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organic EL device comprises a light-emitting layer between
an anode and a cathode piled one upon another on a substrate
and the light-emitting layer comprises a phosphorescent
dopant and a compound containing carbazolyl groups at both
ends represented by the following formula (1) as ahost mate-
rial. In formula (1), X is independently CH optionally con-
taining a substituent or N and L 1s a direct bond, an ethylene
group, or an acetylene group.
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COMPOUND FOR ORGANIC
ELECTROLUMINESCENT DEVICE AND
ORGANIC ELECTROLUMINESCENT
DEVICE USING THE SAME

FIELD OF TECHNOLOGY

[0001] This invention relates to a compound for organic
electroluminescent device and an organic electroluminescent
device using the same and, more particularly, this invention
relates to a thin film type device that emits light by application
of an electrical field to a light-emitting layer composed of an
organic compound.

BACKGROUND TECHNOLOGY

[0002] An organic electroluminescent device (hereinafter
referred to as organic EL device) in the simplest structure is
generally constituted of a light-emitting layer sandwiched
between a pair of counter electrodes and functions by utiliz-
ing the following phenomenon. Upon application of an elec-
trical field between the electrodes, electrons are injected from
the cathode and holes are injected from the anode and they
recombine in the light-emitting layer with emission of light.
[0003] Inrecentyears, organic thin films have been used in
the development of organic EL devices. In particular, in order
to enhance the luminous efficiency, the kind of electrodes has
been optimized for the purpose of improving the efficiency of
injecting carriers from the electrodes and a device has been
developed in which a hole-transporting layer composed of an
aromatic diamine and a light-emitting layer composed of
8-hydroxyquinoline aluminum complex (hereinafter referred
to as Alg3) are disposed in thin film between the electrodes.
This device has brought about a marked improvement in the
luminous efficiency over the conventional devices utilizing
single crystals of anthracene and the like and thereafter the
developmental works of organic EL. devices have been
focused on commercial applications to high-performance flat
panels featuring self-luminescence and high-speed response.
[0004] In another effort to enhance the luminous efficiency
of the device, the use of phosphorescence in place of fluores-
cenceis investigated. The aforementioned device comprising
a hole-transporting layer composed of an aromatic diamine
and a light-emitting layer composed of Alq3 and many other
devices utilize fluorescence. The use of phosphorescence,
that is, emission of light from the excited triplet state, is
expected to enhance the luminous efficiency three to four
times that of the conventional devices utilizing fluorescence
(emission of light from the excited singlet state). To achieve
this objective, the use of coumarin derivatives and benzophe-
none derivatives in the light-emitting layer was investigated,
but these derivatives merely produced luminance at an
extremely low level. Thereafter, europium complexes were
tried to utilize the excited triplet state, but failed to emit light
at high efficiency. In recent years, as is mentioned in patent
document 1, a large number of researches are conducted with
the objective of enhancing the luminous efficiency and
extending the life while giving priority to utilization of
organic metal complexes such as iridium complexes.

Patent document 1: JP2003-515897 A

Patent document 2: JP2001-313178 A

Patent document 3: JP2004-273190 A

Patent document 4: JP2005-259412 A

Patent document 5: JP2006-199679 A

Patent document 6: JP2007-227658 A

Feb. 3, 2011

Non-patent document 1: Applied Physics Letters, 2003, 83,
569-571

Non-patent document 2: Applied Physics Letters, 2003, 82,
2422-2424

[0005] In order to enhance the luminous efficiency, a host
material to be used together with the dopant material becomes
important. Of the host materials proposed thus far, a typical
example is 4,4'-bis(9-carbazolyl)biphenyl (hereinafter
referred to as CBP), which is a carbazole compound pre-
sented in patent document 2. When used as a host material for
green phosphorescent emitters, typically tris(2-phenylpyri-
dine)iridium complex (hereinafter referred to as Ir(ppy)3),
CBP exhibits relatively good luminous characteristics. Onthe
other hand, CBP fails to perform at sufficiently high luminous
efficiency when used as a host material for common blue
phosphorescent emitters. This is because the lowest triplet
energy level of CBP is lower than that of common blue
phosphorescent emitters and the triplet energy of a blue phos-
phorescent emitter is transferred to CBP. That is to say, if a
phosphorescent host material were designed to have triplet
energy higher than that ofa phosphorescent emitter, the triplet
energy of the said phosphorescent emitter would be confined
effectively and, as a result, the luminous efficiency would be
enhanced. With the objective of improving the energy-con-
fining effect, the structure of CBP 1s modified to increase the
triplet energy thereby enhancing the luminous efficiency of
iridium  bis[2-(4,6-difluorophenyl)pyridinato-N,C2'|picoli-
nate (hereinafter referred to as Flrpic) in non-patent docu-
ment 1. Similarly, the luminous efficiency is enhanced by
using 1,3-dicarbazolylbenzene (hereinafter referred to as
mCP) as a host material in non-patent document 2. However,
these host materials are not satisfactory in practical use, par-
ticularly from the viewpoint of durability.

[0006] Moreover, the host material needs to have well-
balanced electrical charges (hole and electron) injection/
transport characteristics in order to enhance the luminous
efficiency. The electron transport property falls short of the
hole transport property in the case of CBP and this disturbs
the balance of electrical charges in the light-emitting layer
and causes excess holes to flow out to the cathode side thereby
reducing the probability of recombination of holes and elec-
trons in the light-emitting layer and lowering the luminous
efficiency. Furthermore, the recombination in this case occurs
in a narrow limited region in the vicinity of the interface on
the cathode side. Therefore, in the case where an electron-
transporting material like Alq3 whose lowest triplet energy
level is lower than that of Tr(ppy)3 is used, there may also arise
the possibility that the luminous efficiency may become
lower due to transfer of the triplet energy from the dopant to
the electron-transporting material.

[0007] One of the means to prevent holes from flowing out
to the electron-transporting layer is to provide a hole-block-
ing layer between the light-emitting layer and the electron-
transporting layer. The hole-blocking layer accumulates
holes efficiently in the light-emitting layer and contributes to
improvement of the probability of recombination ofholes and
electrons in the light-emitting layer and enhancement of the
luminous efficiency (patent document 2). The hole-blocking
materials in general use include 2,9-dimethyl-4,7-diphenyl-
1,10-phenanthroline (hereinafter referred to as BCP) and
p-phenylphenolato-bis(2-methyl-8-quinolinolato)aluminum
(hereinafter referred to as BAlq). These materials can prevent
holes from flowing out of the light-emitting layer to the elec-
tron-transporting layer; however, the lowest triplet energy
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level of both of them is low compared with that of a phospho-
rescent dopant such as Ir(ppy)3 and sufficient luminous effi-
ciency cannot be obtained.

[0008] Moreover, BCP tends to crystallize even at room
temperature and lacks reliability as a hole-blocking material
and the life of the device is extremely short. Although BAlq is
reported to have a Tg of approximately 100° C. and provide
the device with relatively good life, its hole-blocking ability is
not enough. In addition, there arises a problem that an incre-
ment of one layer complicates the structure of the device and
increases the production cost.

[0009] As described above, in order for an organic EL
device to perform at high luminous efficiency, a host material
is required to have high triplet energy and to be balanced in
the electrical charges (hole and electron) injection/transport
characteristics. Furthermore, the host material is desirably a
compound endowed with electrochemical stability, high heat
resistance, and excellent stability in the amorphous state.
However, no compound capable of satisfying these properties
on a practical level is known at the present time

[0010] Some ofthe organic EL devices developed so far by
making use of phosphorescent molecules use materials con-
taining a carbazole ring (carbazole skeleton) as host materials
in the light-emitting layer. In recent years, several materials
containing a carbazole ring have been proposed for the pur-
pose of increasing the triplet energy.

[0011] A biphenyl derivative containing carbazole rings
shown below is proposed as a host material in patent docu-
ment 3.
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[0012] In the aforementioned compound, the carbazole
rings are linked to the aromatic ring of biphenyl skeleton and
this configuration causes the electron transport property to
fall short of the hole transport property in the molecule.
Hence, the electrical charges are balanced poorly and the
durability is insufficient. Furthermore, when attention is paid
to two benzene rings in the aforementioned biphenyl skel-
eton, each of them is linked to the carbazole ring at the ortho
position and this configuration develops a strain in the mol-
ecule and causes a loss of stability thereby emphasizing all the
more the aforementioned problem.
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[0013] The following compound and others are shown as
luminous materials in patent document 4.

[0014] However, in the aforementioned compound, the
benzene ring at the center is trivalent and linked to three
S'-carbazolylbiphenyl groups like a starburst structure.
Hence, it is likely that the triplet energy becomes lower and
sufficient luminous efficiency cannot be obtained.

[0015] Further, the following compounds are proposed as
luminous materials in patent document 5.
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-continued

[0016] However, in the aforementioned compounds, one
benzene ring is substituted with two carbazolyl groups and,
when the compounds are subjected to electrical oxidation/
reduction, it is conceivable that localization of electrical
charges between the carbazole ring responsible for the hole
transport property and the benzene ring responsible for the
electron transport property becomes extensive and the result
is a lack of electrical stability.

[0017] The following compound is shown as a luminous
material in patent document 6.

Feb. 3, 2011

[0018] However, the aforementioned compound possesses
two terminal carbazolylphenyl groups respectively substi-
tuted at the ortho position. Hence, the compound has high
triplet energy and the luminous efficiency is enhanced. How-
ever, a large strain develops in the molecule when all the
benzenerings are linked to one another at the ortho position as
in the aforementioned compound; in such a case, charge
delocalization becomes difficult to occur between the aro-
matic rings when the compound is subjected to electrical
oxidation/reduction, an excessive load is imposed on the mol-
ecule, and the durability becomes insufficient.

DISCLOSURE OF THE INVENTION
Problems to be Solved by the Invention

[0019] In applications of organic EL. devices to display
devices such as flat panel displays, it is necessary to enhance
the luminous efficiency of the device and, at the same time, to
fully secure the driving stability of the device. Under the
aforementioned circumstances, an object of this invention is
to provide an organic ELL device of high efficiency, good
driving stability, and practical usefulness and to provide a
compound suitable therefor.

Means to Solve the Problems

[0020] Theinventors ofthis invention have found as a result
of intensive studies that a compound that is terminated at both
ends with a partial structure made up of a carbazolyl group
linked to a six-membered aromatic ring at the ortho position
is suitable as a compound for an organic EL device and
completed this invention.

[0021] Accordingly, this invention relates to a compound
for organic electroluminescent device represented by the fol-
lowing general formula (1).
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[0022] In general formula (1), Ar is a divalent aromatic
hydrocarbon group of 6-18 carbon atoms optionally contain-
ing substituents or a divalent aromatic heterocyclic group of
3-18 carbon atoms optionally containing substituents and n
Ars are identical with or different from one another; L is a
direct bond, an ethylene group, or an acetylene group; X is
independently a methine group optionally containing a sub-
stituent or a nitrogen atom; Rs each is independently a hydro-
gen atom, an alkyl group of 1-6 carbon atoms, an alkoxyl
group of 1-6 carbon atoms, an acyl group of 1-6 carbon atoms,
an aromatic hydrocarbon group of 6-18 carbon atoms option-
ally containing substituents, or an aromatic heterocyclic
group of 3-18 carbon atoms optionally containing substitu-
ents; nisan integer of 1-3; inthe case where L is a direct bond,
not all the bonds between L and Ar and between n Ars are
located at the adjacent position in the aromatic rings consti-
tuting Ars.

[0023] Of the compounds represented by the aforemen-
tioned general formula (1), compounds represented by the
following general formula (2) are preferred.

[0024] Ingeneral formula(2), n, X, and R respectively have
the same meaning as n, X, and R in general formula (1); in at
least one of n (ring A)s, two bonds linking the adjacent rings
are not located at the ortho position.

[0025] This invention also relates to an organic electrolu-
minescent device comprising an anode, organic layers, and a
cathode piled one upon another on a substrate wherein the
device comprises an organic layer comprising the aforemen-
tioned compound for organic electroluminescent device.
[0026] Further, this invention assumes the following desir-
able forms.

1) The aforementioned compound for organic electrolumi-
nescent device wherein, in general formula (1), Ar is a sub-
stituted or unsubstituted aromatic hydrocarbon group of 6-18
carbon atoms or a substituted or unsubstituted aromatic het-
erocyclic group of 3-18 carbon atoms.
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2) The aforementioned compound for organic electrolumi-
nescent device wherein, in general formula (1), X is a methine
group.
3) The aforementioned compound for organic electrolumi-
nescent device wherein, in general formula (1), L is a direct
bond.

4) The aforementioned compound for organic electrolumi-
nescent device wherein, in general formula (1), R is a hydro-
gen atom.

5) The aforementioned organic electroluminescent device
comprising an anode, organic layers, and a cathode piled one
upon another on a substrate wherein the organic layer com-
prising the aforementioned compound for organic electrolu-
minescent device is at least one layer selected from the group
of a light-emitting layer, a hole-transporting layer, an elec-
tron-transporting layer, and a hole-blocking layer.

6) The aforementioned organic electroluminescent device
wherein the organic layer comprising the aforementioned
compound for organic electroluminescent device is a light-
emitting layer further comprising a phosphorescent dopant.

BRIEF DESCRIPTION OF THE DRAWING

[0027] FIG. 1 schematically shows the cross section of an
example of an organic EL device.

PREFERRED EMBODIMENTS OF THE
INVENTION

[0028] A compound for organic EL device according to this
invention is represented by the aforementioned general for-
mula (1).

[0029] In general formula (1), Ar is a divalent aromatic
hydrocarbon group of 6-18 carbon atoms or a divalent aro-
matic heterocyclic group of 3-18 carbon atoms. The divalent
aromatic hydrocarbon group or aromatic heterocyclic group
may contain substituents. Further, n Ars may be identical with
or different from one another. The term “an aromatic hydro-
carbon group optionally containing substituents™ as used in
this specification means both an aromatic hydrocarbon group
containing no substituent and an aromatic hydrocarbon group
containing substituents. The same holds for an aromatic het-
erocyclic group optionally containing substituents, and a
methine group optionally containing a substituent.

[0030] Examples of the preferable divalent aromatic hydro-
carbon groups include the groups formed by removing two
hydrogen atoms from aromatic hydrocarbons of single-ring
or fused-ring structure such as benzene, naphthalene, phenan-
threne, anthracene, and fluorene. A phenylene group and a
naphthylene group are preferred. When n is 2 and two Ars are
phenylene groups in general formula (1), -(Ar),- becomes a
biphenylylene group.

[0031] Examples of the preferable divalent aromatic het-
erocyclic groups include the groups formed by removing two
hydrogen atoms from aromatic heterocyclic compounds such
as furan, pyran, pyrrole, imidazole, pyrazole, isothiazole,
isoxazole, pyridine, pyrazine, pyrimidine, pyridazine, thian-
threne, isobenzofuran, chromene, xanthene, phenoxanthene,
indolizine, isoindole, indazole, purine, quinoline, isoquino-
line, naphthyridine, quinoxaline, quinazoline, carbazole,
phenathrine, acridine, perimidine, phenazine, phenothiazine,
phenoxazine, thiazole, oxazole, dibenzodioxin, triazole, ben-
zoxazole, benzothiazole, benzimidazole, and benzotriazole.
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The groups formed by removing two hydrogen atoms from
pyridine, pyrimidine, pyrazine, triazine, and carbazole are
preferred.

[0032] The aforementioned aromatic hydrocarbon groups
and aromatic heterocyclic groups may contain substituents.
Examples of preferable substituents include an alkyl group,
an aromatic hydrocarbon group, an acyl group, an alkoxyl
group, an aryloxy group, an alkylthio group, an arylthio
group, an alkoxycarbonyl group, an aryloxycarbonyl group, a
halogen atom, an arylamino group, an alkylamino group, and
an aromatic heterocyclic group. From the viewpoint of
obtaining a high triplet energy level and avoiding a lowering
of electrical durability accompanying a maldistribution of
electrical charges, a phenyl group, a pyridyl group, and an
alkyl group of 1-4 carbon atoms are preferred. In the case
where the aforementioned substituents can contain two or
more carbon atoms, the number of carbon atoms is 18 or less,
preferably 10 or less. In the case where the substituents are
aromatic hydrocarbon groups or the like, they may further
contain substituents such as halogen atoms.

[0033] In general formula (1), L is a direct bond, an ethyl-
ene group, or an acetylene group. A direct bond or an ethylene
group is preferred.

[0034] In general formula (1), Rs each is independently a
hydrogen atom, an alkyl group of 1-6 carbon atoms, an
alkoxyl group of 1-6 carbon atoms, an acyl group of 1-6
carbon atoms, an aromatic hydrocarbon group of 6-18 carbon
atoms optionally containing substituents, or an aromatic het-
erocyclic group of 3-18 carbon atoms optionally containing
substituents. From the viewpoint of obtaining a high triplet
energy level and avoiding a lowering of electrical durability
accompanying a maldistribution of electrical charges, a
hydrogen atom, an alkyl group of 1-6 carbon atoms, a phenyl
group optionally containing substituents, or a pyridyl group
optionally containing substituents is preferred. In the case of
aromatic hydrocarbon groups optionally containing substitu-
ents or aromatic heterocyclic groups optionally containing
substituents, the said substituents may be the same as the
aforementioned substituents.

[0035] Ingeneral formula (1), Xisindependently a methine
group optionally containing a substituent or a nitrogen atom.
Ofthe 4 Xs in the six-membered ring, 3 or more, preferably 4,
are methine groups and the rest is a nitrogen atom.

[0036] Inthe caseof'a methine group optionally containing
a substituent, examples of the substituent include an alkyl
group of 1-6 carbon atoms, an alkoxyl group of 1-6 carbon
atoms, an acyl group of 1-6 carbon atoms, an aromatic hydro-
carbon group of 6-18 carbon atoms, and an aromatic hetero-
cyclic group of 3-18 carbon atoms.

[0037] In general formula (1), n is an integer of 1-3, pref-
erably 1. In the case where n is 2 or 3, n Ars may be identical
with or different from one another.

[0038] In the case where L is a direct bond in general
formula (1), not all the bonds between L, and Ar and between
nArs are located at the adjacent position in the aromatic rings
constituting Ars and they are at least partly located at the
position other than the adjacent position. That is, supposing n
Ars are designated as Arl, Ar2, and Ar3, they are linked
something like -[.-Ar1-Ar2-Ar3-L- in general formula (1).
Whenattention is paid to Ar1, the position at which L is linked
to Arl and the position at which Ar1 is linked to Ar2 happen
to be adjacent to each other (or at the ortho position in the case
ofasix-membered ring) in some cases. Likewise, when atten-
tion is paid to Ar2, the position at which Ar2 is linked to Arl
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and the position at which Ar2 is linked to Ar3 happen to be
adjacent to each other in some cases. And, two bonds linking
the adjacent Ars are located at the adjacent position not in all
of n Ars in general formula (1). In the case wheren is 2 or 3,
it suffices that the aforementioned two bonds are not located
at the adjacent position in one of Ars and the position of two
bonds may be arbitrary in the remaining Ar or Ars; however,
the aforementioned two bonds are preferably not located at
the adjacent position in all of n Ars. In the case where L is not
a direct bond, the restriction of this kind is not essential;
however, the aforementioned two bonds are preferably not
located at the adjacent position in one of Ars.

[0039] The compounds preferable for this invention are
those represented by the aforementioned general formula (2).
In general formula (2),n, X, and R respectively have the same
meaning as n, X, and R in general formula (1). It is to be
understood that Ar in general formula (1) corresponds to ring
A in general formula (2) and L is a direct bond in general
formula (2).

[0040] Ring A in general formula (2) corresponds to Ar in
general formula (1) and it is a six-membered aromatic ring in
which the atoms constituting the ring are limited to carbon
and X. Here, X inring A has the same meaning as X in the ring
linked to the N-carbazolyl group (N-linked ring), but it can
vary independently. The nature of preferred ring A can be
understood by selecting a six-membered aromatic group
whose ring is made up of carbon atoms and X from the
aromatic groups regarded as desirable in the aforementioned
explanation of Ar.

[0041] In general formula (2), two bonds linking the adja-
cent rings are located at the ortho position not in all of n (ring
A)s. The explanation given on the bonding position of n Ars
in general formula (1) applies here and this configuration is
designed to prevent deterioration of the stability and durabil-
ity and reduction of the life of the compound that may occur
when all the adjacent rings are linked at the adjacent position
or the ortho position.

[0042] The compounds of this invention represented by
general formula (1) or (2) can be synthesized by selecting raw
materials to suit the structure of the target compound and
utilizing a known procedure.

[0043] Several methods are available for the synthesis; for
example, one method consists of synthesizing a compound
having a skeleton of aromatic chain to be linked later to two
carbazole rings and introducing the carbazole groups in the
final stage (method 1) while another method consists of cou-
pling an o-carbazolylarylboronic acid and an aryl halide
whose skeleton corresponds to L-(Ar),,-L in general formula
(1) (method 2).

[0044] According to method 1, a compound containing
halogen atoms as substituents in its basic skeleton and sub-
stituted or unsubstituted carbazole are mixed with a strong
base such as sodium hydride, potassium tert-butoxide, and
n-butyllithium in a solvent such as tetrahydrofuran, dioxane,
diethyl ether, and N,N-dimethylformamide and heated under
reflux with stirring in an atmosphere of dry gas and/or inert
gas.

[0045] According to method 2, an o-carbazolylarylboronic
acid is allowed to react with an aryl halide in a solvent in the
presence of a metal catalyst and a base.

[0046] Examples of the compounds represented by general
formula (1) are shown below, but the compounds for organic
El devices of this invention are not limited to these examples.



:« M aw
% %un um .



Feb. 3, 2011

US 2011/0024735 Al

-continued

-continued

Ph Ph

13

10

Ph Ph

o
—




Feb. 3, 2011

US 2011/0024735 Al

-continued

-continued




US 2011/0024735 Al Feb. 3,2011

-continued -continued

[0047] The compound for organic electroluminescent
device of this invention provides an organic EL device of
excellent quality when incorporated in an organic layer of an
organic EL device comprising an anode, organic layers, and a
cathode piled one upon another on a substrate. The organic
layer suitable for incorporation of the compound is a light-
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emitting layer, a hole-transporting layer, an electron-trans-
porting layer, or a hole-blocking layer. Incorporation of the -continued
compound in the light-emitting layer is preferred and incor-
poration of the compound as a host material in the light-
emitting layer containing a phosphorescent dopant is more
preferred.

[0048] Thematerials for phosphorescent dopants to be used
in the light-emitting layer are preferably organic metal com-
plexes containing at least one metal selected from ruthenium,
rhodium, palladium, silver, rhenium, osmium, iridium, plati-
num, and gold. Such organic metal complexes are known in
the aforementioned patent documents and elsewhere and a
suitable complex can be selected from them and used in this
invention.

[0049] Preferable phosphorescent dopants include com-
plexes having a noble metal element such as Ir in the center,
typically Ir(ppy)3, complexes such as Ir(bt)2.acac3, and com-
plexes such as PtOEt3. Examples of these complexes are
shown below, but are not limited thereto.

CF3 - -
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[0050] The content of the aforementioned phosphorescent
dopant in the light-emitting layer is preferably in the range of
5-10 wt %.

[0051] The organic EL device in which the compound for
organic EL device of this invention is used will be explained
next. The organic EL device of this invention comprises
organic layers between an anode and a cathode piled one upon
another on a substrate and at least one of the organic layers is
a light-emitting layer and at least one layer comprises the
compound for organic EL device of this invention. Advanta-
geously, the light-emitting layer comprises the compound for
organic EL device of this invention. More advantageously, the
light-emitting layer comprises the compound for organic EL
device of this invention together with a phosphorescent
dopant.

[0052] The structure of the organic EL device of this inven-
tion will be explained with reference to the drawing, but it will
not be limited to the one illustrated in the drawing.

[0053] Explanation of symbols: 1 substrate, 2 anode, 3
hole-injecting layer, 4 hole-transporting layer, 5 light-emit-
ting layer, 6 electron-transporting layer, 7 cathode.

[0054] FIG. 1 schematically shows the structure of an
example of an organic EL device generally used in this inven-
tion and the numbers respectively stand for the following; 1

12
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for a substrate, 2 for an anode, 3 for a hole-injecting layer, 4
for a hole-transporting layer, 5 for alight-emitting layet, 6 for
an electron-transporting layer, and 7 for a cathode. The
organic EL device of this invention comprises a substrate, an
anode, a light-emitting layer, and a cathode as essential lay-
ers; in addition to these essential layers, the device preferably
has a hole-injecting/transporting layer and an electron-inject-
ing/transporting layer and, further, has a hole-blocking layer
disposed between the light-emitting layer and the electron-
injecting/transporting layer. The term hole-injecting/trans-
porting layer means a hole-injecting layer and/or a hole-
transporting layer and the term electron-injecting/
transporting layer means an electron-injecting layer and/or an
electron-transporting layer.

[0055] 1t is possible to fabricate a device with a structure
that is the reverse of the one illustrated in FIG. 1 by piling the
cathode 7, the electron-transporting layer 6, the light-emitting
layer 5, the hole-transporting layer 4, and the anode 2 one
upon another in this order on the substrate 1 and, as described
earlier, it is possible to dispose the organic EL device of this
invention between two substrates at least one of which is
highly transparent. In this case ofthe reverse structure, alayer
or layers may be added or omitted as needed.

[0056] Theorganic EL device of this invention is applicable
to asingle device, adevice with its structure arranged in array,
or adevice in which the anode and the cathode are arranged in
X-Y matrix. This invention provides an organic EL device
which is enhanced in luminous efficiency and markedly
improved in driving stability compared with the conventional
devices utilizing emission of light from the excited singlet
state by incorporating the aforementioned compound for
organic EL device together with a phosphorescent dopant in
the light-emitting layer and the device can perform excel-
lently in applications to full-color or multicolor panels.

EXAMPLES

[0057] This invention will be explained in more detail
below with reference to the examples; however, this invention
will not be limited to these examples and it can be reduced to
practice in various modes unless such practice exceeds the
substance of this invention.

[0058] The synthesis of compounds for organic EL device
was carried out according to the routes described below. The
compound number corresponds to the number assigned to the
chemical formula illustrated earlier.

Example 1
Synthesis of Compound 1

[0059] In a2,000-mL three-necked flask were placed 20 g
(143 millimoles) of 2-fluorophenylboronic acid, 14 g (59
millimoles) of 1,3-dibromobenzene, and tetrakis(triph-
enylphosphine)palladium(0), then 300 mL ofethanol and 600
mL of toluene were added, and the mixture was stirred.
Thereafter, a solution of 76 g (710 millimoles) of sodium
carbonate in 400 mL of water was thrown into the flask. Then,
the mixture was heated to 80° C. and stirred for 4 hours. The
reaction solution was cooled to room temperature, transferred
to a 2,000-mL separatory funnel, and separated into an
organic layer and an aqueous layer. The organic layer was
washed three times with 200 mL of water and then dehydrated
over magnesium sulfate, the magnesium sulfate was filtered
off, and the solvent was distilled off under reduced pressure.
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The reaction mixture thus obtained was purified by silica gel
column chromatography to yield 14 g of Intermediate () asa
colorless transparent liquid.

F Pd(PPh3)y
Na,COj aq
+ _
toluene/EtOH
Br Br B(OH),
F F

O

[0060] In a300-mL three-necked flask were placed 6.5 g
(149 millimoles) of sodium hydride (55% dispersion) and 90
ml of anhydrous DMF and stirred under nitrogen flow. To the
resulting suspension was added a solution of 20 g (122 mil-
limoles) of carbazole in 30 mL of DMF. The mixture was
stirred at room temperature for 20 minutes, a solution of 14 g
of Intermediate (I) in 30 mL of DMF was added, and the
resulting mixture was heated at 120° C. with stirring for 10
days. The mixture was then cooled to room temperature, 50
mL of methanol and 200 mL of water were added, and the
solid separated was collected by filtration. The solid was
washed by dispersion in methanol with application of heat,
then purified by crystallization from THF and methanol, and
further purified by crystallization from methylene chloride
and ethanol. The white solid obtained was dried by heating
under reduced pressure to yield 13 g of Compound 1: EI-MS,
561 (M+1); melting point, 248° C.; glass transition tempera-
ture, 91° C.

F‘;

0.Q
e

Example 2
Synthesis of Compound 2

[0061] Ina2,000-mL three-necked flask were placed 20 g
(143 millimoles) of 2-fluorophenylboronic acid, 14 g (59
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millimoles) of 2,6-dibromopyridine, and tetrakis(triph-
enylphosphine)palladium(0), then 300 mL ofethanol and 600
mL of toluene were added, and the mixture was stirred.
Thereafter, a solution of 76 g (710 millimoles) of sodium
carbonate in 400 mL of water was thrown into the flask. Then,
the mixture was heated to 80° C. and stirred for 4 hours. The
reaction solution was cooled to room temperature, transferred
to a 2,000-mL separatory funnel, and separated into an
organic layer and an aqueous layer. The organic layer was
washed three times with 200 mL of water and then dehydrated
over magnesium sulfate, the magnesium sulfate was filtered
off, and the solvent was distilled off under reduced pressure.
The reaction mixture thus obtained was purified by silica gel
column chromatography to yield 9.8 g of Intermediate (II) as
a white solid.

L X

Pd(PPh3)s
NaZCO3 aq

tol uene/EtOH

B(OH),

[0062] In a300-mL three-necked flask were placed 4.3 g
(99 millimoles) of sodium hydride (55% dispersion) and 60
mL of anhydrous DMF and stirred under nitrogen flow. To the
resulting suspension was added a solution of 11 g (66 milli-
moles) of carbazole in 20 mL of DMF. The mixture was
stirred at room temperature for 20 minutes, a solution of 8 g of
Intermediate (II) in 20 mL, of DMF was added, and the result-
ing mixture was heated at 120° C. with stirring for 4 days. The
mixture was then cooled to room temperature, 40 mL of
methanol and 180 mL of water were added, and the solid
separated was collected by filtration. The solid was washed by
dispersion in methanol with application of heat and then
purified by crystallization from THF and methanol. The white
solid obtained was dried by heating under reduced pressure to
vield 7.6 g of Compound 2: ELMS, 562 (M+1); melting point,
279° C.; glass transition temperature, 94° C.

Example 3
Synthesis of Compound 16

[0063] In a2,000-mL three-necked flask were placed 20 g
(143 millimoles) of 2-fluorophenylboronic acid, 14 g (59
millimoles) of 1,4-dibromobenzene, and tetrakis(triph-
enylphosphine)palladium(0), then 300 mL ofethanol and 600
mL of toluene were added, and the mixture was stirred.
Thereafter, a solution of 76 g (710 millimoles) of sodium
carbonate in 400 mL of water was thrown into the flask. Then,
the mixture was heated to 80° C. and stirred for 4 hours. The
reaction solution was cooled to room temperature, transferred
to a 2,000-mL separatory funnel, and separated into an
organic layer and an aqueous layer. The organic layer was
washed three times with 200 mL of water and then dehydrated
over magnesium sulfate, the magnesium sulfate was filtered
off, and the solvent was distilled off under reduced pressure.
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The reaction mixture thus obtained was purified by silica gel
column chromatography to yield 7 g of Intermediate (I11) as a
white solid.

Br4®7 BI )

F Pd{PPh3)4
Na,CO;3 aq
_—
toluene/EtOH

B(OH),
F

F
(i

[0064] In a 200-mL three-necked flask were placed 3.5 g
(80 millimoles) of sodium hydride (55% dispersion) and 60
mL of anhydrous DMF and stirred under nitrogen flow. To the
resulting suspension was added a solution of 11 g (66 milli-
moles) of carbazole in 30 mL. of DMF. The mixture was
stirred at room temperature for 20 minutes, a solution of 7 g of
Intermediate (I1I) in 15 mL of DMF was added, and the
resulting mixture was heated at 120° C. with stirring for 13
days. The mixture was then cooled to room temperature, 50
mL of methanol and 200 mL of water were added, and the
solid separated was collected by filtration. The solid was
washed by dispersion in methanol with application of heat,
purified by crystallization from THF and methanol, and fur-
ther purified by crystallization from methylene chloride and
ethanol. The white solid obtained was dried by heating under
reduced pressure to yield 5 g of Compound 16: EI-MS, 561
(M+1); melting point, 305° C.; glass transition temperature,
not observed.

Example 4
Synthesis of Compound 7

[0065] Ina2,000-mL three-necked flask were placed 31.24
2 (155.6 millimoles) of 3-bromophenylboronic acid, 25.75 g
(78 millimoles) of 1,3-diiodobenzene, and 10.24 g (8.9 mil-
limoles) of tetrakis(triphenylphosphine)palladium(0), then
300mL of ethanol and 600 mL oftoluene were added, and the
mixture was stirred. Thereafter, a solution of 76 g (710 mil-
limoles) of sodium carbonate in 400 mL of water was thrown
into the flask. Then, the mixture was heated to 80° C. and
stirred for 4 hours. The reaction solution was cooled to room
temperature, transferred to a 2,000-mL separatory funnel,
and separated into an organic layer and an aqueous layer. The
organic layer was washed three times with 200 mL of water
and then dehydrated over magnesium sulfate, the magnesium
sulfate was filtered off, and the solvent was distilled off under
reduced pressure. The reaction mixture thus obtained was
purified by silica gel column chromatography to yield 16.96
g of Intermediate (IV) as a colorless transparent liquid.
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Pd(PPh3)4
Na2CO3 aq

_—
toluene/EtOH

Br B(OH),

Br I I Br

av)

[0066] Inal,000-mL three-necked flask were placed 14.25
2 (101.84 millimoles) of 2-fluorophenylboronic acid, 15.66 g
(40.35 millimoles) of Intermediate (IV), and 3.62 g (3.1 mil-
limoles) of tetrakis(triphenylphosphine)palladium(0), then
100 mL of ethanol and 300 mL of toluene were added, and the
mixture was stirred. Thereafter, a solution of 31.6 g (298.1
millimoles) of sodium carbonate in 130 mL of water was
thrown into the flask. The mixture was then heated to 80° C.
and stirred for 4 hours. The reaction solution was cooled to
room temperature, transferred to a 1,000-mL separatory fun-
nel, and separated into an organic layer and an aqueous layer.
The organic layer was washed three times with 200 mL of
water and then dehydrated over magnesium sulfate, the mag-
nesium sulfate was filtered off, and the solvent was distilled
off under reduced pressure. The reaction mixture thus
obtained was purified by silica gel column chromatography to
vield 9.00 g of Intermediate (V) as a white solid.

Br. l O l Br i
F Pd(PPh3)4

Na2CO3 aq
R ———
toluene/EtOH
B(OH),
F

[0067] Ina 500-mL three-necked flask were placed 4.22 g
(103 millimoles) of sodium hydride (58.8% dispersion) and
100 mL of anhydrous DMF and stirred under nitrogen flow.
To the resulting suspension was added a solution of 8.65 g
(51.7 millimoles) of carbazole in 30 mL of DMF. The mixture
was stirred at room temperature for 30 minutes, a solution of
8.46 g of Intermediate (V) in 70 mL of DMF was added, and

)
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the resulting mixture was heated at 120° C. with stirring for
10 days. The mixture was then cooled to room temperature,
50 mL of methanol and 200 mL of water were added, and the
solid separated was collected by filtration. The solid was
washed by dispersion in methanol with application of heat,
purified by crystallization from THF and methanol, and fur-
ther purified by crystallization from methylene chloride and
ethanol. The white solid obtained was dried by heating under
reduced pressure and purified by silica gel column chroma-
tography to yield 3.51 g (4.92 millimoles) of Compound 7:
EI-MS, 713 (M+1); melting point, 203° C.; glass transition
temperature, 98° C.

Example 5
Synthesis of Compound 11

[0068] Ina 1,000-mL three-necked flask were placed 11.0
£ (38.3 millimoles) of 2-carbazolylphenylboronic acid, 6.0 g
(15.0 millimoles) of3,6-dibromo-9-phenylcarbazole, and 1.6
¢ (1.4 millimoles) of tetrakis(triphenylphosphine)palladium
(0), then 100 mL of ethanol and 200 mL of toluene were
added, and the mixture was stirred. Thereafter, a solution of
15.0 g (142.0 millimoles) of sodium carbonate in 200 mL of
water was thrown into the flask. The mixture was then heated
to 80° C. and stirred for 15 hours. The reaction solution was
cooled to room temperature, transferred to a 1,000-mL sepa-
ratory funnel, and separated into an organic layer and an
aqueous layer. The organic layer was washed three times with
200 mL of water and then dehydrated over magnesium sul-
fate, the magnesium sulfate was filtered off, and the solvent
was distilled offunder reduced pressure. The reaction mixture
thus obtained was purified by recrystallization from THF and
methanol to yield 5.1 g of Compound 11 as a white solid;
EI-MS, 726 (M+1); melting point, 275° C.; glass transition
temperature, 143° C.

+

¢

B(OH),
Pd(PPhs)q
Na,COj3 aq
—_—
toluene/EtOH

A
J
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Example 6
Synthesis of Compound 12

[0069] Ina1,000-mL three-necked flask were placed 8.0 g
(27.8 millimoles) of 2-carbazolylphenylboronic acid, 4.0 g
(12.8 millimoles) of Intermediate (VI), and 1.6 g (1.4 milli-
moles) of tetrakis(triphenylphosphine)palladium(0), then 75
mL of ethanol and 150 mL of toluene were added, and the
mixture was stirred. Thereafter, a solution of 14.3 g (135.0
millimoles) of sodium carbonate in 150 mL of water was
thrown into the flask. The mixture was then heated to 80° C.
and stirred for 17 hours. The reaction solution was cooled to
room temperature, transferred to a 1,000-mL separatory fun-
nel, and separated into an organic layer and an aqueous layer.
The organic layer was washed three times with 200 mL of
water and then dehydrated over magnesium sulfate, the mag-
nesium sulfate was filtered off, and the solvent was distilled
off under reduced pressure. The reaction mixture thus
obtained was purified by recrystallization from THF and
methanol to yield 5.1 g of Compound 12 as a white solid,
EI-MS, 637 (M+1); melting point, 235° C.; glass transition
temperature, 98° C.

VD
B(OH),

A
J
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Example 7

Synthesis of Compound 24

[0070] Ina1,000-mL three-necked flask were placed 8.0 g
(27.8 millimoles) of 2-carbazolylphenylboronic acid, 4.0 g
(12.8 millimoles) of 1,3-dibromo-5-fluorobenzene, and 1.6 g
(1.4 millimoles) of tetrakis(triphenylphosphine)palladium
(0),then 75 mL of ethanol and 150 mL of toluene were added,
and the mixture was stirred. Thereafter, a solution of 143 g
(135.0 millimoles) of sodium carbonate in 150 mL of water
was thrown into the flask. The mixture was then heated to 80°
C. and stirred for 17 hours. The reaction solution was cooled
to room temperature, transferred to a 1,000-mL separatory
funnel, and separated into an organic layer and an aqueous
layer. The organic layer was washed three times with 200 mL
of water and then dehydrated over magnesium sulfate, the
magnesium sulfate was filtered off, and the solvent was dis-
tilled off under reduced pressure. The reaction mixture thus
obtained was purified by recrystallization from THF and
methanol to yield 5.1 g of Compound 24 as a white solid;
EI-MS, 579 (M+1); melting point, 279° C.; glass transition
temperature, 86° C.

Exaniple 8
Synthesis of Compound 27

[0071] Ina 1,000-mL three-necked flask were placed 25.4
2(84.0millimoles) of 2-carbazolylphenylboronic acid, 12.5 g
(40.0 millimoles) of 3,3'-dibromobiphenyl, and 0.8 g (0.7
millimole) of tetrakis(triphenylphosphine)palladium(0), then
40 mL of ethanol and 80 mL of toluene were added, and the
mixture was stirred. Thereafter, a solution of 14.3 g (135.0
millimoles) of sodium carbonate in 150 mL of water was
thrown into the flask. The mixture was then heated to 80° C.
and stirred for 17 hours. The reaction solution was cooled to
room temperature, transferred to a 1,000-mL separatory fun-
nel, and separated into an organic layer and an aqueous layer.
The organic layer was washed three times with 200 mL of
water and then dehydrated over magnesium sulfate, the mag-
nesium sulfate was filtered off, and the solvent was distilled
off under reduced pressure. The reaction mixture thus
obtained was purified by silica gel column chromatography to
vield 5.0 g of Compound 27 as a white solid; ELMS, 637
(M+1); melting point, not observed; glass transition tempera-
ture, 96° C.

Example 9

Synthesis of Compound 31

[0072] Inal1,000-mL three-necked flask were placed 8.0 g
(27.8 millimoles) of 2-carbazolylphenylboronic acid, 4.0 g

16
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(12.8 millimoles) of 1,4-dibromo-2,5-difluorobenzene, and
1.6 g (1.4 millimoles) of tetrakis(triphenylphosphine)palla-
dium(0), then 75 mL of ethanol and 150 mL of toluene were
added, and the mixture was stirred. Thereafter, a solution of
14.3 g (135.0 millimoles) of sodium carbonate in 150 mL of
water was thrown into the flask. The mixture was then heated
to 80° C. and stirred for 17 hours. The reaction solution was
cooled to room temperature, transferred to a 1,000-mL sepa-
ratory funnel, and separated into an organic layer and an
aqueous layer. The organic layer was washed three times with
200 mL of water and then dehydrated over magnesium sul-
fate, the magnesium sulfate was filtered off, and the solvent
was distilled offunder reduced pressure. The reaction mixture
thus obtained was purified by recrystallization from THF and
methanol to yield 5.1 g of Compound 31 as a white solid;
EI-MS, 597 (M+1); melting point, 263° C.; glass transition
temperature, 92° C.

Example 10
Synthesis of Compound 32

[0073] In a2,000-mL three-necked flask were placed 19.0
g (60.0 millimoles) of 1,3,5-tribromobenzene, 36.0 g (125
millimoles) of 2-carbazolylphenylboronic acid, and 1.6 g (1.4
millimoles) of tetrakis(triphenylphosphine)palladium(0),
then 100 mL of ethanol and 600 mL of toluene were added,
and the mixture was stirred. Thereafter, a solution of 50.0 g
(471.0 millimoles) of sodium carbonate in 480 mL of water
was thrown into the flask. The mixture was then heated to 80°
C. and stirred for 24 hours. The reaction solution was cooled
to room temperature, transferred to a 2,000-mL separatory
funnel, and separated into an organic layer and an aqueous
layer. The organic layer was washed three times with 200 mL
of water and then dehydrated over magnesium sulfate, the
magnesium sulfate was filtered off, and the solvent was dis-
tilled off under reduced pressure. The reaction mixture thus
obtained was purified by silica gel column chromatography to
yield 17.2 g of Intermediate (V1) as a white solid.
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B(OH),

A
J

Pd(PPhs)4
NayCOs aq

[
toluene/EtOH



US 2011/0024735 Al

-continued

LA O

[0074] Inal1,000-mL three-necked flask were placed 2.6 g
(16.2 millimoles) of 3,5-difluorophenylboronic acid, 8.0 g
(12.5 millimoles) of Intermediate (VII), and 0.8 g (0.7 milli-
mole) of tetrakis(triphenylphosphine)palladium(0), then 60
mL of ethanol and 120 mL of toluene were added, and the
mixture was stirred. Thereafter, a solution of 5.9 g (135.0
millimoles) of sodium carbonate in 48 mL of water was
thrown into the flask. The mixture was then heated to 80° C.
and stirred for 17 hours. The reaction solution was cooled to
room temperature, transferred to a 1,000-mL separatory fun-
nel, and separated into an organic layer and an aqueous layer.
The organic layer was washed three times with 200 mL of
water and then dehydrated over magnesium sulfate, the mag-
nesium sulfate was filtered off, and the solvent was distilled
off under reduced pressure. The reaction mixture thus
obtained was purified by recrystallization from THF and
methanol to yield 5.6 g of Compound 32 as a white solid;
ELMS, 673 (M+1); melting point, 217° C.; glass transition
temperature, 92° C.

Pd(PPhy)y
NayCO3 aq

(VD) —_—
toluene/FtOH

+

32

Example 11
Synthesis of Compound 33

[0075] Inal1,000-mL three-necked flask were placed 4.7 g
(18.0 millimoles) of 3,5-ditriftuoromethylphenylboronic
acid, 9.0 g (14.0 millimoles) of Intermediate (VII), and 0.8 g
(0.7 millimole) of tetrakis(triphenylphosphine)palladium(0),
then 60 mL of ethanol and 120 mL of toluene were added, and
the mixture was stirred. Thereafter, a solution of 5.9 g (135.0
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millimoles) of sodium carbonate in 48 mL of water was
thrown into the flask. The mixture was then heated to 80° C.
and stirred for 17 hours. The reaction solution was cooled to
room temperature, transferred to a 1,000-mL separatory fun-
nel, and separated into an organic layer and an aqueous layer.
The organic layer was washed three times with 200 mL of
water and then dehydrated over magnesium sulfate, the mag-
nesium sulfate was filtered off, and the solvent was distilled
off under reduced pressure. The reaction mixture thus
obtained was purified by recrystallization from THF and
methanol to yield 7.1 g of Compound 33 as a white solid;
ELMS, 772 (M+1); melting point, 178° C.; glass transition
temperature, 80° C.

FC CF;
Pd(PPh3)y
Na,COj3 aq
[QZ200 —_—
toluene/EtOH
B(OH),
FsC CF;

33

Example 12

[0076] Applying the vacuum deposition process at a degree
of vacuum of 4.0x10™* Pa, the constituent layers in thin film
were piled one upon another on a glass substrate on which a
110 nm-thick indium tin oxide (ITO) anode had been formed.
First, copper phthalocyanine (CuPC) was deposited on the
ITO anode to a thickness of 30 nm as a hole-injecting layer.
Then, NPB was deposited to a thickness of 80 nm as a hole-
transporting layer. Next, a light-emitting layer was formed by
co-depositing from different evaporation sources Compound
1 as a host material and iridium(IIT) bis[(4,6-difluorophenyl)
pyridinato-N,C2'|picolinate (Flrpic), which is a blue-emit-
ting iridium complex, as a dopant to a thickness of 35 nm. The
concentration of Flrpic was 8.0 wt %. Then, Alq3 was depos-
ited to a thickness of 25 nm as an electron-transporting layer.
Further, lithium fluoride (LiF) was deposited on the electron-
transporting layer to a thickness of 0.5 nm as an electron-
injecting layer. Finally, aluminum (Al) as an electrode was
deposited on the electron-injecting layer to a thickness of 170
nm to complete the fabrication of an organic EL device which
has the structure illustrated in FIG. 1 with an electron-inject-
ing layer added between a cathode and an electron-transport-
ing layer.

[0077] The organic EL device thus fabricated was con-
nected to an outside power source and, upon application of
direct current voltage, the device emitted light with the lumi-
nous characteristics shown in Table 1. In Table 1, the lumi-
nance, voltage, and luminous efficiency are measured at 10



US 2011/0024735 Al Feb. 3, 2011
18

mA/cm?. The maximum wavelength of the spectrum of light Example 19

emitted from the device is 470 nm and this proves that light is [0084] Anorganic EL device was fabricated as in Example

emitted from Flrpic.

Example 13

[0078] An organic EL device was fabricated as in Example
12 with the exception of using Compound 2 as the host
material in the light-emitting layer.

Example 14

[0079] An organic EL device was fabricated as in Example
12 with the exception of using Compound 16 as the host
material in the light-emitting layer.

Example 15

[0080] An organic EL device was fabricated as in Example
12 with the exception of using Compound 7 as the host
material in the light-emitting layer.

Example 16

[0081] An organic EL device was fabricated as in Example
12 with the exception of using Compound 11 as the host
material in the light-emitting layer.

Example 17

[0082] An organic EL device was fabricated as in Example
12 with the exception of using Compound 12 as the host
material in the light-emitting layer.

Example 18

[0083] An organic EL device was fabricated as in Example
12 with the exception of using Compound 24 as the host
material in the light-emitting layer.

12 with the exception of using Compound 27 as the host
material in the light-emitting layer.

Example 20

[0085] An organic EL device was fabricated as in Example
12 with the exception of using Compound 31 as the host
material in the light-emitting layer.

Example 21

[0086] An organic EL device was fabricated as in Example
12 with the exception of using Compound 32 as the host
material in the light-emitting layer.

Example 22

[0087] An organic EL device was fabricated as in Example
12 with the exception of using Compound 33 as the host
material in the light-emitting layer.

Comparative Example 1

[0088] An organic EL device was fabricated as in Example
12 with the exception of using mCP as the host material in the
light-emitting layer.

Comparative Example 2

[0089] An organic EL device was fabricated as in Example
12 with the exception of using 2,2'-bis(N-carbazolyl)biphe-
nyl described in patent document 3 as the host material in the
light-emitting layer.

[0090] The luminous characteristics measured in the
examples and comparative examples are shown in Table 1. In
each of the organic EL devices fabricated in Examples 12 to
22 and Comparative Examples 1 and 2, the maximum wave-
length of the light emitted from the device was 470 nm and the
light was identified to be emitted from Flrpic

TABLE 1
Luminance (cd/m?) Voltage Luminous efficiency ~ Driving life
(@25 mAem?) (@25 mA/on?) (@ 2.5 mA/em®) (@ 7.5 mA/em?)
Examplel2 437 11 4.2 343
Examplel3 341 11 4.2 290
Examplel4 292 10 3.9 235
Examplel5 340 10 4.2 453
Examplel6 316 11 1.4 326
Examplel7 263 11 3.1 380
Examplel8 292 11 3.1 253
Example19 342 11 39 291
Example20 296 10 35 235
Example21 371 10 29 199
Example22 398 10 4.0 235
Comparative 243 11 2.8 181
examplel
Comparative 24 11 0.2 109

example2




US 2011/0024735 Al

INDUSTRIAL APPLICABILITY

[0091] The compound for organic EL device of this inven-
tion has a marked ability to inject and transport electrical
charges and lowers the driving stability when used in an
organic EL device. Further, the electrical charges become
well balanced in the light-emitting layer and this improves the
probability of their recombination. Still further, as the lowest
triplet energy of the compound is sufficiently high to confine
the lowest triplet energy of the dopant, the compound can
effectively suppress the transfer of the triplet energy from the
dopant to the host molecule. These properties are responsible
for attaining high luminous efficiency. In addition, the com-
pound shows good properties in the amorphous state, high
heat resistance, and good electrochemical stability and has
contributed to realize an organic EL device of long driving
life and good durability.

[0092] The organic EL device of this invention is at a level
for practical use in respect to luminous characteristics, driv-
ing life, and durability and is of high technical value in appli-
cations to flat panel displays (mobile phone display devices,
vehicle-mounted display devices, office computer display
devices, television sets, and the like), light sources utilizing
the characteristics of planar light emitters (illumination, light
sources for copiers, and backlight sources for liquid crystal
displays and instruments), signboards, and beacon lights.

1.-5. (canceled)

6. An organic electroluminescent device comprising an
anode, organic layers, and a cathode piled one upon another
on a substrate wherein the said organic layers comprise a
light-emitting layer comprising a compound for organic elec-
troluminescent device represented by general formula (1) and
a phosphorescent dopant:

R R R R @
F S AP /s
WA WANY Y
LYY
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wherein Ar is a divalent aromatic hydrocarbon group of 6-18
carbon atoms optionally containing substituents or a divalent
aromatic heterocyclic group of 3-18 carbon atoms optionally
containing substituents; n Ars may be identical with or dif-
ferent from one another; [ is a direct bond, an ethylene group,
or an acetylene group; X is independently a methine group or
a nitrogen atom; Rs each is independently a hydrogen atom,
an alkyl group of 1-6 carbon atoms, a phenyl group optionally
containing substituents, or a pyridyl group optionally con-
taining substituents; n is an integer of 1-3; in the case where
L is a direct bond, not all the bonds between L and Ar and
between n Ars are located at the adjacent position in the
aromatic rings constituting Ars.

7. An organic electroluminescent device as described in
claim 6 wherein the compound for organic electrolumines-
cent device is a compound represented by general formula

2):
R R R R (
2 SN A ~)
Qo i

A <N

2)

whereinn, X, and R respectively have the same meaning as in
general formula (1); two bonds linking the adjacent rings are
located at the ortho position not in all of n (ring A)s and n (ring
A)s may be identical with or different from one another.

8. An organic electroluminescent device as described in
claim 6 wherein, in general formula (1), nis 1.

9. An organic electroluminescent device as described in
claim 6 wherein, in general formula (1), L is a direct bond.

10. An organic electroluminescent device as described in
claim 9 wherein, in general formula (1), nis 1.

% ok ok sk ok
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