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(7) ABSTRACT

A compound represented by the following general formula is
useful as a light emitting material. X represents an oxygen
atom or a sulfur atom. R" to R® represent a hydrogen atom or
a substituent, provided that at least one of R* to R® is a
carbazolyl group, etc.

R! 0 RS
R2 R’
R3 l X O Ré
R4 RS

s N A
R LR ALY

Banmtinhnnn

......

I H 1
L3 | I LI 5 i

ol
S N N S 1
| A S . |

by
H
| A T R W N N

¥ 5 : 3
e 4 e S 1 o s e ot b e e 2




US 2016/0141516 Al

May 19,2016 Sheet 1 of 23

Patent Application Publication

o
-r1

EL

1

///‘”““w 2

2

gRane

h

a1
o

{rrm Ay

=

i



Patent Application Publication

May 19,2016 Sheet 2 of 23

Fig. -
14
02 -}
Eas
=)
i
Rl 113
=~
e
o o
I
b
=g
|
n_‘ -
03 -
oo ; P J
e e 50 &) 0 g
Wavslenath fnm)
Fig. 4
0
200K 5.
[ RN TN
L p alls
doy
gl .r"f ff
I A
-~ ark ;o
o & ‘H
Pl b
5\2 4 ‘,f
.'Ei a0 b %ﬁ”‘iﬁaw@%
3

3 3d 44
{ifatimaly sec)

US 2016/0141516 Al



Patent Application Publication

May 19,2016 Sheet 3 of 23

Fig. 5
b
iR
. AT
"’1
'::é (54 ili 3 A3
5 %
E ! ﬂ \
:é e g !] Y
: ,l “&! Jud
a f X, 43¢
| i S
LN -
nda ] . s N N a
B B i el L
Pawsarghid v}
Flg. 6
iy
1 LE.E[}E". EUE}K
r 4
¢
Ca’)
; 04
2
Eoaml §
18-
1E-=d

Timeat @ zeed

US 2016/0141516 Al



Patent Application Publication = May 19,2016 Sheet 4 of 23 US 2016/0141516 Al

Fig. 7

050 - 12
048 -
10
040
035 =
= ) 108 -
8 3k =
ok 108G
B= 1 @
% 020+ +
LU iz
404
05 k- Y
010
i 402
005 |
0.00 L . 1 L ! . 4 0.5
200 400 00 603 700
Wavelangth(nm)
rig. 8
0g
iF
- 0lk
5 :
B
5
'§ 001 &
o
=
1E-3 F

a0 40 50
Time( fi sec)

=
&
N
&



Patent Application Publication = May 19,2016 Sheet 5 of 23 US 2016/0141516 Al

O

Fig.

25 - 1.2

‘| N\

L3
f/
~aly
——
/
/”"""
1
[] fon ]
[wa) oo
PL intensity(au)

w [=)
13 ES

Absorbance(a..)

(=]

(&)
a
L=

500 [t
Wavelengthlnm)

Fig. 10

10y
55 oo | f | ﬂgam:»xt
= ‘ﬁ{f “oomK
[ | " vy i
% 1E-3 it x\# 1/ ) e
= - *4*“-‘@%{3&%%,;.,‘;’,. el Lyl N
-~ ) ,{in‘.'% ‘?"‘.‘ﬁ, i 4’“"3 L | T,
1 b, /‘f '
Fed L ] .\ X i
= ; ; nxtéﬁﬂst b
; m& Wiy Eﬁf?h
165 bk .
1E-ﬁ i, i ] L ] ]
20 o 20 i R 28] 100

s
Timel L sec)



Patent Application Publication = May 19,2016 Sheet 6 of 23 US 2016/0141516 Al

Fig. 11

an i
35 .
4 7 4L
‘ K
28 -[! ? E{:"i b
F i ) 408 -
2 st &; / {3 =
a
[ 1} [{‘ Hg R
& 1y | s
& gpp ¥ ! | s
= J { =
] l ¢ ! &
5% . Y g
i5E | ,ﬁr} 5’ a4 o
ME )
E ,.«’f ’k‘ f
1+
"a, ] ‘} '
Jag s o2
s b , .,
\ e
s, g
a5 ’ ol : ‘ aa
00 408 an BT o

Wiave ben gt inm)

10
1
hexane
- tolusns
2 aii
<,
z
::n—:
E am -
B3k
154

Timaly sac)



Patent Application Publication

i

May 19,2016 Sheet 7 of 23

SRATESTI

Inten

1 ) H v

i"lj
5.

10 20 a1 41 %

Waenlengthinm

Futinctionia )

with M2 bubbling

without #2 bubhling

%, Eﬁ'\\
\\J \1

5 d

30

US 2016/0141516 Al

14

g

nlernsita i)

L

ox
..... y ' i a0
ik 400 i s G 00 ]

Wavekngthinm)



Patent Application Publication = May 19,2016 Sheet 8 of 23 US 2016/0141516 Al

H
1.
Ew BiBrme Em R80rm

=1 : J ;
kin] i
g . 1 ! L)
£ M% SV
20 Vg '

Time{ 28l
" ’~
Fig. 16
12
06
10
05 -
I {03
@ U4+ 3
~z o
c X1
2 ]
s 408 &
c 03 <
5 @
3 o+
X £
Oiﬁﬁ 'Qdﬁ
AN - 02
00 ! . L : : . 00
300 400 500 600 700

Wavelength(nm)



Patent Application Publication = May 19,2016 Sheet 9 of 23 US 2016/0141516 Al

Fig. 17

10 E

I

—~ 01
3
\(.‘:’
Py
B
o
@
ot
£

Time( i sec)

2.5 - 1.2

—-"4"
o
o

//
H
<
f=>1

absorbance(a.ul
5
T ]
<
R

PL intensity{a.u.)

- 40z
‘ 1 7! .
) | .
O.U i i L L £ "l 4]

300 400 500 8090 700
Wavelength(nm)




Patent Application Publication = May 19,2016 Sheet 100f23  US 2016/0141516 A1

=y ]
-
»]
P
O

i

10

U BU0K. 200K |
=5 . %) A 1008 4K

® oo ol 4 i

= ‘ ? o - -/

& ek 4 a

i m __8 H 1 X ] ]
¢ 100 200 500 400 500
Tirel i zec)

a7
i .
i o 10
b = A Y
ot 1/ A
=oosp | Jﬁ 1\ {0z
4] 4 ¥ M
E rod % Rt
HRS O o Lo
5, / B
ERRATY *' \ e
= LI j l%& ST
[l
4] b
" R 5 5, g
i 'i 2 ‘s;i } \ 1A
; \
y ~
alxi Il w":‘ 1 i v et D ﬂ
L] 4Kl B0 ey T

Wavekseth(nm)



Patent Application Publication

hr P
Fig.

May 19,2016 Sheet 11 of 23

US 2016/0141516 Al

1%
with N2 bubbling
) , 410
Y { af  vithout N2 bubhing
' /
- v {
e i { -0
F Y &/
2 o4 ATV
oA & w8 - e
S Y w:%}s}:)ss fl o8 &5
& T le =
P " ﬁ Beg b i
=y ) jk - 04
s _1‘ i}\ U spentrum
- ”, -
e i“’__'“.__\J ._J,-"‘ i_.mi_“u,;-" ”
oy b S}r- B
f b
\L\
o - e : ¢ an
W Eiyy] B B 700
Wavekngthinm)
Fig. 22
0.25 1.2
1 578nm "
0.20 ﬁ , r}' A ‘
it AY
. L# 1 [
~ i A ] \
) L / Y 4 D8
@ i / \ ! kY -
g o | /Y / i\ g
AR b .
”-Q;_. \ \/ ) i \ - AL gj
7 0.0 l. | \\ 2
=] v ; { 3]
< t / \ Ho4
\ / \, i
| / N\
0.8 b \ / AN
{ — / AN 402
\ e \ /
e o/ M,
‘ N/ . .
0.00 ¢ T ; 00
360 400 500 600 760 800

Wavelengthinm)



Patent Application Publication = May 19,2016 Sheet 12 0f23  US 2016/0141516 A1

0 ¢
1y
é 01 ¢
5 £
& -
v 2 3
<
®
E 0.01 & t
s = by
1E-8
15,,4 H i t I i j i 1 H " ]
¢] 10 20 30 [y 50
Time( 4 s)
Fig. 24
(.50 - 1.2
0.45
i 418nm y
040 - ™
) I\
© { It o
030 o 2
(E .'r\\ ! \\ \;
& 025k || | \ 406 8
‘é o \ | Y &
& o Mﬂ | 1! \ 1 E
% LI ] \ Ok
Lo { ] \ G4
015 - ‘\ { Y &
] ~ A li \
0L ™A /
Q.40 . \ /, \\ 4o
Q05 - ! f ]
- \“\\\ / S
G.GO 1} s I\\A/ L s ] e o0
300 400 500 500 700

Wavelength(nrm)



Patent Application Publication = May 19,2016 Sheet 130f23  US 2016/0141516 A1

=
-
O
[
[

01k

Intensity{a.u.)

9.01

Wavelenghi{nm)

438nm
1.0 -

»
©
¥

L irtensity(a.u
I
[+4)
i

=

=
I
LN

0.2 -

1 ¢ { H L I3

00 400 500 600 700 300
Wavelengthlnm)

&=
w &
L
.
-



Patent Application Publication = May 19,2016 Sheet 14 0f23  US 2016/0141516 A1

Fig. 27

500nm

0.8 -

EL intensity(a.u)

02 - j
0.0 ot i . i s \l\\.\kj . i
3

0 400 800 G0 700 800
Wavelength{nm)

Compound 1

Compound 4

Currant density(mA/cm™)

— »@méx@:é@ '

bt ; 3 YT SNSRI S I |

10
Yoltage(V)



Patent Application Publication = May 19,2016 Sheet 150f23  US 2016/0141516 A1

25 -
Compound 1
28 Compound 4
Br 8
i) !
2 /N
1 / @ 3»-@._@%
ES 10 // @@@Q
] @/ ‘&“\A
i Y S S W
5 F Adpg
G o taaeingd 4 sl IR TIT Lo i et hodibtiard g% 4 oaas]
107 0 10 10° 10" ot 10
Luminescence(cd/m’)
Fig. 30

20 L @ (Gompound 1
& Compound 4

I R NERT ST I PRRTIIT|
R 1 i 107 0 107 10 1o

Ourssnt densitlmAom’)



Patent Application Publication = May 19,2016 Sheet 16 023  US 2016/0141516 A1

Fig. 31

EL intensity (arb. unit)

350 450 880 630 T80
Wavelength (nm}

)

J {msfom?
el
o
By

el
m
i




Patent Application Publication

14.00

12.00

10.00

EQE(®s)

EOE %)

8.00
8.00
4.00
2.00

.00

b
(=]

axafic

01

May 19,2016 Sheet 17 of 23

US 2016/0141516 Al

i 10 100 1,000
Luminanceled/m?)

o001 001 84 4 10 400

Current density (mAlem?)

10,000

100,600



Patent Application Publication = May 19,2016 Sheet 18 of 23

o
W
1

EL intensity {(arb. unﬁt}

380 450 5B0 6b0 780
Wavelength [nm}

1E+1

sy
m

J (midem?)
Aom
e

ol
gL
L]
&

1E-7

US 2016/0141516 Al



Patent Application Publication

BQE®)

EGE (%)

May 19,2016 Sheet 19 of 23

US 2016/0141516 Al

A\

i 10 100 1,000 10,000 100,000 1,000,600

Luminance{cd/m<)

100

.1
0.001 001 04 1 10
Current density (mAlom?)

100



Patent Application Publication = May 19,2016 Sheet 20 of 23

O

Fig. 3

EL intensity {arb. unit)

60 450 &80 650 750
Wavelength (nm)

J {mafom?2)
e s
moom
R &

E‘;ﬁ
E =

1E-6

Voltage [V)

US 2016/0141516 Al



Patent Application Publication = May 19,2016 Sheet 21 0f23  US 2016/0141516 A1

20.00
18.04
16.00
14.08
e 12.00
= 10.04
8.00
6.00
4,00
2.00
.00

%

1ol¢

BG

1 10 100 1,000 16,000 100,000
Luminance(cd/m?)

try
},.J

2
.
S
N

100

EGE %)

0.4
pood 081 0% 1 18 100

Currant density (mbfomi)



Patent Application Publication = May 19,2016 Sheet22 0f23  US 2016/0141516 A1

Flg. 43

£

&

oy

&

&

8

=

el

i

350 750
Wavelength {nm}

Fig. 44

iE+7 . N—

4 {mAJom

B2 |-

1E-4

15_5 ; ; ! 5 H H
&1 1 10

Voltags (V)



Patent Application Publication =~ May 19,2016 Sheet230f23  US 2016/0141516 A1

12.00 p—

1 16 100 1,000 16,0600 100,000 1,000,000

Luminance(cd/m?)

108 -

18 k-

EQE %)

3.1
L0041 601 44 1 10 168

Current density {mAlom?)



US 2016/0141516 Al

LIGHT EMITTING MATERIAL, DELAYED
FLUORESCENT EMITTER, ORGANIC LIGHT
EMITTING DEVICE, AND COMPOUND

TECHNICAL FIELD

[0001] The present invention relates to a compound that is
useful as a light emitting material, and an organic light 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 fluo-
renone derivative.

[0003] Non-patent Document 1 describes the results of the
studies on the solution light emission characteristics of the
compound having a diarylamino group introduced to at least
one of the 2- and 7-positions of fluorenone. According
thereto, there is described that light emission in the visible
region is observed by irradiating a hexane or acetonitrile
solution of the fluorenone derivatives having the following
structures with excitation light. However, Non-patent Docu-
ment 1 does not describe the light emission characteristics of
the compounds that have an analogous skeleton other than
fluorenone.

CH;0

-0

o]

OO

O 0
S

CH;0

May 19, 2016
-continued
CH;0 OCHj;
0]
CH;O OCH,
CH;0 OCH;
OCH;
CH;O o
Y
OCH;
CH;O OCH,4
CH;0
[0004] Patent Document 1 describes an example using the

compound represented by the following general formula as a
host material in a light emitting layer present between one
pair of electrodes constituting an organic electroluminescent
device, and an example using the compound in a hole barrier
layer thereof. In the following general formula, A, and A,
each represent a substituent. nl and n2 each represent an
integer of from 0 to 3. X, represents an oxygen atom, a sulfur
atom, an alkylene group, an imino group, a carbonyl group, a
sulfoxide group or a sulfonyl group. X, represents an oxygen
atom, a sulfur atom, an alkylene group, an imino group, a
carbonyl group, a sulfoxide group, a sulfonyl group or a
simple bond.

B

S X
(Al){ % (Adm

[0005] In the general formula, B, and B, each represent a
compound represented by the following general formula. In
the following general formula, 7, and Z, each represent an
aromatic heterocyclic group, which may have a substituent,
or an aromatic hydrocarbon group, and 7, represents a diva-
lent linking group or a simple bond.

[0006] However, Patent Document 1 does not describe the
light emission characteristics of the compound represented
by the aforementioned general formula.
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[0007] Patent Document 2 describes an example using the
compound represented by the following general formula as a
host material in a light emitting layer present between one
pair of electrodes constituting an organic electroluminescent
device, and an example using the compound in a hole barrier
layer thereof. In the following general formula, A;, A, and A
each represent a substituent. nl and n2 each represent an
integer of from 0 to 3. X, and X, each represent an oxygen
atom, a sulfur atom, an alkylene group, an imino group, a
carbonyl group, a sulfoxide group or a sulfonyl group, and X,
may be a simple bond. Z,, Z,, Z, and 7, each represent an
aromatic heterocyclic group, which may have a substituent,
or an aromatic hydrocarbon group, providedthatall Z,, 7, 7,
and Z,, do not represent an aromatic hydrocarbon ring simul-
taneously. However, Patent Document 2 does not describe the
light emission characteristics of the compound represented
by the following general formula.

l’ ZZ ," Z4

Z\l ON 2\3 Q
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[0008] Patent Document 3 describes an example using the
xanthone compound represented by the following general
formula as a host materialin a light emitting layer constituting
an organic electroluminescent device, and an example using
the compound in a hole blocking layer thereof. In the follow-
ing general formula, R, to Rq each represent a group that is
selected independently from a hydrogen atom, an alkyl group
having from 1 to 4 carbon atoms, a substituted or unsubsti-
tuted phenyl group, a substituted or unsubstituted naphthyl
group, a substituted or unsubstituted phenanthryl group, a
substituted or unsubstituted fluorenyl group, a substituted or
unsubstituted triphenylenyl group, a substituted or unsubsti-
tuted chrysenyl group and a substituted or unsubstituted
dibenzofuranyl group and a substituted or unsubstituted
dibenzothienyl group. However, Patent Document 3 does not
describe the light emission characteristics of the compound
represented by the following general formula.

Rg [0} Ry
R7 RZ
Rg Y Rs
Rs Ry
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SUMMARY OF INVENTION
Technical Problem
[0013] As described above, Non-patent Document 1

describes the capability of using the compound having a
diarylamino group introduced to a fluorenone skeleton, as a
light emitting material. However, the actual evaluation made
by the present inventors for the light emission characteristics
of the compound having a diarylamino group introduced to a
fluorenone skeleton revealed that the light emission charac-
teristics were not sufficiently satisfactory, and there was a
necessity of providing a light emitting material that has fur-
ther excellent light emission characteristics.

[0014] Therefore, the inventors have started various inves-
tigations on a group of compounds having a skeleton that is
analogous to a fluorenone skeleton, and have firstly found the
usefulness as a light emitting material of a group of com-
pounds having a xanthone skeleton and a thioxanthone skel-
eton (1.e., xanthone derivatives) among many analogous skel-
etons, and the inventors have decided to proceed further
investigations. As described above, Patent Documents 1 to 3
describe that the compound having a structure containing two
benzene rings bonded through a linking group, such as a
xanthone skeleton, is useful as a host material of a light
emitting layer and a hole barrier material of a hole barrier
layer of an organic electroluminescent device. However, there
has been no investigation as to whether or not the compounds
described in Patent Documents 1 to 3 have a capability of
functioning as a light emitting material. The demanded prop-
erties and functions of a light emitting material are different
from those of a host material and a hole transporting material,
and therefore the usefulness as a light emitting material of the
compounds represented by the general formulae in Patent
Documents 1 to 3 is unknown.

[0015] Under the circumstances, the inventors have further
performed investigations on the usefulness of a xanthone
derivative as a light emitting material, and have made exten-
sive studies for finding a compound that has excellent light
emission characteristics. The inventors have also made ear-
nest investigations for providing a general formula of a com-
pound that is useful as a light emitting material and for gen-
eralizing the structure of an organic light emitting device
having a high light emission efficiency.

Solution to Problem

[0016] As a result of earnest investigations, the inventors
have found that a xanthone derivative having a particular
structure has excellent properties as a light emitting material.
The inventors have also found compounds that are useful as a
delayed fluorescent material in the group of compounds, and
have clarified that an organic light emitting device having a
high light emission efficiency may be provided inexpen-
sively. Based on the knowledge, the inventors have provided
the following inventions as measures for solving the prob-
lems.
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[0017] (1) A light emitting material containing a compound
represented by the following general formula (1):

General Formula (1)

[0018]

R! R®

o

R2 R’

RS

7,
> E

R* RS

wherein in the general formula (1), X represents an oxygen
atom or a sulfur atom; and R' to R® each independently
represent a hydrogen atom or a substituent, provided that at
least one of R' to R® each independently represent a group
represented by any one of the following general formulae (2)
to (6),and R* and R%, R?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 structure,

General Formula (2)
R22

General Formula (3)

General Formula (4)

N_L40
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General Formula (5)
R53 RSZ
R54 RSI
o] N—L%

RSS

A

R3S RY
General Formula (6)
R63 RGZ

RGI

=
j;R;[

S N—L

RGS

=

R66 R67

wherein in the general formulae (2) to (6), L*°, L*°, L*, L.*°
and L% each independently represent a single bond or a
divalent linking group, and the group represented by any one
of the general formulae (2) to (6) is bonded to the cyclic
structure of the general formula (1) through L.2°,1.%°, L*°, L*°
or L60; and R to RZS; R 1o R38, RSa’ R3b’ R* to R48’ R4a’
R* t0 R%, and R® to R®® each independently represent a
hydrogen atom or a substituent, provided that R** and R*,
R* and R*®,R** and R**, R** and R**>, R*® and R*®, R*® and
R27, R27 and RZS, R31 and RSZ, R32 and R33, R33 and R34, R35
and R*®, R*® and R*7, R*” and R*®, R** and R*®, R* and R,
R*? and R®, R** and R*, R* and R*%, R*® and R*’, R*" an
and R> and R*®, R*! and R**, R** and R*3, R** and R** R>*
and R’%, R*® and R7, R®7 and R, 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.
[0019] (2) The light emitting material according to the item
(1), wherein in the general formula (1), at least one of R* and
RS each represent a group represented by any one of the
general formulae (2) to (6).

[0020] (3) The light emitting material according to the item
(2), wherein in the general formula (1), R* and R® each rep-
resent a group represented by any one of the general formulae
(2) to (6).

[0021] (4) The light emitting material according to the item
(2), wherein in the general formula (1), at least one of R* and
RS each represents a group represented by any one of the
general formula (3).

[0022] (5) The light emitting material according to the item
(2), wherein in the general formula (1), at least one of R* and
RC each represents a group represented by any one of the
general formula (2).

[0023] (6) The light emitting material according to any one
of the items (1) to (5), wherein in the general formulae (2) to
(6), at least one of R** to R*®, R*! to R*®, R*! to R**,R*! 10
R, and R to R%® each represents a substituent.
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[0024] (7) The light emitting material according to the item
(6), wherein in the general formulae (2) to (6), at least one of
R23, R26, R33, R36, R43, R46, R53, RSG, R63 and R66 eaCh
represents a substituent.

[0025] (8) The light emitting material according to the item
(7), wherein the substituent is a group represented by any one
of the general formulae (2) to (6).

[0026] (9) The light emitting material according to any one
of the items (1) to (8), wherein in the general formulae (2) to
(6), L represents a single bond.

[0027] (10) The light emitting material according to any
one ofthe items (1) to (9), wherein in the general formula (1),
X represents an oxygen atom.

[0028] (11) A delayed fluorescent emitter containing a
compound represented by the following general formula (1):

General Formula (1)

R! 0 R®
R2 R’
R? I X R®
R* R’

wherein in the general formula (1), X represents an oxygen
atom or a sulfur atom; and R' to R® each independently
represent a hydrogen atom or a substituent, provided that at
least one of R to R® each independently represent a group
represented by any one of the following general formulae (2)
to (6),and R*and R%, R*andR?, R* and R*, R’ and R, R and
R’, and R7 and R® each may be bonded to each other to form
a cyclic structure,

General Formula (2)
R22

RZI

N—T12

R

R O

RS O
R26

R27

General Formula (3)

R33 32

R

R
N—1L30

R3 6 R3

RH 31
R
R3b
R3 5 R3 8
7
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-continued

General Formula (4)
R43 R4l

R4l

=~
ji;[

N_L40

R48

=

R46 R47

General Formula (5)
RS3 RS?.

RSI

(A
I;[

0 N—IL0

RSS

(A

R)G R57

General Formula (6)
RS3 RS

R64 Ré 1

~

S N—ILS0

R68

.

R66 R67

wherein in the general formulae (2) to (6), L*°, L3°, L*°, L>°
and 1.%° each independently represent a single bond or a
divalent linking group, and the group represented by any one
of the general formulae (2) to (6) is bonded to the cyclic
structure of the general formula (1) through L.2%,1.°°, 1.*°, 1.*°
or L% and R?! to R%, R*! {0 R*®, R, R3b, R* o R*®, R
R®! to R*®, and R to R®® each independently represent a
hydrogen atom or a substituent, provided that R** and R*,
R>?and R*?, R* and R**, R** and R**, R* and R*®, R*® and
R27, R? and RZS, R and RSZ, R32 and R33, R33 and R34, R3S
andR3®, R*® and R*”, R*” and R*®, R** and R**, R*! and R**,
R* and R*, R* and R**, R* and R*%, R* and R*’, R*” and
R*, and R®! and R*?, R3? and R**, R* and R*%, R** and RS,
R*®and R*”,R*” and R** 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.

[0029] (12) An organic light emitting device containing a
light emitting material according to any one of the items (1) to
(10).
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[0030] (13) The organic light emitting device according to
the item (12), wherein the organic light emitting device emits
delayed fluorescent light.

[0031] (14) The organic light emitting device according to
the item (12) or (13), wherein the organic light emitting
device is an organic electroluminescent device.

[0032] (15)A compound represented by the following gen-
eral formula (1%:

General Formula (1)

wherein in the general formula (1"), X' represents an oxygen
atom or a sulfur atom; and R' to R* each independently
represent a hydrogen atom or a substituent, provided that at
least one of R to R¥ each independently represent a group
represented by any one of the following general formulae (2')
to (6"),and 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, and such a case is excluded that R*
and R” each represent a group represented by the following
general formula (2), and all R*" to R*® represent hydrogen
atoms,

General Formula (27)

General Formula (3')
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-continued
General Formula (4')
R43' R42'
R44'4%;§7 R4l°
R4a'_ N N— L40°
R45'4Q7 R4
R46' R47'
General Formula (5)
R53' RSZ'
o] N—L%
RSS'AQ R58°
RSG' RS'/'
General Formula (6')
R63' RGZ'

R6l°

&S

S N—LS

RG R68°

O

R66 RG/

wherein in the general formulae (2') to (6", L*%, 1>%, L*”,
L> and L®" each independently represent a single bond ora
divalent linking group, and the group represented by any one
of the general formulae (2') to (6") is bonded to the cyclic
structure of the general formula (1) through L', [ L*]
L% or L% and R*" to R**, R* 1o R**, R*, R*, R*" 10
R*®, R* R*" to R*®, and R%' to R®® each independently
represent a hydrogen atom or a substituent, provided that R**
and R**, R** and R**, R**" and R**, R** and R**, R**" and
R2% R?® and R?”, R%” and R**, R*" and R*%, R*? and R*?,
R and R**, R*% and R*®, R and R>”, R?7 and R*®, R>’
and R®' R* and R**, R** and R**, R** and R*, R**" and
R*S R* and R*7, R*” and R**, R°!" and R, R%? and R*2,
R and R*, R® and R, R*® and R®” R®” and R>* RS"
and R®', R and R®*', R®*" and R**, R and R®*®, R* and
RY”, and R®” and R%* each may be bonded to each other to
form a cyclic structure.

BRIEF DESCRIPTION OF DRAWINGS

[0033] FIG. 1 is a schematic cross sectional view showing
an example of a layer structure of an organic electrolumines-
cent device.
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[0034] FIG. 2 is the transient decay curves of the toluene
solution and the hexane solution of the compound 1 in
Example 1.

[0035] FIG. 3 is the light emission spectrum of the thin film
organic photoluminescent device of the compound 1 in
Example 1.

[0036] FIG. 4 is the transient decay curves of the thin film
organic photoluminescent device of the compound 1 in
Example 1.

[0037] FIG.5is the light emission spectrum of the thin film
organic photoluminescent device of the compound 2 in
Example 2.

[0038] FIG. 6 is the transient decay curves of the thin film
organic photoluminescent device of the compound 2 in
Fxample 2.

[0039] FIG. 7 is the light emission spectrum of the toluene
solution of the compound 3 in Example 3.

[0040] FIG. 8 is the transient decay curve of the toluene
solution of the compound 3 in Example 3.

[0041] FIG.9is the light emission spectrum of the thin film
organic photoluminescent device of the compound 3 in
Example 3.

[0042] FIG. 10 is the transient decay curves of the thin film
organic photoluminescent device of the compound 3 in
Example 3.

[0043] FIG. 11 is the light emission spectrum of the thin
film organic photoluminescent device of the compound 4 in
Example 4.

[0044] FIG. 12 is the transient decay curves of the toluene
solution and the hexane solution of the compound 4 in
Example 4.

[0045] FIG.13 is the transient decay curves of the thin film
organic photoluminescent device of the compound 4 in
Example 4.

[0046] FIG. 14 is the light emission spectra of the toluene
solution of the compound 5 in Example 5.

[0047] FIG. 15 is the transient decay curves of the toluene
solution of the compound 5 in Example 5.

[0048] FIG.16 is the light emission spectrum of the toluene
solution of the compound 6 in Example 6.

[0049] FIG. 17 is the transient decay curve of the toluene
solution of the compound 6 in Example 6.

[0050] FIG. 18 is the light emission spectrum of the thin
film organic photoluminescent device of the compound 6 in
Example 6.

[0051] FIG.19 is the transient decay curves of the thin film
organic photoluminescent device of the compound 6 in
Example 6.

[0052] FIG. 20 is the light emission spectrum of the thin
film organic photoluminescent device of the compound 9 in
Example 7.

[0053] FIG. 21 is a graph of the photoluminescence quan-
tum efficiency of the compound 9 in Example 7 plotted
against the wavelength.

[0054] FIG.221is the light emission spectrum of the toluene
solution of the compound 10 in Example 8.

[0055] FIG. 23 is the transient decay curve of the toluene
solution of the compound 10 in Example 8.

[0056] FIG.24is the light emission spectrum of the toluene
solution of the compound 11 in Example 9.

[0057] FIG. 25 is the transient decay curve of the toluene
solution of the compound 11 in Example 9.

[0058] FIG.26 is the light emission spectrum of the organic
electroluminescent device of the compound 1 in Example 10.
[0059] FIG.27is the light emission spectrum of the organic
electroluminescent device of the compound 4 in Example 10.
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[0060] FIG. 28 is a graph showing the voltage-electric cur-
rent density characteristics of the organic electroluminescent
devices of the compound 1 and the compound 4 in Example
10.

[0061] FIG. 29 is a graph showing the light emission inten-
sity-external quantum efficiency characteristics of the
organic electroluminescent devices of the compound 1 and
the compound 4 in Example 10.

[0062] FIG. 30 is a graph showing the electric current den-
sity-external quantum efficiency characteristics of the
organic electroluminescent devices of the compound 1 and
the compound 4 in Example 10.

[0063] FIG. 31 is the light emission spectrum of the organic
electroluminescent device of the compound 1 in a concentra-
tion of 10% by weight in Example 11.

[0064] FIG. 32 is a graph showing the voltage-electric cur-
rent density characteristics of the organic electroluminescent
device of the compound 1 in a concentration of 10% by
weight in Example 11.

[0065] FIG. 33 is a graph showing the light emission inten-
sity-external quantum efficiency characteristics of the
organic electroluminescent device of the compound 1 in a
concentration of 10% by weight in Example 11.

[0066] FIG. 34 is a graph showing the electric current den-
sity-external quantum efficiency characteristics of the
organic electroluminescent device of the compound 1 in a
concentration of 10% by weight in Example 11.

[0067] FIG. 35 is the light emission spectrum of the organic
electroluminescent device of the compound 1 in a concentra-
tion of 20% by weight in Example 11.

[0068] FIG. 36 is a graph showing the voltage-electric cur-
rent density characteristics of the organic electroluminescent
device of the compound 1 in a concentration of 20% by
weight in Example 11.

[0069] FIG. 37 is a graph showing the light emission inten-
sity-external quantum efficiency characteristics of the
organic electroluminescent device of the compound 1 in a
concentration of 20% by weight in Example 11.

[0070] FIG. 38 is a graph showing the electric current den-
sity-external quantum efficiency characteristics of the
organic electroluminescent device of the compound 1 in a
concentration of 20% by weight in Example 11.

[0071] FIG. 39 is the light emission spectrum of the organic
electroluminescent device of the compound 1 in a concentra-
tion of 100% by weight in Example 11.

[0072] FIG. 40 is a graph showing the voltage-electric cur-
rent density characteristics of the organic electroluminescent
device of the compound 1 in a concentration of 100% by
weight in Example 11.

[0073] FIG. 41 is a graph showing the light emission inten-
sity-external quantum efficiency characteristics of the
organic electroluminescent device of the compound 1 in a
concentration of 100% by weight in Example 11.

[0074] FIG. 42 is a graph showing the electric current den-
sity-external quantum efficiency characteristics of the
organic electroluminescent device of the compound 1 in a
concentration of 100% by weight in Example 11.

[0075] FIG. 43 is the light emission spectrum of the organic
electroluminescent device of the compound 4 in Example 12.
[0076] FIG. 44 is a graph showing the voltage-electric cur-
rent density characteristics of the organic electroluminescent
device of the compound 4 in Example 12.

[0077] FIG. 45 is a graph showing the light emission inten-
sity-external quantum efficiency characteristics of the
organic electroluminescent device of the compound 4 in
Example 12.
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[0078] FIG. 46 is a graph showing the electric current den-
sity-external quantum efficiency characteristics of the
organic electroluminescent device of the compound 4 in
Example 12.

DESCRIPTION OF EMBODIMENTS

[0079] 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)

[0080] Thelightemitting material of the invention contains
acompound represented by the following general formula (1)
General Formula (1)

R! 0 RS

RZ R’

R? X RS

R* R’

[0081] In the general formula (1), X represents an oxygen
atom or a sulfur atom; and R' to R® each independently
represent a hydrogen atom or a substituent, provided that at
least one of R' to R® each independently represent a group
represented by any one of the following general formulae (2)
to (6). X may represent any of an oxygen atom and a sulfur
atom, and preferably represents an oxygen atom.

[0082] Thenumber of the groups represented by any one of
the following general formulae (2) to (6) may be only 1 or
may be 2 or more, and is preferably from 1 to 4, and more
preferably 1 or 2. In the case where the general formula (1)
contains plural groups each represented by any one of the
general formulae (2) to (6), the groups may be the same as or
different from each other.

[0083] In the case where the number of the group repre-
sented by any one of the following general formulae (2) to (6)
is only 1, it is preferred that R? or R represents the group
represented by any one of the following general formulae (2)
to (6), and it is more preferred that R¥ represents the group
represented by any one of the following general formulae (2)
to (6).

[0084] In the case where the number of the groups repre-
sented by any one of the following general formulae (2)to (6)
is 2 or more, it is preferred that at least one of R* to R* and at
least one of R® to R® each represent the group represented by
any one of the following general formulae (2) to (6). In this
case, it is preferred that the number of the groups represented
by any one of the following general formulae (2)to (6) is from
1to 3 among R' to R?, and is from 1 to 3 among R’ to R®, and
it is more preferred that the number of the groups is 1 or 2
among R' to R* andis 1 or 2 among R” to R®, The number of
the groups represented by any one of the general formulae (2)
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to (6) among R* to R* and the number of the groups repre-
sented by any one of the general formulae (2) to (6) among R’
to R® may be the same as or different from each other, and is
preferably the same as each other. Among R* to R?, it is
preferred that atleast one of R? to R* each represent the group
represented by any one of the general formulae (2) to (6), and
it is more preferred that at least R® represents the group
represented by any one of the general formulae (2) to (6).
Among R® to R¥, it is preferred that at least one of R® to R”
each represent the group represented by any one of the gen-
eral formulae (2) to (6), and it is more preferred that at least R®
represents the group represented by any one of the general
formulae (2) to (6). The preferred compounds include the
compound, in which R* and R in the general formula (1) each
represent the group represented by any one of the general
formulae (2) to (6), the compound, in which R* and R” in the
general formula (1) each represent the group represented by
any one of the general formulae (2) to (6), and the compound,
in which R?, R?, R% and R” in the general fornmula (1) each
represent the group represented by any one of the general
formulae (2) to (6), and the more preferred compounds
include the compound, in which R* and R® each represent the
group represented by any one of the general formulae (2) to
(6). The plural groups each represented by any one of the
general formulae (2) to (6) contained in the general formula
(1) may be the same as or different from each other, and are
preferably the same as each other. The compound represented
by the general formula (1) preferably has a symmetric struc-
ture, ie., R and R®, R?and R7, R* and R®, and R* and R® each
are preferably the same as each other.

[0085] Inthe compound represented by the general formula
(1), both R? and R® each represent the group represented by
any one of the following general formulae (2) to (6). The
preferred compounds include the compound represented by
the general formula (1), in which at least one of R* and R®
each represent the following general formula (2) or (3).

General Formula (2)
R22

RZI
N _L20
R

R23
R24 O
RE O
R26

R27
General Formula (3)

R33 R3.7.
R3a

N—L%
R3b
R¥ R

R38
7

3
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-continued
General Formula (4)
R43 R42

R# R4

o

R4a_N N_L40

R4

A

RY6 RY
General Formula (5)
R53 RSZ

RSI

A
jéi

0 N—L

RSS

A

R56 R57
General Formula (6)
R63 Rﬁl

RGI

=
j¢[

S N—L5

RGS

.

R66 R67

[0086] Inthe general formulae (2) to (6), L*°, L%, L%, L*°
and L% each independently represent a single bond or a
divalent linking group; and R** to R?*, R to R*%, R**, R*”,
R* toR*,R*, R>! to R*®, and R®! t0 R®® each independently
represent a hydrogen. atom or a substituent.

[0087] T1.%°, 1.°°, 1*, 1°° and L% each may represent a
single bond or a divalent linking group, and preferably rep-
resents asingle bond. In the case where at least one of R to R®
in the general formula (1) each represent the group repre-
sented. by any one of the general formulae (2) to (6) having
L2 L, L*, L°° and L as a linking group, the number of
the linking group present in the general formula (1) may be
only 1 or may be 2 or more. In the case where the general
formula (1) contains plural linking groups, the linking groups
may be the same as or different from each other. Examples of
the divalent linking group that may be represented by L%,
L2°, L*, L°° and L include an alkenylene group, an alky-
nylene group, an arylene group, a thiophenediy! group, and a
linking group formed of a combination of these groups. The
alkylene group and the alkenylene group each preferably
have from 2 to 10 carbon atoms, more preferably from 2 to 6
carbon atoms, and further preferably from 2 to 4 carbon
atoms. The arylene group preferably has from 6 to 10 carbon
atoms, and more preferably 6 carbon atoms, and a p-phe-
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nylene group is further preferred. Examples of the thiophene-
diyl group include a 3,4-thiophenediyl group and 2,5-
thiophenediyl group. Preferred examples of the linking group
include a linking group represented by the general formula
—(CR*=CR?),—. In the general formula, R* and R” each
independently represent a hydrogen atom or an alkyl group.
The alkyl group preferably has from 1 to 6 carbon atoms, and
more preferably from 1 to 3 carbon atoms. n is preferably
from 1 to 5, more preferably from 1 to 3, and further prefer-
ably 1 or 2. Examples thereof include —CH—CH— and
—(CH=CH),—.

[0088] The number of a substituent in the general formulae
(2) to (6) is not particularly limited. In each of the general
formulae (2) to (6), all R*! to R**, R*' to R**, R**, R*,R* 1o
R* R*™ R>'toR>* and R to R°® each may be unsubstituted
(i.e., a hydrogen atom), it is preferred that at least one of R*!
to R?® R*' toR*® R* to R*,R*' to R*®, and R*" to R®® each
represent a substituent, and it is more preferred that at least
oneof R?,R* R* R, R* R* R R>",R* and R* each
represents a substituent. In the case where the general formu-
lae (2) to (6) contain plural substituents, the substituents may
be the same as or different from each other.

[0089] Examples of the substituent that may be represented
by R 1o st’ R0 R38, R3a’ Rsb’ R*o R48’ R4a’ R0 RSS,
and R5! to R and the substituent that may be represented by
R"' 10 R® include a hydroxyl group, a halogen atom, a cyano
group, an alkyl group having from 1 to 20 carbon atoms, an
alkoxy group having from 1 to 20 carbon atoms, an alkylthio
group having from 1 to 20 carbon atoms, an alkyl-substituted
amino group having from 1 to 20 carbon atoms, an 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
alkoxycarbonyl group having from 2 to 10 carbon atoms, an
alkylsulfonyl group having from 1 to 10 carbon atoms, a
haloalkyl group having from 1 to 10 carbon atoms, an amide
group, an alkylamide group having from 2 to 10 carbon
atoms, a trialkylsilyl group having from 3 to 20 carbon atoms,
a trialkylsilylalkyl group having from 4 to 20 carbon atoms, a
trialkylsilylalkenyl group having from 5 to 20 carbon atoms,
atrialkylsilylalkynyl 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,
an alkoxy group having from 1 to 20 carbon atoms, a substi-
tuted or unsubstituted aryl group having from 6 to 40 carbon
atoms, a substituted or unsubstituted heteroaryl group having
from 3 to 40 carbon atoms, and a dialkyl-substituted amino
group having from 1 to 20 carbon atoms. Further preferred
examples of the substituent include a fluorine atom, a chlorine
atom, a cyano group, a substituted or unsubstituted alkyl
group having from 1 to 10 carbon atoms, a substituted or
unsubstituted alkoxy group having from 1 to 10 carbon
atoms, a substituted or unsubstituted aryl group having from
6 to 15 carbon atoms and a substituted or unsubstituted het-
eroaryl group having from 3 to 12 carbon atoms.

[0090] AtleastoneofR*, RS, R*, R3% R*,R*,R?, R>°,
R% and R®® each preferably independently represent the
group represented by any one of the general formulae (2) to
(6).

[0091] R!and R? R?and R3 R*and R*,R® and R, R and
R7,andR” andR®,R*! and R*?, R*? and R**, R** andR**,R**
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and R*%, R*® and R?%, R? and R*7, R*” and R*®, R*! and R*,
R*?and R*3, R* and R** R*® and R*%, R* and R*’,R*” and
R*® R and R*, R* and R*?,R*? and R**, R* and R** R*
and R*S, R* and R*, R*” and R*®, R*! and R*, R>? and R*,
R>%and R**, R and R*%, R*% and R®’, R*” and R*®, R®! and
R%, R%?and R%, R% and R*, R* and R%, R®® and R%, and
R®” and R® each may be bonded to each otherto form a cyclic
structure. The cyclic structure may be an aromatic ring or an
aliphatic ring, and may contain a hetero atom, and the cyclic
structure may be a condensed ring containing two or more
rings. The hetero atom referred herein is preferably selected
from the group consisting of a nitrogen atom, an oxygen atom
and a sulfur atom. Examples of the cyclic structure formed

Compound 1

N 0]

Compound 3

N ()
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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 thiaz-
ole ring, an isothiazole ring, a cyclohexadiene ring, a cyclo-
hexene ring, a cyclopentene ring, a cycloheptatriene ring, a
cycloheptadiene ring and a cycloheptene ring.

[0092] Specific examples of the compound represented by
the general formula (1) shown below. However, the com-
pound represented by the general formula (1) capable of
being used in the invention is not construed as being limited to
the specific examples.

Compound 2

Compound 4

Compound 5
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Compound 7 Compound 8

Compound 6
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Compound 11 Compound 12

'%’m ?”



US 2016/0141516 Al May 19, 2016

11
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Compound 13 Compound 14
N N (0) N
o 400
0]
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Compound 15 Compound 16
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Q N | 0] l N O
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Compound 17

Compound 18 Compound 19

e
5



US 2016/0141516 Al May 19, 2016
12

-continued

Compound 20
N Il O’ Il N O
(6]

Compound 21 Compound 22

Compound 23

N | ) I N,
6]

Compound 24 Compound 25
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Compound 26
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N | 0 I N
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Compound 27 Compound 28
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Compound 29 Compound 30
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Compound 32
Compound 31
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Compound 40 Compound 41
N S N

0]
Compound 42
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Compound 43 Compound 44

0
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Compound 45
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Compound 46 Compound 47
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Compound 53

Compound 54

Compound 55

Compound 57

e

o)
N o)
6]
[0093] 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)

Compound 56
Compound 58
S
o]
Compound 59

[0094] 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.

[0095] 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.
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[0096] 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 R* to
R® in the general formula (1) is prepared, and is homopoly-
merized or copolymerized with another monomer to prepare
apolymer containing repeating units, and the polymer is used
as a light emitting material. In alternative, it may be consid-
ered that the compounds represented by the general formula
(1) are coupled to form a dimer ora trimer and the dimer or the
trimer is used as a light emitting material.

[0097] Examples of the polymer having the repeating unit
containing the structure represented by the general formula
(1) include a polymer containing a structure represented by
the following general formula (9) or (10)

General Formula (9)

)
Ll RlOl
—+C—Cm
RIi02 Rl03
General Formula (10)
Q
I
L2
=G
R104

[0098] In the general formulae (9) and (10), Q represents a
group containing the structure represented by the general
formula (1), and L' and L* each represent. a linking group.
The linking group preferably has from 0 to 20 carbon atoms,
more preferably from 1 to 15 carbon atoms, and further pref-
erably from 2 to 10 carbon atoms. The linking group prefer-
ably has a structure represented by —X*!-L'!-, wherein X'
represents an oxygen atom or a sulfur atom, and preferably an
oxygen atom, and L'* represents a linking group, preferably a
substituted or unsubstituted alkylene group or a substituted or
unsubstituted arylene group, and more preferably a substi-
tuted or unsubstituted alkylene group having from 1 to 10
carbon atoms or a substituted or unsubstituted phenylene
group.

[0099] In the general formulae (9) and (10), R**!, R'%,
R'® and R'™ each independently represent a substituent,
preferably a substituted or unsubstituted alkyl group having
from 1 to 6 carbon atoms, a substituted or unsubstituted
alkoxy group having from 1 to 6 carbon atoms, or a halogen
atom, more preferably an unsubstituted alkyl group having
from 1 to 3 carbon atoms, an unsubstituted alkoxy group
having from 1 to 3 carbon atoms, a fluorine atom or a chlorine
atom, and further preferably an unsubstituted alkyl group
having from 1 to 3 carbon atoms or an unsubstituted alkoxy
group having from 1 to 3 carbon atoms.

[0100] The linking group represented by L' and L* may be
bonded to any of R" to R? in the structure represented by the
general formula (1), any of R* to R®® in the structure repre-
sented by the general formula (2), any of R*! to R*®*, R** and
R3” in the structure represented by the general formula (3),
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any of R*! to R*® and R** in the structure represented by the
general formula (4), any of R>! to R*® in the structure repre-
sented by the general formula (5), and any of R®! to R®® in the
structure represented by the general formula (6), which struc-
tures constitute Q. Two or more of the linking groups may be
boded to one group represented by Q to form a crosslinked
structure or a network structure.

[0101] Specific examples of the structure of the repeating
unit include structures represented by the following formulae
(11) to (14).

Formula (11)

Formula (12)

Formula (13)

r Oy

Formula (14)

= 2/ )

[0102] The polymer having the repeating unit containing
the structure represented by any of the formulae (11) to (14)
may be synthesized in such a manner that a hydroxyl group is
introduced to any of R* 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 polymer-
izable group thereto, followed by polymerizing the polymer-
izable group.
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OH
HO
NS \/\ (é
X

OH

[0103] 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.

Compound Represented by General Formula (1')

[0104] Inthe compound represented by the general formula
(1), a compound that is represented by the following general
formula (1') is a novel compound.

General Formula (1)

[0105] In the general formula (1'), X' represents an oxygen
atom or a sulfur atom; and R*" to R® each independently
represent a hydrogen atom or a substituent, provided that at
least one of R to R¥ each independently represent a group
represented by any one of the following general formulae (2')
to (6", and such a case is excluded that R? and R' each
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represent a group represented by the following general for-
mula (2", and all R?" to R**' represent hydrogen atoms,

General Formula (2)
R22
R23'
O R
R24'
N_LZO'
RZS'
R28'
R
R27'
General Formula (3)
R33' R32'
R36' R37'
General Formula (4)
R43' R42'
R44'4%;§7 R4
R¥—N N—L¥
R45'4Q7 R48“
R46' R47'
General Formula (5)
R53' RSZ'
R54' R51°
of N—L

R55'4Q7 R
R56' RS'/'
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-continued
General Formula (6')
R63' RGZ'
R64' Rﬁl'
S N—L&
RGS' RGS
RGG' R67'

[0106] Inthe general formulae (2)to (6)L*, L%, L*, 1>
and L% and each independently represent a single bond or a
divalent linking group; and R?" R®¥, R*'R*® R*%, R* | R*"
to R*®, R*, R>" 1o R**, and R®" to R®* each independently
represent a hydrogen atom or a substituent. R* and R, R*
and R*, R* and R*, R¥ and R®, R® and R”, R” and R¥, R*"
and R??, R?** and R**, R** and R**, R** and R**, R** and
R?*® R*® and R*”, R*” and R*®' R*' and R**, R*% and R*?
R*¥ and R**, R** and R*®, R*% and R*”, R*" and R**, R**'
and R*’, R*" and R*?, R** and R*', R**, and R**, R**" and
R*, R* and R*, R*" and R**, R>* and R*?, R** and R°?,
R>* and R**, R** and R*® and R*”, R*” and R*>* 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.

[0107] For the descriptions and the preferred ranges of R"
to RY, R2!' to R2¥, R3! 10 R3®, R« R R*' 1o R*®, R*
R to R*®, and R%" to R®® in the general formula (1'),
reference may be made to the descriptions of the compound
represented by the general formula (1), provided that such a
case is excluded that R* and R”' each represent a group
represented by the general formula (2) and all R** to R**
represent hydrogen atoms. Examples of the case where both
R* and R” are substituted include the compound that is sub-
stituted by a. group represented by any of the general formu-
lae (3" to (6")

Synthesis Method of Compound Represented by General
Formula (1)

[0108] The compound represented by the general formula
(1) may be synthesized by combining the known reactions.
For example, the compound represented by the general for-
mula (1") in which. R* and R® each represent a group repre-
sented by the general formula (3"), can be synthesized through
reaction of the following two compounds.
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RA R’
s X z
R RY

[0109] In the aforementioned reaction scheme, for the
descriptions of RV to R™, R™, R® R*!' 1o R*®, R** and R,
reference may be made to the corresponding descriptions in
the general formula (1'), and Z represents a halogen atom,
examples of which include a fluorine atom, a chlorine atom,
a bromine atom and an iodine atom, and a chlorine atom, a
bromine atom and an iodine atom are preferred.

[0110] Theaforementioned reaction is an application of the
known coupling reaction, and the known reaction conditions
may be appropriately selected and used. For the details of the
reactions, reference may be made to the synthesis examples
described later. The compound represented by the general
formula (1') may also be synthesized by combining the other
known synthesis reactions.

Organic Light Emitting Device

[0111] 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 (delayed fluorescent emitter). Thus, the invention pro-
vides 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 compound represented by the gen-
eral formula (1). An organic light emitting device that uses the
compound as a light emitting material has features that the
device emits delayed fluorescent light and has a high light
emission efficiency. The principle of the features may be
described as follows for an organic electroluminescent device
as an example.

[0112] Inanorganicelectroluminescent 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 state are 25% of
the total excitons generated, and the remaining 75% thereof
are excited to the excited triplet state. Accordingly, the use of
phosphorescence, which is light emission from the excited
triplet state, provides a high energy 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 mate-
rial emits fluorescent light through the mechanism that the
energy of excitons transits to the excited triplet state through
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intersystem crossing or the like, and then transits to the
excited singlet state through reverse intersystem crossing due
to triplet-triplet annihilation or absorption of thermal energy,
thereby emitting fluorescent light. It is considered that among
the materials, a thermal activation type delayed fluorescent
material emitting light through absorption of thermal energy
is particularly useful for an organic electroluminescent
device. In the case where a delayed fluorescent material is
used in an organic 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 cross-
ing from the excited triplet state to the excited singlet state has
the same wavelength as fluorescent light since it is light
emission from the excited singlet state, but has a longer life-
time (light emission lifetime) than the normal fluorescent
light and phosphorescent light, and thus the light is observed
as fluorescent light that is delayed from the normal fluores-
cent light and phosphorescent light. The light may be defined
as delayed fluorescent light. The use of the thermal activation
type exciton transition mechanism may raise the proportion
of the compound in the excited singlet state, which is gener-
ally formed in a proportion only of 25%, to 25% or more
through the absorption of the thermal energy after the carrier
injection. A compound that emits strong fluorescent light and
delayed fluorescent light at a low temperature of lower than
100° C. undergoes the intersystem crossing from the excited
triplet state to the excited singlet state sufficiently with the
heat of the device, thereby emitting delayed fluorescent light,
and thus the use of the compound may drastically enhance the
light emission efficiency.

[0113] 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
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.

[0114] 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
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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, denotes a light emitting layer, 6 denotes an electron
transporting layer, and 7 denotes a cathode.

[0115] Themembersand 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

[0116] Theorganic 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

[0117] 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,—Zn0), 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, orin 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
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

[0118] 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-cupper mixture, a
magnesium-silver mixture, a magnesium-aluminum mixture,
amagnesium-indium mixture, an aluminum-aluminum oxide
(ALO;) 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
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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 um, 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.

[0119] 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

[0120] 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
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.

[0121] 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
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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.

[0122] 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

[0123] 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

[0124] 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

[0125] Theholebarrierlayer has the function of an electron
transporting layer in a broad sense. The hole barrier layer has
a function of inhibiting holes from reaching the electron
transporting layer while transporting electrons, and thereby
enhances the recombination probability of electrons and
holes in the light emitting layer. As the material for the hole
barrier layer, the materials for the electron transporting layer
described later may be used depending on necessity.

Electron Barrier Layer

[0126] 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

[0127] 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
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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

[0128] 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.

[0129] 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-
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.
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Electron Transporting Layer

[0130] 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.

[0131] 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.

[0132] 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.

[0133] 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
andR, to R, each independently represent a hydrogen atom or
a substituent, and n represents an integer of from 3 to 5.
[0134] Preferred examples of a compound that may also be

used as the host material of the light emitting layer are shown
below.
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[0135] Preferred examples of acompound that may be used
as the hole injection material are shown below.
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[0136] Preferred examples of a compound. that may be
used as the hole transporting material are shown below.
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[0137] Preferred examples of acompound that may be used _continued
as the electron barrier material are shown below.

[0138] Preferred examples of a compound that may be used
as the hole barrier material are shown below.
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l ! [0139] Preferred examples of a compound that may be used

as the electron transporting material are shown below.
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[0140] Preferred examples of acompound that may be used

as the electron injection material are shown below. O Q

[0141] Preferred examples of acompound as a material that a
may be added are shown below. For example, the compound 0
may be added as a stabilizing material.
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[0142] 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 singlet energy, light having a wavelength that
corresponds to the energy level thereof may be confirmed as
fluorescent light and delayed fluorescent light. When the light
emission is caused by the excited triplet energy, light having
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.

[0143] 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.

[0144] Theorganic 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
anodes and cathodes disposed in an X-Y matrix. According to
the invention, an organic light emitting device that is largely
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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

[0145] 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 a high-per-
formance UV/Vis/NIR spectrophotometer (Lambda 950,
produced by PerkinElmer, Co., Ltd.), a fluorescence spectro-
photometer (FluoroMax-4, produced by Horiba, Ltd.), an
absolute PL. quantum yield measurement system (C11347,
produced by Hamamatsu Photonics K.K.), a source meter
(2400 Series, produced by Keithley Instruments Inc.), a semi-
conductor parameter analyzer (E5273 A, produced by Agilent
Technologies, Inc.), an optical power meter (1930C, pro-
duced by Newport Corporation), an optical spectrometer
(USB2000, produced by Ocean Optics, Inc.), a spectroradi-
ometer (SR-3, produced by Topcon Corporation), and a streak
camera (Model C4334, produced by Hamamatsu Photonics
KXK).

Synthesis Example 1

Synthesis of Compound 1

[0146] The compound 1 was synthesized according to the
following procedures.

HO

K,CO3
toluene/DMF
Dean-Stark trap, -H,O

CN

CN

KO, O

la

[0147] In a three-neck flask equipped with a Dean-Stark
trap, phenol (12.35 g, 131.25 mmol), K,CO, (34.55 g, 250
mmol), N,N-dimethylformamide (125 mL) and toluene (125
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mL) were charged, and refluxed in a nitrogen atmosphere for
4 hours to perform dehydration until no further water was
formed from the reaction system. Thereafter, 100 mL of tolu-
ene was removed with the Dean-Stark trap.

[0148] After returning to room temperature, 4-bromo-2-
fluorobenzonitrile (25.0 g, 125 mmol) was added thereto, and
the mixture was refluxed in a nitrogen atmosphere for 4 hours.
After completing the reaction, the solution was diluted by
adding toluene (200 mL) thereto, and then filtered with
Celite. The solution was rinsed twice with water with a sepa-
rating funnel, dried over anhydrous magnesium sulfate, and
filtered. The product was purified by silica gel chromatogra-
phy (mobile phase: toluene/ethyl acetate=9/1), and a speci-
men deposited through concentration of the solution was
rinsed with 200 mL of hexane under application of ultrasonic
wave for 5 minutes, and then filtered. The specimen was dried
in vacuum (50° C. for 4 hours) to provide a white solid matter
(vield amount: 31.2 g, yield: 91%). The product was identi-
fied by "H-NMR and ESI-MS.

[0149] 'H NMR (500 MHz, CDCL,, 8): 6.97 (s, 1H), 7.11
(d, 2H), 7.25-7.31 (m, 2H), 7.42-7.48 (m, 2H), 7.51 (d, 1H)

[0150] ESI-MS (m/z) (M) caled. 272.98. found 273.09.
CN
(0]
H,S04H,0=2:1
180 C.
Br
la
Br, O
0]
1b
[0151] Inatwo-neck flask, the compound 1a (31.1g, 113.5

mmol) water (50 ml) and sulfuric acid (100 ml) were charged,
and heated under stirring in a nitrogen atmosphere at 180° C.
for 12 hours. After completing the reaction, the reaction solu-
tion was cooled to room temperature, placed in water (500
mL), extracted with dichloromethane, and rinsed with water.
The solution was dried over anhydrous magnesium sulfate,
passed through a silica gel column to remove impurities, and
then concentrated. A specimen thus deposited was rinsed
under application, of ultrasonic wave in 100 ml ofhexane, and
filtered. The product was dried in vacuum (50° C. for 4 hours)
to provide a white solid matter (yield. amount: 9.32 g, yield:
30%). The product was identified by "H-NMR and ESI-MS.

[0152] 'H-NMR (500 MHz, CDCl,, 8): 7.41 (t, 111) 7.46-
7.54 (m, 2H),7.71 (s, 1H), 7.75 (t, 1H), 8.20 (d, 1H), 8.33 (d,
1H)

[0153] ESI-MS (m/z) (M*): caled. 273.96. found 274.08.
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jrdan

tert-BuONa
Pd(OAc),
0 P(t-Bu)y/HBF,
toluene
1b

Compound 1

[0154] In a two-neck flask, the compound 1b (1.38 g,
mmol) 9,9-dihydrodimethylacridine (1.15 g, 5.5 mmol),
sodium tert-butexide (0.96 g, 10 mmol), palladium acetate
(56 mg, 0.25 mmol) and tri-tert-butylphosphonium tetrafluo-
roborate (145 mg, 0.5 mmol) were charged, and after replac-
ing the interior of the flask with nitrogen, 50 mL of dehy-
drated toluene was added thereto, followed by refluxing in a
nitrogen atmosphere for 8 hours. After completing the reac-
tion, the reaction. solution was cooled to room temperature,
and filtered with Celite. The filtrate was concentrated, puri-
fied by silica gel 1.5 chromatography (mobile phase: dichlo-
romethane), concentrated, and then recrystallized twice from
hexane/ethyl acetate=9/1 ml/g, to provide a yellow solid
matter (vield amount: 2.06 g, yield: 85%)

[0155] 'H-NMR (500 MHz, CDCL,, 8): 1.68 (s, 6H), 6.53
(d, 2H), 6.96-7.08 (m, 4T1), 7.38 (d, 11), 7.42 (t, 111, 7.46-
7.52 (m, 3H), 7.53 (s, 1H), 7.74 (t, 1H), 8.38 (d, 1H), 8.53 (d.
1H)

[0156] EST-MS (m/z) (M*) calcd. 403.16. found 403.23.
Synthesis Example 2
Synthesis of Compound 4
[0157] The compound 4 was synthesized according to the

following procedures.

HO

K,CO;
toluene/DMF
Br Dean-Stark trap, -H,O
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-continued
CN
F
CN
KO
O
Br
Br
Br Br
2a
[0158] In a three-neck flask equipped with a Dean-Stark

trap, 3-bromophenol (22.72 g, 131.3 mmol), K,CO, (34.55 g,
250 mmol), N,N-dimethylformamide (130 mL) and toluene
(130 mL) were charged, and refluxed in a nitrogen atmo-
sphere for 4 hours to perform dehydration until no further
water was formed from the reaction system. Thereafter, 100
mL of toluene was removed with the Dean-Stark trap.

[0159] After returning to room temperature, 4-bromo-2-
fluorobenzonitrile (25.0 g, 125 mmol) was added thereto, and
the mixture was refluxed in a nitrogen atmosphere for 4 hours.
After completing the reaction, the solution was diluted by
adding toluene (200 mL) thereto, and then filtered with
Celite. The solution was rinsed twice with water with a sepa-
rating funnel, dried over anhydrous magnesium sulfate, and
filtered. The product was purified by silica gel chromatogra-
phy (mobile phase: toluene/ethyl acetate=9/1), and a speci-
men deposited through concentration of the solution was
rinsed with hexane (200 mL) under application of ultrasonic
wave for 5 minutes, and then filtered. The specimen was dried
in vacuum (50° C. for 4 hours) to provide a white solid matter
(vield amount: 43.8 g, yield: 99%). The product was identi-
fied by ‘H-NMR and ESI-MS.

[0160] 'H-NMR (500 MHz, CDCI,, 8): 7.02 (d, 1H), 7.05
(d, 1H),7.27 (t, 1H), 7.29-7.35 (m, 2H), 7.41 (d, 1H), 7.53 (d.
1H)

[0161] ESI-MS (m/z) (M*): caled. 350.89. found 351.04.
CN
O
H,SO4/H,0 =2:1
180 C.
Br Br
2a
Br | 0} I
0}
2b
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-continued
Br l (0] I
(6] Br

2¢

[0162] Inatwo-neck flask, the compound 2a (39.18 g, 111
mmol), water (55 mL) and sulfuric acid (111 mL) were
charged, and heated under stirring in a nitrogen atmosphere at
180° C. for 18 hours. After completing the reaction, the reac-
tion solution was cooled to room temperature, placed in water
(500 mL), extracted with dichloromethane, rinsed twice with
water, and rinsed with a sodium hydroxide aqueous solution.
The solution was dried over anhydrous magnesium sulfate,
passed through a silica gel column to remove impurities, and
then concentrated. The product was separated into com-
pounds 2b and 2c by silica gel chromatography (mobile
phase: dichloromethane), and the compound 2b was recrys-
tallized from approximately 10 mL/g of a toluene solution.
For the compound 2c, approximately 5 mL/g of a toluene
solution was prepared for the compound, to which approxi-
mately 5 mL/g of methanol was added to perform recrystal-
lization. The products were dried in vacuum (50° C. for 4
hours) to provide a white solid matter (2b: yield amount:
13.08 g, yield: 33%; 2c: yield amount: 14.82 g, yield: 38%)).
The product was identified by ‘H-NMR and ESI-MS.

Compound 2b

[0163] 'H-NMR (500 MHz, CDCL,, 8): 7.52 (d, 2H), 7.69
(s, 2H), 8.07 (d, 2H)

[0164] ESI-MS (m/z) (M*): calcd. 351.87. found 351.53.
[0165] Compound 2¢
[0166] ‘H-NMR (500 MHz, CDCl,, 8): 7.44-7.54 (m, 3H),

7.65 (dd, 2H), 8.17 (d, 1H)
[0167] ESI-MS (m/z) (M*): caled. 351.87. found 351.53.
P(t-Bu)y/HBF,

tert-BuONa
toluene
2b
@]

Pd(OAc),
Compound 4

[0168] The synthesis was performed in the same manner as
in the compound 1 in Synthesis Example 1 except that the raw
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material was changed to the compound 1b to the compound
2b (yield amount: 4.45 g, yield: 73%).

[0169] ‘H-NMR (500 MHz, CDCL,, 8) 1.69 (s, 12H), 6.57
(d, 4H), 6.98-7.11 (m, 8H), 7.4.1 (d, 2H), 7.47-7.55 (m, OH),
8.57 (d, 2H)

[0170] ESI-MS (m/z) (M™): caled. 610.26. found 610.27.

Synthesis Example 3

Synthesis of Compound 2

[0171] The synthesis was performed according to the fol-
lowing reaction scheme in the same manner as is the com-
pound 1 in Example 1 (yield: 97%).

iy

K2CO3 M ag.
DME/toluene

Pd(PPhy),
1b
Q 0

Compound 2

[0172] In a two-neck flask, the compound 1b (0.83 g, 3
mmol), 9,9-dimethyl-10-(4-(4,4,5,5-tetramethyl-, 3,2-diox-
aborolan-2-yl)phenyl)-9.10-dihydroacridine (1.36 g, 3.3
mmol), 3 mL of a 2M aqueous solution of potassium carbon-
ate, 6 mL of 1,2-dimethoxyethane, 6 mL of toluene, and
tetrakis(triphenylphosphine) palladium (104 mg, 0.09 mmol)
were charged, and refluxed in a nitrogen atmosphere for 48
hours.

[0173]  After completing the reaction, the reaction solution
was extracted with dichloromethane with a separating funnel,
dried over anhydrous magnesium sulfate, then filtered, and
concentrated. The product was purified by silica gel chroma-
tography (mobile phase: dichloromethane). The product was
further rinsed with 30 mL of an ethyl acetate/n-hexane mixed
solvent (1/1) under application of ultrasonic wave for 5 min-
utes, and then filtered. The product was dried in vacuum at 50°
C. for 6 hours to provide a pale yellow solid matter (yield
amount: 1.4 g, yield: 97%). The product was identified by
'"H-NMR and ESI-MS.
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[0174] 'H-NMR (500 MHz, CDCL,, 8): 1.72 (S, 6H), 6.36
(d, 2H), 6.92-7.05 (m, 4H), 7.43 (t, 1H), 7.43-7.52 (m, 4H),
7.56 (d, 1H), 7.72-7.81 (m, 2H), 7.83 (s, 1H), 7.97 (d, 2H),
8.39 (d, 1H), 8.47 (d, 1H)

[0175] ESI-MS (m/z) (M™): caled. 479.19. found 479.34.
Synthesis Example 4

Synthesis of Compound 3
[0176] The synthesis was performed according to the fol-

lowing reaction scheme in the same manner as in the com-
pound 1 in Example 1 (yield: 68%).

H
N.
Br l 0 l O O
tert-BuONa
Pd(OAc),

P(t-Bu)3/HBF4
toluene

&

Compound 3

[¢]

Synthesis Example 5

Synthesis of Compound 5
[0177] The synthesis was performed according to the fol-

lowing reaction scheme in the same manner as in the com-
pound 1 in Example 1 (yield: 34%)

t;;p‘?‘

tert-BuONa
2c

Pd(OAc),
P(t-Bu)3y/HBE,
toluene
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Compound 5

[0178] 'H-NMR (500 MHz, CDCL,, 8): 1.67 (3, 6H), 1.77
(s, 3H), 1.96 (s, 3H), 6.05 (dd, 2H), 6.46 (d, 2H), 6.85-6.93
(m, 4H), 6.97-7.07 (m, 4H), 7.24 (d, 1H), 7.31 (d, 1H), 7.46-
7.54 (m, SH). 7.70 (d, 1H), 7.93 (t, 1H), 8.29 (d, 1H)

[0179] ESI-MS (m/z) (M*) caled. 610.26. found 610.27.

Synthesis Example 6

Synthesis of Compound 6

[0180] The synthesis was performed according to the fol-
lowing reaction scheme in the same manner as in the com-
pound 4 in Example 2 (yield: 19%).

H
N
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Synthesis Example 7

Synthesis of Compound 7

[0181] The synthesis was performed according to the fol-
lowing reaction scheme in the same manner as in the com-
pound 1 in Example 1 (yield: 46%).

tert-BuONa
Pd(OAc),
1b
N O O O

P(t-Bu)3/HBF,
(0]

toluene

Compound 7

[0182] 'H-NMR (500 MHz, CDCl,, 8): 7.36 (t, 2H), 7.42-
7.51 (m, 3H) 7.54 (d, 1H), 7.61 (d, 2H), 7.67 (d, 1H), 7.75-
7.81 (m, 2H), 8.17 (d, 2H), 8.41 (d, 1H), 8.58 (d, 111)
[0183] ESI-MS (m/z) (M*) caled. 361.11. found 361.20.

(-

CI O |O ’ O O
tert-BuONa

Pd(0AC),
0 P(t-Bu)3/HBF,
toluene

C
C

2b

®
)
J0C

Compound 6

O

L
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Synthesis Example 8
Synthesis of Compound 9
[0184] The synthesis was performed according to the fol-

lowing reaction scheme in the same manner as in the com-
pound 1 in Example 1 (yield: 99%).
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tert-BuONa
Pd(OAc),
P(t-Bu)3/HBF,
toluene

Br., Il :O: II
)

1b

Q

Compound 9

[0185] ‘H-NMR (500 MHz, CDCL,, 8): 7.33 (m, 1H), 7.38
(t, 1H), 7.41-7.58 (m, 7H), 7.60-7.68 (m, 5H), 7.72 (t, 2H),
7.75-7.86 (m. 4H), 8.26 (dd, 2H), 8.42 ((d, 1H), 8.47 (s, 2H).
8.61 (d, 1H)

[0186] ESI-MS (m/z) (M™): caled. 602.20. found 602.40.
Synthesis Example 9
Synthesis of Compound 10
[0187] The synthesis was performed according to the fol-

lowing reaction scheme in the same manner as in the com-
pound 4 in Example 2 (yield: 63%)

H
N
Br. O Br @: :O
0]

tert-BuONa
2b

Pd(OAc)
P(t-Bu);/HBF,
toluene

-continued

Compound 10

Synthesis Example 10

Synthesis of Compound 11

[0188] The synthesis was performed according to the fol-
lowing reaction scheme in the same manner as in the com-
pound 1 in Example 1 (yield: 92%).
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ZIT

’ i Q O
tert-BuONa
Pdy(dba)z
0 P(t-Bu)y/HBF,
toluene
1b
N (0}
0

Compound 11

Example 1

Production of Organic Photoluminescent Device
Using Compound 1 and Evaluation of
Characteristics Thereof

[0189] A toluene solution (concentration: 10~> mol/L) and
a hexane solution (concentration: 107> mol/L) of the com-
pound 1 were prepared.

[0190] The compound 1 and mCBP 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 10~ Pa or less, so as to form a vapor-co-
deposited thin film having a thickness of 100 nm and a con-
centration of the compound 1 of 6.0% by weight.

[0191] FIG. 2 shows the transient decay curves of the tolu-
ene solution and the hexane solution of the compound 1. The
toluene solution had a fluorescence decay time of t1: 48 ns
and t2: 1,500 ns, and the hexane solution had a fluorescence
decay time of ©l: 18 ns and ©2: 385 ns.

[0192] FIG. 3 shows the result of the measurement of the
light emission spectrum of the vapor-co-deposited thin film of
the compound 1 and mCBP by excitationlight of 325 nm. The
vapor-co-deposited thin film had a photoluminescence quan-
tum efficiency of 89%.

[0193] FIG. 4 shows the transient decay curves of the
vapor-co-deposited thin film at temperatures of 300 K, 200K,
100 K and 5 K. FIG. 4 confirmed thermally activated delayed
fluorescence, in which the delayed fluorescence component
was increased according to the temperature rise.

Example 2

Production of Organic Photoluminescent Device
Using Compound 2 and Evaluation of
Characteristics Thereof

[0194] Specimens were produced by changing the com-
pound 1 to the compound 2. A toluene solution and a hexane
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solution were not produced, and in the production of the
vapor-co-deposited thin film, mCP was used instead of
mCBP.

[0195] FIG. 5 shows the result of the measurement of the
light emission spectrum of the vapor-co-deposited thin film of
the compound 2 and mCP by excitation light of 345 nm. The
vapor-co-deposited thin film had a photoluminescence quan-
tum efficiency of 66%.

[0196] FIG. 6 shows the transient decay curves of the
vapor-co-deposited thin film at temperatures of 300 K, 200 K,
100K and 5 K. FIG. 6 confirmed thermally activated delayed
fluorescence, in which the delayed fluorescence component
was increased according to the temperature rise.

Example 3

Production of Organic Photoluminescent Device
Using Compound 3 and Evaluation of
Characteristics Thereof

[0197] Specimens were produced by changing the com-
pound 1 to the compound 3. In the production of the vapor-
co-deposited thin film, mCP was used instead of mCBP.
[0198] FIG. 7 shows the result of the measurement of the
light emission spectrum of the toluene solution of the com-
pound 3 by excitation light of 370 nm. The photolumines-
cence quantum efficiency was 35% for the toluene solution
with bubbling nitrogen.

[0199] FIG. 8 shows the transient decay curve of the tolu-
ene solution. The toluene solution had a fluorescence decay
time of T1: 3.2 ns and ©2: 11 ns, which confirmed delayed
fluorescence.

[0200] FIG. 9 shows the result of the measurement of the
light emission spectrum of the vapor-co-deposited thin film of
the compound 3 and mCP by excitation light of 300 nm. The
vapor-co-deposited thin film had a photoluminescence quan-
tum efficiency of 30%.

[0201] FIG. 10 shows the transient decay curves of the
vapor-co-deposited thin film at temperatures of 300 K, 200 K
and 4 K. FIG. 10 confirmed thermally activated delayed fluo-
rescence, in which the delayed fluorescence component was
increased according to the temperature rise.

Example 4

Production of Organic Photoluminescent Device
Using Compound 4 and Evaluation of
Characteristics Thereof

[0202] Specimens were produced by changing the com-
pound 1 to the compound 4. In the production of the vapor-
co-deposited thin film, mCP was used instead of mCBP.
[0203] FIG. 12 shows the transient decay curves of the
toluene solution and the hexane solution of the compound 4.
The toluene solution had a fluorescence decay time of tl: 47
ns and t2: 1.7 ps, and the hexane solution had a fluorescence
decay time of tl: 15 ns and ©2: 2.5 ps.

[0204] FIG. 11 shows the result of the measurement of the
light emission spectrum of the vapor-co-deposited thin film of
the compound 4 and mCP by excitation light of 325 nm. The
vapor-co-deposited thin film had a photoluminescence quan-
tum efficiency of 89%.

[0205] FIG. 13 shows the transient decay curves of the
vapor-co-deposited thin film at temperatures 0f 300 K, 200K,
100 K and 4 K. FIG. 13 confirmed thermally activated
delayed fluorescence, in which the delayed fluorescence
component was increased according to the temperature rise.
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Example 5

Production of Organic Photoluminescent Device
Using Compound and Evaluation of Characteristics
Thereof

[0206] A toluene solution was prepared by changing the
compound 1 to the compound 5.

[0207] FIG. 14 shows the result of the measurement of the
light emission spectrum of the toluene solution of the com-
pound 5 by excitation light of 380 nm. The toluene solution
had a photoluminescence quantum efficiency of 0.6% with-
out bubbling nitrogen and 25% with bubbling nitrogen.
[0208] FIG. 15 shows the transient decay curves of the
toluene solution of the compound 5. The toluene solution had
a fluorescence decay time of t1: 3.9 ns and t2: 419 ns for
fluorescent light of 516 nm and v1: 4.1 ns and ©2: 415 ns for
fluorescent light of 580 nm, and delayed fluorescence was
confirmed.

Exanple 6

Production of Organic Photoluminescent Device
Using Compound 6 and Evaluation of
Characteristics Thereof

[0209] A toluene solution was prepared by changing the
compound 1 to the compound 6.

[0210] FIG. 16 shows the result of the measurement of the
light emission spectrum of the toluene solution of the com-
pound 6 by excitation light of 370 nm. The toluene solution
had a photoluminescence quantum efficiency of 32% with
bubbling nitrogen.

[0211] FIG. 17 shows the transient decay curve of the tolu-
ene solution of the compound 6. The toluene solution had a
fluorescence decay time of T1: 2.2 ns and ©2: 2.4 ps, and
delayed fluorescence was confirmed.

[0212] FIG. 18 shows the result of the measurement of the
light emission spectrum of the vapor-co-deposited thin film of
the compound 6 and mCP by excitation light of 370 nm. The
vapor-co-deposited thin film had a photoluminescence quan-
tum efficiency of 60%.

[0213] FIG. 19 shows the transient decay curves of the
vapor-co-deposited thin film at temperatures of 300 K, 200K,
100 K and 4 K. FIG. 19 confirmed thermally activated
delayed fluorescence, in which the delayed fluorescence
component was increased according to the temperature rise.

Example 7

Production of Organic Photoluminescent Device
Using Compound 9 and Evaluation of
Characteristics Thereof

[0214] A toluene solution was prepared by changing the
compound 1 to the compound 9.

[0215] FIG. 20 shows the result of the measurement of the
light emission spectrum of the toluene solution of the com-
pound 9 by excitation light of 375 nm, and FIG. 21 shows the
photoluminescence quantum efficiency thereof plotted
against the wavelength. As shown in FIG. 21, the photolumi-
nescence quantum efficiency was a lower value for the tolu-
ene solution without bubbling nitrogen than the toluene solu-
tion with bubbling nitrogen. It is expected that this is because
the compound 9 is a fluorescent substance showing delayed
fluorescence, and in the toluene solution of the compound 9
without bubbling nitrogen, oxygen inhibits the reverse inter-
system crossing of the exciton in the excited triplet state to the
excited singlet state.
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Example 8

Production of Organic Photoluminescent Device
Using Compound and Evaluation of Characteristics
Thereof

[0216] A toluene solution was prepared by changing the
compound 1 to the compound 10.

[0217] FIG. 22 shows the result of the measurement of the
light emission spectrum of the toluene solution of the com-
pound 10 by excitation light of 420 nm. The toluene solution
had a photoluminescence quantum efficiency of 44% with
bubbling nitrogen.

[0218] FIG. 23 shows the transient decay curve of the tolu-
ene solution of the compound 10. The toluene solution had a
fluorescence decay time of tl1: 32 ns and t2: 1.1 ps, and
delayed fluorescence was confirmed.

Example 9

Production of Organic Photoluminescent Device
Using Compound 11 and Evaluation of
Characteristics Thereof

[0219] A toluene solution was prepared by changing the
compound 1 to the compound 11.

[0220] FIG. 24 shows the result of the measurement of the
light emission spectrum of the toluene solution of the com-
pound 11 by excitation light of 400 nm. The toluene solution
had a photoluminescence quantum efficiency of 97% with
bubbling nitrogen.

[0221] FIG. 25 shows the transient decay curve of the tolu-
ene solution of the compound 11. The toluene solution had a
fluorescence decay time of t1: 37 ns and 12: 3.8 s, and delayed
fluorescence was confirmed.

Example 10

Production of Organic Electroluminescent Devices
Using Compound 1 and Compound 4 and Evaluation
of Characteristics Thereof

[0222] Thin films were laminated on a glass substrate hav-
ing formed thereon an anode formed of indium tin oxide
(ITO) having a thickness of 100 nm, by a vacuum vapor
deposition method at a vacuum degree of 5.0x107* Pa. Firstly,
0.-NPD was formed to a thickness of 40 nm on ITO. Subse-
quently, the compound 1 and mCP were co-deposited thereon
from separate vapor deposition sources to form a layer having
athickness of 20 nm, which was designated as a light emitting
layer. At this time, the concentration of the compound 1 was
6.0% by weight. TPBi was then formed to a thickness of 40
nm, then lithium fluoride (LiF) was vacuum vapor-deposited
to a thickness of 0.8 nm, and then aluminum (Al) was vapor-
deposited to a thickness of 80 nm to form a cathode. thereby
producing an organic electroluminescent device.

[0223] An organic electroluminescent device was pro-
duced in the same manner except that the compound 4 was
used instead of the compound 1.

[0224] FIG. 26 shows the light emission spectrum of the
organic electroluminescent device produced by using the
compound 1, and FIG. 27 shows the light emission spectrum
of the organic electroluminescent device produced by using
the compound 4. FIG. 28 shows the voltage-electric current
density characteristics of the two organic electroluminescent
devices thus produced, FIG. 29 shows the light emission
intensity-external quantum efficiency characteristics thereof,
and FIG. 30 shows a graph showing the electric current den-
sity-external quantum efficiency characteristics thereof. Both
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the organic electroluminescent devices each achieved a high
external quantum efficiency that exceeded an external quan-
tum efficiency in the case where an ordinary fluorescent mate-
rial showing no delayed fluorescence was used as a light
emitting material. In particular, the organic electrolumines-
cent device using the compound 1 achieved a considerably
high external quantum efficiency.

[0225] The similar high external quantum efficiency was
achieved also in the case where CZDBF was used instead of
mCP, and PPT was used instead of TPBi.

Example 11

Production of Organic Electroluminescent Devices
Using Compound 1 and Evaluation of
Characteristics Thereof

[0226] Thin films were laminated on a glass substrate hav-
ing formed thereon an anode formed of indium tin oxide
(ITO) having a thickness of 100 nm, by a vacuum vapor
deposition method at a vacuum degree of 5.0x107* Pa, Firstly,
HAT-CN was formed to a thickness of 10 nm on ITO, and
thereon Tris-PCz was formed to a thickness of 30 nm. Sub-
sequently, the compound 1 and mCBP were co-deposited
thereon from separate vapor deposition sources to form a
layer having a thickness of 30 nm, which was designated as a
light emitting layer. At this time, the concentration of the
compound 1 was 10% by weight or 20% by weight. Instead of
the vapor co-deposition, furthermore, only the compound 1
was used as a vapor deposition source and formed to a thick-
ness of 30 nm, which was designated as a light emitting layer
having a concentration of the compound 1 0of 100% by weight.
T2T was then formed to a thickness of 10 nm, and thereon
Bpy-TP2 was formed to a thickness of 40 nm. Subsequently,
lithium fluoride (LiF) was vacuum vapor-deposited to a thick-
ness of 0.8 nm, and then aluminum (Al) was vapor-deposited
to a thickness of 100 nm to form a cathode. According to the
procedures, three organic electroluminescent devices having
different concentrations of the compound 1 in the light emit-
ting layer.

[0227] FIG. 31 shows the light emission spectrum of the
organic electroluminescent device having a concentration of
the compound 1 of 10% by weight, FIG. 32 shows the volt-
age-electric current density characteristics thereof, FIG. 33
shows the light emission intensity-external quantum effi-
ciency characteristics thereof, and FIG. 34 shows the electric
current density-external quantum efficiency characteristics
thereof. FIG. 35 shows the light emission spectrum of the
organic electroluminescent device having a concentration of
the compound 1 of 20% by weight, FIG. 36 shows the volt-
age-electric current density characteristics thereof, FIG. 37
shows the light emission intensity-external quantum effi-
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ciency characteristics thereof, and FIG. 38 shows the electric
current density-external quantum efficiency characteristics
thereof. FI1G. 39 shows the light emission spectrum of the
organic electroluminescent device having a concentration of
the compound 1 of 100% by weight, FIG. 40 shows the
voltage-electric current density characteristics thereof, FIG.
41 shows the light emission intensity-external quantum effi-
ciency characteristics thereof, and FI1G. 42 shows the electric
current density-external quantum efficiency characteristics
thereof. Table 1 below shows the device characteristics of the
organic electroluminescent devices. All the organic electrolu-
minescent devices each achieved a high external quantum
efficiency that exceeded an external quantum efficiency in the
case where an ordinary fluorescent material showing no
delayed fluorescence was used as a light emitting material.

Example 12

Production of Organic Electroluminescent Device
Using Compound 4 and Evaluation of
Characteristics Thereof

[0228] Thin films were laminated on a glass substrate hav-
ing formed thereon an anode formed of indium tin oxide
(ITO) having a thickness of 100 nm, by a vacuum vapor
deposition method at a vacuum degree of 5.0x10™* Pa. Firstly,
HAT-CN was formed to a thickness of 10 nm on ITO, thereon
Tris-PCz was formed to a thickness of 20 nm, and thereon
CCP was formed to a thickness of 10 nm. Subsequently, the
compound 4 and CO(mQPh)2 were co-deposited thereon
from separate vapor deposition sources to form a layer having
athickness of 30 nm, which was designated as a light emitting
layer. At this time, the concentration of the compound 4 was
20% by weight. CO(mQPh)2 was then formed to a thickness
of 10 nm, and thereon Bpy-TP2 was formed to a thickness of
20 nm. Subsequently, lithium fluoride (LiF) was vacuum
vapor-deposited to a thickness of 0.8 nm, and then aluminum
(Al) was vapor-deposited to a thickness of 100 nm to form a
cathode, thereby producing an organic electroluminescent
device.

[0229] FIG. 43 shows the light emission spectrum of the
organic electroluminescent device thus produced, FIG. 44
shows the voltage-electric current density characteristics
thereof, FIG. 45 shows the light emission intensity-external
quantum efficiency characteristics thereof, and FIG. 46
shows the electric current density-external quantum effi-
ciency characteristics thereof. Table 1 below shows the device
characteristics of the organic electroluminescent device thus
produced. The organic electroluminescent device achieved a
high external quantum efficiency that exceeded an external
quantum efficiency in the case where an ordinary fluorescent
material showing no delayed fluorescence was used as a light
emitting material.

TABLE 1
External Electric Light
quantum current Driving  Light emission emission
Compound efficiency EQE  density ] voltage V efficiency peak
(concentration) (mA/em?) V) (Im/w) CIE (x,y) (nm)
1,000 od/m?
Example 11 Compound 1 111 3.68 4.87 17.55 0.1848,0.4241 4938
(10% by weight)
Compound 1 4.04 4.3 18.1 0.1978,0.4619  499.8
(20% by weight)
Compound 1 17.43 1.89 3.22 51.84 0.25,0.5619 5065

(100% by weight)
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TABLE 1-continued
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External Electric Light
quantum current Driving  Light emussion emission
Compound efficiency EQE  density ]  voltage V efficiency peak
(concentration) (%) (mA/cm?) V) (lm/w) CIE (x,y) (nm)
Example 12 Compound 4 11.5 2.76 3.8 29.93 0.2605,0.5791  511.8
20% by weight
Y welg
10 mA/em®
Example 11 Compound 1 10.49 10 5.58 14.31 0.1839,0.4196 4923
(10% by weight)
Compound 1 9.63 10 493 15.91 0.1968,0.4608  495.3
(20% by weight)
Compound 1 14.48 10 401 34.39 0.2475,0.5591 508
(100% by weight)
Example 12 Compound 4 10.78 10 4.81 22.13 0.2589,0.578 508.8
(20% by weight)
-continued
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/ ~
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-continued -continued

NC / \ CN CCP

—N N=—

NC CN
0]
HAT-CN

N @ 9
Q O CO(mQPh),
O/N N\O INDUSTRIAL APPLICABILITY
O O [0230] The compound of the invention is useful as a light
emitting material. Accordingly, the compound of the inven-

Tris-PCz tion may be effectively used as a light sitting 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

[0231] 1 substrate

N=—
O \ /N [0232] 2 anode
N [0233] 3 hole injection layer
[0234] 4 hole transporting layer
[0235] 5 light emitting layer
2T

T [0236] 6 electron transporting layer

[0237] 7 cathode
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1. A light emitting material comprising a compound rep-
resented by the following general formula (1):

General Formula (1)
R! 0 RS

R R’
3 ‘ < O RS
4 5

R R

A
A

wherein in the general formula (1), X represents an oxygen
atom or a sulfur atom; and R* to R® each independently
represent ahydrogen atom or a substituent, provided that
at least one of R" to R* each independently represent a
group represented by any one of the following general
formulae (2) to (6), andR" and R*, R* and R*, R* and R*,
R*>and R, R°and R”, andR” and R® each may be bonded
to each other to form a cyclic structure,

General Formula (2)
RZZ

General Formula (3)

N—L3

General Formula (4)
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-continued
General Formula (5)

R53 RSZ

RSI

4
:©:

0 N—L*

R56 R57
General Formula (6)
R63 Rﬁl

.
j;i[
=

2

S N—L8

R65 RGS

2

RGG R67

wherein in the general formulae (2) to (6), L*°, L%, L*, 1>
and L% each independently represent a single bond or a
divalent linking group, and the group represented by any one
of the general formulae (2) to (6) is bonded to the cyclic
structure of the general formula (1) through 1.>°,1.%°, L*°, L.>°
or L60; and RZI 10 RZS, R31 10 RSS, RSa’ RSb, R41 o R48, R4a’
R> to R*®, and R®' to R®® each independently represent a
hydrogen atom or a substituent, provided that R*' and R*?,
R?? and R*, R** and R**, R** and R*’, R* and R*%, R*® and
R27, R27 and st, R31 and R32, R32 and R33, R33 and R34, R35
and R3®, R*® and R*? R37 and R*®, R3* and R**, R*! and R*?,
R*? and R*, R*® and R**, R* and R*5, R* and R*”, R and
R48’ R and RSZ, R and R53, R¥and R54, R3% and R56’ RS
and R*7, R%7 and R%, R%! and R%2, 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.

2. The light emitting material according to claim 1, wherein
in the general formula (1), at least one of R®> and R® each
represents a group represented by any one of the general
formulae (2) to (6).

3. Thelight emitting material according to claim 2, wherein
in the general formula (1), R and R® each represent a group
represented by any one of the general formulae (2) to (6).

4. Thelight emitting material according to claim 2, wherein
in the general formula (1), at least one of R® and R® each
represents a group represented by any one of the general
formula (3).

5. The light emitting material according to claim 2, wherein
in the general formula (1), at least one of R* and R® each
represents a group represented by any one of the general
formula (2).

6. The light emitting material according to claim 1, wherein
in the general formulae (2) to (6), at least one of R*' to R,
R3! to R*®, R* to R*®, R* to R®®, and R® to R®® each

represents a substituent.
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7. The light emitting material according to claim 6, wherein
in the general formulae (2) to (6), at least one of R**, R2%, R,
R3® R*, R*, R, R>°, R®® and R®® each represents a sub-
stituent.

8. Thelight emitting material according to claim 7, wherein
the substituent is a group represented by any one of the
general formulae (2) to (6).

9. The light emitting material according to claim 1, wherein
in the general formulae (2) to (6), L represents a single bond.

10. The light emitting material according to claim 1,
wherein in the general formula (1), X represents an oxygen
atom.

11. A delayed fluorescent emitter comprising a compound
represented by the following general formula (1):

General Formula (1)

R! 0 R®
R R’
R} l X l R
R* R®

wherein in the general formula (1), X represents an oxygen
atom or a sulfur atom; and R* to R® each independently
represent ahydrogen atom or a substituent, provided that
at least one of R' to R® each independently represent a
group represented by any one of the following general
formulae (2) 10 (6), and R* and R?, R* and R®, R* and R*,
R®and R® R®and R”, andR” and R® each may be bonded
to each other to form a cyclic structure,

General Formula (2)
R22

RZI
N—L2
RZS

RS

R O

RS O
R2S

R27

General Formula (3)

R33 32

R

R
N—L%

R3 6 R3

RH# 31
R
R3l7
R3 5 R3 8
7
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-continued
General Formula (4)

R43 R4.7.

=
jéj:

R4l
R4a —N N— L4O
R454Q7 R48
R46 R47
General Formula (5)
R53 RSZ
R54 AQi RSI
o N—L
RSS‘Q RSS
RSG R57
General Formula (6)
R63 RGZ
R64 AQi RGI
S N—LS
RGS

7

R66 R67

wherein in the general formulae (2) to (6), L*, L*°, L%,

L>° and L*° each independently represent a single bond
or adivalent linking group, and the group represented by
any one of the general formulae (2) to (6) is bonded to the
cyclic structure of the general formula (1) through L%,
L3O, 140150 or L60; and R to st’ R0 R38, R3a’ R3b’
R* to R*®, R**, R3! to R*®, and R®" to R®® each inde-
pendently represent a hydrogen atom or a substituent,
provided that R** and R*%, R** and R**, R** and R**, R**
and R*,R*> and R*¢, R*¢ and R*’, R*” and R**, R*! and
R*?,R*?and R*,R** andR**,R**> and R*%, R**and R*’,
R and R*®, R** and R**, R*! and R**, R** and R**, R*
and R™, R* and R*®, R* and R*”, R*” and R*®, R>! and
R* R*?andR**,R**andR**,R** and R*S,R*®and R*’,
R*>” and R*®, R% and R*,R*?and R, R® and R**,R®
and R%, R% and RY, and R®” and R®® each may be
bonded to each other to form a cyclic structure.

12. An organic light emitting device comprising a light
emitting material according to claim 1.
13. The organic light emitting device according to claim

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

15. A compound represented by the following general for-
mula (1'): General Formula (1)

wherein in the general formula (1'), X' represents an oxy-
gen atom or a sulfur atom; and R* to R* each indepen-
dently represent a hydrogen atom or a substituent, pro-
vided that at least one of R*' to R¥ each independently
represent a group represented by any one of the follow-
ing general formulae (2') to (6"), and 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, and such a case is excluded that R* and R”
each represent a group represented by the following
general formula (2"), and all R**'to R®* represent hydro-
gen atoms,

General Formula (27)
R2

R27’

General Formula (3)
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-continued
General Formula (4')
R43' R42'
R44'4%;§7 R4l°
R4a'_ N N— L40°
R45'4Q7 R48°
R46' R47'
General Formula (5')
R53' RSZ'
R54'4%;§7 R51°
o] N—L%
RSS'AQ R58°
RSG' RS'/'
General Formula (6)
R63' RGZ'

R64’ RGI“

~

S N—LSY

R68°

68

R66 RG/

wherein in the general formulae (2') to (6"), L2, L7, 1*°,
L% and L% each independently represent a single bond
or adivalent linking group, and the group represented by
any one of the general formulae (2') to (6") is bonded to
the cyclic structure of the general formula (1') through
LZO" Lso" L40" L3 or L6O'; and R to RZS" R3¢0 Rss"
R3a’, R3b’, R41' 1o R48', R4a’, R51' to RSS', and R61' to R68'
each independently represent a hydrogen atom or a sub-
stituent, provided that R*!" and R*?, R** and R**, R**

R33’ R32’
RSa'
N—L13"
R
R36’ R37’

and R**, R** and R**, R** and R*®, R*®
and R?* R*! and R*?, R3? and R3¥', R
and R*%, R*® and R*7, R*7 and R**, R*
and R*2, R* and R**', R*® and R**, R*
and R, R*” and R**, R°" and R%?, R*?
and R**, R®% and R°®, R°® and R°7, R¥’
and R%, R® and R®*, R® and R**, R®

! and R27" R27'
! and R34" RSS'
"and R, R*"
! and R46', R46'
! and R53" R53'
! and RSS" R61'
! and R66" R66'

and R%”, and R%” and R% each may be bonded to each

other to form a cyclic structure.

L S S T



RiES

[PRIER 1 (Z R A(F)
R (TR AGE)
HAT R E (TR AGE)

FRI& B A

EHA

IPCHRS

CPCH%E=

L5
H M2 TF S0k
S\EREERR

BEG®)

HUTBRXRTOCEWATREREM . XRTERFIREF. R
1 ZER8 RTREARFHENAE , FMHRR1 ERSHWNED —PMRHEURE

&

RRMH, ERIKRKE , BNRKBHENLCED

US20160141516A1 NI (»&E)B

US14/901533 FER
E L RFEANAMNKRE

KYUSHUKRZ , Bl XL KZFE LN E]

al

AMARZEILRFZEA

NUMATA MASAKI
YASUDA TAKUMA
LEE JIYOUNG
YOSHIZAKI ASUKA
ADACHI CHIHAYA

NUMATA, MASAKI
YASUDA, TAKUMA
LEE, JIYOUNG
YOSHIZAKI, ASUKA
ADACHI, CHIHAYA

patsnap

2016-05-19

2014-07-02

HO1L51/00 C07D413/14 CO07D405/14 C07D405/10 C07D405/04 C0O9K11/06

HO01L51/0072 C07D405/04 HO1L51/0073 C09K11/06 C07D405/14 C07D405/10 CO9K2211/1033
HO1L51/0071 C09K2211/1029 C09K2211/1088 HO1L51/5012 C09K2211/1007 C07D413/14 CO7D409
/04 C07D409/10 C07D491/107 C07D495/10 C07D519/00 C09B11/28 C09B15/00 C09B17/02 CO9B19

/00 C09B21/00 C09B57/00 CO9K2211/145 HO1L51/005

2013139975 2013-07-03 JP

US9685615

Espacenet USPTO



https://share-analytics.zhihuiya.com/view/55bff43b-e3ae-4662-a7b9-62b868e1f5e8
https://worldwide.espacenet.com/patent/search/family/052143785/publication/US2016141516A1?q=US2016141516A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220160141516%22.PGNR.&OS=DN/20160141516&RS=DN/20160141516

