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(57) ABSTRACT

A light-emitting-layer host material is provided as material
for high-efficiency organic electroluminescent devices. The
light-emitting-layer host material has a high excitation triplet
level, and is capable of completely confining the triplet exci-
tons of phosphorescent material. A high-efficiency and high-
luminance organic electroluminescent device is provided by
using the compound. The compound is a compound of gen-
eral formula (1) having a bipyridyl group and an ortho-ter-
phenyl structure. The organic electroluminescent device
includes a pair of electrodes, and one or more organic layers
sandwiched between the pair of electrodes, and uses the com-
pound as constituent material of at least one of the organic
layers.
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COMPOUND HAVING SUBSTITUTED
ORTHO-TERPHENYL STRUCTURE, AND
ORGANIC ELECTROLUMINESCENT
DEVICE

TECHNICAL FIELD

[0001] The present invention relates to compounds suited
for an organic electroluminescent device, a preferred self
light-emitting device for various display devices, and to the
device. Specifically, the invention relates to compounds hav-
ing a bipyridyl group and an ortho-terphenyl structure, and to
organic electroluminescent devices that use the compounds.

BACKGROUND ART

[0002] The organic electroluminescent device is a self-
emitting device, and has been actively studied for their
brighter, superior viewability and ability to display clearer
images compared with the liquid crystal device.

[0003] In an attempt to improve the device luminous effi-
ciency, there have been developed devices that use phospho-
rescent materials to generate phosphorescence, specifically
that make use of the emission from the triplet excitation state.
According to the excitation state theory, phosphorescent
materials are expected to greatly improve luminous efficiency
as much as about four times that of the conventional fluores-
cence.

[0004] In 1993, M. A. Baldo et al. at Princeton University
realized 8% external quantum efficiency with a phosphores-
cent device using an iridium complex.

[0005] Because phosphorescent materials undergo concen-
tration quenching, a charge-transporting compound, or a host
compound as it is generally called, is used to support the
phosphorescent materials by being doped with the phospho-
rescent materials. The phosphorescent materials so supported
are called guest compounds. 4,4'-Di(N-carbazolyl)biphenyl
(hereinafter, referred to simply as “CBP”) represented by the
following formula is commonly used as the host compound
(refer to Non-Patent Document 1, for example).

[Chemical Formula 1]
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[0006] However, because of the low glass transition point
(Tg) of 62° C. and high crystallinity, it has been indicated that
CBP lacks stability in the thin-film state. The device charac-
teristics are thus unsatisfactory in situations where heat resis-
tance is needed such as in emitting light of high luminance.

[0007] Advances in phosphorescent device studies have
promoted further understanding of the energy transfer pro-
cess between the phosphorescent material and the host com-
pound. Studies found that the host compound needs to have a
higher excitation triplet level than the phosphorescent mate-
rial in order to increase luminous efficiency.
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[0008] The external quantum efficiency of a phosphores-
cent device remains at about 6% when the blue phosphores-
cent material Flrpic of the formula below is doped to CBP to
provide the host compound of the light emitting layer. This is
considered to be due to the lower excitation triplet level of
CBP, 2.57 eV, than the excitation triplet level, 2.67 eV, of
Flrpic, making it difficult for the Flrpic to sufficiently confine
triplet excitons. This has been demonstrated by the tempera-
ture dependence of the photoluminescence intensity of a thin
film produced by the doping of CBP with Flrpic (refer to
Non-Patent Document 2).
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[0009] The host compound 1,3-bis(carbazol-9-yl)benzene

(hereinafter, referred to simply as “mCP”) of the formula
below is known to have a higher excitation triplet level than
CBP. However, as with the case of CBP, mCP has a low glass
transition point (Tg) of 55° C. and high crystallinity, and lacks
stability in the thin-film state. The device characteristics are
thus unsatisfactory in situations where heat resistance is
needed such as in emitting light of high luminance (refer to
Non-Patent Document 2).

[Chemical Formula 3]
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[0010] It has been found from the studies of host com-
pounds of higher excitation triplet levels that doping an iri-
dium complex to an electron transporting host compound ora
bipolar transporting host compound can produce high lumi-
nous efficiency (refer to Non-Patent Document 3, for
example).

[0011] As described above, in order to improve the lumi-
nous efficiency of a phosphorescent device in actual settings,
a light-emitting-layer host compound is needed that has a
high excitation triplet level, and high thin-film stability.
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SUMMARY OF THE INVENTION

Problems that the Invention is to Solve

[0018] Itis an object of the present invention to provide a
light-emitting-layer host compound for use as material of a
high-efficiency organic electroluminescent device, and that
has a high excitation triplet level, and is capable of completely
confining the triplet excitons of phosphorescent material. The
invention also provides a high-efficiency and high-luminance
organic electroluminescent device by using the compound.
Some of the physical properties of the organic compounds to
be provided by the present invention include (1) high excita-
tion triplet level, (2) bipolar transport, and (3) stable thin-film
state. Some of the physical properties of the organic electrolu-
minescent device to be provided by the present invention
include (1) high luminous efficiency, (2) high emission lumi-
nance, and (3) low actual driving voltage.

Means for Solving the Problems

[0019] Inorder to achieve the foregoing object, the present
inventors focused on the electron transporting ability of a
bipyridyl structure, and designed and chemically synthesized
compounds by using energy levels as indices. Upon confirm-
ing the energy levels of the compounds by actual measure-
ments of work functions, novel compounds having a bipy-
ridyl group and an ortho-terphenyl structure were found that
are suitable for phosphorescent devices. The compounds
were used to fabricate various test organic electroluminescent
devices, and device characteristics were evaluated to com-
plete the present invention.

[0020] 1) Specifically, the present invention is a compound
of general formula (1) having a bipyridyl group and an ortho-
terphenyl structure.

[Chemical Formula 4]
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[0021] Inthe formula, R, to R,, may be the same or differ-
ent, and represent a hydrogen atom, a deuterium atom, a
fluorine atom, a chlorine atom, cyano, trifluoromethyl, linear
or branched alkyl of 1 to 6 carbon atoms that may have a
substituent, a substituted or unsubstituted aromatic hydrocar-
bon group, a substituted or unsubstituted aromatic heterocy-
clic group, or a substituted or unsubstituted condensed poly-
cyclicaromatic group. nl and n2 may be the same or different,
andrepresent 2 or 3. The plurality of R, to R, may be the same
or different, respectively.

[0022] 2) The present invention is a compound of the fol-
lowing general formula (1') having a bipyridyl group and an
ortho-terphenyl structure.

[Chemical Formula 5]
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[0023] Inthe formula, R, to R, may be the same or differ-

ent, and represent a hydrogen atom, a deuterium atom, a
fluorine atom, a chlorine atom, cyano, trifluoromethyl, linear
or branched alkyl of 1 to 6 carbon atoms that may have a
substituent, a substituted or unsubstituted aromatic hydrocar-
bon group, a substituted or unsubstituted aromatic heterocy-
clic group, or a substituted or unsubstituted condensed poly-
cyclicaromatic group. nl and n2 may be the same or different,
andrepresent 2 or 3. The plurality of R, to Ry may be the same
or different, respectively.

[0024] 3) The present invention is a compound of the fol-
lowing general formula (1") having a bipyridyl group and an
ortho-terphenyl structure.

[Chemical Formula 6]
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[0025] Inthe formula, R, to R, may be the same or differ-
ent, and represent a hydrogen atom, a deuterium atom, a
fluorine atom, a chlorine atom, cyano, trifluoromethyl, linear
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or branched alkyl of 1 to 6 carbon atoms that may have a
substituent, a substituted or unsubstituted aromatic hydrocar-
bon group, a substituted or unsubstituted aromatic heterocy-
clic group, or a substituted or unsubstituted condensed poly-
cyclic aromatic group. n1 and n2 may be the same or different,
and represent 2 or 3. The plurality of R, to R, may be the same
or different, respectively.

[0026] 4) The present invention is an organic electrolumi-
nescent device that includes a pair of electrodes, and one or
more organic layers sandwiched between the pair of elec-
trodes, wherein at least one of the organic layers contains the
compound of the general formula (1), (1'), or (1") having a
bipyridyl group and an ortho-terphenyl structure.

[0027] 5) The present invention is the organic electrolumi-
nescent device of 4), wherein the organic layer is a light
emitting layer, and wherein the compound of the general
formula (1), (1'), or (1") having a bipyridyl group and an
ortho-terphenyl structure is used as at least one of constituent
materials in the light emitting layer.

[0028] 6) The present invention is the organic electrolumi-
nescent device of 4), wherein the organic electroluminescent
device includes a pair of electrodes, and a phosphorescent
light-emitting material-containing light emitting layer and
one or more organic layers sandwiched between the pair of
electrodes, and wherein the compound of the general formula
(D), (1M, or (1") having a bipyridyl group and an ortho-terphe-
nyl structure is used as at least one of constituent materials in
the light emitting layer.

[0029] 7) The present invention is the organic electrolumi-
nescent device of any one of 4) to 6), wherein the phospho-
rescent light-emitting material is a metal complex that con-
tains iridium or platinum.

[0030] Specific examples of the “alkyl” in the “linear or
branched alkyl of 1 to 6 carbon atoms that may have a sub-
stituent” represented by R, to R, in the general formula (1),
(1), or (1") include methyl, ethyl, n-propyl, isopropyl, n-bu-
tyl, isobutyl, tert-butyl, n-pentyl, isopentyl, neopentyl, and
n-hexyl.

[0031] Specific examples of the “substituent” in the “sub-
stituted linear or branched alkyl of 1 to 6 carbon atoms”
represented by R, to R, in the general formula (1), (1), or
(1") include a deuterium atom, a fluorine atom, a chlorine
atom, cyano, trifluoromethyl, nitro, linear or branched alkyl
of 1 to 6 carbon atoms, cyclopentyl, cyclohexyl, linear or
branched alkoxy of 1 to 6 carbon atoms, dialkylamino sub-
stituted with linear or branched alkyl of 1 to 6 carbon atoms,
phenyl, biphenylyl, terphenylyl, tetrakisphenyl, styryl, naph-
thyl, fluorenyl, phenanthryl, indenyl, pyrenyl, pyridyl, bipy-
ridyl, triazyl, pyrimidyl, quinolyl, isoquinolyl, indolyl, pyri-
doindolyl, carbazolyl, quinoxalyl, and pyrazolyl. These
substituents may be further substituted, and may be bound to
each other to form a ring.

[0032] Specific examples of the “aromatic hydrocarbon
group”, “aromatic heterocyclic group”, or “condensed poly-
cyclic aromatic group” in the “substituted or unsubstituted
aromatic hydrocarbon group”, “substituted or unsubstituted
aromatic heterocyclic group”, or “substituted or unsubsti-
tuted condensed polycyclic aromatic group” represented by
R, to R,, in the general formula (1), (1), or (1") include
phenyl, biphenylyl, terphenylyl, tetrakisphenyl, styryl, naph-
thyl, anthryl, acenaphthenyl, fluorenyl, phenanthryl, indeny],
pyrenyl, pyridyl, bipyridyl, triazyl, pyrimidyl, furanyl, pyr-
rolyl, thienyl, quinolyl, isoquinolyl, benzofuranyl, benzothie-
nyl, indolyl, carbazolyl, benzooxazolyl, benzothiazolyl, qui-
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noxalyl, benzoimidazolyl, pyrazolyl, pyridoindolyl,
dibenzofuranyl, dibenzothienyl, naphthyridinyl, phenan-
throlinyl, and acridinyl.

[0033] Preferred as the “substituted or unsubstituted aro-
matic heterocyclic group” represented by R, to Ry is substi-
tuted or unsubstituted pyridyl, because it can be expected to
improve the electron transport characteristic.

[0034] Specific examples of the “substituent” in the “sub-
stituted aromatic hydrocarbon group”, “substituted aromatic
heterocyclic group”, or “substituted condensed polycyclic
aromatic group” represented by R, to R, in the general for-
mula (1), (1), or (1") include a deuterium atom, a fluorine
atom, a chlorine atom, cyano, trifluoromethyl, nitro, linear or
branched alkyl of 1 to 6 carbon atoms, cyclopentyl, cyclo-
hexyl, linear or branched alkoxy of 1 to 6 carbon atoms,
dialkylamino substituted with linear or branched alkyl of 1 to
6 carbon atoms, phenyl, biphenylyl, terphenylyl, tetrakisphe-
nyl, styryl, naphthyl, fluorenyl, phenanthryl, indenyl, pyre-
nyl, pyridyl, bipyridyl, triazyl, pyrimidyl, quinolyl, iso-
quinolyl, indolyl, pyridoindolyl, carbazolyl, quinoxalyl, and
pyrazolyl. These substituents may be further substituted.
[0035] The compounds of the general formula (1), (1'), or
(1"yhaving a bipyridyl group and an ortho-terphenyl structure
are novel compounds, and have preferable energy levels as
host compounds of a light emitting layer, and an excellent
triplet exciton confining capability.

[0036] The compounds of the general formula (1), (1", or
(1"having a bipyridyl group and an ortho-terphenyl structure
of the present invention can be used as constituent materials
of the light emitting layer or hole blocking layer of an organic
electroluminescent device (hereinafter, referred to simply as
“organic EL device”). The compounds of the present inven-
tion, having a more desirable bipolar transport characteristic
compared to conventional materials, have the effects to
improve power efficiency, and lower actual driving voltage.

Advantage of the Invention

[0037] The compounds having a bipyridyl group and an
ortho-terphenyl structure of the present invention are useful
as the hole blocking compounds of an organic EL device, or
the host compounds of the light emitting layer of an organic
EL device. The organic EL device produced by using the
compounds can have high efficiency, high luminance, and
low driving voltage.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038] FIG. 1 is a 'H-NMR chart of the compound of
Example 1 of the present invention (Compound 2).

[0039] FIG. 2 is a 'H-NMR chart of the compound of
Example 2 of the present invention (Compound 3).

[0040] FIG. 3 is a 'H-NMR chart of the compound of
Example 3 of the present invention (Compound 10).

[0041] FIG. 4 is a 'H-NMR chart of the compound of
Example 4 of the present invention (Compound 11).

[0042] FIG. 5isadiagram representing the configuration of
the EL devices of Examples 8 to 10 and Comparative
Example 1.

[0043] FIG. 6isa diagram representing the configuration of
the EL devices of Comparative Example 2.

MODE FOR CARRYING OUT THE INVENTION

[0044] The compounds having a bipyridyl group and an
ortho-terphenyl structure of the present invention are novel
compounds, and may be synthesized by using, for example,
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the following method. First, the dihalide of a corresponding
ortho-terphenylene compound is boronated with a compound
such as bis(pinacolato)diboron to synthesize a corresponding
borate product (refer to Non-Patent Document 4, for
example), and this corresponding borate product is reacted
with a halogenobipyridine having various substituents in a
cross-coupling reaction such as Suzuki coupling (refer to
Non-Patent Document 5, for example) to synthesize the com-
pound having a bipyridyl group and an ortho-terpheny] struc-
ture.

[0045] The compounds having a bipyridyl group and an
ortho-terphenyl structure also can be synthesized as follows.

[Chemical Formula 7]

(Compound 2)
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First, a halogenobipyridine having various substituents is bor-
onated with a compound such as bis(pinacolato)diboron, and
the resulting bipyridine borate product with various substitu-
ents is then reacted with the dihalide of a corresponding
ortho-terphenylene compound in a cross-coupling reaction
such as Suzuki coupling.

[0046] The following presents specific examples of pre-
ferred compounds among the compounds of general formula
(D), (1", or (1") having a bipyridyl group and an ortho-terphe-
nylstructure. The present invention, however, is not limited to
these compounds.

[Chemical Formula 8]

[Chemical Formula 9]

(Compound 4)

[Chemical Formula 11]

(Compound 6)

[Chemical Formula 13]

(Compound 8)

(Compound 3)
[Chemical Formula 10]

(Compound 5)
[Chemical Formula 12]

(Compound 7)

[Chemical Formula 14]

(Compound 9)
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-continued
[Chemical Formula 15] [Chemical Formula 16]

{Compound 10) (Compound 11)

[Chemical Formula 17] [Chemical Formula 18]

{Compound 12) (Compound 13)

[Chemical Formula 19] [Chemical Formula 20]

{Compound 14) (Compound 13)

[Chemical Formula 21]
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[Chemical Formula 22]

[Chemical Formula 23]

[Chemical Formula 24]

[Chemical Formula 25]

-continued

Feb. 6, 2014

(Compound 16)

(Compound 17)

(Compound 18)

(Compound 19)
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-continued
(Compound 20)
[Chemical Formula 26]
(Compound 21)
[Chemical Formula 27]
(Compound 22)

[Chemical Formula 28]
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-continued
(Compound 23)
(Compound 24)
[Chemical Formula 30]
(Compound 25)
[Chemical Formula 31] [Chemical Formula 32]
{Compound 26) (Compound 27)

[Chemical Formula 33] [Chemical Formula 34]
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-continued
{Compound 28) (Compound 29)

[Chemical Formula 36]
{Compound 30)

[Chemical Formula 37]

[Chemical Formula 38]

[Chemical Formula 39]
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-continued

(Compound 34)

[Chemical Formula 40]

(Compound 33)

[Chemical Formula 41]

(Compound 36)

[Chemical Formula 42] [Chemical Formula 43]

{Compound 37) (Compound 38)

[Chemical Formula 44] [Chemical Formula 45]
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-continued
{Compound 39) (Compound 40)

[0047] These compounds were purified by methods such as
column chromatography, adsorption using, for example, a
silica gel, activated carbon, or activated clay, and recrystalli-
zation or crystallization using a solvent. The compounds were
identified by using methods such as NMR analysis. Melting
point, glass transition point (Tg), and work function were
taken for the measurement of physical properties. Melting
point can be used as an index of ease of vapor deposition,
glass transition point (Tg) as an index of stability in the
thin-film state, and the work function as an index of energy
level as a light-emitting host material.

[0048] Themelting point and the glass transition point (Tg)
were measured using a powder, using a high-sensitive differ-
ential scanning calorimeter DSC3100S (Bruker AXS).
[0049] For the measurement of work function, a 100 nm-
thick thin film was fabricated on an ITO substrate, and an
atmosphere photoelectron spectrometer (AC-3; Riken Keiki
Co., Ltd.) was used.

[0050] The organic EL device of the present invention may
have a structure including an anode, a hole injection layer, a
hole transport layer, an electron blocking layer, a light emit-
ting layer, a hole blocking layer, an electron transport layer,
and a cathode successively formed on a substrate, optionally
with an electron injection layer between the electron transport
layer and the cathode. Some of the organic layers in this
multilayer structure may be omitted. For example, the organic
EL device may be configured to include an anode, a hole
transport layer, a light emitting layer, an electron transport
layer, an electron injection layer, and a cathode successively
formed on a substrate, or include an anode, a hole transport
layer, a light emitting layer, an electron transport layer, and a
cathode successively formed on a substrate.

[0051] Each of the light emitting layer, the hole transport
layer, and the electron transport layer may have a laminate
structure of two or more layers.

[0052] Electrode materials with a large work function, such
as ITO and gold, are used as the anode of the organic EL
device of the present invention. The hole injection layer of the
organic EL device of the present invention may be made of
various materials, including, for example, porphyrin com-
pounds as represented by copper phthalocyanine, naphtha-

lenediamine derivatives, starburst-type triphenylamine
derivatives, triphenylamine trimers and tetramers such as an
arylamine compound of a structure in which three or more
triphenylamine structures are joined to each other within the
molecule via a single bond or a divalent group that does not
contain a heteroatom, accepting heterocyclic compounds
such as hexacyano azatriphenylene, and coating-type poly-
mer materials. These materials may be formed into a thin film
by using a vapor deposition method, or other known methods
such as spin coating and an inkjet method.

[0053] Examples of the material used for the hole transport
layer of the organic EL device of the present invention include
benzidine derivatives [such as N,N'-diphenyl-N,N'-di(m-
tolyl)-benzidine (hereinafter, referred to simply as “TPD”),
N,N'-diphenyl-N,N'-di(c-naphthyl)-benzidine (hereinafter,
referred to simply as “NPD”), and N,N,N',N'-tetrabipheny-
lylbenzidine], 1,1-bis[(di-4-tolylamino)}phenyl]cyclohexane
(hereinafter, referred to simply as “TAPC”), various tripheny-
lamine trimers and tetramers, and carbazole derivatives, in
addition to compounds containing an m-carbazolylphenyl
group. These may be deposited alone, or may be used as a
single layer deposited as a mixture with other materials, or as
a laminate of individually deposited layers, a laminate of
layers deposited as a mixture, or a laminate of a layer depos-
ited alone and a layer deposited as a mixture. Examples of the
material used for the hole injection/transport layer include
coating-type polymer materials such as poly(3,4-ethylene-
dioxythiophene) (hereinafter, simply “PEDOT”)/poly(sty-
rene sulfonate) (hereinafter, simply “PSS”). These materials
may be formed into a thin-film by using a vapor deposition
method, or other known methods such as spin coating and an
inkjet method.

[0054] Further, the hole injection layer or the hole transport
layer may be one obtained by the P-doping of material such as
trisbromophenylamine hexachloroantimony in the material
commonly used for these layers. Further, for example, poly-
mer compounds having a TPD structure as a part of the
compound structure also may be used.

[0055] Examples of the material used for the electron
blocking layer of the organic EL device of the present inven-
tion include compounds having an electron blocking effect,
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including, for example, carbazole derivatives such as 4,4' 4"~
tri(N-carbazolyl)triphenylamine  (hereinafter,  simply
“TCTA”), 9,9-bis[4-(carbazol-9-yl)phenyl]fluorene, 1,3-bis
(carbazol-9-yl)benzene (hereinafter, simply “mCP”), and
2,2-bis(4-carbazol-9-ylphenyl)adamantane (hereinafter,
simply “Ad-Cz”); and compounds having a triphenylsilyl
group and a triarylamine structure, as represented by 9-[4-
(carbazol-9-yl)phenyl]-9-[4-(triphenylsilyl)phenyl]-9H-
fluorene. These may be deposited alone, or may be used as a
single layer deposited as a mixture with other materials, or as
a laminate of individually deposited layers, a laminate of a
layer deposited as amixture, or a laminate of alayer deposited
alone and a layer deposited as a mixture. These materials may
be formed into a thin-film by using a vapor deposition
method, or other known methods such as spin coating and an
inkjet method.

[0056] Examples of the material used for the light emitting
layer of the organic EL device of the present invention include
quinolinol derivative metal complexes such as tris(8-hydrox-
yquinoline)aluminum (hereinafter, referred to as simply
“Alq;™), various metal complexes, anthracene derivatives,
bis(styryl)benzene derivatives, pyrene derivatives, oxazole
derivatives, and polyparaphenylene vinylene derivatives.
Further, the light emitting layer may be configured from a
host material and a dopant material. Examples of the host
material include the compounds of general formula (1) hav-
ing a bipyridyl group and an ortho-terphenyl structure of the
present invention, mCP, thiazole derivatives, benzimidazole
derivatives, and polydialkyl fluorene derivatives. Examples
of the dopant material include quinacridone, coumalin,
rubrene, anthracene, perylene, derivatives thereof, benzopy-
ran derivatives, rhodamine derivatives, and aminostyryl
derivatives. These may be deposited alone, or may be used as
a single layer deposited as a mixture with other materials, or
as a laminate of individually deposited layers, a laminate of
layers deposited as a mixture, or a laminate of a layer depos-
ited alone and a layer deposited as a mixture.

[0057] Further, the light-emitting material may be phos-
phorescent light-emitting material. Phosphorescent materials
as metal complexes of metals such as iridium and platinum
may be used as the phosphorescent light-emitting material.
Examples of the phosphorescent materials include green
phosphorescent materials such as Ir(ppy)s, blue phosphores-
cent materials such as Flrpic and Flr,, and red phosphores-
cent materials such as Btp,Ir(acac). Here, carbazole deriva-
tives such as CBP, TCTA, and mCP may be used as the hole
injecting and transporting host material. Compounds such as
p-bis(triphenylsilyl)benzene (hereinafter, simply “UGH2”),
and 2,2',2"-(1,3,5-phenylene)-tris(1-phenyl-1H-benzimida-
zole) (hereinafter, simply “TPBI”) may be used as the elec-
tron transporting host material.

[0058] In order to avoid concentration quenching, the dop-
ing of the phosphorescent light-emitting material in the host
material should preferably be made by co-evaporation in a
range of 1 to 30 weight percent with respect to the whole light
emitting layer.

[0059] These materials may be formed into a thin-film by
using a vapor deposition method, or other known methods
such as spin coating and an inkjet method.

[0060] Itis also possible to produce a device of a structure
that includes a light emitting layer produced with the com-
pound of the present invention, and an adjacently laminated
light emitting layer produced by using a compound of a
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different work function as the host material (refer to Non-
Patent Document 6, for example).

[0061] Thehole blocking layer of the organic EL device of
the present invention may be formed by using hole blocking
compounds such as various rare earth complexes, oxazole
derivatives, triazole derivatives, and triazine derivatives, in
addition to the compounds of general formula (1) having a
bipyridyl group and an ortho-terphenyl structure of the
present invention, and metal complexes of phenanthroline
derivatives such as bathocuproin (hereinafter, simply
“BCP”), and metal complexes of quinolinol derivatives such
as aluminum(II)bis(2-methyl-8-quinolinate)-4-phenylphe-
nolate (hereinafter, referred to simply as “BAlq”). These
materials may also serve as the material of the electron trans-
port layer. These may be deposited alone, or may be used as a
single layer deposited as a mixture with other materials, or as
a laminate of individually deposited layers, a laminate of
layers deposited as a mixture, or a laminate of a layer depos-
ited alone and a layer deposited as a mixture. These materials
may be formed into a thin-film by using a vapor deposition
method, or other known methods such as spin coating and an
inkjet method.

[0062] Examples of the material used for the electron trans-
port layer of the organic EL device of the present invention
include various metal complexes, triazole derivatives, triaz-
ine derivatives, oxadiazole derivatives, thiadiazole deriva-
tives, carbodiimide derivatives, quinoxaline derivatives,
phenanthroline derivatives, and silole derivatives, in addition
to quinolinol derivative metal complexes such as Alqy and
BAlg. These may be deposited alone, or may be used as a
single layer deposited as a mixture with other materials, or as
a laminate of individually deposited layers, a laminate of
layers deposited as a mixture, or a laminate of a layer depos-
ited alone and a layer deposited as a mixture. These materials
may be formed into a thin-film by using a vapor deposition
method, or other known methods such as spin coating and an
inkjet method.

[0063] Examples of the material used for the electron injec-
tion layer of the organic EL device of the present invention
include alkali metal salts (such as lithium fluoride, and
cesium fluoride), alkaline earth metal salts (such as magne-
sium fluoride), and metal oxides (such as aluminum oxide).
However, the electron injection layer may be omitted upon
preferably selecting the electron transport layer and the cath-
ode.

[0064] Theelectron injection layer or the electron transport
layer may be one obtained by the N-doping of metals such as
cesium in the materials commonly used for these layers.
[0065] The cathode of the organic EL device of the present
invention may be made of an electrode material having a low
work function (such as aluminum), or an alloy of an electrode
material having an even lower work function (such as a mag-
nesium-silver alloy, a magnesium-indium alloy, or an alumi-
num-magnesium alloy).

[0066] The following describes an embodiment of the
present invention in more detail based on Examples. The
present invention, however, is not limited to the following
Examples.

Example 1
Synthesis of 3,3"-bis(2,2"-bipyridin-5-y1)-1,1:2',1"-
terphenyl (Compound 2)

[0067] 2.5-Dibromopyridine (19.5 g), 2-pyridylzinc bro-
mide (150 ml), tetrahydrofuran (90 ml), and tetrakis(triph-
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enylphosphine)palladium(0) (4.33 g) were added to a nitro-
gen-substituted reaction vessel. After being cooled, the
mixture was stirred at 0° C. for 2 hours, and then at room
temperature for 3 hours. The reaction mixture was added to a
10% disodium dihydrogen ethylenediamine tetraacetate
aqueous solution, and stirred for 6 hours. The organic layer
was collected by separation after adding chloroform (300 ml).
The organic layer was dried over anhydrous magnesium sul-
fate, and concentrated to obtain a crude product. The crude
product was purified by column chromatography (support:
silica gel, eluent: toluene) to obtain a white powder of
5-bromo-2,2'-bipyridine (11.1 g; yield 63%).

[0068] Separately, 1,2-diiodobenzene (24.4 g), 3-trimeth-
ylsilylphenylboronic acid (30 g), sodium hydroxide (8.8 g),
tetrakis(triphenylphosphine)palladium(0) (4.3 g), diethylene
glycol dimethyl ether (160 ml), and water (40 ml) were added
to a nitrogen-substituted reaction vessel. The mixture was
heated, and stirred at 95° C. for 15 hours. After cooling the
mixture to room temperature, water (100 ml) was added, and
the organic layer was collected by separation. The organic
layer was washed two times with water (100 ml), dried over
anhydrous magnesium sulfate, and concentrated to obtain a
crude product. The crude product was purified by column
chromatography (support: silica gel, eluent: n-hexane) to
obtain a white powder of 3,3"-bis(trimethylsilyl)-1,1":2',1"-
terphenyl (23.3 g; yield 84%).

[0069] The  3,3"-bis(trimethylsilyl)-1,1":2',1"-terphenyl
(23 g), bromine (12.6 ml), and chloroform (180 ml) were
added to a nitrogen-substituted reaction vessel. The mixture
was cooled, and stirred at =5° C. for 3 hours, and then at room
temperature for 4 hours. After adding a saturated sodium
sulfite aqueous solution (90 ml), the organic layer was col-
lected by separation. The organic layer was washed two times
with water (100 ml), dried over anhydrous magnesium sul-
fate, and concentrated to obtain a crude product. The crude
product was purified by recrystallization with ethanol, and
washed with methanol to obtain a white powder of 3,3"-
dibromo-1,1"2",1"-terphenyl (15.4 g; yield 65%).

[0070] The 3.3"-dibromo-1,1":2',1"-terphenyl (5.0 g), bis
(pinacolato)diboron (6.9 g), potassium acetate (3.8 g), 1,4-
dioxane (50 ml) predried with a 4A molecular sieve, a [1,1'-
bis(diphenylphosphino)ferrocene]palladium(II)dichloride-
dichloromethane complex (1:1; 0.3 g) were added to a
nitrogen-substituted reaction vessel. The mixture was heated,
and stirred at 80° C. for 11 hours. Chloroform (100 ml) was
added after cooling the mixture to 50° C., and the mixture was
stirred for 30 minutes. The insoluble matter was removed by
filtration, and the filtrate was concentrated to obtain a crude
product. The crude product was purified by column chroma-
tography (support: silica gel, eluent: ethyl acetate/n-hex-
ane=1/20 (v/v) to obtain a white powder of 3,3"-bis(4,4,5,5-
tetramethyl-[1,3,2]dioxabororan-2-yl)-1,12',1"-terphenyl
(3.8 g; yield 61%).

[0071] The 3,3"-bis(4,4,5,5-tetramethyl-[ 1,3,2]dioxaboro-
ran-2-yl)-1,1%2',1"-terphenyl (1.8 g), the 5-bromo-2,2'-bipy-
ridine (1.8 g), a 2 M potassium carbonate aqueous solution
(5.8 ml), tetrakis(triphenylphosphine)palladium(0) (0.2 g),
toluene (40 ml), and ethanol (10 ml) were added to a nitrogen-
substituted reaction vessel. The mixture was heated, and
refluxed for 20 hours while being stirred. After cooling the
mixture to room temperature, water (30 ml) and chloroform
(100 ml) were added, and the organic layer was collected by
separation. The organic layer was washed with water (100
ml), dried over anhydrous magnesium sulfate, and concen-
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trated to obtain a crude product. The crude product was puri-
fied by column chromatography [support: NH silica gel, elu-
ent: ethyl acetate/n-hexane=1/5 (v/v)] to obtain a white
powder of 3,3"-bis(2,2'-bipyridin-5-y1)-1,1":2",1"-terphenyl
(compound 2; 1.5 g; vield 80%).

[0072] The structure of the product white powder was iden-
tified by NMR. The 'H-NMR measurement result is shown in
FIG. 1.

[0073] 'H-NMR (CDCl,) detected 26 hydrogen signals, as
follows. d (ppm)=8.65-8.66 (2H), 8.51-8.53 (2H), 8.31-8.33
(2H), 8.08 (2H), 7.99-8.01 (2H), 7.71-7.79 (4H), 7.59-7.61
(2H), 7.54-7.56 (2H), 7.50-7.52 (2H), 7.34-7.38 (2H), 7.25-
7.28 (4H).

Example 2

Synthesis of 3,3"-bis(2,2"-bipyridin-6-y1)-1,1:2',1"-
terphenyl (Compound 3)

[0074] 2.6-Dibromopyridine (19.5 g), 2-pyridylzinc bro-
mide (150 ml), tetrahydrofuran (90 ml), tetrakis(triph-
enylphosphine)palladium(0) (4.33 g) were added to a nitro-
gen-substituted reaction vessel. The mixture was cooled, and
stirred at 0° C. for 2 hours, and then at room temperature for
3 hours. The reaction mixture was then added to a 10%
disodium dihydrogen ethylenediamine tetraacetate aqueous
solution, and stirred for 6 hours. The organic layer was col-
lected by separation after adding chloroform (300 ml). The
organic layer was dried over anhydrous magnesium sulfate,
and concentrated to obtain acrude product. The crude product
was purified by column chromatography (support: silica gel,
eluent: toluene) to obtain a white powder of 6-bromo-2,2'-
bipyridine (11.1 g; yield 63%).

[0075] The 6-bromo-2,2'-bipyridine (1.8 g), the 3,3"-bis(4,
4.5 5-tetramethyl-[1,3,2]dioxabororan-2-y1)-1,1":2',1"-ter-
phenyl (1.8 g) synthesized in Example 1, a 2 M potassium
carbonate aqueous solution (5.8 ml), tetrakis(triphenylphos-
phine)palladium(0) (0.2 g), toluene (40 ml), and ethanol (10
ml) were added to a nitrogen-substituted reaction vessel. The
mixture was heated, and refluxed for 8 hours while being
stirred. After cooling the mixture to room temperature, water
(30 ml) and toluene (40 ml) were added, and the organic layer
was collected by separation. The organic layer was washed
with water (30 ml), dried over anhydrous magnesium sulfate,
and concentrated to obtain acrude product. The crude product
was purified by column chromatography [support: NH silica
gel, eluent: ethyl acetate/n-hexane=1/5 (v/v)] to obtain a
white powder of 3,3"-bis(2,2'-bipyridin-6-y1)-1,1"2',1"-ter-
phenyl (compound 3; 1.5 g; vield 75%).

[0076] The structure of the product white powder was iden-
tified by NMR. The ‘H-NMR measurement result is shown in
FIG. 2.

[0077] 'H-NMR (CDCl,) detected 26 hydrogen signals, as
follows. d (ppm)=8.66-8.68 (4H), 8.35-8.40 (4H), 7.79-7.83
(2H), 7.69-7.72 (2H), 7.45-7.58 (8H), 7.35-7.39 (4H), 7.28-
7.31 (2H).

Example 3

Synthesis of 4,4"-bis(2,2"-bipyridin-5-y1)-1,1:2',1"-
terphenyl (Compound 10)
[0078] 1.2-Diiodobenzene (20 g), 4-trimethylsilylphenyl-
boronic acid (25 g), sodium hydroxide (7.4 g), tetrakis(triph-
enylphosphine)palladium(0) (3.6 g), diethylene glycol dim-
ethyl ether (240 ml), and water (60 ml) were added to a



US 2014/0034935 A1

nitrogen-substituted reaction vessel. The mixture was heated,
and stirred at 95° C. for 15 hours. After cooling the mixture to
room temperature, water (100 ml) was added, and the organic
layer was collected by separation. The organic layer was
washed two times with water (100 ml), dried over anhydrous
magnesium sulfate, and concentrated to obtain a crude prod-
uct. The crude product was purified by column chromatogra-
phy (support: silica gel, eluent: n-hexane) to obtain a white
powder of 4,4"-bis(trimethylsilyl)-1,1"2",1"-terphenyl (21.1
2; vield 93%).

[0079] The  4.4"-bis(trimethylsilyl)-1,1":2",1"-terphenyl
(21 g), bromine (11.5 ml), and chloroform (150 ml) were
added to a nitrogen-substituted reaction vessel. The mixture
was cooled, and stirred at =5° C. for 3 hours, and then at room
temperature for 4 hours. The organic layer was collected by
separation after adding a saturated sodium sulfite aqueous
solution (90 ml). The organic layer was then washed two
times with water (100 ml), dried over anhydrous magnesium
sulfate, and concentrated to obtain a crude product, The crude
product was purified by recrystallization with ethanol, and
washed with methanol to obtain a white powder of 4,4"-
dibromo-1,1"2",1"-terphenyl (14.9 g; yield 68%).

[0080] The 4.4"-dibromo-1,1":2',1"-terphenyl (5.0 g), bis
(pinacolato)diboron (7.2 g), potassium acetate (3.8 g), 1,4-
dioxane (50 ml) predried with a 4A molecular sieve, and a
[1,1'-bis(diphenylphosphino)ferrocene]palladium(ID)dichlo-
ride-dichloromethane complex (1:1; 0.3 g) were added to a
nitrogen-substituted reaction vessel. The mixture was heated,
and stirred at 80° C. for 10 hours. Chloroform (150 ml) was
added after cooling the mixture to 50° C., and the mixture was
stirred for 30 minutes. The insoluble matter was removed by
filtration, and the filtrate was concentrated to obtain a crude
product. The crude product was purified by column chroma-
tography [support: silica gel, eluent: ethyl acetate/n-hex-
ane=1/5 (v/v)] to obtain a white powder of 4,4"-bis(4,4,5,5-
tetramethyl-[1,3,2]dioxabororan-2-y1)-1,12',1"-terphenyl
(3.5 g; yield 56%).

[0081] The 4,4"-bis(4,4,5,5-tetramethyl-[ 1,3,2]dioxaboro-
ran-2-yl)-1,1"2',1"-terphenyl (3.0 g), the 5-bromo-2,2'-bipy-
ridine (3.1 g) synthesized in Example 1, a 2 M potassium
carbonate aqueous solution (9.3 ml), tetrakis(triphenylphos-
phine)palladium(0) (0.4 g), toluene (32 ml), and ethanol (8
ml) were added to a nitrogen-substituted reaction vessel. The
mixture was heated, and refluxed for 9 hours while being
stirred. Water (100 ml) was added after cooling the mixture to
room temperature, and the organic layer was collected by
separation. The organic layer was washed two times with
water (100 ml), dried over anhydrous magnesium sulfate, and
concentrated to obtain a crude product. The crude product
was purified by column chromatography (support: silica gel,
eluent: chloroform), and recrystallized with toluene to obtain
awhite powder of 4,4"-bis(2,2'-bipyridin-3-y1)-1,1"2",1"-ter-
phenyl (compound 10; 1.6 g; vield 74%).

[0082] The structure of the product white powder was iden-
tified by NMR. The "H-NMR measurement result is shown in
FIG. 3.

[0083] ‘H-NMR (CDCl,)detected 26 hydrogen signals, as
follows. 6 (ppm)=8.93 (2H), 8.69 (2H), 8.43 (4H), 8.02 (2H),
7.81 (2H), 7.57 (4H), 7.50 (4H), 7.26-7.35 (6H).

Example 4
Synthesis of 4,4"-bis(2,2"-bipyridin-6-y1)-1,1:2',1"-
terphenyl (Compound 11)

[0084] The 4,4"-bis(4,4,5,5-tetramethyl-[1,3,2]dioxaboro-
ran-2-yl)-1,1%2',1"-terphenyl (2.0 g) synthesized in Example
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3, the 6-bromo-2,2'-bipyridine (2.0 g) synthesized in
Example 2, a 2 M potassium carbonate aqueous solution (6.0
ml), tetrakis(triphenylphosphine)palladium(0) (0.2 g), tolu-
ene (32 ml), and ethanol (8 ml) were added to a nitrogen-
substituted reaction vessel. The mixture was heated, and
refluxed for 9 hours while being stirred. Water (100 ml) was
added after cooling the mixture to room temperature, and the
organic layer was collected by separation. The organic layer
was washed two times with water (100 ml), dried over anhy-
drous magnesium sulfate, and concentrated to obtain a crude
product. The crude product was purified by column chroma-
tography (support: silica gel, eluent: chloroform), and recrys-
tallized with toluene to obtain a white powder of 4,4"-bis(2,
2'-bipyridin-6-y1)-1,1"2",1"-terphenyl (compound 11; 1.6 g;
vield 74%).

[0085] The structure of the product white powder was iden-
tified by NMR. The 'H-NMR measurement result is shown in
FIG. 4.

[0086] ‘H-NMR (CDCl,)detected 26 hydrogen signals, as
follows. d (ppm)=8.67 (2H), 8.60 (2H), 8.33 (2H), 8.06 (4H),
7.78-7.86 (4H), 7.74 (2H), 7.53-7.48 (4H), 7.36 (4H), 7.30-
7.28 (2H).

Example 5

[0087] The melting points and the glass transition points of
the compounds of the present invention were determined
using a high-sensitive differential scanning calorimeter (DSC
3100S; Bruker AXS).

Melting  Glass transition
point point
Compound of Example 1 of the 182°C. 73°C.
present invention
Compound of Example 2 of the 203°C. 72°C.
present invention
Example 6

[0088] A 50 nm-thick vapor-deposited film was fabricated
on an ITO substrate using the compounds of the present
invention. The work function was measured using an atmo-
sphere photoelectron spectrometer (Model AC-3 produced by
Riken Keiki Co., Ltd.).

Work
function
Compound of Example | of the present invention 6.50 eV
Compound of Example 2 of the present invention 6.49 eV
Compound of Example 3 of the present invention 6.10 eV
Compound of Example 4 of the present invention 6.10 eV
CBP 6.00 eV

[0089] As shown above, the compounds of the present
invention have more desirable energy levels than the common
light-emitting-layer host compound CBP.

Example 7

[0090] A 50 nm-thick codeposition film was formed by the
dual vapor deposition of the compound of the present inven-
tion and the green phosphorescent material Ir(ppy); at adepo-
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sition rate ratio of 94:6 (the compound of the present inven-
tion:Ir (ppy),). The codeposition film was measured for
fluorescence quantum yield by being irradiated with excita-
tion light with a fluorescence quantum yield measurement
device (Hamamatsu Photonics).

Fluorescence

quantum yield

Compound of Example 1 of the present 71.5%
invention/Ir(ppy)s
Compound of Example 2 of the present 67.3%
invention/Ir(ppy)s
CBP/Tr(ppy)s 79.2%

[0091] As demonstrated above, the compounds of the

present invention have the same levels of triplet energy con-
fining capability as the common green phosphorescent host
material CBP.

Example 8

[0092] The organic EL device, as illustrated in FIG. 5, was
fabricated from a hole transport layer 3, a light emitting layer
4, an electron transport layer 6, an electron injection layer 7,
and a cathode (aluminum electrode) 8 successively formed by
vapor deposition on a glass substrate 1 that had been provided
beforehand with an ITO electrode as a transparent anode 2.

[0093] Specifically, the glass substrate 1 having ITO (thick-
ness 100 nm) formed thereon was washed with an organic
solvent, and subjected to a UV ozone treatment to wash the
surface. The glass substrate with the ITO electrode was then
installed in a vacuum vapor deposition apparatus, and the
pressure was reduced to 0.001 Pa or less. This was followed
by formation of the hole transport layer 3 by vapor depositing
the compound 41 of the structural formula below over the
transparent anode 2 in a thickness of 50 nm at a deposition
rate of 2 A/s. Then, the light emitting layer 4 was formed on
the hole transport layer 3 in a thickness of 20 nm by the dual
vapor deposition of the compound of Example 1 of the
present invention (compound 2) and the green phosphores-
cent material Ir(ppy); at a deposition rate ratio of 94:6 (com-
pound 2:Ir(ppy);). The electron transport layer 6 was then
formed on the light emitting layer 4 by forming Alq, in a
thickness of 30 nm at a deposition rate of 2 A/s. The electron
injection layer 7 was then formed on the electron transport
layer 6 by forming lithium fluoride in a thickness of 1 nmata
deposition rate of 0.1 A/s. Finally, the cathode § was formed
by vapor depositing aluminum in a thickness of 100 nm. The
characteristics of the organic EL device thus fabricated were
measured in an atmosphere at ordinary temperature.

[0094]
acteristics measurements performed by applying a DC volt-

age to the organic EL device fabricated with the compound of
Example 1 of the present invention (compound 2).

Table 1 summarizes the results of the emission char-
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[Chemical Formula 46]

(Compound 41)

N

§
() 0
ON V©

Example 9

[0095] An organic EL device was fabricated under the same
conditions used in Example 8, except that the material of the
light emitting layer 4 used in Example 8 was changed to the
compound of Example 2 of the present invention (compound
3). The characteristics of the organic EL device thus fabri-
cated were measured in an atmosphere at ordinary tempera-
ture. Table 1 summarizes the results of the emission charac-
teristics measurements performed by applying a DC voltage
to the organic EL device.

Example 10

[0096] An organic EL device was fabricated under the same
conditions used in Example 8, except that the material of the
light emitting layer 4 used in Example 8 was changed to the
compounds of Examples 3 and 4 of the present invention
(compounds 10and 11). The characteristics of the organic EL
device thus fabricated were measured in an atmosphere at
ordinary temperature. The organic EL devices had desirable
emission characteristics under applied DC voltage.

Comparative Example 1

[0097] For comparison, an organic EL device was fabri-
cated under the same conditions used in Example 8, except
that the material of the light emitting layer 4 used in Example
8 was changed to CBP. The characteristics of the organic EL
device thus fabricated were measured in an atmosphere at
ordinary temperature. Table 1 summarizes the results of the
emission characteristics measurements performed by apply-
ing a DC voltage to the organic EL device.

Comparative Example 2

[0098] The organic EL device, as illustrated in FIG. 6, was
fabricated from a hole transport layer 3, a light emitting layer
4, a hole blocking layer 5, an electron transport layer 6, an
electron injection layer 7, and a cathode (aluminum elec-
trodes) 8 successively formed by vapor deposition on a glass
substrate 1 that had been provided beforehand with an ITO
electrode as a transparent anode 2.

[0099] Specifically, the glass substrate 1 having ITO (thick-
ness 100 nm) formed thereon was washed with an organic
solvent, and subjected to a UV ozone treatment to wash the
surface. The glass substrate with the ITO electrode was then
installed in a vacuum vapor deposition apparatus, and the
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pressure was reduced to 0.001 Pa or less. This was followed
by formation of the hole transport layer 3 by vapor depositing
the compound 41 of the structural formula above over the
transparent anode 2 in a thickness of 50 nm at a deposition
rate of 2 A/s. Then, the light emitting layer 4 was formed on
the hole transport layer 3 in a thickness of 20 nm by the dual
vapor deposition of CBP and the green phosphorescent mate-
rial Ir(ppy), at a deposition rate ratio of 94:6 (CBP:Ir(ppy)s).
The hole blocking layer 5 was then formed on the light emit-
ting layer 4 by forming BCP in a thickness of 10 nm at a
deposition rate of 2 A/s. The electron transport layer 6 was
then formed on the hole blocking layer 5 by forming Alg, in
athickness of 30 nm at a deposition rate of 2 A/s. The electron
injection layer 7 was then formed on the electron transport
layer 6 by forming lithium fluoride in a thickness of | nmata
deposition rate of 0.1 A/s. Finally, the cathode 8 was formed
by vapor depositing aluminum in a thickness of 100 nm. The
characteristics of the organic EL device thus fabricated were
measured in an atmosphere at ordinary temperature.

Feb. 6, 2014

16

DESCRIPTION OF REFERENCE NUMERALS
AND SIGNS
[0104] 1 Glass substrate
[0105] 2 Transparent anode
[0106] 3 Hole transport layer
[0107] 4 Light emitting layer
[0108] 5 Hole blocking layer
[0109] 6 Electron transport layer
[0110] 7 Electron injection layer
[0111] 8 Cathode

1. A compound of the following general formula (1) having
a bipyridyl group and an ortho-terphenyl structure,

TABLE 1
External Power
Light Hole Voltage Luminance quantum efficiency
emitting blocking 4 [ed/m?] efficiency [Im/W]
layer layer (@10 mA/em?) (@10 mA/em®) (@10 mA/em?) (@10 mA/em?)
Ex. 8 Compound 2 None 6.7 4011 11.75 14.8
Ex. 9 Compound 3 None 8.7 4200 11.89 13.5
Com. Ex. 1 CBP None 83 1524 4.32 3.5
Com. Ex. 2 CBP BCP 89 4060 10.89 14.2
[0100] As can be seen in Table 1, the external quantum

efficiency at 10 mA/em” current density was 11.75% and
11.89% in Examples 8 and 9, respectively, higher than 5.5%
of Comparative Example 1 in which CBP was used as light
emitting layer material. The external quantum efficiency val-
ues in Examples 8 and 9 were also higher than the value
10.89% of Comparative Example 2 in which CBP was used as
light emitting layer material, and the device additionally
included the BCP hole blocking layer.

[0101] Asisclear from theseresults, the organic EL devices
using the compounds having a bipyridyl group and an ortho-
terphenyl ring structure of the present invention had improved
external quantum efficiency compared to the common light-
emitting host material CBP. External quantum efficiency also
improved over the organic EL device configured to addition-
ally include the hole blocking layer using the common hole
blocking layer material BCP.

[0102] As demonstrated above, the compounds of the
present invention have desirable energy levels, and a desir-
able triplet energy confining capability.

INDUSTRIAL APPLICABILITY

[0103] The compounds having a bipyridyl group and an
ortho-terphenyl ring structure of the present invention have
desirable energy levels and a desirable triplet energy confin-
ing capability, and are thus desirable as the host compounds
of a light emitting layer, and as hole blocking compounds.
The organic EL device produced by using the compounds can
have improved luminance and luminous efficiency over con-
ventional organic EL devices.

[Chemical Formula 1]

@

Rig Ryg
Rao f VIN_Ri7
AL

Rl |_ | Ry
/ ) Ry Ry Ru t/ a\/)
RN AR
nl n2

wherein R; to R,, may be the same or different, and rep-
resent a hydrogen atom, a deuterium atom, a fluorine
atom, a chlorine atom, cyano, trifluvoromethyl, linear or
branched alkyl of 1 to 6 carbon atoms that may have a
substituent, a substituted or unsubstituted aromatic
hydrocarbon group, a substituted or unsubstituted aro-
matic heterocyclic group, or a substituted or unsubsti-
tuted condensed polycyclic aromatic group. and
wherein nl and n2 may be the same or different, and
represent 2 or 3, and the plurality of R, to Ry may be the
same or different.

2. The compound having a bipyridyl group and an ortho-
terphenyl structure according to claim 1, wherein the com-
pound is represented by the following general formula (1),
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[Chemical Formula 2]
(1)
Rig

\- '\\/\R17

wherein R to R, may be the same or different, and rep-
resent a hydrogen atom, a deuterium atom, a fluorine
atom, a chlorine atom, cyano, trifluoromethyl, linear or
branched alkyl of 1 to 6 carbon atoms that may have a
substituent, a substituted or unsubstituted aromatic
hydrocarbon group, a substituted or unsubstituted aro-
matic heterocyclic group, or a substituted or unsubsti-
tuted condensed polycyclic aromatic group, and
wherein nl and n2 may be the same or different, and
represent 2 or 3, and the plurality of R; to Rg may be the
same or different.
3. The compound having a bipyridyl group and an ortho-
terphenyl structure according to claim 1, wherein the com-
pound is represented by the following general formula (1"),

[Chemical Formula 3]
1"
Rip Ryg

\' '\\/\R17

wherein R, to R,, may be the same or different, and rep-
resent a hydrogen atom, a deuterium atom, a fluorine
atom, a chlorine atom, cyano, trifluoromethyl, linear or
branched alkyl of 1 to 6 carbon atoms that may have a
substituent, a substituted or unsubstituted aromatic
hydrocarbon group, a substituted or unsubstituted aro-
matic heterocyclic group, or a substituted or unsubsti-
tuted condensed polycyclic aromatic group, and
wherein nl and n2 may be the same or different, and
represent 2 or 3, and the plurality of R, to R, may be the
same or different.
4. An organic electroluminescent device comprising a pair
of electrodes, and one or more organic layers sandwiched
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between the pair of electrodes, wherein a compound of the
following general formula (1) having a bipyridyl group and
an ortho-terphenyl structure is used as constituent material of
at least one of the organic layers,

[Chemical Formula 4]

&)

Ro Ryg
R4\ /Rs Rlo/\//_\\ /l_\\<R15
y (\ /A - "
, ) R Rp Ria I/Q/\j
BN RPS I B
a1 R{\N,\R

7
"2

wherein R, to R,, may be the same or different, and rep-
resent a hydrogen atom, a deuterium atom, a fluorine
atom, a chlorine atom, cyano, trifluvoromethyl, linear or
branched alkyl of 1 to 6 carbon atoms that may have a
substituent, a substituted or unsubstituted aromatic
hydrocarbon group, a substituted or unsubstituted aro-
matic heterocyclic group, or a substituted or unsubsti-
tuted condensed polycyclic aromatic group, and
wherein nl and n2 may be the same or different, and
represent 2 or 3, and the plurality of R; to Ry may be the
same or different.

5. The organic electroluminescent device according to
claim 4, wherein the organic layer is a light emitting layer, and
wherein the compound represented by the general formula (1)
is used as at least one of constituent materials in the light
emitting layer.

6. The organic electroluminescent device according to
claim 4, wherein the organic electroluminescent device
includes a pair of electrodes, and a phosphorescent light-
emitting material-containing light emitting layer and one or
more organic layers sandwiched between the pair of elec-
trodes, and wherein the compound of the general formula (1)
having a bipyridyl group and an ortho-terphenyl structure is
used as at least one of constituent materials in the light emit-
ting layer.

7. The organic electroluminescent device according to
claim 4, wherein the phosphorescent light-emitting material
is a metal complex that contains iridium or platinum.

8. The organic electroluminescent device according to
claim 5, wherein the phosphorescent light-emitting material
is a metal complex that contains iridium or platinum.

9. The organic electroluminescent device according to
claim 6, wherein the phosphorescent light-emitting material
is a metal complex that contains iridium or platinum.
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[Chemical Formula 1]

REEXREEMEMENSRENBHE RN R RAREBH
BEAERA=ESHS , HARBTEREBMAMBN=ZESHT.

BEERZCEYMREATSRENSEENBI BB EMF. ZLE

EERRILEEME=
HaFE—XEfRk , URREZNERZBEH—IRSIENE , HER
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