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MATERIAL FOR ORGANIC
ELECTROLUMINESCENT ELEMENT AND
ORGANIC ELECTROLUMINESCENT
ELEMENT USING SAME

TECHNICAL FIELD

[0001] Theinvention relates to a novel compound suited for
a material for an organic electroluminescence device, and an
organic electroluminescence device using the same.

BACKGROUND ART

[0002] Organic electroluminescence (EL) devices are
divided into two types, i.e. a fluorescent type and a phospho-
rescent type. For each type, an optical device design has been
studied according to the emission mechanism. For the phos-
phorescent organic EL, device, it is known that due to its
emission properties, a high-performance device cannot be
obtained by simple application of the fluorescent device tech-
nique. The reason therefor is generally considered as follows.
[0003] The phosphorescent emission utilizes triplet exci-
tons and thus a compound used in an emitting layer has to
have a large energy gap, since the energy gap value (herein-
after also referred to as singlet energy) of a compound is
normally larger than the triplet energy value (referred to as the
difference in energy between the lowest excited triplet state
and the ground state in the invention) of the compound.
[0004] Therefore, in order to confine the triplet energy of a
phosphorescent dopant material in an emitting layer effi-
ciently, it is required that a host material having a larger triplet
energy than that of a phosphorescent dopant material be used
in the emitting layer. In addition, it is required that an elec-
tron-transporting layer and a hole-transporting layer be pro-
vided adjacent to the emitting layer, and compounds having a
triplet energy larger than that of the phosphorescent dopant
material be used in the electron-transporting layer and the
hole-transporting layer.

[0005] As seen above, designing an organic EL device
based on the traditional design concept leads to the use in the
phosphorescent organic EL device a compound having a
larger energy gap than that of a compound used in the fluo-
rescent organic EL device, thereby to increase the driving
voltage of the whole organic EL device.

[0006] In addition, ahydrocarbon-based compound having
a high oxidation resistance and a high reduction resistance,
which is useful for a fluorescent device, has a broad pi-
electron cloud, and hence a small energy gap. Thus, for the
phosphorescent organic EL device, such a hydrocarbon-
based compound is unlikely to be selected, but an organic
compound containing a hetero atom such as oxygen or nitro-
gen is rather selected. Consequently, the phosphorescent
organic EL device has a problem that it has a shorter life as
compared with the fluorescent organic EL device.

[0007] Further, the device performance is greatly affected
by the fact that the relaxation rate of triplet excitons of a
phosphorescent dopant material is very slower than that of
singlent excitons thereof. That is, the emission from singlet
excitons is expected to be efficient, since the rate of the
relaxation leading to the emission is so rapid that excitons are
unlikely to diffuse to the neighboring layers of an emitting
layer (hole-transporting layer or electron-transporting layer,
for example). On the other hand, since emission from triplet
excitons is spin-forbidden and has a slow relaxation rate, the
triplet excitons are likely to diffuse to the neighboring layers,
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so that the triplet excitons are thermally energy-deactivated
unless the phosphorescent dopant material is a specific phos-
phorescent compound. In short, in the phosphorescent
organic EL device, control of electrons and holes in the
recombination region is more important as compared with the
fluorescent organic EL device.

[0008] For the above reasons, enhancement of the perfor-
mance of a phosphorescent organic EL device requires mate-
rial selection and device design different from those of a
fluorescent organic EL device.

[0009] In addition, when a device has a structure in which
the pi-conjugated bond is cut in order to enhance the triplet
energy of a compound, the transporting property of carriers
tends to lower. That is, the pi-conjugated bond is required to
be extended for higher transporting property of carriers.
However, doing so causes a problem that the triplet energy is
lowered.

[0010] Under such conditions, Non-Patent Document 1
discloses the use of an N-fluorenyl carazole compound as a
material for an organic EL device, for example.

RELATED ART DOCUMENTS

Non-Patent Documents

[0011] Non-Patent Document 1: Organic Electronics 12
(2011), P. 785-793

SUMMARY OF THE INVENTION

[0012] The invention is aimed at providing a material
which can be used as a material for a blue phosphorescent
organic EL device and has high triplet energy.

[0013] According to the invention, the following com-
pounds, materials for an organic EL device and organic EL
devices are provided.

1. A compound represented by the following formula (1):

@

X5 Xia
X3 —
~ A
N Y
X2
X; o~
\
Xo //Xll
Xio

wherein X, to X, are independently a nitrogen atom, or a
carbon atom that R | is bonded to, provided that at least one of
X, to X, is a nitrogen atom;

[0014] R, represents a hydrogen atom, a substituted or
unsubstituted alkyl group including 1 to 20 carbon atoms, a
substituted or unsubstituted cycloalkyl group including 3 to
18 carbon atoms that form a ring (hereinafter referred to as the
“ring carbon atoms”), a substituted or unsubstituted alkoxy
group including 1 to 20 carbon atoms, a substituted or unsub-
stituted cycloalkoxy group including 3 to 18 ring carbon
atoms, a substituted or unsubstituted silyl group, or a fluoro
group, and when two or more R s are present in the formula
(1), R;s may be the same or different from each other;
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[0015] X, to X5 are independently a nitrogen atom, or a
carbon atom that R, is bonded to;

[0016] R, represents a hydrogen atom, a substituted or
unsubstituted alkyl group including 1 to 20 carbon atoms, a
substituted or unsubstituted cycloalkyl group including 3 to
18 ring carbon atoms, a substituted or unsubstituted alkoxy
group including 1 to 20 carbon atoms, a substituted or unsub-
stituted cycloalkoxy group including 3 to 18 ring carbon
atoms, a substituted or unsubstituted aryl group including 6 to
18 ring carbon atoms, a substituted or unsubstituted aryloxy
group including 6 to 18 ring carbon atoms, a substituted or
unsubstituted heteroaryl group including 5 to 18 atoms that
form a ring (hereinafter referred to as the “ring atoms™), a
substituted or unsubstituted amino group, a substituted or
unsubstituted silyl group, a fluoro group, or a cyano group,
and when two or more R ;s are present in the formula (1), R,s
may be the same or different from each other; and

[0017] A, and A, areindependently a substituted or unsub-
stituted alkyl group including 1 to 20 carbon atoms, a substi-
tuted or unsubstituted cycloalkyl group including 3 to 18 ring
carbon atoms, a substituted or unsubstituted alkoxy group
including 1 to 20 carbon atoms, a substituted or unsubstituted
cycloalkoxy group including 3 to 18 ring carbon atoms, a
substituted or unsubstituted aryl group including 6 to 18 ring
carbon atoms, a substituted or unsubstituted aryloxy group
including 6 to 18 ring carbon atoms, a substituted or unsub-
stituted heteroaryl group including 5 to 18 ring atoms, a
substituted or unsubstituted amino group, a substituted or
unsubstituted silyl group, a fluoro group, or a cyano group.
2. The compound according to 1, which is a compound rep-
resented by the following formula (2):

X __ X5 X4
=X X5 X
N Pk
\ b /XIG
X2 Xp N
Xs X1 Z
\ “Xis
Xoo ¢X11
X

wherein X, to X, A, and A, independently represent the
same as in the formula (1);

[0018] X, to X,; are independently a nitrogen atom, or a
carbon atom that R; is bonded to;

[0019] R, represents a hydrogen atom, a substituted or
unsubstituted alkyl group including 1 to 20 carbon atoms, a
substituted or unsubstituted cycloalkyl group including 3 to
18 ring carbon atoms, a substituted or unsubstituted alkoxy
group including 1 to 20 carbon atoms, a substituted or unsub-
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stituted cycloalkoxy group including 3 to 18 ring carbon
atoms, a substituted or unsubstituted aryl group including 6 to
18 ring carbon atoms, a substituted or unsubstituted aryloxy
group including 6 to 18 ring carbon atoms, a substituted or
unsubstituted heteroaryl group including 5 to 18 ring atoms,
a substituted or unsubstituted amino group, a substituted or
unsubstituted silyl group, a fluoro group, or a cyano group,
and when two or more R s are present in the formula (2), R5s
may be the same or different from each other;

[0020] Y represents an oxygen atom (O), a sulfur atom (S)
or NR,;
[0021] R, represents a substituted or unsubstituted alkyl

group including 1 to 20 carbon atoms, a substituted or unsub-
stituted cycloalkyl group including 3 to 18 ring carbon atoms,
a substituted or unsubstituted alkoxy group including 1 to 20
carbon atoms, a substituted or unsubstituted cycloalkoxy
group including 3 to 18 ring carbon atoms, a substituted or
unsubstituted aryl group including 6 to 18 ring carbon atoms,
asubstituted or unsubstituted aryloxy group including 6 to 18
ring carbon atoms, a substituted or unsubstituted heteroaryl
group including 5 to 18 ring atoms, a substituted or unsubsti-
tuted amino group, a substituted or unsubstituted silyl group,
a fluoro group, or a cyano group;

[0022] W represents a single bond, O, S, P(R;), P(=0)
(Re), N(R,), Si(Rg)(Ro) or C(R4)(Ry;); and

[0023] Rs to R;, independently represent a substituted or
unsubstituted alkyl group including 1 to 20 carbon atoms, a
substituted or unsubstituted cycloalkyl group including 3 to
18 ring carbon atoms, a substituted or unsubstituted alkoxy
group including 1 to 20 carbon atoms, a substituted or unsub-
stituted cycloalkoxy group including 3 to 18 ring carbon

)

atoms, a substituted or unsubstituted ary1 group including 6 to
18 ring carbon atoms, a substituted or unsubstituted aryloxy
group including 6 to 18 ring carbon atoms, a substituted or
unsubstituted heteroaryl group including 5 to 18 ring atoms,
a substituted or unsubstituted amino group, a substituted or
unsubstituted silyl group, a fluoro group, or a cyano group,
provided that one carbon atom selected from X, to X, is
bonded through a single bond to one carbon atom selected
from X4 to X, or a nitrogen atom when Y is NR,.
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3. The compound according to 2, which is a compound rep-
resented by the following formula (3):

A A

X

X3\X4 % Xis Xia
- X
> N 23
\ 7 Xis
X2 X7 N
; L
Xio
Xy yxu
X

wherein X, to X,;, A, A, andY independently represent the
same as in the formula (2).

4. The compound according to 2 or 3, which is a compound
represented by the following formula (4):

@

Xis Xia
Xi= ; =
=Xy X5’<N \ )
X2
Xs o~
\
Xo. 2X
X0

wherein X, t0 X,,, X, t0 X, X;gt0 X553, A, A, and Y
independently represent the same as in the formula (2).

5. The compound according to any one of 2 to 4, which is a
compound represented by the following formula (5):

)

Xis Xig X17 X16
X;= .
=Xy Xs’( 4
M\ / (
X2 X19=
x{ Y
A\
X, 2Xu
X0

wherein X, to X,,, X, 10 X, X510 X5, A, and A, inde-
pendently represent the same as in the formula (2); and

[0024] A, represents a substituted or unsubstituted alkyl
group including 1 to 20 carbon atoms, a substituted or unsub-
stituted cycloalkyl group including 3 to 18 ring carbon atoms,
a substituted or unsubstituted alkoxy group including 1 to 20
carbon atoms, a substituted or unsubstituted cycloalkoxy
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group including 3 to 18 ring carbon atoms, a substituted or
unsubstituted aryl group including 6 to 18 ring carbon atoms,

&)

asubstituted or unsubstituted aryloxy group including 6 to 18
ring carbon atoms, a substituted or unsubstituted heteroaryl
group including 5 to 18 ring atoms, a substituted or unsubsti-
tuted amino group, a substituted or unsubstituted silyl group,
a fluoro group, or a cyano group.

6. The compound according to 2 or 3, which is a compound
represented by the following formula (6):

(©)

Al A
Xn Xa
1 X7
X// \ / % X3 X0
2 13
x __ Xis X4
=K, Xs N
N \ /
X2 / \
Xg o~ X6 Xio
}}g\XéX“ X7 Xig

wherein X, to X,,, X, to X,;, A; and A, independently
represent the same as in the formula (2).

7. The compound according to any one of 1 to 6, wherein at
least one of X, to X, and X, is N.

8. A material for an organic electroluminescence device com-
prising the compound according to any one of 1 to 7.

9. An organic electroluminescence device comprising one or
more organic thin film layers including an emitting layer
between a cathode and an anode, wherein at least one layer of
the organic thin film layers comprises the material for an
organic electroluminescence device according to 8.

10. The organic electroluminescence device according to 9,
wherein the organic emitting layer comprises the material for
an organic electroluminescence device.

11. The organic electroluminescence device according to 9 or
10, wherein the organic emitting layer comprises a phospho-
rescent material, the phosphorescent material being an ortho-
metalated complex of ametal atom selected from iridium (Ir),
osmium (Os) and platinum (Pr).

12. The organic electroluminescence device according to any
one of 9 to 11, which comprises an electron-transporting
region between the cathode and the emitting layer, the elec-
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tron-transporting region comprising the material for an
organic electroluminescence device.

13. The electroluminescence device according to any one of 9
to 12, which comprises an electron-injecting layer between
the organic emitting layer and the cathode, the electron-in-
jecting layer comprising a nitrogen-containing ring deriva-
tive.

[0025] According to the invention, a compound having
high triplet energy and high carrier-transporting property can
be provided. The compound is suited for a material for an
organic EL device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] FIG. 1 is a schematic view showing the layer con-
struction according to one embodiment of the organic EL
device of the invention; and

[0027] FIG. 2 is a schematic view showing the layer con-
struction according to another embodiment of the organic EL
device of the invention.

MODE FOR CARRYING OUT THE INVENTION

[0028] Thecompound of theinvention is represented by the
following formula (1).

)

A A
X X7
V4
X; \ / X;
Xis X4
K= ¢<
s Xs N X3
/
X2
het ~
\
> X
Xo XN
~Xh

[0029] The compound represented by the formula (1) has a
structure in which an aza-fluorenyl group and a group having
a carbazole analogous skeleton are bonded at a specific posi-
tion. Although an aza-fluorenyl group has a high electron-
transporting property, its triplet energy (T1) is low. As a
result, when the group is used as a host in an emitting layer of
a blue phosphorescent device, the efficiency of the resulting
device is insufficient.

[0030] However, when the site corresponding to the 3th
position of the fluorene ring in the aza-fluorenyl group and the
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9" position of the carbazole analogous group are bonded to
each other as shown in the formula (1), the resulting com-
pound can have a high triplet energy while it maintains a high
carrier-transporting property.

[0031] In the formula (1), X, to X, are independently a
nitrogenatom, or a carbon atom that R is bonded to, provided
that at least one of X, to X, is a nitrogen atom.

[0032] R, represents a hydrogen atom, a substituted or
unsubstituted alkyl group including 1 to 20 carbon atoms, a
substituted or unsubstituted cycloalkyl group including 3 to
18 ring carbon atoms, a substituted or unsubstituted alkoxy
group including 1 to 20 carbon atoms, a substituted or unsub-
stituted cycloalkoxy group including 3 to 18 ring carbon
atoms, a substituted or unsubstituted silyl group, or a fluoro
group, and when two or more R s are present in the formula
(1), R;s may be the same or different from each other.
[0033] In the formula (1), R, bonded to the aza-fluorenyl
group is neither an aryl group nor a heteroaryl group. If the
aza-fluorenyl group has the substituents of these aromatic
rings, the compound represented by the formula (1) cannot
keep the triplet energy high due to the spread conjugated
system of the compound.

[0034] X, to X5 are independently a nitrogen atom, or a
carbon atom that R, is bonded to.

[0035] R, represents a hydrogen atom, a substituted or
unsubstituted alkyl group including 1 to 20 carbon atoms, a
substituted or unsubstituted cycloalkyl group including 3 to
18 ring carbon atoms, a substituted or unsubstituted alkoxy
group including 1 to 20 carbon atoms, a substituted or unsub-
stituted cycloalkoxy group including 3 to 18 ring carbon
atoms, a substituted or unsubstituted ary1 group including 6 to
18 ring carbon atoms, a substituted or unsubstituted aryloxy
group including 6 to 18 ring carbon atoms, a substituted or
unsubstituted heteroaryl group including 5 to 18 ring atoms,
a substituted or unsubstituted amino group, a substituted or
unsubstituted silyl group, a fluoro group, or a cyano group,
and when two or more R s are present in the formula (1), R,s
may be the same or different from each other.

[0036] A, and A, are independently a substituted or unsub-
stituted alkyl group including 1 to 20 carbon atoms, a substi-
tuted or unsubstituted cycloalkyl group including 3 to 18 ring
carbon atoms, a substituted or unsubstituted alkoxy group
including 1 to 20 carbon atoms, a substituted or unsubstituted
cycloalkoxy group including 3 to 18 ring carbon atoms, a
substituted or unsubstituted aryl group including 6 to 18 ring
carbon atoms, a substituted or unsubstituted aryloxy group
including 6 to 18 ring carbon atoms, a substituted or unsub-
stituted heteroaryl group including 5 to 18 ring atoms, a
substituted or unsubstituted amino group, a substituted or
unsubstituted silyl group, a fluoro group, or a cyano group.
[0037] Of the compounds of the formula (1), a compound
represented by the following formula (2) is preferable.

@
A A
X X7
V4
X; Xs
Xis Xu
K= 44
X4 Xs N X
\ s /Xls Y. Xzz\
X Xy N S X
X = I i
g Xlg\ Z 4};21
\ X7 w X2
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[0038] In the formula (2), X, to X5, A, and A, indepen-
dently represent the same as in the formula (1).

[0039] The compound of the formula (2) is a compound in
which one of X, to X, 5 in the formula (1) is bonded through
a single bond to the group in parenthesis.

[0040] X, to X,; are independently a nitrogen atom, or a
carbon atom that R is bonded to.

[0041] R, represents a hydrogen atom, a substituted or
unsubstituted alkyl group including 1 to 20 carbon atoms, a
substituted or unsubstituted cycloalkyl group including 3 to

18 ring carbon atoms, a substituted or unsubstituted alkoxy
group including 1 to 20 carbon atoms, a substituted or unsub-
stituted cycloalkoxy group including 3 to 18 ring carbon
atoms, a substituted or unsubstituted aryl group including 6 to
18 ring carbon atoms, a substituted or unsubstituted aryloxy
group including 6 to 18 ring carbon atoms, a substituted or
unsubstituted heteroaryl group including S to 18 ring atoms,
a substituted or unsubstituted amino group, a substituted or
unsubstituted silyl group, a fluoro group, or a cyano group,
and when two or more R ;s are present in the formula (2), R;s
may be the same or different from each other.

[0042] Y represents an oxygen atom (O), a sulfur atom (S)
or N(R,).
[0043] R, represents a substituted or unsubstituted alkyl

group including 1 to 20 carbon atoms, a substituted or unsub-
stituted cycloalkyl group including 3 to 18 ring carbon atoms,
a substituted or unsubstituted alkoxy group including 1 to 20
carbon atoms, a substituted or unsubstituted cycloalkoxy
group including 3 to 18 ring carbon atoms, a substituted or
unsubstituted aryl group including 6 to 18 ring carbon atoms,
asubstituted or unsubstituted aryloxy group including 6 to 18
ring carbon atoms, a substituted or unsubstituted heteroaryl
group including 5 to 18 ring atoms, a substituted or unsubsti-
tuted amino group, a substituted or unsubstituted silyl group,
a fluoro group, or a cyano group.

[0044] W represents a single bond, O, S, P(R,), P(—0)
(Re), N(R7), Si(Rg)(Ro) or C(Ry)(Ryy).

[0045] Rs to R, independently represent a substituted or
unsubstituted alkyl group including 1 to 20 carbon atoms, a
substituted or unsubstituted cycloalkyl group including 3 to
18 ring carbon atoms, a substituted or unsubstituted alkoxy
group including 1 to 20 carbon atoms, a substituted or unsub-
stituted cycloalkoxy group including 3 to 18 ring carbon
atoms, a substituted or unsubstituted aryl group including 6 to
18 ring carbon atoms, a substituted or unsubstituted aryloxy
group including 6 to 18 ring carbon atoms, a substituted or
unsubstituted heteroaryl group including 5 to 18 ring atoms,
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a substituted or unsubstituted amino group, a substituted or
unsubstituted silyl group, a fluoro group, or a cyano group.

[0046] In the formula (2), one carbon atom selected from
X, to X, is bonded through a single bond to one carbon
atom selected from X, ; to X, or a nitrogen atom when Y is
NR,. In the case, the nitrogen atom is not bonded to R, but to
a carbon atom selected from X, to X, .

[0047] Of the compounds of the formula (2), a compound
represented by the following formula (3) in which W is a
single bond is preferable.

Xis Xu
X3
N \ /,/' /Xls Y. Xzs\
X X N SXn
Xis, 7 22X
X X9 X0
Pl
X

wherein X, to X,3, A}, A, andY independently represent the
same as in the formula (2).

[0048] Further, a compound represented by the following
formula (4) is preferable.

@)
Al A

X1 X5

<\ / x

e . Xis Xi4 /X17 Xis
=Xy Xs A\ .
Y
T\ / (
X2 Xp= / X2
Xe o= /Xzz
\
§(9‘ X Xa0 X21
Xio

wherein X, to X5, X4 t0 X5, X;gt0 X535, A, Ay and Y
independently represent the same as in the formula (2).

[0049] Particularly, a compound represented by the follow-
ing formula (5) is preferable.

)

Xi= =
=Xy X5/<N \ p
X
xg S
1\
X
Xy, 7M1
X0
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wherein X, to X,,, X, 10 X,,, X510 X,;, A, and A, inde-
pendently represent the same as in the formula (2). A; repre-
sents the same as the above-mentioned R,.

[0050] In the formula (5), A, is preferably a substituted or
unsubstituted heteroaryl group including 5 to 18 ring atoms.
In particular, a group represented by the following formula is
preferable.

Al A
X X7
v 2
X; \ / Xs
— /
X3 =/ XS;X

wherein X, to X,, A, and A, independently represent the
same as in the formula (1). X represents the same as X to X.
At least one of X, to X, and X is a nitrogen atom, provided
that at least one of X, to X, and X is bonded through a single
bond to an N atom in the formula (5).

[0051] Also, acompound represented by the following for-
mula (6) is preferable.

(6)

N
N \ /
X2
7\
Xg o~ Xi6 X1
‘}}9\ AT Xi7=Xgs
X0

wherein X, to X,,, X, to X,5, A; and A, independently
represent the same as in the formula (2)

[0052] Intheformulas(1)to(6),atleastoneof X, to X, and
X 1s preferalbly N.

[0053] Examples of each group in the formulas (1) to (6)
will be explained bellow.

[0054] Inthe specification, the aryl group includes a mono-
cyclic aromatic hydrocarbon ring group and a fused aromatic
hydrocarbon ring group obtained by fusing plural hydrocar-
bon rings. The heteroaryl group includes a monocyclic hetero
aromatic ring group, and a hetero fused aromatic ring group
obtained by fusing plural hetero aromatic rings, and a hetero
fused aromatic ring group obtained by fusing an aromatic
hydrocarbon ring and a hetero aromatic ring.

[0055] The term “unsubstituted” in “substituted or unsub-
stituted” means the state substituted by a hydrogen atom. The
hydrogen atom in the material of the invention includes pro-
tium, deuterium and tritium.

[0056] Specific examples of the alkyl group including 1 to
20 carbon atoms include a methyl group, an ethyl group, a
propyl group, an isopropyl group, an n-butyl group, an s-butyl
group, an isobutyl group, a tert-butyl group, an n-pentyl
group, an n-hexyl group, an n-heptyl group, an n-octyl group,
an n-nonyl group, an n-decyl group, an n-undecyl group, an
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n-dodecyl group, an n-tridecyl group, an n-tetradecyl group,
an n-pentadecyl group, an n-hexadecyl group, an n-heptade-
cyl group, an n-octadecyl group, a neopentyl group, a 1-me-
thylpentyl group, a 2-methypentyl group, a 1-pentylhexyl
group, a 1-butylpentyl group, a 1-heptyloctyl group and a
3-methylpentyl group. The above-mentioned alkyl group
preferably includes 1 to 6 carbon atoms.

[0057] Specific examples of the cycloalkyl group including
3 to 18 ring carbon atoms include a cyclopropyl group, a
cyclobutyl group, a cyclopentyl group, a cyclohexyl group, a
cycloheptyl group, a norbornyl group and an adamantyl
group. The above-mentioned cycloalkyl group preferably
includes 5 or 6 ring carbon atoms.

[0058] Meanwhile, the “carbon atoms that form a ring”
means carbon atoms constituting a saturated ring, an unsat-
urated ring or an aromatic ring.

[0059] As the alkoxy group including 1 to 20 carbon atoms,
a methoxy group, an ethoxy group, a propoxy group, a
penthyloxy group, a hexyloxy group or the like can be given.
The alkoxy group including 3 or more carbon atoms may be
alinear or branched one. The above-mentioned alkoxy group
preferably includes 1 to 6 carbon atoms.

[0060] As the cycloalkoxy group including 3 to 18 ring
carbon atoms, a cyclopenthoxy group, a cyclohexyloxy group
or the like can be given. The above-mentioned cycloalkoxy
group preferably includes 5 or 6 ring carbon atoms.

[0061] Specific examples of the aryl group including 6 to 18
ring carbon atoms include a phenyl group, a tolyl group, a
xylyl group, a mesityl group, an o-biphenyl group, an m-bi-
phenyl group, a p-biphenyl group, an o-terphenyl group, an
m-terphenyl group, a p-terphenyl group, a naphthyl group, a
phenanthryl group and a triphenylenyl group. Of these, a
phenyl group is preferable.

[0062] As the aryloxy group including 6 to 18 ring carbon
atoms, a phenoxy group, a biphenoxy group or the like can be
given. A phenoxy group is preferable.

[0063] Specific examples of the heteroaryl group including
5to 18 ring atoms include a pyrrolyl group, a pyrazinyl group,
apyridinyl group, a pyrimidinyl group, a pyridazinyl group, a
triaziny1 group, an indolyl group. an isoindolyl group, a furyl
group, a benzofuranyl group, an isobenzofuranyl group, a
dibenzofuranyl group, a dibenzothiopheny! group, a quinolyl
group, an isoquinolyl group, a quinoxalinyl group, a carba-
zolyl group, an azacarbazolyl group, a phenanthridinyl group,
an acridinyl group, a phenanthrolinyl group, a thienyl group,
apyrrolidinyl group, a dioxanyl group, a piperidynyl group, a
morpholinyl group, a piperazinyl 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 benzimidazolyl group, a pyranyl group and a benzo|c]
dibenzofuranyl group. The above-mentioned heteroaryl
group preferably includes 6 to 14 ring atoms.

[0064] Meanwhile, the “atoms that form a ring” means
atoms constituting a saturated ring, an unsaturated ring or an
aromatic ring.

[0065] As the substituted or unsubstituted amino group, an
amino group, an alkylamino group and dialkylamino group
including 1 to 10 (preferably 1 to 6) carbon atoms, an aryla-
mono group and diarylamino group including 6 to 30 (pref-
erably 6 to 20, more preferably 6 to 10) carbon atoms and the
like can be given.

[0066] Preferable is a diphenylamino group.
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[0067] As the substituted or unsubstituted silyl group, a
silyl group, an alkylsilyl group including 1 to 10 (preferably
1 to 6) carbon atoms, an arylsilyl group including 6 to 30
(preferably 6 to 20, more preferably 6 to 10) carbon atoms and
the like can be given.

[0068] Specific examples of the alkylsilyl group include a
trimethysilyl group, a triethylsilyl group, a t-butyldimethyl-
silyl group, a vinyldimethylsilyl group and a propyldimeth-
ylsilyl group.

[0069] Specific examples of the arylsilyl group include a

triphenylsilyl group, a phenyldimethylsilyl group, a t-butyl-
diphenylsilyl group, a tritolylsilyl group, a trixylylsilyl group
and a trinaphtylsilyl group.
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[0070] As the substituent of “substituted or unsubstituted”
for each of the above-mentioned groups, in addition to the
above-mentioned alkyl group, substituted or unsbstituted
amino group, substituted or usubstituted silyl group, aromatic
hydrocarbon ring group, cycloalkyl group, hetero aromatic
ring group and alkoxy group, a halogen atom (fluorine, chlo-
rine, bromine, iodine and the like can be given, fluorine is
preferable), a fluoroalkyl group, a hydroxyl group, a nitro
group, a cyano group, a carboxy group, an aryloxy group and
the like can be given.

[0071] Specific examples of the compound represented by
the formula (1) are shown below.
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[0072] The compound represented by the formula (1) can
be obtained by the following synthesis route, for example.

EtO,C

A

Z
Cl N

Pd(PPhy)y
K,C0;

CO,Et
McO | \ MeLi
N VY

OH
Polyphosphoric acid
MeO i Ny e
N Z

.
8\}
2

TiO Pd(OAc),

N o
’ P'Bu,
Pr l Pr
Pr

K;PO,
PhB(OH);

MeO B(OH),
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-continued

/' \

=N

wherein R represents the same as R, in the formula (1).
[0073] The material for an organic electroluminescence
device (organic EL device) of the invention (hereinafter, also
referred to as the material of the invention) is characterized by
containing the above-mentioned compound of the invention.
[0074] The material for an organic EL device of the inven-
tion can be suitably used as a material for an organic thin film
layer constituting an organic EL device.

[0075] Subsequently. the organic FL device of the inven-
tion will be explained.

[0076] The organic EL device of the invention comprises
one or more organic thin film layers including an emitting
layer between an anode and a cathode. The material for an
organic EL device of the invention is contained in at least one
of the organic thin film layers.

[0077] In the organic EL device of the invention, it is pre-
ferred that the emitting layer contain the material for an
organic EL device of the invention as a host material.

[0078] Itispreferred that the emitting layer contain a phos-
phorescent emitting material, and the phosphorescent emit-
ting material be an ortho-metalated complex of a metal atom
selected from iridium (Ir), osmium (Os), and platinum (Pt).
[0079] In addition, in the organic EL device of the inven-
tion, it is preferred that an electron-transporting region be
disposed between the cathode and the emitting layer, and the
electron-transporting region comprise the material for an
organic EL device of the invention.

[0080] It is preferred that an electron-injecting layer be
disposed between the emitting layer and the cathode, and the
electron-injecting layer comprise a nitrogen-containing ring
derivative.

[0081] Tt is preferred that a hole-transporting region be
disposed between the emitting layer and the anode, and the
hole-transporting region comprise the above-mentioned
material for an organic electroluminescence device.

[0082] FIG. 1 is a schematic view showing the layer con-
struction according to one embodiment of the organic EL
device of the invention.

[0083] Theorganic EL device 1 has a construction in which
an anode 20, a hole-transporting region 30, a phosphorescent
emitting layer 40, an electron-transporting region 50 and a
cathode 60 are stacked on a substrate 10 in this order. The
hole-transporting region 30 means a hole-transporting layer,
a hole-injecting layer or the like. Similarly, the electron-
transporting region 50 means an electron-transporting layer,
an electron-injecting layer or the like. These layers may not be
formed. It is preferred that one or more of these layers be
formed. In this device, each organic layer provided in the
hole-transporting region 30, the phosphorescent emitting
layer 40 and each organic layer provided in the electron-
transporting region 50 correspond to the above-mentioned
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organic thin film layers. Of these organic thin film layers, at
least one layer contains the matetial for an organic EL device
of the invention. Thereby, the resulting organic EL device can
be driven at a low voltage.

[0084] Meanwhile, in the organic thin film layer containing
the material for an organic EL device of the invention, the
content of the material is preferably 1 to 100% by weight.
[0085] In the organic EL device of the invention, the mate-
rial for an organic EL device of the invention is preferably
contained in the phosphorescent emitting layer 40, and in
particular, is preferably used as a host material in the emitting
layer. Since the material of the invention has sufficiently large
triplet energy, even if a blue phosphorescent dopant material
is used, the triplet energy of the phosphorescent dopant mate-
rial can be efficiently confined in the emitting layer. Mean-
while, the material of the invention can be used not only in a
blue emitting layer but also in an emitting layer which emits
light having a longer wave length (green to red or the like).
[0086] The phosphorescent emitting layer contains a phos-
phorescent emitting material (phosphorescent dopant). As the
phosphorescent dopant, metal complex compounds can be
given. Preferable is acompound having a metal atom selected
from Ir, Pt, Os, Au, Cu, Re and Ru and a ligand. The ligand
preferably has an ortho-metal bond.

[0087] In respect of a high phosphorescent quantum yield
and capability of improving the external quantum efficiency
of an emitting device, the phosphorescent dopant is prefer-
ably acompound having a metal atom selected from Ir, Os and
Pt. Further preferable are a metal complex such as an iridium
complex, an osmium complex and a platinum complex.
Among them, an iridium complex and a platinum complex
are more preferable, and an ortho-metalated iridium complex
is most preferable. The dopant may be used singly or in
combination of two or more.

[0088] The concentration of the phosphorescent dopant in
the phosphorescent emitting layer is, but not particularly lim-
ited to, preferably 0.1 to 30% by weight, with 0.1 to 20% by
weight being more preferable.

[0089] Itis also preferred that the material of the invention
be used in layers adjacent to the phosphorescent emitting
layer 40. For example, in the device shown in FIG. 1, when a
layer containing the material of the invention is formed
between the hole-transporting region 30 and the phosphores-
cent emitting layer 40, (which is the layer adjacent to the
emitting layer in the anode side), the layer can function as an
electron-blocking layer and an exciton-barrier layer.

[0090] On the other hand, when a layer containing the
material of the invention is formed between the phosphores-
cent emitting layer 40 and the electron-transporting region
50, (which is the layer adjacent to the emitting layer in the
cathode side), the layer can function as a hole-blocking layer
and an exciton-barrier layer.

[0091] Meanwhile, the blocking (barrier) layer is the layer
which blocks transporting of carriers or diffusion of excitons.
The organic layer which prevents electrons from leaking from
an emitting layer into a hole-transporting region is mainly
defined as an electron-blocking layer. The organic layer
which prevents holes from leaking from an emitting layer into
an electron-transporting region is often defined as a hole-
blocking layer. In addition, the organic layer which prevents
triplet excitons generated in an emitting layer from diffusing
to the peripheral layers having lower triplet energy than that
of the emitting layer is often defined as an exciton-barrier
layer (triplet-blocking layer).
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[0092] Moreover, it is also possible to use the material of
the invention in the layers adjacent to the phosphorescent
emitting layer 40, and further in other organic thin film layers
which bond to the adjacent layers.

[0093] In addition, when two or more emitting layers are
formed, the material of the invention can be suitably used in
a spacing layer formed between the emitting layers.

[0094] FIG. 2 is a schematic view showing the layer con-
struction according to another embodiment of the organic EL
device of the invention.

[0095] The organic EL device 2 is an example of a hybrid-
type organic EL device in which a phosphorescent emitting
layer and a fluorescent emitting layer are stacked.

[0096] The organic EL device 2 has the same construction
as the above-mentioned organic EL device 1, except that a
spacing layer 42 and a fluorescent emitting layer 44 are
formed between a phosphorescent emitting layer 40 and an
electron-transporting region 50. In the construction in which
the phosphorescent emitting layer 40 and the fluorescent
emitting layer 44 are stacked, for preventing excitons gener-
ated in the phosphorescent emitting layer 40 from diffusing
into the fluorescent emitting layer 44, the spacing layer 42
may be provided between the fluorescent emitting layer 44
and the phosphorescent emitting layer 40. Since the material
of the invention has a large triplet energy, it can function as a
spacing layer.

[0097] Intheorganic EL device 2, for example, by allowing
the phosphorescent emitting layer to emit yellow light and by
allowing the fluorescent emitting layer to emit blue light, an
organic EL device which emits white light can be obtained.
Meanwhile, in this embodiment, the phosphorescent emitting
layer and the fluorescent emitting layer are each formed as a
singlelayer. However, the configuration is not limited thereto,
and they may be each formed as two or more layers. Their
manner of formation can be selected appropriately depending
on the intended use such as lightning or a display device. For
example, when a full-color emitting device is realized by
utilizing a white emitting device and color filters, the phos-
phorescent emitting layer and the fluorescent emitting layer
preferably include emissions in the plural wave length
regions such as red, green and blue (RGB), or red, green, blue
and yellow (RGBY) in respect of color rendering properties.
[0098] In addition to the above-mentioned embodiments,
the organic EL device of the invention can employ various
known structures. Further, the emission from an emitting
layer can be outcoupled from the anode side, the cathode side
or the both sides.

[0099] In the organic EL device of the invention, the con-
stitution of layers other than those using the above-mentioned
material of an organic EL device of the invention is not
particularly limited. As the constitution of the layers, known
materials and the like can be used. Hereinafter, the layers of
the device according to the embodiment 1 will be briefly
explained. However, the materials applied to the organic EL
device of the invention are not limited to the following.

(Substrate)

[0100] As the substrate, a glass plate, a polymer plate or the
like can be used.

[0101] As the glass plate, particularly, soda-lime glass,
barium/strontium-containing glass, lead glass, aluminosili-
cate glass, borosilicate glass, barium borosilicate glass,
quartz or the like can be given. As the polymer plate, poly-
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carbonate, acrylic resin, polyethylene terephthalate, poly-
ethersulfone, polysulfone or the like can be given.

(Anode)

[0102] The anode is formed of a conductive material, for
example. A conductive material having a work function larger
than 4 eV is suitable.

[0103] Examples of the above-mentioned conductive mate-
rial include carbon, aluminum, vanadium, iron, cobalt,
nickel, tungsten, silver, gold, platinum, palladium or the like
and alloys thereof, a metal oxide such as tin oxide or indium
oxide used in ITO substrate or NESA substrate, and an
organic conductive resin such as polythiophene and polypyr-
role.

[0104] The anode can be formed in the form of two or more
layers if needed.

(Cathode)

[0105] The cathode is formed of a conductive material, for
example. A conductive material having a work function
smaller than 4 eV is suitable.

[0106] Examples ofthe above-mentioned conductive mate-
rial include magnesium, calcium, tin, lead, titanium, yttrium,
lithium, ruthenium, manganese, aluminum, lithium fluoride
or the like, and alloys thereof, but not limited thereto.
[0107] Further, representative examples of the above-men-
tioned alloys include magnesium/silver, magnesium/indium,
lithium/aluminum, but not limited thereto. The ratio of the
alloy can be selected appropriately by controlling the tem-
perature of a deposition source, the atmosphere, the vacuum
level or the like.

[0108] The cathode may be formed in the form of two or
more layers if needed. The cathode can be prepared by form-
ing a thin film of the above-mentioned conductive material by
deposition, sputtering or the like.

[0109] Whenemission fromanemitting layer is outcoupled
through a cathode, it is preferred that the transmittance for
emission of the cathode be larger than 10%.

[0110] Inaddition, the sheet resistance as a cathode is pref-
erably several hundred €/[Jorless. The thickness is normally
10 nm to 1 pm, with 50 to 200 nm being preferable.

(Emitting Layer)

[0111] When a phosphorescent emitting layer is formed by
using materials other than the material for an organic EL
device of the invention, materials which are known as a mate-
rial for a phosphorescent emitting layer can be used. Specifi-
cally, reference can be made to W0O2005/079118 or the like.
[0112] The organic EL device of the invention may com-
prise a fluorescent emitting layer as the device shown in FIG.
2. For the fluorescent emitting layer, known materials can be
used.

[0113] The emitting layer can be a double-host (often
referred to as host/co-host) type. Specifically, in the emitting
layer, an electron-transporting host and a hole-transporting
host may be combined to control the carrier balance.

[0114] The emitting layer also can be of a double-dopant
type. By incorporating two or more kinds of dopant materials
having a high quantum yield to the emitting layer, each
dopant emits. For example, there may be a case that a yellow
emitting layer is realized by co-depositing a host, and a red
dopant and a green dopant.
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[0115] The emitting layer may be a single layer, or have a
stacked structure. When the emitting layer has a stacked
structure, due to the accumulation of electrons and holes in
the interface of the emitting layers, the recombination region
can be concentrated in the interface of the emitting layers,
thereby increasing the quantum efficiency.

(Hole-Injecting Layer and Hole-Transporting Layer)

[0116] The hole-injecting/transporting layer helps holes to
be injected to an emitting layer and transports the injected
holes to an emitting region. It has a large hole mobility and
normally a small ionization energy of 5.6 eV or less.

[0117] As the material for a hole-injecting/transporting
layer, materials which can transport holes to an emitting layer
at a lower electric field intensity are preferable. In addition, 1t
is preferred that the hole mobility be at least 10* cm?*/
V-second when an electric field intensity of 10* to 10° V/cm
is applied, for example.

[0118] Specific examples of materials for a hole-injecting/
transporting layer include triazole derivatives (see U.S. Pat.
No. 3,112,197 and others), oxadiazole derivatives (see U.S.
Pat. No. 3,189,447 and others), imidazole derivatives (see
JP-B-37-16096 and others), polyarylalkane derivatives (see
U.S. Pat. Nos. 3,615,402, 3,820,989 and 3,542,544, JP-B-45-
555 and 51-10983, JP-A-51-93224, 55-17105, 56-4148,
55-108667, 55-156953 and 56-36656, and others), pyrazo-
line derivatives and pyrazolone derivatives (see U.S. Pat. Nos.
3,180,729 and 4,278,746, IP-A-55-88064, 55-83065,
49-105537, 55-51086, 56-80051, 56-88141, 57-45545,
54-112637 and 55-74546, and others), phenylene diamine
derivatives (see U.S. Pat. No. 3,615,404, JP-B-51-10105,
46-3712, 47-25336 and 54-119925, and others), arylamine
derivatives (see U.S. Pat. Nos. 3,567,450, 3,240,597, 3,658,
520, 4,232,103, 4,175,961 and 4,012,376, JP-B-49-35702
and 39-27577, JP-A-55-144250, 56-119132 and 56-22437,
DEI1,110,518, and others), amino-substituted chalcone
derivatives (see U.S. Pat. No. 3,526,501, and others), oxazole
derivatives (ones disclosed in U.S. Pat. No. 3,257,203, and
others), styrylanthracene derivatives (see JP-A-56-46234,
and others), fluorenone derivatives (JP-A-54-110837, and
others), hydrazone derivatives (see U.S. Pat. No. 3,717,462,
JP-A-54-59143, 55-52063, 55-52064, 55-46760, 57-11350,
57-148749 and 2-311591, and others), stilbene derivatives
(see JP-A-61-210363, 61-228451, 61-14642, 61-72255,
62-47646, 62-36674, 062-10652, 62-30255, 60-93455,
60-94462, 60-174749 and 60-175052, and others), silazane
derivatives (U.S. Pat. No. 4,950,950), polysilanes (JP-A-2-
204996), and aniline copolymers (JP-A-2-282263).

[0119] Also, an inorganic compound such as p-type Si and
p-type SiC can be used as the hole-injecting material.
[0120] As the material for a hole-injecting/transporting
layer, a cross-linking material can be used. As the cross-
linking hole-injecting/transporting layer, a layer formed of
the cross-linking material disclosed in Chem. Mater. 2008,
20, 413-422, Chem. Mater. 2011, 23(3), 658-681,
WO02008108430, W02009102027, W02009123269,
W02010016555, W0O2010018813 or the like insolubilized
by heat, light or the like can be given, for example.

(Electron-Injecting Layer and Electron-Transporting Layer)

[0121] The electron-injecting/transporting layer helps
electrons to be injected to an emitting layer and transports the
injected electrons to an emitting region. It has a large electron
mobility.
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[0122] 1In the organic EL device, it is known that since
emitting light is reflected by an electrode (a cathode, for
example), emission outcoupled directly from an anode inter-
feres with emission after being reflected by the electrode. In
order to utilize the interference effect efficiently, the film
thickness of the electron injecting/transporting layer is appro-
priately selected to be several nm to several um. When the
film thickness is particularly large, it is preferred that the
electron mobility be at least 10~ cm?/V-s or more at an
applied electric field intensity of 10* to 10° V/em in order to
avoid an increase in voltage.

[0123] As the electron-transporting material used in the
electron-injecting/transporting layer, an aromatic hetero ring
compound containing one or more hetero atoms in the mol-
ecule is preferably used, with a nitrogen-containing ring
derivative being particularly preferable. Further, as the nitro-
gen-containing ring derivative, an aromatic ring having a
nitrogen-containing six-membered ring or five-membered
ring skeleton, or a fused aromatic ring compound having a
nitrogen-containing six-membered ring or five-membered
ring skeleton is preferable. Examples thereof include com-
pounds containing a pyridine ring, a pyrimidine ring, a triaz-
ine ring, a benzimidazole ring, a phenanthroline ring, a
quinazoline ring or the like in the skeleton.

[0124] In addition, an organic layer with a semiconductor
property may be formed by doping a donor material (n) or
doping an acceptor material (p). Representative examples of
N-doping include doping of an electron-transporting material
with a metal such as Li or Cs. Representative examples of
P-doping include doping of a hole-transporting material with
an acceptor material such as F4TCNQ (see Japan Patent No.
3695714, for example).

[0125] The organic EL device of the invention preferably
comprises at least one of an electron-donating dopant and an
organic metal complex in the interface region between a
cathode and an organic thin film layer.

[0126] By this structure, the organic EL device can have an
improved luminance and a prolonged life.

[0127] As the electron-donating dopant, at least one
selected from an alkali metal, an alkali metal compound, an
alkaline-earth metal, an alkaline-earth metal compound, a
rare-earth metal and a rare-earth metal compound can be
given.

[0128] As the organic metal complex, at least one selected
from an organic metal complex including an alkali metal, an
organic metal complex including an alkaline-earth metal and
an organic metal complex including a rare-earth metal can be
given.

[0129] As the alkali metal, lithium (Li) (work function:
2.93 eV), sodium (Na) (work function: 2.36 eV), potassium
(K) (work function: 2.28 eV), rubidium (Rb) (work function:
2.16 eV), cesium (Cs) (work function: 1.95 eV) and the like
can be given. One having a work function of 2.9 eV or less is
particularly preferable. Of these, K, Rb and Cs are preferable,
Rb or Cs is further preferable, and Cs is most preferable.
[0130] As the alkaline-earth metal, calcium (Ca) (work
function: 2.9 V), strontium (Sr) (work function: 2.0 eV or
more and 2.5 eV or less), barium (Ba) (work function: 2.52
eV) and the like can be given. One having a work function of
2.9 eV or less is particularly preferable.

[0131] As the rare-earth metal, scandium (Sc), yttrium (Y),
cerium (Ce), terbium (Th), ytterbium (Yb) and the like can be
given. One having a work function of 2.9 eV or less is par-
ticularly preferable.
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[0132] The preferable metals of the above-mentioned met-
als have a particularly high reducing ability, and hence can
provide the resulting organic EL device with an improved
luminance and a prolonged life by adding a relative small
amount of the metal to an electron-injecting region.

[0133] Examples of the alkali metal compound include an
alkali oxide such as lithium oxide (Li,O), cesium oxide
(Cs,0) or potassium oxide (K,0), and an alkali halide such as
lithium fluoride (LiF), sodium fluoride (NaF), cesium fluo-
ride (CsF) or potassium fluoride (KF). Of these, lithium fluo-
ride (LiF), lithium oxide (Li,O) and sodium fluoride (NaF)
are preferable.

[0134] Examples of the alkaline-earth metal compound
include barium oxide (BaQ), strontium oxide (SrO), calcium
oxide (Ca0), and mixtures thereof such as barium strontium
oxide (Ba Sr; O) (0<x<1) and barium calcium oxide
(Ba,Ca,_0) (0<x<1). Of these, BaO, SrO and CaO are pre-
ferred.

[0135] Examples of the rare-earth metal compound include
ytterbium fluoride (YbF,), scandium fluoride (ScF;), scan-
dium oxide (ScO;), yttrium oxide (Y,O;), cerium oxide
(Ce,0,), gadolinium fluoride (GdF,) and terbium fluoride
(TbE;). Of these, YbF;, ScF; and TbF; are preferable.
[0136] The organic metal complexes are not particularly
limited as long as the complexes each contain, as a metal ion,
at least one of alkali metal ions, alkaline-earth metal jons, and
rare-earth metal ions, as mentioned above. Meanwhile, pre-
ferred examples of the ligand include, but are not limited to,
quinolinol, benzoquinolinol, acridinol, phenanthridinol,
hydroxyphenyloxazole, hydroxyphenylthiazole, hydroxydi-
aryloxadiazole, hydroxydiarylthiadiazole, hydroxyphe-
nylpyridine, hydroxyphenylbenzimidazole, hydroxybenzot-
riazole, hydroxvfluborane, bipyridyl, phenanthroline,
phthalocyanine, porphyrin, cyclopentadiene, p-diketones,
azomethines, and derivatives thereof.

[0137] For the addition form of the electron-donating
dopant and the organic metal complex, it is preferred that the
electron-donating dopant and the organic metal complex be
formed in a shape of a layer or an island in the interfacial
region. A preferred method for the formation is a method in
which while at least one of the electron-donating dopant and
the organic metal complex is deposited by a resistant heating
deposition method, an organic substance as a light emitting
material or an electron-injecting material for forming the
interfacial region is deposited at the same time, thereby dis-
persing at least one of the electron-donating dopant and the
organic metal complex reducing dopant in the organic sub-
stance. The disperse concentration by molar ratio of the
organic substance to the electron-donating dopant and/or the
organic metal complex is normally 100:1 to 1:100, preferably
5:1to 1:5.

[0138] Inacasewhere atleast one of the electron-donating
dopant and the organic metal complex is formed into the
shape of a layer, the light emitting material or electron inject-
ing material which serves as an organic layer in the interface
is formed into the shape of a layer. After that, at least one of
the electron-donating dopant and the organic metal complex
is solely deposited by the resistant heating deposition method
to form a layer preferably having a thickness of 0.1 nm or
more and 15 nm or less.

[0139] Inacasewhere at least one of the electron-donating
dopant and the organic metal complex is formed into the
shape of an island, the light emitting material or the electron
injecting material which serves as an organic layer in the
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interface is formed into the shape of an island. After that, at
least one of the electron-donating dopant and the organic
metal complex is solely deposited by the resistant heating
deposition method to form an island preferably having a
thickness of 0.05 nm or more and 1 nm or less.

[0140] In addition, the ratio of the main component (the
emitting material or the electron-injecting material) to at least
one of the electron-donating dopant and the organic metal
complex in the organic EL device of the invention is prefer-
ably 5:1to 1:5, more preferably 2:1 to 1:2 in terms of a molar
ratio.

[0141] Eachlayer of the organic EL device of the invention
can be formed by using known methods including the dry-
type film formation such as vacuum deposition, sputtering,
plasma ion-plating or the like and the wet-type film formation
such as spin coating, dipping, flow coating or the like.

[0142] The film thickness of each layer is not particularly
limited, but is required to be set to be aproper thickness. If the
film thickness is too large, a large applied voltage is required
in order to obtain the predetermined light output, thereby
leading to low efficiency. If the film thickness is too small, due
to generation of pinholes or the like, sufficient luminance
cannot be obtained when an electric field is applied. Nor-
mally, the film thickness is preferably 5 nm to 10 um, and the
range of 10 nm to 0.2 pm is further preferable.

EXAMPLES
Material for Organic Electroluminescence Device
Synthesis Example 1

Synthesis of Compound (1)

[0143] The following compound (1) was synthesized.
)
Me  Me Me  Me
7\ T\

(1) Synthesis of Intermediate (1-a)

[0144]
EtO,C N
Z
Cl N
Pd(PPhz)y
MeO B(OH), K,CO;5
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-continued
CO,Et
MeO | AN
AN

(1-2)

[0145] Under a nitrogen atmosphere, 15.20 g (100 mmol)
of 3-methoxyphenyl boronic acid, 18.56 g (100 mmol) of
ethyl 2-chloro nicotinate, 2.31 g (2.00 mmol) of tetrakis
(triphenylphosphine)palladium, 150 mL of 1,4-dioxane and
150 mL of a 2M aqueous solution of potassium carbonate
were placed in a three neck flask, and refluxed for 8 hours.
After completion of the reaction, the resulting mixture was
cooled to room temperature, and then subjected to extraction
with dichloromethane by means of a separating funnel and
dried with anhydrous magnesium sulfate, followed by filtra-
tion and concentration. The crude product obtained was puri-
fied by a using silica gel column to obtain a yellow oily matter
(intermediate (1-a)). The yield was 25.72 g and the percent
yield was 100%.

(2) Synthesis of Intermediate (1-b)

[0146]
COyFt
MeO | Ny el
N
(l-a)

OH

MeO | x

NFA

(1-b)

[0147] Under a nitrogen atmosphere, 25.72 g (100 mmol)

of intermediate (1-a) and 120 mL of dehydrated tetrahydro-
furan were placed in a three neck flask, and cooled to -78° C.
To the resulting solution, 263.2 mL (1.14M in diethylether,
300 mmol) of methyllithium was added dropwise for 10
minutes. After stirred at —=78° C. for 20 minutes, the resulting
mixture was heated to room temperature, and then stirred at
room temperature for 24 hours. After completion of the reac-
tion, S0 mL of water was added. The mixture was subjected to
extraction with ethyl acetate by using a separating funnel, and
dried with anhydrous magnesium sulfate, followed by filtra-
tion and concentration. The crude product obtained was puri-
fied by using a silica gel column to obtain yellow solids
(intermediate (1-b)). The yield was 14.81 g and the percent
vield was 61%.
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(3) Synthesis of Intermediate (1-c)

[0148]
OH
MeO \ Polyphosphoric acid
C! _—
o
(1-b)
MeO / \
N-—.
(-9

[0149] Under a nitrogen atmosphere, 13.60 g (55.9 mmol)

of intermediate (1-b) and 100 g of polyphosphoric acid were
placed in a three neck flask, and stirred at 70° C. for 48 hours.
After a completion of the reaction, the mixture was cooled to
room temperature and ice was added. The mixture was neu-
tralized in a saturated aqueous solution of sodium hydrocar-
bon. The resulting solution was subjected to extraction with
dichloromethane by using a separating funnel and dried with
anhydrous magnesium sulfate, followed by filtration and con-
centration. The crude product obtained was purified by using
a silica gel column to obtain an oily yellow matter (interme-
diate (1-c)). The yield was 7.34 g and the percent yield was
58%.

(4) Synthesis of Intermediate (1-d)

[0150]
BBrg
MeO / \ -
N\
(1-¢)
HO / \
N\
(1-d)
[0151] Under a nitrogen atmosphere, 7.34 g (32.6 mmol) of

intermediate (1-c) and 160 mL of dichloromethane were
placed in a three neck flask, and cooled to 0° C. To the
resulting solution, 32.6 mL (1M in dichloromethane, 32.6
mmol) of boron tribromide was added dropwise for 10 min-
utes. After stirred at 0° C. for 20 minutes, the resulting mix-
ture was heated to room temperature, and then stirred at room
temperature for 19 hours. After a completion of the reaction,
the resultant was cooled to 0° C., and 50 mL of water was
added. The mixture was subjected to extraction with dichlo-
romethane by using a separating funnel, and dried with anhy-
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drous magnesium sulfate, followed by filtration and concen-
tration. The crude product obtained was purified by using a
silica gel column to obtain white solids (intermediate (1-d)).
The yield was 6.20 g and the percent yield was 90%.

(5) Synthesis of Intermediate (1-e)

[0152]
Pyridine

THO

HO / \ -
N\
(1-d)
TO / \
N‘\
(1-¢)

[0153] Under a nitrogen atmosphere, 6.20 g (29.3 mmol) of

intermediate (1-d), 4.64 g (58.6 mmol) of pyridine and 80 mL
of dichloromethane were placed in a three neck flask, and
cooled to 0° C. To the resulting solution, 5.92 mL of trifluo-
romethanesulfonic anhydride was added dropwise for 10
minutes. After stirred at 0° C. for 20 minutes, the resulting
mixture was heated to room temperature, and then stirred at
room temperature for 8 hours. After completion of the reac-
tion, the resulting solution was cooled to 0° C., followed by
addition of 50 mL of 10% hydrochloric acid. The mixture was
subjected to extraction with dichloromethane by using a sepa-
rating funnel. The extracted matter was washed with a satu-
rated aqueous solution of sodium hydrogen carbonate, and
dried with anhydrous magnesium sulfate, followed by filtra-
tion and concentration. The crude product obtained was puri-
fied by using silica gel column to obtain white solids (inter-
mediate (1-¢)). The yield was 9.10 g and the percent yield was
89%.

(6) Synthesis of Compound (1)
[0154]

HN O O NH
J O
/\ Pd(DAc)

- )
(d-e) PBu,
Pr l Pr

Pr
K;PO,
PhB(OH),

TO
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7 J
M
[0155] Under a nitrogen atmosphere, 8.82 g (25.7 mmol) of

intermediate (1-¢), 3.41 g (10.3 mmol) of 3,3'-bis(9H-carba-
zole), 0.23 g (1.03 mmol) of palladium acetate, 1.09 g (2.57
mmol) of 2-di-t-butylphosphino-2',4',6"triisopropyl biphe-
nyl, 10.90 g (51.4 mmol) of potassium phosphate, 0.13 g
(1.03 mmol) of phenylboronic acid, 20 mL of toluene and 40
mL oft-butanol were placed ina three neck flask, and refluxed
at 110° C. for 15 hours. After completion of the reaction, the
resulting mixture was cooled to room temperature, and then
subjected to extraction with dichloromethane by means of a
separating funnel and dried with anhydrous magnesium sul-
fate, followed by filtration and concentration. The crude prod-
uct obtained was purified by using a silica gel column to
obtain white solids (compound (1)) (yield: 4.80 g, percent
yield: 65%). By field desorption mass spectrometry, the white
solids obtained was identified to compound (1).

Example 1

[0156] A glass substrate with ITO electrode lines having a
film thickness of 130 nm (manufactured by Geomatics Co.)
was subjected to ultrasonic cleaning in isopropyl alcohol for
5 minutes and then UV ozone cleaning for 30 minutes.
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[0157] The cleaned glass substrate with transparent elec-
trode lines was mounted on a substrate holder in a vacuum
deposition apparatus. The following compound (H11) was
deposited by resistance heating on the surface of the glass
substrate on which the transparent electrode lines had been
formed such that the [TO electrode lines were covered to form
a 20 nm-thick film, and subsequently the following com-
pound (HT1) to form a 60 nm-thick film. The films were
formed at a deposition rate of 1 A/s. These thin films served as
a hole-injecting layer and a hole-transporting layer, respec-
tively.

[0158] Next, on the hole-transporting layer, the following
compound (H1) and the following compound (BD1) were
simultaneously deposited by resistance heating to form a 50
nm-thick film. Then compound (BD1) was deposited such
that the mass ratio of compound (BD1) relative to the total
mass of compound (H1) and compound (BD1) become 20%.
The film formation rates were set to be 1.2 A/s and 0.3 A/s,
respectively. This thin film served as a phosphorescent emit-
ting layer.

[0159] Next, on the phosphorescent emitting layer, the
compound (1) obtained in synthesis example 1 was deposited
by resistance heating to form a 10 nm-thick thin film. The film
formation rate was 1.2 A/s. This thin film served as a blocking
layer.

[0160] Subsequently. on the blocking layer, the following
compound (ET1) was deposited by resistance heating to form
a 10 nm-thick thin film. The film formation rate was 1 A/s.
This thin film served as an electron-injecting layer.

[0161] Next, on the electron-injecting layer, LiF was
deposited at a film formation rate of 0.1 A/s to form a 1.0
nm-thick thin film.

[0162] Subsequently. on this LiF film, metal aluminum was
deposited at a film formation rate of 8.0 A/s to form a 80
nm-thick metal electrode, whereby an organic EL device was
obtained.

Compound (HI1)
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Compound (HT1) Compound (H1)

Y SIS0
O

Compound (BD1)

ﬂ%}
,-"“‘ N
h'\\é

-3

[0163] The organic EL device produced was evaluated for
the following items. Table 1 shows the results.

(1) External Quantum Efficiency (%)

[0164] At 23°C., under dried nitrogen gas atmosphere, the
external quantum efficiency at a luminance of 1000 cd/m*
was measured by using a luminous meter (spectral radiance
meter CS-1000 manufactured by Konica Minolta, Inc.).

(2) Half Life (Hours)

[0165] A continuous current (direct current) test was con-
ducted at an initial luminance of 1000 ¢d/m>. The time taken
for the luminance to decrease by half was determined.

(3) Voltage (V)

[0166] At 23° C., under dried nitrogen gas atmosphere,
using KEITHLY 236 SOURCE MEASURE UNIT, a voltage
was applied to a device which has been electrically-wired,
thereby to allow the device to emit. The voltage applied to the
wiring resistance other the device was deducted from the
entire applied voltage, whereby the voltage applied to the
device was determined. At the same time of applying voltage

Compound (ET1)

and measurement, luminous measurement was conducted by
using a luminous meter (spectral radiance meter CS-1000
manufactured by Konica Minolta, Inc.). From these measure-
ment results, the voltage at a device luminance of 100 cd/m?
was read.

TABLE 1
External Luminance
quantum Half life
Blocking layer ~ Voltage (V)  efficiency (%) (hours)
Example 1 Compound (1) 4.8 17.5 7300
[0167] Table 2 shows thetriplet energies of the materials for

an organic EL device used in Examples. The triplet energy is
defined as follows. A sample is dissolved in an EPA solvent
(diethyl] ether: isopentane: ethanol=5:5:2 (volume ratio)) at
the ratio of 10 pmol/L to obtain a sample for phosphorescent
measurement. The sample for phosphorescent measurement
is putin a quartz cell. The quartz cell is irradiated with excited
light at a temperature of 77K. The radiated phosphorescent
spectrum is measured. The triplet energy is determined from
the measured spectrum by converting with the expression:
E'(ev)=1239.85/A

edge*
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TABLE 2
Compeund Triplet energy (eV)
Compeund (1) 291
Compeund (BD1) 2.64

[0168] From Table 1, itis found that the organic EL device
using the material for an organic EL device of the invention
has a long life, a high efficiency, and can be driven at a low
voltage.

[0169] Moreover, from Table 2, it is found that the material
for an organic EL device of the invention has a high triplet
energy, which can be used as a blocking layer material for a
blue phosphorescence-emitting EL device.

INDUSTRIAL APPLICABILITY

[0170] The organic EL device of the invention can be uti-
lized for a planar emitting body such as a flat panel display of
awall-hanging television, a copier, a printer, a back light of a
liquid crystal display, or a light source in instruments or the
like, a sign board, a signal light or the like.

[0171] The material for an organic EL device of the inven-
tion can be used for an organic EL, device, an organic EL
display, lightnings, an organic semiconductor, an organic
solar cell or the like.

[0172] The material for an organic EL device of the inven-
tion is useful for realizing an organic EL device which can be
driven at a low voltage with a high efficiency and a prolonged
life.

[0173] Although only some exemplary embodiments and/
or examples of this invention have been described in detail
above, those skilled in the art will readily appreciate that
many modifications are possible in the exemplary embodi-
ments and/or examples without materially departing from the
novel teachings and advantages of this invention. Accord-
ingly, all such modifications are intended to be included
within the scope of this invention.

[0174] The documents described in this specification and
the Japanese application specification claiming priority under
the Paris Convention are incorporated herein by reference in
its entirety.

1. A compound represented by the following formula (1):

)

A A
X X5
X// X6
2
X5 X
N
13
N Vi
X2
7Y
\
Xo X1
X0

wherein X, to X, are independently a nitrogen atom, or a
carbon atom that R, is bonded to, provided that at least one of
X, 10 X, 18 a nitrogen atom;
R, represents a hydrogen atom, a substituted or unsubsti-
tuted alkyl group including 1 to 20 carbon atoms, a
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substituted or unsubstituted cycloalkyl group including
3 to 18 ring carbon atoms, a substituted or unsubstituted
alkoxy group including 1 to 20 carbon atoms, a substi-
tuted or unsubstituted cycloalkoxy group including 3 to
18 ring carbon atoms, a substituted or unsubstituted silyl
group, or a fluoro group, and when two or more R, s are
present in the formula (1), R;s may be the same or
different from each other;

X, to X, 5 are independently a nitrogen atom, or a carbon
atom that R, is bonded to;

R, represents a hydrogen atom, a substituted or unsubsti-
tuted alkyl group including 1 to 20 carbon atoms, a
substituted or unsubstituted cycloalkyl group including
3 to 18 ring carbon atoms, a substituted or unsubstituted
alkoxy group including 1 to 20 carbon atoms, a substi-
tuted or unsubstituted cycloalkoxy group including 3 to
18 ring carbon atoms, a substituted or unsubstituted aryl
group including 6 to 18 ring carbon atoms, a substituted
or unsubstituted aryloxy group including 6 to 18 ring
carbon atoms, a substituted or unsubstituted heteroaryl
group including 5 to 18 ring atoms, a substituted or
unsubstituted amino group, a substituted or unsubsti-
tuted silyl group, a fluoro group, or a cyano group, and
when two or more R,s are present in the formula (1), Rs
may be the same or different from each other; and

A and A, are independently a substituted or unsubstituted
alkyl group including 1 to 20 carbon atoms, a substituted
or unsubstituted cycloalkyl group including 3 to 18 ring
carbon atoms, a substituted or unsubstituted alkoxy
group including 1 to 20 carbon atoms, a substituted or
unsubstituted cycloalkoxy group including 3 to 18 ring
carbon atoms, a substituted or unsubstituted aryl group
including 6 to 18 ring carbon atoms, a substituted or
unsubstituted aryloxy group including 6 to 18 ring car-
bon atoms, a substituted or unsubstituted heteroaryl
group including 5 to 18 ring atoms, a substituted or
unsubstituted amino group, a substituted or unsubsti-
tuted silyl group, a fluoro group, or a cyano group.

2. The compound according to claim 1, which is a com-

pound represented by the following formula (2):

wherein X, to X5, A, and A, independently represent the
same as in the formula (1);

X, ¢ to X,; are independently a nitrogen atom, or a carbon
atom that R, is bonded to;

R, represents a hydrogen atom, a substituted or unsubsti-
tuted alkyl group including 1 to 20 carbon atoms, a
substituted or unsubstituted cycloalkyl group including
3 to 18 ring carbon atoms, a substituted or unsubstituted
alkoxy group including 1 to 20 carbon atoms, a substi-
tuted or unsubstituted cycloalkoxy group including 3 to
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18 ring carbon atoms, a substituted or unsubstituted aryl
group including 6 to 18 ring carbon atoms, a substituted
or unsubstituted aryloxy group including 6 to 18 ring
carbon atoms, a substituted or unsubstituted heteroaryl
group including 5 to 18 ring atoms, a substituted or
unsubstituted amino group, a substituted or unsubsti-
tuted silyl group, a fluoro group, or a cyano group, and
when two or more R,s are present in the formula (2), R;s
may be the same or different from each other;

Y represents an oxygenatom (O), a sulfur atom (S) orNR,;

R, represents a substituted or unsubstituted alkyl group
including 1 to 20 carbon atoms, a substituted or unsub-
stituted cycloalkyl group including 3 to 18 ring carbon
atoms, a substituted or unsubstituted alkoxy group
including 1 to 20 carbon atoms, a substituted or unsub-
stituted cycloalkoxy group including 3 to 18 ring carbon
atoms, a substituted or unsubstituted aryl group includ-
ing 6 to 18 ring carbon atoms, a substituted or unsubsti-
tuted aryloxy group including 6 to 18 ring carbon atoms,
a substituted or unsubstituted heteroaryl group includ-
ing 5 to 18 ring atoms, a substituted or unsubstituted
amino group, a substituted or unsubstituted silyl group,
a fluoro group, or a cyano group;

W represents a single bond, O, S, P(R;), P(—=0)(Ry),
N(R), Si(Rg)(Ro) or C(R; )R, ;); and

R; to R,; independently represent a substituted or unsub-
stituted alkyl group including 1 to 20 carbon atoms, a
substituted or unsubstituted cycloalkyl group including
3 to 18 ring carbon atoms, a substituted or unsubstituted
alkoxy group including 1 to 20 carbon atoms, a substi-
tuted or unsubstituted cycloalkoxy group including 3 to
18 ring carbon atoms, a substituted or unsubstituted aryl
group including 6 to 18 ring carbon atoms, a substituted
or unsubstituted aryloxy group including 6 to 18 ring
carbon atoms, a substituted or unsubstituted heteroaryl
group including 5 to 18 ring atoms, a substituted or
unsubstituted amino group, a substituted or unsubsti-
tuted silyl group, a fluoro group, or a cyano group, pro-
vided that one carbon atom selected from X, to X, is
bonded through a single bond to one carbon atom
selected from X, 4 to X, or a nitrogen atom when Y is
NR,.

3. The compound according to claim 2, which is a com-
pound represented by the following formula (3):

&)
A A

//Xl X
- \ / X5 Xig

X5
Xym= ¢<
) X5
X N \ Xis X5 Y. X
¥ D. ST X»n
W BT -
X 18 _# 2421
$ Xio X%
A X
X9~ 2211

v
X0

wherein X, to X,5, A}, A, andY independently represent the
same as in the formula (2).
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4. The compound according to claim 2 or 3, which is a
compound represented by the following formula (4):

@
A A

2
x N\ [/ x

X5 X X7 X
Xoae i 15 Xi4 17 X16
3\X4 }‘544 / \ Y
N \ /
X2 Xpp= / X3
Xg N X
3 X0 Xa1

Xy ol
~
Xio

wherein X, to X5, X4 t0 X5, X;gt0 X535, A, Ay and Y
independently represent the same as in the formula (2).

5. The compound according to claim 2, which is a com-
pound represented by the following formula (5):

®)
Al A

X1 X7

I\ T x

Xy X’( Xis Xy X7 Xi6 /As
X4 5 N \ p Ny
X2 X9 / X3
Xg = X
\
;(9\ 2R X0 Xt

10

wherein X, to X,,, X, 10 X7, X;5t0 X5;5, A, and A, inde-
pendently represent the same as in the formula (2); and
A, represents a substituted or unsubstituted alkyl group
including 1 to 20 carbon atoms, a substituted or unsub-
stituted cycloalkyl group including 3 to 18 ring carbon
atoms, a substituted or unsubstituted alkoxy group
including 1 to 20 carbon atoms, a substituted or unsub-
stituted cycloalkoxy group including 3 to 18 ring carbon
atoms, a substituted or unsubstituted aryl group includ-
ing 6 to 18 ring carbon atoms, a substituted or unsubsti-
tuted aryloxy group including 6 to 18 ring carbon atoms,
a substituted or unsubstituted heteroaryl group includ-
ing 5 to 18 ring atoms, a substituted or unsubstituted
amino group, a substituted or unsubstituted silyl group,
a fluoro group, or a cyano group.
6. The compound according to claim 2 or 3, which is a
compound represented by the following formula (6):

(©

AL A
X2 Xai
Xi Xy Vi
X \ / X, X X20
Xis X —
X3§X4 - 15 X
N\ / N
X2 \
Xg ~ X1 /X19
)\}9 ¢X11 Xp=X3
X0
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wherein X, to X,,, X;, to X,;, A; and A, independently
represent the same as in the formula (2).

7. The compound according to claim 1, wherein at least one
of X, to X, and X, is N.

8. A material for an organic electroluminescence device
comprising the compound according to claim 1.

9. An organic electroluminescence device comprising one
or more organic thin film layers including an emitting layer
between a cathode and an anode, wherein at least one layer of
the organic thin film layers comprises the material for an
organic electroluminescence device according to claim 8.

10. The organic electroluminescence device according to
claim 9, wherein the organic emitting layer comprises the
material for an organic electroluminescence device.

11. The organic electroluminescence device according to
claim 9, wherein the organic emitting layer comprises a phos-
phorescent material, the phosphorescent material being an
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ortho-metalated complex of a metal atom selected from iri-
dium (Ir), osmium (Os) and platinum (Pt).

12. The organic electroluminescence device according to
claim 9, which comprises an electron-transporting region
between the cathode and the emitting layer, the electron-
transporting region comprising the material for an organic
electroluminescence device.

13. The electroluminescence device according to claim 9,
which comprises an electron-injecting layer between the
organic emitting layer and the cathode, the electron-injecting
layer comprising a nitrogen-containing ring derivative.

14. The compound according to claim 2, wherein at least
one of X, to X, and X, is N.

15. The compound according to claim 4, wherein at least
one of X, to X, and X, is N.

16. The compound according to claim 6, wherein at least
one of X, to X, and X, is N.

I S S T
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