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(57) ABSTRACT

The compound represented by the following general formula
is useful as a light emitting material. Ar' represents an arylene
group, Ar* and Ar’ represent an aryl group, and R! to R®
represent a hydrogen atom or a substituent, provided that at

least one of R" to R® represents a diarylamino group.
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Fig. 7

10" . .

—
Dﬁ

.
D|
]
|

-
S
N
T
1

05 10 15 20 25 30
Time (us)

12 I I l I I

-
(e}
i

o
o

o
T

o
jo2)
o
T

o
P
o

Normarized Intensity

o
Mo
O

o
o

500 600 700 800
A/ nm

300 400



Patent Application Publication  Jan. 21,2016 Sheet 5 of 9 US 2016/0020402 A1

05 10 15 20 25 3.0
Time (pus)

Fig. 10

o
oo

o
(o)}
I

©
~

normarized intensity/a.u.

o
o

360 460 500 600 700 800
A/ nm




Patent Application Publication  Jan. 21,2016 Sheet 6 of 9 US 2016/0020402 A1

0.8

~
=
~ 8
=] >
8 5
. c
4 : )
T gl =
s 3
N | %
E |
g 04 g
() ]
b £
0.2 5
pd

Wavelength (nm)



Patent Application Publication  Jan. 21,2016 Sheet 7 of 9 US 2016/0020402 A1

=
o
[
T
i

PL intensity (count)
-
ch)
T
I

—
o
oy
T

-
[—]
(=]

Time (ps)

Fig. 14

< o <
= )] o -
T T

Normalized PL intensity (a.u.)
o
ho

0 L " [l
400 500 600 700 800

Wavelength / nm



Patent Application Publication  Jan. 21,2016 Sheet 8 of 9 US 2016/0020402 A1

Fig. 15
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COMPOUND, LIGHT EMITTING MATERIAL,
AND ORGANIC LIGHT EMITTING DEVICE

TECHNICAL FIELD

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

BACKGROUND ART

[0002] An organic light emitting device, such as an organic
electroluminescent device (organic EL device), has been
actively studied for enhancing the light emission efficiency
thereof. In particular, various studies for enhancing the light
emitting efficiency have been made by newly developing and
combining an electron transporting material, a hole transport-
ing material, a light emitting material and the like constituting
an organic electroluminescent device. There are studies relat-
ing to an organic electroluminescent device utilizing a com-
pound containing a triazine ring and a carbazole ring, which
are found among them, and some proposals have been made
hitherto.

[0003] Forexample, Patent Document 1 describes the com-
pound represented by the following general formula as a
compound emitting blue fluorescent light, and describes that
the compound is capable of being used in a light emitting
device having a light emitting layer and the like between a
pair of electrodes. In the following general formula, R'' and
R*? each represent a hydrogen atom, an aliphatic hydrocar-
bon group, an aryl group or a heterocyclic group, R and R?
each represent a hydrogen atom or a substituent that does not
contain an amino group, and L represent a linking group. PLT
1 describes that R'* and R'? may be bonded to each other to
forma carbazole ring, and a light emitting device using the
following compound A emits blue light. However, there is no
description or suggestion of a compound that has a carbazole
ring having a diarylamino group substituted thereon.

[chem 1]
General Formula
Rl
R N—
\
N L4</ \N
/ :
RIZ N—
RZ
Compound A
N
N=—
[0004] Patent Document 2 describes the usefulness of the

compound A and the analogous compounds thereof, as an

Jan. 21,2016

electron transporting material. Patent Document 3 describes
the usefulness of the compound containing a triazine ring and
a carbazole ring that are bonded to each other through an
arylene group, as an electron transporting material. Patent
Document 4 describes the usefulness of the compound A and
the analogous compounds thereof, as a host material of a light
emitting layer. In Patent Documents 2 to 4, however, there is
no description or suggestion of a compound that has a carba-
zole ring having a diarylamino group substituted thereon.

CITATION LIST

Patent Literatures

[0005] Patent Document 1: JP-A-2002-193952
[0006] Patent Document 2: WO 2005/076669
[0007] Patent Document 3: JP-A-2009-21336
[0008] Patent Document 4: WO 2012/015274
SUMMARY OF INVENTION
Technical Problem
[0009] As described above, there have been proposal of the

use of a compound having a triazine ring and a carbazole ring
in a light emitting device. However, the general formulae
described in Patent Documents 1 to 4 encompass an
extremely wide range of compounds, and the example com-
pounds shown therein have a wide variety of structures.
Meanwhile, only Patent Document 1 describes the usefulness
as a light emitting material, and in the examples therein, only
several compounds are specifically confirmed for the useful-
ness as a light emitting material. Furthermore, as a result of
studies by the present inventors, the compound A, which has
been specifically confirmed in Patent Document for the effect
as a light emitting material, still has room for improvement in
light emission efficiency.

[0010] Patent Documents 1 to 4 do not specifically describe
about a measure for further improving the light emission
efficiency. Accordingly, it may not be said that the relation-
ship between the light emission efficiency as a light emitting
material and the structure of the analogous compounds is
clarified. Therefore, it is difficult to estimate accurately the
light emission characteristics of the analogous compounds of
the compounds described in Patent Documents 1 to 4.

[0011] The present inventors have considered the problems
of the related art and have made investigations for providing
acompound having high light emission efficiency. The inven-
tors also have made investigations for providing a general
formula of compounds that are useful as a light emitting
material and generalizing the structure of an organic light
emitting device having a high light emission efficiency.

Solution to Problem

[0012] As a result of earnest investigations for achieving
the objects, the inventors have succeeded in the synthesis ofa
group of compounds having a particular structure, and have
found excellent properties of the group of compounds as a
light emitting material. The inventors have also found com-
pounds that are useful as a delayed fluorescent emitter in the
group of compounds, and have clarified that an organic light
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emitting device having a high light emission efficiency may
be provided inexpensively. Based on the knowledge, the
inventors have provided the following inventions as measures
for solving the problems.

[0013] (1) A compound represented by the following gen-
eral formula (1):

[chem 2]

General Formula (1)
RZ

2

Ar®

R3
Cr
R* N‘<
N—Ar14</ \N
RY N:<
(e
RS
R

wherein in the general formula (1), Ar* represents a substi-
tuted or unsubstituted arylene group; Ar* and Ar® each inde-
pendently represent a substituted or unsubstituted aryl group;
and R! to R® each independently represent a hydrogen atom or
a substituent, provided that at least one of R to R® represents
a substituted or unsubstituted diarylamino group, and R and
R* R*andR*, R* and R*, R’ andR®, R°andR”, and R” and R®
each may be bonded to each other to form acyclic structure.
[0014] (2) The compound according to the item (1),
wherein in the general formula (1), at least one of R* to R*
represents a substituted or unsubstituted diarylamino group,
and at least one of R to R® represents a substituted or unsub-
stituted diarylamino group.

[0015] (3) The compound according to the item (2),
wherein R® and R®in the general formula (1) each represent a
substituted or unsubstituted diarylamino group.

[0016] (4) The compound according to any one of the items
(1) to (3), wherein at least one of R' to R® in the general
formula (1) represents a substituted or unsubstituted diphe-
nylamino group.

[0017] (5) The compound according to any one of the items
(1) 10 (4), wherein Ar* and Ar? in the general formula (1) each
independently represent a substituted or unsubstituted phenyl
group.

[0018] (6) The compound according to any one of the items
(1) to (5), wherein Ar" in the general formula (1) represents a
substituted or unsubstituted phenylene group, a substituted or
unsubstituted naphthylene group or a substituted or unsubsti-
tuted anthracenyl group.

[0019] (7) The compound according to the item (1),
wherein the compound is represented by the following gen-
eral formula (2):
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[chem 3]

General Formula (2)
RM RS

RZ
R3
RIS RrI12
1
R RZZ Rll

R

RS R23 R24

R5 RIG R19

RS O N= R
%

R17 RIS

wherein in the general formula (2), R* to R* and R** to R**
each independently represent a hydrogen atom or a substitu-
ent, provided that at least one of R* to R® represents a substi-
tuted or unsubstituted diarylamino group, and R and R?, R?
and R?, R? and R* R® and RS, R andR”, R” and R®, R'! and
Rlz’ R2and R13, R and R14, R and Rls’ R and R17, RY7
andR'% R'® and R'®, R'® and R*°, R*! and R??, and R** and
R>* each may be bonded to each other to form a cyclic struc-
ture.

[0020] (8) The compound according to the item (7),
wherein in the general formula (2), at least one of R* to R*
represents a substituted or unsubstituted diarylamino group,
and at least one of R to R® represents a substituted or unsub-
stituted diarylamino group.

[0021] (9) The compound according to the item (8),
wherein R? and R¢ in the general formula (2) each represent a
substituted or unsubstituted diarylamino group.

[0022] (10) Alight emitting material containing the com-
pound according to any one of the items (1) to (9).

[0023] (11) A delayed fluorescent emitter having a struc-
ture represented by the general formula (1).

[0024] (12) An organic light emitting device containing a
substrate having thereon alight emitting layer containing the
light emitting material according to the item (10).

[0025] (13) The organic light emitting device according to
the item (12), wherein the organic light emitting device emits
delayed fluorescent light.

[0026] (14) The organic light emitting device according to
the item (12) or (13), wherein the organic light emitting
device is an organic electroluminescent device.

Advantageous Effects of Invention

[0027] The compound of the invention is useful as a light
emitting material. The compound of the invention includes a
compound that emits delayed fluorescent light. An organic
light emitting device using the compound of the invention as
a light emitting material is capable of achieving a high light
emission efficiency.

BRIEF DESCRIPTION OF DRAWINGS

[0028] FIG. 1is a schematic cross sectional view showing
an example of a layer structure of an organic electrolumines-
cent device.
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[0029] FIG.?2is the light emission spectra of the solution of
the compound 1 in Example 1 and the organic photolumines-
cent device of the compound 1 in Example 2.

[0030] FIG. 3 is the transient decay curve of the solution of
the compound 1 in Example 1.

[0031] FIG. 4 is the absorption and emission spectra of the
solution of the compound 2 in Example 1.

[0032] FIG.5is thetransient decay curves of the solution of
the compound 2 in Example 1.

[0033] FIG. 6 is the absorption and emission spectra of the
solution of the compound 3 in Example 1.

[0034] FIG.7 is the transient decay curve of the solution of
the compound 3 in Example 1.

[0035] FIG. 8 is the absorption and emission spectra of the
solution of the compound 4 in Example 1.

[0036] FIG.9 is the transient decay curve of the solution of
the compound 4 in Example 1.

[0037] FIG.101is the absorption and emission spectra of the
solution of the compound 5 in Example 1.

[0038] FIG. 11 is the transient decay curve of the solution
of the compound 5 in Example 1.

[0039] FIG.12is the absorption and emission spectra of the
solution of the compound A in Comparative Example 1.

[0040] FIG. 13 is the transient decay curve of the solution
of the compound A in Comparative Example 1.

[0041] FIG. 14 is the light emission spectrum of the organic
photoluminescent device of the compound 1 in Example 2.

[0042] FIG.15is the light emission spectrum of the organic
electroluminescent device of the compound 1 in Example 3.

[0043] FIG. 16 is a graph showing the electric current den-
sity-voltage characteristics of the organic electroluminescent
devices of the compound 1 in Example 3 and Ir(ppy); in
Comparative Example 2.

[0044] FIG. 17 is a graph showing the electric current den-
sity-external quantum efficiency characteristics of the
organic electroluminescent devices of the compound 1 in
Example 3 and Ir(ppy), in Comparative Example 2.

DESCRIPTION OF EMBODIMENTS

[0045] The contents of the invention will be described in
detail below. The constitutional elements may be described
below with reference to representative embodiments and spe-
cific examples of the invention, but the invention is not limited
to the embodiments and the examples. In the description, a
numerical range expressed with reference to an upper limit
and/or a lower limit means a range that includes the upper
limit and/or the lower limit. In the invention, the hydrogen
atom that is present in the compound used in the invention is
not particularly limited in isotope species, and for example,
all the hydrogen atoms in the molecule may be 'H, and all or
a part of them may be “H (deuterium (D)).

Compound Represented by General Formula (1)

[0046] The compound of the invention has a structure rep-
resented by the following general formula (1).
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[chem 4]

(¢
¢ N—Ar14</N4<N
o
RS

[0047] In the general formula (1), Ar' represents a substi-
tuted or unsubstituted arylene group. The aromatic ring con-
stituting the arylene group may be a monocyclic ring or a
fused ring, and specific examples thereof include a benzene
ring, a naphthalene ring, an anthracene ring and a phenan-
threne ring. The arylene group preferably has from 6 to 40
carbon atoms, more preferably from 6 to 20 carbon atoms,
and further preferably from 6 to 14 carbon atoms. Specific
examples of the arylene group include a 1,4-phenylene group,
a 1,3-phenylene group, a 1,2-phenylene group, a 1,8-naphth-
ylene group, a 2,7-naphthylene group, a 2,6-naphthylene
group, a 1,4-naphthylene group, a 1,3-naphthylene group, a
9,10-anthracenylene group, a 1,8-anthracenylene group, a
2,7-anthracenylene group, a 2,6-anthracenylene group, a 1,4-
anthracenylene group and a 1,3-anthracenylene group, and a
1,4-phenylene group, a 1,3-phenylene group, a 1,8-naphthyl-
ene group, a 2,7-naphthylene group, a 1,4-naphthylene
group, a 1,3-naphthylene group and a 9,10-anthracenylene
group are preferred. The hydrogen atoms present in the struc-
tures of the specific examples may be substituted.

[0048] In the general formula (1), Ar* and Ar® each inde-
pendently represent a substituted or unsubstituted aryl group.
The aromatic ring constituting the aryl group may be a mono-
cyclic ring or a fused ring, and specific examples thereof
include a benzene ring, a naphthalene ring, an anthracene ring
and a phenanthrene ring. The aryl group preferably has from
6 to 40 carbon atoms, more preferably from 6 to 20 carbon
atoms, and further preferably from 6 to 14 carbon atoms.
Specific examples of the aryl group include a phenyl group, a
1-naphthyl group, a 2-naphthyl group, a 1-anthracenyl group,
a 2-anthracenyl group and a 9-anthracenyl group, and a phe-
nyl group, a 1-naphthyl group and a 2-naphthyl group are
preferred. The hydrogen atoms present in the structures of the
specific examples may be substituted. In the general formula
(1), Ar* and Ar® may be the same as or different from each
other, and the compound having Ar* and Ar® that are the same
as each other may be advantageously synthesized relatively
easily.

[0049] The arylene group represented by Ar' and the aryl
groups represented by Ar* and Ar® each may have a substitu-
ent or may be unsubstituted. In the case where the group has
two or more substituents, the plural substituents may be the
same as or different from each other. Examples of the sub-
stituent include a hydroxyl group, a halogen atom, an alkyl
group having from 1 to 20 carbon atoms, an alkoxy group
having from 1 to 20 carbon atoms, an alkylthio group having
from 1 to 20 carbon atoms, an aryl group having from 6 to 40
carbon atoms, a heteroaryl group having from 3 to 40 carbon
atoms, an alkenyl group having from 2 to 10 carbon atoms, an

General Formula (1)
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alkynyl group having from 2 to 10 carbon atoms, a haloalkyl
group having from 1 to 10 carbon atoms, a trialkylsilyl group
having from 3 to 20 carbon atoms, a trialkylsilylalkyl group
having from 4 to 20 carbon atoms, a trialkylsilylalkenyl group
having from 5 to 20 carbon atoms and a trialkylsilylalkynyl
group having from 5 to 20 carbon atoms. In these specific
examples, the substituent that is capable of being further
substituted with a substituent may be substituted. More pre-
ferred examples of the substituent include a substituted or
unsubstituted alkyl group having from 1 to 20 carbon atoms,
a substituted or unsubstituted alkoxy group having from 1 to
20 carbon atoms, a substituted or unsubstituted aryl group
having from 6 to 40 carbon atoms and a substituted or unsub-
stituted heteroaryl group having from 3 to 40 carbon atoms.
Further preferred examples of the substituent include a sub-
stituted or unsubstituted alkyl group having from 1 to 10
carbon atoms, a substituted or unsubstituted alkoxy group
having from [ to 10 carbon atoms, a substituted or unsubsti-
tuted aryl group having from 6 to 15 carbon atoms and a
substituted or unsubstituted heteroaryl group having from 3
to 12 carbon atoms.

[0050] The alkyl group may be linear, branched or cyclic,
and more preferably has from 1 to 6 carbon atoms, and spe-
cific examples thereof include a methyl group, an ethyl group,
a propyl group, a butyl group, a tert-butyl group, a pentyl
group, a hexyl group and an isopropy!l group. The alkoxy
group may be linear, branched or cyclic, and more preferably
has from 1 to 6 carbon atoms, and specific examples thereof
include a methoxy group, an ethoxy group, a propoxy group,
a butoxy group, a tert-butoxy group, a pentyloxy group, a
hexyloxy group and an isopropoxy group. Examples of the
aryl group that is capable of being used as the substituent may
be a monocyclic ring or a condensed ring, and specific
examples thereof include a phenyl group and a naphthyl
group. The heteroaryl group may be a monocyclic ring or a
condensed ring, and specific examples thereof include a
pyridyl group, a pyridazyl group, a pyrimidyl group, a triazyl
group, a triazolyl group and a benzotriazolyl group. The
heteroaryl group may be a group that is bonded through the
hetero atom or a group that is bonded through the carbon atom
constituting the heteroaryl ring.

[0051] In the general formula (1), R* to R® each indepen-
dently represent a hydrogen atom or a substituent, provided
that at least one of R" to R® represents a substituted or unsub-
stituted diarylamino group. The two aryl groups of the diary-
lamino group herein may be the same as or different from
each other, and are preferably the same as each other. For the
definition and the preferred ranges of the aryl groups, refer-
ence may be made to the description for the aryl groups
represented by Ar* and Ar’. The two aryl groups of the dia-
rylamino group may be bonded to each other to form, for
example, a carbazole ring. Specific examples of the diary-
lamino group include a diphenylamino group, a di(1-naph-
thyl)amino group, a di(2-naphthyl)amino group, a di(4-me-
thylphenyl)amino group, a di(3-methylphenyl)amino group,
a di(3,5-dimethylphenyl)amino group, a di(4-biphenyl)
amino group and a 9-carbazolyl group.

[0052] In the general formula (1), at least one of R* to R®
necessarily represents a substituted or unsubstituted diary-
lamino group. The case where from 1 to 4 of R* to R® each
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represent a substituted or unsubstituted diarylamino group is
preferred, and the case where from 2 to 4 of R' to R® each
represent a substituted or unsubstituted diarylamino group is
more preferred. In the case where 2 or more of them each
represent a substituted or unsubstituted diarylamino group,
the plural substituted or unsubstituted diarylamino groups
may be the same as or different from each other. In the
compound represented by the general formula (1), it is pre-
ferred that at least one of R to R* represents a substituted or
unsubstituted diarylamino group, and at least one of R to R®
represents a substituted or unsubstituted diarylamino group.
In particular, it is preferred that at least R* and R® each rep-
resent a substituted or unsubstituted diarylamino group.

[0053] Examples of the substituent on the diarylamino
group include a hydroxyl group, a halogen atom, a cyano
group, an alkyl group having from 1 to 20 carbon atoms, an
alkoxy group having from 1 to 20 carbon atoms, an alkylthio
group having from 1 to 20 carbon atoms, an alkyl-substituted
amino group having from 1 to 20 carbon atoms, an aryl-
substituted amino group having from 12 to 40 carbon atoms,
an acyl group having from 2 to 20 carbon atoms, an aryl group
having from 6 to 40 carbon atoms, a heteroaryl group having
from 3 to 40 carbon atoms, a substituted or unsubstituted
carbazolyl group having from 12 to 40 carbon atoms, an
alkenyl group having from 2 to 10 carbon atoms, an alkynyl
group having from 2 to 10 carbon atoms, an alkoxycarbonyl
group having from 2 to 10 carbon atoms, an alkylsulfonyl
group having from 1 to 10 carbon atoms, a haloalkyl group
having from 1 to 10 carbon atoms, an amide group, an alky-
lamide group having from 2 to 10 carbon atoms, a trialkylsilyl
group having from 3 to 20 carbon atoms, a trialkylsilylalkyl
group having from 4 to 20 carbon atoms, a trialkylsilylalkenyl
group having from 5 to 20 carbon atoms, a trialkylsilylalkynyl
group having from 5 to 20 carbon atoms, and a nitro group. In
these specific examples, the substituent that is capable of
being further substituted with a substituent may be substi-
tuted. More preferred examples of the substituent include a
halogen atom, a cyano group, a substituted or unsubstituted
alkyl group having from 1 to 20 carbon atoms, a substituted or
unsubstituted alkoxy group having from 1 to 20 carbon
atoms, a substituted or unsubstituted aryl group having from
6t0 40 carbon atoms, a substituted or unsubstituted heteroaryl
group having from 3 to 40 carbon atoms, a substituted or
unsubstituted dialkylamino group having from 1 to 10 carbon
atoms, a substituted or unsubstituted diarylamino group hav-
ing from 12 to 40 carbon atoms and a substituted or unsub-
stituted carbazolyl group having from 12 to 40 carbon atoms.
Further preferred examples of the substituent include a fluo-
rine atom, a chlorine atom, a cyano group, a substituted or
unsubstituted alkyl group having from 1 to 10 carbon atoms,
a substituted or unsubstituted alkoxy group having from 1 to
10 carbon atoms, a substituted or unsubstituted dialkylamino
group having from 1 to 10 carbon atoms, a substituted or
unsubstituted diarylamino group having from 12 to 40 carbon
atoms, a substituted or unsubstituted aryl group having from
6 to 15 carbon atoms and a substituted or unsubstituted het-
eroaryl group having from 3 to 12 carbon atoms.
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[0054] AR to R® other than a substituted or unsubstituted
diarylamino group each may be a hydrogen atom, and at least
one of them may be a substituent. Two or more of them each
are a substituent, the plural substituents may be the same as or
different from each other. Examples ofthe substituent include
a hydroxyl group, a halogen atom, a cyano group, an alkyl
group having from 1 to 20 carbon atoms, an alkoxy group
having from 1 to 20 carbon atoms, an alkylthio group having
from 1 to 20 carbon atoms, an alkyl-substituted amino group
having from 1 to 20 carbon atoms, an acyl group having from
2 to 20 carbon atoms, an aryl group having from 6 to 40
carbon atoms, a heteroaryl group having from 3 to 40 carbon
atoms, an alkenyl group having from 2 to 10 carbon atoms, an
alkynyl group having from 2 to 10 carbon atoms, an alkoxy-
carbonyl group having from 2 to 10 carbon atoms, an alkyl-
sulfonyl group having from 1 to 10 carbon atoms, a haloalkyl
group having from 1 to 10 carbon atoms, an amide group, an
alkylamide group having from 2 to 10 carbon atoms, a tri-
alkylsilyl group having from 3 to 20 carbon atoms, a trialkyl-
silylalkyl group having from 4 to 20 carbon atoms, a trialkyl-
silylalkenyl group having from 5 to 20 carbon atoms, a
trialkylsilylalkynyl group having from 5 to 20 carbon atoms,
and a nitro group. In these specific examples, the substituent
that is capable of being further substituted with a substituent
may be substituted. More preferred examples of the substitu-
ent include a halogen atom, a cyano group, a substituted or
unsubstituted alkyl group having from 1 to 20 carbon atoms,
a substituted or unsubstituted alkoxy group having from 1 to
20 carbon atoms, a substituted or unsubstituted aryl group
having from 6 to 40 carbon atoms, a substituted or unsubsti-
tuted heteroaryl group having from 3 to 40 carbon atoms and
a dialkyl-substituted amino group having from 1 to 20 carbon
atoms. Further preferred examples of the substituent include
a fluorine atom, a chlorine atom, a cyano group, a substituted
or unsubstituted alkyl group having from 1 to 10 carbon
atoms, a substituted or unsubstituted alkoxy group having
from 1 to 10 carbon atoms, a substituted or unsubstituted aryl
group having from 6 to 15 carbon atoms and a substituted or
unsubstituted heteroaryl group having from 3 to 12 carbon
atoms.

[0055] Inthe general formula (1), R' and R, R* and R?, R?
and R*, R® and R®, R® and R’, and R” and R® each may be
bonded to each other to form a cyclic structure. The cyclic
structure may be an aromatic ring or an aliphatic ring, and
may contain a hetero atom. The cyclic structure may be a
condensed ring containing two or more rings. The hetero
atom herein is preferably one selected from the group con-
sisting of a nitrogen atom, an oxygen atom and a sulfur atom.
Examples of the cyclic structure formed include a benzene
ring, a naphthalene ring, a pyridine ring, a pyridazine ring, a
pyrimidine ring, a pyrazine ring, a pyrrole ring, an imidazole
ring, a pyrazole ring, a triazole ring, an imidazoline ring, an
oxazole ring, an isoxazole ring, a thiazole ring, an isothiazole
ring, a cyclohexadiene ring, a cyclohexene ring, a cyclopen-
tene ring, a cycloheptatriene ring, a cycloheptadiene ring and
a cycloheptene ring.

[0056] The compound represented by the general formula
(1) preferably has a structure represented by the following
general formula (2).
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[chem 3]
General Formula (2)
Rl4 Rl3
RZ
R3
RIS RIZ
Rl R22 R?.l
R* N \ R
N / N

R5 RIG Rl9

RS N=— RZO
28 Rr23 R4
R7

RrRY RIS

[0057] In the general formula (2), R* to R® and R'! to R**
each independently represent a hydrogen atom or a substitu-
ent, provided that at least one of R* to R® represents a substi-
tuted or unsubstituted diarylamino group. For the substituted
or unsubstituted diarylamino group, the substituent capable
of being represented by R* to R®, and the substituent capable
of being represented by R** to R**, reference may be made to
the substituted or unsubstituted diarylamino group, the sub-
stituent capable of being represented by R* to R¥, and the
substituent capable of being represented by Ar' to Ar®, in the
general formula (1).

[0058] Inthe general formula (2),R! and R?, R*and R?, R?
andR*, R’and R% R®andR’”, R” and R®, R and R'?,R'? and
R!3 R and R™ R™*and R'*, R*S and R'7, RY and R'®, R*®
and R'?, R*® and R*°, R* and R*, and R** and R** each may
be bonded to each other to form a cyclic structure. For the
description and the preferred ranges of the cyclic structure,
reference may be made to the corresponding descriptions in
the general formula (1).

[0059]
resented by the general formula (2) include a group of com-

Examples of the preferred group of compounds rep-

pounds, in which at least one of R* to R* represents a substi-
tuted or unsubstituted diarylamino group, and at least one of
R®to R® represents a substituted or unsubstituted diarylamino
group, and a group of compounds, in which R* and R® each
represent a substituted or unsubstituted diarylamino group.

[0060]
the general formula (1) are shown below, but the compound

Specific examples of the compound represented by

represented by the general formula (1) capable of being used
in the invention is not construed as being limited to the spe-
cific examples. In the following example compounds, Ph
represents a phenyl group.
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[0061] The molecular weight of the compound represented
by the general formula (1) is preferably 1,500 or less, more
preferably 1,200 or less, further preferably 1,000 or less, and
still further preferably 800 or less, for example, in the case
where an organic layer containing the compound represented
by the general formula (1) is intended to be formed as a film
by a vapor deposition method. The lower limit of the molecu-
lar weight is the molecular weight of the smallest compound
represented by the general formula (1).

[0062] The compound represented by the general formula
(1) may be formed into a film by a coating method irrespective
of the molecular weight thereof. The compound that has a
relatively large molecular weight may be formed into a film
by a coating method.

[0063] As an application of the invention, it may be con-
sidered that a compound that contains plural structures each
represented by the general formula (1) in the molecule is used
as a light emitting material.

[0064] For example, it may be considered that a polymer-
izable group is introduced in advance to the structure repre-
sented by the general formula (1), and a polymer obtained by
polymerizing the polymerizable group is used as a light emit-
ting material. Specifically, it may be considered that a mono-
mer that has a polymerizable functional group at any of Ar' to
Ar® and R* to R? in the general formula (1) is prepared, and is
homopolymerized or copolymerized with another monomer
to prepare a polymer containing repeating units, and the poly-
mer is used as a light emitting material. In alternative, it may
be considered that the compounds represented by the general
formula (1) are coupled to form a dimer or a trimer. and the
dimer or the trimer is used as a light emitting material.
[0065] Examples of the polymer having the repeating unit
containing the structure represented by the general formula
(1) include a polymer containing a structure represented by
the following general formula (3) or (4).

[chem 10]
General Formula (3)
)
Ll RlOl
—C—Cym
RIOZ R103
General Formula (4)
Q
b
—+C=Cm
RI4
[0066] In the general formulae (3) and (4), Q represents a

group containing the structure represented by the general
formula (1), and L' and L? each represent a linking group. The
linking group preferably has from 0to 20 carbon atoms, more
preferably from 1 to 15 carbon atoms, and further preferably
from 2 to 10 carbon atoms. The linking group preferably has
a structure represented by —X''-L'-, wherein X'* repre-
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sents an oxygen atom or a sulfur atom, and preferably an
oxygen atom, and L.'* represents a linking group, preferably a
substituted or unsubstituted alkylene group or a substituted or
unsubstituted arylene group, and more preferably a substi-
tuted or unsubstituted alkylene group having from 1 to 10
carbon atoms or a substituted or unsubstituted phenylene
group.

[0067] Inthe general formulae (3) and (4), R*%,R'%2, R!%?
and each independently represent a substituent, preferably a
substituted or unsubstituted alkyl group having from 1 to 6
carbon atoms, a substituted or unsubstituted alkoxy group
having from 1 to 6 carbon atoms, or a halogen atom, more
preferably an unsubstituted alkyl group having from 1 to 3
carbon atoms, an unsubstituted group having from 1 to 3
carbon atoms, a fluorine atom or a chlorine atom, and further
preferably an unsubstituted alkyl group having from 1 to 3
carbon atoms or an unsubstituted alkoxy group having from 1
to 3 carbon atoms.

[0068] The linking group represented by L' and L> may be
bonded to any of Ar' to Ar® and R' to R® in the structure
represented by the general formula (1) constituting Q or any
of R to R® and R*! to R** in the structure represented by the
general formula (2). Two or more of the linking groups may
be boded to one group represented by Q to form a crosslinked
structure or a network structure.

[0069] Specific examples of the structure of the repeating
unit include structures represented by the following formulae

(5)to (8).

[chem 11]

Formula (5)

Formula (6)

@)

Formula (7)
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-continued
Formula (8)

[0070] The polymer having the repeating unit containing
the structure represented by any of the formulae (5) to (8) may
be synthesized in such a manner that a hydroxyl group is
introduced to any of Ar* to Ar® and R to R® in the structure
represented by the general formula (1), and the hydroxyl
group as a linker is reacted with the following compound to
introduce a polymerizable group thereto, followed by poly-
merizing the polymerizable group.

[chem 12]

OH OH
~

[0071] Thepolymer containing the structure represented by
the general formula (1) in the molecule may be a polymer
containing only a repeating unit having the structure repre-
sented by the general formula (1), or a polymer further con-
taining a repeating unit having another structure. The repeat-
ing unit having the structure represented by the general
formula (1) contained in the polymer may be only one kind or
two or more kinds. Examples of the repeating unit that does
not have the structure represented by the general formula (1)
include a repeating unit derived from a monomer that is used
for ordinary copolymerization. Examples of the repeating
unit include a repeating unit derived from a monomer having
an ethylenic unsaturated bond, such as ethylene and styrene.

Synthesis Method of Compound Represented by General
Formula (1)

[0072]
(1) may be synthesized by combining the known reactions.

The compound represented by the general formula

For example, the compound may be synthesized through the
following scheme.
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[chem 13]
RZ
R3
1
K AP
R* N4<
N—Ar'—Bpin + X~</ N —
RS N:<
RS Ar
RG
R7
RZ
R3
1
R A
R* N—<
N—Ar1~</ \N
RS N:<
RS Ar
R6
R7
[0073] In the aforementioned reaction scheme, for the

descriptions of Ar' to Ar® and R! to R®, reference may be
made to the corresponding descriptions in the general for-
mula (1). In the reaction scheme, pin represents a pinacolato
group, and X represents a halogen atom, examples of which
include a fluorine atom, a chlorine atom, a bromine atom and
an iodine atom, with a chlorine atom and a bromine atom
being preferred.

[0074] The reaction shown by the reaction scheme is an
application of the known coupling reaction, and the known
reaction conditions may be appropriately selected and used.
The carbazole derivative as the starting material may be syn-
thesized by utilizing the known synthesis method, in which a
corresponding bromide is reacted with bis(pinacolato)dibo-
ron. For the details of the reaction and the synthesis route,
reference may be made to the synthesis examples described
later. The compound represented by the general formula (1)
may also be synthesized by combining the other known syn-
thesis reactions.

Organic Light Emitting Device

[0075] The compound represented by the general formula
(1) of the invention is useful as a light emitting material of an
organic light emitting device. Accordingly, the compound
represented by the general formula (1) of the invention may
be effectively used as a light emitting material in a light
emitting layer of an organic light emitting device. The com-
pound represented by the general formula (1) includes a
delayed fluorescent material emitting delayed fluorescent
light. Thus, the invention provides an invention relating to a
delayed fluorescent emitter having the structure represented
by the general formula (1), an invention relating to the use of
the compound represented by the general formula (1) as the
delayed fluorescent emitter, and an invention relating to a
method for emitting delayed fluorescent light with the com-
pound represented by the general formula (1). An organic
light emitting device that uses the compound as a light emit-
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ting material has features that the device emits delayed fluo-
rescent light and has high light emission efficiency. The prin-
ciple of the features may be described as follows for an
organic electroluminescent device as an example.

[0076] Inanorganic electroluminescent device, carriers are
injected from an anode and a cathode to a light emitting
material to form an excited state for the light emitting mate-
rial, with which light is emitted. In the case of a carrier
injection type organic electroluminescent device, in general,
excitons that are excited to the excited singlet stateare 25% of
the total excitons generated, and the remaining 75% thereof
are excited to the excited triplet state. Accordingly, the use of
phosphorescence, which is light emission from the excited
triplet state, provides a high energy use efficiency. However,
the excited triplet state has a long lifetime and thus causes
saturation of the excited state and deactivation of energy
through mutual action with the excitons in the excited triplet
state, and therefore the quantum yield of phosphorescence
may generally be often not high. A delayed fluorescent emit-
ter emits fluorescent light through the mechanism that the
energy of excitons transits to the excited triplet state through
intersystem crossing or the like, and then transits to the
excited singlet state through reverse intersystem crossing due
to triplet-triplet annihilation or absorption of thermal energy,
thereby emitting fluorescent light. It is considered that among
the materials, a thermal activation type delayed fluorescent
emitter emitting light through absorption of thermal energy is
particularly useful for an organic electroluminescent device.
In the case where a delayed fluorescent emitter is used in an
organic electroluminescent device, the excitons in the excited
singlet state normally emit fluorescent light. On the other
hand, the excitons in the excited triplet state emit fluorescent
light through intersystem crossing to the excited singlet state
by absorbing the heat generated by the device. At this time,
the light emitted through reverse intersystem crossing from
the excited triplet state to the excited single state has the same
wavelength as fluorescent light since it is light emission from
the excited single state, but has a longer lifetime (light emis-
sion lifetime) than the normal fluorescent light and phospho-
rescent light, and thus the light is observed as fluorescent light
that is delayed from the normal fluorescent light and phos-
phorescent light. The light may be defined as delayed fluo-
rescent light. The use of the thermal activation type exciton
transition mechanism may raise the proportion of the com-
pound in the excited single state, which is generally formed in
aproportion only of 25%, to 25% or more through the absorp-
tion of the thermal energy after the carrier injection. A com-
pound that emits strong fluorescent light and delayed fluores-
cent light at a low temperature of lower than 100° C.
undergoes the intersystem crossing from the excited triplet
state to the excited singlet state sufficiently with the heat of
the device, thereby emitting delayed fluorescent light, and
thus the use of the compound may drastically enhance the
light emission efficiency.

[0077] Theuse of the compound represented by the general
formula (1) of the invention as a light emitting material of a
light emitting layer may provide an excellent organic light
emitting device, such as an organic photoluminescent device
(organic PL device) and an organic electroluminescent device
(organic EL device). At this time, the compound represented
by the general formula (1) of the invention may have a func-
tion of assisting light emission of another light emitting mate-
rial contained in the light emitting layer, i.e., as a so-called
assist dopant. Specifically, the compound represented by the
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general formula (1) of the invention contained in the light
emitting layer may have a lowest excited singlet energy level
that is between the lowest excited singlet energy level of the
host material contained in the light emitting layer and the
lowest excited singlet energy level of the another light emit-
ting material contained in the light emitting layer.

[0078] The organic photoluminescent device has a struc-
ture containing a substrate having formed thereon at least a
light emitting layer. The organic electroluminescent device
has a structure containing at least an anode, a cathode and an
organic layer formed between the anode and the cathode. The
organic layer contains at least a light emitting layer, and may
be formed only of a light emitting layer, or may have one or
more organic layer in addition to the light emitting layer.
Examples of the organic layer include a hole transporting
layer, a hole injection layer, an electron barrier layer, a hole
barrier layer, an electron injection layer, an electron transport-
ing layer and an exciton barrier layer. The hole transporting
layer may be a hole injection and transporting layer having a
hole injection function, and the electron transporting layer
may be an electron injection and transporting layer having an
electron injection function. A specific structural example of
an organic electroluminescent device is shown in FIG. 1. In
FIG. 1, the numeral 1 denotes a substrate, 2 denotes an anode,
3 denotes a hole injection layer, 4 denotes a hole transporting
layer, 5 denotes a light emitting layer, 6 denotes an electron
transporting layer, and 7 denotes a cathode.

[0079] Themembers and the layers of the organic electrolu-
minescent device will be described below. The descriptions
for the substrate and the light emitting layer may also be
applied to the substrate and the light emitting layer of the
organic photoluminescent device.

Substrate

[0080] The organic electroluminescent device of the inven-
tion is preferably supported by a substrate. The substrate is
not particularly limited and may be those that have been
commonly used in an organic electroluminescent device, and
examples thereof used include those formed of glass, trans-
parent plastics, quartz and silicon.

Anode

[0081] The anode of the organic electroluminescent device
used is preferably formed of as an electrode material a metal,
an alloy or an electroconductive compound each having a
large work function (4 eV or more), or a mixture thereof.
Specific examples of the electrode material include a metal,
such as Au, and an electroconductive transparent material,
such as Cul, indium tin oxide (ITO), SnQ, and ZnO. A mate-
rial that is amorphous and is capable of forming a transparent
electroconductive film, such as IDIXO (In,0,—ZnQ), may
also be used. The anode may be formed in such a manner that
the electrode material is formed into a thin film by such a
method as vapor deposition or sputtering, and the film is
patterned into a desired pattern by a photolithography
method, or in the case where the pattern may not require high
accuracy (for example, approximately 100 um or more), the
pattern may be formed with a mask having a desired shape on
vapor deposition or sputtering of the electrode material. In
alternative, in the case where a material capable of being
applied as a coating, such as an organic electroconductive
compound, is used, a wet film forming method, such as a
printing method and a coating method, may be used. In the
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case where emitted light is to be taken out through the anode,
the anode preferably has a transmittance of more than 10%,
and the anode preferably has a sheet resistance of several
hundred ohm per square or less. The thickness thereof may be
generally selected from a range of from 10 to 1,000 nm, and
preferably from 10 to 200 nm, while depending on the mate-
rial used.

Cathode

[0082] The cathode is preferably formed of as an electrode
material a metal having a small work function (4 eV or less)
(referred to as an electron injection metal), an alloy or an
electroconductive compound each having a small work func-
tion (4 eV or less), or a mixture thereof. Specific examples of
the electrode material include sodium, a sodium-potassium
alloy, magnesium, lithium, a magnesium-copper mixture, a
magnesium-silver mixture, a magnesium-aluminum mixture,
amagnesium-indium mixture, an aluminum-aluminum oxide
(Al,05) mixture, indium, a lithium-aluminum mixture, and a
rare earth metal. Among these, a mixture of an electron injec-
tion metal and a second metal that is a stable metal having a
larger work function than the electron injection metal, for
example, a magnesium-silver mixture, a magnesium-alumi-
num mixture, a magnesium-indium mixture, an aluminum-
aluminum oxide (Al,O;) mixture, a lithium-aluminum mix-
ture, and aluminum, are preferred from the standpoint of the
electron injection property and the durability against oxida-
tion and the like. The cathode may be produced by forming
the electrode material into a thin film by such a method as
vapor deposition or sputtering. The cathode preferably has a
sheet resistance of several hundred ohm per square or less,
and the thickness thereof may be generally selected from a
range of from 10 nm to 5 wm, and preferably from 50 to 200
nm. For transmitting the emitted light, any one of the anode
and the cathode of the organic electroluminescent device is
preferably transparent or translucent, thereby enhancing the
light emission luminance.

[0083] Thecathode may be formed with the electroconduc-
tive transparent materials described for the anode, thereby
forming a transparent or translucent cathode, and by applying
the cathode, a device having an anode and a cathode, both of
which have transmittance, may be produced.

Light Emitting Layer

[0084] Thelightemitting layeris alayer, in which holes and
electrons injected from the anode and the cathode, respec-
tively, are recombined to form excitons, and then the layer
emits light. A lightemitting material may be solely used as the
light emitting layer, but the light emitting layer preferably
contains a light emitting material and a host material. The
light emitting material used may be one kind or two or more
kinds selected from the group of compounds represented by
the general formula (1) of the invention. In order that the
organic electroluminescent device and the organic photolu-
minescent device of the invention exhibit a high light emis-
sion efficiency, it is important that the singlet excitons and the
triplet excitons generated in the light emitting material are
confined in the light emitting material. Accordingly, a host
material is preferably used in addition to the light emitting
material in the light emitting layer. The host material used
may be an organic compound that has excited singlet energy
and excited triplet energy, at least one of which is higher than
those of the light emitting material of the invention. As a
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result, the singlet excitons and the triplet excitons generated
in the light emitting material of the invention are capable of
being confined in the molecules of the light emitting material
of the invention, thereby eliciting the light emission effi-
ciency thereof sufficiently. Even though the singlet excitons
and the triplet excitons are not confined sufficiently, a high
light emission efficiency may be obtained in some cases, and
thus a host material that is capable of achieving a high light
emission efficiency may be used in the invention without any
particular limitation. In the organic light emitting device and
the organic electroluminescent device of the invention, the
light emission occurs in the light emitting material of the
invention contained in the light emitting layer. The emitted
light contains both fluorescent light and delayed fluorescent
light. However, a part of the emitted light may contain emitted
light from the host material, or the emitted light may partially
contain emitted light from the host material.

[0085] In the case where the host material is used, the
amount of the compound of the invention as the light emitting
material contained in the light emitting layer is preferably
0.1% by weight or more, and more preferably 1% by weight
or more, and is preferably 50% by weight or less, more
preferably 20% by weight or less, and further preferably 10%
by weight or less.

[0086] The host material in the light emitting layer is pref-
erably an organic compound that has a hole transporting
function and an electron transporting function, prevents the
emitted light from being increased in wavelength, and has a
high glass transition temperature.

Injection Layer

[0087] The injection layer is a layer that is provided
between the electrode and the organic layer, for decreasing
the driving voltage and enhancing the light emission lumi-
nance, and includes a hole injection layer and an electron
injection layer, which may be provided between the anode
and the light emitting layer or the hole transporting layer and
between the cathode and the light emitting layer or the elec-
tron transporting layer. The injection layer may be provided
depending on necessity.

Barrier Layer

[0088] The barrier layer is a layer that is capable of inhib-
iting charges (electrons or holes) and/or excitons present in
the light emitting layer from being diffused outside the light
emitting layer. The electron barrier layer may be disposed
between the light emitting layer and the hole transporting
layer, and inhibits electrons from passing through the light
emitting layer toward the hole transporting layer. Similarly,
the hole barrier layer may be disposed between the light
emitting layer and the electron transporting layer, and inhibits
holes from passing through the light emitting layer toward the
electron transporting layer. The barrier layer may also be used
for inhibiting excitons from being diffused outside the light
emitting layer. Thus, the electron barrier layer and the hole
barrier layer each may also have a function as an exciton
barrier layer. The term “the electron barrier layer” or “the
exciton barrier layer” referred herein is intended to include a
layer that has both the functions of an electron barrier layer
and an exciton barrier layer by one layer.

Hole Barrier Layer

[0089] Theholebarrierlayer has the function of an electron
transporting layer in a broad sense. The hole barrier layer has
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a function of inhibiting holes from reaching the electron
transporting layer while transporting electrons, and thereby
enhances the recombination probability of electrons and
holes in the light emitting layer. As the material for the hole
barrier layer, the materials for the electron transporting layer
described later may be used depending on necessity.

Electron Barrier Layer

[0090] The electron barrier layer has the function of trans-
porting holes in a broad sense. The electron barrier layer has
a function of inhibiting electrons from reaching the hole
transporting layer while transporting holes, and thereby
enhances the recombination probability of electrons and
holes in the light emitting layer.

Exciton Barrier Layer

[0091] The exciton barrier layer is a layer for inhibiting
excitons generated through recombination of holes and elec-
trons in the light emitting layer from being diffused to the
charge transporting layer, and the use of the layer inserted
enables effective confinement of excitons in the light emitting
layer, and thereby enhances the light emission efficiency of
the device. The exciton barrier layer may be inserted adjacent
to the light emitting layer on any of the side of the anode and
the side of the cathode, and on both the sides. Specifically, in
the case where the exciton barrier layer is present on the side
of the anode, the layer may be inserted between the hole
transporting layer and the light emitting layer and adjacent to
the light emitting layer, and in the case where the layer is
inserted on the side of the cathode, the layer may be inserted
between the light emitting layer and the cathode and adjacent
to the light emitting layer. Between the anode and the exciton
barrier layer that is adjacent to the light emitting layer on the
side of the anode, a hole injection layer, an electron barrier
layer and the like may be provided, and between the cathode
and the exciton barrier layer that is adjacent to the light
emitting layer on the side of the cathode, an electron injection
layer, an electron transporting layer, a hole barrier layer and
the like may be provided. In the case where the barrier layer
is provided, the material used for the barrier layer preferably
has excited singlet energy and excited triplet energy, at least
one of which is higher than the excited singlet energy and the
excited triplet energy of the light emitting layer, respectively.

Hole Transporting Layer

[0092] Thehole transporting layer is formed of a hole trans-
porting material having a function of transporting holes, and
the hole transporting layer may be provided as a single layer
or plural layers.

[0093] The hole transporting material has one of injection
or transporting property of holes and barrier property of elec-
trons, and may be any of an organic material and an inorganic
material. Examples of known hole transporting materials that
may be used herein include a triazole derivative, an oxadiaz-
ole derivative, an imidazole derivative, a carbazole derivative,
an indolocarbazole derivative, a polyarylalkane derivative, a
pyrazoline derivative, a pyrazolone derivative, a phenylene-
diamine derivative, an arylamine derivative, an amino-substi-
tuted chalcone derivative, an oxazole derivative, a styrylan-
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thracene derivative, a fluorenone derivative, a hydrazone
derivative, a stilbene derivative, a silazane derivative, an
aniline copolymer and an electroconductive polymer oligo-
mer, particularly a thiophene oligomer. Among these, a por-
phyrin compound, an aromatic tertiary amine compound and
astyrylamine compound are preferably used, and an aromatic
tertiary amine compound is more preferably used.

Electron Transporting Layer

[0094] The electron transporting layer is formed of a mate-
rial having a function of transporting electrons, and the elec-
tron transporting layer may be provided as a single layer or
plural layers.

[0095] The electron transporting material (which may also
function as a hole barrier material in some cases) needs only
to have a function of transporting electrons, which are
injected from the cathode, to the light emitting layer.
Examples of the electron transporting layer that may be used
herein include anitro-substituted fluorene derivative, a diphe-
nylquinone derivative, a thiopyran dioxide derivative, carbo-
diimide, a fluorenylidene methane derivative, anthraquin-
odimethane and anthrone derivatives, and an oxadiazole
derivative. The electron transporting material used may be a
thiadiazole derivative obtained by replacing the oxygen atom
of the oxadiazole ring of the oxadiazole derivative by a sulfur
atom, or a quinoxaline derivative having a quinoxaline ring,
which is known as an electron attracting group. Furthermore,
polymer materials having these materials introduced to the
polymer chain or having these materials used as the main
chain of the polymer may also be used.

[0096] In the production of the organic electroluminescent
device, the compound represented by the general formula (1)
may be used not only in the light emitting layer but also in the
other layers than the light emitting layer. In this case, the
compound represented by the general formula (1) used in the
light emitting layer and the compound represented by the
general formula (1) used in the other layers than the light
emitting layer may be the same as or different from each
other. For example, the compound represented by the general
formula (1) may be used in the injection layer, the barrier
layer, the hole barrier layer, the electron barrier layer, the
exciton barrier layer, the hole transporting layer, the electron
transporting layer and the like described above. The film
forming method of the layers are not particularly limited, and
the layers may be produced by any of a dry process and a wet
process.

[0097] Specific examples of preferred materials that may
be used in the organic electroluminescent device are shown
below, but the materials that may be used in the invention are
not construed as being limited to the example compounds.
The compound that is shown as a material having a particular
function may also be used as a material having another func-
tion. In the structural formulae of the example compounds, R
and R, to R, each independently represent a hydrogen atom
or a substituent, and n represents an integer of from 3 to 5.

[0098] Preferred examples of a compound that may also be
used as the host material of the light emitting layer are shown
below.



US 2016/0020402 Al Jan. 21,2016
13

[chem 14]










US 2016/0020402 Al Jan. 21,2016

e

-continued

Q, SN
étgaf

2

[chem 16]

5oogeadl
VPP






US 2016/0020402 Al Jan. 21,2016
18

-continued




US 2016/0020402 Al Jan. 21,2016
19

-continued
[chem 18]

O

CH,

CH;

@
n

[0099] Preferred examples of acompound that may be used
as the hole injection material are shown below.

[chem 19]
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[0100] Preferred examples of acompound that may be used

as the hole transporting material are shown below.
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[0101] Preferred examples ofa compound that may be used
as the electron barrier material are shown below.
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[chem 26]

[0102] Preferred examples of a compound that may be used
as the hole barrier material are shown below.

[chem 27]
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[0103] Preferred examples of a compound that may be used
as the electron transporting material are shown below.
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[0104] Preferred examples of acompound that may be used
as the electron injection material are shown below. [chem 52]

[Chem h ] O O

Jan. 21,2016

[0105] Preferred examples of acompound as a material that H
may be added are shown below. For example, the compound 0
may be added as a stabilizing material.
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[0106] The organic electroluminescent device thus pro-
duced by the aforementioned method emits light on applica-
tion of an electric field between the anode and the cathode of
the device. In this case, when the light emission is caused by
the excited single energy, light having a wavelength that
corresponds to the energy level thereof may be confirmed as
fluorescent light and delayed fluorescent light. When the light
emission is caused by the excited triplet energy, light having
awavelength that corresponds to the energy level thereof may
be confirmed as phosphorescent light. The normal fluorescent
light has a shorter light emission lifetime than the delayed
fluorescent light, and thus the light emission lifetime may be
distinguished between the fluorescent light and the delayed
fluorescent light.

[0107] The phosphorescent light may substantially not
observed with a normal organic compound, such as the com-
pound of the invention, at room temperature since the excited
triplet energy is converted to heat or the like due to the
instability thereof, and is immediately deactivated with a
short lifetime. The excited triplet energy of the normal
organic compound may be measured by observing light emis-
sion under an extremely low temperature condition.

[0108] The organic electroluminescent device of the inven-
tion may be applied to any of a single device, a structure with
plural devices disposed in an array, and a structure having

Jan. 21,2016

anodes and cathodes disposed in an X-Y matrix. According to
the invention, an organic light emitting device that is largely
improved in light emission efficiency may be obtained by
adding the compound represented by the general formula (1)
in the light emitting layer. The organic light emitting device,
such as the organic electroluminescent device, of the inven-
tion may be applied to a further wide range of purposes. For
example, an organic electroluminescent display apparatus
may be produced with the organic electroluminescent device
of the invention, and for the details thereof, reference may be
made to S. Tokito, C. Adachi and H. Murata, “Yuki EL, Dis-
play” (Organic EL Display) (Ohmsha, Ltd.). In particular, the
organic electroluminescent device of the invention may be
applied to organic electroluminescent illumination and back-
light which are highly demanded.

EXAMPLE

[0109] The features of the invention will be described more
specifically with reference to synthesis examples and work-
ing examples below. The materials, processes, procedures
and the like shown below may be appropriately modified
unless they deviate from the substance of the invention.
Accordingly, the scope of the invention is not construed as
being limited to the specific examples shown below. The light
emission characteristics were evaluated by using Source
Meter (2400 Series, produced by Keithley Instruments Inc.),
Semiconductor Parameter Analyzer (E5273A, produced by
Agilent Technologies, Inc.), Optical Power Meter (1930C,
produced by Newport Corporation), Optic Spectrometer
(USB2000, produced by Ocean Optics, Inc.), Spectral Radi-
ent Meter (SR-3, produced by Topcon Corporation) and
Streak Camera (Model C4334, produced by Hamamatsu Pho-
tonics K.K.).

Synthesis Example 1

Synthesis of Compound 1

[0110]
[chem 33]

benzylchloride

KOH
NH
THF (dry)
reflux
Intermediate 1
i KI, KIO;
N H,80,
_
ethanol
35°C.

L

Intermediate 2
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} p dlphenylamlne

Pdy(dba);*CHCI3
Sodium tert-butoxide

(t- Bu3 PBF,
toluene (dry)
100° C.
Intermediate 3
Il’h
Ph/N
N AlCl;

_—
anisole (dry)

O 60° C.
Ph— Il\I
Ph
Intermediate 4
Il’h
Ph—" N
NH
Ph\ll\I
Ph
Intermediate 5
[0111] A solution of carbazole (intermediate 1) (25.7 g 150

mmol, produced by Nacalai Tesque, Inc.), benzyl chloride
(58.4 g, 454.5 mmol, produced by Wako Pure Chemical
Industries, Ltd.) and potassium hydroxide (41.1 g, 714.3
mmol, produced by Nacalai Tesque, Inc.) in tetrahydrofuran
(250 mL, produced by Kanto Chemical Co., Inc.) was
refluxed in an argon atmosphere for 34 hours. Subsequently,
after cooling at room temperature, water (250 mL) and
dichloromethane (200 mL) were added to the reaction solu-
tion, and the mixture was separated. The organic layer was
dried over anhydrous magnesium sulfate, from which the
solvent was distilled off with an evaporator, and the product
was recrystallized from hexane to provide an intermediate 2
in the form of white crystals (30.67 g, yield: 770). A solution
of the intermediate 2 (5.1 g, 19.8 mmol), potassium periodate
(3.6 g, 16.9 mmol, produced by Nacalai Tesque, Inc.), potas-
sium iodide (4.4 g, 32.4 mmol, produced by Nacalai Tesque,
Inc.) and sulfuric acid (3.1 g,31.3 mmol, produced by Nacalai
Tesque, Inc.) in ethanol (700 mL, produced by Wako Pure
Chemical Industries, Ltd.) was heated to 55° C. in an argon
atmosphere under shield of light for 13 hours. Subsequently,

37
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after cooling at room temperature, ethanol was distilled off
with an evaporator, dichloromethane (300 mL) and water
(200 mL) were added to the residue, and the mixture was
separated. The organic layer was dried over anhydrous mag-
nesium sulfate, from which the solvent was distilled off with
an evaporator, and the product was recrystallized from a
mixed solvent of ethyl acetate and hexane to provide an
intermediate 3 in the form of white crystals (9.65 g, yield:
95%).

[0112] A solution of the intermediate 3 (4.3 g, 8.5 mmol),
diphenylamine (3.2 g, 18.7 mmol, produced by Nacalai
Tesque, Inc.), tri-tert-butylphosphine tetrafluoroborate (0.40
g, 0.22 mmol, produced by Sigma-Aldrich Corporation),
sodium tert-butoxide (2.8 g, 29.2 mmol, produced by Tokyo
Chemical Industry Co., Ltd.) and tris(dibenzylideneacetone)
(chloroform) palladium(0) (0.056 g, 0.054 mmol) in toluene
(200 mL, produced by Kanto Chemical Co., Inc.) was heated
to 80° C. in an argon atmosphere for 1 hour. Subsequently,
after cooling at room temperature, toluene (250 ml) and
water (200 mL) were added to the reaction solution, and the
mixture was separated. The organic layer was dried over
anhydrous magnesium sulfate, from which the solvent was
distilled off with an evaporator, and the product was recrys-
tallized from a mixed solvent of ethyl acetate and hexane to
provide an intermediate 4 in the form of blackish green solid
(4.24 g, yield: 840).

[0113] A solution of intermediate 4 (3.0 g, 5.1 mmol) in
anisole (16 mlL, produced by Sigma-Aldrich Corporation)
was added dropwise to a suspension liquid of anhydrous
aluminum(IIT) chloride (5.0 g, 37.8 mmol, produced by Wako
Pure Chemical Industries, Ltd.) in anisole (4.7 mL, produced
by Sigma-Aldrich Corporation) under cooling with ice, and
then the mixture was heated to 60° C. for 21 hours. Subse-
quently, after cooling at room temperature, dichloromethane
(100 mL) and water (50 mL) were added to the reaction
solution, and the mixture was separated. The organic layer
was washed with a 5% sodium hydrogen carbonate aqueous
solution (50 mL) and a saturated sodium chloride aqueous
solution (50 mL). The organic layer was dried over anhydrous
magnesium sulfate, from which the solvent was distilled off
with an evaporator. The residue was purified by silica gel
column chromatography (dichloromethane/hexane:
40%/60%) to provide an intermediate 5 in the form of black-
ish green solid (2.23 g, yield: 76%).

[chem 34]
Cl Ph
)\ bromobenzene )\
)\ /k T (dry )\ )\
35°
18 h

Intermediate 6 Intermediate 7

[0114] Tetrahydrofuran (15 mL) was added to magnesium
(4.1 g, 172.8 mmol, produced by Wako Pure Chemical Indus-
tries, Ltd.), to which dibromoethane (0.29 g, 0.0015 mmol,
produced by Wako Pure Chemical Industries, [td.) was added
under stirring. Bromobenzene (26.2 g, 166.8 mmol, produced
by Nacalai Tesque, Inc.) was added dropwise thereto at room
temperature, and the mixture was refluxed under an argon
atmosphere for 3 hours. After cooling at room temperature,
the solution was added dropwise to a solution of cyanuric
chloride (intermediate 6) (8.2 g, 44.3 mmol, produced by
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Tokyo Chemical Industry Co., Ltd.) in tetrahydrofuran (50
mL) under cooling with ice, and then the mixture was heated
to 35° C. in an argon atmosphere for 18 hours. After cooling
at room temperature, dichloromethane (100 ml) and water
(40 mL) were added to the reaction solution, and the mixture
was separated. The organic layer was dried over anhydrous
sodium sulfate, from which the solvent was distilled off with
an evaporator. A part of the residue (1.35 g) was purified by
silica gel column chromatography (dichloromethane/hexane:
20%/80%) to provide an intermediate 7 in the form of white
solid (1.128 g).

[chem 35]
Ph

NH n

Phes

Ph
Intermediate 5

Cul
LiCl

C82C03
I Br —»
DMF
150°C.

Intermediate 8

Il’h
Ph/N
Ph~ T
Ph
Intermediate 9
Ph
|
Ph/N Bis(pinacolato)diboron
Pd,(dba)z*CHCl3
Tricyclohexylphospine
KOAc
N Br 1,4-dioxane
Phw N
|
Ph

Intermediate 9
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Ph

Ph/N

Ph\N

Ph

Intermediate 10
Ph

2-Chrolo-4,
6-diphenyl-
1,3,5triazine (C)
Pdy(dba)ze
CHCl; SPhos
K3P0,
_—
Bpin Toluene/
H,0 (10:1)
100° C
Phes
Ph
Intermediate 10
}l’h
Ph~" N
Ph
N=<
N4/<
Ph
Phe
Ph
Compound 1
[0115] A suspension liquid of the intermediate 5 (2.01 g,

4.0 mmol), p-bromoiodobenzene (intermediate 8) (1.37g,4.8
mmol, produced by Wako Pure Chemical Industries, Ltd.),
lithium chloride (0.15 g, 7.2 mmol, produced by Wako Pure
Chemical Industries, Ltd.) cesium carbonate (1.68 g, 5.1
mmol, produced by Tokyo Chemical Industry Co., Ltd.) and
copperiodide (0.11 g, 0.58 mmol, produced by Kanto Chemi-
cal Co., Ltd.) in dimethylformamide (35 mL, produced by
Wako Pure Chemical Industries, [td.) was heated to 150° C.
under an argon atmosphere for 38 hours. Subsequently, after
cooling at room temperature, a saturated ammonium chloride
aqueous solution (30 mL) and dichloromethane (100 mL)
were added to the reaction solution, and the mixture was
separated. The organic layer was dried over magnesium sul-
fate, from which the solvent was distilled off with an evapo-
rator. The residue was purified by silica gel column chroma-
tography (dichloromethane/hexane: 20%/80%) to provide an
intermediate 9 in the form of white crystals (0.1.9 g, yield:
71%).
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[0116] A solution of tricyclohexylphosphine (0.053 g, 0.19
mmol, produced by Strem Chemicals, Inc.) and tris(diben-
zylideneacetone) (chloroform) palladium(0) (0.043 g, 0.041
mmol) in 1.4-dioxane (15 mL, produced by Wako Pure
Chemical Industries, Ltd.) was stirred at room temperature
for 30 minutes, to which the intermediate 9 (1.64 g, 2.5
mmol), bis(pinacolato)diboron (0.70 g, 2.8 mmol, produced
by Wako Pure Chemical Industries, Ltd.) and potassium
acetate (0.53 g, 11.0 mmol, produced by Wako Pure Chemical
Industries, Ltd.) were added, and the mixture was heated to
80° C.under an argon atmosphere for 18 hours. Subsequently,
after cooling to room temperature, water (5 mL) and toluene
(20 mL) were added to the reaction solution, and the mixture
was separated. The organic layer was washed with a saturated
sodium chloride aqueous solution (10 mL), and then dried
over anhydrous magnesium sulfate. The solvent was distilled
off with an evaporator to provide a mixture containing an
intermediate 10 (1.6 g).

[0117] The mixture containing the intermediate 10 (1.6 g),
2-chloro-4,6-diphenyl-1,3,5-triazine (0.0787 g, 2.9 mmol),
potassium phosphate (1.0 g, 4.7 mmol), tris(dibenzylidene-
acetone) (chloroform) palladium(0) (0.014 g, 0.014 mmol)
and 2-dicyclohexylphosphino-2',6'-dimethoxybiphenyl
(0.027 g, 0.067 mmol) were dissolved in a mixed solvent of
toluene (5 mL) and water (0.5 mL), and the solution was
heated to 100° C. for 2 hours. After cooling to room tempera-
ture, the reaction solution was diluted with dichloromethane,
and passed through a silica gel column. The solvent was
distilled off from the solution with an evaporator, and the
residue was purified by silica gel column chromatography
(dichloromethane/hexane: 20%/80%) and recrystallized
twice from a mixed solvent of dichloromethane and hexane to
provide the compound 1 in the form of yellow crystals (0.98
2). The crystals were further purified by sublimation to pro-
vide the compound 1 in the form of yellow solid (0.70 g).

[0118] melting point: 265° C.

[0119] 'H-NMR (300 MHz acetone D6): § 9.143 (d, I=8.7
Hz, 2H), 8.931 (dd, 1,=8.0 Hz, ],=1.4 Hz, 4H), 8.003 (d,
1=8.7, 2H), 7.944 (d, J=1.8 Hz, 211), 7.733-7.650 (m, 6H),
7.628 (s, 2H0), 7.311 (d, J=2.4 Hz, 2H),7.278-7.212 (m, 10H),
7.072-6.930 (m, 10H)

Synthesis Example 2
Synthesis of Compound 2
[0120]
[chem 36]
PhyN,
NH +

(
(J

Intermediate 6

PILN
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Cul
L-proline
K,CO;

—_—
DMSO
110° C,,

Intermediate 11 48h

PhyN,

N Br
9

PhoN
Intermediate 12
PhyN
O 1) n-BuLi
2) SnBusCl
N B —
CPME
0°C.tort.
12h
PN
Intermediate 12
Ph,N,
: g 467 SHBU3
Ph,N
Intermediate 13
PN
N 4@7 SnBuj +
PhyN

Intermediate 13

Ph Pd,(dba);*CHCl3
XPhos
N_<
N\ CsF
Cl / N _—
1,4-dioxane
N:< 80°C.,16h

Ph

Intermediate 14
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Ph,N
Ph
N:<
N—< ;;—<\ N
N4/<
Ph
Ph,N
Compound 2

[0121] Under an argon atmosphere, a suspension liquid of
the intermediate 6 (1.20 g, 2.40 mmol), 1-bromo-4-iodo-2-
methylbenzene (intermediate 11) (852 mg, 2.88 mmol),
L-proline (110 mg, 0.96 mmol, produced by Wako Pure
Chemical Industries, Ltd.), potassium carbonate (1.68 g, 4.80
mmol, produced by Wako Pure Chemical Industries, Ltd.)
and copper iodide (91.4 mg, 0.48 mmol, produced by Wako
Pure Chemical Industries, Ltd.) in dimethylformamide (2.4
mL, produced by Wako Pure Chemical Industries, Ltd.) was
heated to 110° C. for 48 hours. Subsequently, after cooling to
room temperature, a saturated ammonium chloride aqueous
solution (30 mL) and dichloromethane (100 mL) were added
to the reaction solution, and the mixture was, separated. The
organic layer was dried over magnesium sulfate, from which
the solvent was distilled off with an evaporator. The residue
was purified by silica gel column chromatography (dichlo-
romethane/hexane: 20%/80%) to provide an intermediate 12
in the form of pale yellow crystals (1.43 g, yield: 89%).
[0122] ‘H-NMR (600 MHz, CDCl,): 8 7.75-7.73 (m, 3H),
7.45 (d, J=2.4 Hz, 1H), 7.31-7.27 (m, 3H), 7.23-7.18 (m,
10H), 7.06 (d, J=7.8 Hz, 8H), 6.93 (t, J=7.5 Hz, 4H), 2.50 (s,
3H)

[0123] Under an argon atmosphere, the intermediate 12
(1.20 g, 1.79 mmol) was dissolved in cyclopentyl methyl
ether (17 mL, produced by Wako Pure Chemical Industries,
Ltd.), and the solution was cooled to 0° C. A hexane solution
of n-butyllithium (1.6 M, 1.23 mL, 1.97 mmol, produced by
Wako Pure Chemical Industries, Ltd.) was added dropwise to
the solution, and the mixture was stirred at 0° C. for 1.5 hours.
Tributyltin chloride (699 mg, 2.15 mmol, produced by
Sigma-Aldrich Corporation) was added dropwise to the solu-
tion, and the mixture was stirred at room temperature for 10
hours. Water (30 mL) and toluene (30 mL) were added to the
reaction solution, and the mixture was separated. The organic
layer was washed with a saturated sodium chloride aqueous
solution (20 mL), and then dried over anhydrous magnesium
sulfate. The solvent was distilled off with an evaporator to
provide a mixture containing an intermediate 13 (1.4 g). The
mixture was used in the subsequent reaction without purifi-
cation.

[0124] Under an argon atmosphere, the mixture containing
the intermediate 13 (1.4 g), the intermediate 14 (574 mg, 2.15
mmol), cesium fluoride (599 mg, 3.94 mmol, produced by
Wako Pure Chemical Industries, Ltd.), tris(dibenzylideneac-
etone) (chloroform) palladium(0) (27.9 mg, 0.027 mmol) and
2-dichlorohexylphosphino-2',4',6'-triisopropylbiphenyl
(52.4 mg, 0.11 mmol, produced by Sigma-Aldrich Corpora-
tion) were dissolved in 1,4-dioxane (1.8 mL, produced by
Wako Pure Chemical Industries, Ltd.), and the solution was
heated to 80° C. for 16 hours. After cooling to room tempera-
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ture, the reaction solution was diluted with dichloromethane,
and passed through a silica gel column. The solvent was
distilled off from the solution with an evaporator, and the
residue was purified by silica gel column chromatography
(dichloromethane/hexane: 20%/80%) and recrystallized
from a mixed solvent of dichloromethane and hexane to pro-
vide the compound 2 in the form of yellow crystals (0.90 g,
vield: 61%).

[0125] 'H-NMR (600 MHz, CDCL,): d 8.78 (d, J=6.6 Hz,
4H), 8.60 (d,1=8.4Hz, 1H),7.79 (d, J=6.6 Hz, 2H), 7.67-7.56
(m, 8H),7.27-7.24 (m, 4H), 7.24-7.18 (m, 8H), 7.09 (d, J=8.4
Hz, 8H), 6.95 (t, J=7.5 Hz, 4H), 2.98 (s. 3H)

Synthesis Example 3
Synthesis of Compound 3
[0126]
[chem 37]
PhoN,
NH +
PH,N
Intermediate 6
Cul
L-proline
K,CO3
I P —
DMSO
110°C,,
48h
Intermediate 15
PN,
Ph,N
Intermediate 16
Ph,N,
D 1) n-BuLi
2) SnBuzCl

N Br
CPME

0°C.tort.
12h

PhyN
Intermediate 16
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=
Q

Ph,N

Intermediate 17

Ph,N

NQ SnBus +
Ph,N

Intermediate 17
Ph Pdy(dba);»CHCL3
N \< X(Ij’h;)s
S
Cl / N _—
1,4-dioxane
N:< 80°C., 18 h
Ph
Intermediate 7
Ph,N
Ph
N:<
N \ N
N4/<
Ph
Ph,N
Compound 3

[0127] Under an argon atmosphere, a suspension liquid of

the intermediate 6 (1.20 g, 2.40 mmol), 2-bromo-5-iodo-1,3-
dimethylbenzene (intermediate 15) (893 mg, 2.88 mmol),
L-proline (110 mg, 0.96 mmol, produced by Wako Pure
Chemical Industries, [.td.), potassium carbonate (1.68 g, 4.80
mmol, produced by Wako Pure Chemical Industries, Ltd.)
and copper iodide (91.4 mg, 0.48 mmol, produced by Wako
Pure Chemical Industries, Ltd.) in dimethylformamide (2.4
mL, produced by Wako Pure Chemical Industries, Ltd.) was
heated to 110° C. for 48 hours. Subsequently, after cooling to
room temperature, a saturated ammonium chloride aqueous
solution (30 mL) and dichloromethane (100 mL) were added
to the reaction solution, and the mixture was separated. The
organic layer was dried over magnesium sulfate, from which
the solvent was distilled off with an evaporator. The residue
was purified by silica gel column chromatography (dichlo-
romethane/hexane: 20%/80%) to provide an intermediate 16
in the form of pale yellow crystals (1.49 g, yield: 91%).

Jan. 21,2016

[0128] 'H-NMR (600 MHz, CDCL,): § 7.75 (s, 2H), 7.31-
7.27 (m, 4H), 7.23-7.16 (m, 10H), 7.06 (d, J=7.8 Hz, 8H),
6.93 (t, I=7.2 Hz, 4H), 2.52 (s, 6H)

[0129] Under an argon atmosphere, the intermediate 16
(1.22 g, 1.79 mmol) was dissolved in cyclopentyl methyl
ether (17 mL, produced by Wako Pure Chemical Industries,
Ltd.), and the solution was cooled to 0° C. A hexane solution
of n-butyllithium (1.6 M, 1.23 mL, 1.97 mmol, produced by
Wako Pure Chemical Industries, [td.) was added dropwise to
the solution, and the mixture was stirred at 0° C. for 1.5 hours.
Tributyltin chloride (699 mg, 2.15 mmol, produced by
Sigma-Aldrich Corporation) was added dropwise to the solu-
tion, and the mixture was stirred at room temperature for 10
hours. Water (30 mL) and toluene (30 mL) were added to the
reaction solution, and the mixture was separated. The organic
layer was washed with a saturated sodium chloride aqueous
solution (20 mL), and then dried over anhydrous magnesium
sulfate. The solvent was distilled off with an evaporator to
provide a mixture containing an intermediate 17 (1.4 g). The
mixture was used in the subsequent reaction without purifi-
cation.

[0130] Under an argon atmosphere, the mixture containing
the intermediate 17 (1.4 g), the intermediate 7 (574 mg, 2.15
mmol), cesium fluoride (599 mg, 3.94 mmol, produced by
Wako Pure Chemical Industries, Ltd.), tris(dibenzylideneac-
etone) (chloroform) palladium(0) (27.9 mg, 0.027 mmol) and
2-dichlorohexylphosphino-2',4',6'-triisopropylbiphenyl
(52.4 mg, 0.11 mmol, produced by Sigma-Aldrich Corpora-
tion) were dissolved in 1,4-dioxane (1.8 mL, produced by
Wako Pure Chemical Industries, [td.), and the solution was
heated to 80° C. for 16 hours. After cooling to room tempera-
ture, the reaction solution was diluted with dichloromethane,
and passed through a silica gel column. The solvent was
distilled off from the solution with an evaporator, and the
residue was purified by silica gel column chromatography
(dichloromethane/hexane: 20%/80%) and recrystallized
from a mixed solvent of dichloromethane and hexane to pro-
vide the compound 3 in the form of yellow crystals (0.87 g,
yield: 580).

[0131] 'H-NMR (600 MHz, CDCL,): d 8.75 (d, J=7.8 Hz,
4H), 7.79 (d, J=1.8 Hz, 2H), 7.64 (t, ]=7.2 Hz, 2H), 7.59 (3,
J=1.5Hz, 4H),7.48 (d,J=8.4 Hz, 2H), 7.43 (s, 2H), 7.28-7.24
(m, 2H), 7.22 (t, J=8.1 Hz, 8H), 7.09 (d, J=8.4 Hz, 8H), 6.94
(t, J=7.5 Hz, 4H), 2.44 (s, 6H)

Synthesis Example 4
Synthesis of Compound 4
[0132]
[chem 38]
PhoN
NH +

(
(J

Intermediate 6

PILN
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F Br ﬂ»
DMF
150°C,,
Intermediate 18 48h
PN,
PN

Intermediate 19

Ph,N

Pd,(dba);*CHCl
P(Cy)
KOAc
BPin
N Bro_ 2"
1,4-dioxane
O 80°C., 18 h

PhyN
Intermediate 19
PN
PhyN
Intermediate 20
PhyN,
N@—Bpm +

PN

Intermediate 20

Ph Pd;(dba);*CHCl;
N SPhos
K3PO,
Cl / \ N _—
Toluene, water
N:< 80°C., 18 h
Ph

Intermediate 7
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Qv
3

Ph,N

N \N 4/<N

Compound 4

Ph,N

[0133] Under an argon atmosphere at 0° C., the intermedi-
ate 6 (1.20 g, 2.40 mmol) was added to a suspension liquid of
NaH (containing 40% of a mineral oil, 63.3 mg, 2.64 mmol,
produced by Wako Pure Chemical Industries, Ltd.) in dim-
ethylformamide (2.4 mL, produced by Wako Pure Chemical
Industries, [td.), and the mixture was stirred for 30 minutes.
4-Bromo-1-fluoro-2-methylbenzene (intermediate 18) (2.25
2, 12.0 mmol) was added to the solution, and the solution was
heated to 150° C. for 48 hours. Subsequently, after cooling to
room temperature, a saturated ammonium chloride aqueous
solution (30 mL) and dichloromethane (100 mL) were added
to the reaction solution, and the mixture was separated. The
organic layer was dried over magnesium sulfate, from which
the solvent was distilled off with an evaporator. The residue
was purified by silica gel column chromatography (dichlo-
romethane/hexane: 20%/80%) to provide an intermediate 19
in the form of pale yellow crystals (1.49 g, yield: 93%).
[0134] 'H-NMR (600 MHz, CDCL,): 8 7.77 (s, 2H), 7.66-
7.61 (m, 'H), 7.54-7.49 (m 1H), 7.28-7.14 (m, 13H), 7.07 (d,
J=1.8 Hz, 8H), 6.93 (t, J=7.5 Hz, 4H), 2.07 (s, 3H)

[0135] Under an argon atmosphere, a solution of tricyclo-
hexylphosphine (30.8 mg, 0.11 mmol, produced by Strem
Chemicals, Inc.) and tris(dibenzylideneacetone) (chloro-
form) palladium(0) (27.9 mg, 0.027 mmol) in 1.4-dioxane
(10 mL, produced by Wako Pure Chemical Industries, Ltd.)
was stirred at room temperature for 30 minutes, to which the
intermediate 19 (1.20 g, 1.79 mmol), bis(pinacolato)diboron
(546 mg, 2.15 mmol, produced by Tokyo Chemical Industry
Co., Ltd.) and potassium acetate (351 mg, 3.58 mmol, pro-
duced by Wako Pure Chemical Industries, Ltd.) were added,
and the mixture was heated to 80° C. for 18 hours. Subse-
quently, after cooling to room temperature, water (5 mL) and
toluene (20 mL) were added to the reaction solution, and the
mixture was separated. The organic layer was washed twice
with a saturated sodium chloride aqueous solution (10 mL),
and then dried over anhydrous sodium sulfate. The solvent
was distilled off with an evaporator to provide a mixture
containing an intermediate 20 (1.5 g). The mixture was used
in the subsequent reaction without purification.

[0136] Under an argon atmosphere, the mixture containing
the intermediate 20 (1.5 g), the intermediate 7 (574 mg, 2.15
mmol), potassium phosphate (758 mg, 3.58 mmol, produced
by Wako Pure Chemical Industries, Ltd.), tris(dibenzylidene-
acetone) (chloroform) palladium(0) (27.9 mg, 0.027 mmol)
and  2-dichlorohexylphosphino-2',6'-dimethoxybiphenyl
(45.2 mg, 0.11 mmol, produced by Wako Pure Chemical
Industries, Ltd.) were dissolved in a mixed solvent of toluene
(1.0 mL) and water (0.1 mL), and the solution was heated to
100° C. for 16 hours. After cooling to room temperature, the
reaction solution was diluted with dichloromethane, and
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passed through a silica gel column. The solvent was distilled
off from the solution with an evaporator, and the residue was
purified by silica gel column chromatography (dichlo-
romethane/hexane: 20%/80%) and recrystallized from a
mixed solvent of dichloromethane and hexane to provide the
compound 4 in the form of yellow crystals (0.84 g, yield:
57%).

[0137] 'H-NMR (600 MHz, CDCL,): & 8.88 (s, 1H), 8.85-
8.76 (m, 5H),7.81 (s, 2H), 7.67-7.58 (m, 8H), 7.24-7.6.94 (m,
23H), 2.29 (s, 3H)

Synthesis Example 5
Synthesis of Compound 5
[0138]
[chem 39]
PhoN,
NH +
PHLN
Intermediate 6
NaH
F P ——
DMF
150°C.,
48h
Intermediate 21
PhyN
PhoN

Intermediate 22
PhyN
Pd;(dba);*CHCI;

P(Cy);
KOAc
BzPiHZ

1,4-dioxane
80°C., 18 h

Ph,N

Intermediate 22
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Ph;lc\lontinued
&
}NAQ BPiH
(J
Ph,N

Intermediare 23

PhyN
N AQ— BPin  +
Ph,N
Intermediate 23
Ph Pds(dba);*CHCL
— o,
380y
Cl / N —_—
Toluene, water
N:< 80°C.,18h
Ph
Intermediate 7
PhyN
Ph
N :<
N \ N
N 4/<
Ph
PhyN
Compound 3
[0139] Under an argon atmosphere at 0° C., the intermedi-

ate 6 (1.20 g, 2.40 mmol) was added to a suspension liquid of
NaH (containing 40% of a mineral oil, 63.3 mg, 2.64 mmol,
produced by. Wako Pure Chemical Industries, Itd.) in dim-
ethylformamide (2.4 mL, produced by Wako Pure Chemical
Industries, Ltd.), and the mixture was stirred for 30 minutes.
5-Bromo-2-fluoro-1,3-dimethylbenzene (intermediate 21)
(4.85 g, 24.0 mmol) was added to the solution, and the solu-
tion was heated to 150° C. for 48 hours. Subsequently, after
cooling to room temperature, a saturated ammonium chloride
aqueous solution (30 mL) and dichloromethane (100 mL)
were added to the reaction solution, and the mixture was
separated. The organic layer was dried over magnesium sul-
fate, from which the solvent was distilled off with an evapo-
rator. The residue was purified by silica gel column chroma-
tography (dichloromethane/hexane: 20%/80%) to provide an
intermediate 22 in the form of pale yellow crystals (1.44 g,
vield: 880).
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[0140] ‘H-NMR (600 MHz, CDCL,): 87.78 (s, 2H), 7.44 (s,
2H), 7.24-7.22 (m 8H), 7.07 (d, }=7.8 Hz, 8H), 6.93 (t, J=7.2
Hz, 4H). 6.82 (d, J=9.0 Hz, 2H), 1.93 (s, 6H)

[0141] Under an argon atmosphere, a solution of tricyclo-
hexylphosphine (30.8 mg, 0.11 mmol, produced by Strem
Chemicals, Inc.) and tris(dibenzylideneacetone) (chloro-
form) palladium(0) (27.9 mg, 0.027 mmol) in 1.4-dioxane
(10 mL, produced by Wako Pure Chemical Industries, 1.td.)
was stirred at room temperature for 30 minutes, to which the
intermediate 22 (1.20 g, 1.79 mmol), bis(pinacolato)diboron
(546 mg, 2.15 mmol, produced by Tokyo Chemical Industry
Co., Ltd.) and potassium acetate (351 mg, 3.58 mmol, pro-
duced by Wako Pure Chemical Industries, Ltd.) were added,
and the mixture was heated to 80° C. for 18 hours. Subse-
quently, after cooling to room temperature, water (5 mL) and
toluene (20 mL) were added to the reaction solution, and the
mixture was separated. The organic layer was washed twice
with a saturated sodium chloride aqueous solution (10 mL),
and then dried over anhydrous sodium sulfate. The solvent
was distilled off with an evaporator to provide a mixture
containing an intermediate 23 (1.5 g). The mixture was used
in the subsequent reaction without purification.

[0142] Under an argon atmosphere, the mixture containing
the intermediate 23 (1.5 g), the intermediate 7 (574 mg, 2.15
mmol), potassium phosphate (758 mg, 3.58 mmol, produced
by Wako Pure Chemical Industries, [td.), tris(dibenzylidene-
acetone) (chloroform) palladium(0) (27.9 mg, 0.027 mmol)
and  2-dichlorohexylphosphino-2',6'-dimethoxybiphenyl
(45.2 mg, 0.11 mmol, produced by Wako Pure Chemical
Industries, Ltd.) were dissolved in a mixed solvent of toluene
(1.0 mL) and water (0.1 mL), and the solution was heated to
100° C. for 16 hours. After cooling to room temperature, the
reaction solution was diluted with dichloromethane, and
passed through a silica gel column. The solvent was distilled
off from the solution with an evaporator, and the residue was
purified by silica gel column chromatography (dichlo-
romethane/hexane: 20%/80%) and recrystallized from a
mixed solvent of dichloromethane and hexane to provide the
compound 5 in the form of yellow crystals (0.88 g, yield:
60%).

[0143] 'H-NMR (600 MHz, CDCL,): d 8.82 (d, J=6.6 Hz,
4H), 8.66 (s, 2H), 7.82 (s, 2H), 7.67-7.58 (m, 8H), 7.22 (1,
J=8.1 Hz, 8H), 7.10 (d, ]=7.8 Hz, 8H), 6.97-6.85 (m, 6H),
2.14 (s, 6H)

Example 1

Production and Evaluation of Organic
Photoluminescent Device (Solution)

[0144] In a glove box under an Ar atmosphere, a toluene
solution of the compound 1 (concentration: 10~> mol/L) was
prepared and measured for the light emission spectrum with
excitation light having a wavelength of 370 nm. The result is
shown in FIG. 2. The solution was measured for the transient
decay curve of a light emission wavelength of 550 nm at 300
K under Ar bubbling. The result is shown in FIG. 3 (t1=14.3
ns, 2=3.3 ps). The transient decay curve shows the measure-
ment result of the light emission lifetime obtained by mea-
suring the process where the light emission intensity is deac-
tivated on irradiating the compound with excitation light. In
ordinary one-component light emission (fluorescent light or
phosphorescent light), the light emission intensity is decays
monoexponentially. This means that the light emission inten-
sity decays linearly on a graph with the semilogarithm as the
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ordinate. In a transient decay curve of the compound 1, while
a linear component (fluorescent light) was observed in the
initial stage of observation, a component that deviated from
the linearity appeared thereafter. The later component is light
emission of the delayed component, and the signal thereof
added to the initial component appears as a long tail curve on
the longer time side. Thus, the measurement of the light
emission lifetime revealed that the compound 1 was a light
emitting material that contained a delayed component in
addition to a fluorescent component. The photoluminescence
quantum efficiency was 26% under O, bubbling, 48% with-
out bubbling, and 65% under N, bubbling.

[0145] A toluene solution of the compound 2 (concentra-
tion: 107> mol/L) was prepared and measured for the absorp-
tion and emission spectra. The results are shown in FIG. 4.
The solution was measured for the transient decay curves at
the peak light emission wavelength under conditions with Ar
bubbling and without Ar bubbling. The results are shown in
FIG. 5. Delayed fluorescent light was observed in the mea-
surement under the condition with Ar bubbling. The photo-
luminescence quantum efficiency was 47% without Ar bub-
bling and 84% under Ar bubbling.

[0146] A toluene solution of the compound 3 (concentra-
tion: 107> mol/L) was prepared and measured for the absorp-
tion and emission spectra. The results are shown in FIG. 6.
The solution was measured for the transient decay curves at
the peak light emission wavelength under conditions with Ar
bubbling and without Ar bubbling. The results are shown in
FIG. 7. Delayed fluorescent light was observed in the mea-
surement under the condition with Ar bubbling. The photo-
luminescence quantum efficiency was 11% without Ar bub-
bling and 42% under Ar bubbling.

[0147] A toluene solution of the compound 4 (concentra-
tion: 10~° mol/L) was prepared and measured for the absorp-
tion and emission spectra. The results are shown in FIG. 8.
The solution was measured for the transient decay curves at
the peak light emission wavelength under conditions with Ar
bubbling and without Ar bubbling. The results are shown in
FIG. 9. Delayed fluorescent light was observed in the mea-
surement under the condition with Ar bubbling. The photo-
luminescence quantum efficiency was 31% without Ar bub-
bling and 60% under Ar bubbling.

[0148] A toluene solution of the compound 5 (concentra-
tion: 107> mol/L) was prepared and measured for the absorp-
tion and emission spectra. The results are shown in FIG. 10.
The solution was measured for the transient decay curves at
the peak light emission wavelength under conditions with Ar
bubbling and without Ar bubbling. The results are shown in
FIG. 11. Delayed fluorescent light was observed in the mea-
surement under the condition with Ar bubbling. The photo-
luminescence quantum efficiency was 15% without Ar bub-
bling and 53% under Ar bubbling.

Comparative Example 1

[0149] A toluene solution was prepared and measured in
the same manner as in Example 1 except that the following
compound A was used instead of the compound 1. The
absorption and emission spectra thereof are shown in F1IG.12.
The transient decay curve thereof measured under the same
conditions as in Example 1 is shown in FIG. 13. No delayed
fluorescent light was observed.
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[chem 40]
Compound A
N
=
Example 2
Production and Evaluation of Organic
Photoluminescent Device (Thin Film)
[0150] A thin film of the compound 1 having a thickness of

50 nm was formed on a quartz substrate by a vacuum vapor
deposition method under a condition of a vacuum degree of
107 Pa or less, thereby providing an organic photolumines-
cent device. The organic photoluminescent device thus pro-
duced was measured for the light emission spectrum with
excitation light having a wavelength of 330 nm. The result is
shown in FIG. 2.

[0151] The compound 1 and CBP were vapor-deposited
from separate vapor deposition sources on a quartz substrate
by a vacuum vapor deposition method under a condition of a
vacuum degree of 107* Pa or less, so as to form a thin film
having a thickness of 100 nm having a concentration of the
compound 1 of 6.0% by weight, thereby providing an organic
photoluminescent device. The organic photoluminescent
device thus produced was measured for the light emission
spectrum with excitation light having a wavelength of 330
nm. The result is shown in FIG. 14.

Example 3

Production and Evaluation of Organic
Electroluminescent Device

[0152] Thin films were laminated on a glass substrate hav-
ing formed thereon an anode formed of indium tin oxide
(ITO) having a thickness of 50 nm, by a vacuum vapor depo-
sition method at a vacuum degree of 10~* Pa or less. Firstly,
a-NPD was formed to a thickness of 100 nm on ITO, and
thereon the compound 1 and CBP were co-deposited from
separate vapor deposition sources to forma layer having a
thickness of 40 nm, which was designated as a light emitting
layer. At this time, the concentration of the compound 1 was
6.0% by weight. BAlq was then formed to a thickness of 30
nm, then 8-hydroxyquinolinatolithium (Liq) was vacuum
vapor-deposited to a thickness of 1 nm, and then aluminum
(Al) was vapor-deposited to a thickness of 80 nm to forma
cathode, thereby producing an organic electroluminescent
device 1.

[0153] An organic electroluminescent device 2 was pro-
duced in the same manner as above except that TAPC was
used instead of a-NPD.
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[0154] An organic electroluminescent device 3 was pro-
duced in the same manner as above except that TAPC was
used instead of a-NPD, and BmPyPhB was used instead of
BAlq.

[0155] The light emission spectra of the organic electrolu-
minescent devices thus produced are shown in FIG. 15. The
light emission spectra of the organic electroluminescent
devices 1 to 3 overlapped each other. The electric current
density-voltage characteristics thereof are shown in FIG. 16,
and the electric current density-external quantum efficiency
characteristics thereof are shown in FIG. 17.

[0156] An organic electroluminescent device 4 was pro-
duced in the same manner as in the device 1 except that TAPC
was used instead of a-NPD, and the concentration of the
compound 1 was changed from 6.0% by weight to 9.0% by
weight. The device 4 achieved an external quantum efficiency
0f29.6%.

[0157] Allthe devices 1 to 4 achieved a high external quan-
tum efficiency. If an ideally balanced organic electrolumines-
cent device is produced with a fluorescent material having a
light emission quantum efficiency of 100%, the external
quantum efficiency of fluorescent light emission of the device
may be from 5 to 7.5% assuming that the light extraction
efficiency is from 20 to 30%. Ithas been ordinarily considered
that the value is the theoretical limit value of an external
quantum efficiency of an organic electroluminescent device
using a fluorescent material. The organic electroluminescent
devices 1 to 4 of the invention are considerably excellent in
such a point that a high external quantum efficiency that
exceeds the theoretical limit value is achieved.

Comparative Example 2

Production and Evaluvation of Organic
Electroluminescent Device

[0158] An organic electroluminescent device for compari-
son (comparative device) was produced in the same manner
as in the production of the device 1 in Example 3 except that
Ir(ppy), was used instead of the compound 1. The electric
current density-voltage characteristics of the comparative
device thus produced are shown in FIG. 16, and the electric
current density-external quantum efficiency characteristics
thereof are shown in FIG. 17. As apparent from the figures, it
was confirmed that the devices 1 to 4 had a significantly larger
external quantum efficiency than the comparative device. It
was also confirmed that for the electric current efficiency, the
devices 1 to 4 had a significantly larger external quantum
efficiency than the comparative device.

QH & &

a-NPD
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INDUSTRIAL APPLICABILITY

[0159] The compound of the invention is useful as a light
emitting material. Accordingly, the compound of the inven-
tion may be effectively used as a light emitting material of an
organic light emitting device, such as an organic electrolumi-
nescent device. The compound of the invention includes a
compound that emits delayed fluorescent light, and thus may
be capable of providing an organic light emitting device hav-
ing a high light emission efficiency. Thus, the invention has
high industrial applicability.

REFERENCE SIGNS LIST

[0160] 1 substrate
[0161] 2 anode
[0162] 3 hole injection layer
[0163] 4 hole transporting layer
[0164] 5 light emitting layer
[0165] 6 electron transporting layer
[0166] 7 cathode
1. A compound represented by the following formula (1):

General Formula (1)
RZ

R AR
¢ O N—Arl—</N4\<N
RS O N=<Ar3

RE

wherein Ar' represents a substituted or unsubstituted arylene
group; Ar” and Ar® each independently represent a substituted
or unsubstituted aryl group; and R* to R® each independently
represent a hydrogen atom or a substituent, provided that at
least one of R* to R® represents a substituted or unsubstituted
diarylamino group, and R! and R% R* and R?, R® and R*, R®
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and R, R®and R?,and R” and R® each may be bonded to each
other to form a cyclic structure.

2. The compound according to claim 1, wherein in the
formula (1), at least one of R* to R* represents a substituted or
unsubstituted diarylamino group, and at least one of R® to R®
represents a substituted or unsubstituted diarylamino group.

3. The compound according to claim 2, wherein R and R®
in the formula (1) each represent a substituted or unsubsti-
tuted diarylamino group.

4. The compound according to claim 1, wherein at least one
of R! to R® in the general formula (1) represents a substituted
or unsubstituted diphenylamino group.

5. The compound according to claim 1, wherein Ar* and
Ar® in the formula (1) each independently represent a substi-
tuted or unsubstituted phenyl group.

6. The compound according to claim 1, wherein Ar' in the
formula (1) represents a substituted or unsubstituted phe-
nylene group, a substituted or unsubstituted naphthylene
group or a substituted or unsubstituted anthracenyl group.

7. The compound according to claim 1, wherein the com-
pound is represented by the following formula (2):

Formula (2)

R4 Ri3
RZ
R3
RIS Rr12
1
R RZZ Rll
R* RU
N / N
RS N= R2
RS R23 R24
RI6 R
RS
R7
Rl 7 Rl 8

wherein in the formula (2), R* to R® and R'! to R** each
independently represent a hydrogen atom or a substituent,
provided that at least one of R* to R® represents a substituted
or unsubstituted diarylamino group, and R' and R? R* and
R3,R*andR* R>and R%,R®andR",R7 and R®,R*! and R'2,
R'ZandR'3, R and R* R and R'*>, R*® and R'”,R'” and
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R R'"®andR', R' and R*°, R*! and R*?, and R* and R*
each may be bonded to each other to form a cyclic structure.

8. The compound according to claim 7, wherein in the
formula (2), at least one of R to R* represents a substituted or
unsubstituted diarylamino group, and at least one of R to R®
represents a substituted or unsubstituted diarylamino group.

9. The compound according to claim 8, wherein R* and R°
in the formula (2) each represent a substituted or unsubsti-
tuted diarylamino group.

10. A light emitting material containing the compound
according to claim 1.

11. A delayed fluorescent emitter having a structure repre-
sented by the following formula (1):

Formula (1)
RZ
R3
R!
Ar?
R* N—<
N—Ar14</ \N
RS N:<
RS Ar
R6
R7

wherein in the formula (1), Ar' represents a substituted or
unsubstituted arylene group; Ar* and Ar’ each independently
represent a substituted or unsubstituted aryl group; and R* to
R® each independently represent a hydrogen atom or a sub-
stituent, provided that at least one of R* 10 R® represents a
substituted or unsubstituted diarylamino group, and R and
R2,R*andR* R*andR* R%andR® RandR7, andR” and R®
each may be bonded to each other to form a cyclic structure.

12. An organic light emitting device containing a substrate
having thereon a light emitting layer containing the light
emitting material according to claim 10.

13. The organic light emitting device according to claim
12, wherein the organic light emitting device emits delayed
fluorescent light.

14. The organic light emitting device according to claim
12, wherein the organic light emitting device is an organic
electroluminescent device.

* ok % % ¥
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