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Description
Technical Field

[0001] The present invention relates to an organic electroluminescent element and a manufacturing method thereof,
and a novel phosphorus-containing organic compound used for the formation of an electron-transporting layer of the
organic electroluminescent element and a manufacturing method thereof. According to the presentinvention, itis possible
to form the electron-transporting layer of the organic electroluminescent element on an underlying organic film by a wet
method without damaging the underlying organic film.

Background Art

[0002] Organic electroluminescent elements that use an organic material as a luminescent material act to recombine
holes injected from their anodes and electrons injected from their cathodes and to form excited molecules (excitons),
which radiate energy to emit light when returning to a ground state.

[0003] In 1987, C.W. Tang et al. of the Eastman Kodak Company announced an organic electroluminescent element
having organic films laminated between its anode and cathode, and thus realized emission of high luminance light at a
low driving voltage (C.W.Tang et al., Applied Physics Letters, 1987, Vol.51, p.913: Nonpatent document 1).

[0004] Since the announcement by Tang et al., eager studies have been conducted of organic electroluminescent
elements, thatis, of their luminescence in three RGB primary colors, luminance improvement, stability, laminate structure
and manufacturing method. The organic electroluminescent elements have already been in some practical use as a
component of a display for the mobile telephone or car audio, and are regarded as promising as a component of a next-
generation flat display which is an alternative to the liquid crystal display.

[0005] Many organic electroluminescent elements use an electron-transporting material in combination with a lumi-
nescent material.

[0006] The electron-transporting material is used for efficient transportation of electrons injected from the cathode to
aluminescent layer and also for blocking of holes. Usable electron-transporting materials include an oxadiazole derivative
and Algs (tris(8-hydroxyquinoline)aluminum), which is widely used as a green-color luminescent material.

[0007] Methods for forming an organic film for an organic electroluminescent element are roughly classified into two
categories: dry methods and wet methods. The dry methods include a vacuum deposition method and a CVD method,
while the wet methods include a spin coating method and an inkjet method.

[0008] The dry methods have an advantage of facilitating formation of a multi-layered film due to vacuum deposition.
When used for the manufacture of organic electroluminescent elements, the dry methods facilitate formation of a multi-
layered film comprising a hole-injecting layer, an electron-injecting layer, a hole-blocking layer and the like, to achieve
an injection balance between holes and electrons. Thus, organic electroluminescent elements manufactured by the dry
methods realize high efficiency and luminance, and display devices using such orgnic electroluminescent elements have
already been in practical use. The dry methods, however, have a disadvantage of requiring large-scale apparatuses for
the manufacture of elements having a large area, which lowers the productivity.

[0009] On the other hand, the wet methods have an advantage of permitting formation of a coating film having a large
area, all at a time, which facilitates the manufacture of elements having a large area and increases the productivity. In
terms of productivity and costs, therefore, the wet methods are superior to the dry methods. Especially for polymer
materials, with which it is often difficult to form a thin film by vacuum deposition, the wet methods are mainly employed.
[0010] Japanese Unexamined Patent Publication No. 2002-63989 (Patent document 1) discloses a luminescent ele-
ment containing an organic fluophor represented by the formula:

R3P=0

wherein R, the same or different from each other, are substituents such as an aryl group, at least one of R being a
fluorescent skeleton.

[0011] Also, Japanese Unexamined Patent Publication No. 2004-204140 (Patent document 2) discloses a material
for luminescent element represented by the formula:

(Ar)sP=0

wherein Ar, the same or different from each other, are an aryl group or a heteroaryl group, at least one of Ar being a
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naphthyl group linked at its o position, at least one of Ar containing either a fluorescent skeleton or a charge transport
skeleton.

[0012] The above publication recites condensed rings such as phenanthryl, anthranyl, pyrenyl and perylenyl, as ex-
amples of fluorescent skeletons.

[0013] The structure of the phosphorus-containing organic compound of the present invention, however, is different
from, though similar to, the structures of the organic fluophor and the material for luminescent element disclosed in the
above publications, since it does not have a naphthyl group linked at its o position, a fluorescent skeleton or the like.

Patent document 1: Japanese Unexamined Patent Publication No. 2002-63989
Patent document 2: Japanese Unexamined Patent Publication No. 2004-204140
Nonpatent document 1: C.W.Tang et al., Applied Physics Letters, 1987, Vol.51, p.913

Disclosure of the Invention
Problem that the Invention is to Solve

[0014] However, conventional electron-transporting materials have the following problem when they are used for the
manufacture of an organic film by a wet method.

[0015] With the wet methods that use a solution of an electron-transporting material in a solvent for film formation, the
conventional electron-transporting materials permit the use of only limited solvents such as chloroform, toluene, THF
(tetrahydrofuran) and the like. When a solvent other than the above is used, the electron-transporting material does not
dissolve at all and a film itself cannot be formed or, even if it is formed, the electron-transporting material crystallizes
after the film formation and the product obtained is not usable as an element

[0016] Accordingly, if the electron-transporting layer is formed by the wet method on an underlying organic film which
is soluble in chloroform, toluene, THF and the like, the underlying organic film dissolves in, and is damaged by, the same
solvent that is used for the formation of the electron-transporting layer, and as a result, the organic film has an ununiform
quality and pin-holes, making it impossible to manufacture an excellent organic electroluminescent element

[0017] Since especially polymer materials used for the film formation by the wet method are soluble in only solvents
such as chloroform, toluene, THF (tetrahydrofuran) and the like, it is impossible to form the electron-transporting layer
on a film of a polymer material by the wet method.

(Object of the Invention)

[0018] Itis an object of the present invention to provide a phosphorus-containing organic compound that can be used
for formation of a smooth-surfaced electron-transporting layer of an organic electroluminescent element on an underlying
organic film by a wet method without damaging the underlying organic film.

Means of Solving the Problem

[0019] The present inventors, as a result of eager studies to achieve the above object, have noted that, by using a
specific phosphorus-containing organic compound as an electron-transporting material for an organic electroluminescent
element, it is possible to form an electron-transporting layer on an underlying organic film by a wet method without
damaging the underlying organic film, thereby completing the present invention.

[0020] In one aspect, the present invention provides an organic electroluminescent element comprising an anode, a
cathode and a plurality of organic compound layers sandwiched between the anode and cathode, the organic compound
layers including: a hole-transporting layer made of an organic compound insoluble in alcohols; and an electron-trans-
porting layer formed on the hole-transporting layer by a wet method, the electron-transporting layer being made of a
phosphorus-containing organic compound soluble in the alcohols.

[0021] In another aspect, the present invention provides a manufacturing method of an organic electroluminescent
element including an anode, a cathode and a plurality of organic compound layers sandwiched between the anode and
cathode, the method comprising the steps of: forming a hole-transporting layer using an organic compound insoluble in
alcohols; and forming an electron-transporting layer on the hole-transporting layer by a wet method using as an electron
transporting layer material a phosphorus-containing organic compound to be dissolved in an alcohol.

[0022] In still another aspect, the present invention provides a phosphorus-containing organic compound as a con-
densation product of a compound represented by the general formula (4):
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H

I
A (ll A"

wherein Ar!1, the same or different from each other, represent a phenyl group or naphthyl group optionally substituted
with a halogen atom, a lower alkyl group, a lower alkoxy group or a phenyl group, and either a compound represented
by the formula:

Ar12

wherein Ar12 represents benzene substituted with three halogen atoms, or benzene or biphenyl substituted with two
halogen atoms

or

a compound represented by the general formula (5):

13
Ar

| ®
Ar'3/(|)|\Ar‘3

wherein Ar13, the same or different from each other, are a phenyl group or biphenyl group optionally substituted with a
halogen atom, at least two of Ar'3 being a phenyl group or biphenyl group substituted with at least one halogen atom.
[0023] In yet another aspect, the present invention provides a phosphorus-containing organic compound having at
least three partial structures represented by a diarylphosphine oxide skeleton, the diarylphosphine oxide skeleton rep-
resented by either the formula (9):

P (9)
Ar”/cll\Ar”

wherein Ar!! has the same meaning as defined in the general formula (4) or the formula (10):
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Ar'¥

IL (10)
Ar‘3'/ (ll\Ar”'

wherein Ar'¥, the same or different from each other, are a phenyl group or a biphenyl group, or a phenylene group or
biphenylene group linked to the formula (9).

[0024] In afurther aspect, the present invention provides a manufacturing method of a phosphorus-containing organic
compound, comprising the step of condensing, in a solvent, in the presence of a condensing catalyst and a base, a
compound of the general formula (4) with either a compound of the formula: Ar'2 or a compound of the general formula (5).

Effect of the Invention

[0025] According to the present invention, the organic electroluminescent element is manufactured by forming the
electron-transporting layer on the hole-transporting layer of the organic compound insoluble in the alcohols, by the wet
method, using the solution of the electron-transporting material in the alcohol. Since the underlying hole-transporting
layer does not dissolve in the alcohol used for formation of the overlying electron-transporting layer, it is possible to form
the electron-transporting layer on the underlying organic film by the wet method without damaging the underlying organic
film. As a result, the organic compound layer can have a uniform quality and can be free from pin-holes, making it
possible to manufacture a long-life organic electroluminescent element that provides excellent luminescence at a low
voltage.

[0026] The above-described phosphorus-containing organic compound has satisfactory properties in ionization po-
tential, band gap, glass transition temperature and the like, and possesses good electron-transporting capability, hole-
blocking capability and heat resistance. Accordingly, use of the above-described phosphorus-containing organic com-
pound leads to a long-life organic electroluminescent element that provides excellent luminescence at a low voltage.

Brief Description of Drawings
[0027]

Fig. 1 is an explanatory view showing an organic electroluminescent element according to Example 1 of the present
invention.

Fig. 2 is an explanatory view showing an organic electroluminescent element according to Comparative Example 1.
Fig. 3 is a characteristic view showing the voltage-luminance relationships of the elements according to Example 1
and Comparative Example 1.

Fig. 4 is a characteristic view showing the current-luminance relationships of the elements according to Example 1
and Comparative Example 1.

Fig. 5 is an explanatory view showing an organic electroluminescent element according to Examle 2 of the present
invention.

Fig. 6 is an explanatory view showing an organic electroluminescent element according to Comparative Example 2.
Fig. 7 is a characteristic view showing the voltage-luminance relationships of the elements according to Example 2
and Comparative Example 2.

Fig. 8 is a characteristic view showing the current-luminance relationships of the elements according to Example 2
and Comparative Example 2.

Fig. 9 is a characteristic view showing the voltage-vs.-EL-efficiency relationships of the elements according to
Example 2 and Comparative Example 2.

Fig. 10 is a characteristic view showing the voltage-luminance relationships of the elements according to Example
3 and Comparative Example 3.

Fig. 11 is a characteristic view showing the current-luminance relationships of the elements according to Example
3 and Comparative Example 3.

Fig. 12 is a characteristic view showing the voltage-vs.-EL-efficiency relationships of the elements according to
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Example 3 and Comparative Example 3.

Fig. 13 is a characteristic view showing the luminance-voltage relationships of the elements according to Example
19 and Comparative Example 4.

Fig. 14 is a characteristic view showing the luminance-voltage relationships of the elements according to Example
20 and Comparative Example 4.

Fig. 15 is a characteristic view showing the luminance-voltage relationships of the elements according to Example
21 and Comparative Example 4.

Fig. 16 is a characteristic view showing the luminance-voltage relationships of the elements according to Example
22 and Comparative Example 4.

Explanation of Reference Numerals
[0028]

1 Glass substrate having a transparent electrode
2 Hole-transporting and luminescent layer

3 Electron-transporting layer

4 Cathode

5 Hole-injecting layer

Best Mode for Carrying Out the Invention

[0029] The organic electroluminescent element of the present invention comprises an anode, a cathode and a plurality
of organic compound layers sandwiched between the anode and cathode, the organic compound layers including: a
hole-transporting layer made of an organic compound insoluble in alcohols; and an electron-transporting layer formed
on the hole-transporting layer by a wet method, the electron-transporting layer being made of a phosphorus-containing
organic compound soluble in the alcohols.

[0030] The term "soluble" in the present specification means soluble enough for the solution obtained to be actually
used with a wet method for forming a film, the solubility being preferably 0.1 g per liter or higher, for example.

[0031] The material of the electron-transporting layer is an organic compound soluble in alcohols when it is used with
a wet method, while when it is used with a dry method, it is an organic compound that has a capability of being vapor-
deposited under 10-3 Pa or lower. It is preferably a nonionic organic compound, particularly preferably a phosphorus-
containing organic compound.

[0032] Usable as the phosphorus-containing organic compound are compounds represented by the general formulae

(1)-(3):

A.r1
h, O
a2’ || Al

wherein Arl-Ar3, the same or different from each other, represent an aromatic ring residue optionally containing a
substituent.
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| o)
Ar‘_\‘lu Py
/,\rT o
,|3 - (2)
N Pt T
A"a\P/Ara | g AA'Q\P/Ar5
oF | | I\O
Art Ar®

wherein Arl-Ar6, the same or different from each other, represent an aromatic ring residue optionally containing a
substituent; and Ar7-Ar9, the same or different from each other, represent an arylene group optionally containing a
substituent.

wherein R or R2, the same or different from each other, represents a hydrogen atom, an alkyl group, a halogen atom,
cyano group, nitro group, amino group, an aryl group or a diarylphosphinyl group, and R! and R2 can form, together
with a carbon atom of a benzene ring to which they are linked, a substituted or unsubstituted aromatic ring; and nis 1 or 2.
[0033] Examples of the "aromatic ring residue” in the general formulae (1) and (2) include monocyclic aromatic ring
residues and heterocycles such as a benzene ring, a thiophene ring, a triazine ring, a furan ring, a pyrazine ring and a
pyridine ring; condensed polycyclic aromatic ring residues and heterocycles such as a naphthalene ring, an anthracene
ring, a thieno[3,2-b]thiophene ring, a phenanthrene ring, a fluorene ring and a furo[3,2-b]furan ring; ring-aggregated
aromatic ring residues and heterocycles such as a biphenyl ring, a terphenyl ring, a bithiophene ring and a bifuran ring;
and aromatic ring residues and heterocycles such as a acridine ring, an isoquinoline ring, an indole ring, a carbazole
ring, a carboline ring, a quinoline ring, a dibenzofuran furan ring, a cinnoline ring, a thionaphthene ring, a 1,10-phenan-
throline ring, a phenothiazine ring, a purine ring, a benzofuran ring and a silol ring.

[0034] Examples of the "arylene group" in the general formula (2) include aromatic hydrocarbon groups such as a
phenylene group, a naphthylene group, a biphenylene group, a phenanthrene group, a terphenylene group and a
pyrenylene group. These may be substituted or unsubstituted.

[0035] Examples of the "aryl group” in the general formula (3) include aromatic hydrocarbon groups such as a phenyl
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group, a naphthyl group, a biphenyl group, a phenanthryl group, a terphenyl group and a pyrenyl group. These may be
substituted or unsubstituted.

[0036] Examples of substituents in the "aryl group" and "aromatic ring residue" include an alkyl group, an alkoxy group,
a halogen atom, cyano group, nitro group, amino group, an aryl group and a diarylphosphinyl group.

[0037] The phosphorus-containing organic compound of the present invention is preferably a nonionic organic com-
pound which has a high electrochemical stability, is reluctant to crystallize and has a long life when used for the organic
electroluminescent element.

[0038] The phosphorus-containing organic compound of the present invention preferably has a molecular weight of
300-5000, more preferably, in view of its solubility in alcohols and its capability of being vapor-deposited, 300-1500 when
it is used with a wet method and 300-1200 when it is used with a dry method.

[0039] The present invention provides a manufacturing method of an organic electroluminescent element including
an anode, a cathode and a plurality of organic compound layers sandwiched between the anode and cathode, comprising
the steps of: forming a hole-transporting layer using an organic compound insoluble in alcohols; and forming an electron-
transporting layer on the hole-transporting layer by a wet method using as an electron transporting layer material a
phosphorus-containing organic compound to be dissolved in an alcohol.

[0040] The electron-transporting layer surface of the organic electroluminescent element manufactured by the method
of the present invention preferably has a arithmetical mean roughness (Ra) of 10 nm or less, more preferably 1 nm or
less in view of an improvement in the luminescence of the organic electroluminescent element.

[0041] The phosphorus-containing organic compounds represented by the general formulae (1)-(3) are used as an
electron transporting layer material that is soluble in alcohols.

[0042] Examples ofalcohols include linear or branched C4-Cgaliphatic alcohols such as methanol, ethanol, 1-propanol,
2-propanol, 1-butanol, 2-butanol, 2-methyl-1-propanol and 2-methyl-2-propanol; and glycol-type solvents such as eth-
ylene glycol monomethyl ether and ethylene glycol monoethyl ether, among which preferable are the linear or branched
C,-C; aliphatic alcohols. These may be used in a combination of two or more.

[0043] Examples of the wet methods include a spin coating method, an inkjet method, an a spraying method, a dip
coating method, a blade coating method, a wire bar coating method, a casting method, a roll coating method, and printing
methods such as screen printing, gravure printing, offset printing and the like.

[0044] When the electron-transporting layer is formed by the wet method, the above-mentioned alcohols may be used
in combination with a solvent other than the above-mentioned alcohols.

[0045] Other steps in the manufacture of the organic electroluminescent element are not particularly limited and may
be performed with known methods.

[0046] Examples of the dry methods include a vacuum deposition method, a CVD method and the like.

[0047] There will be described the present organic electroluminescent element that uses the electron-transporting
material.

[0048] The organic electroluminescent element has a layer structure exemplified as follows:

(1) A substrate; an anode; a luminescent layer; and a cathode (rear electrode)

(2) A substrate; an anode; a luminescent layer; one or more organic compound layers containing an electron-
transporting material; and a cathode

(3) A substrate; an anode; one or more organic compound layers containing a hole-transporting material; a lumi-
nescent layer; and a cathode

(4) A substrate; an anode; one or more organic compound layers containing a hole-transporting-material; a lumi-
nescent layer; one or more organic compound layers containing an electron-transporting material; and a cathode

[0049] Each of the above layer structures (1)-(4) may include a hole-injecting layer and/or an electron-injecting layer.
[0050] The choice of materials depends on whether it is the substrate side or the cathode side from which light is
taken out. When light is taken out from the substrate side, the substrate and the anode are formed of a transparent
material, while when light is taken out from the cathode side, the cathode is formed of a transparent material.

[0051] The organic electroluminescent element may further include a hole-blocking layer and/or an electron-injecting
layer.

[0052] Further, the luminescent layer may contain either a hole-transporting material or an electron-transporting ma-
terial, and may function either as a hole-transporting and luminescent layer or as an electron-transporting and luminescent
layer.

[0053] In addition, the luminescent layer may be doped with a luminescent material at its hole-transporting layer side
and/or at its electron-transporting layer side.

[0054] The material of the substrate is not particularly limited and may be a known material. Known materials include
glass, plastic, a thin metal film, silicon, quartz and the like. Also, the substrate may have a fluorescent-color conversion
filter film, a color filter film, a dielectric reflective film and the like, for control of the luminescent color.
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[0055] The material of the anode is not particularly limited and may be a known material. Known materials include
indium tin oxide (ITO), titanium oxide, tin oxide, metals such as gold, platinum, nickel, palladium, cobalt, selenium,
vanadium and the like, and alloys thereof; and conductive polymers such as polyaniline, polypyrrol, polythiophene,
polyphenylene sulfide and the like. These electrode materials may be used alone or in combination.

[0056] The method of forming the electrode is not particularly limited and may be a known method. Known methods
include thin-film formation methods such as a vacuum deposition method, a sputtering method, a sol-gel method, a spin
coating method, an inkjet method and the like.

[0057] The material of the cathode is not particularly limited and may be a known material. Known materials include
metals such as lithium, aluminum, magnesium, sodium, potassium, calcium, indium, silver, lead, tin, chromium and the
like, and alloys thereof; and metal oxides such as indium tin oxide (ITO) and the like.

[0058] The cathode may have a single-layered or multilayered structure.

[0059] The method of forming the electrode is not particularly limited and may be a known method.

[0060] The material of the hole-transporting layer is not particularly limited and may be a known material. When the
hole-transporting layer is formed by a wet method, the material is selected from ones that do not dissolve in the alcohol
used with the wet method for the formation of the electron-transporting layer.

[0061] Materials of the hole-transporting layer include conductive polymers, low-molecular organic semiconductors,
and composite materials prepared by dispersing a low-molecular organic semiconductor in an insulative polymer such
as poly(methyl acrylate), poly(butyl acrylate) or polycarbonate, as well as composite materials of two or more of these.
[0062] Examples of the conductive polymers include poly(dioctyl-fluorene) (POF), polyvinyl carbazole (PVK), polyphe-
nylene (PP), polyfluorene (PF), polythiophene (PT), polyparaphenylene vinylene (PPV) and polyacethylene (PA), as
well as composite materials of two or more of these, derivatives and copolymers of these conductive polymers, and
copolymers of one or more of these conductive polymers with a polyacene or with a fluorescent pigment.

[0063] Examples of the low-molecular organic semiconductors include phenylenediamine derivatives (e.g., N,N’-bis
(3-methylphenyl)-N,N’-bis (phenyl)-benzidine(TPD) and the like), triphenylamine derivatives, carbazole derivatives and
phenyl styrene derivatives, as well as composite materials of two or more of these.

[0064] The material of the hole-injecting layer is not particularly limited and may be a known material. Known materials
include PEDT/PSS (polyethylenedioxythiophene/polystyrene sulfonic acid), copper phthalocyanine and the like.
[0065] The material of the electron-injecting layer is not particularly limited and may be a known material. Known
materials include alkali metal fluorides such as lithium fluoride, cesium fluoride and the like; alkali earth metal fluorides
such as magnesium fluoride, calcium fluoride and the like; lithium complexes such as acetylacetosodium, lithium qui-
nolilate and the like; and composite films of vasophenanthroline or bathocuproin doped with metal sodium or metal lithium.
[0066] The present invention provides a phosphorus-containing organic compound as a condensation product of a
compound represented by the general formula (4):

H

| ®
Ar”/ (Il\ A

wherein Ar 11, the same or different from each other, represent a phenyl group or naphthyl group optionally substituted
with a halogen atom, a lower alkyl group, a lower alkoxy group or a phenyl group, and either a compound represented
by the formula:

Ar12
wherein Ar'2 represents benzene substituted with three halogen atoms, benzene or biphenyl substituted with two halogen

atoms or
a compound represented by the general formula (5):
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Ar'®

| ®
Ar‘3/1)|\Ar13'

wherein Ar13, the same or different from each other, are a phenyl group or biphenyl group optionally substituted with a
halogen atom, at least two of Ar'3 being a phenyl group or biphenyl group substituted with at least one halogen atom.
[0067] Preferable examples of the above-mentioned condensation product include compounds represented by the
following subformulae (6)-(8):

’ / (6)

wherein Ar!! has the same meaning as defined in the general formula (4); and Ar'2’ represents a phenylene group or
biphenylene group when n=2 and a benzenetriyl group when n=3.

11 ﬁ | 1
Ar Ar
\P/
/I\r”'
,|, ™
N
Ar”\ /Ar‘3'/g Arm\P/Ar”
O/T 0
Ar'l Ar''

wherein Ar!1 has the same meaning as defined in the general formula (4); and Ar'%, the same or different from each
other, represent a phenylene group or a biphenylene group.

10
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Ar®”
P
e
Ar"\ /Arw ” Ar'S /Ar” ®)
67 T ° T\o
Ar" Ar'"

wherein Ar! has the same meaning as defined in the general formula (4); Ar'¥, the same or different from each other,
represent a phenylene group or a biphenylene group; and Ar'3" represents a phenyl group or a biphenyl group.

[0068] Ar'1 Ar12 Ar12' Ar13, Ar13 and Ar'3" in the subformulae (6)-(8) are substantially the same as, though partially
different from, Ar'-Ar3 in the general formula (1) and Ar'-Ar® in the general formulae (2) and (3).

[0069] Examples of the "halogen atom" in substituent Ar! include fluorine, chlorine, bromine, iodine and the like.
[0070] Examples of the "lower alkyl group" in substituent Ar! include methyl group, ethyl group, n-propyl group, iso-
propyl group, n-butyl group, iso-butyl group, tert-butyl group (also referred to as t-butyl), and the like.

[0071] Examples of the "lower alkoxy group” in the substituent Ar'! include methoxy group, ethoxy group, propoxy
group, butoxy group and the like.

[0072] Particularly preferable examples of the substituent Ar'! include an unsubstituted phenyl group; and a phenyl
group, biphenyl or naphthyl group substituted with methyl group, t-butyl group or methoxy group.

[0073] Inthe case where the substituents Ar'! in the subformulae (6)-(8) include a phenyl group and a naphthyl group,
the phenyl group and the naphthyl group may be linked to the same phosphorus atom.

[0074] Specific examples of the phosphorus-containing organic compound represented by the subformula (6) (n=6)
include compounds represented by the following formulae. In the following formulae, only skeletons are illustrated, and
substituents in substituted Ar!! are omitted.
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[0075] Specific examples of the phosphorus-containing organic compounds represented by subformula (6) (n=3)

include the following compounds:

[0076] Specific examples of the phosphorus-containing organic compounds represented by the subformula (7) include

the following compounds:
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[0077] Specific examples of the phosphorus-containing organic compounds represented by the subformula (8) include

the following compounds:
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[0079] However, the above specific examples are merely for an illustrative purpose and the phosphorus-containing
organic compound of the present invention is not limited to the above.

[0080] The phosphorus-containing organic compound of the present invention preferably has at least three partial
structures represented by a diarylphosphine oxide skeleton, the diarylphosphine oxide skeleton represented by either
the formula (9):

AN (9)
Al | |

wherein Ar'! has the same meaning as defined in the general formula (4) or
the formula (10):

Ar'®

[
3'/ “\Arw

wherein Ar'3, the same or different from each other, are a phenyl group or a biphenyl group, or a phenylene group or
biphenylene group linked to the formula (9).

[0081] The phosphorus-containing organic compound having said at least three partial structures has an excellent
effect of transporting electrons, as the electron transporting layer material for the organic electroluminescent element.
[0082] The phosphorus-containing organic compound of the presentinvention may be synthesized by a known method.
[0083] The phosphorus-containing organic compound of the present invention can be manufactured by condensing
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(dehydrohalogenating), in a solvent, in the presence of a condensing catalyst and a base, a compound of the general
formula (4) (compound 4) with either a compound of the formula: Ar'2 or a compound of the general formula (5) (compound
5).

[0084] For example, the use amount of the compound 4 for manufacture of the compound of the subformula (6) (n=2)
is about 2.0-4.5 moles with respect to one mole of the compound Ar2.

[0085] The amount of the compound 4 to be used for manufacture of the compound of the subformula (6) (n=3) is
about 3.0-7.5 moles with respect to one mole of the compound Ar'2,

[0086] The amount of the compound 4 to be used for manufacture of the compound of the subformula (7) is about
3.0-7.5 moles with respect to one mole of the compound 5.

[0087] The amount of the compound 4 to be used for manufacture of the compound of the subformula (8) is about
2.0-4.5 moles with respect to one mole of the compound 5.

[0088] Examples of the above solvent include dimethyl sulfoxide (DMSO), dimethylformamide (DMF), tetrahydrofuran
(THF), dioxane, pyridine, benzene, toluene, xylene and the like, among which preferable is DMSO in terms of yield.
[0089] Examples of the above condensing catalyst include palladium acetate [Pd(OAc),], nickel acetate[Ni(OAc),],
and complex compounds of elements belonging to the platinum family and bisphosphinoalkanes such as
Pd(OAc),-1,3-bis(diphenylphosphino)propane[dppp],

Pd(OAc),-1,2-bis(diphenylphosphino)ethane[dppb],

Pd(OAc),-1,4-bis(diphenylphosphino)butane[dppb], Ni(OAc),-dppe and

Ni(OAc)2-dppp. Among these, preferable are Pd(OAc),, Pd(OAc),-dppp and Pd(OAc),-dppb in terms of yield.

[0090] The amount of the catalyst to be used is about 0.005-0.1 moles with respect to one mole of the compound 4.
[0091] The base has a function to capture hydrogen halide generated by the condensation.

[0092] Examples of the base include trialkylamines such as triethylamine, tripropylamine and tributylamine; aliphatic
tertiary amines such as N-ethyldiisopropylamine[edpa]; and aromatic tertiary amines such as pyridine and N,N’-dimeth-
ylaminopyridine[DMAP]. Among these, preferable are edpa and DMAP in terms of boiling point

[0093] The amount of the base to be used is an amount sufficient to capture the theoretical amount of hydrogen
halogenide generated. That is, it is about 1.0-1.2 moles with respect to one mole of the compound 4.

[0094] The reaction temperature in the condensation reaction according to the present invention is preferably 60-180
°C, more preferably 80-130 °C.

[0095] The reaction time depends on conditions such as reaction temperature, and typically a reaction time of 1-48
hours is sufficient.

[0096] After the reaction, the target compound is separated from the reaction solution obtained, by a known method.
For example, the target compound is extracted with chloroform/distilled water from the reaction solution, and the chlo-
roform phase is separated and concentrated. The target compound obtained may further be purified. For example, the
remaining viscous liquid is dissolved in a small amount of chloroform, and the resulting solution is subjected to column
chromatography that uses silica gel as afiller, to separate the target compound. After the separation, the target compound
is recrystallized, and further purified by sublimation in a vacuum.

[0097] The phosphorus-containing organic compound thus obtained can be used as the electron-transporting material
for the organic electroluminescent element

[0098] Among the aforementioned examples of the presenet phosphorus-containing organic compound, preferable
as the electron-transporting material for the organic electroluminescent element are the following compounds:

Compounds of the subformula (6):

[0099]

(4)
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Compounds of the subformula (8):

[0101]

(P)

[0102] The phosphorus-containing organic compound of the present invention is considered to have the same prop-
erties as those of organic semiconductors in general use, and its application to devices is expected. Examples of devices
to which the compound of the present invention is expected to be applied include organophotoreceptors, organic thin
film lasers, organic solar cells, organic field-effect transistors, organic volatile memories, organic nonvolatile memories,
antistatic agents and the like. Examples of products to which these devices are expected to be applied include TFT
substrates for liquid crystal display, TFT substrates for organic EL, organic integrated circuits, copying machines, fac-
similes, mobile telephones, non-contact IC cards and tags, personal computers and the like.

[0103] The phosphorus-containing organic compound of the present invention has a partial structure represented by
a diarylphosphine oxide skeleton, and is also referred to as a "triarylphosphine oxide compound" in the present speci-
fication.

[0104] Hereafter, the present invention will be described by way of Examples. However, the present invention should
not be construed as being limited by these Examples.

(Example 1)
(1) Synthesis of 4,4’,4"-tris(diphenylphosphinyl)-triphenylphosphine oxide (also referred to as "TPPO-Burst")

[0105] In Example 1, TPPO-Burst represented by the following formula was synthesized.
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[0106] TPPO-Burst (product) was synthesized as shown in the following reaction scheme. First, triphenylphosphine
oxide (intermediate 6) and diphenylphosphine oxide (intermediate 7) were synthesized and then, from the intermediate
6 and the intermediate 7, the TPPO-Burst was synthesized.

BI’—O—MQBI‘ + POCl3 ——
. THF |

(reactant 6a) (reactant 6b) o)
Br Br

(intermediate 6)

. H30+ ®
Et0-f-OE: SN T
QMQB' tE i THF O 1

(reactant 7a) (reactant 7b)

(intermediate 7)

QgQ

r
Q pal ladium catalyst
i H

edpa, DMSQ

O, QP00
(intermediate 6) (intermediate 7) Cj ©

{product)

(1-1) Synthesis of triphenylphosphine oxide (intermediate 6)

[0107] A solution of 26.0 g (110 mmol) of 1,4-dibromobenzene in absolute THF was dripped onto 2.40 g (98.8 mmol)
of a magnesium metal piece in an atmosphere of nitrogen, to prepare a Grignard reagent (reactant 6a). To the solution,
a solution of 4.6 g (30 mmol) of phosphorus oxychloride (reactant 6b) in absolute THF was slowly dropwise added. After
completion of the addition, the resulting solution was stirred overnight. To the solution, 17 mL of a hydrochloric acid
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solution (concentration 36%) was added dropwise. The target compound was extracted with distilled water/ chloroform
from the solution, and the chloroform phase was separated, and concentrated by a rotary evaporator. The remaining
viscous liquid was dissolved in a small amount of chloroform, and the resulting solution was subjected to column chro-
matography that used silica gel as a filler, to separate the target compound. After the separation, the target compound
was further recrystallized. The crystals obtained were subjected to FAB mass analysis, whereby it was confirmed that
(molecular weight)=515, (molecular weight)+2=517, and (molecular weight)+4=519, and that the crystals obtained were
the target intermediate 6 (yield 5.21 g (10.1 mmol), 34%).

(1-2) Synthesis of diphenylphosphine oxide (intermediate 7)

[0108] A solution of 17.2 g (110 mmol) of bromobenzene in absolute THF was dripped onto 2.4 g (98.8 mmol) of a
magnesium metal piece in an atmosphere of nitrogen while cooling the solution to prevent reflux of the solvent, to prepare
a Grignard reagent (reactant 7a). To the solution, a solution of 5.18 g (37.5 mmol) of diethylphosphite (reactant 7b) in
absolute THF was slowly dropwise added. After completion of the addition, the resulting solution was stirred overnight.
To the solution, 1 mol/l hydrochloric acid was added dropwise. The target compound was extracted with distilled water/
chloroform from the solution, and the chloroform phase was separated, and concentrated by a rotary evaporator. The
remaining viscous liquid was dissolved in a small amount of chloroform, and the resulting solution was subjected to
column chromatography that used silica gel as a filler, to separate the target compound. After the separation, the target
compound was further recrystallized. The crystals obtained were subjected to FAB mass analysis, whereby it was
confirmed that (molecular weight)+ 1 =203, and that the crystals obtained were the target intermediate 7 (yield 3.57 g
(17.7 mmol), 47%).

(1-3) Synthesis of TPPO-Burst as the product from the intermediate 6 and the intermediate 7

[0109] The intermediate 7 of 2.55 g (12.6 mmol) was reacted with 1.06 g (2.05 mmol) of triphenylphosphine oxide
serving as an intermediate b, in 20 ml of DMSO serving a solvent at 100 °C in the presence of 93.3 mg (0.416 mmol)
of Pd(OAc),, 257 mg (0.623 mmol) of dppp and 3.7 ml of edpa. The target compound was extracted with distilled water/
chloroform from the solution and concentrated. The remaining viscous liquid was dissolved in a small amount of chlo-
roform, and the resulting solution was subjected to column chromatography that used silica gel as a filler, to separate
the target compound. After the separation, the target compound was recrystallized, and further purified by sublimation
at a degree of vacuum of 2x104 Pa. The crystals obtained were subjected to FAB mass analysis, whereby it was
confirmed that (molecular weight)=879, and that the crystals obtained were the target TPPO-Burst (yield 1.39 g (1.58
mmol), 77%, Tm: 399 °C, Tg: 149 °C).

(2) Properties of the TPPO-Burst
(2-1) lonization potential and band gap

[0110] The ionization potential of the TPPO-Burst was measured by an ultraviolet-ray electron spectrometer (AC-2)
manufactured by RIKENKEIKI Co., Ltd. and found to be beyond 6.8 eV because the threshold was not detected up to
the measurement limit of 6.8 eV. The band gap was 3.96 eV. Thus, it was noted that the TPPO-Burst had a higher
ionization potential and a larger band gap than the ionization potential and band gap of bathocuproin which was in
general use as an electron-transporting material, as an hole-blocking material and as an exciton-confining material (the
ionization potential of bathocuproin: 6.8 eV, the band gap thereof: 3.7 eV). This indicates that TPPO-Burst has a high
capability to block holes and a great effect of confining excitons and is promising as a hole-blocking material and as an
exciton-confining material for a phosphorescent element

(2-2) Glass transition temperature

[0111] The Tg of the TPPO-Burst obtained was measured by DSC-6200 manufactured by Seiko Instruments & Elec-
tronics Ltd. according to differential thermal analysis, and found to be as high as 149 °C. The Tg of 149 °C is higher
than the Tg (63 °C) of N,N’-bis(3-methylphenyl)-N,N’-bis(phenyl)-benzidine (TPD) which is in general use as a hole-
transporting material. This indicates that TPPO-Burst has excellent heat resistance.

(3) Manufacture of an organic electroluminescent element using TPPO-Burst

[0112] Fig. 1 is an explanatory view showing an organic electroluminescent element according to Example 1. The
element according to Example 1 was manufactured using TPPO-Burst as an electron-transporting material. The following
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are details of the constitution of the element (see Fig. 1).

transparent electrode (ITO)/ hole-transporting and luminescent layer (POF)/ electron-transporting layer (TPPO-Burst) /
cathode (MgAg)

[0113] A glass substrate 1 having a transparent electrode (100 nm) of indium tin oxide (ITO) was cleaned ultrasonically
sequentially with an alkaline detergent, distilled water, acetone, isopropyl alcohol (IPA) twice each, and dried.

[0114] POF (poly(dioctyl-ffuorene)) as a conductive polymer was dissolved in methylene chloride, to prepare a solution
having a POF content of 10 mg per milliliter of methylene chloride. The solution was dripped onto the ITO electrode and
spin-coated onto it at 4000 rpm for 30 seconds, to form a hole-transporting and luminescent layer 2. The POF film
obtained had a thickness of 50 nm.

[0115] Next, TPPO-Burst as an electron-transporting material was dissolved in methanol to prepare a solution having
a TPPO-Burst content of 16 mg per milliliter of methanol. The solution was dripped onto the hole-transporting and
luminescent layer of POF and spin-coated onto it at 4000 rpm for 30 seconds, to form an electron-transporting layer 3.
The underlying hole-transporting and luminescent layer showed no change in thickness before and after the spin-coating,
and received no damage. The electron-transporting layer obtained had a thickness of 50nm.

[0116] Mg and Ag were co-deposited on the electron-transporting layer, to form a cathode 4 (Mg:Ag = 10:1). The
MgAg electrode had a thickness of 100 nm.

(4) Manufacture of an organic electroluminescent element according to Comparative Example 1.

[0117] Fig.2is anexplanatory view showing an organic electroluminescent element according to Comparative Example
1. The element according to Comparative Example 1 shown in Fig. 2 was manufactured in the same manner as used
to obtain the element according to Example 1, except that no electron-transporting layer was formed on the hole-
transporting and luminescent layer. However, in Comparative Example 1, the POF as the conductive polymer was
dissolved in 16 mg per milliliter of the methylene chloride to prepare the spin-coating solution, and the POF film after
the spin-coating had a thickness of 100 nm.

(5) Voltage-luminance characteristics and current-luminance characteristics of the organic electroluminescent elements

[0118] A voltage was applied to each of the elements according to Example 1 and Comparative Example 1, to evaluate
their voltage-luminance characteristics and current-luminance characteristics.

[0119] Fig. 3is acharacteristic view showing the voltage-luminance relationships of the elements according to Example
1 and Comparative Example 1.

[0120] Fig. 4 is a characteristic view showing the current-luminance relationships of the elements according to Example
1 and Comparative Example 1.

[0121] As seen from the voltage-luminance characteristics shown in Fig. 3, the use of the TPPO-Burst as the electron-
transporting material significantly decreased the driving voltage, presumably by promoting the injection of electrons from
the MgAg electrode.

[0122] Also, as seen from the current-luminance characteristics shown in Fig. 4, the use of the TPPO-Burst as the
electron-transporting material significantly improved the luminance of the element in relation to the current, presumably
by improving the injection balance between electrons and holes due to the exciton-confining effect of the TPPO-Burst.

(Example 2)
(1) Manufacture of an organic electroluminescent element having a hole-injecting layer

[0123] Fig. 5 is an explanatory view showing an organic electroluminescent element according to Examle 2 of the
present invention.

[0124] The organic electroluminescent element according to Examle 2 shown in Fig. 5 was manufactured in the same
manner as used to obtain the element according to Example 1, except that a hole-injecting layer 5 was formed between
the transparent electrode and the hole-transporting and luminescent layer. The following are details of the constitution
of the organic electroluminescent element according to Example 2.

transparent electrode (ITO)/ hole-injecting layer (PEDT/PSS)/hole-transporting and luminescent layer (POF)/ electron-
transporting layer (TPPO-Burst)/ cathode (MgAg)

[0125] An aqueous solution of PEDT/PSS (polyethylene dioxythiophene/polystyrene sulfonic acid) manufactured by
Bayer AG. was used as a hole-injecting material. The solution was dripped onto the transparent electrode and spin-
coated onto it at 1000 rpm for 180 seconds to form the hole-injecting layer 5. Further, as in Example 1, the hole-
transporting and luminescent layer, the electron-transporting layer and the cathode were sequentially laminated to
manufacture the element. The hole-transporting and luminescent layer and the hole-injecting layer showed no change
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in thickness before and after the spin-coating conducted for the lamination of the electron-transporting layer on the hole-
transporting and luminescent layer, and received no damge. This is attributable to the fact that the POF as the hole-
injecting layer material and the PEDT/PSS as the luminescent layer material were insoluble in alcohols (in this Example,
methanol).

(2) Manufacture of an organic electroluminescent element according to Comparative Example 2

[0126] Fig.6is anexplanatory view showing an organic electroluminescent element according to Comparative Example
2.

[0127] The organicelectroluminescent elementaccording to Comparative Example 2 shown in Fig. 6 was manufactured
in the same manner as used to obtain the element according to Example 1, except that no electron-transporting layer
was formed on the hole-transporting and luminescent layer 2.

(3) Voltage-luminance characteristics and current-luminance characteristics of the organic electroluminescent elements

[0128] A voltage was applied to each of the elements of Example 2 and Comparative Example 2 to evaluate their
voltage-luminance characteristics and current-luminance characteristics.

[0129] Fig. 7 is a characteristic view showing the voltage-luminance relationships of the elements according to Example
2 and Comparative Example 2.

[0130] Fig. 8is acharacteristic view showing the current-luminance relationships of the elements according to Example
2 and Comparative Example 2.

[0131] As seen from the voltage-luminance characteristics shown in Fig. 7, the use of TPPO-Burst as the electron-
transporting material decreased the driving volate by about 3V. Also, as seen from the current-luminance characteristics
shown in Fig. 8, the elements according to Example 2 and Comparative Example 2 that had the hole-injecting layer of
PEDT/PSS, unlike the element according to Example 1 that has no hole-injecting layer (see Fig. 4), were not subject to
instability in current-luminance characteristics, presumably because the hole-injecting layer of PEDT/PSS increased the
total thickness of the organic compound layers and as a result, prevented contact and electrical continuity between the
transparent electrode (anode) and the rear electrode.

(4) Voltage-vs.-EL-efficiency characteristics of the organic electroluminescent elements

[0132] The voltage-vs.-EL-efficiency characteristics of the elements of Example 2 and Comparative Example 2 were
evaluated. Fig. 9 is a characteristic view showing the voltage-vs.-EL-efficiency relationships of the elements according
to Example 2 and Comparative Example 2.

[0133] As seenin Fig. 9, the lamination of the electron-transporting layer of TPPO-Burst improved the EL efficiency
about fivefold.

(Example 3)
(1) Manufacture of an organic electroluminescent element

[0134] An organic electroluminescent element according to Example 3 was manufactured in the same manner as
used to obtain the element according to Example 2 shown in Fig. 2, except that PVK (polyvinyl carbazole) and Ir(ppy)s;
(tris(2-phenylpyridine)iridium) were used as the materials of the hole-transporting and luminescent layer. The following
are details of the constitution of the element

transparent electrode (ITO) hole-injecting layer (PEDT/PSS) hole-transporting and luminescent layer (PVK: Ir(ppy)3)/
electron-transporting layer (TPPO-Burst) / cathode (MgAg)

[0135] The hole-transporting and luminescent layer was formed as follows. First, a predetermined amount of PVK
was fed into a vial, and next, 10 parts by weight of Ir(ppy); with respect to 100 parts by weight of the PVK were fed into
it. After that, the PVK and Ir(ppy); were dissolved in 1 ml of THF serving as a solvent to prepare a solution having a
PVK content of 14 mg per milliliter of THF serving as the solvent The solution was dripped onto the hole-injecting layer
and spin-coated onto it at 4000 rpm for 30 seconds to form the hole-transporting and luminescent layer. The hole-
transporting and luminescent layer had a thickness of 60 nm.

[0136] As in Example 2, the electron-transporting layer and the cathode were sequentially laminated to manufacture
the element. However, the electron-transporting layer had a thickness of 60 nm. As in Example 2, the hole-transporting
and luminescent layer and the hole-injecting layer showed no change in thickness before and after the spin-coating
conducted for the lamnation of the electron-transporting layer on the hole-transporting and luminescent layer, and re-
ceived no damage.

25



10

15

20

25

30

35

40

45

50

55

EP 1 744 598 A1

[0137] TPPO-Burst films were formed by a wet method and a dry method and the arithmetical mean roughnesses
(Ra) of their surfaces were measured as follows. Methanol, ethanol, 2-propanol, 1-propanol, 1-butanol, 2-butanol, 2-
methyl-1-propanol, and 2-methyl-2-propanol were used as solvents to dissolve the TPPO-Burst Solutions with a TPPO-
Burst content of 16 mg per milliliter of each solvent were spin-coated at 4000 rpm for 30 seconds to form thin films.
Some of the thin films obtained were dried at room temperature and the other at 105 °C for 1 hour. Further, as contrasts,
TPPO-Burst thin films were formed by a vacuum deposition method. The surface conditions of the thin films were
observed through a scanning probe microscope (SP14000N) manufactured by Seiko Instruments Inc. and an atomic
force microscope (AFM), and quantitatively evaluated using the arithmetical mean roughness (Ra) as an indicator of the
surface conditions.

[0138] The surface conditions of thin films were assumed to be subject to their underlying substrates, and two types
of substrates were prepared: substrates of quartz and substrates comprising a transparent electrode (ITO)/ a hole-
injecting layer (PEDT/PSS)/ a hole-transporting and luminescent layer (PVK: Ir(ppy)3). Each of the substrates comprising
the transparent electrode (ITO)/ the hole-injecting layer (PEDT/PSS)/ the hole-transporting and luminescent layer (PVK:
Ir(ppy)3) was produced as follows. An aqueous solution was prepared using PEDT/PSS (polyethylenedioxythiophene/
polystyrene sulfonic acid) manufactured by Bayer AG. as the hole-injecting material. The solution was dripped onto the
transparent electrode and spin-coated onto it at 1000 rpm for 180 seconds to form the hole-injecting layer (PEDT/PSS).
After that, the hole-transporting and luminescent layer was formed as follows. First, a predermiend amount of PVK was
fed into a vial and next, 10 parts by weight of Ir(ppy); with respect to 100 parts by weight of the PVK were fed into it.
Then, the PVK and Ir(ppy); were dissolved in 1 ml of THF serving as a solvent to prepare a solution having a PVK
content of 14 mg per milliliter of THF seving as the solvent. The solution was dripped onto the hole-injecting layer and
spin-coated onto it at 4000 rpm for 30 seconds to form the hole-transporting and luminescent layer.

[0139] The tables below show the arithmetical mean roughnesses (Ra) obtained, together with: the drying conditions;
the underlying substrates; and the solvents to dissolve the TPPO-Burst.
Table 1
Arithmetical mean roughness *1
Drying condition Underlying substrate | Solvent to dissolve TPPO-Burst
Unit: nm
No drying by heating Quartz substrate Methanol 0.35
No drying by heating Quartz substrate Ethanol 0.27
No drying by heating Quartz substrate 2-propanol 0.39
No drying by heating Quartz substrate 1-propanol 0.35
No drying by heating Quartz substrate 1-butanol 0.37
No drying by heating Quartz substrate 2-butanol 0.40
No drying by heating Quartz substrate 2-methyl-1-propanol 0.39
No drying by heating Quartz substrate 2-methyl-2-propanol 0.34
105°C, 1h Quartz substrate Methanol 0.65
105°C, 1h Quartz substrate Ethanol 0.79
105°C, 1h Quartz substrate 2-propanol 0.43
105°C, 1h Quartz substrate 1-propanol 0.55
105°C, 1h Quartz substrate 1-butanol 0.64
105°C, 1h Quartz substrate 2-butanol 0.61
105°C, 1h Quartz substrate 2-methyl-1-propanol 0.45
105°C, 1h Quartz substrate 2-methyl-2-propanol 0.46
- Quartz substrate (Film is made by vacuum 0.33
deposition)
*1: Calculated for a length of about 15 nm on a line made in parallel to a scaning direction.
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Table 2
Arithmethicalmeanroughness
Drying condition Underlying condition :ﬂ:nt to dissolve TPPO- *1
Unit: nm

No dryng by heating | ITO/PEDOT/PVK:Ir(ppy)s Methanol 9.00
No dryng by heating | ITO/PEDOT/PVK:Ir(ppy)s Ethanol 0.20
No dryng by heating | ITO /PEDOT/PVK:Ir(ppy)s 2-propanol 0.57
No dryng by heating | ITO/PEDOT/PVK:Ir(ppy)s 1-propanol 0.43
No dryng by heating | ITO/PEDOT/PVK:Ir(ppy)s 1-butanol 0.52
No dryng by heating | ITO/PEDOT/PVK:Ir(ppy)s 2-butanol 0.53
No dryng by heating | ITO/PEDOT/PVK:Ir(ppy)s 2-methyl-1-propanol 0.58
No dryng by heating | ITO/PEDOT/PVK:Ir(ppy), 2-methyl-2-propanol 0.64
105°C,1h ITO/PEDOT/PVK:Ir(ppy), Methanol 9.18
105°C,1h ITO/PEDOT/PVK:Ir(ppy), Ethanol 0.18
105°C, 1h ITO/PEDOT/PVK:Ir(ppy)s 2-propanol 0.28
105°C, 1h ITO/PEDOT/PVK:Ir(ppy); 1-propanol 0.34
105°C, 1h ITO/PEDOT/PVK:Ir(ppy)s 1-butanol 0.52
105°C, 1h ITO/PEDOT/PVK:Ir(ppy)s 2-butanol 0.47
105°C, 1h ITO/PEDOT/PVK:Ir(ppy); 2-methyl-1-propanol 0.46
105°C, 1h ITO /PEDOT/PVK:Ir(ppy)s3 2-methyl-2-propanol 0.52
*1: Calculated for a length of about 15 nm on a line made in parallel to a scaning direction.

[0140] Shown in the table below for reference are the properties of underlying substrate materials.

Table 3

Method/material Solvent to dissolve Arithmetical mean

Drying Condition | Underlying substrate . roughness *1 (Unit:

material
nm)

Spin coating Method 105°C, 1h ITO glass Water 1.05
/(PEDT-PSS)
Spin coating Method 105°C, 1h (ITO)/(PEDT/ PSS) THF 0.55
/(PVK:Ir(ppy)3)

*1: Calculated for a length of about 15 nm on a line made in parallel to a scaning direction.

[0141] As shown in Table 1, the surfaces of the thin films formed on the quartz substrates by spin-coating the TPPO-
Burst solutions in the alcohols had arithmetical mean roughnesses Ra of 1 nm or less, indicating that the surfaces of
these films were smooth enough to permit manufacture of organic electroluminescent elements.

[0142] Table 2 shows the arithmetical mean roughnesses Ra of the thin films formed by spin-coating the TPPO-Burst
solutions in the alcohols on the film of conductive polymer PVK: Ir(ppy); which was actually used as the hole-transporting
and luminescent layer of the organic electroluminescent element It was noted that the Ra were 10 nm or less, indicating
that the surfaces of the thin films were smooth enough to permit manufacture of organic electroluminescent elements.
Also, it is noted that while the surfaces of thin films formed by spin-coating solutions in methanol had Ra of about 9 nm,
the surfaces of the other thin films formed by spin-coating solutions in the other solvents had an Ra of 0.7 nm or less,
about an order of magnitude smaller. This indicates that the solvents other than methanol are more suitable for spin-
coating than methanol.
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(3) Manufacture of an organic electroluminescent element according to Comparative Example 3

[0143] An element according to Comparative Example 3 was manufactured in the same manner as used to obtain
the element according to Example 3, except that no electron-transporting layer was formed on the hole-transporting and
luminescent layer. It is to be noted that the hole-transporting and luminescent layer was formed on the hole-injecting
layer by spin-coating at 2000 rpm for 30 seconds the same PVK: Ir(ppy); solution in THF as used in Example 3. The
hole-transporting and luminescent layer had a thickness of 90 nm.

(4) Voltage-luminance characteristics and current-luminance characteristics of the organic electroluminescent elements

[0144] A voltage was applied to each of the elements of Example 3 and Comparative Example 3 to evaluate their
voltage-luminance characteristics and current-luminance characteristics.

[0145] Fig. 10 is a characteristic view showing the voltage-luminance relationships of the elements according to
Example 3 and Comparative Example 3.

[0146] Fig. 11 is a characteristic view showing the current-luminance relationships of the elements according to Ex-
ample 3 and Comparative Example 3.

[0147] Asseenfrom the voltage-luminance characteristics shown in Fig. 10, the use of the TPPO-Burst as the electron-
transporting material decreased the driving volate by about 6 V. Also, as seen from the current-luminance characteristics
shown in Fig. 11, the use of the TPPO-Burst improved the luminance of the element in relation to the current.

(5) Voltage-vs.-EL-efficiency characteristics of the organic electroluminescent elements

[0148] The voltage-vs.-EL-efficiency characteristics of the elements according to Example 3 and Comparative Example
3 were evaluated. Fig. 12 is a characteristic view showing the voltage-vs.-EL-efficiency relationships of the elements
according to Example 3 and Comparative Example 3.

[0149] AsseeninFig. 12,the lamination of the TPPO-Burst as the electron-transporting layerimproved the EL efficiency
about 3.8-fold.

(Example 4)
[0150] Synthesis of 4,4’-bis(diphenylphosphinyl)-triphenylphosphine oxide [TPPO-Trimer]

[0151] TPPO-Trimerwas synthesized as shown in the following reaction scheme. First, phosphine oxide (intermediate)
was synthesized and then, from this intermediate, the TPPO-Trimer was synthesized.

(o]
Ph—b—C1
G
Br—O—Br +Mg—ﬂ-;F—> B.—@—-Mgllr _— 6\@\ MwA36
B Br

(reactant) (intermediate)
04 O__roe @D?m,,@
6\(:'\ * i DMSO/edpa | : f*O
B Br
(intermediate) (intermediate 1) (product) Mw:679

(Synthesis of the intermediate)

[0152] A solution of 29.3 g (124 mmol) of 1,4-dibromobenzene in absolute tetrahydrofuran (hereafter, referred to as
THF) was dripped onto 2.54 g (105 mmol) of a magnesium metal piece in an atmosphere of nitrogen, to prepare a
Grignard reagent (reactant 7b). To the solution, a solution of 6.99 g (35.9 mmol) of dichlorophenylphosphine oxide in
absolute diethyl ether was slowly dropwise added. After completion of the addition, the resulting solution was stirred
overnight. To the solution, 14 ml of a hydrochloric acid solution (concentration 36%) was added dropwise. The target
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compound was extracted with distilled water/ chloroform from the solution, and the chloroform phase was separated,
and concentrated by a rotary evaporator. The remaining viscous liquid was dissolved in a small amount of chloroform,
and the resulting solution was subjected to column chromatography that used silica gel as a filler, to separate the target
compound. After the separation, the target compound was recrystallized from cyclohexane. The crystals obtained were
subjected to FAB mass analysis, whereby it was confirmed that (molecular weight)=436, (molecular weight)+2=438, and
(molecular weight)+4=440 and that the crystals obtained were the target intermediate (yield 4.93 g (11.30 mmol), 31.6%).

(Synthesis from the intermediate)

[0153] Theintermediate of 2.42 g (5.55 mmol) was reacted with 4.48 g (22.1 mmol) of diphenylphosphine oxide serving
as an intermediate 1, in 55.6 ml of dimethyl sulfoxide (hereafter, referred to as DMSO) serving as a solvent at 100 °C
in the presence of 250 mg (1.11 mol) of palladium acetate (hereafter, referred to as Pd(OAc)2), 688 mg (1.67 mmol) of
1,3-bis(diphenylphosphino) propane (hereafter, referred to as dppp), and 10 ml of N-ethyldiisopropylamine (edpa). The
target compound was extracted with distilled water/chloroform from the solution and concentrated. The remaining viscous
liquid was dissolved in a small amount of chloroform, and the resulting solution was subjected to column chromatography
that used silica gel as a filler, to separate the target compound. The target compound was recrystallized, and purified
by sublimation in a vacuum at 330-340 °C, to obtain a white crystal. The crystals obtained were subjected to FAB mass
analysis, whereby it was confirmed that (molecular weight) = 679 and that the crystals obtained were the target TPPO-
Trimer (yield 2.12 g (3.12 mmol), 56%, Tm: 346 °C, Tg: 105 °C).

(Example 5)
[0154] Synthesis of 4,4’,4"-tris-(di-p-tolyl-phosphinyl)- triphenylphosphine oxide [TPPO-(p-CHz) Burst]
[0155] TPPO-(p-CHs) Burst was synthesized as shown in the following reaction scheme. First, di-p-tolyl-phosphine

oxide(intermediate a) was synthesized, and then from this intermediate a and the intermediate b, the TPPO-(p-CHj)
Burst was synthesized.

Eco—ﬁ—om H,C

CH;
H;C—O——Dr + Mg;,fn,c—@—wlgm O\y‘/
Mw:230

(reactant) (intermediate a)

CHj
Q PA(OAc)/dppp
B DMS0/ e'dp-ati3 c
(intermediate b) (intermediate a)

(product)

(Synthesis of the intermediate a)

[0156] A solution of 25 g (145.9 mmol) of p-bromotoluene in absolute diethyl ether was dripped onto 3.0 g (123.5
mmol) of a magnesium metal piece in an atmosphere of nitrogen, to prepare a Grignard reagent (reactant). To the
solution, a solution of 8.64 g (62.59 mmol) of diethylphosphite in absolute diethyl ether was slowly dropwise added. After
completion of the addition, the resulting solution was stirred overnight. To the solution, 14 ml of a hydrochloric acid
solution (concentration 36%) was added dropwise. The target compound was extracted with distilled water/chloroform
from the solution, and the chloroform phase was separated, and concentrated by a rotary evaporator. The remaining
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viscous liquid was dissolved in a small amount of chloroform, and the resulting solution was subjected to column chro-
matography that used silica gel as a filler, to separate the target compound. After the separation, the target compound
was recrystallized from diethyl ether. The crystals obtained were subjected to FAB mass analysis, whereby it was
confirmed that (molecular weight)+1=231 and that the crystals obtained were the target intermediate a (yield 5.76 g
(25.02 mmol),40%)

(Synthesis from the intermediates a and b)

[0157] The intermediate a of 2.88 g (12.51 mmol) was reacted with 1.07 g (2.08mmol) of triphenylphosphine oxide
serving as the intermediate b, in 20.8 ml of DMSO serving as a solvent at 100 °C in the presence of 93.3 mg (0.416
mmol) of Pd(OAc),, 257 mg (0.624 mmol)of dppp, and 3.7 ml of edpa. The target compound was extracted with distilled
water/chloroform from the solution and concentrated. The remaining viscous liquid was dissolved in a small amount of
chloroform, and the resulting solution was subjected to column chromatography that used silica gel as afiller, to separate
the target compound. After the separation, the target compound was recrystallized from methanol/toluene, to obtain a
white crystal. The crystals obtained were subjected to FAB mass analysis, whereby it was confirmed that (molecular
weight)=963 and that the crystals obtained were the target TPPO-(p-CHj)Burst (yield 1.17 g (1.22 mmol), 59%, Tm:335
°C, Tg:133 °C).

(Example 6)
[0158] Synthesis of 4,4’,4"-tris-(di-o-tolyl-phosphinyl)-triphenylphosphine oxide[TPPO-(o-CHs)Burst]
[0159] TPPO-(o-CH5)Burst was synthesized as shown in the following reaction scheme. First, di-o-tolyl-phosphine

oxide (intermediate a) was synthesized, and then from this intermediate a and the intermediate b, the TPPO-(0-CH3)
Burst was synthesized.

o)

EtO—i—OEt o

Qe e Qo =
H, . ) 3ﬁ 3

(intermediate a)

Br o
: B
3 o Pd(OAc),/dppp N H, Hs
) * TTIMSO7edpa T T
,H CH; c
. _

Mw:230

(reactant)

CH. H;
" QLT
P
(intermediate b) (intermediate a) o’ CH,; H3C\<5?
(product) Mw:963

(Synthesis of the intermediate a)

[0160] A solution of 25 g (145.9 mmol) of o-bromotoluene in absolute diethyl ether is dripped onto 3.0 g (123.5 mmol)
of a magnesium metal piece in an atmosphere of nitrogen, to prepare a Grignard reagent (reactant). To the solution, a
solution of 8.64 g (62.59 mmol) of diethylphosphite in absolute diethyl ether was slowly dropwise added. After completion
of the addition, the resulting solution was stirred overnight. To the solution, 14 ml of hydrochloric acid solution (concen-
tration 36%) was added dropwise. The target compound was extracted with distilled water/ chloroform from the solution,
and the chloroform phase was separated, and concentrated by a rotary evaporator. The remaining viscous liquid was
dissolved in a small amount of chloroform, and the resulting solution was subjected to column chromatography that used
silica gel as a filler, to separate the target compound. After the separation, the target comound was recrystallized from
diethyl ether. The crystals obtained were subjected to FAB mass analysis, whereby it was confirmed that (molecular
weight)+1=231and that the crystals obtained were the target intermediate a (yield 6.67 g (29.0 mmol), 46%).
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(Synthesis from the intermediates a and b)

[0161] The intermediate a of 2.89 g (12.6 mmol) was reacted with 1.07 g (2.08 mmol) of triphenylphosphine oxide
serving as the intermediate b, in 20.8 ml of DMSO serving as a solvent at 100 °C in the presence of 93.3 mg (0.416
mmol) of Pd(OAc),, 257 mg (0.624 mmol) of dppp, and 3.7 ml of edpa. The target compound was extracted with distilled
water/ chloroform from the solution and concentrated. The remaining viscous liquid was dissolved in a small amount of
chloroform, and the resulting solution was subjected to column chromatography that used silica gel as afiller, to separate
the target compound. After the separation, the target compound was recrytallized. The crystals obtained were subjected
to FAB mass analysis, whereby it was confirmed that (molecular weight)=963, and that the crystals obtained were the
target TPPO-(0-CH3)Burst (yield 1.50 g (1.56 mmol), 75%, Tm: 310 °C, Tg:133 °C).

(Example 7)
[0162] Synthesis of 4,4’,4"-tris-(di-m-tolyl-phosphinyl)-triphenylphosphine oxide[TPPO-(m-CH3)Burst]
[0163] TPPO-(m-CHs)Burst was synthesized as shown in the following reaction scheme. First, di-m-tolyl-phosphine

oxide (intermediate a) was synthesized, and then from the intermediate a and the intermediate b, the TPPO-(m-CHj)
Burst was synthesized.

c1—¥'—c1
p—s e Y _& H;CQ»OYH

Mw: 230
(reactant) (intermediate a)

SIS W

HsC :

PA(OAc),/dppp -

J@/&\O H CO\*;/@\CH DMSO/edpa

3

@L,O&O,,@

(intermediate 'b) (intermediate a)
©\Cﬂ3 H3C/t

Mw:963

(product)

(Synthesis of the intermediate a)

[0164] A solution of 12.5 g (72.9 mmol) of m-bromotoluene in absolute diethyl ether was dripped onto 1.63 g (67.1
mmol) of a magnesium metal piece in an atmosphere of nitrogen, to prepare a Grignard reagent (reactant). To the
solution, a solution of 5.96 g (38.90 mmol) of phosphoryl chloride in absolute THF was slowly dropwise added. After
completion of the addition, the resulting solution was stirred overnight. To the solution, 30 ml of a hydrochloric acid
solution (concentration 36%) was added dropwise. The target compound was extracted with distilled water/ chloroform
from the solution, and the chloroform phase was separated, and concentrated by a rotary evaporator. The remaining
viscous liquid was dissolved in a small amount of chloroform, and the resulting solution was subjected to column chro-
matography that used silica gel as a filler, to separate the target compound. After the separation, the target compound
was recrystallized from diethyl ether. The crystals obtained were subjected to FAB mass analysis, whereby it was
confirmed that (molecular weight)+1=231 and that the crystals obtained were the target intermediate a (yield 4.13 g
(17.9 mmol), 56%).

(Synthesis from the intermediates a and b)

[0165] The intermediate a of 2.90 g (12.6 mmol) was reacted with 1.10 g (2.14mmol) of triphenylphosphine oxide as
the intermediate b, in 21.0 ml of DMSO serving as a solvent at 100 °C in the presence of 93 mg (0.42 mmol) of Pd(OAc)s,
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260 mg (0.63 mmol) of dppp, and 4 ml of edpa. The target compound was extracted with distilled water/chloroform from
the solution and concentrated. The remaining viscous liquid was dissolved in a small amount of chloroform, and the
resulting solution was subjected to column chromatography that used silica gel as afiller, to separate the target compound.
After the separation, the target compound was recrystallized from methanol/toluene to obtain a white crystal. The crystals
obtained were subjected to FAB mass analysis, whereby it was confirmed that (molecular weight)=963, and that the
crystals obtained were the target TPPO-(m-CHj3)Burst (yield 1.32 g (1.37 mmol), 64%).

(Example 8)
Synthesis of 4,4’,4"-tris-(bis-(4-methoxy-phenyl)-phosphinyl)-triphenylphosphine oxide[TPPO-(p-OCH3;)Burst]
[0166] TPPO-(p-OCH3)Burst was synthesized as shown in the following reaction scheme. First, di(4-methoxy-phenyl)

phosphine oxide (intermediate a) was synthesized, and then from the intermediate and the intermediate b, the TPPO-(p-
OCHa,)Burst (product) was synthesized.

' ‘ EtO-—iL—OEt H,CO CH,
e meo-Cpv— e LT
H,CO-O—B: + Mg—— H,CO r

Mw:262
(reactant)
(|ntermed iate a)

Br : g/O/OCHJ
HSCO\O\ V@O Pé(OA:)z/dm '
DMSO/edpa
Bonol elooBe
v o

(intermediate b) (intermediate a)

C}IS c}[}
(product) *Mw:1059

(Synthesis of the intermediate a)

[0167] A solution of 25.0 g (134 mmol) of p-bromoanisole in absolute THF was drippred onto 2.92 g (120.2 mmol) of
a magnesium metal piece in an atmosphere of nitrogen, to prepare a Grignard reagent (reactant). To the solution, a
solution of 8.69 g (60.3 mmol) of diethylphosphite in absolute THF was slowly dropwise added. After completion of the
addition, the resulting solution was stirred overnight. To the solution, a 14 ml of a hydrochloric acid solution (concentration
36%) was added dropwise. The target compound was extracted with distilled water/chloroform from the solution, and
the chloroform phase was separated, and concentrated by a rotary evaporator. The remaining viscous liquid was dissolved
in a small amount of chloroform, and the resulting solution was subjected to column chromatography that used silica
gel as a filler, to separate the target compound. After the separation, the target compound was recrytallized from cy-
clohexane. The crystals obtained were subjected to FAB mass analysis, whereby it was confirmed that (molecular weight)
+1=263, and that the crystals obtained were the target intermediate (yield 8.20 g (31.3 mmol), 52%).

(Synthesis from the intermediates a and b)

[0168] The intermediate a of 3.30 g (12.6 mmol) was reacted with 1.07 g (2.08 mmol) of triphenylphosphine oxide as
the intermediate b, in 20.8 ml of DMSO serving as a solvent at 100 °C in the presence of 93.3 mg (0.624 mmol) of Pd
(OAc),, 257 mg (0.416 mmol) of dppp, and 3.7 ml of edpa. The target compound was extracted with chloroform/distilled
water from the solution, and the chloroform phase was separated and concentrated. The remaining viscous liquid was
dissolved in a small amount of chloroform, and the resulting solution was subjected to column chromatography that used
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silica gel as afiller, to separate the target compound. After the separation, the target compound was recrystallized from
methanol/toluene to obtain a white crystal. The crystals obtained were subjected to FAB mass analysis, whereby it was
confirmed that (molecular weight)=1059, and that the crystals obtained were the target TPPO-(p-OCHSs)Burst (yield 1.56
g (1.47 mmol), 71%, Tm: 378 °C, Tg: 127 °C).

(Example 9)
Synthesis of 4,4’,4"-ths-(bis-(2-methoxy-phenyl)-phosphinyl) - triphenylphosphine oxide[TPPO-(o-OCH5)Burst]
[0169] TPPO-(0o-OCHs)Burst was synthesized as shown in the following reaction scheme. First, di(2-methoxy-phenyl)

phosphine oxide (intermediate a) was synthesized, and then from the intermediate a and the intermediate b, the TPPO-(o-
OCHj5)Burst was synthesized.

(o]
OCH, OCH, EtO—-i—OEt
0
@_ﬁr + Mg-——> O—-Mglir
THF : THF
reactanty H,CO H OCH;
reactan (intermediate a) Mw:262
Br 9
o Pd(OAc),/dppp
; + 3 _ ~ DMSO/edpa ™
6\©\~ H,CO H OCH;
(intermediate b) (intermediate a) Hy HiyCO

(product) Mw:1059

(Synthesis of the intermediate a)

[0170] A solution of 12.5 g (66.8 mmol) of o-bromoanisole in absolute THF was dripped onto 1.51 g (62.1 mmol)of a
magnesium metal piece in an atmosphere of nitrogen, to prepare a Grignard reagent (reactant). To the solution, a solution
of 4.43 g (32.1mmol) of diethylphosphite in absolute THF was slowly dropwise added. After completion of the addition,
the resulting solution was stirred overnight. To the solution, 8 ml of a hydrochloric acid solution (concentration 36%) was
added dropwise. The target compound was extracted with distilled water/ chloroform from the solution, and the chloroform
phase was separated, and concentrated by a rotary evaporator. The remaining viscous liquid was dissolved in a small
amount of chloroform, and the resulting solution was subjected to column chromatography that used silica gel as a filler,
to separate the target compound. After the separation, the target compound was recrytallized from cyclohexane. The
crystals obtained were subjected to FAB mass analysis, whereby it was confirmed that (molecular weight)+ 1=263, and
that the crystals obtained were the target intermediate (yield 4.38 g (16.7mmol), 52%).

(Synthesis from the intermediates a and b)

[0171] The intermediate a of 2.00 g (7.63 mmol) was reacted with 0.655 g (1.27 mmol) of triphenylphosphine oxide
as the intermediate b, in 13.0 ml of DMSO serving as a solvent at 100 °C in the presence of 57.2 mg (0.254 mmol) of
Pd(OAc),, 157 mg (0.381 mmol) of dppp, and 2.3 ml of edpa. The target compound was extracted with chloroform/
distilled water from the solution, and the chloroform phase was separated and concentrated. The remaining viscous
liquid was dissolved in a small amount of chloroform, and the resulting solution was subjected to column chromatography
that used silica gel as a filler, to separate the target compound. After the separation, the target compound was recrys-
tallized from methanol/toluene to obtain a white crytal. The crystals obtained were subjected to FAB mass analysis,

33



10

15

20

25

30

35

40

45

50

55

EP 1 744 598 A1

whereby it was confirmed that (molecular weight)=1059, and that the crystals obtained were the target TPPO-(0-OCH3)
Burst (yield 0.80 g (0.755 mmol, 56%).

(Example 10)
Synthesis of tris-(4’-diphenylphosphinyl-biphenyl-4-yl)-phosphine oxide [TBPO-(DPPO)Burst]

[0172] TBPO-(DPPO)Burst was synthesized as shown in the following reaction scheme. First, phosphine oxide (in-
termediate a) was synthesized, and then from the intermediate a, the TBPO-(DPPO)Burst was synthesized.

POCH;
e e+ Mmoo ——
(reactant) Mw:743
B #" (intermediate a) Br

o4O
(]

o Pd(OAch/dppp
* @‘i‘@ T DMS0/edpa

5 Mw:1107
6\%\

P
(product) 3 “o

(Synthesis of the intermediate a)

[0173] A solution of 74.9 g (240 mmol) of 4,4’-dibromobiphenyl in absolute THF was dripped onto 4.8 g (197.5 mmol)
of a magnesium metal piece in an atmosphere of nitrogen, to prepare a Grignard reagent (reactant). To the solution, a
solution of 10.2 g (66.6 mmol) of phosphoryl chloride (reactant) in absolute THF was slowly dropwise added. After
completion of the addition, the resulting solution was stirred overnight. To the solution, 50 ml of a hydrochloric acid
solution (concentration 36%) was added dropwise. The target compound was extracted with distilled water/chloroform
from the solution, and the chloroform phase was separated, and concentrated by a rotary evaporator. The remaining
viscous liquid was dissolved in a small amount of chloroform, and the resulting solution was subjected to column chro-
matography that used silica gel as a filler, to separate the target compound. After the separation, the target compound
was recrytallized from cyclohexane. The crystals obtained were subjected to FAB mass analysis, whereby it was con-
firmed that (molecular weight)=743, (molecular weight)+2=745,and (molecular weight)+4=747, and that the crystals
obtained were the target intermediate a (yield 38.1 g (51.3 mmol), 77%).

(Synthesis from the intermediate a)

[0174] The intermediate a of 0.6 g (1.16 mmol) was reacted with 1.4 g (6.69 mmol) of diphenylphosphine oxide, in
11.6 ml DMSO serving as a solvent at 100 °C in the presence of 52.4 mg (0.233 mmol) of Pd(OAc),, 144 mg (0.349
mmol) of dppp, and 2.1 ml of edpa. The target compound was extracted with distilled water/chloroform from the solution
and concentrated. The remaining viscous liquid was dissolved in a small amount of chloroform, and the resulting solution
was subjected to column chromatography that used silica gel as a filler, to separate the target compound. After the
separation, the target compound was recrystallized from methanol/toluene. The crystals obtained were subjected to
FAB mass analysis, whereby it was confirmed that (molecular weight)= 1107, and that the crystals obtained were the
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targetTBPO-(DPPO)Burst (yield 0.618 g (0.70 mmol), 61%).
(Example 11)
Synthesis of 4,4’,4"-tris-(1-naphthyl-phenyl-phosphinyl)-triphenylphosphine oxide[TPPO-(a-NPPO)Burst]
[0175] TPPO-(a-NPPO)Burst was synthesized as shown in the following reaction scheme. First, 1-naphthyl-phenyl-

phosphine oxide (intermediate a) was synthesized, and the from the intermediate a and the intermediate b, the TPPO-(a.-
NPPO)Burst was synthesized.

Ph—P—-Cl
& o
Oy wmse Quan—
" i O I!I Mw:252
)
(reactant) (intermediate a)
0/@ PA(OAc)/dppp

+3 b NS0/ dpa > O
H ‘
AC,, a oo
(intermediate b) (intermediate a) 0”
OO Q

(product) Mw:1029

(Synthesis of the intermediate a)

[0176] A solution of 28.35 g (137 mmol) of 1-bromonaphthalene in absolute THF was dripped onto 3.15 g (129.6
mmol) of a magnesium metal piece in an atmosphere of nitrogen, to prepare a Grignard reagent (reactant). To the
solution, a solution of 26.0 g (145 mmol) of dichlorophenylphosphine in absolute THF was slowly dropwise added. After
completion of the addition, the resulting solution was stirred overnight. To the solution, 21 ml of a hydrochloric acid
solution (concentration 36%) was added dropwise. The target compound was extracted with distilled water/ chloroform
from the solution, and the chloroform phase was separated, and concentrated by a rotary evaporator. The remaining
viscous liquid was dissolved in a small amount of chloroform, and the resulting solution was subjected to column chro-
matography that used silica gel as a filler, to separate the target compound. After the separation, the target compound
was recrytallized from cyclohexane. The crystals obtained were subjected to FAB mass analysis, whereby it was con-
firmed that (molecular weight)+1=253, and that the crystals obtained were the target intermediate (yield 12.7 g (50.3
mmol), 36%).

(Synthesis from the intermediates a and b)

[0177] The intermediate a of 4.03 g (16.0mmol) was reacted with 1.17 g (2.28 mmol) of triphenylphosphine oxide as
the intermediate b, in 22.8 ml of DMSO serving as a solvent at 100 °C in the presence of 144 mg (0.643 mmol) of Pd
(OAc)2, 377mg (0.915 mmol) of dppp, and 4.2 ml of edpa. The target compound was extracted with chloroform/distilled
water from the solution, and the chloroform phase was separated and concentrated. The remaining viscous liquid was
dissolved in a small amount of chloroform, and the resulting solution was subjected to column chromatography that used
silica gel as afiller, to separate the target compound. After the separation, the target compound was recrystallized from
cyclohexane/toluene, to obtain a white crytal. The crystals obtained were subjected to FAB mass analysis, whereby it
was confirmed that (molecular weight)=1029, and that the crystals obtained were the target TPPO-(a-NPPO)Burst (yield
1.75 g (1.70mmol), 75%).
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(Example 12)
Synthesis of 4,4’,4"-tris-(di-1-naphthyl-phosphinyl)-triphenylphosphine oxide[TPPO-(a-DNPO)Burst]
[0178] TPPO-(a-DNPO)Burst was synthesized as shown in the following reaction scheme. First, di-1-naphthylphos-

phine oxide(intermediate a) was synthesized, and then from the intermediate a and the intermediate b, TPPO-(o-DNPO)
Burst was synthesized.

anﬂmm o
O Br -+ Mg-—-—»— gBr ——————— !
Q O ﬁ ’] Mw:302

(reactant) (intermediate a)
Br o
p
+ 3 0 O Pd(OAc),/dppp ' .
a1 j B DMSO0/edpa ‘ O
6 b |
Br Br O 6\@\ O
P:
(intermediate b) (intermediate a) O)‘ o
‘ (product) Mw:1179

(Synthesis of the intermediate a)

[0179] A solution of 114 g (551 mmol) of 1-bromonaphthalene in absolute THF was dripped onto 12.6 g (519 mmol)
of a magnesium metal piece in an atmosphere of nitrogen, to prepare a Grignard reagent (reactant). To the solution, a
solution of 34.0 g (246 mmol) of diethylphosphite in absolute THF was slowly dropwise added. After completion of the
addition, the resulting solution was heated under reflux overnight To the solution, 200 ml of a hydrochloric acid solution
(concentration 18%) was added dropwise. The target compound was extracted with distilled water/chloroform from the
solution, and the chloroform phase was separated, and concentrated by a rotary evaporator. The remaining viscous
liquid was dissolved in a small amount of chloroform, and the resulting solution was subjected to column chromatography
that used silica gel as a filler, to separate the target compound. After the separation, the target compound was recrys-
tallized from ether. The crystals obtained were subjected to FAB mass analysis, whereby it was confirmed that (molecular
weight)+1=303, and that the crystals obtained were the target intermediate a (yield 52.8 g (175 mmol), 71%).

(Synthesis from the intermediates a and b)

[0180] The intermediate a of 13.59 g (45 mmol) was reacted with 3.86 g (7.5 mmol) of triphenylphosphine oxide serving
as the intermediate b, in 75 ml of DMSO serving as a solvent at 100 °C in the presence of 338 mg (1.5 mmol) of Pd
(OAc),, 927mg (2.25 mmol) of dppp, 13.5 ml of edpa. The target compound was extracted with distilled water/chloroform
from the solution and concentrated. The remaining viscous liquid was dissolved in a small amount of chloroform, and
the resulting solution was subjected to column chromatography that used silica gel as a filler, to separate the target
compound. After the separation, the target compound was recrystallized from methanol/toluene to obtain a white crytal.
The crystals obtained were subjected to FAB mass analysis, whereby it was confirmed that (molecular weight)=1179,
and that the crystals obtained were the target TPPO-(DNPO)Burst (yield 6.03 g (5.11 mmol), 68%).
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(Example 13)
Synthesis of 1,3,5-tris(diphenylphosphinyl)benzene [referred to as TDPPOB]

[0181] TDPPOB was synthesized from 1,3,5-tribromobenzene (reactant 1a) and diphenylphosphine oxide (interme-
diate 1), as shown in the following reaction scheme.

N | - Qe

O
+ @_ﬁ_@ Pd(OAc),/dppp o @\ /@
B Br ~ DMSO/edpa
o o
(reactant 1a) (intermediate 1) ’

[0182] Commercially available 1,3,5-Tribromobenzene (reactant 1a) of 0.63 g (2 mmol) was reacted with 1.21 g (6.0
mmol) of diphenylphosphine oxide (intermediate 1), in 20 ml of DMSO serving as a solvent at 100 °C in the presence
of 93 mg (0.41 mmol) of Pd(OAc),, 3.7 ml of edpa, and 261 mg (0.63mmol) of dppp. The target compound was extracted
with chloroform/distilled water from the solution, and the chloroform phase was separated and concentrated. The re-
maining viscous liquid was dissolved in a small amount of chloroform, and the resulting solution was subjected to column
chromatography that used silica gel as afiller, to separate the target compound. After the separation, the target compound
was recrystallized, and purified by sublimation in a vacuum. The target compound obtained was subjected to FAB mass
analysis, whereby it was confirmed that (molecular weight)=679, and that the crystals obtained were the target TDPPOB
(product) (yield 0.64 g (0.94 mmol), 47%, Tg 79.7 °C).

(Example 14)
Synthesis of tris-(dibiphenyl-phosphinyl)triphenylphosphine oxide [TRIS-(DBPPO)-TPPO-Burst]
[0183] TRIS-(DBPPO)-TPPO-Burst was synthesized as shown in the following reaction scheme. First, OBPPO (in-

termediate a) was synthesized, and the from the intermediate a and the intermediate b, the TRIS-(DBPPO)-TPPO-Burst
was synthesized.
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| Ezo-fi;—om%p ‘
Q Br+Mg—T}—E- MgBr —— ‘

Mw:354
(intermediate a)

o0, % S &Q%?ﬁg e
o/)”(j 6\0\"\) |

Mw:1335

(reactant)

(intermediate b) (intermediate a)

(produc_t)

(Synthesis of the intermediate a)

[0184] A solution of 100.0 g (388.5 mmol) of 4-bromobiphenyl in absolute THF was dripped onto 10.4 g (428 mmol)
of a magnesium metal piece in an atmosphere of nitrogen, to prepare a Grignard reagent (reactant). To the solution, a
solution of 29.5 g (213.6 mmol) of diethylphosphite in absolute THF was slowly dropwise added. After completion of the
addition, the resulting solution was stirred overnight. To the solution, 40 ml of a hydrochloric acid solution (concentration
36%) was added dropwise. The target compound was extracted with distilled water/ chloroform from the solution, and
the chloroform phase was separated, and concentrated by a rotary evaporator. The remaining viscous liquid was dissolved
in a small amount of chloroform, and the resulting solution was subjected to column chromatography that used silica
gel as afiller, to separate the target compound. After the separation, the target compound was recrystallized from diethyl
ether. The crystals obtained were subjected to FAB mass analysis, whereby it was confirmed that (molecular weight)
+1=355, and that the crystals obtained were the target intermediate a (yield 22.73g (64.2 mmol), 30%).

(Synthesis from the intermediates a and b)

[0185] The intermediate a of 18.5 g (52.3 mmol) was reacted with 3.9 g (7.6mmol) of triphenylphosphine oxide serving
as the intermediate b, in DMSO serving as a solvent at 100 °C in the presence of 250 mg (1.1 mmol) of Pd(OAc),,460
mg (1.1 mmol)of dppp, and 7.7 ml of edpa. The target compound was extracted with distilled water/chloroform from the
solution and concentrated. The remaining viscous liquid was dissolved in a small amount of chloroform, and the resulting
solution was subjected to column chromatography that used silica gel as a filler, to separate the target compound. After
the separation, the target compound was recrytallized from cyclohexane, to obtain a white crytal. The crystals obtained
were subjected to FAB mass analysis, whereby it was confirmed that (molecular weight)=1335, and that the crystals
obtained were the target TRIS-(DBPPO)-TPPO-Burst (yield 2.8 g (2.1 mmol), 28%).

(Example 15)
Synthesis of bis-(dibiphenyl-phosphinyl)-biphenylene [BIS(OBPPO)-BP]

[0186] BIS(OBPPO)-BP was synthesized from OBPPO (intermediate a) and 4,4’-dibromobiphenyl, as shown in the
following reaction scheme.
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S,

o} Pd(OAc),/dppp
B ) B« e o=p< )< )-

(intermediate a) (oroduct) Mw:B58

(Synthesis of the intermediate a and 4,4’-dibromobiphenyl)

[0187] The intermediate a of 18.49 g (52.2 mmol) was reacted with 3.61 g (11.6 mmol) of 4,4’-dibromobiphenyl, in
DMSO serving as a solvent at 100 °C, in the presence of 250 mg (1.1 mmol) of Pd(OAc),, 460mg (1.1 mmol) of dppp,
and 7.9 ml of edpa. The target compound was extracted with distilled water/chloroform from the solution and concentrated.
The remaining viscous liquid was dissolved in a small amount of chloroform, and the resulting solution was subjected
to column chromatography that used silica gel as a filler, to separate the target compound. After the separation, the
target compound was recrytallized. The crystals obtained were subjected to FAB mass analysis, whereby it was confirmed
that (molecular weight)=858, and that the crystals obtained were the target BIS(OBPPO)-BP (yield 7.7 g (9.0 mmol), 77%).

(Example 16)
Synthesis of tris-(t-butyl-diphenyl-phosphinyl)triphenylphosphine oxide[TRIS-(t-Bu-DPPO)-TPPO-Burst]
[0188] TRIS-(t-Bu-DPPO)-TPPO-Burst was synthesized as shown in the following reaction scheme. First, t-Bu-DPPO

(intermediate c) was synthesized, and then from the intermediate c and the intermediate b, the TRIS-(t-Bu-DPPO)-TPPO-
Burst was synthesized.

o)
EtO-P-OEt

A B t-Bu t-Bu
t-Bu—-@—Br + Mg —TI-_IF t-Bu—@—MgBr —_— \QPHO/
o

(reactant) Mw:314
(intermediate c)

t-Bu t-Bu t'B“\O\(b)Q’( -Bu
. O\p Q Pd(OAc),/dppp :
+ H -

3
e -
N D’ 6\Qm 8 DNSO0/edpa ey },/U?Q P/Ort-llu

(intermediate b) (intermediate c) o Yo
;.Bu ;-Bu

Mw:1215
(product)

(Synthesis of the intermediate c)

[0189] A solution of 25.0g (117.3 mmol) of 4-t-butyl-bromobenzene in absolute THF was dripped onto 2.85 g (117.3
mmol) of a magnesium metal piece in an atmosphere of nitrogen, to prepare a Grignard reagent (reactant). To the
solution, a solution of 8.10 g (58.66 mmol) of diethylphosphite in absolute THF was slowly dropwise added. After com-
pletion of the addition, the resulting solution was stirred overnight. To the solution, 30 ml of a hydrochloric acid solution
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(concentration 36%) was added dropwise. The target compound was extracted with distilled water/chloroform from the
solution, and the chloroform phase was separated, and concentrated by a rotary evaporator. The remaining viscous
liquid was dissolved in a small amount of chloroform, and the resulting solution was subjected to column chromatography
that used silica gel as a filler, to separate the target compound. After the separation, the target compound was recrys-
tallized from diethyl ether. The crystals obtained were subjected to FAB mass analysis, whereby it was confirmed that
(molecular weight)+1=315, and that the crystals obtained were the target intermediate c (yield 8.65 g (18.4 mmol), 47%).

(Synthesis from the intermediates ¢ and b)

[0190] The intermediate c of 15.5 g (49.4 mmol) was reacted with 4.2 g (8.2 mmol) of triphenylphosphine oxide serving
as the intermediate b, in DMSO serving as a solvent at 100 °C in the presence of 270 mg (1.2 mmol) of Pd(OAc),, 510
mg (1.2 mmol) of dppp, and 8.4 ml of edpa. The target compound was extracted with distilled water/chloroform from the
solution and concentrated. The remaining viscous liquid was dissolved in a small amount of chloroform, and the resulting
solution was subjected to column chromatography that used silica gel as a filler, to separate the target compound. After
the separation, the target compound was recrystallized from toluene-chloroform, to obtain a white crytal. The crystals
obtained were subjected to FAB mass analysis, whereby it was confirmed that (molecular weight)=1215 and that the
crystals obtained were the target TRIS-(t-Bu-DPPO)-TPPO-Burst (yield 1.5 g (1.2 mmol), 15%).

(Example 17)
Synthesis of 4,4’-bis(diphenylphosphinyl)-biphenyl [TPPO-Dimer]

[0191] TPPO-Dimer was synthesized as shown in the following reaction scheme. First, diphenylphosphine oxide as
an intermediate 1 was synthesized, and then from the intermediate 1, the TPPO-Dimer was synthesized.

Hot 0]
Q_MQB, + Em,:-oa — T, @_‘5_@
H THF m

(reactant 1)  (reactant 2) (intermediate 1)
(pal ladium catalyst) Q Q
—.—.—n «@ o> =
edpa, DMSO @ @
(reactant 3) (intermediate 1)
(product)

(Synthesis of the intermediate 1)

[0192] A solution of 17.2 g (110 mmol) of bromobenzene in absolute THF was dripped onto 2.4 g (98.8 mmol) of a
magnesium metal piece in an atmosphere of nitrogen while cooling the solution to prevent reflux of the solvent, to prepare
a Grignard reagent (reactant 1). To the solution, 5.18 g (37.5 mmol) of diethylphosphite (reactant 2) in absolute THF
was slowly dropwise added. After completion of the addition, the resulting solution was stirred overnight. To the solution,
1 mol/1 hydrochloric acid was added dropwise. The target compound was extracted with distilled water/ chloroform from
the solution, and the chloroform phase was separated, and concentrated by a rotary evaporator. The remaining viscous
liquid was dissolved in a small amount of chloroform, and the resulting solution was subjected to column chromatography
that used silica gel as a filler, to separate the target compound. After the separation, the target compound was recrys-
tallized from diethyl ether. The crystals obtained were subjected to FAB mass analysis, whereby it was confirmed that
(molecular weight)+ 1 =203 and that the crystals obtained were the target intermediate 1 (yield 3.57 g (17.7 mmol), 47%).

(Synthesis from the intermediate 1)

[0193] The intermediate 1 of 4.04 g (20 mmol) was reacted with 3.12 g (10 mmol) of commercially available 4,4’-
dibromobiphenyl (reactant 3), in DMSO serving as a solvent at 100 °C in the presence of 89.8 mg (0.4 mmol) of Pd
(OAc),, 247 mg (0.6 mmol) of dppp, and 9 ml of edpa. The target compound was extracted with chloroform/distilled
water from the solution, and the chloroform phase was separated and concentrated. The remaining viscous liquid was
dissolved in a small amount of chloroform, and the resulting solution was subjected to column chromatography that used
silica gel as afiller, to separate the target compound. After the separation, the target compound was recrystallized, and
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purified by sublimation in a vacuum. The target compound obtained was subjected to FAB mass analysis, whereby it
was confirmed that (molecular weight)=555, and that the crystals obtained were the target TPPO-Dimer (product) (yield
4.56 g (8.22 mmol), 82%)
(Example 18)
Synthesis of [4,4’-bis[(1-naphthyl)-phenyl-phosphinyl]]-biphenyl[c. -NPPOB]

[0194] o-NPPOB was synthesized as shown in the following reaction scheme. First, (1-naphthyl)-phenyl-phosphine
oxide (intermediate 1d) was synthesized, and then from the intermediate 1d, the a-NPPOB was synthesized.

@]
. H O* 1
w o O e OFG
THF
(reactant 1d) (reactant 2d)
(intermediate 1d)

0o ' pal ladium catalyst* Q

O+ o+ OO - Qoo
& edpa, DMSO

(intermediate 1d) (reactant 3) v

(product)

(Synthesis of the intermediate 1d)

[0195] A solution of 28.35 g (137 mmol) of 1-bromonaphthalene in absolute THF was dripped onto 3.15 g (129.6
mmol) of a magnesium metal piece in an atmosphere of nitrogen, to prepare a Grignard reagent (reactant 1d). The
solution was slowly dropwise added to a solution of 26.0 g (145 mmol) of dichlorophenylphosphine (reactant 2d) in
absolute THF. After completion of the addition, the resulting solution was stirred overnight. To the solution, 21 ml of a
hydrochloric acid solution (concentration 36%) was added dropwise. The target compound was extracted with distilled
water/ chloroform from the solution, and the chloroform phase was separated, and concentrated by a rotary evaporator.
The remaining viscous liquid was dissolved in a small amount of chloroform, and the resulting solution was subjected
to column chromatography that used silica gel as a filler, to separate the target compound. After the separation, the
target compound was recrytallized from cyclohexane. The crystals obtained were subjected to FAB mass analysis,
whereby it was confirmed that (molecular weight)+1=253, and that the crystals obtained were the target intermediate
1d (yield 12.7 g (50.3 mmol), 36%).

(Synthesis from the intermediate 1d)

[0196] The intermediate 1 of 5.04 g (20 mmol) was reacted with 3.12 g (10 mmol) of commercially available 4,4'-
dibromobiphenyl (reactant 3), in DMSO serving as a solvent at 100 °C in the presence of 89.8 mg (0.4mmol) of Pd
(OAc),, 247 mg (0.6 mmol) of dppp, and 9 ml of edpa. The target compound was extracted with chloroform/ distilled
water from the solution, and the chloroform phase was separated and concentrated. The remaining viscous liquid was
dissolved in a small amount of chloroform, and the resulting solution was subjected to column chromatography that used
silica gel as afiller, to separate the target compound. After the separation, the target compound was recrystallized, and
purified by sublimation in a vacuum. The target compound obtained was subjected to FAB mass analysis, whereby it
was confirmed that (molecular weight)=655, and that the crystals obtained were the target oo -NPPOB (product) (yield
5.15 g (7.87 mmol), 79%).
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(Example 19)
The TPPO-Dimer prepared in Example 17 was evaluated.
[Properties of the TPPO-Dimer]
(lonization potential and band gap)

[0197] The ionization potential of the TPPO-Dimer obtained was measured by an ultraviolet-ray electron spectrometer
(AC-2) manufactured by RIKENKEIKI Co., Ltd. and found to be beyond 6.8 eV because the threshold was not detected
up to the measurement limit of 6.8 eV. The band gap was 4.07 eV. Thus, it was noted that the TPPO-Dimer had a higher
ionization potential and a larger band gap than the ionization potential and band gap of bathocuproin which was in
general use as an electron-transporting material, as an hole-blocking material and as an exciton-confining material (the
ionization potential of bathocuproin: 6.8 eV, the band gap thereof: 3.7 eV). This indicates that TPPO-Dimer has a high
capability to block holes and a great effect of confining excitons and is promising as a hole-blocking material and as an
exciton-confining material for a phosphorescent element.

(Glass transition temperature)

[0198] The Tg of the TPPO-Dimer was measured by DSC-6200 manufactured by Seiko Instruments & Electronics
Ltd. according to differential thermal analysis, and found to be as high as 90.8 °C. The Tg of 90.8 °C is higher than the
Tg (63 °C) of N,N’-bis(3-methylphenyl)-N,N’-bis(phenyl)-benzidine (TPD) which is in general use as a hole-transporting
material. This indicates that TPPO-Dimer has excellent heat resistance.

[Manufacture of an organic electroluminescent element using TPPO-Dimer]

[0199] An organic electroluminescent element was manufactured using TPPO-Dimer as an electron-transporting ma-
terial. The following are details of the constitution of the element

transparent electrode (ITO) / hole-transporting layer (TPD) / luminescent layer (Algs)/ electron-transporting layer (TPPO-
Dimer) / cathode(MgAg)

[0200] More specifically, TPD was vacuum-deposited on a glass substrate having a transparent electrode (100 nm)
of ITO, to form a hole-transporting layer thereon. The degree of vacuum was 2.0x104 Pa (ditto with Example 20 and
later Examples), and the thickness of the hole-transporting layer was 55 nm. On the hole-transporting layer, Alq; was
deposited to form a luminescent layer having a thickness of 20 nm. The deposition speed was 0.2 nm/ sec. On the
luminescent layer, TPPO-Dimer was deposited to form an electron-transporting layer having a thickness of 30 nm. On
the electron-transporting layer, Mg and Ag were deposited to a thickness of 100 nm to form a cathode.

(Comparative Example 4)

[0201] An element according to Comparative Example 4 was manufactured in the same manner as in Example 19,
except that TPPO-Dimer was not employed as the electron-transporting material and that the luminescent layer (Algs)
formed had a thickness of 50 nm.

[Luminance-voltage characteristics of the organic electroluminescent elements]

[0202] A voltage was applied to each of the elements according to Example 19 and Comparative Example 4, to
evaluate their luminance-voltage characateristics.

[0203] Fig. 13 is a characteristic view showing the luminance-voltage relationships of the elements according to
Example 19 and Comparative Example 4.

[0204] As seen in Fig. 13, the element according to Example 19 emitted light at a lower voltage than the element
according to Comparative Example 4. This indicates that TPPO-Dimer has a high capability to transport electrons.
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(Example 20)
The characteristics of the TDPPOB prepared in Example 13 were evaluated.
[Properties of the TDPPOB]
(lonization potential and band gap)

[0205] The ionization potential of the TDPPOB was measured by an ultraviolet-ray electron spectrometer (AC-2)
manufactured by RIKENKEIKI Co., Ltd. and found to be beyond 6.8 eV because the threshold was not detected up to
the measurement limit of 6.8 eV. The band gap was 3.98 eV. Thus, it was noted that the TDPPOB had a higher ionization
potential and a larger band gap than the ionization potential and band gap of bathocuproin which was in general use as
an electron-transporting material, as an hole-blocking material and as an exciton-confining material (the ionization po-
tential of bathocuproin: 6.8 eV, the band gap thereof: 3.7 eV). This indicates that TDPPOB has a high capability to block
holes and a great effect of confining excitons and is promising as a hole-blocking material and as an exciton-confining
material for a phosphorescent element.

(Glass transition temperature)

[0206] The Tgofthe TDPPOB obtained was measured by DSC-6200 manufactured by Seiko Instruments & Electronics
Ltd. according to differential thermal analysis, and found to be as high as 79.7 °C. The Tg of 79.7 °C is higher than the
Tg (63 °C) of TPD which is in general use as a hole-transporting material. This indicates that TDPPOB has excellent
heat resistance.

[Manufacture of an organic electroluminescent element using TDPPOB]

[0207] Anorganic electroluminescent element was manufactured using TDPPOB as an electron-transporting material.
The following are details of the constitution of the element

transparent electrode (ITO)/ hole-transporting layer (TPD)/ luminescent layer (Algs) / electron-transporting layer (TDP-
POB)/ cathode (MgAg)

[0208] More specifically, the element was manufactured in the same manner as used to obtain the element according
to Example 19, except that the TDPPOB was used as the electron-transporting material (thickness 30nm).

[Luminance-voltage charactertistic of the organic electroluminescent element]

[0209] A voltage was applied to the organic electroluminescent element according to Example 20, to evaluate its
luminance-voltage characteristic. Fig. 14 is a characteristic view showing the luminance-voltage relationship of the
element according to Example 20, together with the above-mentioned luminance-voltage relationship of the element
according to Comparative Example 4.

[0210] As seen in Fig. 14, the element according to Example 20 emitted light at a lower voltage than the element
according to Comparative Example 4. This indicates that TDPPOB has a high capability to transport electrons.

(Example 21)

The characteristics of the TPPO-Trimer prepared in Example 4 were evaluated.
[Properties of the TPPO-Trimer]

(lonization potential and band gap)

[0211] The ionization potential of the TPPO-Trimer was measured by an ultraviolet-ray electron spectrometer (AC-2)
manufactured by RIKENKEIKI Co., Ltd. and found to be beyond 6.8 eV because the threshold was not detected up to
the measurement limit of 6.8 eV. The band gap was 4.02 eV. Thus, it was noted that the TPPO-Trimer had a higher
ionization potential and a larger band gap than the ionization potential and band gap of bathocuproin which was in
general use as an electron-transporting material, as an hole-blocking material and as an exciton-confining material (the
ionization potential of bathocuproin: 6.8 eV, the band gap thereof: 3.7 eV). This indicates that the TPPO-Trimer has a
high capability to block holes and a great effect of confining excitons and is promising as a hole-blocking material and
as an exciton-confining material for a phosphorescent element
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(Glass transition temperature)

[0212] The Tg of the TPPO-Trimer obtained was measured by DSC-6200 manufactured by Seiko Instruments &
Electronics Ltd. according to differential thermal analysis, and found to be as high as 105 °C. The Tg of 105 °C is higher
than the Tg (63 °C) of TPD (N,N’-bis(3-methylphenyl)-N,N’-bis(phenyl)-benzidine) which is in general use as a hole-
transporting material. This indicates that TPPO-Trimer has excellent heat resistance.

[Manufacture of an organic electroluminescent element using TPPO-Trimer]

[0213] An organic electroluminescent element was manufactured using TPPO-Trimer as an electron-transporting
material. The following are details of the constitution of the element.

transparent electrode (ITO) hole-transporting layer(TPD) / luminescent layer(Alq3) / electron-transporting layer (TPPO-
Dimer) / cathode (MgAg)

[0214] More specifically, the element was manufactured in the same manner as used to obtain the element according
to Example 19, except that the TPPO-Trimer was used as the electron-transporting material to form the electron-trans-
porting layer (thickness 30 nm).

[Luminance-voltage characteristic of the organic electroluminescent element]

[0215] Avoltage was applied to the element according to Eaxmple 21, to evaluate its luminance-voltage characateristic.
Fig. 15 is a characteristic view showing the luminance-voltage relationship of the element according to Example 21,
together with the above-mentioned luminance-voltage relationship of the element according to Comparative Example 4.
[0216] As seen in Fig. 15, the element according to Example 21 emitted light at a lower voltage than the element
according to Comparative Example 4. This indicates that TPPO-Trimer has a high capability to transport electrons.

(Example 22)

The characteristics of the a-NPPOB prepared in Example 18 were evaluated.
[Characteristics of the a-NPPOB]

(lonization potential and band gap)

[0217] The ionization potential of the o -NPPOB obtained was measured by an ultraviolet-ray electron spectrometer
(AC-2) manufactured by RIKENKEIKI Co., Ltd. and found to be beyond 6.8 eV because the threshold was not detected
up to the measurement limit of 6.8 eV. The band gap was 3.92 eV. Thus, it was noted that the oo -NPPOB had a higher
ionization potential and a larger band gap than the ionization potential and band gap of bathocuproin which was in
general use as an electron-transporting material, as an hole-blocking material and as an exciton-confining material (the
ionization potential of bathocuproin: 6.8 eV, the band gap thereof: 3.7 eV). This indicates that o«-NPPOB has a high
capability to block holes and a great effect of confining excitons and is promising as a hole-blocking material and as an
exciton-confining material for a phosphorescent element.

(Glass transition temperature)

[0218] The Tgofthe a-NPPOB obtained was measured by DSC-6200 manufactured by Seiko Instruments & Electronics
Ltd. according to differential thermal analysis, and found to be as high as 125 °C. The Tg of 125 °C is higher than the
Tg (63 °C) of TPD (N,N’-bis(3-methylphenyl)-N,N’-bis(phenyl)-benzidine) which is in general use as a hole-transporting
material. This indicates that o-NPPOB has excellent heat resistance.

[Manufacture of an organic electroluminescent element using o -NPPOB]

[0219] An organic electroluminescent element was manufactured using NPPOB as an electron-transporting material.
The following are details of the constitution of the element

transparent electrode (ITO)/ hole-transporting layer (TPD)/luminescent layer (Algs) / electron-transporting layer (o
-NPPOB) /cathode (MgAg)

[0220] More specifically, the element was manufactured in the same manner as used to obtain the element according
to Example 19, except that the a-NPPOB was used as the electron-transporting material to form an electron-transporting
layer (thickness 30 nm).
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[Luminance-voltage characteristic of the organic electroluminescent element]

[0221] Avoltage was applied to the element according to Example 22, to evaluate its luminance-voltage characateristic.
Fig. 16 is a characteristic view showing the luminance-voltage relationship of the element according to Example 22,
together with the above-mentioned luminance-voltage relationship of the element according to Comparative Example 4.
[0222] As seen in Fig. 16, the element according to Example 22 emitted light at a lower voltage than the element
according to Comparative Example 4. This indicates that oo -NPPOB has a high capability to transport electrons.

Claims

1. Anorganic electroluminescent element comprising an anode, a cathode and a plurality of organic compound layers
sandwiched between the anode and cathode, the organic compound layers including: a hole-transporting layer
made of an organic compound insoluble in alcohols; and an electron-transporting layer formed on the hole-trans-
porting layer by a wet method, the electron-transporting layer being made of a phosphorus-containing organic

compound soluble in the alcohols.

2. Theorganic electroluminescent element according to claim 1, wherein the phosphorus-containing organic compound
is a nonionic organic compound.

3. Theorganicelectroluminescent element according to claim 1, wherein the phosphorus-containing organic compound
has a molecular weight of 300-5000.

4. Theorganic electroluminescent element according to claim 1, wherein the phosphorus-containing organic compound
is represented by the general formula (1):

Ar'

/‘L\ - o
AP |C|) .Ar3

wherein Ar1-Ar3, the same or different from each other, represent an aromatic ring residue optionally containing a
substituent

5. Theorganic electroluminescent element according to claim 1, wherein the phosphorus-containing organic compound
is represented by the general formula (2):
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0
Ar1_\u /Ar2
Al\rT o
| ll ‘-' | (2)
Ar3\;}f8/ LI\A'rg\p AP
o/l | l\o
Art Ar°

wherein Ar1-Ar6, the same or different from each other, represent an aromatic ring residue optionally containing a
substituent; and Ar7-Ar9, the same or different from each other, represent an arylene group optionally containing a
substituent.

The organic electroluminescent element according to claim 1, wherein the phosphorus-containing organic compound
is represented by the general formula (3):

wherein R! or R2, the same or different from each other, represents a hydrogen atom, an alkyl group, a halogen
atom, cyano group, nitro group, amino group, an aryl group or a diarylphosphinyl group, and R! and R2 can form,
together with a carbon atom of a benzene ring to which they are linked, a substituted or unsubstituted aromatic ring;
andnis 1or2.

A manufacturing method of an organic electroluminescent element including an anode, a cathode and a plurality of

organic compound layers sandwiched between the anode and cathode, the process comprising the steps of: forming
a hole-transporting layer using an organic compound insoluble in alcohols; and forming an electron-transporting
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layer on the hole-transporting layer by a wet method using as an electron transporting layer material a phosphorus-
containing organic compound to be dissolved in an alcohol.

The manufacturing method of an organic electroluminescent element according to claim 7, wherein the alcohol is
a linear or branched C,-Cgq aliphatic alcohol.

The manufacturing method of an organic electroluminescent element according to claim 7, wherein the phosphorus-
containing organic compound is represented by the general formula (1).

The manufacturing method of an organic electroluminescent element according to claim 7, wherein the phosphorus-
containing organic compound is represented by the general formula (2).

The manufacturing method of an organic electroluminescent element according to claim 7, wherein the phosphorus-
containing organic compound is represented by the general formula (3).

A phosphorus-containing organic compound as a condensation product of a compound represented by the general
formula (4):

H

| @
Ar"/cll\Ar”

wherein Ar 11, the same or different from each other, represent a phenyl group or naphthyl group optionally substituted
with a halogen atom, a lower alkyl group, a lower alkoxy group or a phenyl group, and either a compound represented
by the formula:

Arl2

wherein Ar12 represents benzene substituted with three halogen atoms, or benzene or biphenyl substituted with two
halogen atoms or a compound represented by the general formula (5):

Ar'®

| ©
Aris/(l)l\Arw

wherein Ar13, the same or different from each other, are a phenyl group or biphenyl group optionally substituted
with a halogen atom, at least two of Ar'3 being a phenyl group or biphenyl group substituted with at least one halogen
atom.

13. The phosphorus-containing organic compound according to claim 12, represented by the subformula (6):
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’ / (6)

wherein Ar! has the same meaning as defined in the general formula (4); and Ar'2’ represents a phenylene group
or biphenylene group when n=2 and a benzenetriyl group when n=3.

14. The phosphorus-containing organic compound according to claim 12, represented by the subformula (7):

1 |C|) 11
Ar Ar
\P/
FL D
~
Ar”\ /Arls'/ g Ar‘3\ P/ Al
O/T I\O
Ar' Ar'!

wherein Ar'! has the same meaning as defined in the general formula (4); and Ar'3, the same or different from
each other, represent a phenylene group or a biphenylene group.

15. The phosphorus-containing organic compound according to claim 12, represented by the subformula (8):

Ar13"
P
N "
Ar"\ /Ar‘3 “ Ar‘\ Py (8)
Ar” Arn

wherein Ar!! has the same meaning as defined in the general formula (4); Ar'3, the same or different from each
other, represent a phenylene group or a biphenylene group; and Ar'3" represents a phenyl group or a biphenyl group.

16. The phosphorus-containing organic compound according to claim 12, selected from
compounds of the subformula (6):

48



EP 1 744 598 A1

o
O =

99_@0
0 5
Sadbae
.Q_,O

oto

(7):

compounds of the subformula
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,and
compounds of the subformula (8):

Q000
5

(P)

17. A phosphorus-containing organic compound having at least three partial structures represented by a diarylphosphine
oxide skeleton, the diarylphosphine oxide skeleton represented by either the formula (9):

|
P (9)
Arﬂ/g\ArH

wherein Ar!! has the same meaning as defined in the general formula (4) or the formula (10):
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Ar'¥

| (10)
Ar”"/ g\ A

wherein Ar'%’, the same or different from each other, are a phenyl group or a biphenyl group, or a phenylene group
or biphenylene group linked to the formula (9).

A manufacturing method of a phosphorus-containing organic

compound, comprising the step of condensing, in a solvent, in the presence of a condensing catalyst and a base,
a compound of the general formula (4):

H

| @
Ar”/g\Ar”

wherein Ar1! has the same meaning as defined in the general formula (4), with either a compound of the formula:
Ar12
wherein Ar'2 has the same meaning as defined in the above formula Ar12

or
a compound of the general formula (5):

Ar'®

| ®
Ar‘3/g\Ar13

wherein Ar!3 has the same meaning as defined in the general formula (5).

The manufacturing method of a phosphorus-containing organic compound according to claim 17, wherein the solvent
is dimethyl sulfoxide, the condensing catalyst is palladium acetate or a complex compound of palladium acetate
with either 1,3-bis(diphenylphosphino)propane or 1,4-bis(diphenylphosphino)butane, and the base is a trialkylamine,
N-ethyldiisopropylamine, or N,N’-dimethylaminopyridine.
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Fig. 1

[Example 1]
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Fig. 4 —«— POF/TPPO-Burst (Example 1)
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