US 20190348611A1
ao) United States

12 Patent Application Publication o) Pub. No.: US 2019/0348611 A1

GENG et al, 43) Pub. Date: Nov. 14, 2019
(54) LIGHT-EMITTING MATERIAL, COMPOUND, Publication Classification
AND ORGANIC LIGHT-EMITTING (51) Int.CL
ELEMENT HOIL 51/00 (2006.01)
COIK 11/06 (2006.01)
(71) Applicants: KYUSHU UNIVERSITY, C09K 11/02 (2006.01)
NATIONAL UNIVERSITY CO7D 401/10 (2006.01)
CORPORATION, Fukuoka-shi, C07D 251724 (2006.01)
Fukuoka (JP); KYULUX, INC., (52) US. CL
Fukuoka-shi, Fukuoka (JP) CPC ......... HOIL 51/0067 (2013.01); CO9K 11/06
(2013.01); CO9K 11/02 (2013.01); CO7D
(72) Inventors: Yan GENG, Fukuoka-shi, Fukuoka 401/10 (2013.01); HOIL 51/5012 (2013.01);
(JP); Chihaya ADACHI, Fukuoka-shi, CO7D 251724 (2013.01); HOIL 51/0061
Fukuoka (JP); Hajime (2013.01); CO9K 2211/1022 (2013.01); CO9K
NAKANOTANI, Fukuoka-shi, Fukuoka 2211/1007 (2013.01); HOIL 51/0072 (2013.01)
(JP); Naoto NOTSUKA, Fukuoka-shi, (57) ABSTRACT

Fukuoka (JP); Keiro NASU,

. A compound represented by the following general formula
Fukuoka-shi, Fukuoka (JP)

is excellent in light emission properties. R' and R? each
independently represent a fluorinated alkyl group, D repre-
sents a substituent in which Hammett’s o, value is negative,
and A represents a substituent in which Hammett’s o, value
is positive.

(21) Appl. No.:  16/471,231

(22) PCT Filed: Dec. 21, 2017

(86) PCT No.: PCT/IP2017/046017
§ 371 (o)D), i
(2) Date: Jun. 20, 2019 D—C— A
[
(30) Foreign Application Priority Data R?
Dec. 21,2016 (JP) oo 2016-247496
B R R L ] o0
R RN ENE RSN
G ]
L e £ a8 "nA ¢

T

¥

T
1
i 4%
¥
’




US 2019/0348611 A1

Nov. 14,2019 Sheet 1 of 13

Patent Application Publication

FIG. 1

L
i

e 4

L MILER 100 901 08 )

(en'we 207 00 )

190 00 08 904 90 ) L MOC 0L 94 108 SOLIBE 10X EIR 1L S0 190 3

HHHH
HiiHH
1igt
£l dgly
HL
HHH
M
HHH
Gl
Elyighy
HHLH
HHHH
i
Iylstyd
MYy
i piyegl
folduly
HHHH
.nn 1”|”
i
HiH
balalyd
HM N
(- lv:ll
o H
Ry IZ))
N
M}
HHHH
XA g SRy
[
HHHH

1

P




M (Wu) yrsus|anepy
z 008 00p 00¢
> fH T .
¢0
- AN e\ %@%
z ! NOILNIOS 1 !
; /INVXIHOT0AD
E - N W T1ONGS ’ 70
2 mN/ NOLLN10S | [
< 3 W4 3TONIS N0A0d0THO
& o
£ NOLLNTOS WHO4OHOTHO
2 NOLLNT0S ININTOL
£
m / N
b= e i0
.m I GNAOJN0D NOLLNTIOS INVXIHOTOAD %Mﬁ%m
-«
5 ¢ 'O
=

(PazieuLioN) ‘sqy



US 2019/0348611 A1

Nov. 14,2019 Sheet 3 of 13

Patent Application Publication

(su) awi]
01 x 01 0l x 08 0L X 09 0L X 0% 01 x 0 00
b _— . ey i i 0l
| P NOLLNT0S -
. INVXIHOTOAD
. NlOF M....
3
<
! F
; 3
W4 3TONIS : 1
, - 0l &
NOLLNTOS WHO40HOTHO ]
/
NOLLNTOS 3ININTOL ”
[ GNNOJWGD
=~ 0l
¢ 'Ol



US 2019/0348611 A1

Nov. 14,2019 Sheet 4 of 13

Patent Application Publication

(pazijewiop) w3

(WU} Yi8usenp

00t
i

008 0L 009 00

Wl
/ JTONIS

00
] NOLLN10S
" ~WHO40HO0THO

¢0

v0 »
=
/ g
NOLLNT0S WYO40H0THO g0 B
i

80

" - 01

¢ ONAOJINOD NOLLN10S
| /7 INVYXIHOTOAD
NOLLNTOS INVXIHOTOAD NOLLNT0S ININT0L

y Ol



Patent Application Publication Nov. 14,2019 Sheet 5 of 13 US 2019/0348611 A1

10000

COMPOUND 2

8000

SINGLE FILM

6000

CHLOROFORM SOLUTION

Time (ns)

4000

FIG. 5

NN
0

T CYCLOHEXANE

TOLUENE
SOLUTION
SOLUTION

-

o
'&rﬂﬂil R | Ellllll L .3 l;l!l:l LI S !!!Ri! L + 8
S e T
=

pewes

10000
1000

(pozijewrioN) Ayousu]



(wWu) Yyysusjarep)

008 008

US 2019/0348611 A1

_ e e M 3
] WA FTONIS LY

§ ¥
- \& N w

NOLLTIOS MOdoNOTHO |, | |

Nov. 14,2019 Sheet 6 of 13
(pazijeulioN) W3

& ONAOJWNOD NOLLN1IOS ININIOL~ -

NOLLNTO0S INVXIHOTOAD 5\

wﬂ % L \W m

S i an
fnn. .% \&n...". it

1

9 "OH

Patent Application Publication

NOLLA10S mwzmn.mOH

00
NOLLATOS
- INVXIHOTOAD
- 70 W4 TIONIS
.
-z
- 00 W
I
g0
NOLLOTIOS

L WHO-H0MOTHD
- 01



Patent Application Publication Nov. 14,2019 Sheet 7 of 13 US 2019/0348611 A1

[em]
(o]
[
O
i =
g -
) — L
g S 4
= = O o
o) 2 = S
O 5‘(/) D
077
=
o
O
S
wa S
OE S
—d = [{w]
= O ‘@
N © . = = £
. D Tt (B}
O L a £
T <C < %) -
O <
we = S
- Ll <t
L0 Ry )
._lo 3
ggoo O
O ’-_

2000

Illl!!! 1 L I!ll!ll L] L] Il!l!ll L) L] o

e e o

o <

0
1E-3

(pazijeusioN) Ayouaiu]



(W) yy3usjenep
008 00L 009 omm 00 owm

NOLLNIOS
. 3ANVX3HOTOAD

US 2019/0348611 A1

3 | &
s 5 NUFTIONS ? il
S w 4 3 M ﬁﬂ o
¥ B NOLLNIOS WHOJ0HOTHD Jf N N S
= @ | : ' £
£ 2 ,f S
Vo m w //{
M NOILNTOS
/ f WHO40d0THO
Y ,ﬁm N
.r/q\\ i \\

7 NNOANOY NOLLATOS ININTI0L

/

NOLLNTOS 3NYX3HOTOAD ™ NOILATOS 3NINTOL
8 "Old

Patent Application Publication



Patent Application Publication Nov. 14,2019 Sheet 9 of 13 US 2019/0348611 A1

FIG. 9

COMPOUND 4

:

L CHLOROFORM SOLUTION
'y

LY

Intencity (Normalized)

Rt i
B
e S -
¥3 2
3

10 60 x10° 80 x10° 10 x 10°

Time (ns)



Nov. 14,2019 Sheet 10 of 13  US 2019/0348611 A1

Patent Application Publication

FIG. 10

COMPOUND 5

TOLUENE
SOLUTION SINGLE FILM
! /&f —_——

CHLOROFORM SOLUTION

AN
! H
§ CS'% < % %
U N ./
y O
3 L

—y
[
t
vl
o~
o
G
Mﬂ/ d
- *.“'cw’\f
oy
e

0.8~
5 N A
Q ! { H P
N 1 / Y B
! 3 K
€ 06- / ! HAY %
O i § Py kY y
= i i P4 % %
S J f‘ i H ‘% ‘52' %
- § ; § p
-2 / ] 4 Y \
8 04 " i ! 1 Y %
& g H ('S,‘ %
Lid ! { H kY %
5{ f ! \a {\‘f\
H
0 2 ~ e } }; ! \\ \\"-
v 7 g 11"‘-‘-.\ "-,,{ . .
‘ '\, ™ &N
\,\W ",
i P o - .
o, ;

t 1 t ¥ A _—
500 550 600 650

Wavelength (nm)

o it
K]

0.0 e, ,
400 450




(su) swi
omom 0

US 2019/0348611 A1

(NOLLYYIVIQ Y3 L4Y)

NOLLNTOS AN3NTOoL J\\
L

e e
wﬁ%ﬁ“o?:._cm m_z.u._:.._o.r

" A
,ij NOLLN10S /™ 11}
W Y, WNYOJOMOTHO i} |

(NOLLVY3V3A ¥314V) NOILNTOS WHO4040THO %,

e

Nov. 14,2019 Sheet 11 of 13

(‘n'e) Ayousiu]

2
IIIII' |

0001

G ANNOdWOD

E!l&ﬁ!! E]

0000}
L1 Ol

Patent Application Publication



Patent Application Publication

Nov. 14,2019 Sheet 12 of 13

(pazijeusiop) w

US 2019/0348611 A1

COMPOUND 6

SINGLE FILM

FIG. 12

~~~~~~~

A

~ TOLUENE SOLUTION
TOLUENE
SOLUTION

{ SINGLE FILM

!

700

Wavelength (nm)

|
400

|
300

(PAZi[eULION) 'SqY



Patent Application Publication Nov. 14,2019 Sheet 13 of 13  US 2019/0348611 A1

FIG. 13
10000+
i 4 COMPOUND 6

” PP

W TOLUENE SOLUTION
%~/ TOLUENE SOLUTION (AFTER DEAERATION)

&
AV
i £

Intencity (a.u.)
=
H

200 400
Time (ns)

FIG. 14

Intencity (a.u.)
o
[an ]

400 500 600 700
Wavelength (nm)



US 2019/0348611 Al

LIGHT-EMITTING MATERIAL, COMPOUND,
AND ORGANIC LIGHT-EMITTING
ELEMENT

TECHNICAL FIELD

[0001] The present invention relates to a compound useful
as a light-emitting material and an organic light-emitting
element using thereof.

BACKGROUND ART

[0002] Studies for enhancing light emission efficiency of
an organic light-emitting element such as an organic elec-
troluminescence element (organic EL, element) has been
actively performed. In particular, as a result of energetically
proceeding examination of a molecular structure focused on
charge movement or energy state in molecule with respect to
an organic compound as a light-emitting material, several
compound groups capable of obtaining high light emission
efficiency were found.

[0003] For example, as such a compound group, a com-
pound group having a structure in which a donor group and
an acceptor group are linked to each other is proposed. If the
compound having this structure comes to an excited state
due to rebonding energy of a carrier supplied from each
electrode of the organic electroluminescence element, elec-
trons move from the donor group to the acceptor group.
After that, the compound that has come to the excited state
1s deactivated while emitting light, and at the same time, the
electrons that have moved to the acceptor group return to the
acceptor group. In this manner, the compound included in
the compound group has a property in which electrons come
and go between the donor group and the acceptor group
depending on the energy state, and changes the chemical
structure or the disposition of the donor group or the
acceptor group, and thus it is possible to control various
energy levels. With this, it is possible to remarkably improve
light emission efficiency (NPL 1).

CITATION LIST

Non-Patent Literature

[0004] [NPL 1] Nature 492, 234-238
SUMMARY OF INVENTION
Technical Problem
[0005] The present inventors evaluated light emission

properties of various compounds having a structure in which
a donor group and an acceptor group are linked to each
other, and clearly checked that the compounds have a
common advantage of realizing a unique energy state that
cannot be obtained by either of the donor group or the
acceptor group. However, it was found that the light emis-
sion properties significantly vary by the structure of a
linking portion that links the donor group and the acceptor
group, and thus it is not necessarily possible to provide a
favorable light-emitting material simply by linking the
donor group and the acceptor group.

[0006] With this, the present inventors proceeded inten-
sive studies for the purpose of obtaining a general formula
of a compound excellent in light emission properties by
having a donor group and an acceptor group and general-
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izing a structure of an organic light-emitting element with
high light emission efficiency.

Solution to Problem

[0007] As a result of proceeding intensive studies, the
present inventors found that if a linking group having a
specific structure is employed as a linking group of linking
the donor group and the acceptor group, excellent light
emission properties are exhibited. Here, it was found that the
compound having a structure in which the donor group and
the acceptor group are linked by the specific linking group
is a useful compound of emitting delayed fluorescence. In
addition, the present inventors obtained a founding that it is
possible to provide an organic light-emitting element with
high light emission efficiency by using such a compound in
a light-emitting material. The present invention has been
proposed based on the founding and specifically has the
following structure.

[0008] [1] Alight-emitting material including a compound
represented by the following general formula (1).

General formula (1)

[0009] In the general formula (1), R' and R* each inde-
pendently represent a fluorinated alkyl group, D represents
a substituent in which Hammett’s o, value is negative, and
A represents a substituent in which Hammett’s o, value is
positive.

[0010] [2] The light-emitting material according to [1], in
which R' and R* each independently represent a perfluoro-
alkyl group.

[0011] [3] The light-emitting material according to [1] or
[2], in which R' and R* each independently have any of 1 to
3 carbon atoms.

[0012] [4] The light-emitting material according to any
one of [1] to [3], in which D has a substituted or non-
substituted diarylamino structure.

[0013] [5] The light-emitting material according to [4], in
which D is an aryl group substituted with a substituted or
non-substituted diarylamino group.

[0014] [6] The light-emitting material according to any
one of [1] to [5], in which A includes a substituted or
non-substituted heteroaryl group.

[0015] [7] The light-emitting material according to [6], in
which A is an aryl group substituted with a substituted or
non-substituted heteroaryl group.

[0016] [8] A host material including a compound repre-
sented by the general formula (1).

[0017] [9] A positive hole blocking material including a
compound represented by the general formula (1).

[0018] [10] An electron blocking material including a
compound represented by the general formula (1).

[0019] [11] A compound represented by the general for-
mula (1).
[0020] [12] A delayed fluorescent body having a structure

represented by the general formula (1).
[0021] [13] An organic light-emitting element including a
compound represented by the general formula (1).
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[0022] [14] The organic light-emitting element according
to [13], having a light-emitting layer including the com-
pound.

[0023] [15] The organic light-emitting element according
to [14], in which a content of the compound in the light-
emitting layer is less than 50% by weight, and the light-
emitting layer includes a host material in addition to the
compound.

[0024] [16] The organic light-emitting element according
to [14], in which a content of the compound in the light-
emitting layer is equal to or more than 50% by weight, and
the light-emitting layer includes a light-emitting material in
addition to the compound.

[0025] [17] The organic light-emitting element according
to any one of [13] to [16], in which an anode, a plurality of
organic layers including a light-emitting layer, and a cathode
are stacked in order, and the compound is included in a layer
in contact with a cathode side of the light-emitting layer.
[0026] [18] The organic light-emitting element according
to any one of [13] to [16], in which the anode, the plurality
of organic layers including a light-emitting layer, and the
cathode are stacked in order, and the compound is included
in a layer in contact with an anode side of the light-emitting
layer.

[0027] [19] The organic light-emitting element according
to any one of [13] to [18], emitting delayed fluorescence.

Advantageous Effects of Invention

[0028] The compound of the present invention has an
electron-donating group and an electron-attracting group,
and exhibits excellent light emission properties. For this
reason, the compound of the present invention is useful as a
light-emitting material. In addition, the compound of the
present invention includes a material emitting delayed fluo-
rescence. The organic light-emitting element using the com-
pound of the present invention as a light-emitting material
realizes high light emission efficiency.

BRIEF DESCRIPTION OF DRAWINGS

[0029] FIG. 1 is a schematic sectional view illustrating a
layer configuration example of an organic electrolumines-
cence element.

[0030] FIG. 2 illustrates light emission spectrums and
absorption spectrums of a toluene solution, a chloroform
solution, a cyclohexane solution, and a single film of a
compound 1.

[0031] FIG. 3 illustrates excess attenuation curves of light
emission of the toluene solution, the chloroform solution,
the cyclohexane solution, and the single film of the com-
pound 1.

[0032] FIG. 4 illustrates light emission spectrums and
absorption spectrums of a toluene solution, a chloroform
solution, a cyclohexane solution, and a single film of a
compound 2.

[0033] FIG. 5 illustrates excess attenuation curves of light
emission of the toluene solution, the chloroform solution,
the cyclohexane solution, and the single film of the com-
pound 2.

[0034] FIG. 6 illustrates light emission spectrums and
absorption spectrums of a toluene solution, a chloroform
solution, a cyclohexane solution, and a single film of a
compound 3.
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[0035] FIG. 7 illustrates excess attenuation curves of light
emission of the toluene solution, the chloroform solution,
the cyclohexane solution, and the single film of the com-
pound 3.

[0036] FIG. 8 illustrates light emission spectrums and
absorption spectrums of a toluene solution, a chloroform
solution, a cyclohexane solution, and a single film of a
compound 4.

[0037] FIG. 9 illustrates excess attenuation curves of light
emission of the toluene solution, the chloroform solution,
the cyclohexane solution, and the single film of the com-
pound 4.

[0038] FIG. 10 illustrates light emission spectrums of a
toluene solution, a chloroform solution, a cyclohexane solu-
tion, and a single film of a compound 5.

[0039] FIG. 11 illustrates excess attenuation curves of
light emission of the toluene solution and the chloroform
solution of the compound 5 and excess attenuation curves of
light emission after degassing of the toluene solution and the
chloroform solution of the compound 5.

[0040] FIG. 12 illustrates light emission spectrums of a
toluene solution and a single film of a compound 6.

[0041] FIG. 13 illustrates an excess attenuation curve of
light emission before and after degassing of the toluene
solution of the compound 6.

[0042] FIG. 14 illustrates a light emission spectrum of an
organic electroluminescence element using the compound 6.

DESCRIPTION OF EMBODIMENTS

[0043] Hereinafter, the present invention will be described
in detail. Explanation of constituent conditions to be
described is based on representative embodiments or spe-
cific examples of the present invention, but the present
invention is not limited to the embodiments or the specific
examples. A numerical value range represented by using
“to” in the present specification means a range including a
numerical value described before and after the “to” as a
lower limit value or an upper limit value. In addition, the
kind of isotopes of a hydrogen atom present in molecule of
a compound used in the present invention is not particularly
limited. For example, all of the hydrogen atoms in molecule
may be ‘H, or a part or the entirety may be “H (deuterium
D).

[0044] [Compound Represented by General Formula (1)]
[0045] A light-emitting material of the present invention
includes a compound represented by the following general
formula (1).

General formula (1)

[0046] In the general formula (1), R' and R* each inde-
pendently represent a fluorinated alkyl group. The “fluori-
nated alkyl group” in the present invention refers to a group
having a structure in which at least one of hydrogen atoms
of the alkyl group is substituted with a fluorine atom. The
fluorinated alkyl groups represented by R' and R* may be
perfluoroalkyl groups in which all hydrogen atoms of the
alkyl group are substituted with fluorine atoms, or may be
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partially fluorinated alkyl groups in which only a part of
hydrogen atoms of the alkyl group is substituted with
fluorine atoms. Among these, the fluorinated alkyl group is
preferably a perfluoroalkyl group. The fluorinated alkyl
group preferably has any of 1 to 20 carbon atoms, more
preferably has any of 1 to 10 carbon atoms, further more
preferably has any of 1 to 5 carbon atoms, and particularly
preferably has any of 1 to 3 carbon atoms. When the
fluorinated alkyl group has equal to or more than 3 carbon
atoms, the fluorinated alkyl group may be straight-chain, or
may be branched. The fluorinated alkyl groups represented
by R' and R*> may be the same as each other, or may be
different from each other. As an example of a case where the
fluorinated alkyl groups represented by R* and R* are dif-
ferent from each other, a case where the number of carbon
atoms or fluorine atoms is different, a case where the
fluorinated alkyl groups are straight-chain or branched, a
case where the number of branches or the position of
branches in the branched fluorinated alkyl groups are dif-
ferent, and the like can be exemplified.

[0047] D represents a substituent in which Hammett’s o,
value is negative, and A represents a substituent in which
Hammett’s o, value is positive. Here, the “Hammett’s o,
value” is a value proposed by L. P. Hammett, and influence
of the substituent on a reaction rate or equilibrium of a
para-substituted benzene derivative is quantified. Specifi-
cally, the value is a constant (0,,) specific to a substituent in
the following formula: log (kk,)=pa, or log (K/K)=pa,,
between a substituent and a reaction rate constant or equi-
librium constant in the para-substituted benzene derivative.
In the above formula, k represents a rate constant of a
benzene derivative having no substituent, k, represents a
rate constant of a benzene derivative substituted with a
substituent, K represents an equilibrium constant of a ben-
zene derivative having no substituent, K, represents an
equilibrium constant of a benzene derivative substituted
with a substituent, and p represents a reaction constant
determined by the kind and the condition of reaction.
Regarding explanation related to the “Hammett’s o, value”
in the present invention and a numerical value of each
substituent, description related to the o, value of Hansch, C.
et. Al,, Chem. Rev., 91, 165-195 (1991) can be referred to.
There is a tendency that a substituent in which Hammett’s o
value is negative exhibits electron-donating properties (do-
not propetties), and a substituent in which Hammett’s o,
value is positive exhibits electron-attracting properties (ac-
ceptor properties). In the following explanation, “Ham-
mett’s o, value being negative” refers to “electron-donating
properties”; and “Hammett’s o, value being positive” refers
to “electron-attracting properties”.

[0048] As the substituent in which Hammett’c, value
represented by D is negative, an electron-donating substitu-
ent bonded by a hetero atom selected from the group
consisting of a nitrogen atom, an oxygen atom, a sulfur
atom, a silicon atom, and a phosphorus atom, or an aryl
group exhibiting electron-donating properties is preferably
employed. The aryl group exhibiting electron-donating
properties is generally a substituted aryl group, and is
preferably an aryl group substituted with an electron-donat-
ing substituent bonded by a hetero atom selected from the
group consisting of a nitrogen atom, an oxygen atom, a
sulfur atom, a silicon atom, and a phosphorus atom. In
addition, the substituent in which Hammett’s up value
represented by D is negative preferably has a substituted or
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non-substituted diarylamino structure, and is more prefer-
ably an aryl group substituted with a substituted or non-
substituted diarylamino group. Here, the “diarylamino struc-
ture” means both of a heteroaromatic ring structure forming
a heterocyclic ring by linking a diarylamino group and an
aryl group of the diarylamino group by a single bond and a
heteroaromatic ring structure forming a heterocyclic ring by
linking a diarylamino group and an aryl group of the
diarylamino group by a linking group. An aromatic ring
constituting each aryl group having a diarylamino structure
and an aromatic ring constituting each aryl group (each aryl
group of diarylamino group and aryl group substituted with
diarylamino group) of the aryl group substituted with the
diarylamino group may be a single ring, may be a condensed
ring obtained by condensing two or more aromatic rings, or
may be a linking ring obtained by linking two or more
aromatic rings. In a case where two or more aromatic rings
are linked, the aromatic rings may be linked in a straight-
chain shape, or may be linked in a branched shape. The
aromatic ring constituting the diarylamino structure and
each aryl group of the aryl groups substituted with a diary-
lamino group preferably has 6 to 22 carbon atoms, more
preferably has 6 to 18 carbon atoms, further more preferably
has 6 to 14 carbon atoms, and even further more preferably
has 6 to 10 carbon atoms. As a specific example of the each
aryl group, a phenyl group, a naphthyl group, and a biphenyl
group can be exemplified. Regarding explanation and a
preferable range of the diarylamino structure and the sub-
stituent in a case where the aryl group substituted with a
diarylamino group has a substituent, explanation and a
preferable range of a substituent group represented by the
following R** to R* can be referred to. Regarding expla-
nation and a preferable range of a linking group linking aryl
groups in a case where the diarylamino structure is the
heteroaromatic ring structure, explanation and a preferable
range of a linking group in a case of forming a linking group
obtained by bonding R'* and R'® of the following general
formula (2) with each other can be referred to.

[0049] The substituent in which Hammett’s o, value rep-
resented by D is preferably an electron-donating group
represented by the following general formula (2).

General formula (2)

s R2
Rl RU
RIS Ne—] 12—
RIG
Rl R
RIS RI

[0050] In the general formula (2), R' to R* each inde-
pendently represent a hydrogen atom or a substituent. The
number of the substituents is not limited, and all of R'' to
R* may be non-substituent (that is, hydrogen atom). In a
case where two or more of R! to R?° are substituents, a
plurality of the substituents may be the same or different.
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[0051] Examples of the substituent represented by R** to
R*°include a hydroxy group, a halogen atom, an alkyl group
having 1 to 20 carbon atoms, an alkoxy group having 1 to
20 carbon atoms, an alkylthio group having 1 to 20 carbon
atoms, an alkyl-substituted amino group having 1 to 20
carbon atoms, an alkyl-substituted amino group having 1 to
20 carbon atoms, an aryl group having 6 to 40 carbon atoms,
a heteroaryl group having 3 to 40 carbon atoms, an alkenyl
group having 2 to 10 carbon atoms, an alkynyl group having
2 to 10 carbon atoms, an alkylamide group having 2 to 20
carbon atoms, an arylamide group having 7 to 21 carbon
atoms, a trialkylsilyl group having 3 to 20 carbon atoms, and
the like. Among these specific examples, a group capable of
being substituted with a substituent may be further substi-
tuted. More preferable substituents are an alkyl group hav-
ing 1 to 20 carbon atoms, an alkoxy group having 1 to 20
carbon atoms, an alkylthio group having 1 to 20 carbon
atoms, an alkyl-substituted amino group having 1 to 20
carbon atoms, an aryl-substituted amino group having 1 to
20 carbon atoms, an aryl group having 6 to 40 carbon atoms,
a heteroaryl group having 3 to 40 carbon atoms.

[0052] R'andR'? R'?andR", R'andR'*,R"*and R',
R and R'®, R and R'7, R'” and R'®, R*® and R'?, and R*’
and R* may be bonded to each other to form a ring
structure. The ring structure may be an aromatic ring or may
be an aliphatic ring. In addition, the ring structure may
include a hetero atom, and the ring structure may be a
condensed ring of two or more rings. Here, the hetero atom
1s preferably selected from the group consisting of a nitrogen
atom, an oxygen atom, and a sulfur atom. Examples of the
formed ring structure include a benzene ring, a naphthalene
ring, a pyrridine ring, a pyridazine ring, a pyrimidine ring,
a pyrazine ring, a pyrrole ring, an imidazole ring, a pyrazole
ring, an imidazoline ring, an oxazole ring, an isoxazole ring,
a thiazole ring, an isothiazole ring, a cyclohexadiene ring, a
cyclohexene ring, a cyclopentadiene ring, a cycloheptatriene

ring, a cycloheptadiene ring, a cycloheptaene ring, and the
like.

[0053] Among the groups represented by the general for-
mula (2), a group in which R*> and R*® are not bonded to
each other, a group in which R and R'® are bonded to each
other, or a group in which R*> and R*® are bonded to each
other to form a linking group of which linking chain length
is 1 atom is preferable. In a case where R'> and R'S are
bonded to each other to form a linking group of which
linking chain length is one atom, a ring structure formed as
a result of bonding R' and R'S to each other is a six-
membered ring. Specific examples of the linking group
formed by bonding R'* and R'® to each other include a
linking group represented by —O0—, —S—, —N(R”")}—, or
—C(R*®) (R**)—. Here, R** to R?? each independently
represent a hydrogen atom or a substituent. Examples of the
substituent represented by R®* include an alkyl group having
1 to 20 carbon atoms, an aryl group having 6 to 40 carbon
atoms, and a heteroaryl group having 3 to 40 carbon atoms.
As the substituents represented by R** and R*, each inde-
pendently, a hydroxy group, a halogen atom, an alkyl group
having 1 to 20 carbon atoms, an alkoxy group having 1 to
20 carbon atoms, an alkylthio group having 1 to 20 carbon
atoms, an alkyl-substituted amino group having 1 to 20
carbon atoms, an aryl-substituted amino group having 1 to
20 carbon atoms, an aryl group having 6 to 40 carbon atoms,
a heteroaryl group having 3 to 40 carbon atoms, an alkenyl
group having 2 to 10 carbon atoms, an alkynyl group having
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2 to 10 carbon atoms, an alkylamide group having 2 to 20
carbon atoms, an arylamide group having 7 to 21 carbon
atoms, a trialkylsilyl group having 3 to 20 carbon atoms, and
the like can be exemplified.

[0054] In the general formula (2), L'? represents a single
bond, a substituted or non-substituted an arylene group, or a
substituted or non-substituted heteroarylene group. * repre-
sents a bonding position to a carbon atom (C) in the general
formula (1). 1'% is preferably a single bond or a substituted
or non-substituted arylene group.

[0055] An aromatic ring constituting an arylene group
represented by L'* may be a single ring, may be a condensed
ring in which two or more aromatic rings are condensed, or
may be a linking ring in which two or more aromatic rings
are linked. In a case where two or more aromatic rings are
linked, the aromatic ring may be a ring linked in a straight
chain, or may be a ring linked in a branched shape. The
aromatic ring constituting an arylene group represented by
L'2 preferably has 6 to 22 carbon atoms, more preferably has
6 to 18 carbon atoms, further more preferably has 6 to 14
carbon atoms, and even further more preferably has 6 to 10
carbon atoms. Specific examples of the arylene group
include a phenylene group, a naphthalenediyl group, and a
biphenylene group. In addition, a heterocyclic ring consti-
tuting a heteroarylene group represented by L'? may be a
single bond, may be a condensed ring in which one or more
heterocyclic rings and an aromatic ring or a heterocyclic ring
are condensed, or may be a linking ring in which one or
more heterocyclic rings and an aromatic ring or a hetero-
cyclic ring are linked. The heterocyclic ring preferably has
5 to 22 carbon atoms, more preferably has 5 to 18 carbon
atoms, further more preferably has 5 to 14 carbon atoms, and
even further more preferably has 5 to 10 carbon atoms. The
heterocyclic atom constituting a heterocyclic ring is prefer-
ably a nitrogen atom. Specific examples of the heterocyclic
ring include a pyridine ring, a pyridazine ring, a pyrimidine
ring, a triazole ring, and a benzotriazole ring. A preferable
ring represented by L'? is a phenylene group. When L* is a
phenylene group, the phenylene group may be any of a
1,2-phenylene group, a 1,3-phenylene group, and a 1,4-
phenylene group, but is preferably the 1,4-phenylene group.
In addition, L** may be substituted with a substituent. The
number and the substitution position of the substituents of
L2 are not particularly limited. Regarding explanation and
a preferable range of the substituent introduced into L'%,
explanation and a preferable range of the substituents rep-
resented by R'! to R*® can be referred to.

[0056] Preferable examples of the group represented by
the general formula (2) include a group represented by any
of the following general formulae (4) to (8).

General formula (4)
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-continued
General formula (5)
R33 R32
R34 AQRﬂ
0 N—LM—x
R3S QR%
R36 R37
General formula (6)
R43 R42
R44 QR4I
S N—LB—sx
R# QR“S
R4 RY
General formula (7)
RS RS2
R62 Rél R54 RSI
R“—% r>—N N—L 6
R64 R65 RSS RSS
R56 R57
General formula (8)
R83 RSZ
RSQ
N—L8—x
RDO
R86 R87

[0057] In the general formulae (4) to (8), R*! to R**, R*’
to R*®, R* to R*, R® to R®, R% to R%°, R®! to R*® each
independently represent a hydrogen atom or a substituent.
Here, regarding explanation and a preferable range of the
substituent, explanation and a preferable range of the sub-
stituents represented by R to R*” can be referred to. R*" to
R2% R?7 to R®%, R*! to R*, R5! to R%%, R® to R®, R7! to
R”®, and R* to R* each independently is preferably a group
represented by any of the general formulae (4) to (8). In
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addition, at least two of R**, R**, R*®, and R*° of the general
formula (4) is preferably a substituted or a non-substituted
alkyl group, but it is more preferably that all of R*!, R*,
R®, and R are substituted or non-substituted alkyl groups,
R* and R*° are substituted or non-substituted alkyl groups,
or R** and R*® are substituted or non-substituted alkyl
groups. In addition, the substituted or non-substituted alkyl
groups are more preferably substituted or non-substituted
alkyl groups having 1 to 6 carbon atoms. R® and R*® of
general formula (8) are preferably substituted or non-sub-
stituted alkyl groups, and more preferably substituted or
non-substituted alkyl groups having 1 to 6 carbon atoms.
The number of the substituents in the general formulae (4)
to (8) is not particularly limited. A case where all are
non-substituted (that is, hydrogen atom) is also preferable.
In addition, in a case where the number of the substituents
in each of the general formulae (4) to (8) is 2 or more, the
substituents may be the same or different. In a case where
there is a substituent in the general formulae (4) to (8), the
substituent is preferably any of R** to R** and R* to R¥,
and more preferably at least one of R** and R*® in a case of
the general formula (4), the substituent is preferably any of
R* to R*” in a case of the general formula (5), the substitu-
ent is preferably any of R** to R*” in a case of the general
formula (6), the substituent is preferably any of R32 R33,
R, R¥, and R* to R* in a case of the general formula (7),
and the substituent is preferably any of R* to R®¥’, R¥, and
R* in a case of the general formula (8).

[0058] In the general formulae (4) to (8), R** and R**, R**
and R*?, R* and R**, R*” and R*3, 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*2, R*? and R*, R** and R*, R*
and R*S, 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%, RS and R%*, R% and R%, R** and R', R
and R, R® and R®2, R®2 and R®3, R® and R®*, R® and R®®,
R® and R*, R* and R*®, and R®* and R*® may be bonded
to each other to form a ring structure. Regarding explanation
and a preferable range of the ring structure, explanation and
a preferable range of the ring structure formed by R11 and
R12 and the like being bonded to each other in the general
formula (2) can be referred to.

[0059] In the general formulae (4) to (8), L'* to L'® and
L'® represent a single bond, a substituted or non-substituted
alkyl group, or a substituted or non-substituted het-
eroarylene group. * represents a bonding position to a
carbon atom (C) in the general formula (1). Regarding
explanation and a preferable range of the arylene group or
the heteroarylene group represented by L'? to L'¢ and L*¥,
and a substitutent introduced into the group, explanation and
a preferable range of the arylene group or the heteroarylene
group represented by L'2, and a substituent introduced into
the group can be referred to. L to L'® and L'® are prefer-
ably single bonds and substituted or non-substituted arylene
groups.

[0060] The substituent in which Hammett’s g, value rep-
resented by D is negative is preferably an electron-donating
group represented by the following general formula (3), for
example.
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General formula (3)

R73
R4 R
R75 R7l
NZ N—L—
R76 R79
R77 R78

[0061] In the general formula (3), R™' to R each inde-
pendently represent a hydrogen atom or a substituent. R”*
andR7?,R"?and R>,R”> and R™, R™* and R7°>, R”® and R”’,
R”7 and R”®, and R”® and R” may be bonded to each other
to form a ring structure. L'” represents a single bond, a
substituted or non-substituted arylene group, or a substituted
or non-substituted heteroarylene group. * represents a bond-
ing position to a carbon atom (C) in the general formula (1).
[0062] Regarding explanation and a preferable range of
the substituent represented by R”* to R™, explanation and a
preferable range of the substituents represented by R'' to
R?° can be referred to. In addition, R”* to R™ each inde-
pendently are a group represented by any of the general
formulae (4) to (8). In a case where there is a substituent, the
substitution position is preferably any of R”>to R R”7, and
R”®

[0063] Regarding explanation and a preferable range of
the arylene group or the heteroarylene group represented by
L'7, and a substituent introduced into the group, explanation
and a preferable range of the arylene group or the het-
eroarylene group represented by L2 and a substituent
introduced into the group can be referred to.

[0064] The substituent in which Hammett’s o, value rep-
resented by A is positive preferably includes a substituted or
non-substituted heteroaryl group, and is more preferably an
aryl group substituted with a substituted or non-substituted
heteroaryl group. In a case where A includes a substituted or
non-substituted heteroaryl group, an aromatic heterocyclic
ring included in the heteroaryl group is preferably a n-elec-
tron-deficient aromatic heterocyclic ring. Examples of the
hetero atom included in the heteroaryl group include a
nitrogen atom, an oxygen atom, a sulfur atom, and a boron
atom, and the heteroaryl group preferably includes at least
one nitrogen atom as a ring. As the heteroaryl group, a group
formed of 5 rings or 6 rings including a nitrogen atom as a
ring, or a group having a structure in which a benzene ring
is condensed in 5 rings or 6 rings including a nitrogen atom
as a ring can be exemplified, and is preferably a monovalent
group obtained by excluding one hydrogen atom from a
pyridine ring, a pyrazine ring, a pyrimidine ring, a
pyridazine ring, and a triazine ring, or a group having a
structure in which the aromatic heterocyclic rings are shrunk
and a group having a structure in which the aromatic
heterocyclic rings are shrunk. In addition, examples of the
substituent in a case where the heteroaryl group has a
substituent include an alkyl group having 1 to 20 carbon
atoms, an aryl group having 6 to 40 carbon atoms, a cyano
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group, a halogen atom, a heteroaryl group having 5 to 40
carbon atoms, and the like. A substituent capable of being
substituted with a substituent among the substituents may be
substituted.

[0065] In a case where A is an aryl group substituted with
a substituted or non-substituted heteroaryl group, an aro-
matic ring constituting the aryl group (aryl group substituted
with heteroaryl group) may be a single ring, a condensed
ring in which two or more aromatic rings are condensed, or
a linking ring in which two or more aromatic rings are
linked. In a case where two or more aromatic rings are
linked, the aromatic rings may be linked in a straight chain
shape, or may be linked in a branched shape. The aromatic
ring constituting the aryl group preferably has 6 to 22 carbon
atoms, more preferably has 6 to 18 carbon atoms, further
more preferably has 6 to 14 carbon atoms, and even further
more preferably has 6 to 10 carbon atoms. Specific examples
of the aryl group include a phenyl group, a naphthyl group,
and a biphenyl group. Regarding explanation and a prefer-
able range of a substituent in a case where the aryl group has
a substituent in addition to the heteroaryl group, explanation
and a preferable range of a substituent introduced into a
group represented by L'? can be referred to.

[0066] The substituent in which Hammett’s o, value rep-
resented by A is positive is preferably a group represented by
the following general formula (9).

General formula (9)

AI_AZ

*—L19 / \\A3
/
AS=a

[0067] In the general formula (9), A’ to A’ each indepen-
dently represent N or C(R*®), and R*® represents a hydrogen
atom or a substituent. It is preferable that at least one of A'
to A® is N, and it is more preferable that one to three of A*
to A® are N, and it is further more preferable that three to five
of A’ to A® are N. When a group represented by the general
formula (9) has a plurality of R'°, the plurality of R'? may
be the same as one another or different from one another.
Examples of the substituent represented by R'? include an
alkyl group having 1 to 20 carbon atoms, an aryl group
having 6 to 40 carbon atoms, a cyano group, a halogen atom,
a heteroaryl group having 5 to 40 carbon atoms, and the like
for example, and is preferably the aryl group having 6 to 40
carbon atoms. The substituent capable of being substituted
with a substituent among the substituents may be substi-
tuted.

[0068] In the general formula (9), L'® represents a single
bond, a substituted or non-substituted arylene group, or a
substituted or non-substituted heteroarylene group. * repre-
sents a bonding position to a carbon atom (C) in the general
formula (1). Regarding explanation and a preferable range of
an arylene group or a heteroarylene group represented by
L', or a substituent introduced into the group, explanation
and a preferable range of the arylene group or the het-
eroarylene group represented by L'2, or a substituent intro-
duced into the group can be referred to. L' is preferably a
substituted or non-substituted arylene group, more prefer-
ably a substituted or non-substituted phenylene group, and
further more preferably a non-substituted phenylene group.
When L' is a substituted or non-substituted phenylene
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group, the phenylene group may be any of a 1,2-phenylene
group, a 1,3-phenylene group, and a 1,4-phenylene group,
the phenylene group is preferably the 1,4-phenylene group.
[0069] In the following description, specific examples
(A-1 to A-77) of the substituents included in A will be
exemplified. However, in the present invention, the substitu-
ent in which Hammett’s o, value represented by A is
positive should not be limite(fly interpreted as including the
substituents. The substituent in which Hammett’s o, value
represented by A is positive may be a substituent represented
by any of A-i to A-77, or may be constituted of a substituent
represented by any of A-i to A-77 and a linking group
linking the substituent to the carbon atom (C) of the general
formula (1). In the following formula, * represents a bond-
ing position to the carbon atom (C) of the general formula
(1), or a bonding position to a linking group bonded to the
carbon atom (C) of the general formula (1). In a case where
there is a plurality of *, one of the plurality of * represents
a bonding position to the carbon atom (C) of the general
formula (1), or a bonding position to a linking group bonded
to the carbon atom (C) of the general formula (1). Remain-
ing * other than these represents a hydrogen atom or a
substituent. Regarding the substituent, explanation and a
preferable range of the substituents represented by R** to
R?° can be referred to, but a substituent satisfying a condi-
tion of D-C(R") (R*)— of the general formula (1) or a
substituent satisfying a condition of D of the general formula
(1) is also preferable, and among these, a substituent satis-
fying a condition of D-C(R") (R*)— of the general formula
(1) is more preferable. In a case where * of a substituent
represented by any of A-i to A-77 is directly bonded to the
carbon atom (C), the substituent in which Hammett’s o

value represented by A is positive is constituted of the
substituents, and in a case where * of a substituent repre-
sented by any of A-i to A-77 is bonded to a linking group
bonded to the carbon atom (C), the substituent in which
Hammett’s o, value represented by A is constituted of the
substituent and the linking group. The linking group in a
case where a linking group is bonded to the carbon atom (C)
is a substituted or non-substituted arylene group or a sub-
stituted or non-substituted heteroarylene group.
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[0070] In the following description, specific examples of
compounds represented by the general formula (1) will be
NC CN exemplified. Compounds represented by the general formula

(1) capable of being used in the present invention should not
be limitedly interpreted by the specific examples.

Compound 1 Compound 2
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[0071] A molecular amount of the compound represented
by the general formula (1) is preferably equal to or less than
1,500, more preferably equal to or less than 1,200, further
more preferably equal to or less than 1,000, and even further
more preferably equal to or less than 900 in a case where it
is meant that an organic layer including the compound
represented by the general formula (1) is film-formed by a
vapor deposition method and used. A lower limit value of the
molecular amount is a minimum molecular amount of the
compound represented by the general formula (1).

[0072] The compound represented by the general formula
(1) may be film-formed by a coating method regardless of
the molecular amount. In a case of using the coating method,
it is possible to form a film even with a compound of a
relatively large molecular amount.

[0073] By applying the present invention, it is also con-
sidered that a compound including a plurality of structures
represented by the general formula (1) in molecule is used
as a light-emitting material.

[0074] For example, it is considered that a polymer
obtained by causing a polymerizable group to exist in
advance in a structure represented by the general formula (1)
and polymerizing the polymerizable group is used as a
light-emitting material. Specifically, it is considered that by
preparing a monomer including a polymerizable functional
group in any of R', R?, D, and A of the general formula (1),
and polymerizing the monomer alone or copolymerizing the
monomer with another monomer, a polymer having a repeat-
ing unit is obtained and used as a light-emitting material. Or,
it is considered that by coupling compounds having a
structure represented by the general formula (1), a dimer or
a trimer is obtained and used as a light-emitting material.

[0075] Examples of the polymer having a repeating unit
including the structure represented by the general formula
(1) include a polymer including a structure represented by
the following general formula (11) or (12).

General formula (11)

|
1! RlOl
—(—?—?')7
RlOZ R103
General formula (12)
Q
l )
]lf
—C=C+

R104

[0076] In the general formula (11) or (12). Q represents a
group having a structure represented by the general formula
(1), and L' and L* represent a linking group. The linking
group preferably has 0 to 20 carbon atoms, more preferably
has 1 to 15 carbon atoms, and further more preferably has 2
to 10 carbon atoms. The linking group preferably has a
structure represented by —X*!-L'!-, Here, X"! represents an
oxygen atom or a sulfur atom, and is preferably the oxygen
atom. L' represents a linking group, and is preferably a
substituted or non-substituted alkyl group, or a substituted or
non-substituted arylene group, and is more preferably a
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substituted or non-substituted alkylene group having 1to 10
carbon atoms, or a substituted or non-substituted phenylene
group.

[0077] In the general formula (11) or (12), R'®, R'%,
R'®, and R'%* each independently represent a substituent.
R R'2 R'* and R'™ each independently is preferably
a substituted or non-substituted alkyl group having 1 to 6
carbon atoms, a substituted or non-substituted alkoxy group
having 1 to 6 carbon atoms, and a halogen atom, more
preferably a non-substituted alkyl group having 1 to 3
carbon atoms, a non-substituted alkoxy group having 1 to 3
carbon atoms, a fluorine atom, and a chlorine atom, and
further more preferably a non-substituted alkyl group having
1 to 3 carbon atoms and a non-substituted alkoxy group
having 1 to 3 carbon atoms.

[0078] A linking group represented by L' and L? can be
bonded to any of R', R%, D, and A of a structure of the
general formula (1) constituting Q. A crosslinking structure
or a mesh structure may be formed by linking two or more
linking groups to one Q.

[0079] Specific structure examples of a repeating unit
include a structure represented by the following formulae
(13) to (16).

Formula (13)
5\/}

Formula (14)
(0]
h\%

Formula (15)

é | }
Formula (16)
o]
n
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[0080] A polymer having a repeating unit including the
formulae (13) to (16) can introduce a hydroxy group into any
of RY, R%, D, and A of the structure of the general formula
(1), can introduce a polymerizable group by reacting the
following compound using thereof as a linker, and can
perform polymerization by polymerizing the polymerizable

group.

on
HO

HO\/\/ \/\ (?

x

OH

[0081] The polymer having a structure represented by the
general formula (1) in molecule may be a polymer formed
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only a repeating unit having a structure represented by the
general formula (1), or may be a polymer including a
repeating unit having a structure other than that. In addition,
the repeating unit having a structure represented by the
general formula (1) included in the polymer may be a single
kind, or may be two or more kinds. Examples of the
repeating unit not having a structure represented by the
general formula (1) include a repeating unit derived from a
monomer used in general copolymerization. For example, a
repeating unit derived from a monomer having an ethylenic
unsaturated bond such as ethylene and styrene can be
exemplified.

[0082] [Method of Synthesis of Compound Represented
by General Formula (1)]

[0083] A compound represented by the general formula
(1) T a new compound.

[0084] The compound represented by the general formula
(1) can be synthesized by combining a known reaction. For
example, the compound in which D of the general formula
(1) is a group represented by the general formula (2), L'? is
a phenylene group, A is a group represented by the general
formula (9), and L'? is a phenylene group can be synthesized
by synthesizing an intermediate body c' by the following
reaction scheme 1, and, as shown in a reaction formula (1),
bonding the intermediate body ¢' and a precursor corre-
sponding to a partial structure (group bonded to [.'%) of the
general formula (2) applying coupling reaction.

Reaction scheme 1

CuX

OO

pegss

Al
R} o X2—</
| / s pd
X B A=A
\
R2 (6]

x!
-—— LN

\\A3 R! Al— A2
wd | /N7 \,
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Intermediate body ¢’

(Reaction formula 1)
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Rl4 Rll
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x! / \\A3 + R R —
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-continued
Rl3 RIZ
Rl4 Rl]
5 R! Al— A2
R
RY N Q O / \>A3
e AS=a4
Rl7 RZO
RIS R19

[0085] In the reaction scheme 1 and the reaction formula
1, regarding explanation of R* and R? explanation corre-
sponding to the general formula (1) can be referred to,
regarding explanation of R*! to R** explanation correspond-
ing to the general formula (2) can be referred to, and
regarding explanation of A* to A®, explanation correspond-
ing to the general formula (9) can be referred to. X' and X>
each independently represent a halogen atom, and include a
fluorine atom, a chlorine atom, a bromine atom, and an
iodine atom, X' is preferably a bromine atom, and X* is
preferably a chlorine atom.

[0086] The reaction is a reaction applying a known cou-
pling reaction, and known reaction conditions can be appro-
priately selected and used. Regarding the details of the
reaction, synthesis examples to be described later can be
referred to. In addition, the compound represented by the
general formula (1) can be synthesized also by combining
known synthesis reaction other than the reaction.

[0087] [Organic Light-Emitting Element]

[0088] The compound represented by the general formula
(1) of the present invention is useful as a light-emitting
material of an organic light-emitting element. For this rea-
son, the compound represented by the general formula (1) of
the present invention can be effectively used as a light-
emitting material in a light-emitting layer of the organic
light-emitting element. In addition, the compound repre-
sented by the general formula (1) of the present invention
may be used as a host or an assist dopant. In addition, the
compound represented by the general formula (1) of the
present invention may be used in a layer other than the
light-emitting layer. For example, the compound represented
by the general formula (1) of the present invention may be
used in a layer in contact with a cathode side of the
light-emitting layer, or may be used in a layer in contact with
an anode side of the light-emitting layer. When the com-
pound represented by the general formula (1) of the present
invention is used in a layer in contact with a cathode side of
the light-emitting layer, the compound represented by the
general formula (1) of the present invention can function as
a positive hole blocking material, and when the compound
represented by the general formula (1) of the present inven-
tion is used in a layer in contact with an anode side of the
light-emitting layer, the compound represented by the gen-
eral formula (1) of the present invention can function as an
electron blocking material.

[0089] In the compound represented by the general for-
mula (1), a delayed fluorescent material (delayed fluorescent
body) emitting delayed fluorescence is included. That is, the
present invention also provides an invention of a delayed

fluorescent body having a structure represented by the
general formula (1), an invention using the compound
represented by the general formula (1) as a delayed fluo-
rescent body, and an invention of a method of emitting
delayed fluorescence by using the compound represented by
the general formula (1). An organic light-emitting element
using such a compound as a light-emitting material emits
delayed fluorescence and exhibits high light emission effi-
ciency. The principle is explained as follows with reference
to an organic electroluminescence element.

[0090] In the organic electroluminescence element, a car-
rier is injected into a light-emitting material by both of
positive and negative electrodes, a light-emitting material in
an excitation state is generated to emit light. In general, in
a case of a carrier injection type organic electrolumines-
cence element, among generated excitons, those excitated in
an excited singlet state are 25%, and remaining 75% are
excitated in an excited triplet state. Therefore, using phos-
phorescence which is emitted from the excited triplet state
makes use efficiency of energy high. However, since the
excited triplet state has a long life, saturation of an excitation
state or loss of energy due to mutual action with an exciton
in an excited triplet state is caused, a quantum yield of
phosphorescence generally is not high in many cases. On the
other hand, after transition of energy to the excited triplet
state due to intersystem crossing, the delayed fluorescent
material emits fluorescence reverse-intersystem crossed in
an excited singlet state by triplet-triplet extinction or absorp-
tion of thermal energy. In the organic electroluminescence
element, it is considered that among this, a thermally acti-
vated delayed fluorescent material by absorption of thermal
energy is particularly useful. In a case where the delayed
fluorescent material is used in the organic electrolumines-
cence element, the exciton in an excited singlet state emits
fluorescence as usual. On the other hand, the exciton in an
excited triplet state is intersystem-crossed to an excited
singlet state by absorbing heat generated by a device to emit
fluorescence. At this time, since it is light emission from the
excited singlet, light is emitted at the same wavelength as
that of fluorescence. However, since life of generated light
(light emission life) is longer than normal fluorescence by
reverse intersystem crossing from the excited triplet state to
the excited singlet state, the light is observed as fluorescence
delayed than that. This can be defined as delayed fluores-
cence. If such a thermally activated exciton movement
mechanism is used, it is possible to increase a ratio of the
compound in the excited singlet state which is normally
produced by only 25% to 25% or more through absorption
of thermal energy after carrier injection. If a compound
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generating intense fluorescence and delayed fluorescence
even at a low temperature of less than 100° C. is used,
delayed fluorescence is emitted by sufficiently generating
intersystem crossing from the excited triplet state to the
excited singlet state with heat of the device, and thus it is
possible to dramatically improve light emission efficiency.
[0091] By using the compound represented by the general
formula (1) of the present invention as a light-emitting
material of the light-emitting layer, it is possible to provide
an excellent organic light-emitting element such as an
organic photoluminescence element (organic PL element)
and an organic electroluminescence element (organic EL
element). The organic photoluminescence element has a
structure in which at least a light-emitting layer is formed on
a substrate. In addition, the organic electroluminescence
element has a structure in which at least an anode, and a
cathode, and an organic layer between the anode and the
cathode are formed. The organic layer includes at least a
light-emitting layer, and may be a layer formed only of a
light-emitting layer, or may have one or more organic layers
in addition to the light-emitting layer. Examples of such an
organic layer include a positive hole transport layer, a
positive hole injection layer, an electron blocking layer, a
positive hole blocking layer, an electron injection layer, an
electron transport layer, an exciton blocking layer, and the
like. The positive hole transport layer may be a positive hole
injection transport layer having a positive hole injection
function, or may be an electron injection transport layer
having an electron injection function. A specific structure
example of the organic electroluminescence element is
shown in FIG. 1. In FIG. 1, 1 represents a substrate, 2
represents an anode, 3 represents a positive hole injection
layer, 4 represents a positive hole transport layer, 5 repre-
sents a light-emitting layer, 6 represents an electron trans-
port layer, and 7 represents a cathode.

[0092] In the following description, each member and
eacy layer of the organic electroluminescence element will
be described. Explanation of a substrate and a light-emitting
layer also corresponds to that of the substrate and the
light-emitting layer of the organic photoluminescence ele-
ment.

[0093] (Substrate)

[0094] The organic electroluminescence element of the
present invention is preferably supported by a substrate. The
substrate is not particularly limited as long as the substrate
is practically used in the organic electroluminescence ele-
ment in the related art, and a substrate formed of glass,
transparent plastic, quartz, silicon, and the like can be used.
[0095] (Anode)

[0096] As an anode in the organic electroluminescence
element, an anode using metal having a large work function
(4 ¢V or more), an alloy, an electroconductive compound,
and a mixture thereof as an electrode material is preferably
used. Specific examples of such an electrode material
include metal such as Au and a conductive transparent
material such as Cul, indium tin oxide (ITO), SnO,, and
Zn0. In addition, a material such as IDIXO (In,0,—Z7n0O)
with which a transparent conductive film can be prepared in
an amorphous form may be used. The anode may be
prepared by forming a thin film with the electrode material
by a method such as deposition and sputtering and forming
a described form of pattern by a photolithography method,
or in a case where pattern accuracy is not required much
(approximately equal to or more than 100 um), a pattern may
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be formed via a desired form of mask at a time of deposition
or sputtering of the electrode material. Or, in a case where
an applicable material such as an organic conductive com-
pound is used, it is possible to use a wet type film deposition
method such as a print method and a coating method. In a
case where light emission is taken out by the anode, it is
desired to increase transmittance by 10%, and sheet resis-
tance as an anode is preferably equal to or less than several
hundreds of /. In addition, a film thickness may be a
material, but generally is selected from a range of 10 to
1,000 nm and preferably 10 to 200 nm.

[0097] (Cathode)

[0098] On the other hand, as a cathode, a cathode using
metal having a small work function (4 eV or less) (referred
to as electron injection metal), an alloy, an electroconductive
compound, and a mixture thereof as an electrode material is
used. Specific examples of such an electrode material
include sodium, a sodium-potassium alloy, magnesium,
lithium, a magnesium/copper mixture, a magnesium/indium
mixture, an aluminum/aluminum oxide (Al,0;) mixture,
indium, a lithium/aluminum mixture, rare earth metal, and
the like. Among these, from a viewpoint of durability against
electron injection properties and oxidation, a mixture of
electron injection metal and second metal having a larger
and more stable value of work function than that, for
example, a magnesium/copper mixture, a magnesium/alu-
minum mixture, a magnesium/indium mixture, an alumi-
nuny/aluminum oxide (Al,O,) mixture, a lithium/aluminum
mixture, aluminum, and the like are preferable. The cathode
can be prepared by forming a thin film with an electrode
material by a method such as deposition and sputtering. In
addition, sheet resistance as a cathode is preferably several
hundreds of Q/[7, and the film thickness is selected from a
range of 10 nm to 5 pm, and preferably 50 to 200 nm. In
order to transmit the emitted light, when either one of the
anode and the cathode of the organic electroluminescence
element is transparent or translucent, light emission lumi-
nance is improved and thus desirable.

[0099] In addition, by using the conductive transparent
material exemplified in explanation of the anode in the
cathode, it is possible to produce a transparent or translucent
cathode, and by applying this, it is possible to produce an
element in which both of the anode and the cathode have
transmittance.

[0100] (Light-Emitting Layer)

[0101] The light-emitting layer is a layer that emits light
after the exciton is generated by rebonding a positive hole
and an electron injected from each of the anode and the
cathode. The light-emitting material may be used alone in
the light-emitting layer, but preferably includes a light-
emitting material and a host material. As the light-emitting
material, it is possible to use one or two or more selected
from the compound group of the present invention repre-
sented by the general formula (1). In order for the organic
electroluminescence element and the organic photolumines-
cence element of the present invention to realize high light
emission efficiency, it is important to confine a singlet
exciton and a triplet exciton generated from the light-
emitting material in the light-emitting material. Therefore, it
is preferable to use a host material in a light-emitting layer,
in addition to the light-emitting material. As a host material,
it is possible to use an organic compound in which at least
any one of excited singlet energy and excited triplet energy
has a higher value than the light-emitting material of the
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present invention. As a result, it is possible to confine a
singlet exciton and a triplet exciton generated in the light-
emitting material of the present invention in molecule of the
light-emitting material of the present invention, and it is
possible to sufficiently draw the light emission efficiency. At
this time, even if it is possible to sufficiently confine the
singlet exciton and the triplet exciton, there is a case where
high light emission efficiency can be obtained, and thus a
host material realizing high light emission efficiency can be
used in the present invention without particular limitation. In
the organic light-emitting element and the organic electrolu-
minescence element of the present invention, light emission
is generated from the light-emitting material of the present
invention included in the light-emitting layer. The light
emission includes both of fluorescent light emission and
delayed fluorescent light emission. Here, there is no problem
whether there is a part or partial light emission from a host
material in light emission.

[0102] In a case where the compound represented by the
general formula (1) is used as a light-emitting material, a
content of the compound represented by the general formula
(1) in the light-emitting layer is preferably less than 50% by
weight. In addition, an upper limit value of the content of the
compound represented by the general formula (1) is prefer-
ably less than 30% by weight, and an upper limit value of the
content can be, for example, less than 20% by weight, less
than 10% by weight, less than 5% by weight, less than 3%
by weight, less than 1% by weight, and less than 0.5% by
weight. A lower limit value is preferably equal to or more
than 0.001% by weight, and can be, for example, more than
0.01% by weight, more than 0.1% by weight, more than
0.5% by weight, and more than 1% by weight.

[0103] The host material in the light-emitting layer is
preferably an organic compound that has a positive hole
transport function and an electron transport function, can
prevent a long wavelength of light emission, and has a high
glass transition temperature.

[0104] In addition, as another aspect of the light-emitting
layer, it is possible to exemplify an aspect including a
light-emitting material and a host material, and including the
compound represented by the general formula (1) as an
assist dopant. As the assist dopant, it is possible to use one
or two or more selected from the compound group repre-
sented by the general formula (1). The compound repre-
sented by the general formula (1) used as an assist dopant is
preferably a compound in which a lowest excited singlet
energy level is higher than the light-emitting material and a
lowest excited singlet energy level is lower than the host
material. With this, excited singlet energy generated from
the host material easily moves to an assist dopant and a
light-emitting material, and excited singlet energy generated
from the host material and excited singlet energy moved
from the host material to the assist dopant easily move to a
light-emitting material. As a result, a light-emitting material
in an excited singlet state is efficiently generated and high
light emission efliciency can be obtained. In addition, the
compound represented by the general formula (1) used as an
assist dopant has a lowest excited triplet energy level lower
than the host material, and a difference AE_, between the
lowest excited singlet energy level and the lowest excited
triplet energy level is preferably equal to or less than 0.3 eV,
more preferably equal to or less than 0.2 eV, and further
more preferably equal to or less than 0.1 eV. With this, the
excited triplet energy generated from the host material easily
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moves to the assist dopant, and the assist dopant transits to
an excited triplet state. In addition, reverse intersystem
crossing is easily generated by the assist dopant that came
into the excited triplet state, and transits to an excited singlet
state. As a result of the excited singlet energy of the assist
dopant being moved to a light-emitting material, a light-
emitting material in an excited singlet state is efficiently
generated, and extremely high light emission efficiency can
be obtained. In other words, it is possible to effectively use
the excited triplet energy generated from the host material or
the assist dopant in light emission of the light-emitting
material.

[0105] As the light-emitting material used in this aspect, a
known light-emitting material can be employed, and a
fluorescent light-emitting material is preferably used and a
delayed fluorescent body may be used. Regarding explana-
tion of the host material, explanation of the host material of
the aspect of using the compound represented by the general
formula (1) in the light-emitting material can be referred to.
[0106] In a case where the compound represented by the
general formula (1) is used as an assist dopant, a content of
the compound represented by the general formula (1) is used
as an assist dopant, a content of the compound represented
by the general formula (1) in the light-emitting layer is
smaller than the content of the host material and larger than
the content of the light-emitting material. That is, the content
of the compound represented by the general formula (1) in
the light-emitting layer preferably satisfies relationship of
“the content of the light-emitting material<the content of the
assist dopant<the content of the host material”. Specifically,
the content of the compound represented by the general
formula (1) in the light-emitting layer in this aspect is
preferably less than 50% by weight. In addition, an upper
limit value of the content of the compound represented by
the general formula (1) is preferably less than 40% by
weight, and the upper limit value of the content can be less
than 30% by weight, less than 20% by weight, and less than
10% by weight, for example. A lower limit value is prefer-
ably equal to or more than 0.1% by weight, and can be more
than 1% by weight, and more than 3% by weight, for
example.

[0107] In addition, another aspect of the light-emitting
layer includes an aspect in which the light-emitting layer
includes the compound represented by the general formula
(1) as a host material and also includes a light-emitting
material, in addition to the compound represented by the
general formula (1). As the light-emitting material used at
this time, a known light-emitting material can be employed,
and a fluorescent light-emitting material is preferably used,
and a delayed fluorescent body may be used. In a case where
the compound represented by the general formula (1) is used
as a host material, a content of the compound represented by
the general formula (1) in the light-emitting layer is prefer-
ably equal to or more than 50% by weight, and can be equal
to or more than 75% by weight, for example.

[0108] (Injection Layer)

[0109] The injection layer is a layer provided between an
electrode and an organic layer in order to lower a drive
voltage or improve light emission brightness, and there is a
positive injection layer and an electron injection layer, and
may exist between an anode and a light-emitting layer or a
positive hole transport layer and between a cathode and a
light-emitting layer or an electron transport layer. The injec-
tion layer can be provided depending on the necessity.
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[0110] (Blocking Layer)

[0111] The blocking layer is a layer capable of blocking
diffusion of an electric charge (electron or positive hole)
and/or an exciton present in the light-emitting layer to the
outside of the light-emitting layer. The electron blocking
layer can be disposed between the light-emitting layer and
the positive hole transport layer, and blocks the electron
from passing through the light-emitting layer toward the
positive hole transport layer. At the same time, the positive
hole blocking layer can be disposed between the light-
emitting layer and the electron transport layer, and blocks
the positive hole from passing through the light-emitting
layer toward the electron transport layer. In addition, the
blocking layer can be used to block diffusion of the exciton
to the outside of the light-emitting layer. That is, each of the
electron blocking layer and the positive hole blocking layer
can also have a function as an exciton blocking layer. The
electron blocking layer or the exciton blocking layer in the
present specification are used as meaning including a layer
having a function of the electron blocking layer and the and
a function of the exciton blocking layer in one layer.
[0112] (Positive Hole Blocking Layer)

[0113] The positive hole blocking layer has a function of
an electron transport layer in wide meaning. The positive
hole blocking layer has a role of blocking the positive long
from reaching the electron transport layer while transporting
the electron, and with this, it is possible to improve rebond-
ing probability of the electron and the positive hole in the
light-emitting layer. As a material of the positive hole
blocking layer, a material of the electron transport layer to
be described layer can be used depending on the necessity.
In addition, it is possible to use the compound represented
by the general formula (1) in the positive hole blocking
layer. In this case, it is possible to employ the compound
represented by the general formula (1) even as a host
material of the light-emitting layer, and it is also possible to
employ the compound represented by the general formula
(1) having the same structure.

[0114] (Electron Blocking Layer)

[0115] The electron blocking layer has a function of
transporting the positive hole in wide meaning. The electron
blocking layer has a role of blocking the electron from
reaching the positive hole transporting layer while trans-
porting the positive hole, and with this, it is possible to
improve rebonding probability of the electron and the posi-
tive hole in the light-emitting layer. It is possible to use the
compound represented by the general formula (1) in an
electron element layer. In this case, it is possible to employ
the compound represented by the general formula (1) even
as a host material of the light-emitting layer, and it is also
possible to employ the compound represented by the general
formula (1) having the same structure. In addition, it is
possible to use the compound represented by the general
formula (1) even in the positive hole blocking layer, and it
is also possible to employ the compound represented by the
general formula (1) having the same structure as that used in
the electron element layer or the light-emitting layer.
[0116] (Exciton Blocking Layer)

[0117] The exciton blocking layer is a layer for blocking
an exciton generated by rebonding of the positive hole and
the electron in the light-emitting layer from being diffused in
an electric charge transport layer, it is possible to efficiently
confine the exciton in the light-emitting layer by insertion of
the layer, and it is possible to improve light emission
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efficiency of the element. The excition blocking layer comes
to be in contact with the light-emitting layer, and can be
inserted into any of an anode side and a cathode side, and
also can be inserted into both of the anode side and the
cathode side. That is, in a case where the exciton blocking
layer is on the anode side, it is possible to insert the layer
between the positive hole transport layer and the light-
emitting layer, being in contact with the light-emitting layer,
and in a case where the exciton blocking layer is on the
cathode side, it is possible to insert the layer between the
light-emitting layer and the and the cathode, being in contact
with the light-emitting layer. In addition, a positive hole
injection layer, an electron blocking layer, or the like can be
included between the anode and the exciton blocking layer
in contact with the anode side of the light-emitting layer, and
an electron injection layer, an electron transport layer, a
positive hole blocking layer, and the like can be included
between the cathode and the exciton blocking layer in
contact with the cathode side of the light-emitting layer. In
a case where a blocking layer is disposed, at least one of
excited singlet energy and excited triplet energy of the
material used as the blocking layer is preferably higher than
the excited singlet energy and the excited triplet energy of
the light-emitting material.

[0118] (Positive Hole Transport Layer)

[0119] The positive hole transport material is formed of a
positive hole transport material having a function of trans-
porting the positive hole, and the positive hole transport
layer can be provided as a single layer or a plurality of
layers.

[0120] The positive hole transport layer has any of injec-
tion or transport of the positive hole and barrier properties of
the electron, and may be any of an organic substance and an
inorganic substance. Examples of a usable known positive
hole transport material include a triazole derivative, an
oxadiazole derivative, an imidazole derivative, a carbazole
derivative, an indolocarbazole derivative, a polyarylalkane
derivative, a pyrazoline derivative and a pyrazolone deriva-
tive, a phenylene diamine derivative, an arylamine deriva-
tive, an amino-substituted chalcone derivative, an oxazole
derivative, a styrylanthracene derivative, a fluorenone
derivative, a hydrazone derivative, stilbene derivative, a
silazane derivative, an aniline-based copolymer, and a con-
ductive polymer oligomer, and particularly include thio-
phene oligomer, but it is preferable to use a porphyrin
compound, an aromatic tertiary amine compound, and a
styrylamine compound, and it is more preferable to use an
aromatic tertiary amine compound.

[0121] (Electron Transport Layer)

[0122] The electron transport layer is formed of a material
having a function of transporting an electron, and the
electron transport layer can be provided as a single layer or
a plurality of layers.

[0123] The electron transport material (also used as a
positive hole blocking material in some cases) may have a
function of transferring an electron inserted by a cathode to
the light-emitting layer. Examples of a usable electron
transport layer include a nitro-substituted fluorene deriva-
tive, a diphenylquinone derivative, a thiopyran dioxide
derivative, carbodiimide, a fluorenylidene methane deriva-
tive, anthraquinodimethane and an anthrone derivative, an
oxadiazole derivative, and the like. In addition, it is also
possible to use a thiadiazole derivative obtained by substi-
tuting an oxygen atom of an oxadiazole ring with a sulfur
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atom and a quinoxaline derivative having a quinoxaline ring
known as an electron-attracting group, as the electron trans-
port material in the oxadiazole derivative. In addition, it is
also possible to use a polymer material in which the material
is introduced into a polymer chain, or a polymer material in
which the material is used as a main chain of a polymer.

[0124] When preparing an organic electroluminescence
element, the compound represented by the general formula
(1) may be not only used in a single-layered organic layer
(for example, electron transport layer) but also used in a
plurality of organic layers. At this time, the compound
represented by the general formula (1) used in each organic
layer may be the same, or may be different. For example, the
compound represented by the general formula (1) may be
used in the injection layer, the blocking layer, the positive
hole blocking layer, the electron blocking layer, the exciton
blocking layer, the positive hole transport layer, and the like,
in addition to the electron transport layer or the light-
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emitting layer. The method of film-forming of these layers is
not particularly limited, and a dry process, a wet process, or
the like may be used.

[0125] Hereinafter, a preferable material capable of being
used in the organic electroluminescence element will be
specifically exemplified. However, the material capable of
being used in the present invention is not limitedly inter-
preted by the compounds exemplified below. In addition, the
compound exemplified as a material having a specific func-
tion can be divertedly used as a material having other
functions. R, R', and R to R, in a structure formula of the
exemplified compounds below each independently represent
a hydrogen atom or a substituent. X represents a carbon
atom forming a ring skeleton or a hetero atom, n represents
an integer of 3 to 5, Y represents a substituent, and m
represents an integer of 0 or more.

[0126] First, preferable compounds capable of being used

even as a host material of the light-emitting layer are
exemplified.
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[0127] Preferable compounds capable of being used as a
positive hole injection material are exemplified.
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[0128] Subsequently, compounds capable of being used as
a positive hole transport material are exemplified.
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[0129] Subsequently, preferable compounds capable of _continued

being used as an electron blocking material are exemplified. & :
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[0130] Subsequently. preferable compounds capable of
being used as a positive hole blocking material are exem-
plified.
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[0131] Subsequently. preferable compounds capable of
being used as an electron transport material are exemplified.
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[0132] Subsequently, preferable compounds capable of _continued
being used as an electron injection material are exemplified.

R aeSe

[0133] In addition, preferable compounds as a material ‘
capable of being added are exemplified. For example, it is
considered that the compounds are added as a stabilizing

material.

[0134] The organic electroluminescence element prepared
by the above-described method emits light by applying an
electric field between an anode and a cathode of the obtained
element. At this time, if light is emitted by excited singlet
energy, light of a wavelength in accordance with the energy
level is checked as fluorescence light emission and delayed
fluorescence light emission. In addition, iflight is emitted by
excited triplet energy, a wavelength in accordance with the
energy level is checked as phosphorescence. General fluo-
rescence has a shorter fluorescence life than the delayed
fluorescence light emission, and thus light emission life can
be distinguished by fluorescence and delayed fluorescence.

[0135] On the other hand, regarding phosphorescence, in
a general organic compound such as the compound of the
present invention, excited triplet energy is not stable, a rate
constant of thermal deactivation is large, a rate constant of
light emission is small and is immediately deactivated, and
thus phosphorescence is hardly observable at room tempera-
ture. In order to measure the excited triplet energy of the
general organic compound, it is possible to measure the
excited triplet energy of the general organic compound by
observing light emission under a condition of an extremely
low temperature.

o e ‘
et ®

[0136] The organic electroluminescence element of the
present invention is applicable to any of a single element, an
element having a structure of being disposed in an array
shape, and a structure in which an anode and a cathode are
disposed in an X-Y matrices shape. According to the present

N \I\' =N invention, by the light-emitting layer containing the com-
/ : pound represented by the general formula (1), an organic
; = light-emitting element with significantly improved light
N—Cu—N emission efficiency is obtained. An organic light-emitting

1 o . .
: element such as the organic electroluminescence element of
\ N the present invention is also applicable to various uses. For

example, it is possible to produce an organic electrolumi-
nescence display device by using the organic electrolumi-
nescence element of the present invention, and for more
details, it is possible to refer to “Organic EL Display”
(Ohmsha, Ltd.) co-written by Shizuka Tokito, Adachi Chi-
haya, and Murata Hideyuki. In addition, the organic elec-
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troluminescence element of the present invention can be
particularly applicable to organic electroluminescence illu-
mination or backlight for which demands are large.

EXAMPLES

[0137] Hereinafter, features of the present invention will
be further specifically described with reference to synthesis
examples and examples. Materials, treatment content, treat-
ment procedures, and the like shown below can be appro-
priately changed within a range of not departing the gist of
the present invention. Therefore, the scope of the present
invention should not be limitedly interpreted by specific
examples shown below. Measurement of ultraviolet absorp-
tion spectrum was performed by using LAMBDA950-PKA
(manufactured by PerkinElmer Co., Ltd), measurement of
light emission spectrum was performed by using Fluoro-
max-4 (manufactured by Horiba Jobin Yvon Inc.), measure-
ment of excess attenuation curve was performed by using
Quantaurus-tau (manufactured by Hamamatsu Photonics
K.XK.). and measurement of photoluminescence quantum
efficiency (PL quantum efficiency) was performed by using
Quantaurus-QY (manufactured by Hamamatsu Photonics
K.K.). In addition, in the present example, fluorescence
having light emission life of 0.05 ps or more was determined
as delayed fluorescence.

[1] Synthesis of Compound

[0138] In the present example, Compounds 1 to 6 were
synthesized by the following reaction scheme.
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[0139] Specific synthesis procedure is shown below.

(Synthesis Example 1) Synthesis of Compound 1

[0140] First, Intermediate body a was synthesized by the
following reaction.

F;C

NaNO,, HBr
LN NH, CuBr
— =

CF;
F,C

CF3

Intermediate body a

[0141] 2,2-bis(4-aminophenyl)hexafluoropropane (3.34 g)
and hydrobromic acid (20 mL) were put in a 100 mL of
round bottom flask and left in an ice bath. A sodium nitrite
aqueous solution (NaNO, 1.72 g/water 10 mL) was dropped
in the mixture, and stirred to obtain a slurry. The slurry was
stirred in an ice bath for 20 minutes, and then dropped in a
hydrobromic acid solution of copper bromide (I) (CuBr 7.16
¢/HBr 20 mL) while stirring, and further stirred at room
temperature for 1.5 hours. 100 mL of water was added to the
reaction solution, and generated precipitates were recovered
by filtration to obtain a crude product. The crude product
was purified by column chromatography using hexane as an
eluant, and vacuum-dried to obtain a white solid of 2,2-bis
(4-bromophenyl) hexafluoropropane (Intermediate body a)
in a yield amount of 3.4 g at a yield rate of 73.6%.

[0142] Subsequently, Intermediate body b was synthe-
sized by the following reaction.

FiC o
/
Br B
. | . N
CF,

Intermediate body b

Nov. 14,2019

FiC Pd(dppf)Cly, KOA,

AT

CF;
Intermediate body a

Intermediate body b

Dioxane

[0143] 2.2-bis(4-bromophenyl) hexafluoropropane (2.31
g, 5 mmol), bis(pinacolato) diboron (1.27 g, 5 mmol),
[1,1'-bis(diphenylphosphino) ferrocene] dichloroparadium
(II) (110 mg, 0.15 mmol), potassium acetate (1.5 g), and
1,4-dioxane (50 mL) were put in a container, the inside of
the container was substituted with nitrogen gas, and then
heated in a hot water bath of 80° C. for 24 hours. The
reaction solution was cooled to room temperature, and then
50 mL of water was added thereto to separate a water layer
and an organic layer from each other. 50 mL of dichol-
oromethane was added to the water layer, and extraction was
performed. In addition, the organic layer was recovered, 50
mL of dichloromethane was added to the remaining water
layer, and an operation of performing extraction was
repeated two times. Sodium sulfate was added to the recov-
ered organic layer, dried, and filtered, and then the solvent
was volatilized and removed. The obtained precipitates were
purified by silica gel column chromatography by using a
mixture solvent of dichloromethane:hexane=1:2 in an elu-
ant, and vacuum-dried to obtain a white solid of 2-(4-
bromophenyl) 2-[4-14.4,5,5-tetramethyl-1,3,2-dioxaboro-
lane-2- yl)phenyl}hexaﬂuoropropane (Intermedlate body b)
in a yield amount of 2.2 g at a yield rate of 86.4%.

[0144] Subsequently. Intermediate body ¢ was synthesized
by the following reaction.

Pd(PPhy)y, K,CO;3,

THF, 1,0
N
O\m \\’/Q
NN
cl
F,C —
Br N
/
CF; N

Intermediate body ¢
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[0145] 2-(4-bromophenyl)-2-{4-(4,4,5,5-tetramethyl)-1,3,
2-dioxaborolane-2-yl]phenyl }-hexafluoropropane (2.04 g, 4
mmol), 2-chloro-4,6-diphenyl-1,3,5-triazine (1.29 g, 4.8
mmol), tetrakis(triphenylphosphine) palladium (0) (234 mg,
0.2 mmol), tetrahydrofuran (50 mL), and a potassium car-
bonate aqueous solution (1 M, 20 ml) were put in a
container, the inside of the container was substituted with
nitrogen gas, and then heated in a hot water bath of 60° C.
for 16 hours. The reaction solution was cooled to room
temperature to separate a water layer and an organic layer
from each other. 50 mL of dichloromethane was added to the
water layer and extraction was performed. In addition, the
organic layer was recovered, 50 mL of dichloromethane was
added to the remaining water layer, and an operation of
performing extraction was repeated two times. Sodium
sulfate was added to the recovered organic layer, dried, and
filtered, and then the solvent was volatilized and removed.
The obtained precipitates were purified by silica gel column
chromatography by using a mixture solvent of dichlo-
romethane:hexane=1:10 in an eluant, and vacuum-dried to
obtain a white solid of 2-[4-{2-(4-bromophenyl)-1,1,1,3,3,
3-hexafluoropropane-2-yl}phenyl]4,6-diphenyl-1,3,5-triaz-

ine (Intermediate body ¢) in a yield amount of 1.8 g at a yield
rate of 73.2%.

[0146] Subsequently, Compound 1 was synthesized by the
following reaction.

Nov. 14,2019

[0147] 2-[4-{2-(4-bromopheny])-1,1,1,3,3.3-hexafluoro-
propane-2-yl}phenyl]-4,6-diphenyl-1,3,5-triazine (1.85 g, 3
mmol), 9,9-dimethyl-9,10-dihydroacridine (753 mg, 3.6
mmol), palladium acetate (IT) (34 mg, 0.15 mmol), sodium
tert-botoxide (1.73 g, 18 mmol), tri-tert-butylphosphonium
tetrafluoroborate (131 mg, 0.45 mmol), and tolune (30 mL)
were put in a container, and stirred at 110° C. for 16 hours
in a nitrogen atmosphere. The reaction solution was cooled
to room temperature, and then 50 mL of water was added
thereto to separate a water layer and an organic layer from
each other. 50 mL of dichloromethane was added to the
water layer and extraction was performed. In addition, the
organic layer was recovered, S0 mL of dichloromethane was
added to the remaining water layer, and an operation of
performing extraction was repeated two times. Sodium
sulfate was added to the recovered organic layer, dried, and
filtered, and the solvent was volatilized and removed. The
obtained precipitates were purified by silica gel column
chromatography by using a mixture solvent of dichlo-
romethane:hexane=1:3 in an eluant, and vacuum-dried to
obtain a white solid of Compound 1 in a yield amount of
1.72 g at a yield rate of 77.2%.

[0148] ‘H-NMR (500 MHz, CDCI,) 8=8.84 (d, ]=8.8 Hz,
2H), 8.82-8.74 (m, 4H), 7.72 (dd, J=13.2, 8.5 Hz, 4H),
7.67-7.55 (m, 6H), 7.48 (dd, I=7.7, 1.5 Hz, 2H), 7.44-7.38
(m, 2H), 7.09-7.01 (m, 2H), 6.97 (td, J=7.5, 1.2 Hz, 2H),
6.30 (dd, J=8.2, 1.0 Hz, 2H), 1.69 (s, 6H); *C-NMR (126
MHz, CDCL,) 8=172.1, 171.0, 142.4, 140.7, 137.4, 136.2,

]

Intermediate body ¢

Compound 1

Pd(OAc),, BuONa,
‘BusPBF,, Toluene
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1333, 132.9, 1314, 130.7, 130.5, 129.2, 129.0, 128.9,
126.6, 125.4,121.1, 114.1, 36.2, 31.2; APCI-MS my/z: 742
M™; Anal. caled for CsH;,FgNy: C, 72.77; H, 4.34; N, 7.54.
Found: C, 72.70; H, 432; N, 7.59.

(Synthesis Example 2) Synthesis of Compound 2

[0149]

CF,

Nov. 14,2019

C

Br /
RS

Intermediate body ¢

FC

Ch;

Compound 2

[0150] 2-[4-{2-(4-bromophenyl)-1,1,1,3,3,3-hexafluoro-

propane-2-yl}phenyl]-4,6-diphenyl-1,3,5-triazine (1.85 g, 3
mmol), diphenylamine (609 mg, 3.6 mmol), palladium
acetate (II) (34 mg, 0.15 mmol), sodium tert-butoxide (1.73
g, 18 mmol), tri-tert-butylphosphonium tetrafluoroborate
(131 mg, 0.45 mmol), and toluene (30 mL) were put in a
container, and stirred at 110° C. for 16 hours in a nitrogen
atmosphere. The reaction solution was cooled to room
temperature, and then 50 mL of water was added thereto to
separate a water layer and an organic layer from each other.
50 mL of dichloromethane was added to the water layer and
extraction was performed. In addition, the organic layer was
recovered, dichloromethane was added to the remaining
water layer, and an operation of performing extraction was
repeated two times. Sodium sulfate was added to the recov-
ered organic layer, dried, and filtered, the solvent was
volatilized and removed. The obtained precipitates were

F3C

N—
Br N
O~

CF;

Pd(OAc),, BuONa,
BusPBF,, Toluene

¥
Bo

purified by silica gel column chromatography by using the
mixture solution of dichloromethane:hexane=1:3 in an elu-
ant, and vacuum-dried to obtain a white solid of Compound
2 in a yield amount of 1.65 g at a yield rate of 78.3%.
[0151] 'H-NMR (500 MHz, CDCl,) §=8.83-8.74 (m, 6H),
7.68 (d, J=8.4 Hz, 2H), 7.65-7.56 (m, 6H), 7.30 (dd, J=8.4,
7.4 Hz, 4H), 7.22 (d, J=8.7 Hz, 2H), 7.16 (dd, ]=8.4, 7.4 Hz,
4H), 7.11-7.05 (m, 2H), 7.03-6.97 (m, 2H); 13C-NMR (126
MHz, CDCL,) $=172.0, 171.1, 148.5, 147.1, 137.9, 137.0,
1362, 132.8, 131.0, 130.7, 129.6, 129.2, 128.9, 128.8,
125.6, 125.4, 124.1, 120.9; APCI-MS m/z: 702 M*; Anal.
caled for C,,H, FN,: C,71.79; H,4.02; N, 7.97. Found: C,
71.65; H, 3.90; N, 8.00.

(Synthesis Example 3) Synthesis of Compound 3
[0152]

zm

S0

Pd(OAc), ‘BuONa,
Bu3PBF,, Toluene

Intermediate body ¢
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Compound 3

[0153] 2-[4-{2-(4-bromopheny])-1,1,1,3,3,3-hexafluoro-

propane-2-yl}phenyl]-4,6-diphenyl-1,3,5-triazine (1.85 g, 3
mmol), 1.3,6,8-tetramethyl-9H-carbazole (804 mg, 3.6
mmol), palladium acetate (IT) (34 mg, 0.15 mmol), sodium
tert-butoxide (1.73 g, 18 mmol), tri-tert-butylphosphonium
tetrafluoroborate (131 mg, 0.45 mmol), and toluene (30 mL)
were put in a container, and stirred at 110° C. for 16 hours
in a nitrogen atmosphere. The reaction solution was cooled
to room temperature, and then 50 mL of water was added
thereto to separate a water layer and an organic layer from
each other. 50 mL of dichloromethane was added to the
water layer and extraction was performed. In addition, the
organic layer was recovered, dichloromethane was added to
the remaining water layer, and an operation of performing
extraction was repeated two times. Sodium sulfate was
added to the recovered organic layer, dried, and filtered, and
the solvent was volatilized and removed. The obtained

Nov. 14,2019

precipitates were purified by silica gel column chromatog-
raphy by using a mixture solvent of dichloromethane:
hexane=1:3 in an eluant, and vacuum-dried to obtain a white
solid of Compound 3 in a yield amount of 1.86 g and at a
yield rate of 81.9%.

[0154] 'H-NMR (500 MHz, CDCl,) 8=8.81 (dd, J=7.3,
5.2 Hz, 2H), 8.80-8.76 (m, 4H), 7.73 (d, J=10.6 Hz, 2H),
7.70-7.65 (m, 2H), 7.65-7.56 (m, 6H), 7.53 (s, 4H), 6.94 (s,
2H), 2.48 (s, 6H), 1.94 (s, 6H); “C-NMR (126 MHz,
CDCly) 8=172.1, 170.9, 143.7, 139.6, 137.4, 137.3, 136.1,
133.9, 132.9, 131.3, 130.6, 130.5, 1304, 129.5, 129.2,
129.0,128.9,124.5,121.2, 118.0, 21.3, 19.5; APCI-MS m/z:
756 M*; Anal. caled for C, H;,FN,: C, 73.01; H, 4.53; N,
7.40. Found: C, 72.97; H, 4.47; N, 7.41.

(Synthesis Example 4) Synthesis of Compound 4
[0155]

Zm

Pd(OAc),, BuONa,
BuzPBF;, Toluene

Compound 4
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[0156] 2-[4-{2-(4-bromopheny])-1,1,1,3,3,3-hesafluoro-
propane-2-yl}, phenyl]-4,6-diphenyl-1,3,5-triazine (1.85 g,
3 mmol), 3,6-dimethyl-9H-carbazole (703 mg, 3.6 mmol),
palladium acetate (II) (34 mg, 0.15 mmol), sodium tert-
butoxide (1.73 g, 18 mmol), tri-tert-butylphosphonium tet-
rafluoroborate (131 mg, 0.45 mmol), and toluene (30 mL)
were put in a container, and stirred at 110° C. for 16 hours
in a nitrogen atmosphere. The reaction solution was cooled
to a room temperature, and then 50 mL of water was added
thereto to separate a water layer and an organic layer. 50 mL
of dichloromethane was added to the water layer and extrac-
tion was performed. In addition, the organic layer was
recovered, dichloromethane was added to the remaining
water layer, and an operation of performing extraction was
repeated two times. Sodium sulfate was added to the recov-
ered organic layer, dried, and filtered, and the solvent was
volatilized and removed. The obtained precipitates were
purified by silica gel column chromatography by using a
mixture solvent of dichloromethane:hexane=1:3 in an elu-
ant, and vacuum-dried to obtain a white solid of Compound
4 in a yield amount of 1.62 g at a yield rate of 74.1%.
[0157] 'H-NMR (500 MHz, CDCI,) 5=8.84 (d. J=8.7 Hz,
2H), 8.81-8.73 (m, 4H), 7.90 (s, 2H), 7.74 (d, I=8.4 Hz, 2H),
7.62 (ddd, J=21.7, 10.83, 6.0 Hz, 10H), 7.41 (d, J=8.3 Hz,
2H), 7.24 (dd, I=8.4, 1.4 Hz, 2H), 2.55 (s, 6H); 13C-NMR
(126 MHz, CDCl;) 86=172.0, 171.0, 139.3, 138.9, 137.5,
137.3, 136.2, 132.9, 131.9, 131.5, 130.7, 129.8, 129.2,
129.0,128.9,127.4,126.2,126.1, 123.9, 120.5, 109.6, 21.5;
APCI-MS m/z: 728 M™*; Anal. calcd for C,,H;oFsN,: C,
72.52; H, 4.15; N, 7.59. Found: C, 72.28; H, 4.13; N, 7.26.

(Synthesis 5) Synthesis of Compound 5
[0158]

CFs

o

Nov. 14,2019

[0159] 2-[4-{2-(4-bromopheny])-1,1,1,3,3.3-hexafluoro-
propane-2-yl}, phenyl]-4,6-diphenyl-1,3,5-triazine (1.85 g,
3 mmol), 1,8-dimethyl-9H-carbazole (703 mg, 3.6 mmol),
palladium acetate (II) (34 mg, 0.15 mmol), sodium tert-
butoxide (1.73 g, 18 mmol), tri-tert-butylphosphonium tet-
rafluoroborate (131 mg, 0.45 mmol), and toluene (30 mL)
were put in a container, and stirred at 110° C. for 16 hours
in a nitrogen atmosphere. The reaction solution was cooled
to a room temperature, and then 50 mL of water was added
thereto to separate a water layer and an organic layer from
each other. 50 mL of dichloromethane was added to the
water layer and extraction was performed. In addition, the
organic layer was recovered, dichloromethane was added to
the remaining water layer, and an operation of performing
extraction was repeated two times. Sodium sulfate was
added to the recovered organic layer, dried, and filtered, and
the solvent was volatilized and removed. The obtained
precipitates were purified by silica gel column chromatog-
raphy by using a mixture solvent of dichloromethane:
hexane=1:3 in an eluant, and vacuum-dried to obtain a white
solid of Compound 5 in a yield amount of 1.52 g at a yield
rate of 69.5%.

[0160] 'H-NMR (500 MHz, CDCl,) =8.83 (d, J=8.8 Hz,
2H), 8.81-8.76 (m, 4H), 8.00 (d, J=7.1 Hz, 2H), 7.68 (d,
J=8.4 Hz, 2H), 7.66-7.54 (m, 10H), 7.18 (t, J=7.4 Hz, 2H),
7.13 (d, J=7.0 He, 2H), 1.9 (s, 6H); *C-NMR (126 MHz,
CDCly) 9=4.2, 132.9, 131.5, 130.6, 130.4, 129.3, 129.2,
129.0, 128.9, 124.3, 121.5, 1203, 118.3, 19.6; APCI-MS
m/z: 728 M*; Anal. caled for C H;FN,: C, 72.52; H,
4.15; N, 7.69. Found: C, 72.29; H, 4.12; N, 7.56.

NQ
Br /
RS

Intermediate body ¢

Compound 5

» ~

Pd(OAc),, 'BuONa,
BusPBF,, Toluene

IS
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(Synthesis 6) Synthesis of Compound 6

Nov. 14,2019

[0161]
CF, _z
Br / \ I
= CF;s —z
Intermediate body ¢
O CF;
O CF3
Compound 6
[0162] 2-[4-{2-(4-bromophenyl)-1,1,1,3,3,3-hexafluoro-

propane-2-yl}, phenyl]-4,6-diphenyl-1,3,5-triazine (1.85 g,
3 mmol), carbazole (602 mg, 3.6 mmol), bis(dibenzilidene
acetone) palladium (0) (86 mg, 0.15 mmol), sodium tert-
butoxide (1.73 g, 18 mmol), tri-tert-butylphosphonium tet-
rafluoroborate (131 mg, 0.45 mmol), and toluene (30 mL)
were put in a container, and stirred at 110° C. for 16 hours
in a nitrogen atmosphere. The reaction solution was cooled
to a room temperature, and then 50 mL of water was added
thereto to separate a water layer and an organic layer from
each other. 50 mL of dichloromethane was added to the
water layer, and extraction was performed. In addition, the
organic layer was recovered, dichloromethane was added to
the remaining water layer, and an operation of performing
extraction was repeated two times. Sodium sulfate was
added to the recovered organic layer, dried, and filtered, and
the solvent was volatilized and removed. The obtained
precipitates were purified by silica gel column chromatog-
raphy by using a mixture solvent of dichloromethane:
hexane=1:3 in an eluant, and vacuum-dried to obtain a white
solid of Compound 6 in a yield amount of 1.52 g at a yield
rate of 72.4%.

[0163] ‘H-NMR (500 MHz, CDCI,) 5=8.85 (d. J=8.8 Hz,
2H), 8.81-8.74 (m, 4H), 8.16 (d, I=7.7 Hz, 2H), 7.74 (d,
J=8.2 Hz, 2H), 7.71-7.55 (m, 10H), 7.53 (t, J=8.2 Hz, 2H),
7.49-7.42 (m, 2H), 7.33 (t, J=7.4 Hz, 2H); *C-NMR (126
MHz, CDCl,) 6=172.0, 171.0, 140.6, 138.9, 137.4, 137.3,
136.1, 132.9, 132.1, 132.0, 130.7, 129.2, 129.0, 128.9,
126.6, 126.3, 123.8, 120.6, 109.9; APCI-MS m/z: 700 M+;
Anal. caled for C,,H,;F,N,: C, 72.00; H, 3.74; N, 8.00.
Found: C, 71.89; H, 3.72; N, 7.86.

Pd(dba),, BuONa,
BusPBFy, Toluene

ae
Bo

[2] Preparation and Evaluation of Organic
Light-Emitting Element

(Example 1) Preparation and Evaluation of Organic
Photoluminescence Element Using Compound 1

[0164] Compound 1 in a globe box in an Ar atmosphere
was dissolved in toluene, chloroform, or cyclohexane to
prepare a solution. A concentration of Compound 1 in each
solution was 2x10™> mol/L.

[0165] In addition, a thin film (single film) of Compound
1 under a condition of degree of vacuum of 5x10~* Pa or less
was formed at a thickness of 50 nm on a quartz substrate by
a vacuum deposition method to make an organic photolu-
minescence element.

[0166] Apart from this, Compound 1 and PPT under a
condition of degree of vacuum of 5x107* Pa or less was
deposited from different deposition sources on a quartz
substrate by a vacuum deposition method, and a thin film
(dope film) of Compound 1 having a concentration of 10%
by mass was formed at a thickness of 50 nm to make an
organic electroluminescence element.

[0167] Regarding each solution and the single film of
Compound 1, light emission spectrum and absorption spec-
trum measured using 340 nm of excitation light are shown
in FIG. 2, and excess attenuation curve of light emission
measured by using 340 nm of excitation light is shown in
FIG. 3. In the two spectrums of each solution and the single
film shown in FIG. 2, the spectrum having a maximum on
a short wavelength side is the absorption spectrum, and the
spectrum having a maximum on a long wavelength side is
the light emission spectrum. The same applies to FIGS. 4, 6,
8, 10, and 12 as below. In addition, a photoluminescence
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quantum efficiency (PL quantum efficiency) measured with
respect to each solution, the single film, and the dope film of
Compound 1, and a photoluminescence quantum efficiency
(PL quantum efficiency) measured after degassing of each
solution, the single film, and the dope film of Compound 1
are shown in Table 1.

(Examples 2 to 4) Preparation and Evaluation of
Organic Photoluminescence Element Using
Compounds 2 to 4

[0168] In the same manner as that of Example 1 except
that Compounds 2 to 4 were used instead of Compound 1,
toluene solutions, chloroform solutions, cyclohexane solu-
tions, single films, and dope films of Compounds 2 to 4 were
prepared.

[0169] Regarding each solution and a single film of Com-
pound 2, light emission spectrum and absorption spectrum
measured using 340 nm of excitation light are shown in FIG.
4, and excess attenuation curve of light emission using 340
nm of excitation light is shown in FIG. 5. Photolumines-
cence quantum efliciency measured with respect to each
solution, the single film, and the dope film of Compound 2
and photoluminescence quantum efficiency measured after
degassing of each solution, the single film, and the dope film
of Compound 2 are shown in Table 2.

[0170] Regarding each solution and a single film of Com-
pound 3, light emission spectrum measured using 340 nm of
excitation light is shown in FIG. 6, and excess attenuation
curve of light emission measured using 340 nm of excitation
light is shown in FIG. 7. Photoluminescence quantum effi-
ciency measured with respect to each solution, the single
film, and the dope film of Compound 3 and photolumines-
cence quantum efliciency measured after degassing of each
solution, the single film, and the dope film of Compound 3
are shown in Table 3.

[0171] With respect to each solution and a single film of
Compound 4, light emission spectrum and absorption spec-
trum measured by using 340 nm of excitation light are
shown in FIG. 8, and excess attenuation curve of light
emission measured by using 340 nm of excitation light is
shown in FIG. 9. Photoluminescence quantum efficiency
measured with respect to each solution, the single film, and
the dope film of Compound 4 and photoluminescence quan-
tum efficiency measured after degassing of each solution, the
single film, and the dope film of Compound 4 are shown in
Table 4.

(Example 5) Preparation and Evaluation of Organic
Photoluminescence Element Using Compound 5

[0172] In the same manner as that of Example 1, except
that Compound 5 was used instead of Compound 1, a
toluene solution, a chloroform solution, a single film, and a
dope film of Compound 5 were prepared.

[0173] With respect to each solution and the single film of
Compound 5, light emission spectrum and absorption spec-
trum measured by using 340 nm of excitation light are
shown in FIG. 10. With respect to the toluene solution and
the chloroform solution of Compound 5, excess attenuation
curve of light emission measured by using 340 nm of
excitation light and excess attenuation curve of light emis-
sion measured after degassing of these solutions are shown
in FIG. 11. Photoluminescence quantum efficiency mea-
sured with respect to each solution, the single film, and the
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dope film of Compound 5 and photoluminescence quantum
efficiency measured after degassing of each solution, the
single film, and the dope film of Compound 5 are shown in
Table 5.

(Example 6) Preparation and Evaluation of Organic
Photoluminescence Element Using Compound 6

[0174] In the same manner as that of Example 1, except
that Compound 6 was used instead of Compound 1, a
toluene solution and a single film of Compound 6 were
prepared.

[0175] With respect to the toluene solution and the single
film of Compound 6, light emission spectrum and absorption
spectrum measured by using 340 nm of excitation light are
shown in FIG. 12. With respect to the toluene solution of
Compound 6, excess attenuation curve of light emission
measured by using 340 nm of excitation light and excess
attenuation curve measured after degassing of the toluene
solution are shown in FIG. 13. Photoluminescence quantum
efficiency measured with respect to the toluene solution and
the single film of Compound 6 and photoluminescence
quantum efficiency measured after degassing of the toluene
solution and the single film of Compound 6 are shown in
Table 6.

TABLE 1
Compound 1
Toluene  Chloroform  Cyclohexane Single Dope
solution solution solution film film
PL quantum 2% 2% 1% 38%  46%
efficiency
PL quantum 72% 13% 10% 4%  78%
efficiency (after
degassing)
TABLE 2
Compound 2
Toluene  Chloroform  Cyclohexane Single Dope
solution solution solution film film
PL quantum 10% 12% 1% 30% 45%
efficiency
PL quantum 20% 53% 2% 50% 62%
efficiency (after
degassing)
TABLE 3
Compound 3
Toluene  Chloroform  Cyclohexane Single Dope
solution solution solution film film
PL quantum 2% 2% 1% 34%  36%
efficiency
PL quantum 36% 23% 8% 41%  60%
efficiency (after
degassing)
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TABLE 4
Compound 4
Toluene  Chloroform  Cyclohexane Single Dope
solution solution solution film film
PL quantum 10% 4% 5% 10%  23%
efficiency
PL Quantum 20% 5% 6% 1%  26%
efficiency (after
degassing)
TABLE 5
Compound 5
Toluene Chloroform Single Dope
solution solution film film
PL quantum 1% 1% 6% 22%
efficiency
PL quantum 6% 4% 8% 24%
efficiency (after
degassing)
TABLE 6
Compound 6
Toluene Single
solution film
PL quantum 1% 4%
efficiency
PL quantum 2% 4%
efficiency (after
degassing)
[0176] As shown in FIGS. 3, 5, 7, 11, and 13, it was

possible to observe a long-legged excess attenuation curve
in any of the compounds. From this, it was possible to check
that Compounds 1 to 6 are compounds that emit delayed
fluorescence. In addition, from PL quantum efficiency after
degassing shown in Tables 1 to 6, it was recognized that
Compounds 1 to 6 have excellent light emission efficiency.
It is estimated that regarding the one having low PL quantum
efficiency among non-degassed each solution, the single
film, the excited triplet state is extinguished by dissolved
oxygen and generation of the excited singlet state via reverse
intersystem crossing is reduced.

(Examples 7 and 8) Preparation and Evaluation of
Organic Electroluminescence Element Using
Compound 6

[0177] On a glass substrate on which an anode made of an
indium tin oxide (ITO) having a film thickness of 100 nm
was formed, each thin film was stacked at a degree of
vacuum of 5x10~° Pa by a vacuum deposition method. First,
HAT-CN was deposited at a thickness of 10 nm on the ITO
to form a hole injection layer. Subsequently, TrisPCz was
deposited at a thickness of 25 nm to form a hole transport
layer, and thereon, mCBP or Compound 6 was deposited at
a thickness of 5 nm to form an electron blocking layer.
Subsequently, 4CzIPN and Compound 6 were co-deposited

Nov. 14,2019

from different deposition sources, and a layer having a
thickness of 30 nm was formed to make a light-emitting
layer. At this time, a concentration of 4CzIPN was 20% by
weight. Subsequently, Compound 6 was deposited at a
thickness of 10 nm to form a hole blocking layer, and
thereon, an electron transport material and Liq were co-
deposited at a weight ratio of 7:3 at a thickness of 40 nm
from different deposition sources to form an electron trans-
fer layer. Subsequently, Liq and aluminum (Al) were co-
deposited at a weight ratio of 2:100 at a thickness of 100 nm
from different deposition sources to form a cathode, thereby
preparing organic electroluminescence elements of Example
7 (electron blocking layer is mCBP) and Example 8 (elec-
tron blocking layer is Compound 6).

[0178] Light emission spectrum of each of the produced
elements was overlapped as shown in FIG. 14. A maximum
external quantum efficiency of Example 7 was 14%.
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INDUSTRIAL APPLICABILITY

[0179] The compounds of the present invention are useful
as a light-emitting material and the like. For this reason, the
compounds of the present invention are effectively used as
a light-emitting material and the like for an organic light-
emitting element such as an organic electroluminescence
element. In the compounds of the present invention, those in
which delayed fluorescence is emitted are contained, and
thus it is also possible to provide an organic light-emitting
element having high light emission efliciency. For this
reason, the present invention has high industrial applicabil-

1ty.

REFERENCE SIGNS LIST

[0180] 1 Substrate

[0181] 2 Anode

[0182] 3 Positive hole injection layer
[0183] 4 Positive hole transport layer
[0184] 5 Light-emitting layer

[0185] 6 Electron transport layer
[0186] 7 Cathode
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1-19. (canceled)
20. An organic light-emitting element comprising a com-
pound represented by the following general formula (1):

General formula (1)

wherein R' and R? each independently represent a fluori-
nated alkyl group, D represents a substituent in which
Hammett’s o, value is negative, and A represents a substitu-
ent in which Hammett’s o, value is positive.

21. The organic light-emitting element according to claim
20, wherein R' and R® each independently represent a
perfluoroalkyl group.

22. The organic light-emitting element according to claim
20, wherein R' and R? each independently have 1 to 3
carbon atoms.

23. The organic light-emitting element according to claim
20, wherein D has a substituted or non-substituted diary-
lamino structure.

24. The organic light-emitting element according to claim
23, wherein D is an aryl group substituted with a substituted
or non-substituted diarylamino group.

25. The organic light-emitting element according to claim
20, wherein A has a substituted or non-substituted heteroaryl
group.

26. The organic light-emitting element according to claim
25, wherein A is an aryl group substituted with a substituted
or non-substituted heteroaryl group.

27. The organic light-emitting element according to claim
20, comprising the compound as a host material.

28. The organic light-emitting element according to claim
20, comprising the compound as a positive hole blocking
material.

29. The organic light-emitting element according to claim
20, comprising the compound as an electron blocking mate-
rial.

30. The organic light-emitting element according to claim
20, wherein a light-emitting layer includes the compound.

31. The organic light-emitting element according to claim
30, wherein the light-emitting layer contains the compound
in an amount of less than 50% by weight, and the light-
emitting layer contains a host material in addition to the
compound.

32. The organic light-emitting element according to claim
30, wherein the light-emitting layer contains the compound
in an amount of 50% or more by weight, and the light-
emitting layer contains a light-emitting material in addition
to the compound.

33. The organic light-emitting element according to claim
20, wherein an anode, a plurality of organic layers including
alight-emitting layer, and a cathode are stacked in order, and
the compound is included in a layer in contact with a cathode
side of the light-emitting layer.

34. The organic light-emitting element according to claim
20, wherein the anode, the plurality of organic layers includ-
ing a light-emitting layer, and the cathode are stacked in
order, and the compound is included in a layer in contact
with an anode side of the light-emitting layer.
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35. The organic light-emitting element according to claim
20, emitting delayed fluorescence.
36. A compound represented by the general formula (1):

General formula (1)

wherein R' and R* each independently represent a fluori-
nated alkyl group, D represents an aryl group substituted
with a substituted or non-substituted diarylamino group in
which Hammett’s o, value is negative, and A represents a
substituent in which Hammett’s o, value is positive.

* % % k¥
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