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(57) ABSTRACT

A compound represented by the formula (1) below. At least
one set of two or more adjacent groups among R, to R,
forms a substituted or unsubstituted heterocyclic ring, or
forms a ring represented by the formula (2) below, or at least
one of R, to R, is a group represented by the formula (3)
below.
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NOVEL COMPOUND AND ORGANIC
ELECTROLUMINESCENCE DEVICE

TECHNICAL FIELD

[0001] Embodiments described herein generally relate to a
novel compound and an organic electroluminescence device
using the same.

BACKGROUND ART

[0002] When a voltage is applied to an organic electrolu-
minescence device (hereinafter, the organic electrolumines-
cence device may be called “organic EL device”), holes
from an anode and electrons from a cathode are injected to
a light-emitting layer. The injected holes and electrons
recombine in the light-emitting layer and form excitons.
[0003] An organic EL device comprises a light-emitting
layer between an anode and a cathode. An organic EL device
may also have a stacked structure comprising an organic
layer such as a hole injection layer, a hole transport layer, an
electron injection layer, or an electron transport layer.
[0004] Patent Literature 1 discloses a compound used as a
material for an organic electroluminescerce device.

PRIOR ART DOCUMENTS

Patent Literature

[0005] Patent Literature 1: WO 2015/102118
SUMMARY OF THE INVENTION
[0006] The object of the present invention is to provide a

novel compound useful as a material for an organic elec-
troluminescence device having high light-emitting effi-
ciency, and an organic electroluminescence device having
high light-emitting efficiency using said compound.

[0007] According to one aspect of the present invention, a
compound represented by the following formula (1) is
provided.
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[0008] (In the formula (1),
[0009] one or more sets of two or more adjacent groups

among R, to R, form a substituted or unsubstituted hetero-
cyclic ring or a ring represented by the formula (2) below, or
do not form a substituted or unsubstituted heterocyclic ring
or a ring represented by the formula (2) below.

[0010] R, to R,; which do not form the substituted or
unsubstituted heterocyclic ring or the ring represented by the
formula (2) are each independently a hydrogen atom, a
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substituted or unsubstituted alkyl group having 1 to 50
carbon atoms, a substituted or unsubstituted haloalkyl 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
carbon atoms that form a ring (hereinafter referred to as
“ring carbon atoms™), a substituted or unsubstituted alkoxy
group having 1 to 50 carbon atoms, a substituted or unsub-
stituted alkylthio group having 1 to 50 carbon atoms, a
substituted or unsubstituted aryloxy group having 6 to 50
ring carbon atoms, a substituted or unsubstituted arytthio
group having 6 to 50 ring carbon atoms, a substituted or
unsubstituted aralkyl group having 7 to 50 carbon atoms,
—SR3)R3)Rs5), —C(=O0)R;,, —COOR;5, —N(R5¢)
(R;5), a halogen atom, a cyano group, a nitro group, a
substituted or unsubstituted aryl group having 6 to 50 ring
carbon atoms, a substituted or unsubstituted monovalent
heterocyclic group having 5 to 50 atoms that form a ring
(hereinafter referred to as “ring atoms”), or a group repre-
sented by the formula (3) below.

[0011] R;, to R, are each 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.

[0012] When the respective R;; to R;, are present in a
number of two or more, the respective two or more R;; to
R, present may be the same or different.

[0013] At least one set of two or more adjacent groups
among R, to R;, forms a substituted or unsubstituted het-
erocyclic ring, or forms a ring represented by the formula (2)
below, or at least one of R, to R, is a group represented by
the formula (3) below. When two or more substituted or
unsubstituted heterocyclic rings are formed, the respective
two or more substituted or unsubstituted heterocyclic rings
may be the same or different. When two or more rings
represented by the formula (2) are formed, the respective
two or more rings represented by the formula (2) may be the
same of different. When two or more groups represented by
the formula (3) are formed, the respective two or more
groups represented by the formula (3) may be the same or
different.)

Ris Ri
* Ryg
* Rz
Rip Ry
[0014] (In the formula (2),

[0015] the two valence bonds * are bonded to two adjacent
groups among R, to R}, in the formula (1), respectively.
[0016] One or more sets selected from R,, and R,;, Ry
andR ,, R;andR 5, R;;and R, and R, and R, form a
substituted or unsubstituted saturated or unsaturated ring, or
do not form a substituted or unsubstituted saturated or
unsaturated ring.
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[0017] R,,toR ., R,s, R} and R, whichdo not form the
substituted or unsubstituted saturated or unsaturated ring are
each independently a hydrogen atom, a substituted or unsub-
stituted alkyl group having 1 to 50 carbon atoms, a substi-
tuted or unsubstituted haloalkyl 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 unsub-
stituted cycloalkyl group having 3 to 50 ring carbon atoms,
a substituted or unsubstituted alkoxy group having 1 to 50
carbon atoms, a substituted or unsubstituted alkylthio group
having 1 to 50 carbon atoms, a substituted or unsubstituted
aryloxy group having 6 to 50 ring carbon atoms, a substi-
tuted or unsubstituted arylthio group having 6 to 50 ring
carbon atoms, a substituted or unsubstituted aralkyl group
having 7 to 50 carbon atoms, —Si(R;,)(R;,)(R;;5),
—C(=0)R;,, —COOR;5, —N(R;5)(R;,), a halogen atom,
a cyano group, a nitro group, 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.

[0018] R;, to Ry, are as defined in the formula (1).)

'Lll_Arll (3)

[0019] (In the formula (3),

[0020] L, is a single bond, a substituted or unsubstituted
alkylene group having 1 to 30 carbon atoms, 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.

[0021] 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.)

[0022] According to one aspect of the present invention, a
material for an organic electroluminescence device compris-
ing a compound represented by the formula (1) above is
provided.

[0023] According to one aspect of the present invention,
an organic electroluminescence device having

[0024] a cathode,
[0025] an anode, and
[0026] at least one organic layer provided between the

cathode and the anode,

[0027] wherein at least one layer of the at least one organic
layer contains a compound represented by the formula (1)
above is provided.

[0028] According to one aspect of the present invention,
an electronic apparatus comprising the organic electrolumi-
nescence device is provided.

Effects of the Invention

[0029] The present invention provides a novel compound
useful as a material for an organic electroluminescence
device having high light-emitting efficiency, and an organic
electroluminescence device having high light-emitting effi-
ciency using said compound.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] FIG. 1 shows a schematic structure of one embodi-
ment of the organic EL device of the present invention.
[0031] FIG. 2 shows a schematic structure of another
embodiment of the organic EL device of the present inven-
tion.

Jul. 11,2019

EMBODIMENTS FOR CARRYING OUT THE
INVENTION

[0032] In this specification, a hydrogen atom includes
isotopes having different neutron numbers, i.e., light hydro-
gen (protium), heavy hydrogen (deuterium), and triple
hydrogen (tritium).

[0033] In this specification, the number of ring carbon
atoms nmieans the number of carbons atoms included In the
atoms which constitute the ring itself of a compound having
a structure in which atoms are bonded in the form of a ring
(for example, a monocyclic compound, a fused ring com-
pound, a crosslinked compound, a carbocyclic compound, or
a heterocyclic compound). When the ring is substituted with
a substituent, the carbon atoms in the substituents are not
included in the number of ring carbon atoms. The same
applies to the “number of ring carbon atoms” described
below unless otherwise mentioned. For example, a benzene
ring has six ring carbon atoms, a naphthalene ring has ten
ring carbon atoms, a pyridinyl group has five ring carbon
atoms, and a furanyl group has four ring carbon atoms. Also,
when a benzene ring or a naphthalene ring is substituted with
an alkyl group, for example, the carbon atoms in the alkyl
group are not included in the number of ring carbon atoms.
When a fluorene ring, for example, is bonded to a fluorene
ring as a substituent (including a spirofluorene ring), the
carbon atoms in the fluorene ring bonded as a substituent are
not included in the number of ring carbon atoms.

[0034] In this specification, the number of ring atoms
means the number of the atoms which constitute the ring
itself of a compound (for example, a monocyclic compound,
a fused ring compound, a crosslinked compound, a carbo-
cyclic compound, or a heterocyclic compound) having a
structure (for example, a monocyclic ring, a fused ring, or a
ring assembly) in which atoms are bonded in the form of a
ring. Atoms which do not constitute the ring (for example,
hydrogen atoms terminating the valence bond of the atoms
forming the ring) and the atoms in the substituent, when the
ring is substituted with a substituent, are not included in the
number of ring atoms. The same applies to the “number of
ring atoms” described below unless otherwise mentioned.
For example, a pyridine ring has six ring atoms, a quinazo-
line ring has ten ring atoms, and a furan ring has five ring
atoms. The hydrogen atoms bonded to each carbon atom in
a pyridine ring or a quinazoline ring, and the atoms consti-
tuting a substituent are not included in the number of ring
atoms. Also, when a fluorene ring, for example, is bonded to
a fluorene ring as a substituent (including a spirofluorene
ring), the atoms in the fluorene ring bonded as a substituent
are not included in the number of ring atoms.

[0035] In this specification, the description “XX to YY
carbon atoms” in the expression “substituted or unsubsti-
tuted ZZ group having XX to YY carbon atoms” means the
number of carbon atoms in the case where the ZZ group is
not substituted, and does not include the number of carbon
atoms in the substituent when the ZZ group is substituted.
Here, “YY” is greater than “XX” and each of “XX” and
“YY” means an integer of one or more.

[0036] In this specification, the description “XX to YY
atoms” in the expression “substituted or unsubstituted 77
group having XX to YY atoms”™ means the number of atoms
in the case where the 77 group is not substituted, and does
not include the number of atoms in the substituent when the
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77 groups is substituted. Here, “YY” is greater than “XX”
and each of “XX” and “YY” means an integer of one or
more.

[0037] In this specification, “substituted” in the case of
“substituted or unsubstituted” means that the group is sub-
stituted with a substituent other than a hydrogen atom.
[0038] In this specification, “unsubstituted” in the case of
“substituted or unsubstituted” means that the group is not
substituted with the aforementioned substituent and that a
hydrogen atom is bonded.

[0039] In this specification, the substituent (hereinafter,
the substituent may be called “arbitrary substituent”) in the
case of “substituted or unsubstituted” is selected from the
group consisting of an alkyl group having 1 to 50 carbon
atoms, a haloalkyl group having 1 to 50 carbon atoms, an
alkenyl group having 2 to 50 carbon atoms, an alkynyl group
having 2 to 50 carbon atoms, a cycloalkyl group having 3 to
50 ring carbon atoms, an alkoxy group having 1 to 50 carbon
atoms, an alkylthio group having 1 to 50 carbon atoms, an
aryloxy group having 6 to 50 ring carbon atoms, an arylthio
group having 6 to 50 ring carbon atoms, an aralkyl group
having 7 to 50 carbon atoms, —Si(R,;)(R,5)(Rys),
—C(=0)R,,, —COOR,;, —S(=0),R,5, —PEO)Ry,)
(Rag), —Ge(Ruo)(Rso)Rs1), —N(Rs,)(Rs3) (wherein, Ry,
to Rs; are each independently a hydrogen atom, an alkyl
group having 1 to 50 carbon atoms, an aryl group having 6
to 50 ring carbon atoms, or a heterocyclic group having 5 to
50 ring atoms; when the R, to R, are present in a number
of two or more, the respective two or more R, to Ry; may
be the same or different), a hydroxy group, a halogen atom,
a cyano group, a nitro group, an aryl group having 6 to 50
ring carbon atoms, and a monovalent heterocyclic group
having 5 to 50 ring atoms, for example.

[0040] In this specification, adjacent arbitrary substituents
(or non-adjacent arbitrary substituents capable of forming a
ring) form a substituted or unsubstituted saturated or unsatu-
rated ring, or do not form a substituted or unsubstituted
saturated or unsaturated ring. The explanation below regard-
ing the wordings “substituted or unsubstituted” and “satu-
rated or unsaturated ring” applies to the description “form a
substituted or unsubstituted saturated or unsaturated ring”.
[0041] In this specification, an arbitrary substituent may
further have a substituent. Substituents equivalent to the
aforementioned arbitrary substituents can be mentioned as
the further substituent bonded to the arbitrary substituent.
[0042] Specific examples of the groups and substituents in
this specification include the following.

[0043] The unsubstituted alkyl group having 1 to 50
(preferably 1 to 30, more preferably 1 to 18, even more
preferably 1 to 5) carbon atoms includes, for example, a
methyl group, an ethyl group, a propyl group, an isopropyl
group, an n-butyl group, an s-butyl group, an isobutyl group,
a t-butyl group, an n-pentyl group, an n-hexyl group, an
n-heptyl group, an n-octyl group, and the like.

[0044] The substituted alkyl group having 1 to 50 (pref-
erably 1 to 30, more preferably 1 to 18, even more preferably
1 to 5) carbon atoms includes, for example, a hydroxymethyl
group, a 1-hydroxyethyl group, a 2-hydroxyethyl group, a
2-hydroxyisobutyl group, a 1,2-dihydroxyethyl group, a
1,3-dihydroxyisopropyl group, a 2,3-dihydroxy-t-butyl
group, a 1,2,3-trihydroxypropyl group, a chloromethyl
group, a l-chloroethyl group, a 2-chloroethyl group, a
2-chloroisobutyl group, a 1,2-dichloroethyl group, a 1,3-
dichloroisopropyl group, a 2,3-dichloro-t-butyl group, a
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1,2 3-trichloropropyl group, a bromomethyl group, a 1-bro-
moethyl group, a 2-bromoethyl group, a 2-bromoisobutyl
group, a 1,2-dibromoethyl group, a 1,3-dibromoisopropyl
group, a 2,3-dibromo-t-butyl group, a 1,2,3-tribromopropyl
group, an iodomethyl group, a 1-iodoethyl group, a 2-iodo-
ethyl group, a 2-iodoisobutyl group, a 1,2-diiodoethyl
group, a 1,3-diiodoisopropyl group, a 2,3-diiodo-t-butyl
group, a 1,2,3-triiodopropyl group, a cyanomethyl group, a
1-cyanoethyl group, a 2-cyanoethyl group, a 2-cyanoisobu-
tyl group, a 1,2-dicyanoethyl group, a 1,3-dicyanoisopropyl
group, a 2,3-dicyano-t-butyl group, a 1,2,3-tricyanopropyl
group, a nitromethyl group, a 1-nitroethyl group, a 2-nitro-
ethyl group, a 2-nitroisobutyl group, a 1,2-dinitroethyl
group, a 1,3-dinitroisopropyl group, a 2,3-dinitro-t-butyl
group, a 1,2 3-trinitropropyl group, a 1-pyrrolylmethyl
group, a 2-(1-pyrrolyl)ethyl group, a 1-hydroxy-2-phe-
nylisopropyl group, a 1-chloro-2-phenylisopropyl group,
and the like.

[0045] The substituted or unsubstituted haloalkyl group
having 1 to 50 carbon atoms is a group in which one or more
hydrogen atoms in the aforementioned alkyl group is sub-
stituted with a halogen atom. Examples of the substituted or
unsubstituted haloalkyl group having 1 to 50 carbon atoms
include those in which the aforementioned substituted or
unsubstituted alkyl groups having 1 to 50 carbon atoms are
substituted with one or more halogen atoms.

[0046] The unsubstituted alkenyl group having 2 to 50
(preferably 2 to 30, more preferably 2 to 18) carbon atoms
includes a vinyl group, an allyl group, a 1-butenyl group, a
2-butenyl group, a 3-butenyl group, a 1,3-butanedienyl
group, a l-methylvinyl group, a 1l-methylallyl group, a
1,1-dimethylallyl group, a 2-methylallyl group, a 1,2-dim-
ethylallyl group, and the like.

[0047] The unsubstituted alkynyl group having 2 to 50
(preferably 2 to 30, more preferably 2 to 18) carbon atoms
includes an ethynyl group and the like.

[0048] The unsubstituted cycloalkyl group having 3 to 50
(preferably 3 to 30, more preferably 3 to 18, even more
preferably 3 to 6) ring carbon atoms includes a cyclopropyl
group, a cyclobutyl group, a cyclopentyl group, a cyclohexyl
group, a 4-methylcyclohexyl group, a 1-adamantyl group, a
2-adamantyl group, a 1-norbornyl group, a 2-norbornyl
group, and the like.

[0049] The unsubstituted alkoxy group having 1 to 50
(preferably 1 to 30, more preferably 1 to 18) carbon atoms
is represented by —OX, and the aforementioned alkyl
groups having 1 to 50 carbon atoms, for example, can be
mentioned as X.

[0050] The unsubstituted alkylthio group having 1 to 50
(preferably 1 to 30, more preferably 1 to 18) carbon atoms
s represented by —SX, and the aforementioned alkyl groups
having 1 to 50 carbon atoms, for example, can be mentioned
as X.

[0051] The unsubstituted aryl group having 6 to 50 (pref-
erably 6 to 30, more preferably 6 to 18) ring carbon atoms
includes, for example, a phenyl group, a p-biphenylyl group,
an m-biphenylyl group, an o-biphenylyl group, a p-terphe-
nyl-4-yl group, a p-terphenyl-3-yl group, a p-terphenyl-2-yl
group, an m-terphenyl-4-yl group, an m-terphenyl-3-yl
group, an 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
benzoanthryl group, a phenanthryl group, a benzophenan-
thryl group, a phenalenyl group, a pyrenyl group, a chryse-
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nyl group, a benzochrysenyl group, a triphenylenyl group, a
benzotriphenylenyl group, a tetracenyl group, a pentacenyl
group, a fluorenyl group, a benzofluorenyl group, a diben-
zofluorenyl group, a fluoranthenyl group, a benzofluoranthe-
nyl group, and the like.

[0052] Among these examples, a phenyl group, a biphe-
nylyl group, a terphenyl group, a naphthyl group, a phenan-
thryl group, and a fluorenyl group are preferable, and a
phenyl group, a naphthyl group, and a biphenylyl group are
more preferable.

[0053] The substituted aryl group having 6 to 50 (prefer-
ably 6 to 30, more preferably 6 to 18) ring carbon atoms
includes, for example, an o-tolyl group, an m-tolyl group, a
p-tolyl group, a para-xylyl group, a meta-xylyl group, an
ortho-xylyl group, a para-isopropylphenyl group, a meta-
isopropylphenyl group, an ortho-isopropylphenyl group, a
para-t-butylphenyl group, a meta-t-butylphenyl group, an
ortho-t-butylphenyl group, a 3,4,5-trimethylphenyl group, a
9,9-dimethylfluorenyl group, a 9,9-diphenylfluorenyl group,
a 9,9"-spirobifluorenyl group, a 9,9-di(4-methylphenyl)fluo-
renyl 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, and the like.

[0054] The substituted or unsubstituted arylene group hav-
ing 6 to 30 (preferably 6 to 20, more preferably 6 to 18) ring
carbon atoms includes, for example, divalent groups formed
from the aromatic hydrocarbon rings which constitute the
above-listed unsubstituted aryl groups having 6 to 50 ring
carbon atoms or substituted aryl groups having 6 to 50 ring
carbon atoms.

[0055] The substituted or unsubstituted arylene group hav-
ing 6 to 30 ring carbon atoms is selected from the group
consisting of the substituted or unsubstituted phenylene
groups represented by the formulae (L1-1a) 1o (L1-1c)
below, the substituted or unsubstituted biphenylyl groups
represented by the formulae (L1-2a) to (L1-2g) below, the
substituted or unsubstituted dialkylfluorenylene groups rep-
resented by the formulae (L1-3a) to (L1-3k) below, and the
substituted or unsubstituted naphthylene groups represented
by the formulae (I.1-4a) to (L1-4j) below, for example.

(L1-1a)

(L1-1b)

(Li-1c)
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[0056] (In the formulae (L1-4a) to (L1-4j), (R,,), is bonded
to an arbitrary carbon atom.)

[0057] In the formulae (I.1-1a) to (L1-1¢), formulae (L.1-
2a) to (L1-2g), formulae (L1-3a) to (L1-3k), and formulae
(L1-4a) to (L1-4j), each R, is independently an arbitrary
substituent.

[0058] FEach R, is independently a substituted or unsub-
stituted alkyl group having 1 to 50 (preferably 1 to 30, more
preferably 1 to 18, even more preferably 1 to 5) carbon
atoms.

[0059] Each m is independently an integer from O to 4,
each n is independently an integer from 0 to 3, and each p
is independently an integer from 0 to 6.

[0060] When two or more m are present, the two or more
R, may be the same or different. When two or more n are
present, the two or more R, may be the same or different.
When two or more p are present, the two or more R, may be
the same or different. When two or more m are present, the
two or more R, are not bonded to one another. When two or
more n are present, the two or more R, are not bonded to one
another. When two or more p are present, the two or more
R, are not bonded to one another.

[0061] m is preferably O, n is preferably 0, and p is
preferably 0.

[0062] The two * (asterisk) in each formula are valence
bonds.

[0063] The unsubstituted aryloxy group having 6 to 50

(preferably 6 to 30, more preferably 6 to 18) ring carbon
atoms is represented by —OY, and the aforementioned aryl
groups having 6 to 50 ring carbon atoms, for example, can
be mentioned as Y.

[0064] The unsubstituted arytthio group having 6 to 50
(preferably 6 to 30, more preferably 6 to 18) ring carbon
atoms is represented by —SY, and the aforementioned aryl
groups having 6 to 50 ring carbon atoms, for example, can
be mentioned as Y.

[0065] The unsubstituted aralkyl group having 7 to 50
(preferably 7 to 30, more preferably 7 to 18) carbon atoms
includes, for example, 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-c-naphthylethyl group, a 2-a-
naphthylethyl group, a 1-a-naphthylisopropyl group, a 2-o-
naphthylisopropyl group, a p-naphthylmethyl group, a 1-f-
naphthylethyl group, a 2-B-naphthylethyl group, a 1-p-
naphthylisopropyl group, a 2-naphthylisopropyl group, and
the like.
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[0066] The substituted aralkyl group having 7 to 50 (pref-
erably 7 to 30, more preferably 7 to 18) carbon atoms
includes, for example, a p-methylbenzyl group, an m-meth-
ylbenzyl group, an o-methylbenzy! group, a p-chlorobenzyl
group, an m-chlorobenzyl group, an o-chlorobenzyl group,
a p-bromobenzyl group, an m-bromobenzyl group, an o-bro-
mobenzyl group, a p-iodobenzyl group, an m-iodobenzyl
group, an o-iodobenzyl group, a p-hydroxybenzyl group, an
m-hydroxybenzyl group, an o-hydroxybenzyl group, a p-ni-
trobenzyl group, an m-nitrobenzyl group, an o-nitrobenzyl
group, a p-cyanobenzyl group, an m-cyanobenzyl group, an
o-cyanobenzyl group, and the like.

[0067] The unsubstituted monovalent heterocyclic group
having 5 to 50 (preferably 5 to 30, more preferably 5 to 18)
ring atoms includes, for example,

[0068] heterocyclic groups containing a nitrogen element
such as 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 pyridadinyl group, a pyrimidinyl group, a pyradinyl
group, a triazinyl group, an indolyl group, an isoindolyl
group, an indolydinyl group, a quinolidinyl group, a qui-
nolyl group, an isoquinolyl group, a cynnolyl group, a
phthalazinyl group, a quinazolinyl group, a quinoxalinyl
group, a benzimidazolyl group, an indazolyl group, a
phenanthroliny] group, a phenanthridinyl group, an acridinyl
group, a phenazinyl group, a carbazolyl group, a benzocar-
bazolyl group, a morpholino group, a phenoxazinyl group, a
phenothiazinyl group, an azacarbazolyl group, and a diaz-
acarbazolyl group;

[0069] unsubstituted heterocyclic groups containing an
oxygen element such as a furyl group, an oxazolyl group, an
isoxazolyl group, an oxadiazolyl group, a xanthenyl group,
a benzofuranyl group, an isobenzofuranyl group, a diben-
zofuranyl group, a naphthobenzofuranyl group, a benzox-
azolyl group, a benzisoxazolyl group, a phenoxazinyl group,
a morpholino group, a dinaphthofuranyl group, an azadiben-
zofuranyl group, a diazadibenzofuranyl group, an azanaph-
thobenzofuranyl group, and a diazanaphthobenzofuranyl
group; and

[0070] unsubstituted heterocyclic groups containing a sul-
fur element such as a thienyl group, a thiazolyl group, an
isothiazolyl group, a thiadiazolyl group, a benzothiophenyl
group, an isobenzothiophenyl group, a dibenzothiophenyl
group, a naphthobenzothiophenyl group, a benzothiazolyl
group, a benzoisothiazolyl group, a phenothiazinyl group, a
dinaphthothiophenyl group, an azadibenzothiophenyl group,
a diazadibenzothiophenyl group, an azanaphthobenzothio-
phenyl group, and a diazanaphthobenzothiophenyl group.
[0071] As the hetero atom that constitutes the heterocyclic
group, hetero atoms such as Si, Ge and Se can also be
mentioned in addition to the hetero atoms such as S, O, and
N.

[0072] The “heterocyclic group™ In this specification may
be a monocyclic group or a fused ring group. Also, the
“heterocyclic group” in this specification may be an aro-
matic heterocyclic group or an aliphatic heterocyclic group.
[0073] The substituted monovalent heterocyclic group
having 5 to 50 (preferably 5 to 30, more preferably 5 to 18)
ring atoms includes, for example,

[0074] substituted heterocyclic groups containing a nitro-
gen element such as a (9-phenyl) carbazolyl group, a (9-bi-
phenyl)carbazolyl group, a (9-phenyl)phenylcarbazolyl
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group, a (9-naphthyl)carbazolyl group, a diphenylcarbazol-
9-yl group, a phenylcarbazol-9-yl group, a methylbenzimi-
dazolyl group, an ethylbenzimidazolyl group, a phenyltri-
azinyl group, a biphenyltriazinyl group, a diphenyltriazinyl
group, a phenylquinazolinyl group, and a biphenylquinazoli-
nyl group;

[0075] substituted heterocyclic groups containing an oxy-
gen element such as a phenyldibenzofuranyl group, a meth-
yldibenzofuranyl group, a t-butyldibenzofuranyl group, and
a monovalent group formed from a spiro[9H-xanthene-9,9'-
(9-H)fluorene]; and

[0076] substituted heterocyclic groups containing a sulfur
element such as a phenyldibenzothiophenyl group, a meth-
yldibenzothlophenyl group, a t-butyldibenzothiophenyl
group, and a monovalent group formed from a spiro[9H-
thioxanthene-9,9'-[9H]fluorene].

[0077] The substituted or unsubstituted divalent heterocy-
clic group having 5 to 30 (preferably 5 to 20, more prefer-
ably 5 to 18) ring atoms includes, for example, divalent
groups formed from the heterocyclic rings that constitute the
above-listed unsubstituted monovalent heterocyclic groups
having 5 to 50 ring atoms or substituted monovalent het-
erocyclic groups having 5 to 50 ring atoms.

[0078] The substituted or unsubstituted monovalent het-
erocyclic group having 5 to 50 ring atoms includes the
groups below. Also, the divalent heterocyclic group having
5 to 30 ring atoms includes divalent groups formed from the
groups below.
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[0079] (In the formulae, X, , to X4, and Y, , to Y, are
each independently an oxygen atom, a sulfur atom, a
—NZ7— group, or a —NH— group. Z is a substituted or
unsubstituted aryl group having 6 to 50 ring carbon atoms,
a substituted or unsubstituted monovalent heterocyclic
group having 5 to 50 ring atoms, or a substituted or
unsubstituted alkyl group having 1 to 50 carbon atoms.
When two or more Z are present, the two or more Z may be
the same or different.)

[0080] As the halogen atom, a fluorine atom, a chlorine
atom, a bromine atom, an iodine atom, and the like can be
mentioned.

<Compound>

[0081] The novel compound according to one aspect of the
present invention is represented by the following formula

(1).

@

R3 Rg
Ry Rs
R2 R7
Ry B Rg
S S
Ryy Ro
Rio

[0082] (In the formula (1),

[0083] one or more sets of two or more adjacent groups
among R, to R,, form a substituted or unsubstituted hetero-
cyclic ring or a ring represented by the formula (2) below, or
do not form a substituted or unsubstituted heterocyclic ring
or a ring represented by the formula (2) below.

[0084] R, to R;; which do not form the substituted or
unsubstituted heterocyclic ring or the ring represented by the
formula (2) are each independently a hydrogen atom, a
substituted or unsubstituted alkyl group having 1 to 50
carbon atoms, a substituted or unsubstituted haloalkyl 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
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substituted or unsubstituted cycloalkyl group having 3 to 50
ring carbon atoms, a substituted or unsubstituted alkoxy
group having 1 to 50 carbon atoms, a substituted or unsub-
stituted alkylthio group having 1 to 50 carbon atoms, a
substituted or unsubstituted aryloxy group having 6 to 50
ring carbon atoms, a substituted or unsubstituted arylthio
group having 6 to 50 ring carbon atoms, a substituted or
unsubstituted aralkyl group having 7 to 50 carbon atoms,
—SiR, )RR, ), —C(=OR,,, —COOR,, —N(R,,)
(R;;), a halogen atom, a cyano group, a nitro group, a
substituted or unsubstituted aryl group having 6 to 50 ring
carbon atoms, a substituted or unsubstituted monovalent
heterocyclic group having 5 to 50 ring atoms, or a group
represented by the formula (3) below.

[0085] R,, to R, are each 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.

[0086] When the respective R5, to R;, are present in a
number of two or more, the respective two or more R, to
R;, present may be the same or different.

[0087] At least one set of two or more adjacent groups
among R, to R;, forms a substituted or unsubstituted het-
erocyclic ring, or forms a ring represented by the formula (2)
below, or at least one of R, to R, is a group represented by
the formula (3) below. When two or more substituted or
unsubstituted heterocyclic rings are formed, the respective
two or more substituted or unsubstituted heterocyclic rings
may be the same or different. When two or more rings
represented by the formula (2) are formed, the respective
two or more rings represented by the formula (2) may be the
same of different. When two or more groups represented by
the formula (3) are formed, the respective two or more
groups represented by the formula (3) may be the same or
different.)

Ris Ri
* Ryg
* Rys
Ri7 Ry
[0088] (In the formula (2),

[0089] the two valence bonds * are bonded to two adjacent
groups among R, to R, in the formula (1), respectively.
[0090] One or more sets selected from R, and R 5, R
andR ,,R;andR,;, R ;and R, and R, and R form a
substituted or unsubstituted saturated or unsaturated ring, or
do not form a substituted or unsubstituted saturated or
unsaturated ring.

[0091] R,,toR ., R,5,R}6, and R, which do not form the
substituted or unsubstituted saturated or unsaturated ring are
each independently a hydrogen atom, a substituted or unsub-
stituted alkyl group having 1 to 50 carbon atoms, a substi-
tuted or unsubstituted haloalkyl 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 unsub-
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stituted cycloalkyl group having 3 to 50 ring carbon atoms,
a substituted or unsubstituted alkoxy group having 1 to 50
carbon atoms, a substituted or unsubstituted alkylthio group
having 1 to 50 carbon atoms, a substituted or unsubstituted
aryloxy group having 6 to 50 ring carbon atoms, a substi-
tuted or unsubstituted arylthio group having 6 to 50 ring
carbon atoms, a substituted or unsubstituted aralkyl group
having 7 to 50 carbon atoms, —Si(R;;)(R;5)(Rs3),
—C(=0)R,,, —COOR,5, —N(R;)(R;,), a halogen atom,
a cyano group, a nitro group, 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.

[0092] R;, to R, are as defined in the formula (1).)

'Lll_Arll (3)

[0093] (In the formula (3),

[0094] L, is a single bond, a substituted or unsubstituted
alkylene group having 1 to 30 carbon atoms, 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.

[0095] 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.)

[0096] The description “one or more sets of two or more
adjacent groups among R, to R, form a substituted or
unsubstituted heterocyclic ring or a ring represented by the
formula (2) below” is explained as follows.

[0097] “One set of two or more adjacent groups among R
to R;,” means a set of groups suchas R, and R,, R, and R,
R; and R, Rs and Ry, Ry and R, or R, R, and R;.

[0098] The expression “one or more sets of two or more
adjacent groups among X to Y™ hereinafter can be under-
stood by replacing the aforementioned R, with X and
replacing the aforementioned R, with Y.

[0099] The substituents when the “substituted or unsub-
stituted” heterocyclic ring or ring represented by the formula
(2) is “substituted” are the same as the aforementioned
arbitrary substituents.

[0100] The “saturated or unsaturated ring” in the descrip-
tion “R,, and R,5 or R and R,, form a substituted or
unsubstituted saturated or unsaturated ring, or do not form a
substituted or unsubstituted saturated or unsaturated ring”
means, in the case where R, and R,; form a ring, for
example, a ring formed by a carbon atom to which R, is
bonded and a carbon atom to which R 5 is bonded and one
or more arbitrary elements. Specifically, when R,, and R 5
form a ring, a benzene ring is formed by R,, and R, ; when
an unsaturated ring is formed by a carbon atom to which R,
is bonded, a carbon atom to which R, ; is bonded, and four
carbon atoms.

[0101] The substituents when the aforementioned “substi-
tuted or unsubstituted” saturated or unsaturated ring is
“substituted” are the same as the aforementioned arbitrary
substituents.

[0102] The “arbitrary element” is preferably a C element,
an N element, an O element, or an S element. In the arbitrary
element (in the case of a C element or an N element, for
example), a valence bond which does not form a ring may
be terminated with a hydrogen atom or the like.
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[0103] The “one or more arbitrary elements” are prefer-
ably 2 or more and 15 or less, more preferably 3 or more and
12 or less, even more preferably 3 or more and 5 or less
arbitrary elements.

[0104] In one embodiment, at least one set of two or more
adjacent groups among R, to R,; in the formula (1) forms a
substituted or unsubstituted heterocyclic ring or a ring
represented by the formula (2).

[0105] In one embodiment, at least one set of two or more
adjacent groups among R, to R,; in the formula (1) forms a
substituted or unsubstituted heterocyclic ring or a ring
represented by the formula (2), where the substituted or
unsubstituted heterocyclic ring is a substituted or unsubsti-
tuted oxygen-containing heterocyclic ring or a substituted or
unsubstituted nitrogen-containing heterocyclic ring.

[0106] In one embodiment, one or more sets selected from
R, and R,, and R, and Ry in the formula (1) form a
substituted or unsubstituted heterocyclic ring or a ring
represented by the formula (2).

[0107] In one embodiment, the compound represented by

the formula (1) is a compound represented by the following
formula (4-1) or (4-2).

Ryj Ro
Rip
[0108] (In the formula (4-1),
[0109] R, toR;and Ryto R, are as defined in the formula
(D).
[0110] One or more sets selected from R, and R,,, and

R,,,and R, , and one or more sets of two or more adjacent
groups among R, to R, form a substituted or unsubsti-
tuted saturated or unsaturated ring, or do not form a substi-
tuted or unsubstituted saturated or unsaturated ring.

[0111] R,, to R,,, which do not form the substituted or
unsubstituted saturated or unsaturated ring are each Inde-
pendently a hydrogen atom, a substituted or unsubstituted
alkyl group having 1 to 50 carbon atoms, a substituted or
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unsubstituted haloalkyl 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, a
substituted or unsubstituted alkoxy group having 1 to 50
carbon atoms, a substituted or unsubstituted alkylthio group
having 1 to 50 carbon atoms, a substituted or unsubstituted
aryloxy group having 6 to 50 ring carbon atoms, a substi-
tuted or unsubstituted arylthio group having 6 to 50 ring
carbon atoms, a substituted or unsubstituted aralkyl group
having 7 to 50 carbon atoms, —Si(R;;)(R;5)(R;5),
—C(=0)R,,, —COOR,5, —N(R;)(R;,), a halogen atom,
a cyano group, a nitro group, 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.

[0112] R;, to Rs, are each 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.

[0113] When the respective R3; to Ry, are present in a
number of two or more, the respective two or more R;; to
R, present may be the same or different.

[0114] In the formula (4-2),

[0115] R, to R, and R, toR,; areas defined in the formula
@.

[0116] One or more sets selected from R;, and R, and

R,, and R,,, and one or more sets of two or more adjacent
groups among R,, to R,,, form a substituted or unsubsti-
tuted saturated or unsaturated ring, or do not form a substi-
tuted or unsubstituted saturated or unsaturated ring.

[0117] R,, to R, which do not form the substituted or
unsubstituted saturated or unsaturated ring are each inde-
pendently a hydrogen atom, a substituted or unsubstituted
alkyl group having 1 to 50 carbon atoms, a substituted or
unsubstituted haloalkyl 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, a
substituted or unsubstituted alkoxy group having 1 to 50
carbon atoms, a substituted or unsubstituted alkylthio group
having 1 to 50 carbon atoms, a substituted or unsubstituted
aryloxy group having 6 to 50 ring carbon atoms, a substi-
tuted or unsubstituted arytthio group having 6 to 50 ring
carbon atoms, a substituted or unsubstituted aralkyl group
having 7 to 50 carbon atoms, —Si(R;)(R;,)(R;;),
—C(=0)R;,, —COOR,5, —N(R;)(R;,), a halogen atom,
a cyano group, a nitro group, 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.

[0118] R,, to R, are eachindependently 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.
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[0119] When the respective Ry, to R;, are present in a
number of two or more, the respective two or more R;, to
R, present may be the same or different.)

[0120] In one embodiment, the compound represented by
the formula (1) is a compound represented by the following
formula (5-1) or (5-2).

5-1)

Ry Ro

Rad Rag Rsy Rea

R4 Rs
R 1d O O B O (@) RSd

S 8
Ry Ry
Rip
[0121] (In the formula (5-1),
[0122] R, toRgand R, to R, areas defined in the formula
.
[0123] One or more sets of two or more adjacent group

having R, to Ry, form a substituted or unsubstituted satu-
rated or unsaturated ring, or do not form a substituted or
unsubstituted saturated or unsaturated ring.

[0124] R,_to Ry which do not form the substituted or
unsubstituted saturated or unsaturated ring are each inde-
pendently a hydrogen atom, a substituted or unsubstituted
alkyl group having 1 to 50 carbon atoms, a substituted or
unsubstituted haloalkyl 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, a
substituted or unsubstituted alkoxy group having 1 to 50
carbon atoms, a substituted or unsubstituted alkylthio group
having 1 to 50 carbon atoms, a substituted or unsubstituted
aryloxy group having 6 to 50 ring carbon atoms, a substi-
tuted or unsubstituted arytthio group having 6 to 50 ring
carbon atoms, a substituted or unsubstituted aralkyl group
having 7 to 50 carbon atoms, —Si(R;;)(R;,)(Rs5),
—C(=0)R,,, —COOR;5, —N(R;()(R;,), a halogen atom,
a cyano group, a nitro group, 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.
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[0125] R,, to R;, are each 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.

[0126] When the respective R;; to R;, are present in a
number of two or more, the respective two or more R;, to
R, present may be the same or different.

[0127] In the formula (5-2),
[0128] R, toRgand R,toR; are as defined in the formula
(1)

[0129] One or more sets of two or more adjacent groups
among R, to Ry, form a substituted or unsubstituted satu-
rated or unsaturated ring, or do not form a substituted or
unsubstituted saturated or unsaturated ring.

[0130] R,, to Ry, which do not form the substituted or
unsubstituted saturated or unsaturated ring are each inde-
pendently a hydrogen atom, a substituted or unsubstituted
alkyl group having 1 to 50 carbon atoms, a substituted or
unsubstituted haloalkyl 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, a
substituted or unsubstituted alkoxy group having 1 to 50
carbon atoms, a substituted or unsubstituted alkylthio group
having 1 to 50 carbon atoms, a substituted or unsubstituted
aryloxy group having 6 to 50 ring carbon atoms, a substi-
tuted or unsubstituted arylthio group having 6 to 50 ring
carbon atoms, a substituted or unsubstituted aralkyl group
having 7 to 50 carbon atoms, —Si(R;,)(Rs,)R;;5),
—C(=0)R,,, —COOR,5, —N(R;)(R;,), a halogen atom,
a cyano group, a nitro group, 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.

[0131] R;, to R,, are each 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.

[0132] When the respective R;, to R;, are present in a
number of two or more, the respective two or more R, ; to
R, present may be the same or different.)

[0133] In one embodiment, the compound represented by
the formula (1) is a compound represented by the following
formula (6-1) or (6-2).

(6-1)

RSe

Ryy Ro
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-continued

Ry Ro
Rjo
[0134] (In the formula (6-1),
[0135] R, toRgand RytoR,; are as defined in the formula
)

[0136] One or more sets of two or more adjacent groups
among R, to R, form a substituted or unsubstituted
saturated or unsaturated ring, or do not form a substituted or
unsubstituted saturated or unsaturated ring.

[0137] R,, to R;,, which do not form the substituted or
unsubstituted saturated or unsaturated ring are each inde-
pendently a hydrogen atom, a substituted or unsubstituted
alkyl group having 1 to 50 carbon atoms, a substituted or
unsubstituted haloalky! 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, a
substituted or unsubstituted alkoxy group having 1 to 50
carbon atoms, a substituted or unsubstituted alkylthio group
having 1 to 50 carbon atoms, a substituted or unsubstituted
aryloxy group having 6 to 50 ring carbon atoms, a substi-
tuted or unsubstituted arylthio group having 6 to 50 ring
carbon atoms, a substituted or unsubstituted aralkyl group
having 7 to 50 carbon atoms, —Si(R;;)(R;,)(Rs5),
—C(=0)R;,, —COOR;5, —N(R;6)(Rs7), @ halogen atom,
a cyano group, a nitro group, 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.

[0138] R,, to R, are each 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.

[0139] When the respective R5, to R;, are present in a
number of two or more, the respective two or more R;; to
R, present may be the same or different.

[0140] In the formula (6-2),

[0141] R, toRgand Ryto R, are as defined in the formula
(D).

[0142] One or more sets of two or more adjacent groups

among R, to R, form a substituted or unsubstituted satu-
rated or unsaturated ring, or do not form a substituted or
unsubstituted saturated or unsaturated ring.

[0143] R, to Ry, which do not form the substituted or
unsubstituted saturated or unsaturated ring are each inde-
pendently a hydrogen atom, a substituted or unsubstituted
alkyl group having 1 to 50 carbon atoms, a substituted or
unsubstituted haloalky! 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

12
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having 2 to 50 carbon atoms, a substituted or unsubstituted
cycloalkyl group having 3 to 50 ring carbon atoms, a
substituted or unsubstituted alkoxy group having 1 to 50
carbon atoms, a substituted or unsubstituted alkylthio group
having 1 to 50 carbon atoms, a substituted or unsubstituted
aryloxy group having 6 to 50 ring carbon atoms, a substi-
tuted or, unsubstituted arylthio group having 6 to 50 ring
carbon atoms, a substituted or unsubstituted aralkyl group
having 7 to 50 carbon atoms, —Si(R;;)(R;,)(R;5),
—C(=0)R;,, —COOR;5, —N(R;6)(Rs37), @ halogen atom,
a cyano group, a nitro group, 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.

[0144] R,, to R;, are each 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.

[0145] When the respective R;; to R;, are present in a
number of two or more, the respective two or more R, to
R, present may be the same or different.)

[0146] In one embodiment, one or more sets of two or
more adjacent groups among R to R, in the formula (1) do
not form a substituted or unsubstituted heterocyclic ring or
a ring represented by the formula (2), and at least two of R,
to Ry are groups represented by the formula (3).

[0147] In one embodiment, one or more sets of two or
more adjacent groups among R, to R, in the formula (1) do
not form a substituted or unsubstituted heterocyclic ring or
a ring represented by the formula (2), and at least one of R
to R, and at least one of R to Ry are groups represented by
the formula (3), respectively.

[0148] In one embodiment, one or more sets of two or
more adjacent groups among R to R, in the formula (1) do
not form a substituted or unsubstituted heterocyclic ring or
a ring represented by the formula (2), and R, is a group
represented by the formula (3).

[0149] In one embodiment, L;; in the formula (3) is a
single bond, and Ar,, in the formula (3) is a substituted or
unsubstituted carbazolyl group or a substituted or unsubsti-
tuted dibenzofuranyl group.

[0150] In one embodiment, the compound represented by
the formula (1) is a compound represented by the following
formula (7).

™

R3 R
Ry Rs
R2 R;
Ry B Rg
S S
Riy Ry
N,
AN
Rz R3¢
[0151] (In the formula (7),
[0152] R, to R, and R, are as defined in the formula (1).
[0153] R,¢, and R, are each independently a substituted

or unsubstituted aryl group having 6 to 50 ring carbon
atoms.)
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[0154] In one embodiment, the substituent (hereinafter,
the substituent may be called “arbitrary substituent”) in the
compound represented by the formula (1) in the case of
“substituted or unsubstituted” is selected from the group
consisting of an alkyl group having 1 to 50 carbon atoms, a
haloalkyl group having 1 to 50 carbon atoms, an alkenyl
group having 2 to 50 carbon atoms, an alkynyl group having
2 to 50 carbon atoms, a cycloalkyl group having 3 to 50 ring
carbon atoms, an alkoxy group having 1 to 50 carbon atoms,
an alkylthio group having 1 to 50 carbon atoms, an aryloxy
group having 6 to 50 ring carbon atoms, an arylthio group
having 6 to 50 ring carbon atoms, an aralkyl group having
7 to 50 carbon atoms, —Si(R,,)(R,,)(R,;), —C(=O)R .,
—COORy5, —S(=0)Rs5, —P(=0)Ry)(Rys), —Ge
Rao)Rs0)(Rs1), —N(Rs,)(Rs5) (wherein, Ry, 1o Ry are
each independently a hydrogen atom, an alkyl group having
1 to 50 carbon atoms, an arvl group having 6 to 50 ring
carbon atoms, or a monovalent heterocyclic group having 5
to 50 ring atoms. When the R,; to R, are present in a
number of two or more, the respective two or more R, to
Rs; may be the same or different), a hydroxy group, a
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halogen atom, a cyano group, a nitro group, an aryl group
having 6 to 50 ring carbon atoms, and a monovalent het-
erocyclic group having 5 to 50 ring atoms.

[0155] In one embodiment, the substituent in the com-
pound represented by the formula (1) in the case of “sub-
stituted or unsubstituted” is selected from the group con-
sisting 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 3 to 50 ring atoms.

[0156] In one embodiment, the substituent in the com-
pound represented by the formula (1) in the case of “sub-
stituted or unsubstituted” is selected from the group con-
sisting 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 3 to 18 ring atoms.

[0157] Specific examples of the substituents, arbitrary
substituents, and halogen atoms in the compound repre-
sented by the formula (1) are the same as those described
above.

[0158] Specific examples of the compound represented by
the formula (1) include the following compounds.
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[0159]

The compound represented by the formula (1) can
be synthesized, for example, in the same manner as the
reactions of the examples described later by using known
alternative reactions and starting materials in accordance
with the target compound.

[0160] The compound represented by the formula (1) is
useful as a material for an organic EL device.

[0161] The use of the compound represented by the for-
mula (1) as a material for a light-emitting layer of an organic
EL device improves the light-emitting efficiency of the
obtained organic EL device.

[0162] The compound represented by the formula (1) is
also preferably used as a material for an electron transport
layer of an organic EL device.

[0163] The material for an organic EL device according to
one aspect of the present invention comprises the compound
represented by the formula (1).

<Organic Electroluminescence Device>

[0164] The organic EL device according to one aspect of
the present invention has a cathode, an anode, and at least
one organic layer provided between the cathode and the

anode, where at least one layer of the at least one organic
layer contains the compound represented by the formula (1).
[0165] The use of the compound represented by the for-
mula (1) in a prescribed organic layer, for example in a
light-emitting layer, improves the light-emitting efficiency
of the organic EL device.

[0166] In oneembodiment, at least one layer of the at least
one organic layer is a light-emitting layer.

[0167] The organic EL device according to one aspect of
the present invention has a cathode, an anode, and at least
one organic layer provided between the cathode and the
anode, where at least one layer of the at least one organic
layer contains a dopant material and the dopant material
comprises the compound represented by the formula (1).
[0168] In this specification, the “at least one organic layer
provided between a cathode and an anode” means, the single
layer when a single organic layer is present between a
cathode and an anode, and at least one of the organic layers
when two or more organic layers are present.

[0169] Also, the description “at least one layer of the at
least one organic layer is a light-emitting layer” means that
the single layer is a light-emitting layer when a single
organic layer is present between a cathode and an anode, and
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that at least one of the layers is a light-emitting layer when
two or more organic layers are present.

[0170] In one embodiment, the organic EL device has a
hole transport layer between the anode and the light-emitting
layer.

[0171] In one embodiment, the organic EL device has an

electron transport layer between the cathode and the light-
emitting layer.

[0172] In this specification, the “at least one layer between
a light-emitting layer and an anode” means the single layer
when a single layer is present between a light-emitting layer
and an anode, and at least one layer when two or more
organic layers are present. For example, when two or more
organic layers are present between a light-emitting layer and
an anode, the organic layer on the side closer to the light-
emitting layer is called a “hole transport layer” and the
organic layer on the side closer to the anode is called a “hole
injection layer”. The number of the respective “hole trans-
port layer” and the “hole injection layer” may be one, or two
or more, and it is also possible that the number of one of the
layers is one and the number of the other layer is two or
more.

[0173] Similarly, the “at least one layer between a light-
emitting layer and a cathode” means the single layer when
a single layer is present between a light-emitting layer and
a cathode, and at least one of the layers when two or more
organic layers are present. For example, when two or more
organic layers are present between a light-emitting layer and
a cathode, the organic layer on the side closer to the
light-emitting layer is called an “electron transport layer”
and the organic layer on the side closer to the cathode is
called an “electron injection layer”. The number of the
respective “electron transport layer” and the “electron injec-
tion layer” may be one, or two or more, and it is also possible
that the number of one of the layers is one and the number
of the other layer is two or more.

[0174] In one embodiment, the light-emitting layer further
contains a compound represented by the following formula
(10).

[0175] In one embodiment, the light-emitting layer further
contains a compound represented by the following formula
(10) (hereinafter, the compound represented by the formula
(10) may be called “compound (10)”).

(10)
Ry Rio

Rioa Rini
Rino Rige

Ryos Ryos

)

Rios  Ryor

[0176] [In the formula (10),

[0177] one or more sets of two or more adjacent groups
among Ry, to R;,, form a substituted or unsubstituted
saturated or unsaturated ring, or do not form a substituted or
unsubstituted saturated or unsaturated ring.

[0178] R, to R;;o which do not form the substituted or
unsubstituted saturated or unsaturated ring are each inde-
pendently a hydrogen atom, a substituted or unsubstituted
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alkyl group having 1 to 50 carbon atoms, a substituted or
unsubstituted haloalkyl 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, a
substituted or unsubstituted alkoxy group having 1 to 50
carbon atoms, a substituted or unsubstituted alkylthio group
having 1 to 50 carbon atoms, a substituted or unsubstituted
aryloxy group having 6 to 50 ring carbon atoms, a substi-
tuted or unsubstituted arylthio group having 6 to 50 ring
carbon atoms, a substituted or unsubstituted aralkyl group
having 7 to 50 carbon atoms, —Si(R,,,)(R,5.)(R}53),
—C(=0)R 55, —COOR 55, —N(R,2)(R;57), a halogen
atom, a cyano group, a nitro group, a substituted or unsub-
stituted aryl group having 6 to 50 ring carbon atoms, a
substituted or unsubstituted monovalent heterocyclic group
having 5 to 50 ring atoms, or a group represented by the
formula (31) below.

[0179] R,,, to R,,, are each 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 the R ,, to Ry, are
present in a number of two or more, the respective two or
more R ,, to R, ,, may be the same or different.

[0180] At least one of R}, to Ry, which do not form the
substituted or unsubstituted saturated or unsaturated ring is
a group represented by the formula (31) below. When two or
more groups represented by the formula (31) are present, the
respective two or more groups represented by the formula
(31) may be the same or different.

'LIOI'AIIOI (31)

[0181] (In the formula (31),

[0182] L,,, is asingle bond, a substituted or unsubstituted
arylene group having 6 to 30 ring carbon atoms, or a
substituted or unsubstituted divalent heterocyclic group hav-
ing 5 to 30 ring atoms.

[0183] 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.)]

[0184] Specific examples of the substituents, arbitrary
substituents, and halogen atoms in the compound (10) are
the same as those described above.

[0185] The description “one or more sets of two or more
adjacent groups among R, to R;,, form a substituted or
unsubstituted saturated or unsaturated ring” is explained
below.

[0186] “One set of two or more adjacent groups among
R,o; o Ry, means the set of R, ,; and R 5, Ry, and R 5,
Rjo3 and R;o4, Ryps and R g6 Rjgs and R g7, Ry g7 and R g,
R,ps and R oo, Ryo; and Ry, and R, or the like, for
example.

[0187] The substituents when the “substituted or unsub-
stituted” saturated or unsaturated ring is “substituted” are the
same as the aforementioned arbitrary substituents in the
formula (10).
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[0188] A “saturated or unsaturated ring” means, in the
case where R,,; and R, form a ring, for example, a ring
formed by a carbon atom to which R, is bonded and a
carbon atom to which R,,, is bonded and one or more
arbitrary elements. Specifically, when R,,, and R, ,, form a
ring, a benzene ring is formed by R,,, and R,,, when an
unsaturated ring is formed by a carbon atom to which R,
is bonded, a carbon atom to which R, is bonded, and four
carbon atoms.

[0189] The “arbitrary element” is preferably a C element,
an N element, an O element, or an S element. In the arbitrary
element (in the case of a C element or an N element, for
example), a valence bond which does not form a ring may
be terminated with a hydrogen atom or the like.

[0190] The “one or more arbitrary elements” are prefer-
ably 2 or more and 15 or less, more preferably 3 or more and
12 or less, even more preferably 3 or more and 5 or less
arbitrary elements.

[0191] For example, the set of R, and R, and the set
of R,5 and R, may form rings, respectively, at the same
time. In this case, the compound represented by the formula
(10) is a compound represented by the following formula
(10A), for example.

(104)

[0192] Inoneembodiment, R,,, to R}, are each indepen-
dently a hydrogen atom, a substituted or unsubstituted alkyl
group having 1 to 50 carbon atoms, a substituted or unsub-
stituted aryl group having 6 to 50 ring carbon atoms, a
substituted or unsubstituted heterocyclic group having 5 to
50 ring atoms, or a group represented by the formula (31).

[0193] Inoneembodiment, R,,, to R}, are each indepen-
dently a hydrogen atom, a substituted or unsubstituted aryl
group having 6 to 50 ring carbon atoms, a substituted or
unsubstituted heterocyclic group having 5 to 50 ring atoms,
or a group represented by the formula (31).

[0194] Inoneembodiment, R,,, to R}, are each indepen-
dently a hydrogen atom, a substituted or unsubstituted aryl
group having 6 to 18 ring carbon atoms, a substituted or
unsubstituted heterocyclic ring having 5 to 18 ring atoms, or
a group represented by the formula (31).

[0195] In one embodiment, at least one of R, and R,
is a group represented by the formula (31).

[0196] In one embodiment, R, ., and R, are each inde-
pendently a group represented by the formula (31).

[0197] In one embodiment, the compound (10) is a com-
pound represented by the following formula (10-1).
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(10-1)
Riz R

R O Ros
O Lig—Aryq)
Rios O Ryog

Ris Rz

Arjg— L

[0198] Inthe formula (10-1), R4, to Ryog, Loy, and Ar, g,
are as defined in the formula (10).

[0199] In one embodiment, the compound (10) is a com-
pound represented by the following formula (0-2).

(10-2)
Rz Lig—Ar

Rigy O Ryo1
Arjg—Lja ' Ligi——Aryq)
Rios Q Riog

Ris  Rier

[0200] In the formula (10-2), R, Rj05 10 R s, L o;s and
Ar,,, are as defined in the formula (10).

[0201] In one embodiment, the compound (10) is a com-
pound represented by the following formula (10-3).

(10-3)
Rioz4 Ri024

Rioaa O Rio14
Arjor4—L1o14 O Liora—Aro14
Rygs54 Q Ryos4

Rios4 Rio74

[0202]

[0203] R,,,, to R sy are each independently a hydrogen
atom, or a substituted or unsubstituted aryl group having 6
to 50 ring carbon atoms.

[0204] L,,,, is a single bond, or a substituted or unsub-
stituted arylene group having 6 to 30 ring carbon atoms. The
two L4, , may be the same or different.

[0205] Ar,,,, is a substituted or unsubstituted aryl group
having 6 to 50 ring carbon atoms. The two Ar,,, , may be the
same or different.

[0206] In one embodiment, the compound (10) is a com-
pound represented by the following formula (10-4).

In the formula (10-3),
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Ryo34 R1024 Reg Ry

Ryosq O Ryo1a
Re>
Arjo;—Lio; Lior *
Ryos4 O Riogs Res N Res
64

Ryos4 Ryo74

[0207] In the formula (10-4),
[0208] L,,, and Ar,,, are as defined in the formula (10).
[0209] R,q, to R;e4 are each independently a hydrogen

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

[0210] X,,isO, S, or N(Rs)).

[0211] Ry, 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.

[0212] OneofRg,to Ry, is a valence bond bonded to L, -
[0213] One or more sets of adjacent groups among R, to
Rgo that are not bonded to L,,, form a substituted or
unsubstituted saturated or unsaturated ring, or do not form a
substituted or unsubstituted saturated or unsaturated ring.
[0214] R, to Rye which are not bonded to L, and do not
form the substituted or unsubstituted saturated or unsatu-
rated ring are each 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.

[0215] In one embodiment, the compound (10) is a com-
pound represented by the following formula 10-4A).

{10-4A)
Riozu Rig24 Reou Ress
Rioas O Ryou4 Xy Q Rea
Re24
Arjoi~Lio Liot * O Ress
Riosa O Riogs Resd Resa
Reau
Riosa Riona
[0216] In the formula (10-4A),
[0217] L,,, and Ar,,, are as defined In the formula (10).
[0218] R,,,, to R, are each independently a hydrogen

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

[0219] X, is O, S, or N(Rg,).

[0220] 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.

[0221] One or more sets of two or more adjacent groups
among Rg,, to Reg, form a substituted or unsubstituted
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saturated or unsaturated ring, or do not form a substituted or
unsubstituted saturated or unsaturated ring, with the proviso
that two adjacent groups among Rg,, to Ry, form a ring
represented by the formula (10-4A-1) below.

[0222] Ry, to Reo, which do not form a substituted or
unsubstituted saturated or unsaturated ring are each inde-
pendently 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.

(10-4A-1)

Rz
R
71 / .
Ry N
R73
[0223] (In the formula (10-4A-1),
[0224] The two valence bonds * are bonded to two adja-

cent groups among R, , 0 Ry, ,, respectively.
[0225]

[0226] R, to R,; not bonded to L,,, are each indepen-
dently a hydrogen atom, a substituted or unsubstituted alkyl
group having 1 to 50 carbon atoms, or a substituted or
unsubstituted aryl group having 6 1o 50 ring carbon atoms.)

[0227] In one embodiment, the compound (10) is a com-
pound represented by the following formula (10-6).

One of R, to R,5 is a valence bond bonded to L, ), -

(10-6)

Rygz4 Ryo4 Rey Res

Rioss O Raows P Rer
7N
Arjo;—Ljo L101_| Res
P
Ryosa O Rios4

Rigsa  Riou

[0228] In the formula (10-6),

[0229] L,,, and Ar,,, are as defined in the formula (10).
[0230] R,,, ,to R g6, are as defined in the formula (10-4).
[0231] R4 to Ry are as defined in the formula (10-4).
[0232] X,,isOo0rS.

[0233] In one embodiment, the compound represented by

the formula (10-6) is a compound selected from the follow-
ing formulae (10-6-1) to (10-4).
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(10-6-1)

Rios4 Ryo74

(10-6-2)
Ryozs Rio24
Reo
R R .
1044 O 1014 X Res
Arjp—Ljo1 O Lol Q
Re7
Res
Rios4 RIOSA
Rigsa  Riora
(10-6-3)
Rypzy Rio4
Rioas O Rio14
Arjg—Lios Q Lios O Xps
Reo
Rios4 R]OSA O
Res
Rioes  Rioma Reg
R¢;
(10-6-4)

[0234]
[0235]

[0236]
(10-4).

In the formula (10-6-1) to (10-6-4),
L,,, and Ar,,, are as defined in the formula (10).
R4 and Ry, are as defined in the formula
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[0237] R4 and Ry, are as defined in the formula (10-4).
[0238] X,,is OorS.

[0239] In one embodiment, the compound represented by
the formula (10-6) is a compound represented by the fol-
lowing formula (10-6H).

{10-6H)

Reg Reg

] N
Arjo;—Ljoy O L101_| Res
' ~

In the formula (10-6H),

Lo, and Ar,,, are as defined in the formula (10).
Res and Ry, are as defined in the formula (10-4).
[0243] X,,isOorS.

[0244] In one embodiment, the compound represented by
the formula (10-6) or (10-6H) is a compounds represented
by the following formula (10-6Ha).

[0240]
[0241]
[0242]

(10-6Ha)

i N
Arjo—Lio1 L101_|
O -

In the formula (10-6Ha),
Lo, and Ar,,, are as defined in the formula (10).
[0247] X,,isOorS.

[0248] In one embodiment, the compound represented by
the formula (10-6), (10-6H), or (10-6Ha) is a compound
represented by the following formula (10-6Ha-1) or (10-
6Ha-2).

[0245]
[0246]

{10-6Ha-1)

Arjo—Lyo; O
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(10-6Ha-2)
O
92929
Arjo;=—Ljo1 |
Va

[0249] In the formulae (10-6Ha-1) and (10-6Ha-2),
[0250] L,,, and Ar,,, are as defined in the formula (10).
[0251] X,,isOorS.

[0252] In one embodiment, the compound (10} is a com-

pound represented by the following formula (10-7),

Ryoz4 Rioo4

Rioas O Rio14
Arjo;—Lyo; Q Ligr
Re3
Ryosa ' Rios4

Rio74

*

Res

Rios4

[0253] In the formula (10-7),

[0254] L,,, and Ar,,, are as defined in the formula (10).
[0255] R,q;, 10 R,ys, are as defined in the formula (10-4).
[0256] X, is as defined in the formula (10-4).

[0257] Rg,to R, are as defined in the formula (10-4), with

the proviso that the groups of any one set selected from Rgg
and Ry.. R, and R, and R, and R, are bonded to one
another and form a substituted or unsubstituted saturated or
unsaturated ring.

[0258] In one embodiment, the compound (10) is a com-
pound represented by the following formula (10-7H).

(10-7H)

Rep R

o
o g

R¢s
Rey

Arjo;—Lyo; Q Lior

Re2

&

Re3

[0259] In the formula (10-7H),
[0260] L,,, and Ar,,, are as defined in the formula (10).
[0261] X, is as defined in the formula (10-4).

[0262] R, toR,, are as defined in the formula (10-4), with
the proviso that the groups of any one set selected from R,
and Rg,, Rg; and Ry, and Rgg and R, are bonded to one
another and form a substituted or unsubstituted saturated or
unsaturated ring.

38
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[0263] In one embodiment, the compound (10) is a com-
pound represented by the following formula (10-8).

(10-8)
Reo
Ry034 Ri024 Res
X
Ryoas O Rigi4 12 Rg;
7
Arjp;—Ljo; Ligs | Res
/
Ryos4 O R4
Ryos4 Ryo74

[0264] 1In the formula (10-8),

[0265] L, and Ar,,, are as defined in the formula (10).
[0266] R,,,,toR,,s, areasdefined in the formula (10-4).
[0267] X,,isOorS.

[0268] Rgto Ry, are as defined in the formula (10-4), with

the proviso that the groups of any one set selected from R,
and Ry, Rg; and Ry, and Ryg and R, are bonded to one
another and form a substituted or unsubstituted saturated or
unsaturated ring.

[0269] In one embodiment, the compound represented by
the formula (10-8) is a compound represented by the fol-
lowing formula (10-8H).

(10-8H)
R69 ng
7
Arjog;—Lo; Lio1 | Res
/

[0270] In the formula (10-8H), L,,, and Ar,,, are as
defined in the formula (10).

[0271] R4 to Ry, are as defined in the formula (10-4), with
the proviso that the groups of any one set selected from R
and Ry, Rg; and Ry, and Ryg and R, are bonded to one
another and form a substituted or unsubstituted saturated or
unsaturated ring. The groups of any one set selected from
Rge and R, R, and Ry, and Ry, and Ry, are preferably
bonded to one another and form an unsubstituted benzene

ring.
[0272] X,,isOorS.
[0273] In one embodiment, in the compound represented

by the formula (10-7), (10-7H), (10-8) or (10-8H), the
groups of any one set selected from Ry, and R, R, and
Res, and Rgq and R, are bonded to one another and form a
ring represented by the following formula (10-8-1) or (10-
8-2), and R4 to Rgo which do not form the ring represented
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by the following formula (10-8-1) or (10-8-2) do not form a
substituted or unsubstituted saturated or unsaturated ring.

(10-8-1)
Rgo
Rg; 7
*
\ *
Rey
Rgs
(10-8-2)
Rgo <
13
*
Ry
*
Re %
83

[0274] (In the formulae (10-8-1) and (10-8-2),

[0275] the two valence bonds * are bonded to the groups
of any one set selected from R, and Ry, R, and Rgg, and
R¢s and Ry, respectively.

[0276] Ry, to Ry, are each 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.

[0277] X, isOor8$)

[0278] In one embodiment, the compound (10} is a com-
pound represented by the following formula (10-9).

Ryoz4 Rio24

X
Ryoas O Ryo14 12 Re;
AN
Arjo;—Ljor Ly I Res
/
Rygss O Rigs4
Rios4 Rio74

[0279] In the formula (10-9),
[0280] L,,, and Ar,,, are as defined in the formula (10).
[0281] R,,,,t0R, .., areas defined in the formula (10-4).

[0282] R4 to Ry, are as defined in the formula (10-4), with
the proviso that none of Rgg and Re-, Rg; and R, and Reg
and R, are bonded to one another or form a substituted or
unsubstituted saturated or unsaturated ring.

[0283] X ,isOorS.

[0284] In one embodiment, the compound (10) is selected
from the group consisting of compounds represented by the
following formulae (10-10-1) to (10-10-4).
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(10-10-1)

(10-10-2)

(10-10-3)

(10-10-4)

[0285] In the formulae (10-10-1) to (10-10-4), L,,,.,
Ar,,, and R, , to Rj,¢, are as defined in the formula
(10-3).

[0286] In one embodiment, the compounds represented by
the formulae (10-10-1) to (10-10-4) are the compounds
represented by the following formulae (10-10-1H) to (10-
10-4H).
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-continued
(10-10-1H) O
¢ (O
OO e i
(10-10-2H) O
A OO
(A Q J
(10-10-3H) O
A OO0
OQ Q O Liota— Aripis O

(I
Q d

(10-10-41) Q
Liora—Argi4 QQ

[0287] In the formulae (10-10-1H) to (10-10-4H), L, ,
and Ar,, , are as defined in the formula (10-3).

o

[0288] Specific examples of the compound represented by
the formula (10) include the following compounds.

R
C
3

oY
9

&

<
oo

.
Q d
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[0289] In one embodiment, when the light-emitting layer
contains a compound represented by the formula (1) and a
compound represented by the formula (10), the content of
the compound represented by the formula (1) is preferably
1% by mass or more and 20% by mass or less based on the
entire light-emitting layer.

[0290] Also, in one embodiment, when the light-emitting
layer contains a compound represented by the formula (1)
and a compound represented by the formula (10), the content
of the compound represented by the formula (10) is prefer-
ably 80% by mass or more and 99% by mass or less based
on the entire light-emitting layer.

[0291] The layer structure of an organic EL device accord-
ing to one aspect of the present invention is explained below.
[0292] The organic EL device according to one aspect of
the present invention has an organic layer between a pair of
electrodes which consists of a cathode and an anode. The
organic layer includes at least one layer composed of an
organic compound. Alternatively, two or more layers com-
posed of an organic compound are stacked in the organic
layer. The organic layer may further contain an inorganic
compound in addition to an organic compound.

[0293] In one embodiment, at least one organic layer is a
light-emitting layer. For example, the organic layer may be
configured as a single light-emitting layer, or may include
other layers that are applicable in a layer structure of an
organic EL device. Layers that are applicable in a layer
structure of an organic EL device are not particularly lim-
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ited, and examples of such layers include a hole transport
region (hole transport layer, hole injection layer, electron
blocking layer, exciton blocking layer, and the like) pro-
vided between an anode and a light-emitting layer, a light-
emitting layer, a spacer layer, and an electron transport
region (electron transport layer, electron injection layer, hole
blocking layer, and the like) provided between a cathode and
a light-emitting layer.

[0294] The organic EL device according to one aspect of
the present invention may be a fluorescent or phosphores-
cent light emission-type monochromatic light-emitting
device or a fluorescent/phosphorescent hybrid-type white
light-emitting device, for example. Also, the organic EL
device may be of a simple type having a single light-emitting
unit or of a tandem type having two or more light-emitting
units.

[0295] The “light-emitting unit” in this specification is the
smallest unit that emits light by the recombination of
injected holes and electrons. The light-emitting unit includes
an organic layer, where at least one organic layer is a
light-emitting layer.

[0296] The “light-emitting layer” in this specification is an
organic layer having a light-emitting function. The light-
emitting layer is a phosphorescent light-emitting layer or a
fluorescent light-emitting layer, for example, and may be a
single layer or two or more layers.

[0297] The light-emitting unit may be of a stacked type
having two or more phosphorescent and/or fluorescent light-
emitting layers, and in such a case, a spacer layer may be
inserted between the respective light-emitting layers to
prevent the excitons formed in the phosphorescent light-
emitting layer from diffusing into the fluorescent light-
emitting layer, for example.

[0298] A device structure: anode/light-emitting unit/cath-
ode, for example, can be mentioned as a simple-type organic
EL device.

[0299] Typical layer structures of the light-emitting unit
are as follows. The layers in parentheses are optional.

(a) (Hole injection layer/) hole transport layer/fluorescent
light-emitting layer (/electron transport layer/electron injec-
tion layer)

(b) (Hole injection layer/) hole transport layer/phosphores-
cent light-emitting layer (/electron transport layer/electron
injection layer)

(c) (Hole injection layer/) hole transport layer/first fluores-
cent light-emitting layer/second fluorescent light-emitting
layer (/electron transport layer/electron injection layer) (d)
(Hole injection layer/) hole transport layer/first phosphores-
cent light-emitting layer/second phosphorescent light-emit-
ting layer (/electron transport layet/electron injection layer)
(e) (Hole Injection layer/) hole transport layer/phosphores-
cent light-emitting layer/spacer layer/fluorescent light-emit-
ting layer (/electron transport layer/electron injection laver)
(D) (Hole injection layer/) hole transport layer/first phospho-
rescent light-emitting layer/second phosphorescent light-
emitting layer/spacer layer/fluorescent light-emitting layer
(felectron transport layer/electron Injection layer)

() (Hole injection layer/) hole transport layer/first phospho-
rescent light-emitting layer/spacer layer/second phosphores-
cent light-emitting layer/spacer layer/fluorescent light-emit-
ting layer (/electron transport layer/electron injection layer)
(h) (Hole injection layer/) hole transport layer/phosphores-
cent light-emitting layer/spacer layer/first fluorescent light-
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emitting layer/second fluorescent light-emitting layer (/elec-
tron transport layer/electron injection layer)

(i) (Hole injection layer/) hole transport layer/electron
blocking layer/fluorescent light-emitting layer (/electron
transport layer/electron injection layer)

() (Hole injection layer/) hole transport layer/electron
blocking layer/phosphorescent light-emitting layer (/elec-
tron transport layer/electron injection layer)

(k) (Hole injection layer/) hole transport layer/exciton block-
ing layer/fluorescent light-emitting layer (/electron transport
layer/electron injection layer)

(D) (Hole injection layer/) hole transport layer/exciton block-
ing layer/phosphorescent light-emitting layer (/electron
transport layer/electron injection layer)

(m) (Hole injection layer/) first hole transport layer/second
hole transport layer/fluorescent light-emitting layer (/elec-
tron transport layer/electron injection layer)

(n) (Hole injection layer/) first hole transport layer/second
hole transport layer/fluorescent light-emitting layer (/first
electron transport layer/second electron transport layer/elec-
tron injection layer)

(0) (Hole injection layer/) first hole transport layer/second
hole transport layer/phosphorescent light-emitting layer
(/electron transport layer/electron injection layer)

(p) (Hole injection layer/) first hole transport layer/second
hole transport layer/phosphorescent light-emitting layer
(first electron transport layer/second electron transport layer/
electron injection layer)

(q) (Hole injection layer/) hole transport layer/fluorescent
light-emitting layer/hole blocking layer (/electron transport
layer/electron injection layer)

(r) (Hole injection layer/) hole transport layer/phosphores-
cent light-emitting layer/hole blocking layer (/electron trans-
port layer/electron injection layer)

(s) (Hole injection layer/) hole transport layer/fluorescent
light-emitting layer/exciton blocking layer (/electron trans-
port layer/electron injection layer)

(t) (Hole injection layer/) hole transport layer/phosphores-
cent light-emitting layer/exciton blocking layer (/electron
transport layer/electron injection layer)

[0300] However, the layer structure of the organic EL
device according to one aspect of the present invention is not
limited to the structures above. For example, when the
organic EL device has a hole injection layer and a hole
transport layer, the hole injection layer is preferably pro-
vided between the hole transport layer and the anode. Also,
when the organic EL device has an electron injection layer
and an electron transport layer, the electron injection layer is
preferably provided between the electron transport layer and
the cathode. Each of the hole injection layet, hole transport
layer, electron transport layer, and electron injection layer
may cousist of a single layer or two or more layers.
[0301] The two or more phosphorescent light-emitting
layers, and the phosphorescent and fluorescent light-emit-
ting layers may consist of light-emitting layers having
different colors. For example, the light-emitting unit (f) may
have a structure: hole transport layer/first phosphorescent
light-emitting layer (red light emission)/second phosphores-
cent light-emitting layer (green light emission)/spacer layer/
fluorescent light-emitting layer (blue light emission)/elec-
tron transport layer.

[0302] An electron blocking layer may be provided
between the respective light-emitting layers and the hole
transport or spacer layer. Also, a hole blocking layer may be
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provided between the respective light-emitting layers and
the electron transport layer. The electrons or holes can be
trapped in the light-emitting layer by providing an electron
blocking layer or a hole blocking layer, and the charge
recombination rate in the light-emitting layer is increased
and the light-emitting efliciency is improved thereby.
[0303] A device structure: anode/first light-emitting unit/
intermediate layet/second light-emitting unit/cathode, for
example, can be mentioned as a typical device structure of
a tandem-type organic EL device.

[0304] Each of the first light-emitting unit and the second
light-emitting unit can be independently selected from the
aforementioned light-emitting units, for example.

[0305] In general, an intermediate layer is also called an
intermediate electrode, an intermediate conductive layer, a
charge generating layer, an electron withdrawing layer, a
connecting layer, a connector layer, or an intermediate
insulating layer. The intermediate layer is a layer which
supplies electrons to the first light-emitting unit and holes to
the second light-emitting unit, and is formed with known
materials.

[0306] FIG. 1 shows a schematic view of an example of
the layer structure of the organic EL device. The organic EL
device 1 has a substrate 2, an anode 3, a cathode 4, and a
light-emitting unit (organic layer) 10 provided between the
anode 3 and the cathode 4. The light-emitting unit 10 has at
least one light-emitting layer 5.

[0307] A hole transport region (hole injection layer, hole
transport layer, and the like) 6 may be formed between the
light-emitting layer 5 and the anode 3, and an electron
transport region (electron injection layer, electron transport
layer, and the like) 7 may be formed between the light-
emitting layer 5 and the cathode 4. Also, an electron block-
ing layer (not shown) may be provided on the anode 3 side
of the light-emitting layer 5, and a hole blocking layer (not
shown) may be provided on the cathode 4 side of the
light-emitting layer 5. Electrons and holes can be trapped in
the light-emitting layer 5 and the efficiency of exciton
generation in the light-emitting layer 5 can be further
improved thereby.

[0308] FIG. 2 shows a schematic view of another example
of the layer structure of the organic EL device. In the
light-emitting unit 20 of the organic EL. device 11 shown in
FIG. 2, the hole transport layer in the hole transport region
6 and the electron transport layer in the electron transport
region 7 in the light-emitting unit 10 of the organic EL
device 1 of FIG. 1 have a double-layer structure, respec-
tively. The hole transport region 6 has a first hole transport
layer 6a on the anode side and a second hole transport layer
64 on the cathode side. The electron transport region 7 has
a first electron transport layer 7a on the anode side and a
second hole transport layer 7b on the cathode side. Expla-
nation of other numerals is omitted since they are the same
as the numerals in FIG. 1.

[0309] The functions, materials, and the like of the organic
EL device described herein are explained below.

(Substrate)

[0310] The substrate is used as a support of the organic EL
device. The substrate preferably has a transmission of a light
in the visible light region having a wavelength from 400 to
700 nm of 50% or more, and is preferably a flat and smooth
substrate. Soda-lime glass, aluminosilicate glass, quartz
glass, plastic, and the like, for example, can be mentioned as
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the material of the substrate. A flexible substrate is also
useful as the substrate. A flexible substrate is a bendable
(flexible) substrate, and a plastic substrate and the like, for
example, can be mentioned as such a substrate. Specific
examples of the materials for forming a plastic substrate
include polycarbonate, polyarylate, polyethersuffone, poly-
propylene, polyester, polyvinyl fluoride, polyvinyl chloride,
polyimide, polyethylene naphthalate, and the like. An inot-
ganic evaporated film is also useful.

(Anode)

[0311] The anode is a metal, an alloy, a conductive com-
pound, a mixture thereof, and the like, for example, and
those having a large work function (specifically 4.0 eV or
more) are preferably used. Specific examples of the mate-
rials for the anode include indium oxide-tin oxide (ITO:
Indium Tin Oxide), indium oxide-tin oxide containing sili-
con or silicon oxide, indium oxide-zinc oxide, indium oxide
containing tungsten oxide or zinc oxide, graphene, and the
like. Gold, silver, platinum, nickel, tungsten, chromium,
molybdenum, iron, cobalt, copper, palladium, titanium, and
nitrides of these metals (e.g., titanium nitride), and the like
can also be mentioned.

[0312] The anode is normally formed by forming a film
with these materials onto the substrate by means of a
sputtering method. For example, an indium oxide-zinc oxide
film can be formed by a sputtering method with the use of
a target obtained by adding 1 to 10% by mass of zinc oxide
to Indium oxide. Also, an indium oxide film containing
tungsten oxide or zinc oxide can be formed by a sputtering
method with the use of a target obtained by adding 0.5 to 5%
by mass of tungsten oxide or 0.1 to 1% by mass of zinc oxide
to indium oxide, for example.

[0313] A vacuum vapor deposition method, a coating
method, an inkjet method, a spin coating method, and the
like, for example, can be mentioned as other methods for
forming the anode. For example, a coating method, an inkjet
method, or the like is applicable when using a silver paste or
the Hike.

[0314] The hole injection layer formed in contact with the
anode is formed with the use of a material that is capable of
easily injecting holes irrespective of the work function of the
anode. Therefore, ordinary electrode materials such as a
metal, an alloy, a conductive compound, and mixtures
thereof can be used in the anode. Specifically, materials with
a small work function, for example, alkali metals such as
lithium and cesium; magnesium; alkaline earth metals such
as calcium and strontium; alloys containing these metals
(e.g., magnesium-silver, aluminum-lithium); rare earth met-
als such as europium and ytterbium; and alloys containing a
rare earth metal can also be used in the anode.

(Hole Injection Layer)

[0315] The hole injection layer contains a highly hole-
injecting substance and has the function of injecting holes
from the anode to the organic layer. Examples of the highly
hole-injecting substance include molybdenum oxides, tita-
nium oxides, vanadium oxides, rhenium oxides, ruthenium
oxides, chromium oxides, zirconium oxides, hafnium
oxides, tantalum oxides, silver oxides, tungsten oxides,
manganese oxides, aromatic amine compounds, electron-
attracting (acceptor) compounds, and polymeric compounds
(oligomers, dendrimers, polymers, and the like). Among
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these examples, aromatic amine compounds and acceptor
compounds are preferable, and acceptor compounds are
more preferable.

[0316] Specific examples of the aromatic amine com-
pounds include  4,4',4"-tris(N,N-diphenylamino )triph-
enylamine (abbreviation: TDATA), 4,4',4"-tris|[N-(3-meth-
ylphenyl)-N-phenylamino|triphenylamine  (abbreviation:
MTDATA),  4,4'-bis|[N-(4-diphenylaminophenyl}-N-phe-
nylamino|biphenyl (abbreviation: DPAB), 4,4'-bis(N-{4-
[N'-(3-methylphenyl)-N-phenylamino]phenyl}-N-phe-
nylamino)biphenyl (abbreviation: DNTPD), 1,3,5-tris(N-(4-
diphenylaminophenyl)-N-phenylaminobenzene
(abbreviation: DPA3B), 3-[N-(9-phenylcarbazol-3-yI)-N-
phenylamino]-9-phenylcarbazole (abbreviation: PCzPCA1),
3,6-bis[N-(9-phenylcarbazol-3-yl)-N-phenylamino]-9-phe-
nylcarbazole (abbreviation: PCzPCA2), and 3-[N-(1-naph-
thyl)-N-(9-phenylcarbazol-3-yl)amino]-9-phenylcarbazole
(abbreviation: PCzZPCN1).

[0317] As the acceptor compounds, heterocyclic deriva-
tives having an electron-attracting group, quinone deriva-
tives having an electron-attracting group, arylborane deriva-
tives, heteroarylborane derivatives, and the like are
preferable, for example, and specific examples include
hexacyanohexaazatriphenylene, 2,3.5,6-tetrafluoro-7,7,8,8-
tetracyanoquinodimethane (abbreviation: F4TCNQ), and
1,2 3-tris[ (cyano)(4-cyano-2.3,5,6-tetrafluorophenyl)meth-
ylene]cyclopropane.

[0318] When an acceptor compound is used, the hole
injection layer preferably further contains a matrix material.
Materials known as the materials for organic EL devices can
be used as the matrix material, and, for example, electron-
donating (donor) compounds are preferably used, and the
aforementioned aromatic amine compounds are more pref-
erably used.

(Hole Transport Layer)

[0319] The hole transport layer is a layer containing a
highly hole-transporting substance and has a function of
transporting holes from the anode to the organic layer.
[0320] As a highly hole-transporting substance, a sub-
stance having a hole mobility of 107° cm?(V's) or more is
preferable, and examples include aromatic amine com-
pounds, carbazole derivatives, anthracene derivatives, and
polymeric compounds.

[0321] Specific examples of the aromatic amine com-
pounds include 4,4'-bis[N-(1-naphthyl)-N-phenylamino]bi-
phenyl (abbreviation: NPB), N,N'-bis(3-methylphenyl)-N,
N'-diphenyl-[1,1'-biphenyl]-4,4'-diamine (abbreviation:
TPD), 4-phenyl-4'-(9-phenylfluoren-9-y1)-triphenylamine
(abbreviation: BAFLP), 4.,4'-bis|N-(9,9-dimethylfluoren-2-
y1)-N-phenylamino|phenyl (abbreviation: DFLDPBI), 4,4,
4"-tris(N,N-diphenylamino)triphenylamine  (abbreviation:
TDATA), 4.4',4"-tris[N-(3-methylphenyl)-N-phenylamino]
triphenylamine (abbreviation: MTDATA), and 4,4'-bis[N-
(spiro-9,9"-bifluoren-2-y1)-N-phenylamino] biphenyl (abbre-
viation: BSPB).

[0322] Specific examples of the carbazole derivatives
include 4,4'-di(9-carbazolyl)biphenyl (abbreviation: CBP),
9-[4-(9-carbazolyl)phenyl]-10-phenylanthracene (abbrevia-
tion: CzPA), and 9-phenyl-3-[4-(10-phenyl-9-anthryl)phe-
nyl]-9H-carbazole (abbreviation: PCzPA).

[0323] Specific examples of the anthracene derivatives
include 2-t-butyl-9,10-di(2-naphthyl)anthracene (abbrevia-
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tion: t-BuDNA), 9,10-di(2-naphthyl)anthracene (abbrevia-
tion: DNA), and 9,10-diphenylanthracene (abbreviation:
DPAnth).

[0324] Specific examples of the polymeric compounds
include poly(N-vinylcarbazole) (abbreviation: PVK), and
poly(4-vinyltriphenylamine) (abbreviation: PVTPA).
[0325] Other substances can also be used in the hole
transport layer as long as the substance is a compound
having higher hole-transporting properties than electron-
transporting properties.

[0326] The hole transport layer may be a single layer or
stacked layers of two or more layers. In the case of stacked
layers, a layer containing a highly hole-transporting sub-
stance having higher energy gap is preferably arranged on
the side closer to the light-emitting layer.

(Light-Emitting Layer)

[0327] The light-emitting layer contains a highly light-
emitting substance (dopant material). Various materials can
be used as the dopant material, and a fluorescent light-
emitting compound (fluorescent dopant), a phosphorescent
light-emitting compound (phosphorescent dopant), and the
like can be used, for example. A fluorescent light-emitting
compound 1s a compound capable of emitting light from a
singlet excited state, and a layer containing this compound
is called a fluorescent light-emitting layer. Also, a phospho-
rescent light-emitting compound is a compound capable of
emitting light from a triplet excited state, and a layer
containing this compound is called a phosphorescent light-
emitting layer.

[0328] The light-emitting layer normally contains a dop-
ant material, and a host material which efficiently enables
the dopant material to emit light. A dopant material may be
called a guest material, an emitter, or a light-emitting
material in some documents. Also, a host material may be
called a matrix material in some documents.

[0329] A single light-emitting layer may contain two or
more dopant materials and two or more host materials. Also,
there may be two or more light-emitting layers.

[0330] In this specification, a host material combined with
a fluorescent dopant is called a “fluorescent host”, and a host
material combined with a phosphorescent dopant is called a
“phosphorescent host”. A fluorescent host and a phospho-
rescent host are not distinguished from one another by the
molecular structure alone. A phosphorescent host is a mate-
rial for forming a phosphorescent light-emitting layer con-
taining a phosphorescent dopant, but it does not mean that
a phosphorescent host cannot be used as a material for
forming a fluorescent light-emitting layer. The same also
applies to a fluorescent host.

[0331] The light-emitting layer preferably contains a com-
pound represented by the formula (1) (hereinafter, the com-
pound represented by the formula (1) may be called “com-
pound (1)), more preferably, the compound represented by
the formula (1) is contained as a dopant material. The
compound (1) is preferably contained as a fluorescent dop-
ant in the light-emitting layer.

[0332] The content of the compound (1) contained as a
dopant material in the light-emitting layer is not particularly
limited, but it is preferably from 0.1 to 70% by mass, more
preferably from 0.1 to 30% by mass, even more preferably
from 1 to 30% by mass, furthermore preferably from 1 to
20% by mass, particularly preferably from 1 to 10% by
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mass, for example, from the viewpoint of sufficient light
emission and concentration quenching.

(Fluorescent Dopant)

[0333] As the fluorescent dopants other than the com-
pound (1), fused polycyclic aromatic derivatives, styrylam-
ine derivatives, fused ring amine derivatives, boron-contain-
ing compounds, pyrrole derivatives, indole derivatives,
carbazole derivatives, and the like can be mentioned, for
example. Among these, fused ring amine derivatives, boron-
containing compounds, and carbazole derivatives are pref-
erable.

[0334] As the fused ring amine derivatives, diaminopy-
rene derivatives, diaminochrysene derivatives, diaminoan-
thracene derivatives, diaminofluorene derivatives, diamino-
fluorene derivatives in which one or more benzofuro
skeletons are fused, and the like, can be mentioned, for
example.

[0335] As the boron-containing compounds, pyr-
romethene derivatives, triphenylborane derivatives, and the
like can be mentioned, for example.

[0336] As a blue fluorescent dopant, pyrene derivatives,
styrylamine derivatives, chrysene derivatives, fluoranthene
derivatives, fluorene derivatives, diamine derivatives, tri-
arylamine derivatives, and the like can be mentioned, for
example. Specific examples include N,N'-bis[4-(9H-carba-
701-9-yl)phenyl]-N,N'-diphenylstilbene-4,4'-diamine ~ (ab-
breviation: YGA2S), 4-(9H-carbazol-9-y1)-4'-(10-phenyl-9-
anthryl)triphenylamine (abbreviation: YGAPA), and 4-(10-
phenyl-9-anthryl)-4'-(9-phenyl-9H-carbazol-3-y1)
triphenylamine (abbreviation: PCBAPA).

[0337] As a green fluorescent dopant, aromatic amine
derivatives, and the like can be mentioned, for example.
Specific examples include N-(9,10-diphenyl-2-anthryl)-N,9-
diphenyl-9H-carbazol-3-amine (abbreviation: 2PCAPA),
N-[9,10-bis(1,1'-biphenyl-2-y1)-2-anthryl]-N,9-diphenyl-
9H-carbazol-3-amine (abbreviation: 2PCABPhA), N-(9,10-
diphenyl-2-anthryl)-N,N' N-tripheny!-1,4-phenylenedi-
amine (abbreviation: 2DPAPA), N-[9,10-bis(1,1'-biphenyl-
2-yl)-2-anthryl]-N,N',N'-triphenyl-1,4-phenylenediamine
(abbreviation: 2DPABPhA), N-[9,10-bis(1,1'-biphenyl-2-
y1)]-N-4-(9H-carbazol-9-y1l)phenyl-N-phenylanthracen-2-
amine (abbreviation: 2YGABPhA), and N,N,9-triphenylan-
thracen-9-amine (abbreviation: DPhAPhA).

[0338] As a red fluorescent dopant, tetracene derivatives,
diamine derivatives, and the like can be mentioned. Specific
examples include N,N,N'.N'-tetrakis(4-methylphenyl)tet-
racene-5,11-diamine (abbreviation: p-mPhTD), and 7,14-
diphenyl-N,N,N',N'-tetrakis(4-methylphenyl)acenaphthol[ 1,
2-alfluoranthene-3,10-diamine (abbreviation: p-mPhAFD).

(Phosphorescent Dopant)

[0339] As the phosphorescent dopant, phosphorescent
light-emitting heavy metal complexes, and phosphorescent
light-emitting rare earth metal complexes can be mentioned,
for example.

[0340] As the heavy metal complex, iridium complexes,
osmium complexes, platinum complexes, and the like can be
mentioned, for example. The heavy metal complex is pref-
erably an ortho-metalated complex of a metal selected from
iridium, osmium, and platinum.

[0341] As the rare earth metal complex, terbium com-
plexes, europium complexes, and the like can be mentioned,
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for example. Specific examples include tris(acetylacetonato)
(monophenanthroline)terbium (IIT) (abbreviation: Th(acac)
5(Phen)), tris(1,3-diphenyl-1,3-propanedionato)(mono-
phenanthroline)europium (III) (abbreviation: Eu(DBM),
(Phen)), and tris[1-(2-thenoyl)-3,3,3-trifluoroacetonato]
(monophenanthrolne)europium 4819) (abbreviation:
Eu(TTA),(Phen)). These rare earth metal complexes are
preferable as a phosphorescent dopant since the rare earth
metal ions emit light by the electron transition between
different multiple states.

[0342] As the blue phosphorescent dopant, iridium com-
plexes, osmium complexes, platinum complexes, and the
like can be mentioned, for example. Specific examples
include bis[2-(4',6'-difluorophenyl)pyridinato-N,C2']
iridium (IIT) tetrakis(1-pyrazolyl)borate (abbreviation:
FIr6), bis[2-(4',6'-difluorophenyl)pyridinato-N,C2'liridium
(1IT) picolinate (abbreviation: Flrpic), bis[2-(3",5-bistrifluo-
romethylphenyl)pyridinato-N,C2"iridium (III) picolinate
(abbreviation: Ir(CF3ppy),(pic)), and bis(2-(4',6'-difluoro-
phenyl)pyridinato-N,C2'iridium (III} acetylacetonate (ab-
breviation: Flracac).

[0343] As the green phosphorescent dopant, iridium com-
plexes and the like can be mentioned, for example. Specific
examples include tris(2-phenylpyridinato-N,C2")iridium
(LIT) (abbreviation: Ir(ppy),), bis(2-phenylpyridinato-N,C2")
ridlum (III) acetylacetonate (abbreviation: Ir(ppy),(acac)),
bis(1,2-diphenyl-1H-benzimidazolato)iridium (III) acety-
lacetate (abbreviation: Ir(pbi),(acac)), and bis(benzo[h]qui-
nolinato)irldium (I1) acetylacetonate (abbreviation: Ir(bzq)
,(acac)).

[0344] As the red phosphorescent dopant, iridium com-
plexes, platinum complexes, terbium complexes, europium
complexes, and the like can be mentioned, for example.
Specific examples include bis[2-(2'-benzo[4,5-a|thieny])
pyndinato-N,C3]iridium (III) acetylacetonate (abbreviation:
Ir(btp),(acac)),  bis(1-phenylisoquinolinato-N,C2"iridium
(1) acetylacetonate (abbreviation: Ir(piq),(acac)), (acety-
lacetonato Jbis[2,3-bis(4-fluorophenyl)quinoxalinato]
iridium (III) (abbreviation: Ir(Fdpq),(acac)), and 2,3,7,8,12,
13,17.18-octaethyl-21H,23H-porphyrin ~ platinum  (II)
(abbreviation: PtOEP).

(Host Material)

[0345] As the host material, metal complexes such as
aluminum complexes, beryllium complexes, and zinc com-
plexes; heterocyclic compounds such as indole derivatives,
pyridine derivatives, pyrimidine derivatives, triazine deriva-
tives quinoline derivatives, isoquinoline derivatives, qui-
nazoline derivatives, dibenzofuran derivatives, dibenzothio-
phene derivatives, oxadiazole derivatives, benzimidazole
derivatives, and phenanthroline derivatives; fused aromatic
compounds such as naphthalene derivatives, triphenylene
derivatives, carbazole derivatives, anthracene derivatives,
phenanthrene derivatives, pyrene derivatives, chrysene
derivatives, naphthacene derivatives, and fluoranthene
derivatives; aromatic amine compounds such as triarylamine
derivatives and fused polycyclic aromatic amine derivatives
can be mentioned, for example. Two or more host materials
can be used in combination.

[0346] Specific examples of the metal complexes include
tris(8-quinolinolato)aluminum (IIT) (abbreviation: Alq), tris
(4-methyl-8-quinolinolato)aluminum (IIT) (abbreviation:
Almg3), bis(10-hydroxybenzo[h]quinolinato)beryllium (II)
(abbreviation: BeBq2), bis(2-methyl-8-quinolinolato)(4-
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phenyolato)aluminum (TIT) (abbreviation: BAIq), bis(8-qui-
nolinolato)zne (II) (abbreviation: Zngq), bis[2-(2-benzox-
azolyl)phenolato]zinc (II) (abbreviation: ZnPBO), and bis

[2-(2-benzothiazolyl)phenolato]zinc  (II)  (abbreviation:
ZnBTZ).
[0347] Specific examples of the heterocyclic compounds

include 2-(4-biphenylyl)-5-(4-tert-butylphenyl)-1,3,4-oxad-
lazole (abbreviation: PBD), 1,3-bis[5-(p-tert-butylphenyl)-
1,3,4-oxadlazol-2-yl]benzene (abbreviation: OXD-7), 3-(4-
biphenylyl)-4-phenyl-5-(4-tert-butylphenyl)-1,2,4-triazole
(abbreviation: TAZ), 2,2',2"-(1,3,5-benzenetriyl)tris(1-phe-
nyl-1H-benzimidazole) (abbreviation: TPBI), bathophenan-
throline (abbreviation: BPhen), and bathocuproin (abbrevia-
tion: BCP).

[0348] Specific examples of the fused aromatic com-
pounds include 9-[4-(10-phenyl-9-anthryl)phenyl]-9H-car-
bazole (abbreviation: CzPA), 3,6-diphenyl-9-[4-(10-phenyl-
9-anthryl)phenyl]-9H-carbazole (abbreviation: DPCzPA),
9,10-bis(3,5-diphenylphenyl)anthracene (abbreviation:
DPPA),  9,10-di(2-naphthyl)anthracene  (abbreviation:
DNA), 2-tert-butyl-9,10-di(2-naphthyl)anthracene (abbre-
viation: t-BuDNA), 9,9-bianthryl (abbreviation: BANT),
9,9'-(stilbene-3,3'-diyl)diphenanthrene (abbreviation:
DPNS), 9,9'-(stilbene-4,4'-diyl)diphenanthrene (abbrevia-
tion: DPNS2), 3,3",3"-(benzene-1,3,5-triyl)tripyrene (abbre-
viation: TPB3), 9,10-diphenylanthracene (abbreviation:
DPAnth), and 6,12-dimethoxy-5,11-diphenylchrysene.

[0349] Specific examples of the aromatic amine com-
pounds include N,N-diphenyl-9-[4-(10-phenyl-9-anthryl)
phenyl]-9H-carbazol-3-amine (abbreviation: CzA1PA),
4-(10-phenyl-9-anthryl)triphenylamine (abbreviation:
DPhPA), N,9-diphenyl-N-[4-(10-phenyl-9-anthryl)phenyl]-
9H-carbazol-3-amine (abbreviation: PCAPA), N,9-diphe-
nyl-N-{-4-[4-(10-phenyl-9-anthryl)phenyl]phenyl }-9H-car-
bazol-3-amine (abbreviation: PCAPBA), N-(9,10-diphenyl-
2-anthryl)-N,9-diphenyl-9H-carbazol-3-amine
(abbreviation: 2PCAPA), 4,4'-bis[N-(1-naphthyl)-N-phe-
nylamino]biphenyl (abbreviation: NPB or a-NPD), N,N'-
bis(3-methylphenyl)-N,N'-diphenyl-[1,1'-biphenyl]-4,4'-di-
amine (abbreviation: TPD), 4,4'-bis|N-(9,9-dimethyfluoren-
2-y1)-N-phenylamino|biphenyl (abbreviation: DFLDPBi),
and 4,4"-bis[N-(spiro-9,9'-bifluoren-2-y1)-N-phenylamino]
biphenyl (abbreviation: BSPB).

[0350] As the fluorescent host, compounds having a
higher singlet level than the fluorescent dopant are prefer-
able, and heterocyclic compound, fused aromatic com-
pounds, and the like can be mentioned as such compounds,
for example. As the fused aromatic compounds, anthracene
derivatives, pyrene derivatives, chrysene derivatives, naph-
thacene derivatives, and the like are preferable, for example.

[0351] As the phosphorescent host, compounds having a
higher triplet level than the phosphorescent dopant are
preferable, and metal complexes, heterocyclic compounds,
fused aromatic compounds, and the like can be mentioned as
such compounds, for example. Among these compounds,
indole derivatives, carbazole derivatives, pyridine deriva-
tives, pyrimidine derivatives, triazine derivatives, quinoline
derivatives, isoquinoline derivatives, quinazoline deriva-
tives, dibenzofurane derivatives, dibenzothiophene deriva-
tives, naphthalene derivatives, triphenylene derivatives,
phenanthrene derivatives, fluoranthene derivatives, and the
like are preferable, for example.
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(Electron Transport Layer)

[0352] The electron transport layer contains a highly elec-
tron-transporting substance. The highly electron-transport-
ing substance is preferably a substance having an electron
mobility of 107° em?Vs or more, and metal complexes,
aromatic heterocyclic compounds, aromatic hydrocarbon
compounds, polymeric compounds, and the like can be
mentioned as such substances, for example.

[0353] As the metal complex, aluminum complexes,
beryllium complexes, zinc complexes, and the like can be
mentioned, for example. Specific examples include tris(8-
quinoinolato)aluminum (III) (abbreviation: Alq), tris(4-
methyl-8-quinolinolato)aluminum (abbreviation: Almg3),
bis(10-hydroxybenzo[h]quinolinato)beryllium  (abbrevia-
tion: BeBq2), bis(2-methyl-8-quinolinolato)(4-phenylphe-
nolato)aluminum (I1T) (abbreviation: BAIq), bis(8-quinono-
lato)zinc (IT) (abbreviation: Zng), bis[2-(2-benzoxazolyl)
phenolato]zinc (I) (abbreviation: ZnPBO), and bis[2-(2-
benzothiazolyl)phenolato]zine (IT) (ZnBTZ).

[0354] As the aromatic heterocyclic compounds, imida-
zole derivatives such as benzimidazole derivatives, imida-
zopyridine derivatives, and benzimidazophenanthridine
derivatives; azine derivatives such as pyrimidine derivatives
and triazine derivatives; compounds containing a nitrogen-
containing six-membered ring structure (including those
having a phosphine oxide-based substituent in the hetero-
cyclic ring) such as quinoline derivatives, isoquinoline
derivatives, and phenanthroline derivatives, and the like can
be mentioned, for example. Specific examples include 2-(4-
biphenylyl)-5-(4-tert-butylphenyl)-1,3,4-oxadiazole (abbre-
viation: PBD), 1,3-bis[5-(p-tert-butylphenyl)-1,3,4-oxadi-
azol-2-yllbenzene (abbreviation: OXD-7), 3-(4-tert-
butylphenyl)-4-phenyl-5-(4-biphenylyl)-1,2,4-triazole
(abbreviation: TAZ), 3-(4-tert-butylphenyl)-4-(4-ethylphe-
nyl)-5-(4-biphenylyl)-1,2,4-triazole  (abbreviation: p-Et-
TAZ), bathophenanthroline (abbreviation: BPhen), bathocu-
proine (abbreviation: BCP), and  4,4"-bis(5-
methylbenzoxazol-2-yl)stilbene (abbreviation: BzOs).
[0355] As the aromatic hydrocarbon compounds, anthra-
cene derivatives, fluoranthene derivatives, and the like can
be mentioned, for example.

[0356] Specific examples of the polymeric compounds
include poly[(9,9-dihexylfluorene-2,7-diyl)-co-(pyridine-3,
5-diyl)] (abbreviation: PF-Py), and poly[(9,9-dioctytfluc-
rene-2,7-diyl)-co-(2,2'-bipyridine-6,6'-diyl)] (abbreviation:
PF-BPy).

[0357] Other substances can also be used in the electron
transport layer as long as the substance is a compound
having higher electron-transporting properties than hole-
transporting properties.

[0358] The electron transport layer may be a single layer
or stacked layers of two or more layers. In the case of
stacked layers, a layer containing a highly electron-trans-
porting substance having a higher energy gap is arranged on
the side closer to the light-emitting layer.

[0359] For example, as shown in FIG. 2, a structure
comprising a first electron transport layer 7a on the anode
side and a second electron transport layer 75 on the cathode
side is possible.

[0360] The electron transport layer may contain, for
example, metals such as alkali metals, magnesium, alkaline
earth metals, and alloys containing two or more of these
metals; and metal compounds such as alkali metal com-
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pounds, e.g. 8-quinolinolatolithlum (abbreviation: Liq), and
alkaline earth metal compounds.

[0361] When the electron transport layer contains a metal
such as an alkali metal, magnesium, an alkaline earth metal,
or an alloy containing two or more of these metals, the
content of the metal is preferably from 0.1 to 50% by mass,
more preferably from 0.1 to 20% by mass, even more
preferably from 1 to 10% by mass, although the content is
not particularly limited.

[0362] When the electron transport layer contains a metal
compound such as an alkali metal compound or an alkali
earth metal compound, the content of the metal compound
is preferably from 1 to 99% by mass, more preferably from
10 to 90% by mass. When the electron transport layer is
stacked layers of two or more layers, the layer on the side of
the light-emitting layer may be formed by these metal
compounds alone.

[0363] The compound represented by the formula (1) is
also preferably used in the electron transport layer.

(Electron Injection Layer)

[0364] The electron injection layer is a layer containing a
highly electron-injecting substance, and has a function of
efficiently injecting electrons from the cathode to the light-
emitting layer. As the highly electron-injecting substance,
alkali metals, magnesium, alkaline earth metals, compounds
thereof, and the like can be mentioned, for example. Specific
examples include lithium, cesium, calcium, lithium fluoride,
cesium fluoride, calcium fluoride, and lithium oxide.
Besides these substances, those obtained by adding an alkali
metal, magnesium, an alkaline earth metal, or a compound
thereof to an electron-transporting substance, such as a
substance obtained by adding magnesium to Alg, can also be
used.

[0365] A composite material containing an organic com-
pound and a donor compound can also be used in the
electron Injection layer. Since an organic compound
receives electrons from the donor compound, such a com-
posite material excels in electron-injecting and electron-
transporting properties.

[0366] As the organic compound, substances having
excellent transporting properties of the received electrons
are preferable, and the metal complexes, aromatic hetero-
cyclic compounds, and the like mentioned above as highly
electron-transporting substances can be used, for example.

[0367] Any substance capable of donating electrons to the
organic compound can be used as the donor compound, and
alkali metals, magnesium, alkaline earth metals, rare earth
metals, and the like can be mentioned, for example. Specific
examples include lithium, cesium, magnesium, calcium,
erbium, and ytterbium. Alkali metal oxides and alkaline
earth metal oxides are preferable, and specific examples
include lithium oxides, calcium oxides, and barium oxides.
Lewis bases such as magnesium oxides can also be used.
Organic compounds such as tetrathiafulvalene (abbrevia-
tion: TTF) can also be used.

(Cathode)

[0368] The cathode is a metal, an alloy, a conductive
compound, a mixture thereof, or the like, and those having
a small work function (specifically 3.8 eV or less) are
preferably used. Examples of the materials of the cathode
include alkali metals such as lithium and cesium; magne-
stum; alkaline earth metals such as calcium and strontium;
alloys containing these metals (e.g., magnesium-silver, alu-
minum-lithium); rare earth metals such as europium and
ytterbium; and alloys containing rare earth metals.
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[0369] The cathode is normally formed by means of a
vacuum vapor deposition method or a sputtering method. A
coating method, an inkjet method, or the like is applicable
when a silver paste or the like is used.

[0370] When an electron injection layer is provided, the
cathode can be formed with the use of various conductive
materials such as aluminum, silver, ITO, graphene, indium
oxide-tin oxide containing silicon or silicon oxide, and the
like, irrespective of the work function level. A film of these
conductive materials can be formed by means of a sputtering
method, an inkjet method, a spin-coating method, or the like.

(Insulating Layer)

[0371] Since an electric field is applied onto a thin film in
an organic EL device, pixel defects due to leakage and short
circuit are likely to be formed, and a thin-film insulating
layer can be inserted between a pair of electrodes to prevent
such defects.

[0372] Specific examples of the materials useful in an
insulating layer include aluminum oxide, lithium fluoride,
lithium oxide, cesium fluoride, cesium oxide, magnesium
oxide, magnesium fluoride, calcium oxide, calcium fluoride,
aluminum nitride, titanium oxide, silicon oxide, germanium
oxide, silicon nitride, boron nitride, molybdenum oxide,
ruthenium oxide, and vanadium oxide. Mixtures of these
substances can also be used in the insulating layer. Also, the
insulating layer may be stacked layers e of two or more
layers containing these substances.

(Spacer Layer)

[0373] When a fluorescent light-emitting layer and a phos-
phorescent light-emitting layer are stacked, for example, a
spacer layer is provided between these layers for the purpose
of preventing the excitons produced in the phosphorescent
light-emitting layer from diffusing to the fluorescent light-
emitting layer, and of adjusting the carrier balance. The
spacer layer may also be formed between two or more
phosphorescent light-emitting layers.

[0374] Since the spacer layer is formed between two or
more light-emitting layers, it is preferably formed with a
substance having both electron-transporting properties and
hole-transporting properties. Also, the spacer layer prefer-
ably has a triplet energy of 2.6 eV or more from the
viewpoint of preventing the triplet energy in the adjacent
phosphorescent light-emitting layers from diffusing.

[0375] As a substance useful in the spacer layer, sub-
stances equivalent to the aforementioned substances useful
In the hole transport layer can be mentioned.

(Electron Blocking Layer, Hole Blocking Layer, Exciton
Blocking Laver)

[0376] An electron blocking layer, a hole blocking layer,
an exciton (triplet) blocking layer, and the like may be
provided adjacent to the light-emitting layer.

[0377] The electron blocking layer is a layer having the
function of blocking the electrons in the light-emitting layer
from leaking into the hole transport layer. The hole blocking
layer is a layer having the function of blocking the holes in
the light-emitting layer from leaking into the electron trans-
port layer. The exciton blocking layer is a layer having the
fanction of blocking the excitons produced in the light-
emitting layer from diffusing to the adjacent layer and
trapping the excitons in the light-emitting layer.

(Layer Forming Method)

[0378] The method for forming each layer of the organic
EL device is not particularly limited unless otherwise men-
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tioned. Known methods such as a dry film-forming method
and a wet film-forming method are applicable. Specific
examples of the dry film-forming method include a vacuum
vapor deposition method, a sputtering method, a plasma
method, and an ion plating method. Specific examples of the
wet film-forming method include various coating methods
such as a spin-coating method, a dipping method, a flow-
coating method, and an inkjet method.

(Film Thickness)

[0379] The film thickness of each layer of the organic EL
device is not particularly limited unless otherwise men-
tioned. When the film thickness is too small, defects such as
pinholes are likely to be formed and sufficient emission
brightness cannot be obtained. Also, when the film thickness
is too large, high drive voltage is required and the efficiency
deteriorates. In light of these points, the film thickness is
normally preferably from 0.1 nm to 10 pm, more preferably
from 5 nm to 10 pm, even more preferably from 10 nm to
0.2 um.

[0380] The compound represented by the formula (1) is
also preferably used in a light-emitting layer of an organic
EL device of a thermally activated delayed fluorescence
(TADF) type.

[0381] For example, a case in which a delayed-fluores-
cence light-emitting material as a host material, a fluorescent
light-emitting material as a dopant material, and a com-
pound represented by the formula (1) are used in a light-
emitting layer of an organic EL device of a thermally
activated delayed fluorescence (TADF) type can be men-
tioned.
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[0382] As another example, a case in which a delayed-
fluorescence light-emitting material as a dopant material and
a compound represented by the formula (1) are used In a
light-emitting layer of an organic EL device of a thermally
activated delayed fluorescence (TADF) type can be men-
tioned.

[Electronic Apparatus]

[0383] The electronic apparatus according to one aspect of
the present invention comprises the aforementioned organic
EL device according to one aspect of the present invention.
Specific examples of the electronic apparatus include dis-
play parts such as organic EL panel modules; display
devices such as TV, mobile phones, smartphones, and pet-
sonal computers; light-emitting devices such as lighting and
vehicle lights.

EXAMPLES

[0384] Now, the present Invention will be further
explained in detail by reference to synthesis examples,
examples, and comparative examples. However, the present
invention is not in any way limited by the description of
these examples.

Example 1

(Synthesis of Compound 1)

[0385] Compound 1 was synthesized in accordance with
the following synthesis scheme.

Br
F F
SH
——

K>CO;3
NMP

Br 1) sec-Buli
S S N 2) BBr3
3)DIPEA
_—

Intermediate 1

5

Compound 1
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(1-1) Synthesis of Intermediate 1

[0386] Under an argon atmosphere, a solution of 2-bromo-
1,3-difluorobenzene (10 g), 3-(9H-carbazol-9-yl)ben-
zenethiol (29.3 g), potassium carbonate (28.6 g), and
N-methyl-2-pyrrolidone (NMP) (104 mL) was agitated for 8
hours at 180° C. After the reaction, the reaction solution was
cooled to room temperature, and NMP was distilled off
under reduced pressure. Ethyl acetate was added to perform
extraction, then the organic phase was washed with water
and then dried with anhydrous sodium sulfate, and the
solvent was distilled off under reduced pressure.

[0387] The obtained residue was purified through silica
gel column chromatography and recrystallization to obtain
Intermediate 1 (32 g, yield: 62%).

(1-2) Synthesis of Compound 1

[0388] Under an argon atmosphere, a flask containing the
obtained Intermediate 1 (9.5 g) and xylene (54 mL) was
cooled to -40° C., and 1.4 mol/L of a cyclohexane solution
(10.1 mL) of sec-butyllithium (sec-BuLU) was added
thereto dropwise. Subsequently, boron tribromide (BBrs)
(1.5 mL) was added thereto, the temperature was increased
to room temperature and agitation was performed for 1 hour,
then the temperature was reduced to 0° C. and N,N-diiso-
propylethylamine (4.6 ml.) was added thereto, and then the
temperature was increased to 120° C. and agitation was
performed for 2 hours. The obtained reaction solution was
cooled to room temperature, extraction was performed with
ethyl acetate, then the organic phase was washed with an
aqueous sodium acetate solution cooled in an ice bath and
then dried with anhydrous sodium sulfate, and the solvent
was distilled off under reduced pressure.

[0389] Hexane was added to the obtained residue to cause
reprecipitation, and the obtained solid was recrystallized
with ethyl acetate to obtain Compound 1 (3.4 g, yield: 39%).

[0390] The molecular weight of Compound 1 was 632.
606, and mass spectrum analysis of the obtained Compound
1 revealed an n/z (mass-to-charge ratio)=632. The obtained
compound was thereby identified as Compound 1.

Example 2

(Production of Organic EL Device)

[0391] A glass substrate (manufactured by Geomatec Co.,
Ltd.) with a size of 25 mmx75 mmx1.1 mm thickness
having a transparent ITO electrode (anode) was subjected to
ultrasonic cleaning for 5 minutes in isopropyl alcohol, and
then to UV ozone cleaning for 30 minutes. The thickness of
the ITO film was 130 nm.

[0392] The cleaned glass substrate with a transparent
electrode was mounted on a substrate holder of a vacuum
vapor deposition apparatus, and Compound HI was vapor-
deposited onto the surface on which the transparent elec-
trode was formed so as to cover the transparent electrode to
form a 5 nm-thick Compound HI film. This HI film functions
as a hole Injection layer.
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[0393] Following the formation of the HI film, Compound
HT1 was vapor-deposited onto the HI film to form an 80
nm-thick HT1 film. This HT1 film functions as a first hole
transport layer.

[0394] Following the formation of the HT1 film, Com-
pound HT2 was vapor-deposited onto the HT1 film to form
a 10 nm-thick HT?2 film. This HT?2 film functions as a second
hole transport layer.

[0395] BH-1 (host material) and Compound 1 (dopant
material) were vapor-codeposited onto the HT2 film in a
manner such that the proportion (weight ratio) of Compound
1 would be 4% to form a 25 nm-thick light-emitting layer.

[0396] Compound HBL was vapor-deposited onto this
light-emitting layer to form a 10 nm-thick electron transport
layer. Compound ET, which is an electron-injecting mate-
rial, was vapor-deposited onto this electron transport layer to
form a 15 nm-thick electron injection layer. LIF was vapor-
deposited onto this electron Injection layer to form a 1
nm-thick LIF film. Metal Al was vapor-deposited onto this
LiF film to form an 80 nm-thick metal cathode.

[0397] An organic EL device was thus produced. The
compounds used are as follows.

HI
NC CN
N N
\ 7/
N
NC / \ CN
— =
NC CN

HT1
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-continued

HT2

BH-1

HBL

(Evaluation of Organic EL Device)

[0398] Initial characteristics of the obtained organic EL
device driven in room temperature at a constant DC (direct
current) of 10 mA/cm® were measured. The results of
measuring the voltage are shown in Table 1. The values of
voltage shown in Table 1 are relative values obtained by
assuming the voltage of Comparative Example 1 as 100%.
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[0399] A voltage was applied to the organic EL device so
that the current density would be 10 mA/cm?, and the EL

light emission spectrum was measured with the use of a
spectroradiometer CS-1000 (manufactured by Konika
Minolta Inc.) The external quantum efficiency EQE (%) was
calculated based on the obtained spectral radiance spectrum.
The results are shown in Table 1. The values of external
quantum efficiency shown in Table 1 are relative values
obtained by assuming the external quantum efficiency of
Comparative Example 1 as 100%.

[0400] Ovality of Compound 1 contained in the light-
emitting layer was evaluated. Specifically, Gaussian 09
(TD-DTF B3LYP/6-31*0pt) was employed as a computa-
tional chemistry means, and the most stable structure at
ground state and the below-described surface area were
calculated to calculate the ovality.

[0401] Ovality is defined by the following formula:

Ovality=5/5"

[0402] S: Surface area of the most stable structure at
ground state
[0403] S" Surface area of a sphere having a volume
equivalent to the volume of the most stable structure at
ground state

Comparative Example 1

[0404] An organic EL device was produced in the same
manner as in Example 2 except that Comparative Compound
1 below was used in place of Compound 1, and evaluation
was performed. The results are shown in Table 1.

Comparative Compound 1

S S
B
TABLE 1
Comparative

Example 2 Example 1
Ovality 1.82515 1.45658
Voltage [V] 97 100
EQE [%] 137 100

[0405] The results in Table 1 show that Example 2 using
Compound 1 achieved a higher EQE value compared to
Comparative Example 1 using Comparative Compound 1.
Multiple factors are assumed to lie regarding the high EQE
achieved by Example 2, and one factor is considered to be
the ovality of the molecular structure. Improvement of the
light extraction efficiency from the device can be mentioned
as one of the factors for improving the light-emitting effi-
ciency of an organic EL device. The light extraction effi-
ciency can be improved by arranging (orienting) the dopant
molecules in parallel to the device substrate in the light-
emitting layer. Enhancement of the molecular length and
planarity are generally considered to enable better orienta-
tion of molecules. However, a general and universal method
applicable to all structures has not been clearly established,
and various means have been applied by varying the types
and positions of the substituents In the molecular structure,
and the like.
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[0406] Here, ovality can be taken notice of as an Indicator _continued

of a molecular shape. Ovality. Indicates the ellipticity or Br

ovality of a molecular shape, and can be calculated by a

computational chemistry method. In general, molecules hav- 5 5 —
ing higher ovality has higher planarity and longer molecular 0 O

length. Dopant molecules having higher ovality of the

molecular shape are therefore more likely to be oriented.
High EQE is considered to have been achieved in Example
1 which uses Compound 1 as the dopant by the easy specific
orientation of Compound 1 achieved by the high ovality

S N
realized by the specific structure of Compound 1, and by B
maintaining other characteristics that affect the EQE within
a certain range without greatly deteriorating the same.
Example 3 O O

(Synthesis of Compound 2)
Compound 2
[0407] Compound 2 was synthesized in accordance with

the following synthesis example. [0408] Synthesis was performed in the same manner as in

Example 1 except that [1,1'-biphenyl]-3-thiol was used in

place of 3-(9H-carbazol-9-yl)benzenethiol to obtain Com-

pound 2 (yield: 15%). The obtained compound was identi-

F F fied as Compound 2 by an analysis using a high performance
liquid chromatograph-mass spectrometer.

Br

Example 4

_— (Synthesis of Compound 3)

[0409] Compound 3 was synthesized in accordance with
the synthesis example below.

D"
S

Compound 3
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[0410] Synthesis was performed in the same manner as in
Example 1 except that 3-(phenanthren-9-yljbenzenethiol
was used in place of 3-(9H-carbazol-9-yl)benzenethiol to
obtain Compound 3 (yield: 9%). The obtained compound
was identified as Compound 3 by an analysis using a high
performance liquid chromatograph-mass spectrometer.

Example 5

(Synthesis of Compound 4)

[0411] Compound 4 was synthesized in accordance with
the following synthesis example.

Oy F
OO
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trode was formed so as to cover the transparent electrode to
form a 5 nm-thick Compound HI film. This HI film functions
as a hole injection layer.

[0415] Following the formation of the HI film, Compound
HT3 was vapor-deposited onto the HI film to form a 20
nm-thick HT3 film. This HT3 film functions as a first hole
transport layer.

[0416] Following the formation of the HT3 film, Com-
pound HT4 was vapor deposited onto the HT3 film to form
a 5 nm-thick HT4 film. This HT4 film functions as a second
hole transport layer.

F

SH
|O B

R At acsacal
P Yoty
- =

[0412] Synthesis was performed in the same manner as in
Example 1 except that 3'-(dibenzo[b,d]furan-4-y1)-[1,1'-bi-
phenyl]-3-thiol was used in place of 3-(9H-carbazol-9-yl)
benzenethiol to obtain Compound 4 (yield: 15%). The
obtained compound was identified as Compound 4 by an
analysis using a high performance liquid chromatograph-
mass spectrometer.

Example 6

(Production of Organic EL Device)

[0413] A glass substrate (manufactured by Geomatec Co.,
Ltd.) with a size of 25 mmx75 mmx1.1 mm thickness
having a transparent ITO electrode (anode) was subjected to
ultrasonic cleaning for 5 minutes in isopropyl alcohol, and
then to UV ozone cleaning for 30 minutes. The thickness of
the ITO film was 130 nm.

[0414] The cleaned glass substrate with a transparent
electrode was mounted on a substrate holder of a vacuum
vapor deposition apparatus, and Compound HI was vapor-
deposited onto the surface on which the transparent elec-

Compound 4

[0417] Following the formation of the HT4 film, Com-
pound CBP was vapor-deposited onto the HT4 film to form
a 5 nm-thick CBP film. This CBP film functions as a third
hole transport layer.

[0418] Then, Compound 2 and Compound TADF1 were
vapor-codeposited onto the CBP film in a manner such that
the proportion (weight ratio) of Compound 2 would be 76%
to form a 25 nm-thick light-emitting layer.

[0419] Compound HB1 was vapor-deposited onto this
light-emitting layer to form a 5 nm-thick hole blocking layer.

[0420] Compound ET was furthermore vapor-deposited
onto this HBI layer to form a 50 nm-thick ET film. This ET
film functions as an electron transport layer.

[0421] LiF was vapor-deposited onto this electron trans-
port layer to form a 1 nm-thick LiF film.

[0422] Metal Al was vapor-deposited onto this LIF film to
form an 80 nm-thick metal cathode.

[0423] An organic EL device was thus produced. The
compounds used are as follows.
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-continued

TADF1

HB1

N
[ Comparative Compound 2

Examples 7 to 8, and Comparative Examples 2 to 3

CBP
[0424] Organic EL devices were produced in the same
manner as in Example 6 except that Compounds 3,4, Com-
_ parative Compound 1, and Comparative Compound 2 were
. : : : :N . used, respectively, in place of Compound 2.
O \ / O (BEvaluation of Organic EL Devices)

[0425] Vbltage and external quantum efficiency (EQE) of
the organic EL. devices produced in Examples 6 to 8 and
Comparative Examples 2 to 3 were evaluated in the same
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manner as In Example 2. The results are shown in Table 2.
The results of the voltage (unit V) and the external quantum
efficiency (unit: %) shown In Table 2 are relative values
calculated by assuming the values of Comparative Example
2 as 100%.

TABLE 2
Comparative Comparative
Example 6 Example 7 Example 8 Example 2  Example 3

Voltage 90 87 87 100 112
[V]
EQE 125 131 131 100 86
[%]
[0426] The results shown in Table 2 explain that Example

6 (Compound 2), Example 7 (Compound 3), and Example 8
(Compound 4) achieved lower voltage and higher EQE
compared to Comparative Example 2 (Comparative Com-
pound 1) and Comparative Example 3 (Comparative Com-
pound 2).

Example 9 and Comparative Examples 3, 4

[0427] Orbital energy (unit: eV) of LUMO (lowest unoc-
cupied molecular orbital) was calculated by molecular
orbital calculation with respect to Compound 2, Compara-
tive Compound 1, and Comparative Compound 3 below.
The molecular orbital calculation was performed by employ-
ing Gaussian 98 at B3LYP/6-31G*level. The results are
shown in Table 3.

Comparative Compound 3

0) 0]
B
TABLE 3
Comparative Comparative
Example 9  Example 3 Example 4

Compound Compound 2 Comparative Comparative

Compound 1 Compound 3
LUMO calculated value [eV] 2.00 1.90 1.67
[0428] Compound 2 (Example 9) and Comparative Com-

pound 1 (Comparative Example 3) which contain a sulfur
atom in the structure of the compound had high LUMO
values. Good electron injection from the electron transport
layer and improvement of voltage and efficiency of the
organic EL device are therefore considered to be achieved
when such a compound is used in a light-emitting layer of
a thermally activated delayed fluorescence (TADF) type
organic EL device. This applies to every compound accord-
ing to one aspect of the present invention which contains a
sulfur atom in the structure.
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[0429] Also, since the compound according to one aspect
of the present invention with a sulfur atom-containing
structure represented by the formula (1) has a high LTUMO
value, and since the structure has substituents and the
conjugation length of the molecule is extended, charge
transport properties are considered to improve and voltage
and efficiency of the organic EL device are considered to be
furthermore enhanced when the compound is used in an
organic EL device.

[0430] Several embodiments and/or examples of the pres-
ent invention have been explained in detail above, but those
skilled in the art can readily apply many modifications to
these exemplary embodiments and/or examples without
substantially deviating from the novel teachings and effects
of the present invention. Thus, all such modifications are
included within the scope of the present invention.

[0431] The contents of the documents mentioned in this
specification and of the applications on the basis of which
this application claims priority under the Paris Convention
are incorporated herein by reference in its entirety.

EXPLANATION OF NUMERALS

[0432] 1. 11. Organic EL device

[0433] 2. Substrate

[0434] 3. Anode

[0435] 4. Cathode

[0436] 5. Light-emitting layer

[0437] 6. Hole transport region (hole injection layer, hole

transport layer, and the like)

[0438] 6a. First hole transport layer
[0439] 6. Second hole transport layer
[0440] 7. Electron transport region (electron injection

layer, electron transport layer, and the like)

[0441] 7a. First electron transport layer
[0442] 7b. Second electron transport layer
[0443] 10, 20. Light-emitting unit (organic layer)

1. A compound represented by the following formula (1)

@

R; R¢
Ry Rs
Ry Ry
Rj B Rg
S S
Ryy Rg
Rjo

(in the formula (1),

one or more sets of two or more adjacent groups among
R, to R, form a substituted or unsubstituted heterocy-
clic ring or a ring represented by the formula (2) below,
or do not form a substituted or unsubstituted heterocy-
clic ring or a ring represented by formula the (2);

R, to R, which do not form the substituted or unsubsti-
tuted heterocyclic ring or the ring represented by the
formula (2) are each independently a hydrogen atom, a
substituted or unsubstituted alkyl group having 1 to 50
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carbon atoms, a substituted or unsubstituted haloalkyl
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 unsub-
stituted cycloalkyl group having 3 to 50 ring carbon
atoms, a substituted or unsubstituted alkoxy group
having 1 to 50 carbon atoms, a substituted or unsub-
stituted alkylthio group having 1 to 50 carbon atoms, a
substituted or unsubstituted aryloxy group having 6 to
50 ring carbon atoms, a substituted or unsubstituted
arylthio group having 6 to 50 ring carbon atoms, a
substituted or unsubstituted aralkyl group having 7 to
50 carbon atoms, —Si(R;,)(R;,)(R;5), —C(—=0O)R,,,
—COOR;;, —N(R;6)(R;,), a halogen atom, a cyano
group, a nitro group, a substituted or unsubstituted aryl
group having 6 to 50 ring carbon atoms, a substituted
or unsubstituted monovalent heterocyclic group having
5 to 50 ring atoms, or a group represented by the
formula (3) below;

R4, to R;, are each 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 the respective R;, to R;, are present in a number of
two or more, the respective two or more Ry, to Rj,
present may be the same or different;

with the proviso that at least one set of two or more
adjacent groups among R, to R, forms a substituted or
unsubstituted heterocyclic ring, or forms a ring repre-
sented by the formula (2), or at least one of R, to R, is
a group represented by the formula (3); when two or
more substituted or unsubstituted heterocyclic rings are
formed, the respective two or more substituted or
unsubstituted heterocyclic rings may be the same or
different, when two or more rings represented by the
formula (2) are formed, the respective two or more
rings represented by the formula (2) may be the same
or different; and when two or more groups represented
by the formula (3) are formed, the respective two or
more groups represented by the formula (3) may be the
same or different)

@

Ris Rz
* Ris
* Ry
Ry7 R

(in the formula (2),

the two valence bonds * are bonded to adjacent two
groups among R, to R, in the formula (1), respec-
tively;

one or more sets selected from R, andR,;, R,; and R, ,,
R, and Rj5, R;; and R, and R, and R, form a
substituted or unsubstituted saturated or unsaturated
ring, or do not form a substituted or unsubstituted
saturated or unsaturated ring;
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R,, to Ry, Ris, Ry and R, which do not form the
substituted or unsubstituted saturated or unsaturated
ring are each independently a hydrogen atom, a sub-
stituted or unsubstituted alkyl group having 1 to 50
carbon atoms, a substituted or unsubstituted haloalkyl
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 unsub-
stituted cycloalkyl group having 3 to 50 ring carbon
atoms, a substituted or unsubstituted alkoxy group
having 1 to 50 carbon atoms, a substituted or unsub-
stituted alkylthio group having 1 to 50 carbon atoms, a
substituted or unsubstituted aryloxy group having 6 to
50 ring carbon atoms, a substituted or unsubstituted
arylthio group having 6 to 50 ring carbon atoms, a
substituted or unsubstituted aralkyl group having 7 to
50 carbon atoms, —Si(R;,)(R;,)(R;;). —C(=0)R,,,
—COOR;5, —N(R;6)(R5,), a halogen atom, a cyano
group, a nitro group, 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

R;, to Ry, are as defined in the formula (1))

'Lll_Arll (3)

(In the formula (3),

L,, is a single bond, a substituted or unsubstituted alky-
lene group having 1 to 30 carbon atoms, 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; and

Ar,, 1s a substituted or unsubstituted aryl group having 6
to 50 ring carbon atoms, or a substituted or unsubsti-
tuted monovalent heterocyclic group having 5 to 50
ring atoms).

2. The compound according to claim 1, wherein at least
one set of adjacent two or more groups among R, to Ry,
forms the substituted or unsubstituted heterocyclic ring, or
forms the ring represented by the formula (2).

3. The compound according to claim 1 or 2, wherein at
least one set of two or more adjacent groups among R, to Ry,
form the substituted or unsubstituted heterocyclic ring or the
ring represented by the formula (2), the substituted or
unsubstituted heterocyclic ring being a substituted or unsub-
stituted oxygen-containing heterocyclic ring or a substituted
or unsubstituted nitrogen-containing heterocyclic ring.

4. The compound according to claim 1 or 2, wherein one
or more sets selected from R, and R,, and R, and R¢ form
the substituted or unsubstituted heterocyclic ring, or the ring
represented by the formula (2).

5. The compound according to any one of claims 1 to 4,
wherein the compound is represented by the following
formula (4-1) or (4-2)
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4-1)

(in the formula (4-1),

R, to R, and Ry to R, are as defined in the formula (1);

one or more sets selected from R, and R, and R,  and
R,,,, and one or more sets of two or more adjacent
groups among R, to R, form a substituted or unsub-
stituted saturated or unsaturated ring, or do not form a
substituted or unsubstituted saturated or unsaturated
ring;

R,, to R,,, which do not form the substituted or unsub-
stituted saturated or unsaturated ring are each indepen-
dently a hydrogen atom, a substituted or unsubstituted
alkyl group having 1 to 50 carbon atoms, a substituted
or unsubstituted haloalkyl group having 1 to 50 carbon
atoms, a substituted or unsubstituted alkenyl group
having 2 to 50 carbon atoms, a substituted or unsub-
stituted alkynyl group having 2 to 50 carbon atoms, a
substituted or unsubstituted cycloalkyl group having 3
to 50 ring carbon atoms, a substituted or unsubstituted
alkoxy group having 1 to 50 carbon atoms, a substituted
or unsubstituted alkylthio group having 1 to 50 carbon
atoms, a substituted or unsubstituted aryloxy group
having 6 to 50 ring carbon atoms, a substituted or
unsubstituted arytthio group having 6 to 50 ring carbon
atoms, a substituted or unsubstituted aralkyl group
having 7 to 50 carbon atoms, —Si(R;;)(R;5)(Rs3),
—C(=0)R;,, —COOR;;, —N(R;)(R;,), a halogen
atom, a cyano group, a nitro group, 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;

R;, to R,, are each 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
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atoms, or a substituted or unsubstituted monovalent
heterocyclic group having 5 to 50 ring atoms; and

when the respective Ry, to R;, are present in a number of
two or more, the respective two or more Ry, to R;,
present may be the same or different;

in the formula (4-2),

R, to R; and R, to R, are as defined in the formula (1);

one or more sets selected from Ry, and Ry, and R, and
Rgs, and one or more sets of two or more adjacent
groups among R, to R, form a substituted or unsub-
stituted saturated or unsaturated ring, or do not form a
substituted or unsubstituted saturated or unsaturated
ring;

R,, to R,,, which do not form the substituted or unsub-
stituted saturated or unsaturated ring are each Indepen-
dently a hydrogen atom, a substituted or unsubstituted
alkyl group having 1 to 50 carbon atoms, a substituted
or unsubstituted haloalkyl group having 1 to 50 carbon
atoms, a substituted or unsubstituted alkenyl group
having 2 to 50 carbon atoms, a substituted or unsub-
stituted alkynyl group having 2 to 50 carbon atoms, a
substituted or unsubstituted cycloalkyl group having 3
to 50 ring carbon atoms, a substituted or unsubstituted
alkoxy group having 1 to 50 carbon atoms, a substituted
or unsubstituted alkylthio group having 1 to 50 carbon
atoms, a substituted or unsubstituted aryloxy group
having 6 to 50 ring carbon atoms, a substituted or
unsubstituted arytthio group having 6 to 50 ring carbon
atoms, a substituted or unsubstituted aralkyl group
having 7 to 50 carbon atoms, —Si(R;,)(R;,)(Rs5),
—C(=0)R;,, —COOR;5, —N(R;,)(R;,), a halogen
atom, a cyano group, a nitro group, 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;

R;, to R;; are each 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 the respective R, to R are present in a number of
two or more, the respective two or more Ry, to R;,
present may be the same or different).

6. The compound according to any one of claims 1 to 4,

wherein the compound is represented by the following
formula (5-1) or (5-2)

(5-1)
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(5-2)
R Rug Rsq Roa
R3 Rg
Rua O A O Roq
Rig 0 O B O 0 Rgq
S S
Ri1 Ro
Rio

(in the formula (5-1),

R, to R and R, to R, are as defined in the formula (1);

one or more sets of two or more adjacent groups among
R,.to R, form a substituted or unsubstituted saturated
or unsaturated ring, or do not form a substituted or
unsubstituted saturated or unsaturated ring;

R, to Ry, which do not form the substituted or unsub-
stituted saturated or unsaturated ring are each indepen-
dently a hydrogen atom, a substituted or unsubstituted
alkyl group having 1 to 50 carbon atoms, a substituted
or unsubstituted haloalkyl group having 1 to 50 carbon
atoms, a substituted or unsubstituted alkenyl group
having 2 to 50 carbon atoms, a substituted or unsub-
stituted alkynyl group having 2 to 50 carbon atoms, a
substituted or unsubstituted cycloalkyl group having 3
to 50 ring carbon atoms, a substituted or unsubstituted
alkoxy group having 1 to 50 carbon atoms, a substituted
or unsubstituted alkylthio group having 1 to 50 carbon
atoms, a substituted or unsubstituted aryloxy group
having 6 to 50 ring carbon atoms, a substituted or
unsubstituted arylthio group having 6 to 50 ring carbon
atoms, a substituted or unsubstituted aralkyl group
having 7 to 50 carbon atoms, —Si(R;,)(R;5)(Rs5),
—C(=0)R,,;, —COOR;5, —N(R;4)(R5,), a halogen
atom, a cyano group, a nitro group, 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;

R;, to R;, are each 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 the respective R;, to R;, are present In a number of
two or more, the respective two or more R;, to Ry,
present may be the same or different;

in the formula (5-2),

R, to R; and R, to R, are as defined in the formula (1);

one or more sets of two or more adjacent groups among
R, to Ry, form a substituted or unsubstituted saturated
or unsaturated ring, or do not form a substituted or
unsubstituted saturated or unsaturated ring;

R,, to Ry, which do not form the substituted or unsub-
stituted saturated or unsaturated ring are each indepen-
dently a hydrogen atom, a substituted or unsubstituted
alkyl group having 1 to 50 carbon atoms, a substituted
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or unsubstituted haloalkyl group having 1 to 50 carbon
atoms, a substituted or unsubstituted alkenyl group
having 2 to 50 carbon atoms, a substituted or unsub-
stituted alkynyl group having 2 to 50 carbon atoms, a
substituted or unsubstituted cycloalkyl group having 3
to 50 ring carbon atoms, a substituted or unsubstituted
alkoxy group having 1 to 50 carbon atoms, a substituted
or unsubstituted alkylthio group having 1 to 50 carbon
atoms, a substituted or unsubstituted aryloxy group
having 6 to 50 ring carbon atoms, a substituted or
unsubstituted arylthio group having 6 to 50 ring carbon
atoms, a substituted or unsubstituted aralkyl group
having 7 to 50 carbon atoms, —Si(R;,)(R;5)(Rs5),
—C(=0)R;,, —COOR;5, —N(R;4)(R;,), a halogen
atom, a cyano group, a nitro group, 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;

R;, to R;, are each 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 the respective Ry, to R;, are present in a number of

two or more, the respective two or more R; to R;,
present may be the same or different).
7. The compound according to any one of claims 1 to 4,

wherein the compound is represented by the following
formula (6-1) or (6-2)

(6-1)

(in the formula (6-1),

R, to Ry and R, to R, are as defined in the formula (1);

one or more sets of two or more adjacent groups among
R,, to R},, form a substituted or unsubstituted satu-
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rated or unsaturated ring, or do not form a substituted
or unsubstituted saturated or unsaturated ring;

R,, to Ry, which do not form the substituted or unsub-
stituted saturated or unsaturated ring are each Indepen-
dently a hydrogen atom, a substituted or unsubstituted
alkyl group having 1 to 50 carbon atoms, a substituted
or unsubstituted haloalkyl group having 1 to 50 carbon
atoms, a substituted or unsubstituted alkenyl group
having 2 to 50 carbon atoms, a substituted or unsub-
stituted alkynyl group having 2 to 50 carbon atoms, a
substituted or unsubstituted cycloalkyl group having 3
to 50 ring carbon atoms, a substituted or unsubstituted
alkoxy group having 1 to 50 carbon atoms, a substituted
or unsubstituted alkylthio group having 1 to 50 carbon
atoms, a substituted or unsubstituted aryloxy group
having 6 to 50 ring carbon atoms, a substituted or
unsubstituted arylthio group having 6 to 50 ring carbon
atoms, a substituted or unsubstituted aralkyl group
having 7 to 50 carbon atoms, —Si(R;;)(R;5)(Rs3),
—C(=0)R;,, —COOR;;, —N(R;()(R;,), a halogen
atom, a cyano group, a nitro group, 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;

R,, to R;, are each 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 the respective R;, to R;, are present in a number of
two or more, the respective two or more R;, o R;,
present may be the same or different;

in the formula (6-2),

R; to R and R, to R, are as defined in the formula (1);

one or more sets of two or more adjacent groups among
R0 R, o form a substituted or unsubstituted saturated
or unsaturated ring, or do not form a substituted or
unsubstituted saturated or unsaturated ring;

R, to R, , which do not form the substituted or unsub-
stituted saturated or unsaturated ring are each indepen-
dently a hydrogen atom, a substituted or unsubstituted
alkyl group having 1 to 50 carbon atoms, a substituted
or unsubstituted haloalkyl group having 1 to 50 carbon
atoms, a substituted or unsubstituted alkenyl group
having 2 to 50 carbon atoms, a substituted or unsub-
stituted alkynyl group having 2 to 50 carbon atoms, a
substituted or unsubstituted cycloalkyl group having 3
to 50 ring carbon atoms, a substituted or unsubstituted
alkoxy group having 1 to 50 carbon atoms, a substituted
or unsubstituted alkylthio group having 1 to 50 carbon
atoms, a substituted or unsubstituted aryloxy group
having 6 to 50 ring carbon atoms, a substituted or
unsubstituted arylthio group having 6 to 50 ring carbon
atoms, a substituted or unsubstituted aralkyl group
having 7 to 50 carbon atoms, —Si(R;;)(R;5)(Rs3),
—C(=0)R;,, —COOR;;, —N(R;)(R;,), a halogen
atom, a cyano group, a nitro group, 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;

R,, to R;, are each independently a hydrogen atom, a
substituted or unsubstituted alkyl group having 1 to 50
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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 the respective R, to R, are present in a number of
two or more, the respective two or more Ry, to R;,
present may be the same or different).

8. The compound according to claim 1, wherein one or
more sets of two or more adjacent groups among R, to Ry,
do not form the substituted or unsubstituted heterocyclic
ring or the ring represented by the formula (2), and R, is a
group represented by the formula (3).

9. The compound according to claim 1 or 8, wherein one
or more sets of two or more adjacent groups among R, toR ;
do not form the substituted or unsubstituted heterocyclic
ring or the ring represented by the formula (2), and at least
two groups among R, to R, are groups represented by the
formula (3).

10. The compound according to claim 1, 8, or 9, wherein
one or more sets of two or more adjacent groups among R,
to Ry, do not form the substituted or unsubstituted hetero-
cyclic ring or the ring represented by the formula (2), and at
least one of R, to R, and at least one of R to Ry are groups
represented by the formula (3), respectively.

11. The compound according to any one of claims 1 to 10,
wherein L, in the formula (3) is a single bond, and Ar,, in
the formula (3) is a substituted or unsubstituted carbazolyl
group or a substituted or unsubstituted dibenzofuranyl
group.

12. The compound according to any one of claims 1 to 11
represented by the following formula (7)

O

R; R¢
R Rs
Ry Ry
Ry B Re
S S
Ruy Ro
N.
~
R37a/ R3¢a

(in the formula (7),

R, to R, and R,, are as defined In the formula (1); and

Rje, and R;,, are each independently a substituted or

unsubstituted aryl group having 6 to 50 ring carbon
atoms).

13. The compound according to any one of claims 1 to 12,
wherein the substituent In the case of “substituted or unsub-
stituted” is selected from the group consisting of an alkyl
group having 1 to 50 carbon atoms, a haloalkyl group having
1 to 50 carbon atoms, an alkenyl group having 2 to 50 carbon
atoms, an alkynyl group having 2 to 50 carbon atoms, a
cycloalkyl group having 3 to 50 ring carbon atoms, an
alkoxy group having 1 to 50 carbon atoms, an alkylthio
group having 1 to 50 carbon atoms, an aryloxy group having
6 to 50 ring carbon atoms, an arylthio group having 6 to 50
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ring carbon atoms, an aralkyl group having 7 to 50 carbon
atoms, —Si(R,)(Ryp)(Ryz), —C(=0)R,,, —COOR;,
—S(=0)R45, —P(—O)(R47)(Rus). —GeRao)Rs0)Rs,).
—N(R;,)(Rs;) (wherein, R,; to R; are each independently
a hydrogen atom, an alkyl group having 1 to 50 carbon
atoms, an aryl group having 6 to 50 ring carbon atoms, or a
monovalent heterocyclic group having 5 to 50 ring atoms;
when the R, to Rs; are present in a number of two or more,
the respective two or more R, to RSS may be the same or
different), a hydroxy group, a halogen atom, a cyano group,
a nitro group, an aryl group having 6 to 50 ring carbon
atoms, and a monovalent heterocyclic group having 5 to 50
ring atoms.

14. The compound according to any one of claims 1 to 12,
wherein the substituent in the case of “substituted or unsub-
stituted” is 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.

15. The compound according to any one of claims 1 to 12,
wherein the substituent in the case of “substituted or unsub-
stituted” is 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.

16. The compound according to any one of claims 1 to 15
which is a material for an organic electroluminescence
device.

17. A material for an organic electroluminescence device
comprising the compound according to any one of claims 1
to 16.

18. An organic electroluminescence device having a cath-
ode,

an anode, and

at least one organic layer provided between the cathode

and the anode,

at least one layer of the at least one organic layer

comprising the compound according to any one of
claims 1 to 16.

19. The organic electroluminescence device according to
claim 18, wherein at least one layer of the at least one
organic layer is a light-emitting layer.

20. The organic electroluminescence device according to
claim 19, wherein the light-emitting layer further contains a
compound represented by following formula (10)

(10)

Ryo3 Ripz
Rio4 O Ry
Rito O Rigo
Rios O Ryog
Rios Ryp7

[In the formula (10),
one or more sets of two or more adjacent groups among
R,o; to Ryjo form a substituted or unsubstituted satu-
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rated or unsaturated ring, or do not form a substituted
or unsubstituted saturated or unsaturated ring;

R, to R}, which do not form the substituted or unsub-
stituted saturated or unsaturated ring are each indepen-
dently a hydrogen atom, a substituted or unsubstituted
alkyl group having 1 to 50 carbon atoms, a substituted
or unsubstituted haloalkyl group having 1 to 50 carbon
atoms, a substituted or unsubstituted alkenyl group
having 2 to 50 carbon atoms, a substituted or unsub-
stituted alkynyl group having 2 to 50 carbon atoms, a
substituted or unsubstituted cycloalkyl group having 3
to 50 ring carbon atoms, a substituted or unsubstituted
alkoxy group having 1 to 50 carbon atoms, a substituted
or unsubstituted alkylthio group having 1 to 50 carbon
atoms, a substituted or unsubstituted aryloxy group
having 6 to 50 ring carbon atoms, a substituted or
unsubstituted arylthio group having 6 to 50 ring carbon
atoms, a substituted or unsubstituted aralkyl group
having 7 to 50 carbon atoms, —Si(R,,;)(R;5:)(R,5),
—C(=0)R 54, —COOR 55, —N(R,56)(R,,7), a halo-
gen atom, a cyano group, a nitro group, a substituted or
unsubstituted aryl group having 6 to 50 ring carbon
atoms, a substituted or unsubstituted monovalent het-
erocyclic group having 5 to 50 ring atoms, or a group
represented by the formula (31) below; and

R,5; to Ry, are each 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 the
R,,; to R}, are present in a number of two or more, the
respective two or more R,,, to R, may be the same
or different;

with the proviso that at least one of R, to R,,, which
does not form the substituted or unsubstituted saturated
or unsaturated ring is a group represented by the
formula (31); when two or more groups represented by
the formula (31) are present, the respective two or more
groups represented by the formula (31) may be the
same or different,

'LIOI'AIIOI (31)

(in the formula (31),

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; and

Ar,,, is a substituted or unsubstituted aryl group having
6 to 50 ring carbon atoms, or a substituted or unsub-
stituted monovalent heterocyclic group having 5 to 50
ring atoms)].

21. The organic electroluminescence device according to

claim 20, wherein the compound represented by the formula
(10) 1s represented by the following formula (10-1) or (10-2)
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(10-1)

Rigs Ry
Rios O R
Arjo;=—L0; O Lipr—Aryy,
Rios O Risg
Rios Ryo7
(10-2)
Ryo3 Lior—Arjp;

Rios4 O Ry
Arjg;—Ljo; O Lip—Aryy)
Rios O Risg

Rios Ryo7

(in the formula (10-1), R, to Ry gg, L1y, and Ar,,, are as
defined in the formula (10); and
in the formula (10-2), R, Ryg3 t0 Rygg, Lyg;, and Arj g,
are as defined in the formula (10)).
22. The organic electroluminescence device according to
claim 20 or 21, wherein the compound represented by the
formula (10) is represented by the following formula (10-3)

(10-3)

Rioz4 Rio24
Riosa O Ryo14
Aryjo14— L1014 O Lipra—Aro14
Rios4 O Rios4
Ryoss Ryo74

(in the formula (10-3),

R, 414 t0 R e, are each independently a hydrogen atom,
or a substituted or unsubstituted aryl group having 6 to
50 ring carbon atoms;

L,o.4 15 a single bond, or a substituted or unsubstituted
arylene group having 6 to 30 ring carbon atoms, where
the two L, , may be the same or different;

Ar ;4 15 a substituted or unsubstituted aryl group having
6 to 50 ring carbon atoms, where the two Ar,,, , may
be the same or different).

23. The organic electroluminescence device according to

claim 20 or 21, wherein the compound represented by the
formula (10) is represented by the following formula (10-4)
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Ryoa4 Ryo24

Rios4 O Riows
Re
Arjo;—Liog ' Lio *
Re3 Res
Rios4 Riogs Re

Rioes Rio74

(in the formula (10-4),

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

R,o14 10 R g4 are each independently a hydrogen atom,
or a substituted or unsubstituted aryl group having 6 to
50 ring carbon atoms;

X, 15 O, S, or N(R¢));

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 a valence bond bonded to Ly, ;

one or more sets of two or more adjacent groups among
R, to Ry, not bonded to Ly, form a substituted or
unsubstituted saturated or unsaturated ring, or do not
form a substituted or unsubstituted saturated or unsatu-
rated ring; and

Rz to Rgg which are not bonded to L, and do not form
a substituted or unsubstituted saturated or unsaturated
ring are each independently a hydrogen atom, a sub-
stituted or unsubstituted alkyl group having 1 to 50
carbon atoms, or a substituted or unsubstituted aryl
group having 6 to 50 ring carbon atoms).

24. The organic electroluminescence device according to

claim 23, wherein the compound represented by the formula
(10) is represented by the following formula (10-6)

Rios4 Rio24

Rioss O Rio1s K2 Re7
7N
Arjor—Lyor Lio—r R
y
Ryos4 ' Rios4

Ryoes Ryo74

(in the formula (10-6),

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

R, 014 10 R, g, are as defined in the formula (10-4);

Res to Ry are as defined in the formula (10-4); and

X,,18 0 or S).

25. The organic electroluminescence device according to
claim 23, wherein the compound represented by the formula
(10) is represented by the following formula (10-7)



US 2019/0214579 Al

R34 R 024

Ryoas O Riowa
Re
Arjor—Lior ' Lip *
Re3 Res
Ryos4 Riosa Res

Rioed Rypra

(in the formula (10-7),

L,o, and Ar,,, are as defined in the formula (10);
R 014 10 R e are as defined in the formula (10-4);
X, 1s as defined in the formula (10-4); and

R, to R, are as defined in the formula (10-4), with the
proviso that the groups of any one set selected from R,
and Ry, Ry, and Ry, and Rgg and R, are bonded to
one another and form a substituted or unsubstituted
saturated or unsaturated ring).

26. The organic electroluminescence device according to
any one of claims 23 to 25, wherein the compound repre-
sented by the formula (10) is represented by the following
formula (10-8)

Rioas Rio24

Rio44 O Rio14 Xia Re
7N
Arjor—Lio Lios | Res
>
Ryosa O Ryoss

Riyoe4 Ryo74

(in the formula (10-8),

L,o, and Ar,,, are as defined in the formula (10);
R 14 10 R e, are as defined in the formula (10-4);
X,,1s O or S; and

Rge to Reo are as defined in the formula (10-4), with the
proviso that the groups of any one set selected from R
and R¢,, Ry, and Ry, and Rgg and Ry, are bonded to
one another and form a substituted or unsubstituted
saturated or unsaturated ring).

27. The organic electroluminescence device according to
claim 25 or 26, wherein the groups of any one set selected
from R and Ry, Ry, and R o, and R, and R, are bonded
to one another and form a ring represented by the formula
(10-8-1) or (10-8-2) below;

Rge to Rgg which do not form the ring represented by the
formula (10-8-1) or (10-8-2) do not form a substituted
or unsubstituted saturated or unsaturated ring
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(10-8-1)

Rgo
Rgi 7
*
k&
N
82
Rgs
(10-8-2)
Rgo
X3
S
Rg)
*
Re
Res

(in the formulae (10-8-1) and (10-8-2),

the two valance bonds * are bonded to the groups of any
one set selected from R and R, Ry, and Rgg, and R
and R, respectively;

Rgq to Rg; are each 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; and

X518 O or S).

28. The organic electroluminescence device according to
claim 23 or 24, wherein the compound represented by the
formula (10) is represented by the following formula (10-9)

(10-9)

Rioss Rio24 Reo Res

Rioa O Riois X2 Rer
N
Arjo;—Ljor L101_‘|' Res
A
Ryos4 O Ryosa

Ryoss Ryo74

(in the formula (10-9),
Lo, and Ar,q, are as defined in the formula (10);
R o4 10 R g, are as defined in the formula (10-4);

Rge 10 Ry, are as defined in the formula (10-4), with the
proviso that none of R¢s and R, R, and R, and Reg
and R, are bonded to one another or form a substituted
or unsubstituted saturated or unsaturated ring; and

X,,180or S).

29. The organic electroluminescence device according to
claim 20 or 21, wherein the compound represented by the
formula (10) is represented by the following formula (10-
4A)
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(10-4A)

R34 R 024 Rega

Rioss O Ripia
Arjor—Lior ' Lip
Ryos4 O Riosa

Rioed Rypra

(in the formula (10-4A),

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

R4 t0 R g, are each independently a hydrogen atom,
or a substituted or unsubstituted aryl group having 6 to
50 ring carbon atoms;

X,, 150, S, or N(R));

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 or more sets of two or more adjacent groups among
Reoy 10 Reg, form a substituted or unsubstituted satu-
rated or unsaturated ring, or do not form a substituted
or unsubstituted saturated or unsaturated ring, with the
proviso that two adjacent groups among Ry, , 10 Rgg,
form a ring represented by the formula (10-4A-1)
below; and

R, 10 Ry, which do not form a substituted or unsub-
stituted saturated or unsaturated ring are each indepen-
dently a hydrogen atom, a substituted or unsubstituted
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alkyl group having 1 to 50 carbon atoms, or a substi-
tuted or unsubstituted aryl group having 6 to 50 ring
carbon atoms)

(10-4A-1)

Ry
R
71 Py
\ *
Ry,
Ry

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

the two valence bonds * are bonded to two adjacent

groups among R, , to Ry, ,, respectively;

one of R, to R,; is a valence bond bonded to L, ;

R, to R, not bonded to L,,, are each 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).

30. The organic electroluminescence device according to
any one of claims 19 to 29 comprising a hole transport layer
between the anode and the light-emitting layer.

31. The organic electroluminescence device according to
any one of claims 19 to 30 comprising an electron transport
layer between the cathode and the light-emitting layer.

32. An electronic apparatus comprising the organic elec-
troluminescence device according to any one of claims 18 to
31
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