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7) ABSTRACT

A specific material for organic electroluminescence device
having m-phenylene skeleton in its molecule realizes a highly
heat-resistant and long lifetime organic electroluminescence
device capable of driving at low voltage with high efficiency.
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NOVEL COMPOUND, MATERIAL FOR
ORGANIC ELECTROLUMINESCENCE
DEVICE, AND ORGANIC
ELECTROLUMINESCENCE DEVICE

TECHNICAL FIELD

[0001] The present invention relates to novel compounds,
materials for organic electroluminescence device, and
organic electroluminescence devices employing the materi-
als, particularly relates to materials for realizing an organic
electroluminescence device with a high emission efficiency
and a long lifetime and organic electroluminescence devices.

BACKGROUND ART

[0002] In recent years, many studies have been actively
made on an organic thin-film light emitting device that emits
light upon recombination of electrons injected from a cathode
and holes injected from an anode in an organic light emitting
body interposed between both the electrodes. The light emit-
ting device has been attracting attention because the device is
thin and emits light with high luminance under a low driving
voltage, and multi-color emission can be obtained by select-
ing light emitting materials.

[0003] Since an organic thin-film light emitting device with
high luminance emission has been reported by C.W. Tang of
Kodak, many studies have been made by research facilities.
The typical organic thin-film light emitting device reported
by a Kodak research group is successively constructed by an
ITO glass substrate, a hole transporting layer including an
diamine compound, a light emitting layer including tris(8-
quinolinolato)aluminum(I1l), and a Mg:Ag cathode and
emits green light with a luminance of 1,000 cd/m? at a driving
voltage of about 10 V (Non-Patent Document 1).

[0004] Many researches have been made on the applica-
tions of the organic thin-film light emitting device to display,
etc. because of its possibility of a wide selection of emission
colors by using various emitting materials in the light emit-
ting layer. Particularly, the research on the materials which
emit three primary red, green, blue colors has been made most
actively, and the intensive research has been made to improve
their properties.

[0005] One of the most important problems in the organic
thin-film light emitting device is to achieve both high emis-
sion efficiency and low driving voltage. Patent Document 1
reports that a highly efficient light-emitting device is obtained
by forming a light emitting layer wherein a several percent of
a dopant material is doped to a host material. The host mate-
rial is required to have a high carrier mobility and a uniform
film-forming property, and the dopant material is required to
have a high fluorescent quantum yield and a uniform dispers-
ibility.

[0006] A fluorescent (emission from singlet state) material
has been generally used as the dopant material. To improve
the emission efficiency, the use ofa phosphorescent (emission
from triplet state) material has been studied, and a Princeton
University group has demonstrated that the phosphorescent
material drastically improved the emission efficiency as com-
pared with the known fluorescent material (Non-Patent Docu-
ment 2). As the phosphorescent dopant material, metal com-
plexes having a central metal, such as iridium, osmium,
rhodium, palladium and platinum, have been disclosed
(Patent Documents 2 to 4). As the host material to be com-
binedly used with the phosphorescent dopant material, car-
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bazole derivatives, aromatic amine derivatives, quinolinol
metal complexes, etc. have been disclosed (Patent Docu-
ments 2 to 6). However, a device achieving both a sufficient
emission efficiency and a low driving voltage is not obtained
by the known host material.

[0007] The host material, the hole transporting material,
and the electron transporting material existing around the
phosphorescent dopant in an phosphorescent organic elec-
troluminescence device are required to have a high triplet
excited energy, i.e., have a wide gap capable of energetically
confining the excitons of emitting dopant for achieving a high
internal quantum efficiency; a high carrier injection and trans-
port ability for achieving a high power conversion efficiency
to allow a driving at low voltage; and a high chemical and heat
stability for achieving a long lifetime. The device perfor-
mance may be optimized by optimizing the chemical struc-
ture of material. If the performance (mainly carrier balance)
canbe simply controlled by modifying the chemical structure
of material, the study on the material can be significantly
facilitated.

[0008] However, the material for organic electrolumines-
cence device, such as the host material, the hole transporting
material and the electron transporting material, which meets
the above requirements is not yet reported.

[0009] Patent Documents 7 to 9 disclose compounds hav-
ing a carbazole ring, etc. at the terminal end.

PRIOR ART DOCUMENTS

Patent Documents

[0010] Patent Document 1: JP Patent 2814435
[0011] Patent Document 2: JP 2003-526876A
[0012] Patent Document 3: JP 2003-515897A
[0013] Patent Document 4: JP 2003-81988A
[0014] Patent Document 5: JP 2003-133075A
[0015] Patent Document 6: JP 2002-540572A
[0016] Patent Document 7. WO2009/008099
[0017] Patent Document 8: W02010/004877
[0018] Patent Document 9: WO2005/057987
Non-Patent Documents

[0019] Non-Patent Document 1: Applied Physics Letters,

1987, val. 51, No. 12, pp 913-915
[0020] Non-Patent Document 2: Applied Physics Letters,
1999, vol. 75, No. 1. p. 4

SUMMARY OF THE INVENTION

Problem to be Solved by the Invention

[0021] The present invention has been made in consider-
ation of the above problems in order to provide highly heat-
resistant, long-lifetime organic EL devices which can be
driven at lower voltages with high efficiency, and also provide
materials for organic EL device and novel compounds which
realize such devices.

Means for Solving Problem

[0022] As a result of extensive research for achieving the
above object, the inventors have found that the above prob-
lems are solved by a specific material having a m-phenylene
skeleton in its molecule and an organic electroluminescence
device employing such a material. The present invention is
based on this finding.
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[0023]

1. A compound represented by formula (1-1) or formula

(1-2):

The present invention provides:

{1-1)

ng
Az\ B2 7

in formula (1-1):

[0024] X, represents an oxygen atom, a sulfur atom, or
—NR)—;

[0025] X, represents an oxygen atom, a sulfur atom, or
—NRg)—;

[0026] each of A, to A; independently represents
—CR,)—or—N—;

[0027] each of A, to A, independently represents

—C(Rz}— or=N—;

[0028] eachofB, to By independently represents —C(R)—
or =N—;

[0029] each of m and n independently represents an integer
of 1t03;

[0030] L represents an oxygen atom, a sulfur atom,

—N(R)}—,—Si(R, )(R,)— oralinker represented by any one
of formulae (2-1), (3-1), (4-1), (5-1), and (6-1):

(2-1)

G
o e,
)\ )\
G
(3-1)
12 Cs
4 3,
o / Cs
\ T
C]():C CS’/’C7
4-1)
20 13
V4 S
Cio / \914
1 7
Cis=( cZ=Cs
(5-1)
Cs1
Czo/ SCs,
Il |
Cr__2C3
o N
28 21
Vi N
C27/ \,sz
CZG“Czs CzA/CB
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-continued
6-1)
R{ R»

Cai Csy
4 N
et
— 7
C39=C38 C}?C%

in formulae (2-1), (3-1), (4-1), (5-1), and (6-1):

[0031] each of C, to C, and C,, to C,; independently rep-
resents —C(R)—;
[0032] eachofC toC,, C 510 C (. C,y t0C,,,and Cy, 10

C;, independently represents —C(Rj)—;
[0033] eachofCgto Cy,, Ciyto Cypy Casto Cog,and Cog to
C,, independently represents —C(R ,)—;

[0034] provided that when m=n=1 and both of X, and X,
represent oxygen atoms, [, does not represent the formula

@2-1);
[0035] when m=n=1 and both of X, and X, represent sulfur
atoms, L does not represent the formula (2-1); and

[0036] when m=n=1 or m=n=2, X, and X, cannot both be
nitrogen atoms;

[0037] R represents a hydrogen atom, a deuterium atom, or
Re:

[0038] eachofR, and R, independently represents a hydro-

gen atom, a deuterium atom or R, or R and R, are boned to
each other to represent a divalent group represented by
—(CR3R,),—;

[0039] R, represents a hydrogen atom, a deuterium atom,
R, or a single bond bonded to ring A;

[0040] R represents a hydrogen atom, a deuterium atom,
R, or a single bond bonded to ring B;

[0041] R independently represents a substituted or unsub-
stituted aryl group having 6 to 30 ring carbon atoms, a sub-
stituted or unsubstituted heteroaryl group having 5 to 30 ring
atoms, a substituted or unsubstituted alkyl group having 1 to
30 carbon atom, a substituted or unsubstituted fluoroalkyl
group having 1 to 30 carbon atoms, a substituted or unsubsti-
tuted cycloalkyl group having 3 to 30 ring carbon atoms, a
silyl group substituted with a substituted or unsubstituted
alkyl group having 1 to 30 carbon atoms and/or an unsubsti-
tuted aryl group having 6 to 30 ring carbon atoms, an unsub-
stituted silyl group, a cyano group, a substituted or unsubsti-
tuted alkoxy group having 1 to 30 carbon atoms, a substituted
or unsubstituted aryloxy group having 6 to 30 ring carbon
atoms, a substituted or unsubstituted aralkyl group having 7
to 30 carbon atoms, a hydroxyl group, a nitro group, an amino
group substituted with a substituted or unsubstituted alkyl
group having 1 to 30 carbon atoms and/or an unsubstituted
aryl group having 6 to 30 ring carbon atoms, an unsubstituted
amino group, a carboxyl group, or —P(—=O)R;R,;

[0042] eachof R and R, independently represents a hydro-
gen atom, a deuterium atom, a substituted or unsubstituted
aryl group having 6 to 30 ring carbon atoms, a substituted or
unsubstituted heteroaryl group having 5 to 30 ring atoms, a
substituted or unsubstituted alkyl group having 1 to 30 carbon
atoms, or a substituted or unsubstituted fluoroalkyl group
having 1 to 30 carbon atoms; and

[0043] p represents an integer of 5 to 8;
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in formula (1-2):

[0044] X, represents an oxygen atom, a sulfur atom, or
—NR )}—;

[0045] X, represents an oxygen atom, a sulfur atom, or
—NRp—

[0046] each of A, to A, independently represents
—C([R )—or—=N—;

[0047] each of A, to A, independently represents

—C(Rz}— or=N—;

[0048] atleast one of A| to A represents —N—;

[0049] eachofB, to Bg independently represents —C(R)—
or —=N—;

[0050] each of m and n independently represents an integer
of 1to3;

[0051] L represents an oxygen atom, a sulfur atom,

—N(R)—, —Si(R)(R,)—, or a linker represented by any
one of formulae (2-2), (3-2), (4-2), (5-2), and (6-2);

2-2)
C
o Ne
)\
Cy
(3-2)
0.
12
V4 N
Cii / \,Cs
! T
Cio=( cF
@-2)
20 13
4 N
Cio / \,C14
Y T~
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(5-2)
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CZG“Czs CzA/CB
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6-2)
R{ R»
Cay Cxy
V4 N
SO W BN
— !
C39=C38 C}?C%

in formulae (2-2), (3-2), (4-2), (5-2), and (6-2):

[0052] each of C, to C, and C,, to C,; independently rep-

resents =C(R)— or =N—;

[0053] eachofC,toCq, Ci5t0C g, G,y t0Cyy,and Cyy o

C,;, independently represents fC(RB)— or =N—; and

[0054] each of Cyto C 5, C,, 10 Cyp, Cy5t0 Cog, and Cyg to
C,, independently represents —C(R ,)— or =N—;

[0055] R represents a hydrogen atom, a deuterium atom, or
Res
[0056] eachofR, and R, independently represents a hydro-

gen atom, a deuterium atom or R, or R, and R, are boned to
each other to represent a divalent group represented by
—(CR3R,),—

[0057] R, represents a hydrogen atom, a deuterium atom,
R, or a single bond bonded to ring A;

[0058] R represents a hydrogen atom, a deuterium atom,
R, or a single bond bonded to ring B;

[0059] R, independently represents, a substituted or
unsubstituted aryl group having 6 to 30 ring carbon atoms, a
substituted or unsubstituted heteroaryl group having 5 to 30
ring atoms, a substituted or unsubstituted alkyl group having
1 to 30 carbon atoms, a substituted or unsubstituted fluoro-
alkyl group having 1 to 30 carbon atoms, a substituted or
unsubstituted cycloalkyl group having 3 to 30 ring carbon
atoms, a silyl group substituted with a substituted or unsub-
stituted alkyl group having 1 to 30 carbon atoms and/or an
unsubstituted aryl group having 6 to 30 ring carbon atoms, an
unsubstituted silyl group, a cyano group, a substituted or
unsubstituted alkoxy group having 1 to 30 carbon atoms, a
substituted or unsubstituted aryloxy group having 6 to 30 ring
carbon atoms, a substituted or unsubstituted aralkyl group
having 7 to 30 carbon atoms, a hydroxyl group, a nitro group,
an amino group substituted with a substituted or unsubsti-
tuted alkyl group having 1 to 30 carbon atoms and/or an
unsubstituted aryl group having 6 to 30 ring carbon atoms, an
unsubstituted amino group, a carboxyl group, or —P(=0)
RiRy;

[0060] eachofR,and R, independently represents a hydro-
gen atom, a deuterium atom, a substituted or unsubstituted
aryl group having 6 to 30 ring carbon atoms, a substituted or
unsubstituted heteroaryl group having 5 to 30 ring atoms, a
substituted or unsubstituted alkyl group having 1 to 30 carbon
atoms, or a substituted or unsubstituted fluoroalkyl group
having 1 to 30 carbon atoms; and

[0061] p represents an integer of 5 to 8;

2. The compound according to item 1, wherein each of R, R,
R,, R, and R independently represents a hydrogen atom, a
deuterium atom, a single bond, a substituted or unsubstituted
alkyl group having 1 to 5 carbon atoms, a substituted or
unsubstituted aryl group having 6 to 18 ring carbon atoms, a
substituted or unsubstituted heteroaryl group having 5 to 18
ring atoms, or —P(—O)(R;)(R,);

3. The compound according to item 1 or 2, wherein at least
one of mandnis 2 or 3;
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4. The compound according to any one of items 1 to 3,
wherein the compound is represented by formula (7):

< M
2
Alg

/A1 Ag /A9
N N\
A/ \ A7 A\é / A
\ l BS 1 /
A3~}A4 5 6 A All:A17
ng A Ring B -
B4 P Bg
\B3 \B7/
n

A13’A14
wherein X |, X,, A, to A, B, to Bg, L, m, and n are the same
as defined above with respect to X, X,, A, to A, ¢, B; to By,
L, m, andnofthe formula(1-1),0r X, X,, A, t0 A, B to By,
L, m, and n of the formula (1-2);
5. The compound according to any one of items 1 to 4,
wherein the compound is represented by formula (8):

Az — T
A A3 B, L B, Al AT A

n

wherein X, X5, A 0 A, A, t0 A, A, 10A 4, B, toBg, L,
m, and n are the same as defined above with respect to X, X,
Al toA A to A, A, 10A B, to B, L, m, and n of the
formula (1-1),0r X, X,, A; to A5, A, 10 A, A, 10A 4, B, t0
B,, L, m, and n of the formula (1-2);

6. The compound according to any one of items 1 to 5,
wherein the compound is represented by formula (9):

Ring A Ring B

N ¢B4 Bg Bg
B

S
3 \B",/

n

wherein A, to A5, A, t0 A, A, 10A,, B, toBg, L, m,andn
are the same as defined above with respect to A, to Ag, A, to
Al AL 0A 4, B, to By, L, m, and n of the formula (1-1), or
A t10A, A oA, AL, t0 A, B, toBg, L, m, and n of the
formula (1-2);

Jul. 3,2014



US 2014/0183486 Al

7. The compound according to any one of items 1 to 3,
wherein the compound is represented by formula (10):

(10)

AR A

2 AT &

A\ I S
1

Ale
Sy =
As Az
Vil B, L B N/ \
As/ | N N /\All
Ring A Ring B
o= As I ing L ! ing )\ Moo,
LN NPt
B3 By

wherein A to A, B, to Bg, L, m, and n are the same as
defined above with respect to A, to A4, B, to Bg, L, m,and n
of the formula (1-1),0rA, to A, B, to Bg, L, m, and n of the
formula (1-2);

8. The compound according to any one of items 1 to 7,
wherein the compound has a molecular weight of 1000 or
less;

9. The compound according to any one of items 1 to 8,
wherein the compound has a triplet energy of 2.90 eV or
more;

10. A material for organic electroluminescence device com-
prising the compound according to any one of items 1 to 9;

11. An organic electroluminescence device comprising at
least one organic thin film layer between a cathode and anode,
wherein the at least one organic thin film layer comprises a
light emitting layer and at least one layer of the at least one
organic thin film layer comprises the material for organic
electroluminescence device according to item 10;

12. The organic electroluminescence device according to
item 11, wherein the light emitting layer comprises the mate-
rial for organic electroluminescence device;

13. The organic electroluminescence device according to
item 12, wherein the light emitting layer comprises the mate-
rial for organic electroluminescence device as a host material;

14. The organic electroluminescence device according to any
one of items 11 to 13, wherein an electron transporting layer
is disposed between the light emitting layer and the cathode,
and a hole blocking layer comprising the material for organic
electroluminescence device is disposed between the light
emitting layer and the electron transporting layer;

15. The organic electroluminescence device according to any
one of items 11 to 14, wherein a hole transporting layer is
disposed between the light emitting layer and the anode, and
an electron blocking layer comprising the material for organic
electroluminescence device is disposed between the light
emitting layer and the hole transporting layer;

16. The organic electroluminescence device according to any
one of items 11 to 15, wherein the light emitting layer com-
prises a phosphorescent material;

[0062] 17.The organic electroluminescence device accord-
ing to item 16, wherein the phosphorescent material is a
compound comprising a metal selected from iridium (Ir),
osmium (Os) and platinum (Pt);

18. The organic electroluminescence device according to
item 17, wherein the compound comprising a metal is an
ortho-metallated complex;
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19. The organic electroluminescence device according to any
one of items 11 to 18, wherein an interfacial region between
the cathode and the organic thin film layer comprises a reduc-
ing dopant;

20. The organic electroluminescence device according to any
one of items 11 to 19, wherein an electron injecting layer is
disposed between the light emitting layer and the cathode,
and the electron injecting layer comprises a nitrogen-contain-
ing ring derivative; and

21. The organic electroluminescence device according to any
one of items 11 to 20, wherein a hole transporting layer is
disposed between the light emitting layer and the anode, and
the hole transporting layer comprises the material for organic
electroluminescence device.

Effect of the Invention

[0063] According to the present invention, a long lifetime
organic electroluminescence device which can be driven at
low voltage with high efficiency, and a material for organic
EL device and a novel compound which realize such an
organic electroluminescence device are provided.

BRIEF DESCRIPTION OF DRAWINGS

[0064] FIG. 1 is a schematic cross-sectional view of an
example of the organic EL device of the invention.

MODE FOR CARRYING OUT THE INVENTION

Compound and Material for Organic Electroluminescence
Device

[0065] The compound of the invention is represented by
formula (1-1) or (1-2). The material for organic electrolumi-
nescence device (also referred to as “material for organic EL
device”) of the invention comprises the compound repre-
sented by formula (1-1) or (1-2);

-1

A8$A7 A10\A9

\ A11
Alz
A4 | Ring A Ring B A13
2\ A/ B By Be Bs S 15

in formula (1-1):

[0066] X, represents an oxygen atom, a sulfur atom, or
—NR,)—

[0067] X, represents an oxygen atom, a sulfur atom, or
—NRz)—

[0068] each of A, to A independently represents
—C(R, )}—or—=N—;

[0069] each of A, to A, independently represents

—C(Rg)—or =N—;

[0070] eachofB, to Bg independently represents —C(R)—
or —N—; each of m and n independently represents an inte-
ger of 1 to 3;
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[0071] L represents an oxygen atom, a sulfur atom,
—N(R)}—,—Si(R|)(R,)— oralinker represented by any one
of formulae (2-1), (3-1), (4-1), (5-1), and (6-1):

2-1)

o X,
/‘\
C
(3-1)
O,
12
V4 N
Cr1 \ / \,Cs
v 7
Ciozg C85C7
4-1)
C20 Cp3
4 N
Cio \ Ciq
\ W
Cis=( cFCis
(5-1)
G
C30/ SC,
| |
Co__2Cs
N.
28 21
V4
C27/ \ \\,sz
Cas=¢] 70
(6-1)
R R
Ca Cay
4 3\
Cao \ / Css
/‘ .I\
Gz, cFCss

in formulae (2-1), (3-1), (4-1), (5-1), and (6-1):

[0072] each of C, to C, and C,q to C;5 independently rep-
resents —=C(R)—;
[0073] each of Csto Cy, C5t0 Cy4, Cyy t0 Cyy, and Cyy o

C,, independently represents —C(Rz)—;

[0074] eachofCgto Cyy, Ciyt0 Chgy Costo Chg, and Cyg to
C,, independently represents —C(R ,)—;

[0075] provided that when m=n=1 and both of X, and X,
represent oxygen atoms, L. does not represent the formula
(2-1);

[0076] when m=n=1 and both of X, and X, represent sulfur
atoms, I does not represent the formula (2-1); and

[0077] when m=n=1 or m=n=2, X, and X, cannot both be
nitrogen atoms;

[0078] R represents a hydrogen atom, a deuterium atom, or
Rg

[0079] eachofR, and R, independently represents a hydro-

gen atom, a deuterium atom, or R, or R, and R, are boned to
each other to represent a divalent group represented by
—(CR3R,),—:
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[0080] R, represents a hydrogen atom, a deuterium atom,
R, or a single bond bonded to ring A;

[0081] Rj represents a hydrogen atom, a deuterium atom,
R, or a single bond bonded to ring B;

[0082] R independently represents a substituted or unsub-
stituted aryl group having 6 to 30 ring carbon atoms, a sub-
stituted or unsubstituted heteroaryl group having 5 to 30 ring
atoms, a substituted or unsubstituted alkyl group having 1 to
30 carbon atom, a substituted or unsubstituted fluoroalkyl
group having 1 to 30 carbon atoms, a substituted or unsubsti-
tuted cycloalkyl group having 3 to 30 ring carbon atoms, a
silyl group substituted with a substituted or unsubstituted
alkyl group having 1 to 30 carbon atoms and/or an unsubsti-
tuted aryl group having 6 to 30 ring carbon atoms, an unsub-
stituted silyl group, a cyano group, a substituted or unsubsti-
tuted alkoxy group having 1 to 30 carbon atoms, a substituted
or unsubstituted aryloxy group having 6 to 30 ring carbon
atoms, a substituted or unsubstituted aralkyl group having 7
to 30 carbon atoms, a hydroxyl group, a nitro group, an amino
group substituted with a substituted or unsubstituted alkyl
group having 1 to 30 carbon atoms and/or an unsubstituted
aryl group having 6 to 30 ring carbon atoms, an unsubstituted
amino group, a carboxyl group, or —P(—O)R;R,;

[0083] eachofR,and R, independently represents a hydro-
gen atom, a deuterium atom, a substituted or unsubstituted
aryl group having 6 to 30 ring carbon atoms, a substituted or
unsubstituted heteroaryl group having 5 to 30 ring atoms, a
substituted or unsubstituted alkyl group having 1 to 30 carbon
atoms, or a substituted or unsubstituted fluoroalkyl group
having 1 to 30 carbon atoms; and

[0084] p represents an integer of 5 to 8; or

1-2)

A8¢A7 A10\A9

A11
A12

/ Ay | Ring A Ring B A13
B4 B6 Bg A/ 15

in formula (1-2):

[0085] X, represents, an oxygen atom, a sulfur atom, or
—NR)—

[0086] X, represents, an oxygen atom, a sulfur atom, or
—NRz)—;

[0087] each of A, to A independently represents
—C[R )}—or—N—;

[0088] each of A, to A, independently represents

—C(Rz)}—or —N—;

[0089] atleastone of A, to A represents —N—;

[0090] eachofB, to B independently represents —C(R)—
or —=N—;

[0091] each of m and n independently represents an integer
of 1t03;
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[0092] L represents an oxygen atom, a sulfur atom,
—N(R)}—, —Si(R,)(R,)—, or a linker represented by any
one of formulae (2-2), (3-2), (4-2), (5-2), and (6-2):

22
Cs
o X,
/‘\
Ci
(3-2)
Cia Cs
7 N
C‘ll/ \,Cs
/\ S~
Clo:Cg CS;C7
(@-2)
Cao 13
Vi
C19/ / \\C14
) 1
— ]
Cis=c7, lecls
(5-2)
C3
C30/ SCs,
I |
Cx W/CB
C N C
28 21
v N
Cy7 / Co
— T
Ca=(3s CZ?CB
(6-2)
Ri R
Ca1 Cay
4 3
Ca0 Css
1 ]
Cso= o0

in formulae (2-2), (3-2), (4-2), (5-2), and (6-2):

[0093] each of C, to C, and C,, to C,; independently rep-
resents —C(R)—or —N—;

[0094] each of Csto Cy, C 510 Cyq, Cyy t0 Cyy, and Cy t0
C,, independently represents —C(R;)— or —N—; and
[0095] eachofCgto Cyy, Ciyt0 Chgy Costo Chg,and Cog to
C,, independently represents —C(R ,)— or —N—;

[0096] R represents a hydrogen atom, a deuterium atom, or
Re:
[0097] eachofR, and R, independently represents a hydro-

gen atom, a deuterium atomor R, or R, and R, are boned to
each other to represent a divalent group represented by
7(CR3R4)p7;

X

/Al Ag
LN ]S
\ 7
Az A4 A 5/ Ag
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[0098] R, represents a hydrogen atom, a deuterium atom,
R, or a single bond bonded to ring A;

[0099] Ry represents a hydrogen atom, a deuterium atom,
R, or a single bond bonded to ring B;

[0100] R, independently represents, a substituted or
unsubstituted aryl group having 6 to 30 ring carbon atoms, a
substituted or unsubstituted heteroaryl group having 5 to 30
ring atoms, a substituted or unsubstituted alkyl group having
1 to 30 carbon atoms, a substituted or unsubstituted fluoro-
alkyl group having 1 to 30 carbon atoms, a substituted or
unsubstituted cycloalkyl group having 3 to 30 ring carbon
atoms, a silyl group substituted with a substituted or unsub-
stituted alkyl group having 1 to 30 carbon atoms and/or an
unsubstituted aryl group having 6 to 30 ring carbon atoms, an
unsubstituted silyl group, a cyano group, a substituted or
unsubstituted alkoxy group having 1 to 30 carbon atoms, a
substituted or unsubstituted aryloxy group having 6 to 30 ring
carbon atoms, a substituted or unsubstituted aralkyl group
having 7 to 30 carbon atoms, a hydroxyl group, a nitro group,
an amino group substituted with a substituted or unsubsti-
tuted alkyl group having 1 to 30 carbon atoms and/or an
unsubstituted aryl group having 6 to 30 ring carbon atoms, an
unsubstituted amino group, a carboxyl group, or —P(=—0)
RiR,;

[0101] eachofR; and R, independently represents a hydro-
gen atom, a deuterium atom, a substituted or unsubstituted
aryl group having 6 to 30 ring carbon atoms, a substituted or
unsubstituted heteroaryl group having 5 to 30 ring atoms, a
substituted or unsubstituted alkyl group having 1 to 30 carbon
atoms, or a substituted or unsubstituted fluoroalkyl group
having 1 to 30 carbon atoms; and

[0102] p represents an integer of 5 to 8.

[0103] In formulae (1-1) and (1-2), one of X, and A, to Ag
one is bonded to the ring A, and one of X, and A, 10 A4 is
bonded to the ring B.

[0104] In formulae (1-1)and (1-2):

R groups, if any, may be the same or different;

R, groups, if any, may be the same or different;

R groups, if any, may be the same or different;

R groups, if any, may be the same or different;

R, groups, if any, may be the same or different; and

R, groups, if any, may be the same or different.

[0105] Informulae (1-1) and (1-2), when m represents 2 or
3, rings A may be the same or different, and when n represent
2 or 3, rings B may be the same or different.

[0106] At least one of m and n is preferably represents 2 or
3.

[0107] Preferably, each of X, and X, independently repre-
sents an oxyget atom or a sulfur atom.

[0108] FEach of R, R, R,, R, R,, and R. is preferably
unsubstituted.
[0109] The compound and the material for organic EL

device are preferably represented by any one of formulae (7)
to (11);

@
X
Ag Ale
Y N\
Aé \ / \Als,
} /
A= —=A
B]\ L Bs\ =0, il
Ring A Ring B
B B4 Be 2B
B B?

n
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\ =A | Ring A Ring B oS /
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& ~F
B B?
[0110] informula(7),X,,X,, A, t0A s, B, toBg, L, m, and
n are the same as defined above with respect to X, X,, A, to (11
A B, to Bg, L, m, and n of the formula (1-1), or X, X,. A, oy ApSA
8= 102 Ay

0 A, B, to By, L, m, and n of the formula (1-2);

[0111] in formula (8), X;, X,, A to Aj, A to A, A, O
A, B, 0B, L, m, and n are the same as deﬁned above with
respectto X, X5, A 0 A5, A t0 A ,A,10A,, B, toBg, L,
m, and n of the formula (1-1), or X, X,, A, to A;, A, to A,
A ,t0A 4 B, to Bg, L, m, and n of the formula (1-2);

[0112] informula (9), A, to A5, A;t0 A ;, A5 t0A 4, B, to
B,, L, m, and n are the same as defined above with respect to
A t0A, Ajto A, A, t0 Ay, B, to Bg, L, m, and n of the
formula (1-1), or A, to Ag, A, 10 AIO,A toA 4, By toBg, L,
m, and n of the formula (1-2); and

[0113] informula (10),A, to A4, B, to Bg, L, m, and n are
the same as defined above with respect to A, to A, B, to By,
L, m, and n of the formula (1-1), or A, to A, B, to By, L, m,
and n of the formula (1-2).

[0114] Ina preferred embodiment of the compound and the
for organic EL device, one of A5 to A is bonded to the ring A,
and one of Ag to A |, is bonded to the ring B.

[0115] Inamorepreferred embodiment, A, is bonded to the
ring A, and A | is bonded to the ring B.

BS —
) Ajg
A | Ring A |R1ng B Ap //
2\ B, B4 Bs. _.Bs N~ Als
\Bg ~ B7/ A14

in formula (11):

[0116] eachof X, and X, independently represents an oxy-
gen atom or a sulfur atom;

[0117] each of A,
—C[R_ )—or—N—;
[0118] each of A, to A, independently represents
—C(Rg)—or—=N—;

[0119] eachofB, to Bg independently represents —C(R)—
or —N—; one of m and n represents an integer of 1 to 3 and
the other represents 2 or 3;

to Ay independently represents
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[0120] L represents an oxygen atom, a sulfur atom,
—N(R)—, or a linker represented by any one of formulae
(2-3), (3-3), (4-3), (5-3), and (6-3):

(2-3)
Cs
o X,
/‘\
C
(3-3)
12 Cs
Vs N\
Cr1 / \,Cs
1 T~
CIO‘C C8§C7
4-3)
C20 13
V4 Q
Cio Yy
! T
Cig=( Clz;cls
o (5-3)
-
Gz NCxp
Il |
Co__2Cs
N,
Cog Cay
V >
C27/ \ / \,sz
Cas=ls oF
(6-3)
C40 ﬁ C35
C39"C33 3/(335

in formulae (2-3), (3-3), (4-3), (5-3), and (6-3):

[0121] each of C, to C, and C,4 to C,; independently rep-
resents =C(R)— or =N—;

[0122] each of Csto Cy, C 510 Ciq, Cyy t0 Cyy, and Cy, 10
C,;, independently represents —C(Rz)— or —=N—;

[0123] eachofCytoC,,, C;;t0 Cyp, Cysto Cyg,and Cigto
Cyy independently represents fC(R )— or —=N—;

[0124] R represents a hydrogen atom, a deuterium atom, or
R
[0125] eachofR, and R, independently represents a hydro-

gen atom, a deuterium atomor R, or R, and R, are boned to
each other to represent a divalent group represented by
—(CR3R,),—;

[0126] R, represents a hydrogen atom, a deuterium atom,
R, or a single bond bonded to ring A;

[0127] R, represents a hydrogen atom, a deuterium atom,
R, or a single bond bonded to ring B;

[0128] R represents a substituted or unsubstituted alkyl
group having 1 to 5 carbon atoms, a substituted or unsubsti-
tuted aryl group having 6 to 18 ring carbon atoms, or a
substituted or unsubstituted heteroaryl group having 5 to 18
ring atoms; and

[0129] an optional substituent for R is selected from the
group consisting of an alkyl group having 1 to 4 carbon atoms,
a cycloalkyl group having 3 to 12 ring carbon atoms, an
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alkoxy group having 1 to 4 carbon atoms, a cycloalkoxy
group having 3 to 6 ring carbon atoms, an aryl group having
6 to 18 ring carbon atoms, a heteroaryl group having 5 to 18
ring atoms, an aryloxy group having 6 to 18 ring carbon
atoms, an amino group, an alkylamino group having 1 to 4
carbon atoms, a silyl group, an alkylsilyl group having 1 to 6
carbon atoms, a fluorine atom, and a cyano group.

[0130] The details of X, X5, A; t0 A}, B, to Bg, m,and n
in formula (11) are the same as X, X,, A toAm, B, t0Bg,m,
andnin formula (1-1),and X |, X,, A, t0A16, B, to BS, m, and
nin formula (1-2).

[0131] Informula(11),0neofX, and A, to A, is bonded to
the ring A, and one of X, and Ay to A is bonded to the ring
B.

[0132] Examples of the alkyl group include a methyl group,
an ethyl group, a propyl group, an isopropyl group, a n-butyl
group, a s-butyl group, an isobutyl group, a t-butyl group, and
a n-pentyl group.

[0133] Examples of the alkoxy group include those includ-
ing the alkyl group mentioned above.

[0134] Examples of the amino group substituted with an
alkyl group having 1 to 30 carbon atoms and/or an aryl group
having 6 to 30 ring carbon atoms include amino groups sub-
stituted with the alkyl group mentioned above and/or the aryl
group described below.

[0135] Examples of the silyl group substituted with an alkyl
group having 1 to 30 carbon atoms and/or an aryl group
having 6 to 30 ring carbon atoms include silyl groups substi-
tuted with the alkyl group mentioned above and/or the aryl
group described below.

[0136] Examples of the cycloalkyl group include a cyclo-
propyl group, a cyclobutyl group, a cyclopentyl group, and a
cyclohexyl group.

[0137] Examples of the cycloalkoxy group include those
including the cycloalkyl group mentioned above.

[0138] The aryl group having 6 to 18 ring carbon atoms
may be a non-fused aryl group or a fused aryl group, and
examples thereof include a phenyl group, a naphthyl group, a
phenanthryl group, a biphenylyl group, a terphenylyl group, a
fluoranthenyl group, a triphenylenyl group, a phenanthrenyl
group, and a 9,9-dimethylfluorenyl group.

[0139] Examples ofthe aryloxy group include those includ-
ing the ary! group mentioned above.

[0140] Examples ofthe heteroaryl group having 5to 18 ring
atoms include a pyrrolyl group, a pyrazinyl group, a pyridinyl
group, a pyrimidinyl group, a pyridazinyl group, a triazinyl
group, an indolyl group, an isoindolyl group, a furyl group, a
benzofuranyl group, an isobenzofuranyl group, a dibenzo-
furanyl group, a dibenzothiophenyl group, a quinolyl group,
an isoquinolyl group, a quinoxalinyl group, a carbazolyl
group, a phenanthridinyl group, an acridinyl group, a phenan-
throlinyl group, a thienyl group, a pyrrolidinyl group, a dioxa-
nyl group, a piperidinyl group, a morpholinyl group, a piper-
azinyl group, a carbazolyl group, a thiophenyl group, an
oxazolyl group, an oxadiazolyl group, a benzoxazolyl group,
a thiazolyl group, a thiadiazolyl group, a benzothiazolyl
group, a triazolyl group, an imidazolyl group, a benzimida-
zolyl group, a pyranyl group, and a benzo[c]dibenzofuranyl
group.

[0141] Examples of the fluoroalkyl group having 1 to 30
carbon atoms include the alkyl group mentioned above,
wherein one or more hydrogen atoms are replaced by a fluo-
rine atom.
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[0142] The aralkyl group having 7 to 30 carbon atoms
includes the alkyl group mentioned above which is substi-
tuted with the aryl group mentioned above, and examples
thereof include a benzyl group, a 1-phenylethyl group, a
2-phenylethyl group, a 1-phenylisopropyl group, a 2-phenyl-
isopropyl group, and a phenyl-tert-butyl group.

[0143] The optional substituent referred to by “substituted
or unsubstituted” may include an alkyl group, an alkoxy
group, a fluoroalkyl group, an aryl group, a heteroaryl group,
an aryloxy group, an aralkyl group, a silyl group, an amino
group, a fluorine atom, and a cyano group. Examples thereof
are the same as mentioned above.

[0144] When X, represents —N(R,)—, R is preferably
the alkyl group, the aryl group, the heteroaryl group, the
aryloxy group, or the aralkyl group.

[0145] When any one of A, to Ag represents —C(R ,)— R,
is preferably the alkyl group, the aryl group, the heteroaryl
group, the fluoroalkyl group, the cycloalkyl group, the silyl
group, a cyano group, the alkoxy group, the aryloxy group,
the aralkyl group, a hydroxyl group, anitro group, the amino
group, or the phosphine oxide group.

[0146] When any one of C, to C,, C,, 10 C,,, C,s to Cyg,
and Csq to Cy, represents —C(R ,)—, R, is preferably the
alkyl group, the aryl group, the heteroaryl group, the fluoro-
alkyl group, the cycloalkyl group, the silyl group, a cyano
group, the alkoxy group, the aryloxy group, the aralkyl group,
the hydroxyl group, a nitro group, the amino group, or the
phosphine oxide group.

[0147] When X, represents —N(Rz)—, R is preferably
the alkyl group, the aryl group, the heteroaryl group, the
aryloxy group, or the aralkyl group.

[0148] When any one of A, to A, 4 represents —C(R;)—,
R is preferably the alkyl group, the aryl group, the heteroaryl
group, the fluoroalkyl group, the cycloalkyl group, the silyl
group, a cyano group, the alkoxy group, the aryloxy group,
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the aralkyl group, a hydroxyl group, a nitro group, the amino
group, or the phosphine oxide group.

[0149] When any of C, to Cg, Cy5 to Cy4, C,; to Csy, and
C,, to C;, represents —C(R;)—, R is preferably the alkyl
group, the aryl group, the heteroaryl group, the fluoroalkyl
group, the cycloalkyl group, the silyl group, a cyano group,
the alkoxy group, the aryloxy group, the aralkyl group, a
hydroxyl group, a nitro group, the amino group, or the phos-
phine oxide group.

[0150] Whenany one of B, to Bg represents —C(R)—, R is
preferably the alkyl group, the aryl group, the heteroaryl
group, the fluoroalkyl group, the cycloalkyl group, the silyl
group, a cyano group, the alkoxy group, the aryloxy group,
the aralkyl group, a hydroxyl group, a nitro group, the amino
group, or the phosphine oxide group.

[0151] When L represents —N(R)—, R is preferably the
alkyl group, the aryl group, the heteroaryl group, the aryloxy
group, or the aralkyl group.

[0152] When any one of C, to C, and C,4 to C,; represents
—C(R)—, R s preferably the alkyl group, the aryl group, the
heteroaryl group, the fluoroalkyl group, the cycloalkyl group,
the silyl group, a cyano group, the alkoxy group, the aryloxy
group, the aralkyl group, a hydroxyl group, a nitro group, the
amino group, or the phosphine oxide group.

[0153] R is preferably the alkyl group, the aryl group, the
heteroaryl group, the fluoroalkyl group, the cycloalkyl group,
the silyl group, a cyano group, the alkoxy group, the aryloxy
group, the aralkyl group, a hydroxyl group, a nitro group, the
amino group, or the phosphine oxide group.

[0154] Inview of the heatresistance of the compound, L is
preferably a fused ring and more preferably a dibenzo-
furandiyl group, a dibenzothiophenediyl group, a quinoxa-
linediyl group, or a carbazolediyl group.

[0155] Examples of the compounds for the material for
organic electroluminescence device represented by any of
formulae (1-1), (1-2), and (7) to (11) are shown below.
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(302)

[0156]

The compound of the invention is highly heat-resis-
tant because of the structure represented by formula (1-1) or

(1-2).

[0157] Themolecular weight of the compound of the inven-
tion is preferably 1000 or less.

[0158] The production method of the compound of the
invention is not particularly limited and can be produced by
combining known synthesis methods, for example, by com-
bining a cross-coupling reaction using a palladium and a

boration reaction, as shown below. In the following formulae,
Aris an aromatic group such as an aryl group and a heteroaryl

group.

AR— B(OH),
—_—

Pd(0), Base
) Br Ar Br
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-continued
1) BuLi
2) B(Oi-Pr);

3) INHCI

Ar B

r —————— Ar
O\ Ar : B(OH),
Br Br o

Pd(0), Base

[0159] The organic EL device of the invention will be
described below in detail.

B(OH),

Structure of Organic EL, Device

[0160] The device structure of the organic EL device is first
described.
[0161] Typical examples of the device structure of organic

EL device include:

(1) anode/light emitting layer/cathode;

(2) anode/hole injecting layer/light emitting layer/cathode;
(3) anode/light emitting layer/electron injecting/transporting
layer/cathode;

(4) anode/hole injecting layer/light emitting layer/electron
injecting/transporting layer/cathode;

(5) anode/organic semiconductor layer/light emitting layer/
cathode;

(6) anode/organic semiconductor layer/electron blocking
layer/light emitting layer/cathode;

(7) anode/organic semiconductor layer/light emitting layer/
adhesion improving laver/cathode;

(8) anode/hole injecting/transporting layer/light emitting
layer/electron injecting/transporting layer/cathode;

(9) anode/insulating layer/light emitting layer/insulating
layer/cathode;

(10) anode/inorganic semiconductor layer/insulating layer/
light emitting layer/insulating layer/cathode;

(11) anode/organic semiconductor layer/insulating layer/
light emitting layer/insulating layer/cathode;

(12) anode/insulating layer/hole injecting/transporting layer/
light emitting layer/insulating layer/cathode; and

(13) anode/insulating layer/hole injecting/transporting layer/
light emitting layer/electron injecting/transporting layer/
cathode.

[0162] Of the above, the structure (8) is preferably used,
although not limited thereto.

[0163] Anexampleofthe device structure of the organic EL
device of the invention is schematically shown in F1G. 1.
[0164] The organic EL device 1 includes a transparent sub-
strate 2, an anode 3, acathode 4, and an organic thin-film layer
10 disposed between the anode 3 and the cathode 4.

[0165] The organic thin-film layer 10 includes a phospho-
rescent light emitting layer 5 including a phosphorescent host
as ahost material and a phosphorescent dopant as a phospho-
rescent material. A layer, such as a hole injecting/transporting
layer 6, may be provided between the phosphorescent light
emitting layer 5 and the anode 3 while a layer, such as an
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electron injecting/transporting layer 7, may be provided
between the phosphorescent light emitting layer 5 and the
cathode 4.
[0166] An electron blocking layer may be provided on the
anode 3 side of the phosphorescent light emitting layer 5
while a hole blocking layer may be provided on the cathode 4
side of the phosphorescent light emitting layer 5.
[0167] With these blocking layers, electrons and holes can
be confined in the phosphorescent light emitting layer 5,
thereby enhancing the exciton generation in the phosphores-
cent light emitting layer 5.
[0168] In the present invention, a host is referred to as a
fluorescent host when combinedly used with a fluorescent
dopant and as a phosphorescent host when combinedly used
with aphosphorescent dopant. Therefore, the fluorescent host
and the phosphorescent host are not distinguished from each
other merely by the difference in their molecular structures.
[0169] Namely, in the present invention, the term “fluores-
cent host” means a material for constituting a fluorescent
emitting layer containing a fluorescent dopant and does not
mean a material that can be utilized only as a host for a
fluorescent material.
[0170] Similarly, the term “phosphorescent host” means a
material for constituting a phosphorescent emitting layer con-
taining a phosphorescent dopant and does not mean a material
that can be utilized only as a host for a phosphorescent mate-
rial.
[0171] Theterm “hole injecting/transporting layer” as used
herein refers to at least one of a hole injecting layer and a hole
transporting layer, and the term “electron injecting/transport-
ing layer” as used herein refers to at least one of an electron
injecting layer and an electron transporting layer.
[0172] The compound of the invention or the material for
organic EL device comprising the compound of the invention
is usable in any of a light emitting layer, an electron blocking
layer, ahole blocking layer, an electron injecting/transporting
layer, and a hole injecting/transporting layer, and preferably
used in any of a light emitting layer, an electron blocking
layer, and a hole blocking layer.
[0173] When the compound of the invention or the material
for organic EL device comprising the compound of the inven-
tion is used in any of a light emitting layer, an electron
blocking layer, and a hole blocking layer, an emission with
high efficiency is expected if the following energy relation-
ship:

ET4<E™h

wherein E”d is the triplet energy of the phosphorescent
dopant in the light emitting layer and E”h is the triplet energy
of the compound used in the light emitting layer, the electron
blocking layer, or the hole blocking layer, is satisfied, because
the triplet excitons of phosphorescent dopant are confined
(not diffuse to other molecules) and the energy deactivation
process other than the emission on the phosphorescent dopant
is prevented. However, even in case of satisfying the relation-
ship of E7d<E7h, the triplet excitons may move into other
molecules if the energy difference (AE™=E”h-E7d) is small,
because the energy difference AE” may be overcome by the
absorption of ambient heat energy when driving a device at
around room temperature as generally employed in practical
device driving. As compared with the fluorescent emission,
the phosphorescent emission is relatively likely to be affected
by the diffusion of excitons due to the heat absorption,
because the lifetime of triplet excitons is longer. The com-
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pound of the invention is effective for preventing the diffusion
of excitons, to provide a highly efficient phosphorescent
device. As for the energy difference AEZ, the larger as com-
pared with the heat energy of room temperature, the better.
Therefore, the energy difference AE” is preferably 0.2 eV or
more. When the compound of the invention is used in the light
emitting layer, the electron blocking layer, or the hole block-
ing layer, the charge injection from the adjacent layer may
increase the driving voltage of the organic EL deviceif AE” is
excessively large. Therefore, AE” is preferably 1.0 eV or less.
[0174] In order to make the device highly efficient, the
triplet energy of the compound of the invention is preferably
wide-gap to confine the excitons of the emission material. As
compared with fluorescent materials, red, green and blue
phosphorescent materials have large triplet energies. To allow
the efficient emission of such phosphorescent materials, the
triplet energy of the compound of the invention is preferably
2.9 eV or more. However, as noted above, the charge injection
from the adjacent layer may increase the driving voltage of
the device if the triplet energy is excessively large. Therefore,
the triplet energy of the compound of the invention is prefer-
ably 3.2 eV or less.

[0175] To make the triplet energy large, the ring A in for-
mula (1-1),(1-2), or (7), is preferably bonded to one of A |, A,
A, and Ag, and the ring B is preferably bonded to one of A,
A, A, 4 and A .. To make the triplet energy larger, the ring
A is more preferably bonded to A; or A, and the ring B is
more preferably bonded to A, or A, .

[0176] When the compound represented by formula (1-1),
(1-2), (7), (8), (9). (10), or (11) 1s used in the hole blocking
layer, at least one of A to A ¢ is preferably a nitrogen atom.

Transparent Substrate

[0177] Theorganic EL device of the invention is formed on
a light-transmissive substrate. The light-transmissive sub-
strate serves as a support for the organic EL device and
preferably a flat substrate having a transmittance of 50% or
more to 400 nm to 700 nm visible light.

[0178] Examples of the substrate include a glass plate and a
polymer plate.
[0179] The glass plate may include a plate made of soda-

lime glass, barium-strontium-containing glass, lead glass,
aluminosilicate glass, borosilicate glass, barium borosilicate
glass, or quartz.

[0180] The polymer plate may include a plate made of
polycarbonate, acryl, polyethylene terephthalate, polyether
sulfide, or polysulfone.

Anode and Cathode

[0181] The anode of the organic EL device injects holes to
the hole injecting layer, the hole transporting layer or the light
emitting layer, and an anode having a work function of 4.5 eV
or more is effective.

[0182] Examples of the material for anode include indium
tin oxide alloy (ITO), tin oxide (NESA), indium zinc oxide
alloy, gold., silver, platinum, and copper.

[0183] The anode is formed by making the electrode mate-
rial into a thin film by a method, such as a vapor deposition
method or a sputtering method.

[0184] When getting the light emitted from the light emit-
ting layer through the anode as in the embodiment of the
invention, the transmittance of anode to visible light is pref-
erably 10% or more. The sheet resistance of anode is prefer-
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ably several hundreds €/(J or less. The film thickness of
anode depends upon the kind of material and generally 10 nm
to 1 um, preferably 10 nm to 200 nm.

[0185] The cathode 1s formed preferably from a material
having a small work function in view of injecting electrons to
the electron injecting layer, the electron transporting layer or
the light emitting layer.

[0186] Examples of the material for cathode include, but
not limited to, indium, aluminum, magnesium, magnesium-
indium alloy, magnesium-aluminum alloy, aluminum-
lithium alloy, aluminum-scandium-lithium alloy, and magne-
sium-silver alloy.

[0187] Like the anode, the cathode is formed by making the
material into a thin film by a method, such as the vapor
deposition method and the sputtering method. The emitted
light may be taken through the cathode.

Light Emitting Layer

[0188] The light emitting layer of the organic EL device
combines the following functions:

(1) The injecting function: the function of allowing the injec-
tion of holes from the anode or the hole injecting layer and
allowing the injection of electrons from the cathode or the
electron injecting layer when an electric field is applied;

(ii) The transporting function: the function of transporting
injected charges (i.e., electrons and holes) by the force of the
electric field; and

(i11) The light emitting function: the function of providing the
area for recombination of electrons and holes and leading the
recombination to the emission of light.

[0189] The light emitting layer may be different in its easi-
ness of hole injection and its easiness of electron injection,
and also in the hole transporting ability and the electron
transporting ability each being expressed by mobility.
[0190] Thelight emitting layer is formed, for example, by a
known method, such as a vapor deposition method, a spin
coating method, and LB method.

[0191] The light emitting layer is preferably a molecular
deposit film.
[0192] The molecular deposit film is a thin film formed by

depositing a vaporized material or a film formed by solidify-
ing a material in the state of solution or liquid. The molecular
deposit film can be distinguished from a thin film formed by
LB method (molecular build-up film) by the differences in the
assembly structures and higher order structures and the func-
tional difference due to the structural differences.

[0193] Thelight emitting layer can be formed also by mak-
ing a solution of a binder, such as resin, and the material for
the light emitting layer in a solvent into a thin film by a
method such as spin coating.

[0194] Theorganic EL device of the invention comprises at
least one organic thin film layer between a cathode and an
anode. The at least one organic thin film layer comprises a
light emitting layer and at least one layer of the at least one
organic thin film layer comprises the material for organic
electroluminescence device of the invention.

[0195] In the organic EL device of the invention, at least
one light emitting layer preferably comprises the material for
organic electroluminescence device of the invention and at
least one phosphorescent material. With such a light emitting
layer, the device is capable of driving at low voltage with high
efficiency and a long lifetime organic EL device excellent in
heat resistance is obtained.
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Phosphorescent Material -continued

[0196] Theorganic EL device of the invention comprises an
organomnietallic complex as the phosphorescent material. The
organometallic complex preferably comprises a metal
selected from Ir, Pt, Os, Au, Be, Cu, Re, and Ruand a ligand.
The ligand is preferably ortho-metal bonded to the metal.

[0197] In view of obtaining a high phosphorescent quan-
tum yield and further improving the external quantum effi-
ciency of electroluminescence device, a metal compound
comprising a metal selected from Ir, Os, and Pt 1s preferred,
with a metal complex, such as an iridium complex, an
osmium complex, and a platinum complex, being more pre-
ferred, an iridium complex and a platinum complex being still
more preferred, and an ortho metallated iridium complex
being most preferred.

[0198] Preferred examples of the organometallic complex
are shown below.
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-continued

[0199] In apreferred embodiment of the invention, at least
one of the phosphorescent materials used in the light emitting
layer emit light having a maximum emission wavelength of
preferably 450 nm or longer and 750 nm or shorter. In another
preferred embodiment, the maximum emission wavelength is
450 nm or longer and 495 nm or shorter, 495 nm or longer and
590 nm or shorter, or 590 nm or longer and 750 nm or shorter.
[0200] By doping a specific host material used in the inven-
tion in the light emitting layer with the phosphorescent mate-
rial (phosphorescent dopant) having a maximum emission
wavelength within the above ranges, a high-efficiency
organic EL device even at a low voltage drive having a long
lifetime can be obtained.

Reducing Dopant

[0201] Theorganic EL device of the present invention pref-
erably comprises a reducing dopant at an interfacial region
between the cathode and the organic thin film layer.

[0202] With such a construction, the organic EL device has
an improved luminance and an elongated lifetime.

[0203] Examples of the reducing dopant include at least
one compound selected from alkali metal, alkali metal com-
plex, alkali metal compound, alkaline earth metal, alkaline
earth metal complex, alkaline earth metal compound, rare
earth metal, rare earth metal complex, and rare earth metal
compound.

[0204] Examples of the alkali metal include Na (work func-
tion: 2.36 eV), K (work function: 2.28 eV), Rb (work func-
tion: 2.16 eV), and Cs (work function: 1.95 eV), with those
having a work function of 2.9 eV or less being particularly
preferred. Of the above, preferred are K, Rb, and Cs, more
preferred are Rb and Cs, and most preferred is Cs.
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[0205] Examples of the alkaline earth metal include Ca
(work function: 2.9 V), Sr (work function: 2.0t0 2.5e¢V), and
Ba (work function: 2.52 eV), with those having a work func-
tion of 2.9 eV or less being particularly preferred.

[0206] Examples of the rare earth metal include Sc, Y, Ce,
Tb, and Yb, with those having a work function of 2.9 eV or
less being particularly preferred.

[0207] The preferred metals described above have a par-
ticularly high reducing ability. Therefore, the emission lumi-
nance and life time of an organic EL device can be improved
by adding a relatively small amount ofthe metal to an electron
injecting region.

[0208] Examples of the alkali metal compound include
alkali oxide, such as Li,0, Cs,0, K, O, and alkali halide, such
as LiF, NaF, CsF, and KF, with LiF, Li,0, and NalF being
preferred.

[0209] Examples of the alkaline earth metal compound
include BaO, SrO, Ca0, and mixture thereof, such as Ba, Sr,_
*0 (0<x<1)andBa,Ca,_ O (0<x<l1), with BaO, SrO, and CaO
being preferred.

[0210] Examples of the rare earth metal compound include
YbF;, ScF,, Sc0,.Y,0,, Ce,0,, GdF;, and TbF,, with YbF;,
ScF;, and TbF; being preferred.

[0211] Examples ofthe alkali metal complex, alkaline earth
metal complex, and rare earth metal complex are not particu-
larly limited as long as containing at least one metal ion
selected from alkali metal ions, alkaline earth metal ions, rare
earth metal ions, respectively. The ligand is preferably, butnot
limited to, quinolinol, benzoquinolinol, acridinol, phenan-
thridinol, hydroxyphenyloxazole, hydroxyphenylthiazole,
hydroxydiaryloxadiazole, hydroxydiarylthiadiazole, hydrox-
yphenylpyridine, hydroxyphenylbenzimidazole, hydroxy-
benzotriazole, hydroxyfulborane, bipyridyl, phenanthroline,
phthalocyanine, porphyrin, cyclopentadiene, p-diketones,
azomethines, and derivative thereof.

[0212] The reducing dopant is added to the interfacial
region preferably into a form of layer or island. The reducing
dopant is added preferably by co-depositing the reducing
dopant with the organic compound (light emitting material,
electron injecting material ) for forming the interfacial region
by a resistance heating deposition method, thereby dispersing
the reducing dopant into the organic material. The disperse
concentration expressed by the molar ratio of the organic
material and the reducing dopant is 100:1 to 1:100 and pref-
erably 5:1 to 1:5.

[0213] When the reducing dopant is formed into a form of
layer, a light emitting material or an electron injecting mate-
rial is made into a layer which serves as an organic layer in the
interface, and then, the reducing dopant alone is deposited by
a resistance heating deposition method into a layer having a
thickness preferably 0.1 nm to 15 nm.

[0214] When the reducing dopant is formed into a form of
island, a light emitting material or an electron injecting mate-
rial is made into a form of island which serves as an organic
layer in the interface, and then, the reducing dopant alone is
deposited by a resistance heating deposition method into a
form of island having a thickness preferably 0.05 nmto 1 nm.

[0215] The molar ratio of the main component and the
reducing dopant in the organic electroluminescence device of
the invention is preferably 5:1 to 1:5 and more preferably 2:1
to 1:2.



US 2014/0183486 Al

Electron Injecting Layer and Electron Transporting Layer

[0216] The electron injecting layer or the electron trans-
porting layer is a layer that aids the injection of electrons into
the light emitting layer, and has a large electron mobility. The
electron injecting layer is provided for adjusting an energy
level, for example, for reducing an abrupt change in energy
level.

[0217] It is preferred that the organic EL device of the
present invention comprises an electron injecting layer
between the light emitting layer and the cathode, and the
electron injecting layer comprises a nitrogen-containing ring
derivative as a main component. The electron injecting layer
may function as the electron transporting layer.

[0218] The phrase “as a main component” used herein
means that the content of the nitrogen-containing ring deriva-
tive in the electron injecting layer is 50 mass % or more.
[0219] An aromatic heterocyclic compound having one or
more heteroatoms in a molecule thereofis preferably used as
an electron transporting material used in the electron inject-
ing layer, and a nitrogen-containing ring derivative is particu-
larly preferred. In addition, the nitrogen-containing ring
derivative is preferably an aromatic ring compound having a
nitrogen-containing, 6- or S-membered ring, or a fused aro-
matic ring compound having a nitrogen-containing, 6- or
S-membered ring.

[0220] The nitrogen-containing ring derivative is prefer-
ably, for example, a metal chelate complex of a nitrogen-
containing ring represented by formula (A):

(A

_-M—O0—L

o

wherein eachofR? to R” independently represents a hydrogen
atom, a deuterium atom, a halogen atom, a hydroxyl group, an
amino group, a hydrocarbon group having 1 to 40 carbon
atoms, an alkoxy group, an aryloxy group, an alkoxycarbonyl
group, or an aromatic heterocyclic group, each being option-
ally substituted.

[0221] The halogen atom may include fluorine, chlorine,
bromine, and iodine. The substituted amino group may
include an alkylamino group, an arylamino group, and an
aralkylamino group.

[0222] The alkoxycarbonyl group is represented by
—COOY", wherein Y' is selected from the alkyl groups men-
tioned above. The alkylamino group and the aralkylamino
group are represented by —NQ'Q?. Examples and preferred
examples of Q" and Q” are independently selected from the
alkyl groups and aralkyl groups mentioned above. One of Q*
and Q* may be a hydrogen atom or a deuterium atom.
[0223] The arylamino group is represented by —NAr' Ar?,
wherein Ar' and Ar,, are independently selected from the aryl
group mentioned above. One of Ar' and Ar* may be a hydro-
gen atom or a deuterium atom.
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[0224] M is aluminum (Al), gallium (Ga), or indium (In),
with In being preferred.

0225] L in formula (A) is a group represented by formula
group rep Y
(A" or (A"):
AV
R® R®
RIO
RIZ Rll
AH
RIS
Rl4 R]G
RIS R19
Rl3 R]7
—Si RY
R27 R23
RZZ RZI
RZG R24
RZS

wherein each R® to R'? independently represents a hydrogen
atom, a deuterium atom, or a substituted or unsubstituted
hydrocarbon group having 1to40 carbonatoms. The adjacent
two groups may form a ring structure. Each of R™? to R*’
independently represents a hydrogen atom, a deuterium atom,
or a substituted or unsubstituted hydrocarbon group having 1
to 40 carbon atoms. The adjacent two groups may form a ring
structure.

[0226] Examples of the hydrocarbon group having 1 to 40
carbon atoms for R® toR**and R"? to R*’ in formulae (A") and
(A") are the same as those described above with respect to R
to R” of formula (A).

[0227] Examples of the divalent group formed by the adja-
cent two groups of R® to R'? and R'? to R*’ which completes
the ring structure include tetramethylene group, pentameth-
vlene group, hexamethylene group, diphenylmethane-2,2'-
diy! group, diphenylethane-3,3'-diyl group, and diphenylpro-
pane-4,4'-diyl group.

[0228] Theelectron transporting compound for the electron
injecting layer or the electron transporting layer is preferably
ametal complex including 8-hydroxyquinoline or its deriva-
tive, an oxadiazole derivative, and a nitrogen-containing het-
erocyclic derivative. Examples of the metal complex includ-
ing 8-hydroxyquinoline or its derivative include a metal
chelate oxinoid including a chelated oxine (generally,
8-quinolinol or 8-hydroxyquinoline), for example, tris(8-
quinolinol)aluminum. Examples of the oxadiazole derivative
are shown below:

N— N—

AT
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-continued
N_

A92{7_§7A93—0—A94% I< A

wherein each of Ar'”, Ar'®, Ar'®, Ar*', Ar**, and Ar*® is a
substituted or unsubstituted aromatic hydrocarbon group or a
substituted or unsubstituted fused aromatic hydrocarbon
group, and Ar'” and Ar'®, Ar'® and Ar*', and Ar** and Ar*®
may be the same or different. Examples of the aromatic
hydrocarbon group and the fused aromatic hydrocarbon
group include phenyl group, naphthyl group, biphenyl group,
anthranyl group, perylenyl group, and pyrenyl group. The
optional substituent may be an alkyl group having 1 to 10
carbon atoms, an alkoxyl group having 1 to 10 carbon atoms
Or a cyano group.

[0229] Each of Ar*®, Ar*, and Ar** is a substituted or
unsubstituted bivalent aromatic hydrocarbon group or a sub-
stituted or unsubstituted bivalent fused aromatic hydrocarbon
group, and Ar*® and Ar** may be the same or different.
[0230] Examples of the bivalent aromatic hydrocarbon
group or the bivalent fused aromatic hydrocarbon group
include phenylene group, naphthylene group, biphenylene
group, anthranylene group, perylenylene group, and pyre-
nylene group. The optional substituent may be an alkyl group
having 1 to 10 carbon atoms, an alkoxyl group having 1 to 10
carbon atoms or a cyano group.

[0231] Electron transporting compounds which have a
good thin film-forming property are preferably used.
Fxamples of the electron transporting compound are shown
below.

I<
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®

2N
PPN, ©
Z | 7
Y N .

wherein X is a carbon atom or a nitrogen atom and each of 7,
and 7, independently represents a group of atoms for com-
pleting the nitrogen-containing heteroring.

[0233] The nitrogen-containing heterocyclic derivative is
more preferably an organic compound which has a nitrogen-
containing aromatic polycyclic ring comprising a 5-mem-
bered ring or a 6-membered ring. If two or more nitrogen
atoms are included, the nitrogen-containing aromatic poly-
cyclic compound preferably has a skeleton of a combination
of (B) and (C) or a combination of (B) and (D):

™
|

PN

[0234] The nitrogen-containing group of the nitrogen-con-
taining aromatic polycyclic compound is selected, for
example, from the nitrogen-containing heterocyclic groups
shown below:

N—N

OO0

O-OL-0-0O-00

- O-O-O--O-0O

OO0

[0232] Examples of the nitrogen-containing heterocyclic
derivative for use as the electron transporting compound
include a nitrogen-containing heterocyclic derivative having
the following formulae but exclusive of metal complex, for
example, acompound having a 5- or 6-membered ring which
has the skeleton represented by formula (B) or having the
structure represented by formula (C):

OO

R-HXN RH\N RﬂkN R.n\/\
A X S N
BEREBREN:
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-continued

NN N
N

N SN

e
NN~

wherein R is an aromatic hydrocarbon group or a fused aro-
matic hydrocarbon group each having 6 to 40 carbon atoms,
an aromatic heterocyclic group or a fused aromatic heterocy-
clic group each having 3 to 40 carbon atoms, an alkyl group
having 1 to 20 carbon atoms, or an alkoxy group having 1 to
20 carbon atoms; and n is an integer of O to 5. If n is an integer
of 2 or more, R groups may be the same or different.

[0235] More preferred is a nitrogen-containing heterocy-
clic derivative represented by the following formula:

HAr-L'-Ar'—AP
wherein HAr is a substitute or unsubstituted nitrogen-con-

taining heterocyclic group having 3 to 40 carbon atoms; L is
a single bond, a substituted or unsubstituted aromatic hydro-
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carbon group or fused aromatic hydrocarbon group each hav-
ing 6 to 40 carbon atoms, or a substituted or unsubstituted
aromatic heterocyclic group or fused aromatic heterocyclic
group each having 3 to 40 carbon atoms; Ar* is a substitute or
unsubstituted divalent aromatic hydrocarbon group having 6
to 40 carbon atoms; and Ar? is a substitute or unsubstituted
aromatic hydrocarbon group or fused aromatic hydrocarbon
group each having 6 to 40 carbon atoms or a substituted or
unsubstituted aromatic heterocyclic group or fused aromatic
heterocyclic group each having 3 to 40 carbon atoms.

[0236]
groups:

HAr is selected, for example, from the following

\ / \ / \ /

\ / \ /
/ \

A

PP

\ /
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-continued

/| 7
N\N X
|/N |/N
~ )
C
N/|\

P

Jul. 3,2014

-continued
AN
A
N
‘ X
P

[0237] L' is selected, for example, from the following
groups:

OO

[0238] Ar' is selected, for example, from the following
arylanthranyl groups:

R! R®
R2 R’
B3 O O RS
R* R’
R9 Al‘3 R14
RIO
R13

Rl 1 Al‘3 RIZ

whereinR! to R** are each independently a hydrogen atom, a
deuterium atom, a halogen atom, an alkyl group having 1 to
20 carbon atoms, an alkoxy group having 1 to 20 carbon
atoms, an aryloxy group having 6 to 40 carbon atoms, a
substituted or unsubstituted aromatic hydrocarbon group or
fused aromatic hydrocarbon group each having 6 to 40 carbon
atoms, or a substituted or unsubstituted aromatic heterocyclic
group or fused aromatic heterocyclic group each having 3 to
40 carbon atoms; and Ar® is a substituted or unsubstituted
aromatic hydrocarbon group or fused aromatic hydrocarbon
group each having 6 to 40 carbon atoms or a substituted or
unsubstituted aromatic heterocyclic group or fused aromatic
heterocyclic group each having 3 to 40 carbon atoms.
[0239] R'toR®may be selected from a hydrogen atom and
a deuterium atom.
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[0240] Ar® is selected, for example, from the following
groups:

o

oy

[0241] In addition, the following compound is preferably
used as the nitrogen-containing aromatic polycyclic com-
pound for use as the electron transporting compound:

Ry X
IS
R,—N N—R,
o
X R;

wherein R, to R, each independently represent a hydrogen
atom, a deuterium atom, a substituted or unsubstituted ali-
phatic group, a substituted or unsubstituted alicyclic group, a
substituted orunsubstituted aromatic hydrocarbon group, ora
substituted or unsubstituted heterocyclic group; and X, and
X, each independently represent an oxygen atom, a sulfur
atom, or dicyanomethylene group.

[0242] Further, the following compound is also suitable as
the electron transporting compound:

R!

oO—o

oO—=
Z
~
)
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wherein R*, R?, R?, and R* may be the same or different and
each represents an aromatic hydrocarbon group or a fused
aromatic hydrocarbon group each represented by the follow-
ing formula:

RS R’

R’

RS R®

wherein R®, R®, R7, R®, and R® may be the same or different
and each represents a hydrogen atom or a deuterium atom,
and at least one of R>, RS, R7, R®, and R® represents a satu-
rated or unsaturated alkoxyl group, alkyl group, amino group,
or alkylamino group.

[0243] Further, a polymer having the nitrogen-containing
heterocyclic group or the nitrogen-containing heterocyclic
derivative is also usable as the electron transporting com-
pound.

[0244] The electron transporting layer preferably com-
prises at least one compound selected from the nitrogen-
containing heterocyclic derivatives represented by formulae
(201) to (203):

@01)

y N
A
j\\/\/lj:;\]’\L—Arl—Arz
" \
Rl

R
< 202)
=
[
i
®T; \
\Ar3
. (203)
7
3
N
jrmre N\Ra

wherein R is a hydrogen atom, a deuterium atom, a substi-
tuted or unsubstituted aromatic hydrocarbon group or fused
aromatic hydrocarbon group having 6 to 60 carbon atoms, a
substituted or unsubstituted pyridyl group, a substituted or
unsubstituted quinolyl group, a substituted or unsubstituted
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alkyl group having 1 to 20 carbon atoms, or a substituted or
unsubstituted alkoxy group having 1 to 20 carbon atoms;

[0245]

[0246] R!is asubstituted or unsubstituted aromatic hydro-
carbon group or fused aromatic hydrocarbon group having 6
to 60 carbon atoms, a substituted or unsubstituted pyridyl
group, a substituted or unsubstituted quinolyl group, a sub-
stituted or unsubstituted alkyl group having 1 to 20 carbon
atoms, or an alkoxy group having 1 to 20 carbon atoms;

nis an integer of 0 to 4;

[0247] R?and R? are each independently a hydrogen atom,
a deuterium atom, a substituted or unsubstituted aromatic
hydrocarbon group or fused aromatic hydrocarbon group
having 6 to 60 carbon atoms, a substituted or unsubstituted
pyridyl group, a substituted or unsubstituted quinolyl group,
a substituted or unsubstituted alkyl group having 1 to 20
carbon atoms, or a substituted or unsubstituted alkoxy group
having 1 to 20 carbon atoms;

[0248] L is a substituted or unsubstituted aromatic hydro-
carbon group or fused aromatic hydrocarbon group having 6
to 60 carbon atoms, a substituted or unsubstituted pyridi-
nylene group, a substituted or unsubstituted quinclinylene
group, or a substituted or unsubstituted fluorenylene group;

[0249] Ar'isa substituted orunsubstituted aromatic hydro-
carbon group or fused aromatic hydrocarbon group having 6
to 60 carbon atoms, a substituted or unsubstituted pyridi-
nylene group, or a substituted or unsubstituted quinolinylene
group;

[0250] Ar?isa substituted orunsubstituted aromatic hydro-
carbon group or fused aromatic hydrocarbon group having 6
to 60 carbon atoms, a substituted or unsubstituted pyridyl
group, a substituted or unsubstituted quinolyl group, a sub-
stituted or unsubstituted alkyl group having 1 to 20 carbon
atoms, a substituted or unsubstituted alkoxy group having 1 to
20 carbon atoms; and

[0251] Ar’isasubstituted orunsubstituted aromatic hydro-
carbon group or fused aromatic hydrocarbon group having 6
to 60 carbon atoms, a substituted or unsubstituted pyridyl
group, a substituted or unsubstituted quinolyl group, a sub-
stituted or unsubstituted alkyl group having 1 to 20 carbon
atoms, a substituted or unsubstituted alkoxy group having 1 to
20 carbon atoms, or a group represented by —Ar'—Ar?
wherein Ar® and Ar” are the same as defined above.

[0252] In formulae (201) to (203), R is hydrogen atom, a
deuterium atom, a substituted or unsubstituted aromatic
hydrocarbon group or fused aromatic hydrocarbon group
having 6 to 60 carbon atoms, a substituted or unsubstituted
pyridyl group, a substituted or unsubstituted quinolyl group,
a substituted or unsubstituted alkyl group having 1 to 20
carbon atoms, or a substituted or unsubstituted alkoxy group
having 1 to 20 carbon atoms.

[0253] The thickness of the electron injecting layer or the
electron transporting layer is preferably, but not particularly
limited to, 1 nm to 100 nm.

[0254] Itis preferred that the electron injecting layer com-
prises an inorganic compound, such as an insulating material
and a semiconductor, in addition to the nitrogen-containing
ring derivative. The electron injecting layer containing the
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insulating material or the semiconductor effectively prevents
the leak of electric current to enhance the electron injecting
properties.

[0255] The insulating material is preferably at least one
metal compound selected from the group consisting of alkali
metal chalcogenides, alkaline earth metal chalcogenides,
alkali metal halides and alkaline earth metal halides. The
alkali metal chalcogenide, etc. mentioned above are preferred
because the electron injecting properties of the electron
injecting layer are further enhanced. Examples of preferred
alkali metal chalcogenide include Li,0, K,O, Na,S, Na,Se
and Na,O, and examples of preferred alkaline earth metal
chalcogenide include CaO, BaO, SrO, BeO, BaS and CaSe.
Examples of preferred alkali metal halide include LiF, NaF,
KF, LiCl, KCl and NaCl. Examples of the alkaline earth metal
halide include fluorides, such as CaF,, BaF,, SrF,, MgF, and
BeF,, and halides other than fluorides.

[0256] Examples of the semiconductor include oxides,
nitrides or oxynitrides of at least one element selected from
the group consisting of Ba, Ca, Sr, Yb, Al, Ga, In, Li, Na, Cd,
Mg, Si, Ta, Sb and Zn. The semiconductor may be used alone
or in combination of two or more. The inorganic compound
included in the electron injecting layer preferably forms a
microcrystalline or amorphous insulating thin film. If the
electroninjecting layer is formed from such an insulating thin
film, the pixel defects, such as dark spots, can be decreased
because a more uniform thin film is formed. Examples of such
inorganic compound include the alkali metal chalcogenide,
the alkaline earth metal chalcogenide, the alkali metal halide
and the alkaline earth metal halide.

[0257] When using the insulating material or the semicon-
ductor, the thickness of its layer is preferably about 0.1 nm to
15 nm. The electron injecting layer in the invention may
contain the reducing dopant mentioned above.

Hole Injecting Layer and Hole Transporting Layer

[0258] The hole injecting layer or the hole transporting
layer (inclusive of a hole injecting/transporting layer) prefer-
ably comprises an aromatic amine compound, for example,
an aromatic amine derivative represented by fornwla (I):

O

Ar! A
/
N—L—N
/
Ar? Ar*

wherein each of Ar' to Ar* is a substituted or unsubstituted
aromatic hydrocarbon group or fused aromatic hydrocarbon
group having 6 to 50 ring carbon atoms, a substituted or
unsubstituted aromatic heteroaryl group or fused aromatic
heteroaryl group having 5 to 50 ring atoms, or a group
wherein the aromatic hydrocarbon group or fused aromatic
hydrocarbon group is bonded to the aromatic heteroaryl
group or fused aromatic heteroaryl group.

[0259] Examples of the compound represented by formula
() are shown below, although not limited thereto.
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[0260] An aromatic amine represented by formula (II) is
also preferably used to form the hole injecting layer or the
hole transporting layer:

1
AI]

AP—N

[0261] wherein Ar' to Ar’ are the same as defined with
respect to Ar' to Ar* of formula (I). Examples of the com-
pound represented by formula (IT) are shown below, although
not limited thereto.
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[0262] It should be noted that the present invention is not
limited to those described above and it will be understood that
variations and modifications can be effected within the spirit
and scope of the invention.

[0263] For example, the following embodiment is one of
preferred modifications of the invention.

[0264] In the present invention, the light emitting layer
preferably comprises a charge injection aid.

[0265] When a host material having a wide energy gap is
used in the light emitting layer, the difference between the
ionization potential (Ip) of the host material and Ip of the hole
injecting/transporting layer, etc. becomes large, this making
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the hole injection into the light emitting layer difficult to
likely to increase the driving voltage for obtaining a sufficient
luminance.

[0266] By adding a hole injecting/transporting charge
injection aid into the light emitting layer, the hole injection
into the light emitting layer is facilitated and the driving
voltage can be reduced.

[0267] For example, a hole injecting/transporting material
generally known can be used as the charge injection aid.

[0268] Examples thereof include a triazole derivative, an
oxadiazole derivative, an imidazole derivative, a polyarylal-
kane derivative, a pyrazoline derivative, a pyrazolone deriva-
tive, a phenylenediamine derivative, an arylamine derivative,
an amino-substituted chalcone derivative, an oxazole deriva-
tive, a styrylanthracene derivative, a fluorenone derivative, a
hydrazone derivative, a stilbene derivative, a silazane deriva-
tive, a polysilane-based copolymer, an aniline-based copoly-
mer, and an electroconductive high-molecular oligomer (par-
ticularly, thiophene oligomer).

[0269] In addition to the above hole injecting materials, a
porphyrin compound, an aromatic tertiary amine compound,
and a styryl amine compound are also preferably used, with
an aromatic tertiary amine compound being particularly pre-
ferred.

[0270] Also usable are a compound having two fused aro-
matic rings in its molecule, for example, 4,4'-bis(N-(1-naph-
thyl)-N-phenylamino)biphenyl (NPD), and a compound hav-
ing three triphenylamine units connected in star burst
configuration, for example, 4,4',4"-tris(N-(3-methylphenyl)-
N-phenylamino)triphenylamine (MTDATA).

[0271] Further, a hexaazatriphenylene derivative is prefer-
ably used as the hole injecting material.

[0272] An inorganic compound, such as p-type Si and
p-type SiC, is also usable as the hole injecting material.

[0273] Each layer of the organic EL device of the invention
may be formed by any one of known methods such as a
vacuum vapor deposition method and a spin coating method,
although not particularly limited. The organic thin-film layer
containing the compound represented by formula (1) in the
organic EL device is formed by a known method such as a
vacuum vapor deposition method, a molecular beam epitaxy
method (MBE method) and a coating method, for example, a
dipping method, a spin coating method, a casting method, a
bar coating method and a roll coating method each using a
solution of the compound in a solvent.

[0274] The thickness of each organic thin film layer in the
organic EL device of the invention is not particularly limited
and preferably several nanometers to 1 pm because an exces-
sively small thickness may cause defects such as pin holes
and an excessively large thickness may require a high driving
voltage.

EXAMPLES

[0275] The present invention will be described in more
detail with reference to the synthetic examples and the
examples. However, it should be noted that the scope of the
invention is not limited to the following examples.
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Synthesis Example 1
Synthesis of Compound (1)

(1) Synthesis of Compound (1-a)

[0276]

—_—
CH,Cl

‘ O
(1-a)

[0277] Into a three-necked flask, 269.1 g (1600 mmol) of
dibenzofuran and 1280 ml of dichloromethane were charged.
The reaction vessel was cooled to 0° C. in a nitrogen atmo-
sphere. After adding 100 ml of a dichloromethane solution of
204.6 g of bromine dropwise into the reaction vessel over 40
min, the contents were stirred at room temperature for 12 h.
After the reaction, the reaction vessel was cooled to 0° C. and
then 500 ml of water and 100 m1 of a 20% aqueous solution of
NaHSO, were added. The reaction solution was extracted
with several portions of dichloromethane in a separatory fun-
nel. The extract was washed with 300 ml of a 1 N aqueous
solution of sodium hydroxide, dried over anhydrous magne-
sium sulfate, filtered, and concentrated. The concentrate was
dispersed in hexane for washing, to obtain a white solid.

[0278] The yield was 136 g and the percent yield was 55%.

(2) Synthesis of Compound (1-b)

[0279]
1) BuLi
O 2) B(OiPr);
Br
THF
(6]
(1-a)
(HO),B O
! (6]
(1-b)
[0280] Into a three-necked flask, 20.0 g (80.9 mmol) of

Compound (1-a) and 200 ml of dehydrated tetrahydrofuran
were charged, and the reaction vessel was cooled to =70° C.
in anitrogen atmosphere. Into the reaction vessel, 53 m1(88.9
mmol) of a 1.68 M hexane solution of n-butyllithium was
added dropwise and the contents were stirred at -70° C. for
one hour. After adding 37.3 ml (162 mmol) of triisopropyl
borate, the contents were stirred at room temperature for 6 h.
After the reaction, 100 ml of a 1 N hydrochloric acid was

90
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added and the contents were stirred for 30 min. The resultant
solution was extracted with several portions of dichlo-
romethane in a separatory funnel. The extract was dried over
anhydrous magnesium sulfate, filtered, and concentrated. The
concentrate was dispersed in hexane for washing, to obtain a
white solid.

[0281] Theyield was 15.9 g and the percent yield was 93%.

(3) Synthesis of Compound (1-c)

[0282]
(HO),B O I Br
Pd(PPh3)y
2M NayCOs aq
0 DME
(1-6)
B O O
(0]
(-0
[0283] Into a three-necked flask, 15.5 g (73.1 mmol) of

Compound (1-b), 30.8 g (109 mmol) of 3-bromoiodoben-
zene, 110 ml ofa 2 M aqueous solution of sodium carbonate,
220 ml of 1,2-dimethoxyethane, and 1.70 g (1.46 mmol) of
Pd(PPh,), were charged, and the contents were refluxed for
12 h.

[0284] After the reaction, the reaction solution was
extracted with several portions of dichloromethane in a sepa-
ratory funnel. The extract was dried over anhydrous magne-
sium sulfate, filtered, and concentrated. The concentrate was
purified by silica gel chromatography (hexane:dichlo-
romethane=20:1), to obtain a colorless viscous matter.

[0285] Theyield was 13.2 g and the percent yield was 56%.

(4) Synthesis of Compound (1-d)

[0286]
1) BuLi
Br 2) B(OiPr);
THF

(6]
(1-c)

\

0]

(HO,B

(1-d)
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[0287] Into a three-necked flask, 13.2 g (40.8 mmol) of
Compound (1-¢) and 100 ml of dehydrated tetrahydrofuran
were charged, and the reaction vessel was cooled to -=70° C.
in a nitrogen atmosphere. Into the reaction vessel, 27 ml1(44.9
mmol) of a 1.67 M hexane solution of n-butyllithium was
added dropwise, and the contents were stirred at -=70° C. for
one hour. After adding 18.8 ml (81.6 mmol) of triisopropyl
borate, the stirring was further continued at room temperature
for 6 h. After the reaction, 100 ml of a 1 N hydrochloric acid
was added and the contents were stirred for 30 min. The
resultant solution was extracted with several portions of

(HO),B

(1-d)
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mmol) of Pd(PPh,), were charged, and the contents were
refluxed for 12 h in a nitrogen atmosphere.

[0291] After the reaction, the reaction solution was
extracted with several portions of dichloromethane in a sepa-
ratory funnel. The extract was dried over anhydrous magne-
sium sulfate, filtered, and concentrated. The concentrate was
purified by silica gel chromatography (hexane), to obtain a
white solid.

[0292] Theyield was 11.2 g and the percent yield was 60%.
(6) Synthesis of Compound (1)
[0293]

Br

(1)

Pd(PPh3)4
IM N CO3 aq
DME

dichloromethane in a separatory funnel. The extract was dried
over anhydrous magnesium sulfate, filtered, and concen-
trated. The concentrate was dispersed in hexane for washing,
to obtain a white solid.

[0288] Theyield was 8.24 g and the percent yield was 70%.

(5) Synthesis of Compound (1-¢)

[0289]
1 Br
Pd(PPhy),
(HO),B Br IM Ne,COs aq
DME
Br
Br
(1-¢)

[0290] Into a three-necked flask, 12.0 g (59.8 mmol) of

3-bromophenylboronic acid, 25.3 g (89.6 mmol) of 3-bro-
moiodobenzene, 90 ml of a2 M aqueous solution of sodium
carbonate, 180 ml of 1.2-dimethoxyethane, and 1.38 g (1.20

[0294] Into a three-necked flask, 4.11 g (14.3 mmol) of
Compound (1-d), 1.85 g (5.96 mmol) of Compound (1-¢), 22
ml of a 2 M aqueous solution of sodium carbonate, 44 ml of
1,2-dimethoxyethane, and 0.688 g (0.596 mmol) of
Pd(PPh;), were charged, and the contents were refluxed for
12 h in a nitrogen atmosphere.

[0295] After the reaction, the reaction solution was added
with 100 ml of methanol and ultrasonically washed for 10
min. The precipitate was separated by filtration and washed
with methanol, water, and then hexane. After drying, the
precipitate was further ultrasonically washed for 30 minin a
hexane:ethyl acetate=1:1 mixed solvent, to obtain a white
solid. The identification was based on the molecular weight
measurement by FD/MS, which showed m/e=638 for the
molecular weight of 638. The yield was 1.85 g and the percent
yield was 49%.

Synthesis Example 2
Synthesis of Compound (2)

(1) Synthesis of Compound (2-a)

[0296]
I I
Pd(PPhs)y
Br B(OH), 2M Na,CO; ag
DME
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-continued
Br ’ ‘ Br
(2-2)
[0297] Into a three-necked flask, 12.0 g (36.4 mmol) of

1,3-diiodobenzene, 18.3 g (90.9 mmol) of 3-bromoiodoben-
zene, 125 ml ofa 2 M aqueous solution of sodium carbonate,
250 ml of 1,2-dimethoxyethane, and 2.10 g (1.82 mmol) of
Pd(PPh;), were charged, and the contents were refluxed for
12 h in a nitrogen atmosphere.

[0298] After the reaction, the reaction solution was
extracted with several portions of dichloromethane in a sepa-
ratory funnel. The extract was dried over anhydrous magne-
stum sulfate, filtered, and concentrated. The concentrate was
purified by silica gel chromatography (hexane:dichlo-
romethane=20:1), to obtain a colorless viscous matter.
[0299] Theyield was 4.20 g and the percent yield was 30%.

(2) Synthesis of Compound (2)
[0300]
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Synthesis Example 3
Synthesis of Compound (4)

(1) Synthesis of Compound (4-a)

O Brz
—_—
CH,Cl

S

[0303]

O S

(4-2)

BrBr

(2-a)

<H0)2B
[¢]

(1-d)

Pd(PPh3)y
2M NayCO3 aq

DME

OO

[0301] Into a three-necked flask, 5.93 g (20.6 mmol) of
Compound (1-d), 3.20 g (8.25 mmol) of Compound (2-a), 30
ml of a 2 M aqueous solution of sodium carbonate, 60 ml of
1,2-dimethoxyethane, and 1.19 g (1.03 mmol) of Pd(PPh,),
were charged, and the contents were refluxed for 12 hin a
nitrogen atmosphere.

[0302] After the reaction, the reaction solution was added
with 100 ml of methanol and ultrasonically washed for 10
min. The precipitate was separated by filtration and washed
with methanol, water, and then hexane. After drying, the
precipitate was dispersed in a hexane:ethyl acetate=1:1
mixed solution for washing, to obtain a white solid. The
identification was based on the molecular weight measure-
ment by FD/MS, which showed m/e=714 for the molecular
weight of 714. The yield was 2.52 g and the percent yield was
43%.

[0304] Into a three-necked flask, 15.0 g (81.4 mmol) of
dibenzothiophene and 90 ml of chloroform were charged, and
the reaction vessel was cooled to 0° C. in a nitrogen atmo-
sphere. After adding 20 ml of dichloromethane solution of
13.1 g of bromine into the reaction vessel dropwise over 15
min, the contents were stirred at room temperature for 12 h.
After the reaction, the reaction vessel was cooled to 0° C. and
added with 100 ml of water and then 30 ml of a 20% aqueous
solution of NaHSQO,. The reaction solution was extracted
with several portions of dichloromethane in a separatory fun-
nel. The extract was washed with 30 ml of a 1 N aqueous
solution of sodium hydroxide, dried over anhydrous magne-
sium sulfate, filtered, and concentrated. The concentrate was
dispersed in hexane and then methanol for washing, to obtain
a white solid.

[0305] Theyield was 10.7 g and the percent yield was 50%.



US 2014/0183486 Al

(2) Synthesis of Compound (4-b)

[0306]
1) BuLi
O 2) B(OiPr)3
Br —_—
THF
S
(4a)
(HO)B Q
O S
(4-b)
[0307] Into a three-necked flask, 7.00 g (26.6 mmol) of

Compound (4-a) and 80 ml of a dehydrated tetrahydrofuran:
dehydrated toluene=1:1 mixed solution were charged and the
reaction vessel was cooled to -=70° C. in a nitrogen atmo-
sphere. After adding 23 ml (37.2 mmol) of a 1.60 M hexane
solution of n-butyllithium dropwise into the reaction vessel,
the contents were stirred at -70° C. for one hour. After further
adding 12.3 ml (53.2 mmol) of triisopropyl borate, the con-
tents were stirred at room temperature for 6 h. After the
reaction, the reaction solution was added with S0 mlofal N
hydrochloric acid, stirred for 30 min, and extracted with
several portions of dichloromethane in a separatory funnel.
The extract was dried over anhydrous magnesium sulfate,
filtered, and concentrated. The concentrate was dispersed in
hexane for washing, to obtain a white solid.

[0308] Theyield was 5.76 g and the percent yield was 95%.

(3) Synthesis of Compound (4-c)

[0309]

e P
O T paerhn

2M Na,COs aq
DME
(@-b)
Br O
S
(*o)
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[0310] Into a three-necked flask, 5.76 g (25.3 mmol) of
Compound (4-b), 10.7 g (38.0 mmol) of 3-bromoiodoben-
zene, 38 ml of a 2 M aqueous solution of sodium carbonate,
76 ml of 1,2-dimethoxyethane, and 1.46 g (1.23 mmol) of
Pd(PPh,), were charged, and the contents were refluxed for
12 h in a nitrogen atmosphere.

[0311]
extracted with several portions of dichloromethane in a sepa-
ratory funnel. The extract was dried over anhydrous magne-

After the reaction, the reaction solution was

sium sulfate, filtered, and concentrated. The concentrate was
purified by silica gel chromatography (hexane:dichlo-
romethane=20:1), to obtain a colorless viscous matter.

[0312] Theyield was 6.87 g and the percent yield was 80%.

(4) Synthesis of Compound (4-d)

[0313]
O 1y Buli
2) B(OiPr);
Br .
THF
S
(4-¢)
(HO),B O
S
(4-d)
[0314] Into a three-necked flask, 6.87 g (20.3 mmol) of

Compound (4-c) and 50 ml of dehydrated tetrahydrofuran
were charged, and the reaction vessel was cooled to -=70° C.
in a nitrogen atmosphere. After adding 13 ml (22.3 mmol) of
a 1.67 M hexane solution of n-butyllithium dropwise into the
reaction vessel, the contents were stirred at =70° C. for one
hour. After further adding 9.4 ml (40.6 mmol) of triisopropyl
borate, the contents were stirred at room temperature for 6 h.
After the reaction, the reaction solution was added with 50 ml
of a 1 N hydrochloric acid, stirred for 30 min, and extracted
with several portions of dichloromethane in a separatory fun-
nel. The extract was dried over anhydrous magnesium sulfate,
filtered, and concentrated. The concentrate was dispersed in
hexane for washing, to obtain a white solid.

[0315] Theyield was 5.43 g and the percent yield was 88%.
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(5) Synthesis of Compound (4)
[0316]
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Br

HO),B

os)

(d)
S

&

[0317] Into a three-necked flask, 5.00 g (16.4 mmol) of
Compound (4-d), 2.13 g (6.83 mmol) of Compound (1-e), 25
ml of a 2 M aqueous solution of sodium carbonate, 50 ml of
1,2-dimethoxyethane, and 1.90 g (1.64 mmol) of Pd(PPh,),
were charged, and the contents were refluxed for 12 hin a
nitrogen atmosphere.

[0318] After the reaction, the reaction solution was added
with 100 ml of methanol and ultrasonically washed for 10
min. The precipitate was separated by filtration and washed
with methanol, water, and then hexane. After drying, the
precipitate was further ultrasonically washed for 30 minin a
hexane:ethyl acetate=1:1 mixed solvent, to obtain a white
solid. The identification was based on the molecular weight
measurement by FD/MS, which showed m/e=670 for the
molecular weight of 670. The yield was 2.06 g and the percent
yield was 45%.

Synthesis Example 4
Synthesis of Compound (37)

(1) Synthesis of Compound (37-a)
[0319]

(HO),B
(L ==

| / DMAc
N Br K,CO;

Pd(PPhs)

= 0

OH
B
S
N
. (37-2)

Pd(PPhs)y
2M NayCO3 aq

O O O S
@

[0320] Into a three-necked flask, 100.1 g (575 mmol) of
2-bromo-3-hydroxypyridine, 88.5 g (632.5 mmol) of 2-fluo-
rophenylboronic acid, 88.5 g (2300 mmol) of potassium car-
bonate, 1150 ml of N,N-dimethylacetamide, and 13.3 g (11.5
mmol) of Pd(PPh,), were charged, and the contents were
stirred at 90° C. for 12 h under heating in a nitrogen atmo-
sphere and then stirred at 160° C. for 8 h under heating.
[0321] After the reaction, the reaction solution was cooled
to room temperature, added with 1 L of toluene and 1 L of
water, and shaken well in a separatory funnel. The toluene
phase was recovered and the water phase was extracted with
several portions of toluene. The combined toluene solution
was washed with several portions of water, dried over anhy-
drous magnesium sulfate, passed through a silica gel short
column, and concentrated. The obtained concentrate was
recrystallized from 200 ml of hexane, to obtain a pale yellow-
ish solid.

[0322] The identification was done by *H-NMR. The yield
was 54.4 g and the percent yield was 56%.

(2) Synthesis of Compound (37-b)
[0323]

N N
Q=00
o PANO, -
0

Br
(0]
(37-a) (37-bj

[0324] Into a three-necked flask, 52.6 g (310 mmol) of
Compound (37-a), 155 ml of nitrobenzene, and 19.1 ml (372
mmol) of bromine were charged, and the contents were
stirred at 140° C. for 12 h under stirring in the atmosphere.

[0325] After the reaction, the temperature was lowered to
room temperature. An aqueous solution of sodium thiosulfate
was added to the reaction solution under cooling in an iced
water bath to deactivate the remaining bromine. Then, an
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aqueous solution of sodium hydroxide was added so as to
adjust pH of the resultant solution to 10. The resultant solu-
tion was extracted with several portions of toluene in a sepa-
ratory funnel. The extract was dried over anhydrous magne-
sium sulfate, filtered, and concentrated. The concentrate was
purified by silica gel chromatography (dichloromethane:
ethyl acetate=8:2). The purified product was dispersed in
hexane for washing, separated by filtration, and vacuum-
dried (at 40° C. for 6 h) to obtain a pale yellowish solid.

[0326] The identification was done by 'H-NMR. The yield
was 32.1 g and the percent yield was 42%.

[0327] (3) Synthesis of Compound (37-c)
0] 0O
Br
N, >B—B<
/ N ) 0
_— KOAc
0 PdCLy(dppf)
(37) DMSO
¢}
B
N 0
/ A\
o —
O
(37-c)
[0328] Into a three-necked flask, 18.0 g (72.6 mmol) of

Compound (37-b), 27.6 g (108.9 mmol) of bispinacolate
diboron, 21.4 g (217.8 mmol) of potassium acetate, 2.96 g
(3.63 mmol) of PACL,(dpp{), and 150 ml of dimethylsulfox-
ide were charged, and the contents were stirred at 80° C. for
16 h in a nitrogen atmosphere.

[0329] After the reaction, the reaction solution was filtered
through celite, added with 300 ml of water, and extracted with
several portions of toluene in a separatory funnel. The extract
was dried over anhydrous magnesium sulfate, filtered, and
concentrated. The concentrate was purified by silica gel chro-
matography (hexane:ethyl acetate=1:5) and recrystallized
from hexane, to obtain a white solid.

0330] Theyield was 4.20 g and the percent yield was 20%.
[0330] y g p y

(4) Synthesis of Compound (37-d)

[0331]

0 0
\ /
AN
Br
B 0 0
KOAc
PdCly(dppf)

Lo DMSO
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-continued
O/Q
O\B B\O
7}0
(37-d)

[0332] Into a three-necked flask, 6.00 g (19.2 mmol) of
Compound (1-e), 14.6 g (57.6 mmol) of bispinacolate dibo-
ron, 12.2 g (124.8 mmol) of potassium acetate, 1.57 g (1.92
mmol) of PAC,(dppf), and 100 ml of dimethylsulfoxide were
charged, and the contents were stirred at 80° C. for 16 hina
nitrogen atmosphere.

[0333] After the reaction, the reaction solution was filtered
through celite, added with 100 ml of water, and extracted with
several portions of dichloromethane in a separatory funnel.
The extract was dried over anhydrous magnesium sulfate,
filtered, and concentrated. The concentrate was purified by
silica gel chromatography (hexane:ethyl acetate=20:1) and
recrystallized from hexane, to obtain a while solid.

[0334] Theyield was 5.44 g and the percent yield was 70%.

(5) Synthesis of Compound (37-¢)

[0335]

g ?JQ .
O B B ~0 I Br
[ Pd(PPhy)s
0 IM NayCOs3 ag

DME
O ‘ Br
(37-¢)

(37-d)

[0336] Into a three-necked flask, 5.40 g (13.3 mmol) of
Compound (37-d), 11.3 g (39.9 mmol) of 3-bromoiodoben-
zene, 40 ml of a 2 M aqueous solution of sodium carbonate,
80 ml of 1,2-dimethoxyethane, 1.54 g (1.33 mmol) of
Pd(PPh;), were charged, and the contents were refluxed for
12 h in a nitrogen atmosphere.

[0337] After the reaction, the reaction solution was
extracted with several portions of dichloromethane in a sepa-
ratory funnel. The extract was dried over anhydrous magne-
sium sulfate, filtered, and concentrated. The concentrate was
purified by silica gel chromatography (hexane:dichlo-
romethane=20:1), to obtain a white solid.

[0338]

B

&

The yield was 4.90 g and the percent yield was 79%.
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(6) Synthesis of Compound (37)
[0339]
Br:
Br
(6]
N By (37-¢)
/ A\ Pd(PPhy),
2M NayCO3 aq
— DME

(37-¢)

[0340] Into a three-necked flask, 4.10 g (13.9 mmol) of _continued

Compound (37-c), 2.58 g (5.56 mmol) of Compound (37-¢), Br
20 ml of a 2 M aqueous solution of sodium carbonate, 40 ml

of 1,2-dimethoxyethane, and 1.61 g (1.39 mmol) of

Pd(PPh;), were charged, and the contents were refluxed for

12 h in a nitrogen atmosphere. Br

[0341] After the reaction, the reaction solution was added

with 100 ml of methanol and ultrasonically washed for 10 0

min. The precipitate was separated by filtration and washed (16-a)

with methanol, water, and then hexane. The washed precipi-

tate was dried and dispersed in ethyl acetate for washing. The

obtained solid was recrystallized from toluene, to obtain a

white solid. The identification was based on the molecular

weight measurement by FD/MS, which showed m/e=640 for

the molecular weight of 640. The yield was 2.46 g and the

percent yield was 69%. [0343] Into a three-necked flask, 10.0 g (26.8 mmol) of

. 2-bromo-8-iododibenzofuran, 6.46 g (32.2 mmol) of 3-bro-

Synthesis Example 5 o )
mophenylboronic acid, S0 ml of a 2 M aqueous solution of
Synthesis of Compound (16) sodium carbonate, 100 ml of 1,2-dimethoxyethane, and 1.55
¢ (1.34 mmol) of Pd(PPh,), were charged, and the contents

(1) Synthesis of Compound (16-a) were refluxed for 10 h in a nitrogen atmosphere.

[0342]
Br [0344] After the reaction, the reaction solution was

extracted with several portions of dichloromethane in a sepa-

1 O (HO)B Br ratory funnel. The extract was dried over anhydrous magne-
Pd(PPh .
(PPhy)s sium sulfate, filtered, and concentrated. The concentrate was

2M Na,CO3 aq
o DME purified by silica gel chromatography (hexane:dichlo-

romethane=50:1), to obtain a white solid.
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[0345] Theyield was 2.30 g and the percent yield was 21%.
(2) Synthesis of Compound (16)
[0346]
Br
O
(HO),B (16-2)
Pd(PPhy),
o IM Na,COj aq
DME

(1-d)

QOQO

QQ

O

16)

[0347] Into a three-necked flask, 3.96 g (13.7 mmol) of
Compound (1-d), 2.30 g (5.72 mmol) of Compound (16-a),
20 ml of a 2 M aqueous solution of sodium carbonate, 40 ml
of 1,2-dimethoxyethane, and 0.661 g (0.572 mmol) of
Pd(PPh,), were charged, and the contents were refluxed for
12 h in a nitrogen atmosphere.

[0348] After the reaction, the reaction solution was added
with 100 ml of methanol and ultrasonically washed for 10
min. The precipitate was separated by filtration and washed
with methanol, water, and then hexane. The washed precipi-
tate was dried and purified by silica gel chromatography
(hexane:dichloromethane=5:1), to obtain a white solid. The
identification was based on the molecular weight measure-
ment by FD/MS, which showed m/e=728 for the molecular
weight of 728. The yield was 2.31 g and the percent yield was
55%.

Synthesis Example 6
Synthesis of Compound (291)

(1) Synthesis of Compound (291-a)
[0349]

Br
O Bry Br
—_—
CH,Ch O
0 o

(291-a)

[0350] Into a three-necked flask, 168.1 g (1000 mmol) of
dibenzofuran and 1600 ml of dichloromethane were charged,
and the reaction vessel was cooled to 0° C. in a nitrogen
atmosphere. After adding 125 ml of a dichloromethane solu-
tion of 255.8 g of bromine dropwise into the reaction vessel
over 40 min, the contents were stirred at room temperature for
12 h. After the reaction, the reaction vessel was cooled to 0°
C. and then 500 ml of water and 100 ml of a 20% aqueous
solution of NaHSO, were added. The resultant solution was
extracted with several portions of dichloromethane in a sepa-
ratory funnel. The extract was washed with 300 ml ofa 1 N
aqueous solution of sodium hydroxide, dried over anhydrous
magnesium sulfate, filtered, and concentrated. The concen-
trate was dispersed in hexane for washing, to obtain a white
solid.

[0351] Theyield was 212 g and the percent yield was 65%.
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(2) Synthesis of Compound (291)

[0352]
Br

o
(HO),B O Bl »
Pd(PPhy)y

2M NayCOs aq
DME

0
(1-d)

OOO S¥e

O O Q
O
(291)
[0353] Into a three-necked flask, 10.6 g (36.8 mmol) of —continued

Compound (1-d), 5.00 g (15.3 mmol) of Compound (291-a),
55 mlofa 2 M aqueous solution of sodium carbonate, 110 ml
of 1,2-dimethoxyethane, and 1.77 g (1.53 mmol) of
Pd(PPh;), were charged, and the contents were refluxed for
12 h in a nitrogen atmosphere.

[0354] After the reaction, the reaction solution was added
with 100 ml of methanol and ultrasonically washed for 10
min. The precipitate was separated by filtration and washed
with methanol, water, and then hexane. The washed precipi-
tate was dried and dispersed in ethyl acetate for washing, to
obtain a white solid. The identification was based on the

molecular weight measurement by FD/MS, which showed =
m/e=652 for the molecular weight of 652. The yield was 5.75 [0356] Into a three-necked flask, 5.75 g (19.5 mmol) of

(300-a)

g and the percent yield was 58%. Compound (37-¢), 8.26 g (29.2 mmol) of 3-bromoiodoben-
) zene, 30 ml of a 2 M aqueous solution of sodium carbonate,
Synthesis Example 7
60 ml of 1,2-dimethoxyethane, and 2.25 g (1.95 mmol) of
Synthesis of Compound (300) Pd(PPh,), were charged, and the contents were refluxed for 8

hi it t here.
(1) Synthesis of Compound (300-a) 1l 8 rirogen atmosphere

[0355]
[0357] After the reaction, the reaction solution was
extracted with several portions of ethyl acetate in a separatory

(0]
funnel. The extract was dried over anhydrous magnesium
0 1 Br sultate, filtered, and concentrated. The concentrate was puri-
N ~ Ifate, filtered, and d. Thy puri
/ N 71\2’?\;1)}215)4 fied by silica gel chromatography (hexane:dichlo-
2 2 aq
e DIf/IE ’ romethane=25:1 to 2:1), to obtain a white solid.

(37-c)
[0358] Theyield was 5.62 g and the percent yield was 89%.
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(2) Synthesis of Compound (300-b)

i(}\ /O:é
Br B—B

/ \

o] 0]

[0359]

(

(300-2)

99

KOAc

PdCl,(dppf)
DMSO

N () B(ié
[ Q ’

(0]

(300-b)

(300-b)

Jul. 3,2014

[0360] Into a three-necked flask, 5.62 g (17.3 mmol) of
Compound (300-a), 6.60 g (26.0 mmol) of bispinacolate
diboron, 5.09 g (51.9 mmol) of potassium acetate, 1.41 g
(1.73 mmol) of PdC1,(dpp?), and 40 ml of dimethylsulfoxide,
and the contents were stirred at 120° C. for 16 h in a nitrogen
atmosphere.

[0361] After the reaction, the reaction solution was filtered
through celite and added with 300 ml of water. The resultant
solution was extracted with several portions of ethyl acetate in
a separatory funnel. The extract was dried over anhydrous
magnesium sulfate, filtered, and concentrated. The concen-
trate was purified by silica gel chromatography (hexane:ethyl
acetate=20:1to 5:1 to 2:1) and recrystallized from hexane, to
obtain a white solid.

[0362] Theyield was 3.84 g and the percent yield was 60%.

(3) Synthesis of Compound (300)

[0363]

Br
O
B/ O g
\O (291-a)
Pd(PPhs)y
2M N2,CO;3 aq
DME
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[0364] Into a three-necked flask, 3.80 g (10.2 mmol) of
Compound (300-b), 1.39 g (4.25 mmol) of Compound (291-
a), 15 ml of a 2 M aqueous solution of sodium carbonate, 30
ml of 1,2-dimethoxyethane, and 0.368 g (0.425 mmol) of
Pd(PPh,), were charged, and the contents were refluxed for
12 h in a nitrogen atmosphere.

[0365] After the reaction, the reaction solution was added
with 100 ml of methanol and ultrasonically washed for 10
min. The precipitate was separated by filtration and washed
with methanol, water, and then hexane. The washed precipi-
tate was dried, dispersed in ethyl acetate for washing, and
recrystallized from toluene, to obtain a white solid. The iden-
tification was based on the molecular weight measurement by
FD/MS, which showed m/e=654 for the molecular weight of
654. The yield was 1.50 g and the percent yield was 54%.

Example 1

[0366] A glass substrate having an ITO electrode line with
a thickness of 130 nm (manufactured by Geomatec Com-
pany) was cleaned by ultrasonic cleaning in isopropyl alechol
for 5 min and then UV ozone cleaning for 30 min.

[0367] The cleaned glass substrate with the ITO electrode
line was mounted on the substrate holder of a vacuum depo-
sition apparatus. The compound (HI1) was vapor-deposited
by resistance heating into a thickness of 20 nm so as to cover
the ITO electrode line, and then, the compound (HT1) was
vapor-deposited by resistance heating into a thickness of 60
nm, thereby successively forming thin films. The film-form-
ing rate was 1 A/s. These thin films work as a hole injecting
layer and a hole transporting layer, respectively.

[0368] On the hole injecting/transporting layer, the com-
pound (1) and the compound (BD1) were co-deposited by
resistance heating to form a thin film with a thickness of 50
nm. The deposited amount of the compound (BD1) was 20%
by mass of the total mass of the compound (1) and the com-
pound (BD1). The film-forming rates were 1.2 A/s and 0.3
A/s, respectively. The obtained thin film works as a phospho-
rescent emitting layer.

[0369] Next, on the phosphorescent emitting layer, the
compound (H1) was vapor-deposited by resistance heating to
form a thin film with a thickness of 10 nm. The film-forming
rate was 1.2 A/s. The obtained thin film works as a blocking
layer.

[0370] Next, on the blocking layer, the compound (ET1)
was vapor-deposited by resistance heating to form a thin film
with a thickness of 10 nm. The film-forming rate was 1 A/s.
The obtained thin film works as an electron injecting layer.
[0371] Next, LiF was vapor-deposited on the electron
injecting layer to form a LiF film with a thickness of 1.0 nm
at a film-forming rate of 0.1 A/s.

[0372] Then, metallic Al was vapor-deposited on the LiF
film at a film-forming rate of 8.0 A/s to form a metallic
cathode with a thickness of 80 nm, thereby obtaining an
organic EL device.

[0373] The organic EL devices obtained above were evalu-
ated as follows.

(1) External Quantum Efficiency (%)

[0374] The external quantum efficiency at a luminance of
1000 cd/m* was measured by a spectroradiometer (CS-1000
manufactured by Minolta) at 23° C. in a dry nitrogen gas
atmosphere.

Jul. 3,2014

(2) Half Lifetime (h)

[0375] The time taken until the initial luminance (1000
cd/m?) was reduced by half was measured while continuously
passing direct current.

(3) Voltage (V)

[0376] Using Keithly 236 Source Measure Unit, a voltage
was applied to a device which was electrically wired, to cause
light emission at 23° C. ina dry nitrogen gas atmosphere. The
voltage applied to the device was determined by subtracting
the voltage applied to the wiring resistance other than the
device. The voltage at a luminance of 100 cd/m® was also
read, while measuring the luminance using a luminance meter
(spectroradiometer CS-1000 manufactured by Minolta)
simultaneously with the measurement of the applied voltage.

Examples 2 to 5 and Comparative Examples 1

[0377] Each organic EL device was produced in the same
manner as in Example 1 except for forming the light emitting
layer by using the compound listed in Table 1 in place of the
compound (1).

TABLE 1
External Half
Light emitting Voltage quantum lifetime
layer W) efficiency (%) (h)
Examples
1 compound (1) 4.9 15.8 3,200
2 compound (2) 4.7 13.9 3,000
3 compound (4) 4.8 14.9 3,000
4 compound (16) 44 15.5 3,500
5 compound (291) 4.3 15.0 3,600
Comparative
Example
1 compound (H2) 5.5 16.2 600

Examples 6-7 and Comparative Examples 2-3

[0378] Each organic EL device was produced in the same
manner as in Example 1 except for forming the phosphores-
cent emitting layer by using the compound (H1) in place of
the compound (1) and forming the hole blocking layer by
using the compound listed in Table 2 in place of the com-
pound (HI).

TABLE 2
External Half
Voltage quantum lifetime
Blocking layer (V) efficiency (%) ()

Examples

6 compound (37) 4.8 14.7 4,800

7 compound (300) 4.8 16.5 5,500

Comparative

Examples

2 compound (H2) 6.0 16.7 2,300

3 compound (H3) 4.8 16.4 2,500
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Compound (HI1)
b C;N
Compound (HT1) Compound (H1)

- |
8 Qo0

U

Compound (H2) Compound (H3)
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-continued
Compound (BD1) Compound (ET1)
N _/ N.
s, N
/‘Ir N/

[0379] Thetriplet energies of the materials for organic elec-
troluminescence device of the invention are shown in Table 3.
The triplet energy referred to herein was determined as fol-
lows. A sample was dissolved in EPA solvent (diethyl ether:
isopentane:ethanol=5:5:2 (by volume)) in a concentration of
10 pmmol/L to prepare a specimen for phosphorescence mea-
surement. The specimen for phosphorescence measurement
was placed in a quartz cell and irradiated with excitation ray
at 77 K, and the emitted phosphorescence was measured.
Using the wavelength of the rising portion at the short-wave-
length side, the triplet energy was determined as the value
calculated from the following conversion formula:

ET(eV)=1239.85/) 5,

wherein A_,__ is determined as follows.

[0380] On the phosphorescence spectrum with a vertical
axis of phosphorescent intensity and a horizontal axis of
wavelength, a line tangent to the rising portion at the short-
wavelength side of the phosphorescent spectrum was drawn,
and the wavelength (nm) at the intersection ofthe tangent line
and the horizontal axis was expressed by “A, ... In the fol-
lowing examples, the phosphorescence spectrum was mea-
sured by a commercially available apparatus, F-4500 manu-

factured by Hitachi, Ltd.

[0381] The glass transition point was determined by heat-
ing and cooling about 3 mg of sample according to the fol-
lowing 2-cycle heating/cooling process (1) to (6) using DSC
8500 manufactured by Perkin Flmer Inc. and reading the
temperature of the inflection point where the base line of DSC
curve in the temperature-rising step (6) changed stepwise,
thereby determining the glass transition point:

edge

(1) keeping the sample at 30° C. for one minute;

(2) heating the sample from 30° C. to a given temperature
lower than the thermal decomposition temperature of the
sample at a temperature rising speed of 10° C./min;

(3) keeping the sample at the given temperature for 3 min;

(4) cooling the sample from the given temperature to 0° C. at
a cooling speed of 200° C./min;

(5) keeping the sample at 0° C. for 10 min; and

(6) heating the sample from 0° C. to 200° C. at a temperature
rising speed of 10° C./min.

TABLE 3
Triplet energy Glass transition point
(V) ¢c)
Compound (1) 292 95
Compound (2) 292 103
Compound (4) 291 100
Compound {16) 2.96 117
Compound (37) 291 104
Compound (291) 294 109
Compound (300) 295 125
Compound (H2) 292 75
Compound (H3) 3.03 70
Compound (BD1) 2.64 —

[0382] The results of Tables 1 and 2 show that the organic
EL devices employing the compound or the material for
organic electroluminescence device of the invention have
long lifetimes and are capable of driving at lower voltage as
compared with the devices employing the comparative com-
pounds.

[0383] Itcanbealso seen that the lifetime of the organic EL
device employing the compound or the material for organic
EL device of the invention is prolonged, because the com-
pound and the material for organic EL device have a high
glass transition point, and therefore, are excellent in heat
resistance.

INDUSTRIAL APPLICABILITY

[0384] The material for organic EL device is useful for the
production of an organic EL device having long lifetime and
high emission efficiency and capable of driving at low voltage
which is required for reducing power consumption.

REFERENCE NUMERALS
[0385] 1: Organic electroluminescence device
[0386] 2: Substrate
[0387] 3: Anode
[0388] 4: Cathode
[0389] 5: Phosphorescent light emitting layer
[0390] 6: Hole injecting/transporting layer
[0391] 7: Electron injecting/transporting layer
[0392] 10: Organic thin film layers
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1. A compound represented by formula (1-1) or formula

(1-2):

1-1)

Ao Ay
/

A]]

\ %

| Ring A Rlng A B
A7\ Bz B4 A/ 15

wherein in formula (1-1):

X, represents an oxygen atom, a sulfur atom, or
—NR)—

X, represents an oxygen atom, a sulfur atom, or
—NRz)—

each of A, to A independently represents —C(R ,)— or

each of A, to A4 independently represents —C(R;)— or

each of B, to By independently represents —C(R)}— or

each of m and nindependently represents an integer of 1 to
3

L represents an oxygen atom, a sulfur atom, —N(R)—,
—Si(R,)(R,)— or a linker represented by any one of
formulae (2-1), (3-1), (4-1), (5-1), and (6-1):

2-1)

G
o X,
)\
Cy
(3-1)
Cia Cs
/
< g
\ T~
C]o:c CS;C7
4-1)
3 C
77 N
<\ [ e
1 7
Cis=c; cF s
(5-1)
Car
Cyn “Cy
| |
Cn__zCn
C
28 21
V4 N
Cy \ / \Isz
- h
Casz 0,7 Cn
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-continued
6-1)
R R
Cai Cay
V4 \
Cq \ / \C35
- ~
Coo=cyg o Ci6

wherein in formulae (2-1), (3-1), (4-1), (5-1), and (6-1):

each of C, to C, and C,, to C,; independently represents
=CR)—;

each of C, to Cq, C 5 to Cy, C,, to C,y, and Cy, to Cyy
independently represents —C(R)—;

each of Cy to C,,, C;, t0 Cyg, Cys t0 Cog, and Cya to C
independently represents —C(R,)—;

provided that when m=n=1 and both of X | and X, represent
oxygen atoms, L, does not represent the formula (2-1);

when m=n=1 and both of X | and X, represent sulfur atoms,
L does not represent the formula (2-1); and

when m=n=1 or m=n=2, X, and X, are not both nitrogen
atoms;

R represents a hydrogen atom, a deuterium atom, or R;

each of R, and R, independently represents a hydrogen
atom, a deuterium atom or R, or R and R, are bonded
to each other to represent a divalent group represented
by 7(CR3R4)}775

R, represents a hydrogen atom, a deuterium atom, R -, ora
single bond bonded to ring A;

R represents a hydrogen atom, a deuterium atom, R, ora
single bond bonded to ring B;

R independently represents a substituted or unsubstituted
aryl group having 6 to 30 ring carbon atoms, a substi-
tuted or unsubstituted heteroaryl group having 5 to 30
ring atoms, a substituted or unsubstituted alkyl group
having 1 to 30 carbon atom, a substituted or unsubsti-
tuted fluoroalkyl group having 1 to 30 carbon atoms, a
substituted or unsubstituted cycloalkyl group having 3 to
30 ring carbon atoms, a silyl group substituted with a
substituted or unsubstituted alkyl group having 1 to 30
carbon atoms and/or an unsubstituted aryl group having
6 to 30 ring carbon atoms, an unsubstituted silyl group,
a cyano group, a substituted or unsubstituted alkoxy
group having 1 to 30 carbon atoms, a substituted or
unsubstituted aryloxy group having 6 to 30 ring carbon
atoms, a substituted or unsubstituted aralkyl group hav-
ing 7 to 30 carbon atoms, a hydroxyl group, a nitro
group, an amino group substituted with a substituted or
unsubstituted alkyl group having 1 to 30 carbon atoms
and/or an unsubstituted aryl group having 6 to 30 ring
carbon atoms, an unsubstituted amino group, a carboxyl
group, or —P(—=O)R,R;

each of R, and R, independently represents a hydrogen
atom, a deuterium atom, a substituted or unsubstituted
aryl group having 6 to 30 ring carbon atoms, a substi-
tuted or unsubstituted heteroaryl group having 5 to 30
ring atoms, a substituted or unsubstituted alkyl group
having 1 to 30 carbon atoms, or a substituted or unsub-
stituted fluoroalkyl group having 1 to 30 carbon atoms;
and

p represents an integer of 5 to 8;
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o
e

wherein in formula (1-2):

X, represents an oxygen atom, a sulfur atom, or

—NRY)—

X, represents an oxygen atom, a sulfur atom, or
—NRz)—

each of A, to A; independently represents —C(R ,)— or

each of A, to A, ; independently represents —C(R)— or

at least one of A, to A, represents —N—;

each of B, to B, independently represents —C(R)— or

each of m and nindependently represents an integer of 1 to
3

L represents an oxygen atom, a sulfur atom, —N(R)}—,

—Si(R,)(R,)—, or a linker represented by any one of
formulae (2-2), (3-2), (4-2). (5-2), and (6-2):

(2-2)
G
o e,
)\
C
(3-2)
C
12 s
V4 N
h |
- o
Croz( =5
(4-2)
Cao Cy
7 N
Co \ Cu
1 o
Cig=( Clé’/’cls
(5-2)
Car
Cyn “Cy
| |
Cn__zCn
C
28 21
V4 N
Cy \ / \Isz
- h
Casz 0,7 Cn
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6-2)
R R
Cy1 Cay
Vi N
Cp / \lcas
/‘\ e~
C39=C38 C;?C“

wherein in formulae (2-2), (3-2), (4-2), (5-2), and (6-2):
each of C, to C, and C,, to Cs; independently represents
—C(R)—or—N—;

each of Cs to Cq, C 5 to Cj¢, C,; to C,y, and Cyy to Cyy
independently represents —C(R;)— or —N—; and

each of Cg to C5, Cy5 t0 Cyp, Cys to Cug, and Cyg to Cy
independently represents —C(R,)— or —N—;

R represents a hydrogen atom, a deuterium atom, or R ;

each of R, and R, independently represents a hydrogen
atom, a deuterium atom or R, or R, and R, are bonded
to each other to represent a divalent group represented
by —(CR3R,),—:

R, represents a hydrogen atom, a deuterium atom, R, ora
single bond bonded to ring A;

R represents a hydrogen atom, a deuterium atom, R, ora
single bond bonded to ring B;

R independently represents, a substituted or unsubstituted
aryl group having 6 to 30 ring carbon atoms, a substi-
tuted or unsubstituted heteroaryl group having 5 to 30
ring atoms, a substituted or unsubstituted alkyl group
having 1 to 30 carbon atoms, a substituted or unsubsti-
tuted fluoroalkyl group having 1 to 30 carbon atoms, a
substituted or unsubstituted cycloalkyl group having 3 to
30 ring carbon atoms, a silyl group substituted with a
substituted or unsubstituted alkyl group having 1 to 30
carbon atoms and/or an unsubstituted aryl group having
6 to 30 ring carbon atoms, an unsubstituted silyl group,
a cyano group, a substituted or unsubstituted alkoxy
group having 1 to 30 carbon atoms, a substituted or
unsubstituted aryloxy group having 6 to 30 ring carbon
atoms, a substituted or unsubstituted aralkyl group hav-
ing 7 to 30 carbon atoms, a hydroxyl group, a nitro
group, an amino group substituted with a substituted or
unsubstituted alkyl group having 1 to 30 carbon atoms
and/or an unsubstituted aryl group having 6 to 30 ring
carbon atoms, an unsubstituted amino group, a carboxyl
group, or —P(—O)R,R,;

each of R, and R, independently represents a hydrogen
atom, a deuterium atom, a substituted or unsubstituted
aryl group having 6 to 30 ring carbon atoms, a substi-
tuted or unsubstituted heteroaryl group having 5 to 30
ring atoms, a substituted or unsubstituted alkyl group
having 1 to 30 carbon atoms, or a substituted or unsub-
stituted fluoroalkyl group having 1 to 30 carbon atoms;
and

p represents an integer of 5 to 8.

2. The compound according to claim 1, wherein each of R,
R, R,, R,, and Ry independently represents a hydrogen
atom, a deuterium atom, a single bond, a substituted or unsub-
stituted alkyl group having 1 to 5 carbon atoms, a substituted
or unsubstituted aryl group having 6 to 18 ring carbon atoms,
a substituted or unsubstituted heteroaryl group having 5 to 18
ring atoms, or —P(—O)(R;)(R,).

3. The compound according to claim 1, wherein at least one
ofmandnis2or3.
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4. The compound according to claim 1, wherein the com-
pound is represented by formula (7):

K_T h
Ring A Ring B
By / B, B / Bg

wherein X |, X,, A; t0 A, B, t0 Bg, L, m, and n are the same
as defined with respect to Xl, X,,A t0A , B, to Bg, L. m,
and n of the formula (1-1), or Xl, Xz, A, to A16, B, to BS, L,
m, and n of the formula (1-2).

5. The compound according to claim 1, wherein the com-
pound is represented by formula (8):

@

®)
X, X

A Ag A A
AZ// l \ / \\A7 Al/{ 9 \ / \\/AIS
\

= = =A
Ay A& B ot :

wherein X,, X,, A, t0 A, A_to A A, t10A B t0B,L,
m, and n are the same as deﬁned with respect 0 X, X 2 A to
AS,A7 0A 5, A,10A B toBg, L, m,and n of the fonnula
(1'1)5 0rX1> Xza Al fo AS; A7 fo A10> Alz fo A16> Bl to BS> L:
m, and n of the formula (1-2).

6. The compound according to claim 1, wherein the com-
pound is represented by formula (9):

©

wherein A, to A;, A, to A, A, 10 A, B, to B, L, m,andn
are the same as defined with respectto A, to A5, A, t0 A, A,
t0 A, B, to Bg, L, m, and n of the formula (1-1), or A, to A,
A t0 A, A,10A, B, to Bg, L, m, and n of the formula

(1-2).
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7. The compound according to claim 1, wherein the com-
pound is represented by formula (10):

(10)

A
3 Pt}
7 A AT
| [
A A
2

As Az
7\ N B, L Bs N
Ag x RS /All
\A7;A8 Ring A Ring B AQQAIO
By B4 Bs, 2B

B3 n B7 n

wherein A to A, B, to Bg, L, m, and n are the same as
defined with respect to A, to A, 4. B, to B, L, m, and n of the
formula (1-1), or A, to A4, B, to Bg, L, m, and n of the
formula (1-2).

8. The compound according to claim 1, wherein the com-
pound has a molecular weight of 1000 or less.

9. The compound according to claim 1, wherein the com-
pound has a triplet energy of 2.90 eV or more.

10. A material suitable for an organic electroluminescence
device, comprising the compound according to claim 1.

11. An organic electroluminescence device comprising at
least one organic thin film layer between a cathode and an
anode, wherein the at least one organic thin film layer com-
prises a light emitting layer and at least one layer of the at least
one organic thin film layer comprises the material suitable for
an organic electroluminescence device according to claim 10.

12. The organic electroluminescence device according to
claim 11, wherein the light emitting layer comprises the mate-
rial suitable for an organic electroluminescence device.

13. The organic electroluminescence device according to
claim 12, wherein the light emitting layer comprises the mate-
rial suitable for an organic electroluminescence device as a
host material.
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14. The organic electroluminescence device according to
claim 11, wherein an electron transporting layer is disposed
between the light emitting layer and the cathode, and a hole
blocking layer comprising the material suitable for an organic
electroluminescence device is disposed between the light
emitting layer and the electron transporting layer.

15. The organic electroluminescence device according to
claim 11, wherein a hole transporting layer is disposed
between the light emitting layer and the anode, and an elec-
tron blocking layer comprising the material suitable for an
organic electroluminescence device is disposed between the
light emitting layer and the hole transporting layer.

16. The organic electroluminescence device according to
claim 11, wherein the light emitting layer comprises a phos-
phorescent material.

17. The organic electroluminescence device according to
claim 16, wherein the phosphorescent material is acompound
comprising a metal selected from the group consisting of
iridium (Ir), osmium (Os) and platinum (Pt).

18. The organic electroluminescence device according to
claim 17, wherein the compound comprising a metal is an
ortho-metallated complex.

19. The organic electroluminescence device according to
claim 11, wherein an interfacial region between the cathode
and the organic thin film layer comprises a reducing dopant.

20. The organic electroluminescence device according to
claim 11, wherein an electron injecting layer is disposed
between the light emitting layer and the cathode, and the
electron injecting layer comprises a nitrogen-comprising ring
derivative.

21. The organic electroluminescence device according to
claim 11, wherein a hole transporting layer is disposed
between the light emitting layer and the anode, and the hole
transporting layer comprises the material suitable for an
organic electroluminescence device.
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