, are as defined in the formula (10-4).
[0292] Ry, to Ry, are as defined in the formula (10-4).
[0293] X ,is OorS.
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[0294] 1In one embodiment, the compound represented by
the formula (10-6) is a compound represented by the fol-
lowing formula (10-6H).

(10-611)

Reo Res
N

Arjo—Ljor Lio | Rés
O -

[0295] In the formula (10-6H),

[0296] L,,, and Ar,,, are as defined in the formula (10).
[0297] Ry, to Ry, are as defined in the formula (10-4).
[0298] X ,isOo0rS.

[0299] In one embodiment, the compounds represented by
the formulas (10-6) and (10-6H) each are a compound
represented by the following formula (10-6Ha).

(10-6Ha)

7
Arjo—Lios LlOl_l
' .

[0300] In the fornwla (10-6Ha),
[0301] L,,, and Ar,,, are as defined in the formula (10).
[0302] X,,isOorS.

[0303] In one embodiment, the compounds represented by
the formulas (10-6), (10-6H) and (10-6Ha) each are a
compound represented by the following formula (10-6Ha-1)
or (10-6Ha-2).

(10-6Ha-1)

Arjo— L1 ' O
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-continued
(10-6Ha-2)

[0304] In the formula (10-6Ha-1) and (10-6Ha-2),
[0305] L,,, and Ar,,, are as defined in the formula (10).
[0306] X,,is OorS.

[0307] In one embodiment, the compound (10) is a com-
pound represented by the following formula (10-7).

(10-7)

Rypz4 Rio24
Ryoss O Rio14
Arjgi—Lini ' Liox
Ryos4 Q Rios4
Rios4 Ryo74

[0308] In the formula (10-7),

[0309] L, and Ar,,, are as defined in the formula (10).
[0310] R,,,,toR,,s, areasdefined in the formula (10-4).
[0311] X, is as defined in the formula (10-4).

[0312] Ry, to Reg are as defined in the formula (10-4).
However, any of one set of Ry and R, Ry, and R, and
Reg and R, is bonded with each other to form a substituted
or unsubstituted and saturated or unsaturated ring.

[0313] In one embodiment, the compound (10) is a com-
pound represented by the following formula (10-7H).

Arjg—Lios O Lior

[0314] In the formula (10-7H),

[0315] L,,, and Ar,,, are as defined in the formula (10).
[0316] X, is as defined in the formula (10-4).

[0317] Ry, to Ry are as defined in the formula (10-4).
However, any of one set of Rgg and R¢;, Ry; and Reg, and
Res and R, is bonded with each other to form a substituted
or unsubstituted and saturated or unsaturated ring.
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[0318] In one embodiment, the compound (10) is a com-
pound represented by the following formula (10-8).

(10-8)

Rioz4 Ry024

X
Ryogy O Rioi4 2 Re7
S
Arjg—Lio1 Lio— _ Res
Rypsy ' Rioga

Riyos4 Ryo74

[0319] In the formula (10-8),

[0320] L, and Ar,,, are as defined in the formula (10).
[0321] R,,;, and R, , are as defined in the formula
(10-4).

[0322] X,,isOorS.

[0323] R, to Ry, are as defined in the formula (10-4), in

which any of one set of Rgs and Rg;, Ry and Rq, and Reg
and R, is bonded with each other to form a substituted or
unsubstituted and saturated or unsaturated ring.

[0324] In one embodiment, the compound represented by
the formula (10-8) is a compound represented by the fol-
lowing formula (10-8H).

{10-8H)

7N
Arjo;—Lio1 Lior—, Res
.

[0325] In the formula (10-8H),
[0326] L,,, and Ar,,, are as defined in the formula (10).
[0327] Ryeto Ry, are as defined in the formula (10-4), in

which any of one set of R and Ry, Ry, and Ry, and R,
and R, is bonded with each other to form a substituted or
unsubstituted and saturated or unsaturated ring. R, and R,
Ry, and R, or R, and R, are preferably bonded with each
other to form an unsubstituted benzene ring.

[0328] X,,isOorS.

[0329] In one embodiment, in the compound represented
by the formula (10-7), (10-8) or (10-8H), any of one set of
Ree and Rg,, Ry, and R, and Rgg and R, is bonded with
each other to form a ring represented by the following
formula (10-8-1) or (10-8-2), and R, to R¢ that do not form
the ring represented by the formula (10-8-1) or (10-8-2) do
not form a substituted or unsubstituted and saturated or
unsaturated ring.

Mar. 26, 2020

(10-8-1)

Rgo
R
81 / .
\ K
Rgy
Re3
(10-8-2)
Rso
X3
\*
Rg,
Rgy
Rgs
[0330] In the formulas (10-8-1) and (10-8-2), two of * are

bonded with any of one set of R¢; and Ry, R, and Req, and
Res and R, respectively.

[0331] Ry, to Ry, are independently a hydrogen atom, a
substituted or unsubstituted alkyl group having 1 to 50
carbon atoms, or a substituted or unsubstituted aryl group
having 6 to 50 ring carbon atoms.

[0332] X, isOorS.

[0333] In one embodiment, the compound (10) is a com-
pound represented by the following formula (10-9).

(10-9)

Reo
Ryg34 Rio24 Res

X
Rima O Rio14 12 Ry
o
Arjg—Lyos Lio— Res
.
Ryosa O Rios4

Ryos4 Rio74

[0334] In the formula (10-9),

[0335] L,,, and Ar,,, are as defined in the formula (10).
[0336] R,,, ,toR, s, are as defined in the formula (10-4).
[0337] Rggto Ry are as defined in the formula (10-4), in

which both of R and R, R, and R, and R, and R are
neither bonded with each other nor form a substituted or
unsubstituted and saturated or unsaturated ring.

[0338] X,,is OorS.

[0339] In one embodiment, the compound (10) is selected
from the group consisting of compounds represented by the
following formulas (10-10-1) to (10-10-4).
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[0341] In one embodiment, the compounds represented by
(10-10-1) the formulas (10-10-1) to (10-10-4) are compounds repre-
sented by the following formulas (10-10-1H) to (10-10-4H).

(10-10-1H)
(10-10-2)
(10-10-2H)
(10-10-3H)
(10-10-3) O
O Lioia— Arjo1s
(10-10-4H)
Ried Rio7a .
(10-10-4)
Lioia—Arjg14

[0342] In the formulas (10-10-1H) to (10-10-4H), L5,
and Ar,,, , are as defined in the formula (10-3).

[0343] Each substituent in the formulas (10), (10-1) to
(10-4), (10-4-4A), (10-6), (10-6H), (10-6Ha), (10-6Ha-1),
(10-6Ha-2), (10-7), (10-7H), (10-8), (10-8H), (10-9), (10-
10-1) to (10-10-4) and (10-10-1H) to (10-10-4H) as
described above, and a detail of the substituent in the case
of “substituted or unsubstituted” are as described in the
[0340] In the formulas (10-10-1) to (10-10-4), L,,.. section of [Definition] in the present specification.

Ary,,, and R, to Ry, are as defined in the formula [0344] Specific examples of the compound represented by
(10-3). the formula (10) include compounds shown below.
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[0345] Hereinafter, alayer configuration of the organic EL
device according to another aspect of the invention will be
described.

[0346] The organic EL device according to another aspect
of the invention has an organic layer between a pair of
electrodes formed of the cathode and the anode. The organic
layer includes at least one layer composed of an organic
compound. Alternatively, the organic layer is formed by
stacking a plurality of layers composed of the organic
compound. The organic layer may further contain an inor-
ganic compound in addition to the organic compound.

[0347] In one embodiment, at least one layer of the
organic layers is the emitting layer.

[0348] In one embodiment, when the emitting layer con-
tains the compound represented by the formula (1-1) and the
compound represented by the formula (10), a content of the
compound represented by the formula (1-1) is preferably 1
mass % or more and 20 mass % or less based on a total mass
of the emitting layer.

[0349] Further, in one embodiment, when the emitting
layer contains the compound represented by the formula
(1-1) and the compound represented by the formula (10), a
content of the compound represented by the formula (10) is
preferably 80 mass % or more and 99 mass % or less based
on the total mass of the emitting layer.
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[0350] The organic layer may be formed, for example, as
one layer of the emitting layer, or may include other layers
which can be adopted in the layer configuration of the
organic EL device.

[0351] The layer that can be adopted in the layer configu-
ration of the organic EL device is not particularly limited,
but specific examples thereof include a hole-transporting
zone (a hole-transporting layer, a hole-injecting layer, an
electron-blocking layer, an exciton-blocking layer or the
like) provided between the anode and the emitting layer, an
emitting layer, a space layer, and an electron-transporting
zone (an electron-transporting layer, an electron-injecting
layer, a hole-blocking layer or the like) provided between the
cathode and the emitting layer.

[0352] One embodiment of the organic EL, device prefer-
ably has the hole-transporting layer between the anode and
the emitting layer.

[0353] One embodiment of the organic EL device prefer-
ably has the electron-transporting layer between the cathode
and the emitting layer.

[0354] Specific examples of a typified device configura-
tion of the organic EL. device of the invention include
structures such as

(1) an anode/an emitting layer/a cathode,

(2) an anode/a hole-injecting layer/an emitting layer/a cath-
ode,

(3) an anode/an emitting layer/an electron-injecting-trans-
porting layer/a cathode,

(4) an anode/a hole-injecting layer/an emitting layer/an
electron-injecting-transporting layer/a cathode,

(5) an anode/an organic semiconductor layer/an emitting
layer/a cathode,

(6) an anode/an organic semiconductor layer/an electron
barrier layer/an emitting layer/a cathode,

(7) an anode/an organic semiconductor layer/an emitting
layer/an adhesion improving layer/a cathode,

(8) an anode/a hole-injecting-transporting layer/an emitting
layer/an electron-injecting-transporting layer/a cathode,

(9) an anode/an insulating layet/an emitting layer/an insu-
lating layer/a cathode,

(10) an anode/an inorganic semiconductor layer/an insulat-
ing layer/an emitting layer/an insulating layer/a cathode,
(11) an anode/an organic semiconductor layer/an insulating
layer/an emitting layer/an insulating layer/a cathode,

(12) an anode/an insulating layer/a hole-injecting-transport-
ing layer/an emitting layer/an insulating layer/a cathode, and
(13) an anode/an insulating layer/a hole-injecting-transport-
ing layer/an emitting layer/an electron-injecting-transport-
ing layer/a cathode.

[0355] Among the above-described structures, a configu-
ration of (8) is preferably used, but the configuration is not
limited thereto.

[0356] Further, the emitting layer may be a phosphores-
cent emitting layer or a fluorescent emitting layer, and may
include a plurality of emitting layers. When the organic EL
device has the plurality of emitting layers, the organic EL
device may have a space layer between the respective
emitting layers for the purpose of preventing excitons gen-
erated in the phosphorescent emitting layer from diffusing
into the fluorescent emitting layer.

[0357] FIG. 1 shows a schematic configuration of one
example of the organic EL device in an embodiment of the
invention.

[0358] An organic EL device 1 has a transparent substrate
2, an anode 3, a cathode 4, and an organic layer 10 arranged
between the anode 3 and the cathode 4.

[0359] The organic layer 10 has an emitting layer 5
described above, and may have a hole-injecting-transporting
layer 6 or the like between the emitting layer 5 and the anode

Mar. 26, 2020

3, and an electron-injecting-transporting layer 7 or the like
between the emitting layer 5 and the cathode 4.

[0360] Further, the electron barrier layer may be provided
on a side of the anode 3 of the emitting layer 5, and a hole
barrier layer may be provided on a side of the cathode 4 of
the emitting layer 5, respectively.

[0361] Accordingly, electrons or holes can be confined in
the emitting layer 5 to enhance generation probability of the
excitons in the emitting layer 5.

[0362] Moreover, the “hole-injecting-transporting layer”
herein means “at least one of the hole-injecting layer and the
hole-transporting layer”, and the “electron-injecting-trans-
porting layer” herein means “at least one of the electron-
injecting layer and the electron-transporting layer”.

[0363] The compound represented by the formula (1-1)
and the compound represented by the formula (10), to be
contained in the above-described emitting layer 5, may have
one kind alone, or two or more kinds thereof, respectively.
[0364] A substrate is used as a support of an emitting
device. As the substrate, glass, quartz, plastics or the like can
be used, for example. Further, a flexible substrate may be
used. A term “flexible substrate” means a bendable (flexible)
substrate, and specific examples thereof include a plastic
substrate formed of polycarbonate or polyvinyl chloride.
[0365] For the anode formed on the substrate, metal, alloy,
an electrically conductive compound, a mixture thereof or
the like, each having a large work function (specifically 4.0
eV or more), is preferably used. Specific examples thereof
include indium oxide-tin oxide (ITO: Indium Tin Oxide),
silicon or silicon oxide-containing indium oxide-tin oxide,
indium oxide-zinc oxide, tungsten oxide, zinc oxide-con-
taining indium oxide, and graphene. In addition thereto,
specific examples thereof include gold (Au), platinum (Pt),
or nitride of a metallic material (for example, titanium
nitride).

[0366] The hole-injecting layer is a layer containing a
material having high hole-injection properties. As the mate-
rial having high hole-injection properties, such a material
can be used as molybdenum oxide, titanium oxide, vana-
dium oxide, rhenium oxide, ruthenium oxide, chromium
oxide, zirconium oxide, hafnium oxide, tantalum oxide,
silver oxide, tungsten oxide, manganese oxide, an aromatic
amine compound, a ladder-type compound such as a fluo-
rene derivative, or a polymer compound (an oligomer, a
dendrimer, a polymer or the like).

[0367] The hole-transporting layer is a layer containing a
material having high hole-transporting properties. For the
hole-transporting layer, an aromatic amine compound, a
carbazole derivative, an anthracene derivative, or the like
can be used. A polymer compound such as poly(N-vinyl-
carbazole) (abbreviation: PVK) and poly(4-vinyltriph-
enylamine) (abbreviation: PVTPA) can also be used. How-
ever, a material other than the above-described materials
may be used as long as the material has higher transporting
properties of holes in comparison with electrons. It should
be noted that the layer containing the material having high
hole-transporting properties may be formed into not only a
monolayer, but also a layer in which two or more layers
formed of the above-described materials are stacked.
[0368] The electron-transporting layer is a layer contain-
ing a substance having high electron-transporting properties.
For the electron-transporting layer, such a material can be
used as 1) a metal complex such as a lithium complex, an
aluminum complex, a beryllium complex and a zinc com-
plex; 2) a heteroaromatic compound such as an imidazole
derivative, a benzimidazole derivative, an azine derivative,
a carbazole derivative and a phenanthroline derivative; and
3) a polymer compound.
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[0369] The electron-injecting layer is a layer containing a
material having high electron-injection properties. For the
electron-injecting layer, such a material can be used as alkali
metal, alkaline earth metal or a compound thereof, such as
lithium (Li), a lithium complex, lithium fluoride (LiF),
cesium fluoride (CsF), calcium fluoride (CaF,) and lithium
oxide (LiOx).

[0370] For the cathode, metal, alloy, an electrically con-
ductive compound, a mixture thereof, or the like, each
having a small work function (specifically, 3.8 eV or less) is
preferably used. Specific examples of such a cathode mate-
rial include an element belonging to group 1 or group 2 of
the periodic table of the elements, namely, alkali metal such
as lithium (Li) and cesium (Cs), alkaline earth metal such as
magnesium (Mg), and alloy containing the metal thereof (for
example, MgAg and AlLi).

[0371] In one embodiment of the organic EL device of the
invention, a method for forming each layer is not limited. A
conventionally-known method for forming each layer
according to a vacuum deposition process, a spin coating
process or the like can be used. Each layer such as the
emitting layer can be formed by a known method such as a
vacuum deposition process, a molecular beam deposition
process (MBE process), or an application process such as a
dipping process, a spin coating process, a casting process, a
bar coating process and a roll coating process, using a
solution prepared by dissolving the material in the solvent.

[0372] In one embodiment of the organic EL device of the
invention, a film thickness of each layer is not particularly
limited, but is ordinarily preferably in the range of several
nm to 1 um generally in order to suppress a defect such as
a pinhole, keep low applied voltage. or improve the lumi-
nous efliciency.

[0373] The organic EL device of the invention can be used
for a displaying component such as an organic EL panel
module; a display device of a television, a mobile phone, a
personal computer or the like; and an electronic apparatus
such as an emitting device for lighting, a lighting appliance
for a vehicle, or the like.

EXAMPLES
Example 1

(1) Synthesis of Compound BD-1

[0374]

Cul
N
HO O Cs,C0;
—_—
DMSO
31%

Raw material
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Pd(0Ac);
al PCyaHBF,
K,CO3

d DMA
L

Intermediate A

BD-1

(A) Synthesis of intermediate A

[0375] Under an argon atmosphere, a raw material (5.0 g,
11.5 mmol), 2-chloro-iodobenzene (13.6 g, 57.3 mmol),
copper(]) iodide (4.36 g, 22.9 mmol) and Cs,CO; (18.7 g,
57.3 mmol) were heated and stirred in N,N-dimethyl sul-
foxide (100 mL) at 150° C. for 24 hours. After completion
of the reaction, water was added thereto, a precipitate was
collected by filtration, and the resulting material was washed
with methanol. The resulting solid was purified by column
chromatography to obtain a light yellow solid (2.3 g, yield:
31%). The obtained solid was an intermediate A, which was
an intended product, and the results of mass spectrometric
analysis were: m/e=658 for a molecular weight of 657.

(B) Synthesis of BD-1

[0376] Under an argon atmosphere, the intermediate A
(2.30 g, 3.50 mmol), Pd(OAc), (79 mg, 0.35 mmol), tricy-
clohexylphosphoniumtetrafluoroborate (258 mg, 0.70
mmol) and potassium carbonate (1.93 g, 14.0 mmol) were
dissolved in N,N-dimethylacetamide (80 mL), and the
resulting solution was refluxed for 12 hours. After comple-
tion of the reaction, water was added thereto, a precipitate
was collected by filtration, and the resulting material was
washed with methanol. The resulting solid was purified by
column chromatography to obtain a yellow solid (920 mg,
vield: 45%). The obtained solid was a compound 2, which
was an intended product, and the results of mass spectro-
metric analysis were: m/e=585 for a molecular weight of
584.

(2) Fabrication of organic EL device

[0377] A 25 mmx75 mmx1.] mm-thick glass substrate
with an [TO transparent electrode (anode) (manufactured by
GEOMATEC Co., Ltd.) was subjected to ultrasonic cleaning
in isopropyl alcohol for 5 minutes, and then subjected to
UV-ozone cleaning for 30 minutes. A thickness of ITO was
adjusted to 130 nm.

[0378] The glass substrate with the transparent electrode
after being cleaned was mounted onto
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a substrate holder in a vacuum vapor deposition apparatus.
First, a compound HI was deposited on a surface on the side
on which the transparent electrode was formed so as to cover
the transparent electrode to form a compound HI film having
a thickness of 5 nm. The HI film functions as a hole-injecting
layer.

[0379] Subsequent to formation of the HI film, a com-
pound HT1 was deposited thereon to form an HT1 film
having a thickness of 80 nm on the HI film. The HT1 film
functions as a first hole-transporting layer.

[0380] Subsequent to formation of the HT1 film, a com-
pound HT2 was deposited thereon to form an HT2 film
having a thickness of 10 nm on the HT1 film. The HT?2 film
functions as a second hole-transporting layer.

[0381] BH-1 (host material) and BD-1 (dopant material)
were co-deposited on the HT?2 film to be 4% in a proportion
(mass ratio) of the compound BD-1 to form an emitting layer
having a thickness of 25 nm.

[0382] HBL was deposited on the emitting layer to form
an electron-transporting layer having a thickness of 10 nm.
ET as an electron-injecting material was deposited on the
electron-transporting layer to form an electron-injecting
layer having a thickness of 15 nm. LiF was deposited on the
electron-injecting layer to form a LiF film having a thickness
of 1 nm. Al metal was deposited on the LiF film to form a
metal cathode having a thickness of 80 nm.

[0383] An organic EL device was fabricated as described
above. Compounds used therefor are shown below.

NC CN

—

N N
\ 7

N N
NC / \ CN

—N N=—

HI
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&Moo

(J
O

(Evaluation of organic EL device)

[0384] An initial driving voltage of the obtained organic
EL device was measured by driving at a constant current of
10 mA/cm? of DC (direct current) at room temperature. The
measurement results of the voltage are shown in Table 1.
[0385] Furthermore, voltage was applied to the organic EL
device to be 10 mA/cm? in current density, thereby measur-
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ing an EL emission spectrum by using Spectroradiometer _continued
CS-1000 (manufactured by Konica Minolta, Inc.). External
quantum efficiency (EQE) (%) was calculated from the
resulting spectral radiance spectrum. The results are shown

O

in Table 1. KZCCuOg
18-crown-6
TABLE 1 0B
o
Driving EQE 52%
Host Dopant voltage [V] [%]
Example 1 BH-1 BD- 3.6 7.1
Example 2 BH-1  BD-=2 3.7 7.5
Example 3 BH-1  BD3 3.7 7.2
Com. Example 1 BH-1 BD 3.8 6.4
Example 2
(1) Synthesis of BD-2
[0386]
Br /O BD-2
H HI
K + MeCN (A) Synthesis of intermediate 1
/ 32% [0387] 7-bromo-1H-indole (10.0 g, 51.0 mmol) was dis-
solved in acetonitrile (200 mL), and benzaldehyde (5.41 g,
51.0 mmol) and 57% hydroiodic acid (2 mL) were added to

the resulting solution, and the resulting mixture was stirred
at 80° C. for 8 hours. After completion of the reaction, a
precipitated solid was collected by filtration, and the result-
ing material was washed with acetonitrile to obtain a light

DDQ yellow solid (4.60 g, yield: 32%). The obtained solid was an
MeCN intermediate 1, which was an intended product, and the
90% results of mass spectrometric analysis were: m/e=569 for a

molecular weight of 568.

(B) Synthesis of intermediate 2

[0388] The intermediate 1 (4.5 g, 7.92 mmol) was sus-

pended in acetonitrile (200 mL), and 2,3-dichloro-5,6-di-

cyano-p-benzoquinone (4.49 g, 19.8 mmol) was added

thereto, and the resulting mixture was stirred at 80° C. for 16

hours. After completion of the reaction, a solid was collected
Intermediate 1 by filtration, and the resulting material was washed with

‘ (HOLB acetonitrile to obtain a yellow solid (4.02 g, yield: 90%). The

)2 i

obtained solid was an intermediate 2, which was an intended

N product, and the results of mass spectrometric analysis were:
H Cl \ m/e=567 for a molecular weight of 566.
Br N O A\ (C) Synthesis of intermediate 3

\ 5 ; [0389] Under an argon atmosphere, 1,2-dimethoxyethane
O ! ' de(PPhJ)“ (80 mL) and water (20 mL) were added to the intermediate
K5PO, 2 (3.50 g, 6.18 mmol), 2-chloro-9H-carbazolyl-1-boronic

O IO acid (4.55 g, 18.5 mmol), Pd(PPh,), (970 mg, 0.839 mmol)

96% and potassium phosphate (7.87 g, 37.1 mmol), and the

resulting mixture was stirred at 80° C. for 12 hours. After
completion of the reaction, an organic layer was concen-
trated and a solid was collected by filtration. The resulting
material was purified by column chromatography to obtain
a yellow solid (4.82 g, yield: 96%). The obtained solid was
an intermediate 3, which was an intended product, and the
results of mass spectrometric analysis were: m/e=808 for a
molecular weight of 807.
(D) Synthesis of intermediate 4
[0390] Under an argon atmosphere, the intermediate 3
. (4.00 g, 4.95 mmol), copper(I) iodide (566 mg, 2.97 mmol),
Intermediate 3 1,10-phenanthroline (535 mg, 2.97 mmol) and potassium
carbonate (2.74 g, 19.8 mmol) were suspended in N,N-
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dimethylacetamide (80 mL), and the resulting suspension _continued
was heated and stirred at 160° C. for 8 hours. After comple-
tion of the reaction, water was added thereto, and a precipi-
tate was collected by filtration. The resulting material was
purified by column chromatography to obtain a yellow solid
(1.62 g, yield: 44%). The obtained solid was an intermediate
4, which was an intended product, and the results of mass
spectrometric analysis were: m/e=735 for a molecular

weight of 734. THO
pyridine
(E) Synthesis of BD-2 CH,Cl,

36%
[0391] Under an argon atmosphere, the intermediate 4
(1.00 g, 4.95 mmol), copper powder (346 mg, 5.44 mmol),
potassium carbonate (1.5 g, 10.9 mmol) and 18-crown
6-ether (144 mg, 0.544 mmol) were suspended in o-dichlo-
robenzene (10 mL), and the resulting suspension was heated
and stirred at 170° C. for 12 hours. After completion of the
reaction, a precipitate was collected by filtration, and the
resulting material was passed through short pass column
chromatography. The solvent was distilled off to obtain a
yellow solid (630 mg, yield: 52%). The obtained solid was
BD-2, which was an intended product, and the results of
mass spectrometric analysis were: m/e=888 for a molecular
weight of 887.

(2) Fabrication of organic EL device

[0392] An organic EL device was fabricated in a combi-
nation of a dopant and a host shown in Table 1, and
evaluated, in the same manner as in Example 1. The results
are shown in Table 1.

Example 3

(1) Synthesis of BD-3

O o BD-3

L eLe
Q (A) Synthesis of intermediate 5
O O\ [0394] Under an argon atmosphere, 1,2-dimethoxyethane

[0393]

(80 mL) and water (20 mL) were added to the intermediate

Pd{PPhs)y 2 (3.00 g, 530 mmol) synthesized in the same manner as in
K3P04 Example 2, 2-methoxydibenzofuranyl-3-boronic acid (3.85
DME/H,0 g, 15.9 mmol), Pd(PPh,), (918 mg, 0.795 mmol) and potas-
50% sium phosphate (6.74 g, 31.8 mmol), and the resulting

mixture was stirred at 80° C. for 12 hours. After completion
of the reaction, an organic layer was concentrated and a solid
was collected by filtration. The resulting material was puri-
fied by column chromatography to obtain a light yellow
solid (3.82 g, yield: 90%). The obtained solid was an
intermediate 5, which was an intended product, and the
results of mass spectrometric analysis were: m/e=802 for a
molecular weight of 801.

Intermediate 1

(B) Synthesis of Intermediate 6

[0395] Under an argon atmosphere, the intermediate 5

BBr; (3.80 g, 4.74 mmol) was dissolved in dichloromethane (100

CHCl mL), and a 1 M BBr; dichloromethane solution (30 mL) was

75% added thereto, and the resulting mixture was stirred for 24

hours. After completion of the reaction, methanol and water

Intermediate 5 were added thereto, and the resulting mixture was subjected

to extraction with ethyl acetate. The solvent was distilled off,
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and the resulting residue was purified by column chroma-
tography to obtain a light yellow solid (2.74 g, yield: 75%)).
The obtained solid was an intermediate 6, which was an
intended product, and the results of mass spectrometric
analysis were: m/e=773 for a molecular weight of 772.

(C) Synthesis of Intermediate 7

[0396] Under an argon atmosphere, the intermediate 6
(2.50 g, 3.24 mmol) was suspended in dichloromethane (100
mlL), and pyridine (2 mL) and trifluoromethanesulfonic
anhydride (2.74 g, 9.72 mmol) were added thereto, and the
resulting mixture was stirred for 6 hours. After completion
of the reaction, water was added thereto, and only an organic
layer was concentrated, and a precipitated solid was col-
lected by filtration. The resulting material was purified by
column chromatography to obtain a light yellow solid (1.21
g, yield: 36%). The obtained solid was an intermediate 7,
which was an intended product, and the results of mass
spectrometric analysis were: m/e=1039 for a molecular
weight of 1038.

(D) Synthesis of BD-3

[0397] Under an argon atmosphere, the intermediate 7
(1.00 g, 0.963 mmol), copper(l) iodide (92 mg, 0.482
mmol), 1,10-phenanthroline (87 mg, 0.482 mmol) and
potassium carbonate (532 mg, 3.85 mmol) were suspended
in N,N-dimethylacetamide (20 mL), and the resulting sus-
pension was heated and stirred at 160° C. for 8 hours. After
completion of the reaction, water was added thereto, and a
precipitate was collected by filtration. The resulting material
was purified by column chromatography to obtain a yellow
solid (390 mg, yield: 55%). The obtained solid was BD-3,
which was an intended product, and the results of mass
spectrometric analysis were: m/e=737 for a molecular
weight of 736.

(2) Fabrication of organic EL device

[0398] An organic EL device was fabricated in a combi-
nation of a dopant and a host shown in Table 1, and
evaluated, in the same manner as in Example 1. The results
are shown in Table 1.

Comparative Example 1

[0399] An organic EL device was fabricated by using the
following compound BD as a dopant, and a host shown in
Table 1, and evaluated, in the same manner as in Example
1. The results are shown in Table 1.

BD

[0400] Although only some exemplary embodiments and/
or examples of this invention have been described in detail
above, those skilled in the art will readily appreciate that
many modifications are possible in the exemplary embodi-
ments and/or examples without materially departing from
the novel teachings and advantages of this invention.
Accordingly, all such modifications are intended to be
included within the scope of this invention.
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[0401] The documents described in the specification are
incorporated herein by reference in its entirety.

EXPLANATION OF NUMERICAL SYMBOLS

[0402] 1 Organic EL device

[0403] 2 Substrate

[0404] 3 Anode

[0405] 4 Cathode

[0406] 5 Emitting layer

[0407] 6 Hole-injecting-transporting layer
[0408] 7 Electron-injecting-transporting layer
[0409] 10 Organic layer

1. A compound represented by the following formula

(1-5):

{1-5)

wherein, in the formulas (1-5),
one or more sets of two or more adjacent to each other
among R,, R, and R, to Rq are bonded with each other
to form a substituted or unsubstituted and saturated or
unsaturated ring, or do not form the ring;
R,, R, and R, to R, that do not form the ring are
independently
a hydrogen atom, a halogen atom, a cyano group, a nitro
group,
a substituted or unsubstituted alkyl group having 1 to 50
carbon atoms,
a substituted or unsubstituted alkenyl group having 2 to 50
carbon atoms,
a substituted or unsubstituted alkynyl group having 2 to 50
carbon atoms,
a substituted or unsubstituted cycloalkyl group having 3 to
50 ring carbon atoms,
7Si(R901)(R902)(R903)’
7(R904))
T \T05 )
7N(R?O6)(R907)5 . . .
a substituted or unsubstituted aryl group having 6 to 50 ring
carbon atoms, or
a substituted or unsubstituted monovalent heterocyclic
group having 5 to 50 ring atoms;
Rgo; to Rgy, are independently
a hydrogen atom,
a substituted or unsubstituted alkyl group having 1 to 50
carbon atoms,
a substituted or unsubstituted cycloalkyl group having 3 to
50 ring carbon atoms,
a substituted or unsubstituted aryl group having 6 to 50 ring
carbon atoms, or
a substituted or unsubstituted monovalent heterocyclic
group having 5 to 50 ring atoms; when two or more of Ry,
to Ry, exist, two or more of Ry, to R, may be the same
with or different from each other;
two of *1 are fused with a group represented by the
following formula (1A) to form a nitrogen atom-con-
taining five-membered ring;
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two of *2 are fused with a group represented by the
following formula (1A), which is different from the
group bonded with the two of *1, to form a nitrogen
atom-containing five-membered ring;

the two groups represented by the following formula (1A)
may be the same with or different from each other;

(14)

wherein, in the formula (1A), one set selected from R,
andR,,,R,, andR,5, R,5and Ry, Rys and Ry, R, and
R,;, and R,, and R,4 is bonded with the two of *1 or
the two of *2 in the formula (1-5);
one or more sets of two or more adjacent to each other
among R,, to R, that are not bonded with the two of
*1 or the two of *2 in the formula (1-5) are bonded with
each other to from a substituted or unsubstituted and
saturated or unsaturated ring, or do not form the ring;
R,, to Ry, that are neither bonded with the two of *1 or
the two of *2 in the formula (1-5) nor form the ring are
independently
a hydrogen atom, a halogen atom, a cyano group, a nitro
group,
a substituted or unsubstituted alkyl group having 1 to 50
carbon atoms,
a substituted or unsubstituted alkenyl group having 2 to 50
carbon atoms,
a substituted or unsubstituted alkynyl group having 2 to 50
carbon atoms,
a substituted or unsubstituted cycloalkyl group having 3 to
50 ring carbon atoms,
7Si(R901)(R902)(R903)5
707(R904)’
7Si(R905)5
7N(R906)(R907)5
a substituted or unsubstituted aryl group having 6 to 50 ring
carbon atoms, or
a substituted or unsubstituted monovalent heterocyclic
group having 5 to 50 ring atoms;
Ryo; to Ry are as defined in the formula (1-5);
X, is selected from O, S and N(R55), and two of X, may
be the same with or different from each other;
R, is bonded with either or both of R,; and R, to form
a substituted or unsubstituted and saturated or unsatu-
rated ring, or does not form the ring; and
R, that does not form the ring is a hydrogen atom,
a substituted or unsubstituted alkyl group having 1 to 50
carbon atoms,
a substituted or unsubstituted cycloalkyl group having 3 to
50 ring carbon atoms,
a substituted or unsubstituted aryl group having 6 to 50 ring
carbon atoms, or
a substituted or unsubstituted monovalent heterocyclic
group having 5 to 50 ring atoms.
2. The compound according to claim 1, which is a
compound selected from the compounds represented by the
following formulas (1-5-1) to (1-5-6):

Mar. 26, 2020
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(1-5-1)

Ry

(1-5-3)
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-continued

(1-5-5)
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-continued

(1-5-6)

wherein, in the formulas (1-5-1) to (1-5-6),

X, R, R, RytoRgand R, to R,; are as defined in the
formula (1-5).

3. The compound according to claim 2, represented by the
formula (1-5-1) or (1-5-2).

4. The compound according to claim 2, represented by the
formula (1-5-1).

5. The compound according to claim 4, wherein R and R,
are a phenyl group.

6. The compound according to claim 5, wherein X, is
NRs5).

7. The compound according to claim 6, wherein R, is a
substituted or unsubstituted aryl group having 6 to 50 ring
carbon atoms.

8. The compound according to claim 1, wherein the
compound is any of the following compounds:



0000000000000000




0000000000000000

)

<

S







0000000000000000




0000000000000000




0000000000000000




-
oes
OO
(X0
e




0000000000000000

as,

/

Wt

&
0
(J

e




0000000000000000




0000000000000000




0000000000000000




0000000000000000







US 2020/0098994 A1
138

-continued

9. The compound according to claim 1, wherein the
compound is any of the following compounds:

-continued
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-continued

e
e}
o o
o

wherein, Ph represents a phenyl group.

10. A material for an organic electroluminescence device,
comprising the compound according to claim 1.

11. An organic electroluminescence device, comprising:
a cathode,
an anode, and

one or more organic layers arranged between the cathode
and the anode, wherein

at least one layer of the one or more organic layers
comprises the compound according to claim 1, and a
compound represented by the following formula (10):

Mar. 26, 2020

(10)

Rygs Rip
Rio4 O Ryg
Ry O Rygo
Ryos O Ryog
Rios Ryp7

wherein, in the formulas (10), at least one of R, to R},
is a group represented by the following formula (31);
when two or more groups represented by the following
formula (31) exist, the two or more groups represented
by the following formula (31) may be the same with or
different from each other;

'LIOI'AIIOI (31)

wherein, in the formula (31),
Lio s
a single bond,
a substituted or unsubstituted arylene group having 6 to 30
ring carbon atoms, or
a substituted or unsubstituted divalent heterocyclic group
having 5 to 30 ring atoms;
Aryg, Is
a substituted or unsubstituted aryl group having 6 to 50 ring
carbon atoms, or
a substituted or unsubstituted monovalent heterocyclic
group having 5 to 50 ring atoms;
one or more sets of two or more adjacent to each other
among R, ., to R, that are not the group represented
by the formula (31) form a substituted or unsubstituted
and saturated or unsaturated ring, or do not form the
ring; R,,, to R, , that are neither the group represented
by the formula (31) nor form the ring are independently
a hydrogen atom, a halogen atom, a cyano group, a nitro
group,
a substituted or unsubstituted alkyl group having 1 to 50
carbon atoms,
a substituted or unsubstituted alkenyl group having 2 to 50
carbon atoms,
a substituted or unsubstituted alkynyl group having 2 to 50
carbon atoms,
a substituted or unsubstituted cycloalkyl group having 3 to
50 ring carbon atoms,
—SiRop; NRop2)Roos)s
—O0—(Ro04),
—S—Rops):
—NRoge)Roor);
a substituted or unsubstituted aryl group having 6 to 50 ring
carbon atoms, or
a substituted or unsubstituted monovalent heterocyclic
group having 5 to 50 ring atoms;
Rgq; 10 Rgyy are independently
a hydrogen atom,
a substituted or unsubstituted alkyl group having 1 to 50
carbon atoms,
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a substituted or unsubstituted cycloalkyl group having 3 to
50 ring carbon atoms,

a substituted or unsubstituted aryl group having 6 to 50 ring
carbon atoms, or

a substituted or unsubstituted monovalent heterocyclic
group having 5 to 50 ring atoms; and when two or more of
Ryg; to Rgq, exist, two or more of Ry, to Ry, may be the
same with or different from each other.

12. The organic electroluminescence device according to
claim 11, wherein the compound represented by the formula
(10) is represented by the following formula (10-1) or
(10-2):

(10-1)

Rios Rip
Ryos O Ry
Arjg;—Lio1 O Lipi—Arjq
Rios O Ripg
Rios Rig7
(10-2)
Rio3 Lip—Ario1
Rio4 O ST
Arjo—Lioy O Lig—Aryq
Ryos O Rios
Rigs Rip7

wherein, in the formula (10-1), R,,, to R, 45, and L, and
Ar,,, are as defined in the formula (10); and
in the formula (10-2), R,q;, Ryp5 t0 Rygg, and L, and
Ar,,, are as defined in the formula (10).
13. The organic electroluminescence device according to
claim 11, wherein the compound represented by the formula
(10) 1s represented by the following formula (10-3):

(10-3)
Rioz4 R4
Rjg4s O Rious
Arjora—Lio1a O Ligra— Aty
Riyos4 Q Rioss
Rioet Rion

wherein, in the formula (10-3),

R o014 10 R4 are independently a hydrogen atom, or a
substituted or unsubstituted aryl group having 6 to 50
ring carbon atoms;
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Lo, is a single bond, or a substituted or unsubstituted
arylene group having 6 to 30 ring carbon atoms, and
two of L,,,, may be the same with or different from
each other; and

Ar,,,, is a substituted or unsubstituted aryl group having
6 to 50 ring carbon atoms, and two of Ar,;, , may be the
same with or different from each other.

14. The organic electroluminescence device according to

claim 11, wherein the compound represented by the formula
(10) is represented by the following formula (10-4):

(10-4)
Ryg34 Ry024 Reo  Reg
R104A O RIOIA e Q R67
Re
Arjo;—Lyoy Q Lyor * O Res
R Res
Ryosq Rioss Res
Rios4 Ri074

wherein, in the formula (10-4),

Lo, and Ar,,, are as defined in the formula (10);

R4 to Ryoq, are independently a hydrogen atom, or a
substituted or unsubstituted aryl group having 6 to 50
ring carbon atoms;

X118 O, S or N(Rg,):

Rg, 1s a hydrogen atom, a substituted or unsubstituted
alkyl group having 1 to 50 carbon atoms, or a substi-
tuted or unsubstituted aryl group having 6 to 50 ring
carbon atoms;

one of Rg, to Ry, is bonded with L5

one or more sets of two or more adjacent to each other
among R, to Ry, that are not bonded with L, ,, form a
substituted or unsubstituted and saturated or unsatu-
rated ring, or do not form the ring; and

R, to Ryg that are neither bonded with L, 5, nor form the
ring are independently a hydrogen atom, a substituted
or unsubstituted alkyl group having 1 to 50 carbon
atoms, or a substituted or unsubstituted aryl group
having 6 to 50 ring carbon atoms.

15. The organic electroluminescence device according to

claim 14, wherein the compound represented by the formula
(10) is represented by the following formula (10-6):

(10-6)

Rio34 Rio24

Rioas O Riou X2 Re;
] N
Arjg—Lyo; Lior—, Res
.
Rygs4 ' Rios4

Rios4 Ryg74

wherein, in the formula (10-6),

Lo, and Ar,,, are as defined in the formula (10);
R, 014 10 R, g4 are as defined in the formula (10-4);
Rge to Ry, are as defined in the formula (10-4); and
X,,18 OorS.
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16. The organic electroluminescence device according to
claim 14, wherein the compound represented by the formula
(10) is represented by the following formula (10-7):

Rioza Rio24 Res  Res
Riga4 O Riow X Q Re7
Arjo1— Lol Q Ly * 2 O Res
Rigs4 O Riog4 o Res s
Riosa Rio74

wherein, in the formula (10-7),

L,o, and Ar,,, are as defined in the formula (10);
R4 0 R g, are as defined in the formula (10-4);
X, is as defined in the formula (10-4);

R, to Ry are as defined in the formula (10-4); in which
any of one set of R¢¢ and R¢-, Re; and Rgg, and Ry and
Ry 1s bonded with each other to form a substituted or
unsubstituted and saturated or unsaturated ring.

17. The organic electroluminescence device according to
claim 11, wherein the compound represented by the formula
(10) is represented by the following formula (10-8):

(10-8)

R
Riyo34 Rio24 69 Res

R4 O Riou4 X2 Ry
7N
Arjo;—Lyor Lio— Res
P
Ryos4 O Rios4

Rios4 Ryg74

wherein, in the formula (10-8),

Lo, and Ar,,,, are as defined in the formula (10);

R 0.4 and R e, are as defined in the formula (10-4);
X515 OorS;

Ry to Ry are as defined in the formula (10-4); in which
any of one set of R and R, R, and R, and R and
Reo 18 bonded with each other to form a substituted or
unsubstituted and saturated or unsaturated ring.

18. The organic electroluminescence device according to
claim 16, wherein any of one set of Ry and R, Ry, and
Rgs and R and R, is bonded with each other to form a
ring represented by the following formula (10-8-1) or (10-
8-2), and
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Res t0 Ry that do not form the ring represented by the
formula (10-8-1) or (10-8-2) do not form a substituted
or unsubstituted and saturated or unsaturated ring:

(10-8-1)

Rgp
Rg) 7
*
o
Rg2
Re3
(10-8-2)
Rgo
Xi3
Rgi ’
*
Res
Res

wherein, in the formulas (10-8-1) and (10-8-2),

two of * are bonded with any of one set of Ry and R,
Rg; and Ry, and Ry and R, respectively;

Rgq to Ry, are independently a hydrogen atom, a substi-
tuted or unsubstituted alkyl group having 1 to 50
carbon atoms, or a substituted or unsubstituted aryl
group having 6 to 50 ring carbon atoms; and

X,;i80o0r S.

19. The organic electroluminescence device according to
claim 14, wherein the compound represented by the formula
(10) is represented by the following formula (10-9):

(10-9)

Ryo34 Ri024

Ro44 O Riou4 X2 Re;
7S
Arjor—Lyor Lio—y— Res
y
Rioss O Rios4

Rios4 Ryo74

wherein, in the formula (10-9),
L,o; and Ar,, are as defined in the formula (10);
R,o14 10 R ogy are as defined in the formula (10-4);

R to Reo are as defined in the formula (10-4); in which
both of Ry and Ry, R, and Rgg, and Ry and Reg are
neither bonded with each other nor form a substituted
or unsubstituted and saturated or unsaturated ring; and

X,,1s OorS.
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20. The organic electroluminescence device according to
claim 11, wherein the compound represented by the formula
(10) is represented by the following formula (10-4A):

(10-4A)
Rypza Rz Reou Resa
Ryoas O Rio14 Xu Q Re74
R¢
Arjo;—Lior Q Lior *M O Res4
Rygsa Q Rioss o Reis o
Riosa Rio74

wherein, in the formula (10-4A),
L,o; and Ar,,, are as defined in the formula (10);

R o014 10 Ros4 are independently a hydrogen atom, or a
substituted or unsubstituted aryl group having 6 to 50
ring carbon atoms;

X, 18 0, S or N(Rg,);

Rg, is a hydrogen atom, a substituted or unsubstituted
alkyl group having 1 to 50 carbon atoms, or a substi-
tuted or unsubstituted aryl group having 6 to 50 ring
carbon atoms;

any of one set of two adjacent to each other among R,
to Ry, forms a ring represented by the following
formula (10-4A-1):
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(10-4A-1)

Ry
R
TN
\ *
Ry,
Ry

wherein, in the formula (10-4A-1),

two of * are bonded with two adjacent to each other
among R, , to R, ; respectively;

one of R, to R; is bonded with L, ;

R, to R, that are not bonded with L, ,; are independently
a hydrogen atom, a substituted or unsubstituted alkyl
group having 1 to 50 carbon atoms, or a substituted or
unsubstituted aryl group having 6 to 50 ring carbon
atoms;

one or more sets of two or more adjacent to each other
among R, , to Ry, that do not form the ring repre-
sented by the formula (10-4A-1) form a substituted or
unsubstituted and saturated or unsaturated ring, or do
not form the ring; and

R, 10 Ry, that do not form the ring represented by the
formula (10-4A-1) or the substituted or unsubstituted
and saturated or unsaturated ring are independently a
hydrogen atom, a substituted or unsubstituted alkyl
group having 1 to 50 carbon atoms, or a substituted or
unsubstituted aryl group having 6 to 50 ring carbon
atoms.

21. An electronic apparatus, comprising the organic elec-

troluminescence device according to claim 11.
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