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(57) ABSTRACT

A compound represented by the general formula (1) is useful
as a light-emitting material. R', R?, and R® each represent a
cyano group, or R*, R?, R* and R® each represent a cyano
group; and the others of R' to R® each represent a group
represented by any one of the following general formula (4),
etc.
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LIGHT-EMITTING MATERIAL, ORGANIC
LIGHT-EMITTING DEVICE, AND
COMPOUND

TECHNICAL FIELD

[0001] The present invention relates to a compound that is
useful as a light-emitting material, and an organic light-
emitting device using the same.

BACKGROUND ART

[0002] An organic light-emitting device, such as an
organic electroluminescent device (organic EL device), has
been actively studied for enhancing the light emission
efficiency thereof. In particular, various studies for enhanc-
ing the light-emitting efficiency have been made by newly
developing and combining an electron transporting material,
a hole transporting material, a light-emitting material and
the like constituting an organic electroluminescent device.
For example, compounds having a substituted amino group,
such as a carbazolyl group and a diphenylamino group, have
been known as the material for the light-emitting layer, and
among these, one having a cyano group has been known. For
example PTL 1 describes that a compound having a carba-
zolyl group (Cz) and a cyano group represented by the
following formula can be used as a host material of a
light-emitting layer.

Cz

NC CN

CN

CITATION LIST

Patent Literature

[0003] PTL 1: JP-A-2009-94486
SUMMARY OF INVENTION
Technical Problem
[0004] PTL 1 has concretely demonstrated that various

compounds are useful as a host material of a light-emitting
layer, but does not verify for the other applications. A
light-emitting material (dopant material) is different from a
host material in demanded properties and functions, and
therefore there is no evidence for the usefulness of the
compound described in PTL 1 as a light-emitting material.

[0005] Under the circumstances, the present inventors
started to investigate variously a group of compounds hav-
ing a substituted amino group and a cyano group, and have
made accumulated studies for finding a compound having
excellent light emission characteristics from many analo-
gous compounds. The inventors have made earnest investi-
gations for providing a general formula of the compounds
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useful as a light-emitting material and generalizing the
structure of an organic light-emitting device having a high
light emission efliciency.

Solution to Problem

[0006] As a result of the earnest investigations performed,
the inventors have found that among the compounds having
a substituted amino group and a cyano group, compounds
having a particular structure have excellent properties as a
light-emitting material. The inventors also have found that
the group of compounds includes compounds that are useful
as a delayed fluorescent material, and have clarified that an
organic light-emitting device having a high light emission
efficiency can be provided inexpensively. Based on the
knowledge, the inventors have provided the following
inventions as measures for solving the problems.

[0007] [1] A light-emitting material containing a com-
pound represented by the following general formula (1):

R!
RA RS
R’ R’
R4
wherein in the general formula (1), R’ Rf , and R® each
represent a cyano group, or R', R?, R?, and R® each represent
a cyano group; and the others of R to R® each independently

represent a group represented by any one of the following
general formulae (2) to (8):

General Formula (1)

General Formula (2)

Rl3 RIZ
Rl4 Rl 1
15
N N—L12—=
Rl6
R”‘QRZO
RIS R19
General Formula (3)
R22
R23
O R2!
R24
N— Ll 3%
R25
R28
R26
R27
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-continued
General Formula (4)
R® R®?
R3a
N—L1#—=
R3b
R36 R37

General Formula (5)

%
%
&
%

LIS_*

%
o
|
Z
Z
I

R48

%

R46 R47

General Formula (6)
R53 RSZ

RSI

]
k4

LI6—x

Q.
Z
I

RSS

=
5

RSG R57

General Formula (7)

R63 R62

RGI

)
ko

] N—LI7T—x

R65 RGS

2x

RE6 RS7
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-continued
General Formula (8)
R R?
0 N—LB—x
RS R

wherein in the general formulae (2) to (8), L*? to L*® each
represent a single bond or a substituted or unsubstituted
arylene group; * represents a position bonded to the benzene
ring in the general formula (1); and R" to R*°, R*' to R*,
R31 to RSS, RSa’ RSb, R41 to R48, R4a’ R51 1o RSS, R61 to R68,
and R”! to R7® each independently represent a hydrogen
atom or a substituent, provided that R"! and R'?, R'? and
R13, R!3and R14, R and RIS, R6and R”, RY7 and RlS, R!®
and R'?, R and R, R?! and R*?, R*? and R, R** and R**,
R?**and R%, R and R?%, R?® and R??, R?” and R?®*, R3! and
RSZ, R*2and R33, R and R34, R and R36’ R3S and R37, R
and R*%, R and R*%, R*! and R*?, R* and R®, R** and R*,
R* and R*®, R* and R*”, R*” and R*®, R*" and R*2, R>? and
R, R53 and R%*, RS and R3®, R%6 and RS, RS7 and R5%, R®!
and R%, R%% and R%, R% and R, R® and R%, R and RY’,
R% and R®® R”! and R7?, R7? and R73, R”* and R’#, R” and
R7%, R7 and R”7, and R”” and R”® each may be bonded to
each other to form a cyclic structure.

[0008] [2] The light-emitting material according to the
item [1], wherein in the general formula (1), R', R?, and R®
each represent a cyano group.

[0009] [3] The light-emitting material according to the
item [1], wherein in the general formula (1), R*, R%, R*, and
R’ each represent a cyano group.

[0010] [4] The light-emitting material according to any
one of the items [1] to [3], wherein in the general formulae
(2) to (8), L** to L'® each represent a substituted or unsub-
stituted phenylene group.

[0011] [5] The light-emitting material according to any
one of the items [1] to [4], wherein in the general formula
(1), all the others of R* to RS each represent a group
represented by the general formula (2).

[0012] [6] The light-emitting material according to any
one of the items [1] to [4], wherein in the general formula
(1), all the others of R* to RS each represent a group
represented by the general formula (3).

[0013] [7] The light-emitting material according to any
one of the items [1] to [6], wherein the molecule has a
rotationally symmetric structure.

[0014] [8] A delayed fluorescence emitter containing a
compound represented by the general formula (1).

[0015] [9] An organic light-emitting device containing the
light-emitting material according to any one of the items [1]
to [7].

[0016] [10] The organic light-emitting device according to
the item [9], wherein the organic light-emitting device emits
delayed fluorescent light.
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[0017] [11] The organic light-emitting device according to
the item [9] or [10], wherein the organic light-emitting
device is an organic electroluminescent device.

[0018] [12] A compound represented by the following
general formula (1"):

RY
R R®
R¥ R*
R¥
wherein in the general formula (1'), R*, R*, and R* each
represent a cyano group, or RY, R*, R*, and R® each
represent a cyano group; and the others of R to R® each

independently represent a group represented by any one of
the following general formulae (2') to (8"):

General Formula (1)

General Formula (2)

General Formula (3)

General Formula (4')
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-continued
General Formula (5')
R43' R42'
R44'Q R4V
R¥_—N N—TII—=
R45'4§j27 R43’
R46' R47'
General Formula (6)
R53' R52'
R>4'4%;§7 R51’
Q N—L!—x
RJS;Q; Rjg’
R56' R57'
General Formula (7')
R R
R64'4%;§7 RGI’
S N—TIL 17 %
RGS;Q RS
R66' R67'
General Formula (8')
R73' R'/'Z'

'

R74 R71'
N—L—x

R75’ R78’

et

R76’ R77’

wherein in the general formulae (2') to (8"), L' to L¥ each
represent a single bond or a substituted or unsubstituted
arylene group; * represents a position bonded to the benzene
ring in the general formula (1'); and R™ to R*, R?!, to R*¥,
R¥ 10 Rss', R3a” Rsb', R*' to R48', R4a” R 10 Rss', R 1o
R, and R™! to R”® each independently represent a hydro-
gen atom or a substituent, provided that R*" and R'?, R'*
and R, R and R™*, R and R*, R'® and R'”, R and
R'®, R!®¥ and R'®, R'® and R*®, R?" and R*%, R?? and R>*,
R** and R**, R** and R*, R** and R*%, R*, and R*", R*"
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and R?%, R and R*?, R*? and R**, R** and R**, R** and
R, R and R*”, R¥ and R*®, R and R¥, R*" and R*?
R** and R*, R** and R*,R* and R*®, R*® and R*", R*"
and R*, R°! and R>%, R®¥ and R*', R** and R**, R** and
R*%, R°% and R>”, R*” and R**, R®" and R®*, R®* and R**,
R and R, R®" and R, R° and R®”, R®” and R, R7"
and R, R7? and R™, R”* and R™, R™ and R7®, R7® and
R””, and R”” and R”® each may be bonded to each other to
form a cyclic structure.

Advantageous Effects of Invention

[0019] The compound of the invention is useful as a
light-emitting material. The compound of the invention
includes one that emits delayed fluorescent light. The
organic light-emitting device using the compound of the
invention as a light-emitting material is capable of achieving
a high light emission efficiency.

BRIEF DESCRIPTION OF DRAWINGS

[0020] FIG. 1 shows a schematic cross sectional view
showing an example of a layer structure of an organic
electroluminescent device.

[0021] FIG. 2 shows the light absorption and emission
spectra of the toluene solution of the compound 1 in
Example 1.

[0022] FIG. 3 shows the light absorption spectrum of the
organic photoluminescent device having the thin film con-
taining only the compound 1 in Example 1.

[0023] FIG. 4 shows the light emission spectrum of the
thin film organic photoluminescent device of the compound
1 in Example 1.

[0024] FIG. 5 shows the light emission spectrum of the
thin film organic photoluminescent device of the compound
1 and mCP in Example 1.

[0025] FIG. 6 shows the transient decay curve of the
toluene solution of the compound 1 in Example 1.

[0026] FIG. 7 shows the transient decay curves of the thin
film organic photoluminescent device of the compound 1
and mCP in Example 1.

[0027] FIG. 8 shows the light absorption and emission
spectra of the toluene solution of the compound 2 in
Example 2.

[0028] FIG. 9 shows the light absorption spectrum of the
thin film organic photoluminescent device of the compound
2 in Example 2.

[0029] FIG. 10 shows the light emission spectrum of the
thin film organic photoluminescent device of the compound
2 in Example 2.

[0030] FIG. 11 shows the light emission spectrum of the
thin film organic photoluminescent device of the compound
2 and mCP in Example 2.

[0031] FIG. 12 shows the transient decay curves of the
thin film organic photoluminescent device of the compound
2 and mCP in Example 2.

[0032] FIG. 13 shows the light emission spectra of the
organic electroluminescent devices using the compound 2 in
Example 3.

[0033] FIG. 14 is a graph showing the voltage-current
density-luminance characteristics of the organic electrolu-
minescent devices using the compound 2 in Example 3.
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[0034] FIG. 15 is a graph showing the luminance-external
quantum efficiency-electric power efficiency characteristics
of the organic electroluminescent devices using the com-
pound 2 in Example 3.

DESCRIPTION OF EMBODIMENTS

[0035] The contents of the invention will be described in
detail below. The constitutional elements may be described
below with reference to representative embodiments and
specific examples of the invention, but the invention is not
limited to the embodiments and the examples. In the descrip-
tion, a numerical range expressed with reference to an upper
limit and/or a lower limit means a range that includes the
upper limit and/or the lower limit. In the invention, the
hydrogen atom that is present in the compound used in the
invention is not particularly limited in isotope species, and
for example, all the hydrogen atoms in the molecule may be
'H, and all or a part of them may be *H (deuterium (D)).

Compound Represented by General Formula (1)

[0036] The light-emitting material of the invention con-
tains a compound represented by the following general
formula (1).

General Formula (1)
Rl

R3 RS

R3 R®

R4

[0037] In the general formula (1), R', R?, and R’ each
represent a cyano group, or R*, R? R*, and R each represent
acyano group; and the others of R* to R® each independently
represent a group represented by any one of the following
general formulae (2) to (8). Specifically, in the case where
R', R?, and R® each represent a cyano group, the other R?,
R*, and R°® each independently represent a group represented
by any one of the following general formulae (2) to (8). In
the case where R', R®, R*, and R’ each represent a cyano
group, the other R? and R® each independently represent a
group represented by any one of the following general
formulae (2) to (8).

[0038] The others of R* to R® each may represent any one
of the general formulae (2) to (8) or may represent the
different general formulae.

[0039] In the case where all the others of R! to R® each
represent any one of the general formulae (2) to (8), all the
others of R* to RS preferably are groups having the same
structure. In the case where all the others of R' to R® are
groups having the same structure, the compound represented
by the general formula (1) has a rotationally symmetric
structure, and the compound that has a structure, in which all
the others of R* to R® have the same structures, is useful, for
example, for using as a dopant.

[0040] The compound that has a structure, in which part or
all of the others of R' to R have the different structures, is
also useful. The compound is useful, for example, in the case
where a layer formed only of the compound (neat layer) is
formed and used as a light-emitting layer.
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General Formula (2)

RSB R2
RM RU
RS
N

_le_*

R16
R”‘%:éif{ﬂ
R18 R19

General Formula (3)

R27
General Formula (4)
R3 3 R32
R3a
— 14—
R3?
R3 6 R3 7
General Formula (5)
R43 R42
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-continued

General Formula (6)
R53 R52

RSI

=)
b4

0 N_LIG_*

]
oA
o
9

RSG R57
General Formula (7)
R63 R62

o
2
=

N_Ll7_*

(5]

RGS

)
A

R66 R67
General Formula (8)
R73 R72
0 — 18—
R76 R77

[0041] In the general formulae (2) to (8), L'? to L'® each
represent a single bond or a substituted or unsubstituted
arylene group, and * represents a position bonded to the
benzene ring in the general formula (1). In the case where
.12 to L'® each represent an arylene group, the arylene group
is preferably an arylene group having from 6 to 18 carbon
atoms. Examples of the arylene group having from 6 to 18
carbon atoms include a phenylene group, a biphenylene
group, a fluorenylene group, and a triphenylenylene group,
and the linking group is more preferably a phenylene group,
and further preferably a 1,4-phenylene group. The descrip-
tion and the preferred ranges for the case where the arylene
group has a substituent, reference may be made to the
description and the preferred ranges of the substituent that
the following R*! to R*® and the like may have. [.'? to I.'*
each also preferably represent a single bond.

[0042] R toR*™,R* to R?® R*! to R*, R*, R*,R* to
R*, R* R to R*®, R® to R®, and R” to R"® each
independently represent a hydrogen atom or a substituent.
The number of the substituent is not particularly limited, and
all R to R?%, R?! to R%, R™* to R*¥, R, R*”, R* to R*®,
R* R> to R, R® to R%, and R”* to R”® may be unsub-
stituted (i.e., hydrogen atoms). In each of the general for-
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mulae (2) to (8), in the case where two or more of R** to R¥,
R2! to R23, R3! to R?8, R3¢, R¥ R*! to R*, R* R3! to R,
R® to R®®, and R”* to R7® each represent a substituent, the
plural substituents may be the same as or different from each
other.

[0043] Examples of the substituent that may be repre-
sented by R!! to R, R?! to R?3, R3! to R3®, R3¢ R, R%
to R*®, R** R®! to R*®, R® to R%, and R™* to R”® include
a hydroxyl group, a halogen atom, a cyano group, an alkyl
group having from 1 to 20 carbon atoms, an alkoxy group
having from 1 to 20 carbon atoms, an alkylthio group having
from 1 to 20 carbon atoms, an alkyl-substituted amino group
having from 1 to 20 carbon atoms, an acy! group having fro
2 to 20 carbon atoms, an aryl group having from 6 to 40
carbon atoms, a heteroaryl group having from 3 to 40 carbon
atoms, an alkenyl group having from 2 to 10 carbon atoms,
an alkynyl group having from 2 to 10 carbon atoms, an
alkoxycarbonyl group having from 2 to 10 carbon atoms, an
alkylsulfonyl group having from 1 to 10 carbon atoms, a
haloalkyl group having from 1 to 10 carbon atoms, an amide
group, an alkylamide group having from 2 to 10 carbon
atoms, a trialkylsilyl group having from 3 to 20 carbon
atoms, a trialkylsilylalkyl group having from 4 to 20 carbon
atoms, a trialkylsilylalkenyl group having from 5 to 20
carbon atoms, a trialkylsilylalkynyl group having from 5 to
20 carbon atoms, and a nitro group. In these specific
examples, the substituent that is capable of being further
substituted with a substituent may be substituted. More
preferred examples of the substituent include a halogen
atom, a cyano group, a substituted or unsubstituted alkyl
group having from 1 to 20 carbon atoms, an alkoxy group
having from 1 to 20 carbon atoms, a substituted or unsub-
stituted aryl group having from 6 to 40 carbon atoms, a
substituted or unsubstituted heteroaryl group having from 3
to 40 carbon atoms, and a dialkyl-substituted amino group
having from 1 to 20 carbon atoms. Further preferred
examples of the substituent include a fluorine atom, a
chlorine atom, a cyano group, a substituted or unsubstituted
alkyl group having from 1 to 10 carbon atoms, a substituted
or unsubstituted alkoxy group having from 1 to 10 carbon
atoms, a substituted or unsubstituted aryl group having from
6 to 15 carbon atoms, and a substituted or unsubstituted
heteroaryl group having from 3 to 12 carbon atoms.
[0044] R'andR'? R'?andR'? R andR'* R'*and R*?,
R'%andR!7, R and R'® R' and R'?, R'® and R?°, R*! and
R*?, R* and R*, R*, and R**, R** and R**, R** and R,
R?%and R*”, R*” and R*', R*! and R*?, R* and R**, R** and
R*%, R* and R*°, R*° and R*’,R*” and R**, R** and R**, R*
and R*?, R*? and R®, R*® and R**, R* and R**, R** and RY,
R*” and R*, R3! and R*?, R>? and R3?, R>* and R*>*, R> and
R’%, R*®and R, R*" and R*,R®' and R, R and R®, R®
and R**, R% and R%, R and R®”, R% and R*, R" and R",
R7?and R”, R” and R”* R7®* and R7®, R’ and R””, and R”’
and R”® each may be bonded to each other to form a cyclic
structure. The cyclic structure may be an aromatic ring or an
aliphatic ring, and may be a structure containing a hetero
atom, and the cyclic structure may be a condensed ring
containing two or more rings. The hetero atom referred
herein is preferably selected from the group consisting of a
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nitrogen atom, an oxygen atom, and a sulfur atom. Examples
of the cyclic structure formed include a benzene ring, a
naphthalene ring, a pyridine ring, a pyridazine ring, a
pyrimidine ring, a pyrazine ring, a pyrrole ring, an imidazole
ring, a pyrazole ring, a triazole ring, an imidazoline ring, an
oxazole ring, an isoxazole ring, a thiazole ring, an isothiaz-
ole ring, a cyclohexadiene ring, a cyclohexene ring, a
cyclopentaene ring, a cycloheptatriene ring, a cycloheptadi-
ene ring, and a cycloheptaene ring.

[0045] R toR%, R to R*®, R to R*, R*, R*,R* to
R*, R* R3! to R3%, R to R®8, and R7 to R”® each also
preferably independently represent a group represented by
any one of the general formulae (2) to (8). R** and R*® each
preferably represent a substituted or unsubstituted alkyl
group, and more preferably a substituted or unsubstituted
alkyl group having from 1 to 6 carbon atoms. In the case
where a substituent is present in the general formulae (2) to
(8), the substituent is preferably any of R*? to R'® for the
general formula (2), any of R*? to R*’ for the general
formula (3), any of R** to R*", R*, and R**, and more
preferably at least any of R*¢, and R, for the general
formula (4), any of R*? to R*” for the general formula (5),
any of R*? to R*7 for the general formula (6), any of R®* to
R for the general formula (7), and any of R’ to R”” for the
general formula (8).

[0046] Preferred examples of the compound represented
by the general formula (1) include a compound, in whichR',
R?, and R” each represent a cyano group, or R', R%, R*, and
R’ each represent a cyano group; and all the others of R to
RS each represent a group represented by the general for-
mula (2) or (3).

[0047] Specific examples of the compound represented by
the general formula (1) shown below. However, the com-
pound represented by the general formula (1) capable of
being used in the invention is not construed as being limited
to the specific examples.

Compound 1
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-continued
Compound 2

N
‘ ||
4
N

V4

N

[0048] The molecular weight of the compound repre-
sented by the general formula (1) is preferably 1,500 or less,
more preferably 1,200 or less, further preferably 1,000 or
less, and still further preferably 800 or less, for example, in
the case where an organic layer containing the compound
represented by the general formula (1) is intended to be
formed as a film by a vapor deposition method. The lower
limit of the molecular weight is the molecular weight of the
smallest compound represented by the general formula (1).

[0049] The compound represented by the general formula
(1) may be formed into a film by a coating method irrespec-
tive of the molecular weight thereof. The compound that has
a relatively large molecular weight may be formed into a
film by a coating method.

[0050] As an application of the invention, it may be
considered that a compound that contains plural structures
each represented by the general formula (1) in the molecule
is used as a light-emitting material.

[0051] For example, it may be considered that a polym-
erizable group is introduced in advance to the structure
represented by the general formula (1), and a polymer
obtained by polymerizing the polymerizable group is used as
a light-emitting material. Specifically, it may be considered
that a monomer that has a polymerizable functional group at
any of R?, R?, R* and R® in the general formula (1) is
prepared, and is homopolymerized or copolymerized with
another monomer to prepare a polymer containing repeating
units, and the polymer is used as a light-emitting material. In
alternative, it may be considered that the compounds having
a structure represented by the general formula (1) are reacted
to form a dimer or a trimer, and the dimer or the trimer is
used as a light-emitting material.

[0052] Examples of the polymer having the repeating unit
containing the structure represented by the general formula
(1) include a polymer containing a structure represented by
the following general formula (9) or (10).
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General Formula (9)

]
Ll RlOl
RIOZ R103
General Formula (10)
Q
l 5
]lf
—€C=?'}n—
R4

[0053] In the general formulae (9) and (10), Q represents
a group containing the structure represented by the general
formula (1), and L' and L? each represent a linking group.
The linking group preferably has from 0 to 20 carbon atoms,
more preferably from 1 to 15 carbon atoms, and further
preferably from 2 to 10 carbon atoms. The linking group
preferably has a structure represented by —X''-L''-
wherein X' represents an oxygen atom or a sulfur atom, and
preferably an oxygen atom, and L represents a linking group,
preferably a substituted or unsubstituted alkylene group or a
substituted or unsubstituted arylene group, and more pref-
erably a substituted or unsubstituted alkylene group having
from 1 to 10 carbon atoms or a substituted or unsubstituted
phenylene group.

[0054] In the general formulae (9) and (10), R'°!, R'*2,
R'™ and R'** each independently represent a substituent,
preferably a substituted or unsubstituted alkyl group having
from 1 to 6 carbon atoms, a substituted or unsubstituted
alkoxy group having from 1 to 6 carbon atoms, or a halogen
atom, more preferably an unsubstituted alkyl group having
from 1 to 3 carbon atoms, an unsubstituted alkoxy group
having from 1 to 3 carbon atoms, a fluorine atom or a
chlorine atom, and further preferably an unsubstituted alkyl
group having from 1 to 3 carbon atoms or an unsubstituted
alkoxy group having from 1 to 3 carbon atoms.

[0055] The linking group represented by L' and L> may be
bonded to any of R R?, R*, and R® of the structure of the
general formula (1), any of R* to R* of the structure of the
general formula (2), any of R*! to R? of the structure of the
general formula (3), any of R** to R*®, R*“, and R*® of the
structure of the general formula (4), any of R* to R*® and
R* of the structure of the general formula (5), any of R™ to
R® of the structure of the general formula (6), any of R% to
R of the structure of the general formula (7), and any of
R to R” of the structure of the general formula (8),
constituting Q. Two or more of the linking groups may be
boded to one group represented by Q to form a crosslinked
structure or a network structure.

[0056] Specific examples of the structure of the repeating
unit include structures represented by the following formu-
lae (11) to (14).
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Formula (11)

o

Formula (12)

Formula (13)

Formula (14)

[0057] The polymer having the repeating unit containing
the structure represented by any of the formulae (11) to (14)
may be synthesized in such a manner that a hydroxyl group
is introduced to any of R*, R?, R?, and R® in the structure
represented by the general formula (1), and the hydroxyl
group as a linker is reacted with the following compound to
introduce a polymerizable group thereto, followed by
polymerizing the polymerizable group.

OH

NN HO\/\
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-continued
(0)38

[0058] The polymer containing the structure represented
by the general formula (1) in the molecule may be a polymer
containing only a repeating unit having the structure repre-
sented by the general formula (1), or a polymer further
containing a repeating unit having another structure. The
repeating unit having the structure represented by the gen-
eral formula (1) contained in the polymer may be only one
kind or two or more kinds. Examples of the repeating unit
that does not have the structure represented by the general
formula (1) include a repeating unit derived from a mono-
mer that is used for ordinary copolymerization. Examples of
the repeating unit include a repeating unit derived from a
monomer having an ethylenic unsaturated bond, such as
ethylene and styrene.

Compound Represented by General Formula (1')

[0059] The compound represented by the general formula
(1) is a novel compound.

General Formula (1)
RY

R% R

RY RY

R¥

[0060] In the general formula (1), RY, R*, and R* each
represent a cyano group, or R', R*, R*, and R® each
represent a cyano group; and the others of R" to R® each
independently represent a group represented by any one of
the following general formulae (2') to (8").

General Formula (2)
Rl 3 RIZ'
Rl4' Rl 1
RIS'
N—LZ—=
Rlﬁ'
Rl'/' RZO'

RIS' Rl9v
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-continued

General Formula (3)

General Formula (4')

R36' R37'

: ) General Formula (5)
R R%

R¥ RY

o

R4 N— 15—

I
z

g

R45 R48’

x

R46’ R47’

i ! General Formula (6')
R53 RSZ

RSI'

=,
ji[

0 N_LIG’_*

RS

(A

RSG R57
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-continued
General Formula (7')
R63' RGZ'
R64' RGI
S N—LT—x
R65 RGS
R66' R67'
General Formula (8')
R73' R72'
0 _LIS’_*
R76' R77'

[0061] In the general formulae (2') to (8), L'* to L¥ each
represent a single bond or a substituted or unsubstituted
arylene group; * represents a position bonded to the benzene
ring in the general formula (1'); and R'" to R**, R*', to R,
R 1o Rss" RSa’, Rsb" R*'to R48" R4a’, R 1o RSS', R 1o
R®, and R”" to R each independently represent a hydro-
gen atom or a substituent, provided that R'" and R'?, R**
and R, R and R™*, R and R™, R'® and R'”, R'” and
R R'® and R, R' and R%, R2" and R??, R?* and R??,
R* and R**, R** and R**, R** and R*%, R*®’, and R*”, R*"'
and R*®, R*" and R*?, R*? and R**, R** and R**, R** and
R3¢, R3*® and R*”, R*” and R*, R3*'and R*, R*!" and R*?,
R* and R*, R* and R*, R* and R*", R*" and R*", R*"'
and R**, R>! and R3%, R®? and R**, R>* and R**, R*' and
R56" R3S and RST, R°7 and RSS', R and R62" R%? and R63"
R and R*, R® and R%®, R®" and R%”, R®” and R%*, R""
and R, R7* and R™, R™ and R™,R™ and R7®, R" and
R””, and R”” and R”® each may be bonded to each other to
form a cyclic structure.

[0062] For the descriptions and the preferred ranges of R*
to R® in the general formula (1'), and L'* to L'®, *, R* to
R2O', R21' to R28" R31' to RSS" R3a” R3b” R41' to R48" R4a”
R to R, R%" to R®, and R™ to R7® of the general
formulae (2') to (8'"), reference may be made to the descrip-
tions of the compound represented by the general formula

2

Synthesis Method of Compound Represented by General
Formula (1')

[0063] The compound represented by the general formula
(1") may be synthesized by combining the known reactions.
For example, a compound represented by the general for-
mula (1", in which R*, R*, and R®" each represent a cyano
group, R*,R*, and R® each represent a group represented by
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the general formula (4), and L'¢ represents a 1,4-phenylene
group, can be synthesized reacting the following two com-
pounds.

CN X

CN X

[0064] In the aforementioned reaction formula, for the
descriptions of R*" to R*' R**, and R**", reference may be
made to the corresponding descriptions in the general for-
mula (1'). X represents a halogen atom, examples of which
include a fluorine atom, a chlorine atom, a bromine atom,
and an iodine atom, and a chlorine atom, a bromine atom,
and an iodine atom are preferred, with a bromine atom being
more preferred.

[0065] The reactions in the aforementioned scheme each
are an application of the known reactions, and the known
reaction conditions may be appropriately selected and used.
For the details of the reactions, reference may be made to the
synthesis examples described later. The compound repre-
sented by the general formula (1') may also be synthesized
by combining the other known synthesis reactions.

Organic Light-Emitting Device

[0066] The compound represented by the general formula
(1) of the invention is useful as a light-emitting material of
an organic light-emitting device. Accordingly, the com-
pound represented by the general formula (1) of the inven-
tion may be effectively used as a light-emitting material in
a light-emitting layer of an organic light-emitting device.
The compound represented by the general formula (1)
includes a delayed fluorescent material emitting delayed
fluorescent light (delayed fluorescence emitter). Thus, the
invention provides an invention relating to a delayed fluo-
rescence emitter having the structure represented by the
general formula (1), an invention relating to the use of the
compound represented by the general formula (1) as the
delayed fluorescence emitter, and an invention relating to a
method for emitting delayed fluorescent light with the
compound represented by the general formula (1). An
organic light-emitting device that uses the compound as a
light-emitting material has features that the device emits
delayed fluorescent light and has a high light emission
efficiency. The principle of the features may be described as
follows for an organic electroluminescent device as an
example.
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[0067] In an organic electroluminescent device, carriers
are injected from an anode and a cathode to a light-emitting
material to form an excited state for the light-emitting
material, with which light is emitted. In the case of a carrier
injection type organic electroluminescent device, in general,
excitons that are excited to the excited singlet state are 25%
of the total excitons generated, and the remaining 75%
thereof are excited to the excited triplet state. Accordingly,
the use of phosphorescence, which is light emission from the
excited triplet state, provides a high energy utilization.
However, the excited triplet state has a long lifetime and thus
causes saturation of the excited state and deactivation of
energy through mutual action with the excitons in the
excited triplet state, and therefore the quantum yield of
phosphorescence may generally be often not high. A delayed
fluorescent material emits fluorescent light through the
mechanism that the energy of excitons transits to the excited
triplet state through intersystem crossing or the like, and
then transits to the excited singlet state through reverse
intersystem crossing due to triplet-triplet annihilation or
absorption of thermal energy, thereby emitting fluorescent
light. It is considered that among the materials, a thermal
activation type delayed fluorescent material emitting light
through absorption of thermal energy is particularly useful
for an organic electroluminescent device. In the case where
a delayed fluorescent material is used in an organic elec-
troluminescent device, the excitons in the excited singlet
state normally emit fluorescent light. On the other hand, the
excitons in the excited triplet state emit fluorescent light
through intersystem crossing to the excited singlet state by
absorbing the heat generated by the device. At this time, the
light emitted through reverse intersystem crossing from the
excited triplet state to the excited singlet state has the same
wavelength as fluorescent light since it is light emission
from the excited singlet state, but has a longer lifetime (light
emission lifetime) than the normal fluorescent light and
phosphorescent light, and thus the light is observed as
fluorescent light that is delayed from the normal fluorescent
light and phosphorescent light. The light may be defined as
delayed fluorescent light. The use of the thermal activation
type exciton transition mechanism may raise the proportion
of the compound in the excited singlet state, which is
generally formed in a proportion only of 25%, to 25% or
more through the absorption of the thermal energy after the
carrier injection. A compound that emits strong fluorescent
light and delayed fluorescent light at a low temperature of
lower than 100° C. undergoes the intersystem crossing from
the excited triplet state to the excited singlet state sufficiently
with the heat of the device, thereby emitting delayed fluo-
rescent light, and thus the use of the compound may dras-
tically enhance the light emission efficiency.

[0068] The compound represented by the general formula
(1) of the invention has a tendency that on forming into a
film as a light-emitting layer, the compound shows good
orientation with respect to the film forming surface. The
excellent orientation of the compound with respect to the
film forming surface provides an advantage that the propa-
gation directions of light emitted by the compound are
aligned to enhance the light extraction efficiency from the
light-emitting layer.

[0069] The use of the compound represented by the gen-
eral formula (1) of the invention as a light-emitting material
of a light-emitting layer may provide an excellent organic
light-emitting device, such as an organic photoluminescent
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device (organic PL device) and an organic electrolumines-
cent device (organic EL device). At this time, the compound
represented by the general formula (1) of the invention may
have a function of assisting light emission of another light-
emitting material contained in the light-emitting layer, i.e.,
as a so-called assist dopant. Specifically, the compound
represented by the general formula (1) of the invention
contained in the light-emitting layer may have a lowest
excited singlet energy level that is between the lowest
excited singlet energy level of the host material contained in
the light-emitting layer and the lowest excited singlet energy
level of the another light-emitting material contained in the
light-emitting layer.

[0070] The organic photoluminescent device has a struc-
ture containing a substrate having formed thereon at least a
light-emitting layer. The organic electroluminescent device
has a structure containing at least an anode, a cathode and an
organic layer formed between the anode and the cathode.
The organic layer contains at least a light-emitting layer, and
may be formed only of a light-emitting layer, or may have
one or more organic layer in addition to the light-emitting
layer. Examples of the organic layer include a hole trans-
porting layer, a hole injection layer, an electron barrier layer,
a hole barrier layer, an electron injection layer, an electron
transporting layer and an exciton barrier layer. The hole
transporting layer may be a hole injection and transporting
layer having a hole injection function, and the electron
transporting layer may be an electron injection and trans-
porting layer having an electron injection function. A spe-
cific structural example of an organic electroluminescent
device is shown in FIG. 1. In FIG. 1, the numeral 1 denotes
a substrate, 2 denotes an anode, 3 denotes a hole injection
layer, 4 denotes a hole transporting layer, 5 denotes a
light-emitting layer, 6 denotes an electron transporting layer,
and 7 denotes a cathode.

[0071] The members and the layers of the organic elec-
troluminescent device will be described below. The descrip-
tions for the substrate and the light-emitting layer may also
be applied to the substrate and the light-emitting layer of the
organic photoluminescent device.

Substrate

[0072] The organic electroluminescent device of the
invention is preferably supported by a substrate. The sub-
strate is not particularly limited and may be those that have
been commonly used in an organic electroluminescent
device, and examples thereof used include those formed of
glass, transparent plastics, quartz and silicon.

Anode

[0073] The anode of the organic electroluminescent device
used is preferably formed of as an electrode material include
a metal, an alloy or an electroconductive compound each
having a large work function (4 eV or more), or a mixture
thereof. Specific examples of the electrode material include
a metal, such as Au, and an electroconductive transparent
material, such as Cul, indium tin oxide (ITO), SnO, and
Zn0. A material that is amorphous and is capable of forming
a ftransparent electroconductive film, such as IDIXO
(In,0,—7n0), may also be used. The anode may be formed
in such a manner that the electrode material is formed into
a thin film by such a method as vapor deposition or sput-
tering, and the film is patterned into a desired pattern by a
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photolithography method, or in the case where the pattern
may not require high accuracy (for example, approximately
100 pm or more), the pattern may be formed with a mask
having a desired shape on vapor deposition or sputtering of
the electrode material. In alternative, in the case where a
material capable of being applied as a coating, such as an
organic electroconductive compound, is used, a wet film
forming method, such as a printing method and a coating
method, may be used. In the case where emitted light is to
be taken out through the anode, the anode preferably has a
transmittance of more than 10%, and the anode preferably
has a sheet resistance of several hundred Ohm per square or
less. The thickness thereof may be generally selected from
a range of from 10 to 1,000 nm, and preferably from 10 to
200 nm, while depending on the material used.

Cathode

[0074] The cathode is preferably formed of as an electrode
material including a metal having a small work function (4
eV or less) (referred to as an electron injection metal), an
alloy or an electroconductive compound, or a mixture
thereof. Specific examples of the electrode material include
sodium, a sodium-potassium alloy, magnesium, lithium, a
magnesium-cupper mixture, a magnesium-silver mixture, a
magnesium-aluminum mixture, a magnesium-indium mix-
ture, an aluminum-aluminum oxide (Al,O;) mixture,
indium, a lithium-aluminum mixture, and a rare earth metal.
Among these, a mixture of an electron injection metal and
a second metal that is a stable metal having a larger work
function than the electron injection metal, for example, a
magnesium-silver mixture, a magnesium-aluminum mix-
ture, a magnesium-indium mixture, an aluminum-aluminum
oxide (AL,O;) mixture, a lithium-aluminum mixture, and
aluminum, are preferred from the standpoint of the electron
injection property and the durability against oxidation and
the like. The cathode may be produced by forming the
electrode material into a thin film by such a method as vapor
deposition or sputtering. The cathode preferably has a sheet
resistance of several hundred Ohm per square or less, and
the thickness thereof may be generally selected from a range
of from 10 nm to 5 pm, and preferably from 50 to 200 nm.
For transmitting the emitted light, any one of the anode and
the cathode of the organic electroluminescent device is
preferably transparent or translucent, thereby enhancing the
light emission luminance.

[0075] The cathode may be formed with the electrocon-
ductive transparent materials described for the anode,
thereby forming a transparent or translucent cathode, and by
applying the cathode, a device having an anode and a
cathode, both of which have transmittance, may be pro-
duced.

Light-Emitting Layer

[0076] The light-emitting layer is a layer, in which holes
and electrons injected from the anode and the cathode,
respectively, are recombined to form excitons, and then the
layer emits light. A light-emitting material may be solely
used as the light-emitting layer, but the light-emitting layer
preferably contains a light-emitting material and a host
material. The light-emitting material used may be one kind
or two or more kinds selected from the group of compounds
represented by the general formula (1) of the invention. In
order that the organic electroluminescent device and the
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organic photoluminescent device of the invention exhibit a
high light emission efficiency, it is important that the singlet
excitons and the triplet excitons generated in the light-
emitting material are confined in the light-emitting material.
Accordingly, a host material is preferably used in addition to
the light-emitting material in the light-emitting layer. The
host material used may be an organic compound that has
excited singlet energy and excited triplet energy, at least one
of which is higher than those of the light-emitting material
of the invention. As a result, the singlet excitons and the
triplet excitons generated in the light-emitting material of
the invention are capable of being confined in the molecules
of the light-emitting material of the invention, thereby
eliciting the light emission efficiency thereof sufficiently.
Even though the singlet excitons and the triplet excitons are
not confined sufficiently, a high light emission efliciency
may be obtained in some cases, and thus a host material that
is capable of achieving a high light emission efliciency may
be used in the invention without any particular limitation. In
the organic light-emitting device and the organic electrolu-
minescent device of the invention, the light emission occurs
in the light-emitting material of the invention contained in
the light-emitting layer. The emitted light contains both
fluorescent light and delayed fluorescent light. However, a
part of the emitted light may contain emitted light from the
host material, or the emitted light may partially contain
emitted light from the host material.

[0077] In the case where the host material is used, the
amount of the compound of the invention as the light-
emitting material contained in the light-emitting layer is
preferably 0.1% by weight or more, and more preferably 1%
by weight or more, and is preferably 50% by weight or less,
more preferably 20% by weight or less, and further prefer-
ably 10% by weight or less. The host material in the
light-emitting layer is preferably an organic compound that
has a hole transporting function and an electron transporting
function, prevents the emitted light from being increased in
wavelength, and has a high glass transition temperature.

Injection Layer

[0078] The injection layer is a layer that is provided
between the electrode and the organic layer, for decreasing
the driving voltage and enhancing the light emission lumi-
nance, and includes a hole injection layer and an electron
injection layer, which may be provided between the anode
and the light-emitting layer or the hole transporting layer
and between the cathode and the light-emitting layer or the
electron transporting layer. The injection layer may be
provided depending on necessity.

Barrier Layer

[0079] The barrier layer is a layer that is capable of
inhibiting charges (electrons or holes) and/or excitons pres-
ent in the light-emitting layer from being diffused outside the
light-emitting layer. The electron barrier layer may be dis-
posed between the light-emitting layer and the hole trans-
porting layer, and inhibits electrons from passing through
the light-emitting layer toward the hole transporting layer.
Similarly, the hole barrier layer may be disposed between
the light-emitting layer and the electron transporting layer,
and inhibits holes from passing through the light-emitting
layer toward the electron transporting layer. The barrier
layer may also be used for inhibiting excitons from being
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diffused outside the light-emitting layer. Thus, the electron
barrier layer and the hole barrier layer each may also have
a function as an exciton barrier layer. The term “the electron
barrier layer” or “the exciton barrier layer” referred herein is
intended to include a layer that has both the functions of an
electron barrier layer and an exciton barrier layer by one
layer.

Hole Barrier Layer

[0080] The hole barrier layer has the function of an
electron transporting layer in a broad sense. The hole barrier
layer has a function of inhibiting holes from reaching the
electron transporting layer while transporting electrons, and
thereby enhances the recombination probability of electrons
and holes in the light-emitting layer. As the material for the
hole barrier layer, the materials for the electron transporting
layer described later may be used depending on necessity.

Electron Barrier Layer

[0081] The electron barrier layer has the function of
transporting holes in abroad sense. The electron barrier layer
has a function of inhibiting electrons from reaching the hole
transporting layer while transporting holes, and thereby
enhances the recombination probability of electrons and
holes in the light-emitting layer.

Exciton Barrier Layer

[0082] The exciton barrier layer is a layer for inhibiting
excitons generated through recombination of holes and
electrons in the light-emitting layer from being diffused to
the charge transporting layer, and the use of the layer
inserted enables effective confinement of excitons in the
light-emitting layer, and thereby enhances the light emission
efficiency of the device. The exciton barrier layer may be
inserted adjacent to the light-emitting layer on any of the
side of the anode and the side of the cathode, and on both the
sides. Specifically, in the case where the exciton barrier layer
is present on the side of the anode, the layer may be inserted
between the hole transporting layer and the light-emitting
layer and adjacent to the light-emitting layer, and in the case
where the layer is inserted on the side of the cathode, the
layer may be inserted between the light-emitting layer and
the cathode and adjacent to the light-emitting layer. Between
the anode and the exciton barrier layer that is adjacent to the
light-emitting layer on the side of the anode, a hole injection
layer, an electron barrier layer and the like may be provided,
and between the cathode and the exciton barrier layer that is
adjacent to the light-emitting layer on the side of the
cathode, an electron injection layer, an electron transporting
layer, a hole barrier layer and the like may be provided. In
the case where the barrier layer is provided, the material
used for the barrier layer preferably has excited singlet
energy and excited triplet energy, at least one of which is
higher than the excited singlet energy and the excited triplet
energy of the light-emitting material, respectively.

Hole Transporting Layer

[0083] The hole transporting layer is formed of a hole
transporting material having a function of transporting
holes, and the hole transporting layer may be provided as a
single layer or plural layers.

[0084] The hole transporting material has one of injection
or transporting property of holes and barrier property of
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electrons, and may be any of an organic material and an
inorganic material. Examples of known hole transporting
materials that may be used herein include a triazole deriva-
tive, an oxadiazole derivative, an imidazole derivative, a
carbazole derivative, an indolocarbazole derivative, a pol-
yarylalkane derivative, a pyrazoline derivative, a pyrazolone
derivative, a phenylenediamine derivative, an arylamine
derivative, an amino-substituted chalcone derivative, an
oxazole derivative, a styrylanthracene derivative, a fluo-
renone derivative, a hydrazone derivative, a stilbene deriva-
tive, a silazane derivative, an aniline copolymer and an
electroconductive polymer oligomer, particularly a thio-
phene oligomer. Among these, a porphyrin compound, an
aromatic tertiary amine compound and a styrylamine com-
pound are preferably used, and an aromatic tertiary amine
compound is more preferably used.

Electron Transporting Layer

[0085] The electron transporting layer is formed of a
material having a function of transporting electrons, and the
electron transporting layer may be provided as a single layer
or plural layers.

[0086] The electron transporting material (which may also
function as a hole barrier material in some cases) needs only
to have a function of transporting electrons, which are
injected from the cathode, to the light-emitting layer.
Examples of'the electron transporting layer that may be used
herein include a nitro-substituted fluorene derivative, a
diphenylquinone derivative, a thiopyran dioxide derivative,
carbodiimide, a fluorenylidene methane derivative, anthra-
quinodimethane and anthrone derivatives, and an oxadiazole
derivative. The electron transporting material used may be a
thiadiazole derivative obtained by replacing the oxygen
atom of the oxadiazole ring of the oxadiazole derivative by
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a sulfur atom, or a quinoxaline derivative having a quinoxa-
line ring, which is known as an electron attracting group.
Furthermore, polymer materials having these materials
introduced to the polymer chain or having these materials
used as the main chain of the polymer may also be used.
[0087] In the production of the organic electroluminescent
device, the compound represented by the general formula (1)
may be used not only in the light-emitting layer but also in
the other layers than the light-emitting layer. In this case, the
compound represented by the general formula (1) used in the
light-emitting layer and the compound represented by the
general formula (1) used in the other layers than the light-
emitting layer may be the same as or different from each
other. For example, the compound represented by the gen-
eral formula (1) may be used in the injection layer, the
barrier layer, the hole barrier layer, the electron barrier layer,
the exciton barrier layer, the hole transporting layer, the
electron transporting layer and the like described above. The
film forming method of the layers are not particularly
limited, and the layers may be produced by any of a dry
process and a wet process.

[0088] Specific examples of preferred materials that may
be used in the organic electroluminescent device are shown
below, but the materials that may be used in the invention are
not construed as being limited to the example compounds.
The compound that is shown as a material having a particu-
lar function may also be used as a material having another
function. In the structural formulae of the example com-
pounds, R and R, to R, each independently represent a
hydrogen atom or a substituent, and n represents an integer
of from 3 to 5.

[0089] Preferred examples of a compound that may also
be used as the host material of the light-emitting layer are
shown below.
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[0090] Preferred examples of a compound that may be
used as the hole injection material are shown below.
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[0091] Preferred examples of a compound that may be
used as the hole transporting material are shown below.
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[0093] Preferred examples of a compound that may be
used as the hole barrier material are shown below.




US 2018/0337347 Al Nov. 22,2018
29

-continued -continued

[0094] Preferred examples of a compound that may be
used as the electron transporting material are shown below.
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[0095] Preferred examples of a compound that may be [0096] Preferred examples of a compound as a material
used as the electron injection material are shown below. that may be added are shown below. For example, the
compound may be added as a stabilizing material.

0]
H
N

H

0]



US 2018/0337347 Al

-continued

z¢©
/

—~

\

o
ee
{0

[0097] The organic electroluminescent device thus pro-
duced by the aforementioned method emits light on appli-
cation of an electric field between the anode and the cathode
of the device. In this case, when the light emission is caused
by the excited singlet energy, light having a wavelength that
corresponds to the energy level thereof may be confirmed as
fluorescent light and delayed fluorescent light. When the
light emission is caused by the excited triplet energy, light
having a wavelength that corresponds to the energy level
thereof may be confirmed as phosphorescent light. The
normal fluorescent light has a shorter light emission lifetime
than the delayed fluorescent light, and thus the light emis-
sion lifetime may be distinguished between the fluorescent
light and the delayed fluorescent light.

[0098] The phosphorescent light may substantially not
observed with a normal organic compound, such as the
compound of the invention, at room temperature since the
excited triplet energy is converted to heat or the like due to
the instability thereof, and is immediately deactivated with
a short lifetime. The excited triplet energy of the normal
organic compound may be measured by observing light
emission under an extremely low temperature condition.
[0099] The organic electroluminescent device of the
invention may be applied to any of a single device, a
structure with plural devices disposed in an array, and a
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structure having anodes and cathodes disposed in an X-Y
matrix. According to the invention, an organic light-emitting
device that is largely improved in light emission efficiency
may be obtained by adding the compound represented by the
general formula (1) in the light-emitting layer. The organic
light-emitting device, such as the organic electroluminescent
device, of the invention may be applied to a further wide
range of purposes. For example, an organic electrolumines-
cent display apparatus may be produced with the organic
electroluminescent device of the invention, and for the
details thereof, reference may be made to S. Tokito, C.
Adachi and H. Murata, “Yuki EL Display” (Organic EL
Display) (Ohmsha, Ltd.). In particular, the organic electrolu-
minescent device of the invention may be applied to organic
electroluminescent illumination and backlight which are
highly demanded.

Example

[0100]
more specifically with reference to synthesis examples and
working examples below. The materials, processes, proce-
dures and the like shown below may be appropriately
modified unless they deviate from the substance of the
invention. Accordingly, the scope of the invention is not
construed as being limited to the specific examples shown
below. The light emission characteristics were evaluated by
using a high-performance UV/Vis/NIR spectrophotometer
(Lambda 950, produced by PerkinElmer, Co., Ltd.), a fluo-
rescence spectrophotometer (FluoroMax-4, produced by
Horiba, Ltd.), an absolute PL quantum yield measurement
system (C11347, produced by Hamamatsu Photonics K.K.),
a source meter (2400 Series, produced by Keithley Instru-
ments Inc.), a semiconductor parameter analyzer (ES273A,
produced by Agilent Technologies, Inc.), an optical power
meter (1930C, produced by Newport Corporation), an opti-
cal spectrometer (USB2000, produced by Ocean Optics,
Inc.), a spectroradiometer (SR-3, produced by Topcon Cor-
poration), and a streak camera (Model C4334, produced by
Hamamatsu Photonics K K.). The molecular orientation was
measured by using an ellipsometer (M-2000, produced by .
A. Woollam Co., Inc.). The optical model construction, the
fitting for minimizing the mean square error between the
optical model and the measured values, and the like were
performed by using WASE32, an analysis software for
ellipsometry data (produced by J. A. Woollam Co., Inc.).
The order parameter S for evaluating the extent of orienta-
tion was defined by the following expression.

The features of the invention will be described

1
Z(3cos?— 1
§=7Bc0s0-1)= ke+2k0

wherein 0 represents the average value of the angle between
the normal line direction of the substrate and the molecule,
and k, and k, represent the extinction coefficients of mol-
ecules having a transition dipole in the horizontal direction
and the normal direction with respect to the substrate,
respectively.
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Synthesis Example 1
Synthesis of Compound 1

(1-1) Synthesis Process of Intermediate 1

[0101]
F
Br. Br
+
F F

Br
O 0 K,CO;,
< > / THEF, H?O
eq. N B
\ 60°
O 0 under N2

Intermediate 1

[0102] 1,3,5-tribromo-2,4,6-trifluorobenzene (0.738 g, 2
mmol), 2-(4-(9H-carbazolyl-9-yl)phenyl-1-y1)-4,4,5,5-te-
tramethyl-1,3,2-dioxaborolane (0.52 g, 1.4 mmol), tetrahy-
drofuran (55 mL), tetrakis(triphenylphosphine) palladium
(Pd(PPh,),, 0.30 g, 0.26 mmol), and 2M K,CO; aq (15 mL)
were placed in a 200 mL three-neck flask, and then deaer-
ated. The solution thus deaerated was heated to 66° C. under
a nitrogen stream, to which a solution containing 1,4-(4-
(9H-carbazolyl-9-yl)phenyl-1-y1)-4,4,5,5-tetramethyl 1,3,2-
dioxaborolane (1.70 g, 4.6 mmol) dissolved in 20 mL of
tetrahydrofuran was added dropwise over 12 hours, and the
solution was agitated for 6 days while retaining the tem-
perature to 66° C. After returning the reaction solution to
room temperature, tetrahydrofuran was removed from the
reaction solution with an evaporator, so as to provide a
precipitate. The precipitate was filtered off, then rinsed with
water, and dried in vacuum. The resulting solid matter was
added to 200 mL of heated dichloromethane to form a
solution, and the solution was filtered and the concentrated.

Nov. 22,2018

n-Hexane was added to the resulting concentrated matter to
deposit white powder, and the white powder (intermediate 1)
thus deposited was filtered off. 1,3,5-(4-(9H-Carbazolyl-9-
yl)phenyl-1-y1)-2,4,6-trifluorobenzene as the intermediate 1
was obtained through the aforementioned process in a yield
amount of 683 mg (0.80 mmol) and a yield of 40%.
[0103] 'H-NMR (500 MHz, CDCL,): 8=7.33 (t, I=7.4 Hz,
6H; ArH), 7.46 (dt, 1 ,,,,=7.6 Hz, I .. =1.0 Hz, 6H; AtH),
7.55 (d, I=8.2 Hz, 6H; ArH), 7.76 (d, ]1=8.4 Hz, 6H; ArH),
7.84 (d, I=8.2 Hz, 6H; ArH), 8.17 (d, I=7.8 Hz, 6H; ArH)
[0104] '°F-NMR (500 MHz, CDCL,): 6=-115.32

(1-2) Synthesis Process of Compound 1
[0105]

OQ

DMSO

under

O

OOQ

pog
Nel
0

Compound 1

[0106] Under a nitrogen stream, the intermediate 1 (1,3,
5-(4-(9H-carbazolyl-9-yl)phenyl-1-y1)-2,4,6-trifluoroben-

zene) (0.86 g, 1.0 mmol) and potassium cyanide (0.85 g, 13
mmol) were placed in a 200 mL three-neck flask, to which
70 mL of dimethylsulfoxide was added, and the solution was
heated to 160° C. under agitation for 1 hour. The reaction
solution was radiationally cooled, to which 450 mL of
dichloromethane and 800 mL of water were added, and the
mixture was separated. 450 mL of dichloromethane was
added to the aqueous layer for extraction, and the resulting
organic layer was combined to the organic layer obtained by
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the previous separation. The organic layer was rinsed with
500 mL of water and 500 mL of a saturated sodium chloride
aqueous solution, and then dried over anhydrous magnesium
sulfate, from which the solvent was removed with an evapo-
rator. The resulting residue was recrystallized from a mixed
solvent of dichloromethane and n-hexane, thereby providing
1,3,5-(4-(9H-carbazolyl-9-yl)phenyl-1-y1)-2.4,6-tricya-
nobenzene in the form of an orange solid matter (compound
1) in a yield amount of 719 mg (0.82 mmol) and a yield of
82%.

[0107] 'H-NMR (500 MHz, CDCL): §=7.35 (di,
1 orino=08 Hz, 1,,.,,=0.7 Hz, 6H; ArH), 7.48 (dt, J,,,,,=7.7
Hz, J,...~1.2 Hz, 6H; ArH), 7.60 (d, ]=8.3 Hz, 6H; ArH),

> “meta

7.91-7.97 (m, 12H; Ad), 8.17 (d, 1=7.8 Hz, 6H; ArH)

[0108]  Anal. Calcd for C,,H,,F,N,: C, 86.28; H, 4.14: N,
9.58%.
[0109] Found: C, 86.35; H, 4.11; N, 9.29%.

Synthesis Example 2
Synthesis of Compound 2

(2-1) Synthesis Process of Intermediate 2

[0110]
F
Br: Br
.
F F
Br

K>CO;,
THF, H,0
—_ =

60° C.
under Ny

N N
‘ | ‘

F F

00

Intermediate 2
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[0111] 1,3,5-tribromo-2,4,6-trifluorobenzene (0.738 g, 2
mmol), 2-(4-(diphenylamino)phenyl-1-y1)-4.4,5,5-tetram-
ethyl-1,3,2-dioxaborolane (0.25 g, 0.7 mmol), tetrahydro-
furan (55 mL), Pd(PPh,), (0.30 g, 0.26 mmol), and 2M
K,CO; aq (15 mL) were placed in a 200 mL three-neck
flask, and then deaerated. The solution thus deaerated was
heated to 66° C. under a nitrogen stream, to which a solution
containing  1,4-(4-(diphenylamino)phenyl-1-y1)-4.4,5,5-te-
tramethyl-1,3,2-dioxaborolane (2.0 g, 5.4 mmol) dissolved
in 20 mL of tetrahydrofuran was added dropwise over 12
hours, and the solution was agitated for 4 days while
retaining the temperature to 66° C. After returning the
reaction solution to room temperature, tetrahydrofuran was
removed from the reaction solution with an evaporator, so as
to provide a precipitate. The precipitate was filtered off, then
rinsed with water, and dried in vacuum. The resulting solid
matter was added to 25 mL of heated dichloromethane to
form a solution, and the solution was filtered and the
concentrated. n-Hexane was added to the resulting concen-
trated matter to deposit white powder, and the white powder
(intermediate 2) thus deposited was filtered off, and rinsed
with methanol. 1,3,5-(4-(diphenylamino)phenyl-1-y1)-2.4,6-
trifluorobenzene as the intermediate 2 was obtained through
the aforementioned process in a yield amount of 577 mg

(0.67 mmol) and a yield of 34%.

[0112] 'H-NMR (500 MHz, CDCL,): 8=7.05 (1, I=7.3 Hz,
6H; Arl), 7.13 (dd, 1,,,,=8.8 Hz, T . =2.0 Hz, 6H; ArL),
7.15 (td, J,,,,,.=7.5 Hz, J ...=1.1 Hz, 12H; ArH), 7.28 (dt,
1, 5.=10Hz,J _ =1.5Hz 12H; ArH), 7.34 (d, J=8.5 Hz,
6H; ArH)

[0113] '’F-NMR (500 MHz, CDCL,): 8=-117.09

(2-2) Synthesis Process of Compound 2

[0114]

OFF 0
9

DMSO
under
Ny

o0
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-continued

: N :
Compound 2

[0115] Under a nitrogen stream, 1,3,5-(4-(diphenylamino)
phenyl-1-y1)-2.4,6-trifluorobenzene (0.86 g, 1.0 mmol) and
potassium cyanide (1.02 g, 16 mmol) were placed in a 200
mL three-neck flask, to which 60 mL of dimethylsulfoxide
was added, and the solution was heated to 160° C. under
agitation for 80 minutes. The reaction solution was radia-
tionally cooled, to which 450 mL of dichloromethane and
450 mL of water were added, and the mixture was separated.
The organic layer was rinsed with 500 mL of water and 500
mL of a saturated sodium chloride aqueous solution, and
then dried over anhydrous magnesium sulfate, from which
the solvent was removed with an evaporator. The resulting
residue was recrystallized from a mixed solvent of dichlo-
romethane and n-hexane, thereby providing 1,3,5-(4-(diphe-
nylamino)phenyl-1-y1)-2,4,6-tricyanobenzene in the form of
an orange solid matter (compound 2) in a yield amount of
875 mg (0.99 mmol) and a yield of 99%.

[0116] 'H-NMR (500 MHz, CDCl,): 8=7.11-7.14 (m,
12H; ArH), 7.21 (d, J=7.6 Hz, 12H; ArH), 7.32 (t, I=7.9 Hz,
12H; ArH), 7.41 (d, J=8.7 Hz, 6H; ArH)

[0117] Anal. Caled for Ci;H,,Ng: C, 85.69; H, 4.79; N,

9.52%.

[0118] Found: C, 85.44; H, 4.74; N, 9.42%.
Comparative Synthesis Example 1

[0119] The intermediate 1 obtained according to the syn-

thesis method of Synthesis Example 1 was designated as a
comparative compound 1.

Comparative Synthesis Example 2

[0120] The intermediate 2 obtained according to the syn-
thesis method of Synthesis Example 2 was designated as a
comparative compound 2.

Example 1

Production and Evaluation of Organic Photoluminescent
Device Using Compound 1

[0121] A toluene solution of the compound 1 was prepared
in a glove box under an Ar atmosphere.
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[0122] On a quartz substrate, the compound 1 was formed
into a thin film having a thickness of 50 nm by a vacuum
vapor deposition method under condition of a vacuum
degree of 4x107* Pa or less, thereby providing an organic
photoluminescent device. Separately, on a quartz substrate,
the compound 1 and mCP were vapor-deposited from sepa-
rate vapor deposition sources by a vacuum vapor deposition
method under condition of a vacuum degree of 4x10™* Pa or
less to form a thin film having a concentration of the
compound 1 of 6.0% by weight and a thickness of 50 nm,
which was designated as an organic photoluminescent
device.

[0123] The organic photoluminescent device having the
thin film containing only the compound 1 was measured for
orientation by an ellipsometric spectroscopy method, and
the orientation angle of the molecule of the compound 1 with
respect to the film forming surface was 16.8°.

[0124] The specimens using the compound 1 were mea-
sured for light emission spectrum with excitation light of
337 nm. FIG. 2 shows the light absorption and emission
spectra of the toluene solution. FIG. 3 shows the light
absorption spectrum of the organic photoluminescent device
having the thin film containing only the compound 1, and
FIG. 4 shows the light emission spectrum thereof. FIG. §
shows the light emission spectrum of the organic photolu-
minescent device having the thin film containing the com-
pound 1 and mCP.

[0125] For the toluene solution, the maximum light emis-
sion wavelength was 487 nm, and the photoluminescence
quantum efficiency was 67.0% in the air and 89.3% after
deaeration. For the organic photoluminescent device having
the thin film containing only the compound 1, the maximum
light emission wavelength was 519 nm, and the photolumi-
nescence quantum efficiency was 85%. For the organic
photoluminescent device having the thin film containing the
compound 1 and mCP, the maximum light emission wave-
length was 493 nm, and the photoluminescence quantum
efficiency was 90%.

[0126] FIG. 6 shows the result of measurement of the
transient decay curve of the toluene solution of the com-
pound 1. The transient decay curve shows the measurement
result of the light emission lifetime obtained by measuring
the process where the light emission intensity is deactivated
on irradiating the compound with excitation light. In ordi-
nary one-component light emission (fluorescent light or
phosphorescent light), the light emission intensity is decays
monoexponentially. This means that the light emission
intensity decays linearly on a graph with the semilogarithm
as the ordinate. In a transient decay curve of the compound
1 shown in FIG. 6, while a linear component (fluorescent
light) was observed in the initial stage of observation, a
component that deviated from the linearity appeared after
several microseconds. The later component is light emission
of the delayed component, and the signal thereof added to
the initial component appears as a long tail curve on the
longer time side. Thus, the measurement of the light emis-
sion lifetime revealed that the compound 1 was a light-
emitting material that contained a delayed component in
addition to a fluorescent component. The light emission
lifetime t of the toluene solution in the air was 7.53 ns. Two
kinds of fluorescent light (prompt fluorescent light and
delayed fluorescent light) were observed in the transient
decay curve of the toluene solution after deaeration, and the
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light emission lifetime T, of the prompt fluorescent light was
13.7 ns, and the light emission lifetime T, of the delayed
fluorescent light was 7.72 ps.

[0127] The organic photoluminescent device having the
thin film containing the compound 1 and mCP was measured
for transient decay curves at temperatures of 300 K, 200 K,
100 K, and 5 K. The results are shown in FIG. 7. FIG. 7
confirmed thermal activation type delayed fluorescent light
with the delayed fluorescent light component that increased
with the temperature rise.

Example 2

Production and Evaluation of Organic Photoluminescent
Device Using Compound 2

[0128] A toluene solution of the compound 2, an organic
photoluminescent device having a thin film containing only
the compound 2, and an organic photoluminescent device
having a thin film containing the compound 2 and mCP were
produced by changing the point that the compound 2 was
used instead of the compound 1.

[0129] The organic photoluminescent device having the
thin film containing only the compound 2 was measured for
orientation by an ellipsometric spectroscopy method, and
the orientation angle of the molecule of the compound 2 with
respect to the film forming surface was 20.4°.

[0130] The specimens using the compound 2 were mea-
sured for light emission spectrum with excitation light of
337 nm. FIG. 8 shows the light absorption and emission
spectra of the toluene solution. FIG. 9 shows the light
absorption spectrum of the organic photoluminescent device
having the thin film containing only the compound 2, and
FIG. 10 shows the light emission spectrum thereof. FIG. 11
shows the light emission spectrum of the organic photolu-
minescent device having the thin film containing the com-
pound 2 and mCP.

[0131] For the toluene solution, the maximum light emis-
sion wavelength was 506 nm, and the photoluminescence
quantum efficiency was 76.5% in the air and 81.5% after
deaeration. For the organic photoluminescent device having
the thin film containing only the compound 2, the maximum
light emission wavelength was 626 nm, and the photolumi-
nescence quantum efficiency was 49%. For the organic
photoluminescent device having the thin film containing the
compound 2 and mCP, the photoluminescence quantum
efficiency was 100%.

[0132] The toluene solution of the compound 2 was mea-
sured for transient decay curves, the light emission lifetime
T in the air was 4.175 ns, and the light emission lifetime T,
after deaeration was 5.412 ns.

[0133] The organic photoluminescent device having the
thin film containing the compound 2 and mCP was measured
for transient decay curves at temperatures of 300 K, 200 K,
100 K, and 5 K. The results are shown in FIG. 12. FIG. 12
confirmed thermal activation type delayed fluorescent light
with the delayed fluorescent light component that increased
with the temperature rise.

Comparative Example 1

Production and Evaluation of Organic Photoluminescent
Device Using Comparative Compound 1

[0134] A dichloromethane solution of the comparative
compound 1 and an organic photoluminescent device having
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a thin film containing only the comparative compound 1
were produced by changing the point that the comparative
compound 1 was used instead of the compound 1.

[0135] For the deaerated dichloromethane solution, the
light emission wavelength peak was 363 nm, and the light
emission quantum efficiency was 48%. The light emission
lifetime t was 4.795 ns, and no delayed component was
observed. For the neat thin film, the light emission wave-
length peak was 381 nm, and the light emission quantum
efficiency was 30%. The light emission lifetime was 4.993
ns, and no delayed component was observed.

Comparative Example 2

Production and Evaluation of Organic Photoluminescent
Device Using Comparative Compound 2

[0136] A toluene solution of the comparative compound 2
and an organic photoluminescent device having a thin film
containing only the comparative compound 2 were produced
by changing the point that the comparative compound 2 was
used instead of the compound 1.

[0137] For the deaerated toluene solution, the light emis-
sion wavelength peak was 395 nm, and the light emission
quantum efficiency was 41%. The light emission lifetime t
was 0.91 ns, and no delayed component was observed. For
the neat thin film, the light emission wavelength peak was
393 nm, and the light emission quantum efficiency was 25%.
The light emission lifetime was 0.807 ns, and no delayed
component was observed.

Example 3

Production and Evaluation of Organic Electroluminescent
Device Using Compound 2

[0138] Thin films were laminated on a glass substrate
having formed thereon an anode formed of indium tin oxide
(ITO) having a thickness of 100 nm, by a vacuum vapor
deposition method at a vacuum degree of 4x10™* Pa. Firstly,
HATCN was formed to a thickness of 10 nm on ITO, and
then TrisPCZ was formed to a thickness of 30 nm thereon.
Subsequently, the compound 2 and mCBP were co-depos-
ited thereon from separate vapor deposition sources to form
a layer having a thickness of 30 nm, which was designated
as a light-emitting layer. At this time, the concentration of
the compound 2 was 6% by weight. T2T was then formed to
a thickness of 10 nm, and BPyTP2 was formed to a thickness
of 30 nm, 40 nm, or 50 nm thereon. Lithium fluoride (LiF)
was further vacuum vapor-deposited to a thickness of 0.8
nm, and then aluminum (Al) was vapor-deposited to a
thickness of 100 nm to form a cathode. Three organic
electroluminescent devices different in thickness of BPyTP2
were produced by the aforementioned process.

[0139] FIG. 13 shows the light emission spectra of the
organic electroluminescent devices thus produced, F1G. 14
shows the voltage-current density-luminance characteristics
thereof, and FIG. 15 shows luminance-external quantum
efficiency-electric power efficiency characteristics thereof.
The organic electroluminescent devices using the compound
2 as a light-emitting material achieved a high external
quantum efficiency of 14.6%. If an ideally balanced organic
electroluminescent device is produced by using a fluorescent
material having a light emission quantum efficiency of
100%, the external quantum efficiency of the fluorescent
light emission may be from 5 to 7.5% assuming that the light
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extraction efficiency is from 20 to 30%. It has been ordi-
narily considered that this value is the theoretical limit value
of an external quantum efficiency of an organic electrolu-
minescent device using a fluorescent material. Accordingly,
the organic electroluminescent devices of the invention
using the compound 2 are considerably excellent in such a
point that a high external quantum efficiency that exceeds
the theoretical limit value is achieved.

Ky
R
N

mCPB
NC CN

N>/_<N

—N
NC / \ CN

NC CN
HATCN

N

QO OO

TrisPCZ
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-continued

INDUSTRIAL APPLICABILITY

[0140] The compound of the invention is useful as a
light-emitting material. Accordingly, the compound of the
invention may be effectively used as a light-emitting mate-
rial of an organic light-emitting device, such as an organic
electroluminescent device. The compound of the invention
includes a compound that emits delayed fluorescent light,
and thus may be capable of providing an organic light-
emitting device having a high light emission efliciency.
Thus, the invention has high industrial applicability.

REFERENCE SIGNS LIST

[0141] 1 substrate

[0142] 2 anode

[0143] 3 hole injection layer
[0144] 4 hole transporting layer
[0145] 5 light-emitting layer

[0146] 6 electron transporting layer
[0147] 7 cathode

1. An organic light-emitting device comprising a com-
pound represented by the following general formula (1):

General Formula (1)
R2 RS
R} RS
R

wherein in the general formula (1), RY, R?, and R’ each
represent a cyano group; and R?, R, and RS each
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independently represent a group represented by any one
of the following general formulae (2) to (8):

Rl3 RIZ
R4 rl
RIS
N—T112—x
R16
Rl7 R20
RIS R19
R22
R23
O R2!
R24
N—LIB—x
RZS
R28

vl N
R3 O R38

R36 R

R R%
R444%;§—R‘”
R¥—N N—L!5—*
R454Q7R48

R RY

General Formula (2)

General Formula (3)

General Formula (4)

General Formula (5)
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-continued

General Formula (6)
R53 RSZ

R54 RSI

o

Q N—LI6—

RSS

A

RSG R57
General Formula (7)
R63 R62

RGI

=
:@i

N—L—x

w

RGS

7

R66 R67
General Formula (8)
R73 R72

0 N—LI8—=
R

R78
R76 77

wherein in the general formulae (2) to (8), L'* to L'® each
represent a single bond or a substituted or unsubstituted
arylene group; * represents a position bonded to the
benzene ring in the general formula (1); and R' to R*°,
R2! to R23, R3! to R3%, R, R3b, R*! to R*, R*, RS
to R*®, R® to R, and R”* to R”® each independently
represent a hydrogen atom or a substituent, provided
that R'* and R'?, R'? and R*?, R*® and R*, R** and
R!5, R and R'7, RY” and R'®, R'® and R*®, R*® and
R?*°, R*! and R*, R** and R*, R** and R**, R** and
R?%, R and R?%, R?® and R?’, R*7 and R?%, R*! and
R*?, R* and R*, R* and R**, R*® and R*®, R* and
R¥, R*" and R**, R** and R**, R* and R*%, R* and
R*, R* and R*, R* and R*’, R*® and R¥, R*” and
R*®, R3! and R*, R* and R*, R*? and R*, R*® and
R>%, R*® and R>7, R*7 and R*%, R® and R%, R® and
R%, R and R*, R and R°’, R and R®7, R®” and R,
R7'and R72, R”?and R7*, R7* and R7, R” and R7®, R
and R”7, and R”” and R”® each may be bonded to each
other to form a cyclic structure.

2. The organic light-emitting device according to claim 1,

wherein in the general formula (1), R R* and R® each
represent a group represented by the general formula (2).
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3. The organic light-emitting device according to claim 1,
wherein in the general formula (1), R% R* and R® each
represent a group represented by the general formula (3).

4. The organic light-emitting device according to claim 1,
wherein in the general formula (1), R% R*, and R® each
represent a group represented by the general formula (4).

5. The organic light-emitting device according to claim 1,
wherein in the general formula (1), R% R*, and R each
represent a group represented by the general formula (5).

6. The organic light-emitting device according to claim 1,
wherein in the general formula (1), R?, R* and R® each
represent a group represented by the general formula (6).

7. The organic light-emitting device according to claim 1,
wherein in the general formula (1), R R*, and R°® each
represent a group represented by the general formula (7).

8. The organic light-emitting device according to claim 1,
wherein in the general formula (1), R% R*, and R each
represent a group represented by the general formula (8).

9. The organic light-emitting device according to claim 1,
wherein in the general formula (1), part of R*, R*, and R®
have different structures.

10. The organic light-emitting device according to claim
1, wherein in the general formula (1), all of R% R*, and R®
have different structures.

11. The organic light-emitting device according to claim
1, wherein in the general formulae (2) to (8), R'! to R*°, R*!
to RZS, R o ng, RSa: R3b: R* 1o R48’ R4a, R0 RSS’ RO
to R%, and R7* to R”® are a hydrogen atom.

12. The organic light-emitting device according to claim
1, wherein in the general formulae (2) to (8), none of R'' and
R'%2,R"?andR",R"*andR*,R"*and R*>, R*° and R"7, R"’
andR'®, R*"®and R'?, R*® and R*°, R*! and R**, R*?and R%,
R>*and R**, R** and R*, R*® and R*%, R?® and R*”, R*” and
R?® R*'and R*? R*?and R** R*? and R**, R*® and R*®, R*®
and R*7, R¥ and R*®, R* and R**, R* and R**, R*? and R*,
R**and R*, R* and R*® R**and R*”, R* and R* R>' and
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R52, R and R53, R and R54, R and R56’ R and R57, R
and R’8, RO and R%2, R%2 and R%, R% and R%*, R% and R,
R% and R, R®” and R®*®, R” and R7%, R”?> and R73, R7 and
R™ R and R7%, R7 and R”", and R7” and R”® are bonded
to each other to form a cyclic structure.

13. The organic light-emitting device according to claim
1, wherein the compound represented by the general formula
(1) has a rotationally symmetric structure.

14. The organic light-emitting device according to claim
1, wherein the compound represented by the general formula
(1) has a molecular weight of 800 or less.

15. The organic light-emitting device according to claim
1, comprising the compound represented by the general
formula (1) and a host material in a light-emitting layer.

16. The organic light-emitting device according to claim
1, comprising the compound represented by the general
formula (1), a light-emitting material and a host material in
a light-emitting layer.

17. The organic light-emitting device according to claim
16, wherein the compound represented by the general for-
mula (1) has a lowest excited singlet energy level that is
between the lowest excited singlet energy level of the host
material and the lowest excited singlet energy level of the
light-emitting material.

18. The organic light-emitting device according to claim
15, wherein the compound represented by the general for-
mula (1) is contained in the light-emitting layer in an amount
of 20% by weight or less.

19. The organic light-emitting device according to claim
1, wherein the organic light-emitting device emits delayed
fluorescent light.

20. The organic light-emitting device according to claim
1, wherein the organic light-emitting device is an organic
electroluminescent device.

I S T T



RE(EFR)AGE)
HAT R E(ZFRR)AGE)

FRI& B A

EHA

LR

S\EReERE

E()

BRME, BYEKBRGEANLED

US20180337347A1 NI (»&E)B
US16/040756 RiEH
KYULUX , INC.

KYULUX , INC.

TANEDA MASATSUGU

SHIZU KATSUYUKI
TANAKA HIROYUKI
NODA HIROKI
NAKANOTANI HAJIME
ADACHI CHIHAYA

TANEDA, MASATSUGU
SHIZU, KATSUYUKI
TANAKA, HIROYUKI
NODA, HIROKI
NAKANOTANI, HAJIME
ADACHI, CHIHAYA

HO1L51/00 C07D209/86 C09K11/06 C07C255/58 HO1L51/50

patsnap

2018-11-22

2018-07-20

C09K2211/1033 C07C255/58 C09K2211/1014 CO9K2211/1044 CO9K11/06 HO1L51/0059 C07D209/86
HO1L51/5012 C09K2211/1007 C09K2211/1037 CO09K2211/1029 HO1L51/0072

2014037719 2014-02-28 JP
15/121461 2016-08-25 US
PCT/JP2015/055314 2015-02-25 WO

Espacenet USPTO

HBER (1) XRTNILEWITAELXMR., R1 ,R3AR5 FERE
FE HR1 ,R2 ,R4 ,R5BFHRKREE, R1ER6NEMEZTAR

THTIERX (4) PHE-IRTIVERAS,

R2


https://share-analytics.zhihuiya.com/view/a3965260-0a6e-48e4-8dd3-5e348c29bc70
https://worldwide.espacenet.com/patent/search/family/054009032/publication/US2018337347A1?q=US2018337347A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220180337347%22.PGNR.&OS=DN/20180337347&RS=DN/20180337347

