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(57) ABSTRACT

An azine compound represented by the formula (1), a
method for its production and an organic electroluminescent
device containing it as a constituent component.
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wherein Ad each independently represents a 1-adamantyl
group, etc., p and q are each independently 0 or 1, Ar' and
Ar? are each independently a single bond (but only when p
is 1, or q is 1), or a pyridyl group which may be substituted
by a phenyl group, etc., incidentally, Ad groups on Ar' and
Ar* are each independently bonded to said pyridyl group,
etc., Ar? is each independently a C, | , heteroaromatic group
which may be substituted by a fluorine atom, etc., X', X*, X*
and X* are each independently a single bond, etc., m and n
are each independently 0, 1 or 2, Z is a nitrogen atom, etc.,
n+p+q is 1, 2 or 3.




Patent Application Publication Dec. 22,2016 US 2016/0372678 Al

Fig. 1

T

\




US 2016/0372678 Al

CYCLIC AZINE COMPOUND HAVING
ADAMANTYL GROUP, PRODUCTION
METHOD, AND ORGANIC
ELECTROLUMINESCENT DEVICE
CONTAINING IT AS CONSTITUENT
COMPONENT

TECHNICAL FIELD

[0001] The present invention relates to a cyclic azine
compound having an adamantyl group, a method for its
production and an electroluminescent device containing it.
More particularly, the present invention relates to a cyclic
azine compound having a triazine skeleton or pyrimidine
skeleton and an adamantyl skeleton combined, which is
useful as a constituent component of an organic electrolu-
minescent device, a method for its production, and an
organic electroluminescent device having high efficiency,
low voltage and high durability, wherein the cyclic azine
compound is used in at least one layer of organic compound
layers.

BACKGROUND ART

[0002] An organic electroluminescent device is a device
wherein a luminous layer containing a luminescent material
is sandwiched between a hole transport layer and an electron
transport layer, and an anode and a cathode are further
provided on the outside, so as to utilize emission of light
(fluorescence or phosphorescence) at the time of deactiva-
tion of excitons formed by recombination of holes and
electrons injected into the luminous layer, and it is applied
not only to small size displays but also to large-screen
televisions and lighting, etc. Here, the hole transport layer
may sometimes be constituted as divided into a hole trans-
port layer and a hole injection layer; the luminous layer may
sometimes be constituted as divided into an electron block-
ing layer, a luminous layer and a hole blocking layer; and the
electron transport layer may sometimes be constituted as
divided into an electron transport layer and an electron
injection layer. Further, there may be a case where as a
carrier transport layer (an electron transport layer or a hole
transport layer) in an organic electroluminescent device, a
metal, an organic metal compound or a co-deposited film
doped with an organic compound, is used.

[0003] Conventional organic electroluminescent devices
were not put into practical use, since their drive voltage was
high, their emission luminance or luminous efficiency was
low, and their service life was remarkably low, as compared
to inorganic light emitting diodes. Although recent organic
EL devices have been gradually improved, with respect to
luminous efficiency characteristics, drive voltage character-
istic, long service life characteristics, further excellent mate-
rial is required. Further, depending upon applications such as
automotive applications, etc., high thermal resistance may
sometimes be required, and the material is required to have
a high glass transition temperature (Tg).

[0004] As electron transport materials excellent in long
service life for organic electroluminescent devices, cyclic
azine compounds disclosed in Patent Document 1 or 2 may
be mentioned. However, with respect to the thermal resis-
tance of the materials, as well as with respect to the service
life and Iuminous efficiency of the organic electrolumines-
cent devices, further improvement has been desired.
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PRIOR ART DOCUMENTS

Patent Documents

[0005] Patent Document 1: JP-A-2011-063584
[0006] Patent Document 2: JP-A-2008-280330
DISCLOSURE OF INVENTION
Technical Problem
[0007] An object of the present invention is to provide a

cyclic azine compound having an adamantyl group, a
method for its production, and an electron transport material
for an organic electroluminescent device having excellent
thermal resistance, long service life or excellent luminous
efficiency.

Solution to Problem

[0008] As a result of extensive studies to accomplish the
above object, the present inventors have found that a cyclic
azine compound having an adamantyl group introduced to a
molecular terminal (hereinafter referred to also as “cyclic
azine compound (1)) has high thermal resistance, and an
organic electroluminescence device using the compound as
an electron transport material, can be made to have a longer
service life and a higher luminous efficiency, as compared
with the case of using a conventional known material, and
thus have completed the present invention.

[0009] That is, the present invention provides a cyclic
azine compound represented by the following formula (1), a
method for its production, and an organic electrolumines-
cent device using it.
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group (Ad") or a 2-adamantyl group (Ad?):
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p and q are each independently O or 1,

Ar' and Ar’® are each independently a single bond (but only
when p is 1 or q is 1), a Cg 5, aromatic hydrocarbon group
(which may have, as a substituent, a fluorine atom, a C, _,
alkyl group, a Cg_,4 aromatic hydrocarbon group, a Cy_ |4
aromatic hydrocarbon group substituted by a fluorine atom,
a C,_;5 aromatic hydrocarbon group substituted by a C,_,
alkyl group, a C,_, 3 aromatic hydrocarbon group substituted
by a C, ,; heteroaromatic group, a C,_; heteroaromatic
group, or a C,_,; heteroaromatic group substituted by a C, ,
alkyl group), or a pyridyl group which may be substituted by
a phenyl group or a methyl group,

incidentally, Ad groups on Ar' and Ar® are each indepen-
dently bonded to said C,_,, aromatic hydrocarbon group or
said pyridyl group,

Ar? is each independently a C,_, , heteroaromatic group or a
Cy.; 5 aromatic hydrocarbon group (these groups each inde-
pendently may have, as a substituent, a fluorine atom,a C, ,
alkyl group, a C ;4 aromatic hydrocarbon group, a Cq 4
aromatic hydrocarbon group substituted by a fluorine atom,
a Cq4_ 5 aromatic hydrocarbon group substituted by a C, ,
alkyl group, a C,_, 5 aromatic hydrocarbon group substituted
by a C; ;5 heteroaromatic group, a C,_ 5 heteroaromatic
group, or a C,_| ; heteroaromatic group substituted by a C,_,,
alkyl group),

X', X?, X? and X* are each independently a single bond or
a C, 4 arylene group (which may be substituted by a
fluorine atom, a C, _, alkyl group, a phenyl group, a biphenyl
group or a naphthyl group),

mis 0, 1 or2,

nis0, 1 or 2,

7 is a nitrogen atom or a carbon atom, and

n+p+q is 1, 2 or 3.

Advantageous Effects of Invention

[0010] By using the cyclic azine compound of the present
invention, it is possible to provide an organic electrolumi-
nescent device having high thermal resistance and a long
service life and being excellent in luminous efficiency.

BRIEF DESCRIPTION OF DRAWING

[0011] FIG. 1 a schematic cross-sectional view of an
organic electroluminescent device prepared in Examples.

DESCRIPTION OF EMBODIMENTS

[0012] The present invention relates to the cyclic azine
compound (1), a method for its production, and an organic
electroluminescent device containing it, and substituents in
the cyclic azine compound (1) are, respectively, defined as
follows.

[0013] In the cyclic azine compound (1), Ad each inde-
pendently represents a 1-adamantyl group (hereinafter
referred to also as “Ad"™) or a 2-adamantyl group (herein-
after referred to also as “Ad>”).

(AdhH
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-continued
(Ad)

[0014] Among them, the 1-adamantyl group (Ad') is
preferred from the viewpoint of excellent properties of the
electron transport material.

[0015] Ar' and Ar® are each independently a single bond
(but only when p is 1, or q is 1), a Cq 5, aromatic hydro-
carbon group (which may have, as a substituent, a fluorine
atom, a C,_, alkyl group, a C,_;, aromatic hydrocarbon
group, a C,_, 5 aromatic hydrocarbon group substituted by a
fluorine atom, a Cg4_ 4 aromatic hydrocarbon group substi-
tuted by a C,_, alkyl group, a C,_, 5 aromatic hydrocarbon
group substituted by a C;_;; heteroaromatic group, a C;_;5
heteroaromatic group, or a C,_, ; heteroaromatic group sub-
stituted by a C,_, alkyl group), or a pyridyl group which may
be substituted by a phenyl group or a methyl group,
[0016] The C,_5, aromatic hydrocarbon group in Ar' is not
particularly limited, but a pheny! group, a biphenyl group, a
naphthyl group, a phenanthryl group, an anthryl group, a
pyrenyl group, a triphenylenyl group, a chrysenyl group, a
fluoranthenyl group, an acenaphthylenyl group, a fluorenyl
group, a benzofluorenyl group, etc. may be mentioned as
preferred examples.

[0017] The C,, alkyl group in Ar' is not particularly
limited, but a methyl group, an ethyl group, a n-propyl
group, an isopropyl group, a n-butyl group, a sec-butyl
group, a tert-butyl group, etc. may be mentioned as preferred
examples.

[0018] TheC,_,, aromatic hydrocarbon group in Ar' is not
particularly limited, but a phenyl group, a biphenyl group, a
naphthyl group, a phenanthryl group, an anthryl group, a
pyrenyl group, a triphenylenyl group, a chrysenyl group, a
fluoranthenyl group, an acenaphthylenyl group, a fluorenyl
group, a benzofluorenyl group, etc. may be mentioned as
preferred examples.

[0019] The C,_,4 aromatic hydrocarbon group substituted
by a fluorine atom in Ar' is not particularly limited, but a
fluorophenyl group, a difluorobiphenyl group, a fluoronaph-
thyl group, a difiuoronaphthyi group, a fluorophenanthryl
group, a diftiuorophenanthryl group, a fluoroanthryl group,
a difluoroanthryl group, a fluoropyrenyl group, a difluoro-
pyrenyl group, a fluorotriphenylenyl group, a difluorotriph-
enylenyl group, a fluorochrysenyl group, a difluorochryse-
nyl  group, a  fluorofluoranthenyl  group, a
difluorofluoranthenyl group, a fluoroacenaphthylenyl group,
a difluoroacenaphthylenyl group, etc. may be mentioned as
preferred examples.

[0020] The C,_,5 aromatic hydrocarbon group substituted
by a C,_, alkyl group in Ar' is not particularly limited, but
a methylphenyl group, a methylbiphenyl group, a methyl-
naphthyl group, a methylphenanthryl group, an anthryl
group, a methylpyrenyl group, a methyltriphenylenyl group,
a methylchrysenyl group, a methylfluoranthenyl group, a
methylacenaphthylenyl group, a dimethylphenyl group, a
dimethylbiphenyl group, a dimethylnaphthyl group, a dim-
ethylphenanthryl group, an anthryl group, a dimethylpyrenyl
group, a dimethyltriphenylenyl group, a dimethylchrysenyl
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group, a dimethylfluoranthenyl group, a dimethylacenaph-
thylenyl group, a di-dimethyl fluorenyl group, a dimethyl-
benzofluorenyl group, etc. may be mentioned as preferred
examples.

[0021] The C;_,4 aromatic hydrocarbon group substituted
by a C,_,; heteroaromatic group in Ar® is not particularly
limited, but a pyridylphenyl group, a pyridylbiphenyl group,
a pyridylnaphthyl group, a pyridylphenanthryl group, a
pyridylanthryl group, a pyridylpyrenyl group, a pyridyltri-
phenylenyl group, a pyridylchrysenyl group, a pyridylfluo-
ranthenyl group, a pyridylacenaphthylenyl group, a pyrim-
idylphenyl group, a pyrimidylbiphenyl group, a
pyrimidylnaphthyl group, a pyrimidylphenanthryl group, a
pyrimidylanthryl group, a pyrimidylpyrenyl group, a pyrim-
idyltriphenylenyl group, a pyrimidylchrysenyl group, a
pyrimidylfluorantheny group, a pyrimidylacenaphthylenyl
group, a pyrazylphenyl group, a pyrazylbiphenyl group, a
pyrazylnaphthyl group, a pyrazylphenanthryl group, a pyra-
zylanthryl group, a pyrazylpyrenyl group, a pyrazyltriph-
enylenyl group, a pyrazylchrysenyl group, a pyrazylfluo-
ranthenyl group, a pyrazylacenaphthylenyl group, a
quinolylphenyl group, a quinolylbiphenyl group, a quinolyl-
naphthyl group, a quinolylphenanthryl group, a quinolylan-
thryl group, a quinolylpyrenyl group, a quinolyltriphenyle-
nyl  group, a  quinolylchrysenyl  group, a
quinolylfluoranthenyl group, a quinolylacenaphthylenyl
group, an isoquinolylphenyl group, an isoquinolylbiphenyl
group, an isoquinolylnaphthyl group, isoquinolylphenan-
thryl group, an isoquinolylanthryl group, an isoqui-
nolylpyrenyl group, isoquinolyltriphenylenyl group, an iso-
quinolylchrysenyl group, an isoquinolylfluoranthenyl group,
an isoquinolylacenaphthylenyl group, etc. may be men-
tioned as preferred examples.

[0022] The C,_,, heteroaromatic group in Ar' is not par-
ticularly limited, but a pyridyl group, a pyrazyl group, a
pyrimidyl group, a pyridazyl group, a triazyl group, a
quinolyl group, an isoquinolyl group, a phenanthridyl group,
a benzoquinolyl group, an acridyl group, etc. may be men-
tioned as preferred examples.

[0023] The C,_,; heteroaromatic group substituted by a
C,_, alkyl group in Ar' is not particularly limited, but a
methylpyridyl group, a methylpyrazyl group, a methylpy-
rimidyl group, a methylpyridazyl group, a methyltriazyl
group, a methylquinolyl group, a methylisoquinolyl group,
a methylphenanthridyl group, a methylbenzoquinolyl group,
a methylacridyl group. a dimethylpyridyl group, a dimeth-
vlpyrazyl group, a dimethylpyrimidyl group, a dimethyl-
pyridazyl group, a dimethyltriazyl group, a dimethylqui-
nolyl group, a  dimethylisoquinolyl group, a
dimethylphenanthridyl group, a dimethylbenzoquinolyl
group, a dimethylacridyl group, etc. may be mentioned as
preferred examples.

[0024] As the pyridyl group which may be substituted by
a phenyl group or a methyl group in Ar', a 3-phenylpyridin-
2-yl group, a 4-phenylpyridin-2-yl group, a 5-phenylpyri-
din-2-yl group, a 3-methylpyridin-2-yl group, a 4-methyl-
pyridin-2-yl group, a 5-methylpyridin-2-yl group, etc. may
be mentioned as preferred examples.

[0025] From the viewpoint of excellent electron transport
material properties, Ar* is preferably a single bond (but only
when p is 1, or q is 1), a phenyl group, a biphenyl group, a
naphthyl group, a phenanthryl group, an anthryl group, a
pyrenyl group, a triphenylenyl group, a chrysenyl group, a
fluoranthenyl group, an acenaphthylenyl group, a pyridyl
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group, a pyrazyl group, a pyrimidyl group, a pyridazyl
group, a triazyl group, a quinolyl group or an isoquinolyl
group (these groups each independently may have, as a
substituent, a methyl group, an ethyl group, a propyl group,
an isopropyl group, a n-butyl group or a t-butyl group), more
preferably a single bond (but only whenp is 1, or q is 1), a
phenyl group, a biphenyl group or a pyridyl group (these
groups each independently may have, as a substituent, a
methyl group or a t-butyl group), further preferably a single
bond (but only when p is 1, or q is 1), a phenyl group or a
bipheny! group.

[0026] As specific examples of the substituent represented
by “—Ar'-(Ad)p” and the substituent represented by
“_Ar’-(Ad)q”, each independently, a 1-adamantyl group, a
2-adamantyl group, a 2-(1-adamantyl)phenyl group, a 3-(1-
adamantyl)phenyl group, a 4-(1-adamantyl)phenyl group, a
3'-(1-adamantyl)biphenyl-2-yl group, a 3'-(1-adamantyl)bi-
phenyl-3-yl group, a 3'-(1-adamantyl)biphenyl-4-y1 group, a
4'-(1-adamantyl)biphenyl-2-y] group, a 4'-(1-adamantyl)bi-
phenyl-3-yl group, a 4'-(1-adamantyl)biphenyl-4-yl group, a
5-(1-adamantyl)biphenyl-3-yl group, a 2-(2-adamantyl)
phenyl group, a 3-(2-adamantyl)phenyl group, a 4-(2-ada-
mantyl)phenyl group, a 3'-(2-adamantyl)biphenyl-2-yl
group, a 3'-(2-adamantyl)biphenyl-3-yl group, a 3'-(2-ada-
mantyl)biphenyl-4-yl group, a 4'-(2-adamantyl)biphenyl-2-
yl group, a 4'-(2-adamantyl)biphenyl-3-yl group, a 4'-(2-
adamantyl)biphenyl-4-yl group, a 5-(2-adamantyl)biphenyl-
3-yl group. a phenyl group, a p-tolyl group, a m-tolyl group,
an o-tolyl group, a 2,4-dimethyiphenyl group, a 3,5-dimeth-
ylphenyl group, a mesityl group, a 2-ethylphenyl group, a
3-ethylphenyl group, a 4-ethylphenyl group, a 2,4-diethyl-
phenyl group, a 3,5-diethylphenyl group, a 2-propylphenyl
group, a 3-propylphenyl group, a 4-propylphenyl group, a
2.,4-dipropylphenyl group, a 3,5-dipropylphenyl group, a
2-isopropylphenyl group, a 3-isopropylphenyl group, a
4-isopropylphenyl group, a 2,4-diisopropylphenyl group, a
3,5-diisopropylphenyl group, a 2-butylphenyl group, a 3-bu-
tylphenyl group, a 4-butylphenyl group, a 2,4-dibutylphenyl
group, a 3,5-dibutylphenyl group, a 2-tert-butylphenyl
group, a 3-tert-butylphenyl group, a 4-tert-butylphenyl
group, a 2.4-di-tert-butylphenyl group, a 3,5-di-tert-butyl-
phenyl group, a biphenyl-2-yl group, a biphenyl-3-yl group,
a biphenyl-4-yl group, a 3-methylbiphenyl-4-yl group, a
2'-methylbiphenyl-4-yl group, a 4'-methylbiphenyl-4-yl
group, a 2,2'-dimethylbiphenyl-4-yl group, a 2'.4',6'-trimeth-
ylbiphenyl-4-yl group, a 6-methylbiphenyl-3-yl group, a
5-methylbiphenyl-3-yl group, a 2'-methylbiphenyl-3-yl
group, a 4'-methylbiphenyl-3-yl group, a 6,2'-dimethylbi-
phenyl-3-yl group, a 2',4',6'-trimethylbiphenyl-3-y1 group, a
S5-methylbiphenyl-2-yl group, a 6-methylbiphenyl-2-yl
group, a 2'-methylbiphenyl-2-yl group, a 4'-methylbiphenyl-
2-yl group, a 6,2'-dimethylbiphenyl-2-yl group, a 2',4',6'-
trimethylbiphenyl-2-yl group, a 3-ethylbiphenyl-4-y1 group,
a 4'-ethylbiphenyl-4-yl group, a 2',4',6'-triethylbiphenyl-4-yl
group, a 6-ethylbiphenyl-3-yl group, a 4'-ethylbiphenyl-3-yl
group, a 5-ethylbiphenyl-2-y1 group, a 4'-ethylbiphenyl-2-yl
group, a 2'4',6'-triethylbiphenyl-2-yl group, a 3-propylbi-
phenyl-4-yl group, a 4'-propylbiphenyl-4-yl group, a 2',4,
6'-tripropylbiphenyl-4-yl group, a 6-propylbiphenyl-3-yl
group, a 4'-propyl biphenyl-3-yl group, a 5-propylbiphenyl-
2-yl group, a 4'-propylbiphenyl-2-yl group, a 2', 4',6'-tripro-
pylbiphenyl-2-y1 group, a 3-isopropylbiphenyl-4-yl group, a
4'-isopropylbiphenyl-4-yl group, a 2'4',6'-triisopropyl
biphenyl-4-yl group, a 6-isopropylbiphenyl-3-yl group, a
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4'-isopropylbiphenyl-3-yl group, a S-isopropylbiphenyl-2-yl
group, a 4'-isopropylbiphenyl-2-yl group, a 2',4',6'-triisopro-
pylbiphenyl-2-yl group, a 3-butylbiphenyl-4-yl group, a
4'-butylbiphenyl-4-yl group, a 2',4',6'-tributylbiphenyl 4-yl
group, a 6-butylbiphenyl-3-yl group, a 4'-butylbiphenyl-3-yl
group, a S-butylbiphenyl-2-yl group, a 4'-butylbiphenyl-2-yl
group, a 2'4",6-tributylbiphenyl-2-yl group, a 3-tert-butyl-
biphenyl-4-yl group, a 4'-tert-butylbiphenyl-4-yl group, a
2'4',6'-tri tert-butylbiphenyl-4-yl group, a 6-tert-butylbiphe-
nyl-3-yl group, a 4'-tert-butyl-biphenyl-3-y1 group, a S-tert-
butylbiphenyl-2-yl group, a 4'-tert-butylbiphenyl-2-yl
group, a 2'4'.6'-tri-tert-butylbiphenyl-2-yl group, a
2-pyridyl group, a 3-pyridyl group, a 4-pyridyl group, a
2-methylpyridin-3-yl group, a 2-methylpyridin-4-y1 group, a
2-methylpyridin-5-yl group, a 2-methylpyridin-6-yl group, a
3-methylpyridin-2-yl group, a 3-methylpyridin-4-y1 group, a
3-methylpyridin-5-yl group, a 3-methylpyridin-6-yl group, a
4-methylpyridin-2-yl group, a 4-methylpyridin-3-yl group, a
2,6-dimethylpyridin-3-yl group, a 2,6-dimethylpyridin-4-yl
group, a 3,6-dimethylpyridin-2-yl group, a 3,6-dimethyl-
pyridin-4-yl group, a 3,6-dimethylpyridin 5-yl group, a
2-phenylpyridin-6-yl group, a 3-phenylpyridin-6-y1 group, a
4-phenylpyridin-6-yl group, a 5-phenylpyridin-6-yl group, a
2-phenylpyridin-3-yl group, a 2-phenylpyridin-5-y1 group, a
3-phenylpyridin-5-yl group, a 4-phenylpyridin-3-yl group, a
3-phenylpyridin-4-yl group, a 2-phenylpyridin-4-yl group, a
2-(2-pyridyl)phenyl group, a 3-(2-pyridyl)phenyl group, a
4-(2-pyridyl)phenyl group, a 2-(3-pyridyl)phenyl group, a
3-(3-pyridyl)phenyl group, a 4-(3-pyridyl)phenyl group, a
2-(4-pyridyl)phenyl group, a 3-(4-pyridyl)phenyl group, a
4-(4-pyridyl)phenyl group, a 1-naphthyl group, a 2-naphthyl
group, a l-phenylnaphthalen-2-yl group, a 1-phenylnaph-
thalen-3-yl group, a 1-phenylnaphthalen-4-yl group, a
1-phenylnaphthalen-5-y1 group, a 1-phenylnaphthalen-6-yl
group, a l-phenylnaphthalen-7-yl group, a 1-phenylnaph-
thalen-8-yl group, a 2-phenylnaphthalen-1-yl group, a
2-phenylnaphthalen-3-y1 group, a 2-phenylnaphthalen-4-yl
group, a 2-phenylnaphthalen-5-yl group, a 2-phenylnaph-
thalen-6-yl group, a 2-phenylnaphthalen-7-yl group, a
2-phenylnaphthalen-8-y1 group, a 1-methylnaphthalen-4-yl
group, a 1-methylnaphthalen-5-y1 group, a 1-methylnaph-
thalen-6-yl group, a 1-methylnaphthalen-7-yl group, a
1-methylnaphthalen-8-yl group, a 2-methylnaphthalen-1-yl
group, a 2-methylnaphthalen-3-y1 group, a 2-methylnaph-
thalen-4-yl group, a 2-methylnaphthalen-5-yl group, a
2-methylnaphthalen-6-yl group, a 2-methylnaphthalen-7-yl
group, a 2-methylnaphthalen-8-yl group, a 1-phenanthryl
group, a 2-phenanthryl group, a 3-phenanthryl group, a
4-phenanthryl group, a 9-phenanthryl group, a 1-phenyl-
phenanthren-2-y1 group, a 1-phenylphenanthren-3-yl group,
a 1-phenylphenanthren-4-yl group, a 1-phenylphenanthren-
5-yl group, a 1-phenylphenanthren-6-yl group, a 1-phenyl-
phenanthren-7-yl group, a 1-phenylphenanthren-8-yl group,
a 1-phenylphenanthren-9-yl group, a 1-phenylphenanthren-
10-y1 group, a 2-phenylphenanthren-1-yl group, a 2-phenyl-
phenanthren-3-y1 group, a 2-phenylphenanthren-4-yl group,
a 2-phenylphenanthren-5-yl group, a 2-phenylphenanthren-
6-yl group, a 2-phenylphenanthren-7-yl group, a 2-phenyl-
phenanthren-8-yl group, a 2-phenylphenanthren-9-yl group,
a 2-phenylphenanthren-10-yl group, a 3-phenylphenan-
thren-1-yl group, a 3-phenylphenanthren-2-yl group, a
3-phenylphenanthren-4-yl group, a 3-phenylphenanthren-5-
yl group, a 3-phenylphenanthren-6-yl group, a 3-phenyl-
phenanthren-7-yl group, a 3-phenylphenanthren-8-yl group,
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a 3-phenylphenanthren-9-y! group, a 3-phenylphenanthren-
10-yl1 group, a 4-phenylphenanthren-1-yl group, a 4-phenyl-
phenanthren-2-yl group, a 4-phenylphenanthren-3-y1 group,
a 4-phenylphenanthren-5-yl group, a 4-phenylphenanthren-
6-yl group, a 4-phenylphenanthren-7-yl group, a 4-phenyl-
phenanthren-8-yl group, a 4-phenylphenanthren-9-y1 group,
a 4-phenylphenanthren-10-yl group, a 1-methylphenan-
thren-2-yl group, a 1-methylphenanthren-3-yl group, a
1-methylphenanthren-4-yl group, a 1-methylphenanthren-5-
vl group, a 1-methylphenanthren-6-yl group, a 1-methyl-
phenanthren-7-yl group, a 1-methylphenanthren-8-yl group,
a 1-methylphenanthren-9-y1 group, a 1-methylphenanthren-
10-y1 group, a 2-methylphenanthren-1-yl group, a 2-meth-
vlphenanthren-3-yl group, a 2-methylphenanthren-4-y1
group, a 2-methylphenanthren-5-yl group, a 2-methyl-
phenanthren-6-y1 group, a 2-methylphenanthren-7-y1 group,
a 2-methylphenanthren-8-yl group, a 2-methylphenanthren-
9-yl group, a 2-methylphenanthren-10-yl group, a 3-meth-
ylphenanthren-1-yl group, a 3-methylphenanthren-2-yl
group, a 3-methylphenanthren-4-yl group, a 3-methyl-
phenanthren-5-yl group, a 3-methylphenanthren-6-yl group,
a 3-methylphenanthren-7-y1 group, a 3-methylphenanthren-
8-yl group, a 3-methylphenanthren-9-yl group, a 3-methyl-
phenanthren-10-yl group, a 4-methylphenanthren-1-yl
group, a 4-methylphenanthren-2-yl group, a 4-methyl-
phenanthren-3-yl group, a 4-methylphenanthren-5-yl group,
a 4-methylphenanthren-6-yl group, a 4-methylphenanthren-
7-y1 group, a 4-methylphenanthren-8-yl group, a 4-methyl-
phenanthren-9-yl group, a 4-methylphenanthren-10-yl
group, a l-anthryl group, a 2-anthryl group, a 9-anthryl
group, a 1-phenylanthracen-2-yl group, a 1-phenylanthra-
cen-3-yl group, a 1-phenylanthracen-4-yl group, a 1-phe-
nylanthracen-5-yl group, a 1-phenylanthracen-6-yl group, a
1-phenylanthracen-7-yl group, a 1-phenylanthracen-8-yl
group, a 1-phenylanthracen-9-yl group, a 1-phenylanthra-
cen-10-yl group, a 2-phenylanthracen-1-yl group, a 2-phe-
nylanthracen-3-yl group, a 2-phenylanthracen-4-yl group, a
2-phenylanthracen-5-yl group, a 2-phenylanthracen-6-yl
group, a 2-phenylanthracen-7-yl group, a 2-phenylanthra-
cen-8-yl group, a 2-phenylanthracen-9-yl group, a 2-phe-
nylanthracen-10-yl group, a 9-phenylanthracen-1-yl group,
a 9-phenylanthracen-2-yl group, a 9-phenylanthracen-3-yl
group, a 9-phenylanthracen-4-yl group, a 9-phenylanthra-
cen-5-yl group, a 1-pyrenyl group, a 2-pyrenyl group, a
4-pyrenyl group, a 1-phenylpyren-2-yl group, a 1-phe-
nylpyren-3-yl group, a 1-phenylpyren-4-yl group, a 1-phe-
nylpyren-5-yl group, a 1-phenylpyren-6-yl group, a 1-phe-
nylpyrene-7-yl group, a 1-phenylpyrene-8-yl group, a
1-phenylpyren-9-yl group, a 1-phenylpyren-10-yl group, a
2-phenylpyren-1-yl group, a 2-phenylpyren-3-yl group, a
2-phenylpyren-4-yl group, a 2-phenylpyren-5-yl group,
2-phenylpyren-6-yl group, a 2-phenylpyren-7-yl group,
2-phenylpyren-8-yl group, a 2-phenylpyren-9-yl group,
2-phenylpyren-10-y1 group, a 9-phenylpyren-1-yl group,
9-phenylpyren-2-yl group, a 9-phenylpyren-3-yl group,
9-phenylpyren-4-yl group, a 9-phenylpyren-5-yl group,
9-phenylpyren-6-yl group, a 9-phenylpyren-7-yl group,
9-phenylpyren-8-v1 group, a 9-phenylpyren-10-yl group,
1-methylpyren-2-yl group, a 1-methylpyren-3-yl group,
1-methylpyren-4-yl group, a 1-methylpyren-5-yl group,
1-methylpyren-6-yl group, a 1-methylpyren-7-yl group,
1-methylpyren-8-yl group, a 1-methylpyren-9-yl group,
1-methylpyren-10-yl group, a 2-methylpyren-1-v1 group,
2-methylpyren-3-yl group, a 2-methylpyren-4-yl group, a
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2-methylpyren-5-yl group, a 2-methylpyren-6-yl group,
2-methylpyren-7-yl group, a 2-methylpyren-8-yl group,
2-methylpyren-9-yl group, a 2-methypyren-10-yl group,
9-methylpyren-1-yl group, a 9-methylpyren-2-yl group,
9-methylpyren-3-yl group, a 9-methylpyren-4-yl group,
9-methylpyren-5-yl group, a 9-methylpyren-6-yl group,
9-methylpyren-7-yl group, a 9-methylpyren-8-yl group,
9-methylpyren-en-2-yl group, a fluoranthen-1-yl group,
fluoranthen-1-yl group, a fluoranthen-2-y1 group, a fluo-
ranthen-3-yl group, a fluoranthen-4-yl group, a fluoranthen-
5-yl group, a fluoranthen-6-yl group, a fluoranthen-7-yl
group, a fluoranthen-8-yl group, a fluoranthen-9-yl group, a
fluoranthen-10-y1 group, a triphenylen-1-y1 group, a triph-
enylen-2-yl group, an acenaphthylen-1-yl group, an ace-
naphthylen-3-yl group, an acenaphthylen-4-yl group, an
acenaphthylen-5-yl group, a chrysen-1-yl group, a chrysen-
2-y1 group, a chrysen-5-y1 group, a chrysen-6-yl group, etc.
may be mentioned as preferred examples.

[0027] Among these substituents, from the viewpoint of
excellent electron transport material properties, each inde-
pendently, a phenyl group, a p-tolyl group, a biphenyl-3-y1
group, a biphenyl-4-yl group, a 3-(2-pyridyl)phenyl group,
a 4-(2-pyridyl)phenyl group, a 3-(3-pyridyl)phenyl group, a
4-(3-pyridyl)phenyl group, a 2-pyridyl group, a 3-pyridyl
group, a 2-phenylpyridin-6-yl group, a 2-phenylpyridin-5-yl
group, a 2-phenylpyridin-4-yl group, a 3-phenylpyridin-5-yl
group, a 3-phenylpyridin-6-yl group, a 1-naphthyl group or
a 2-naphthyl group is more preferred, and each indepen-
dently, a phenyl group, a p-tolyl group, a biphenyl-3-yl
group or a biphenyl-4-yl group is further preferred.

[0028] Incidentally, Ad groups on Ar' and Ar’ are each
independently bonded to said Cg_;, aromatic hydrocarbon
group or said pyridyl group.

[0029] Ar” is each independently a C,_,; heteroaromatic
group or a C,_,; aromatic hydrocarbon group (these groups
each independently may have, as a substituent, a fluorine
atom, a C,_, alkyl group, a Cg_,5 aromatic hydrocarbon
group, a C,_| ¢ aromatic hydrocarbon group substituted by a
fluorine atom, a C,_, 5 aromatic hydrocarbon group substi-
tuted by a C,_, alkyl group, a C,_,, aromatic hydrocarbon
group substituted by a C,_,; heteroaromatic group, a C5_j5
heteroaromatic group, or a C,_, ; heteroaromatic group sub-
stituted by a C,_, alkyl group).

[0030] The following substituents in Ar* are the same as
the substituents exemplified in Ar'.

(1) a C4_, 5 heteroaromatic group,

(2) a Cq4_, 5 aromatic hydrocarbon group,

(3) a C,_, alkyl group,

(4) a Cg_14 aromatic hydrocarbon group substituted by a
fluorine atom,

(5) a Cq_14 aromatic hydrocarbon groups substituted by a
C,_, alkyl group,

(6) a C,_,¢ aromatic hydrocarbon group substituted by a
C;_,5 heteroaromatic group,

(7) a C,_, ; heteroaromatic group substituted by a C, _, alkyl
group.

[0031] From the viewpoint of excellent electron transport
material properties, Ar’ is preferably a pyridyl group, a
pyrazyl group, a pyridazyl group, a pyrimidyl group, a
triazyl group, a quinolyl group, an isoquinolyl group, a
naphthyridyl group, a quinazolyl group, a quinoxalyl group,
a benzoquinolyl group, an acridyl group, a phenanthridyl
group, a phenanthrolyl group, a phenyl group, a biphenyl
group, a naphthyl group, a phenanthryl group, an anthryl
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group, a pyrenyl group, a triphenylenyl group, a chrysenyl
group, a fluoranthenyl group or an acenaphthylenyl group
(these groups each independently may have, as a substituent,
amethyl group, a phenyl group, a naphthyl group, a phenan-
thryl group, an anthryl group, a pyrenyl group, a triphenyle-
nyl group, a pyridyl group, a pyrimidyl group, a pyrazyl
group, a triazyl group, a quinolyl group or an isoquinolyl
group), more preferably a phenyl group, a biphenyl group,
a pyridyl group, a pyrazyl group, a pyrimidyl group, an
isoquinolyl group, a quinolyl group, a phenanthridyl group,
a phenanthry! group, an anthryl group, a fluoranthenyl group
or a triphenylenyl group (these groups each independently
may have, as a substituent, a methyl group, a phenyl group,
a naphthyl group or a pyridyl group), further preferably a
pyridyl group, a quinolyl group or an isoquinolyl group.

[0032] Ar” is not particularly limited, but specifically, a
2-pyridyl group, a 3-pyridyl group, a 4-pyridyl group, a
2-methylpyridin-3-yl group, a 2-methylpyridin-4-yl1 group, a
2-methylpyridin-35-yl group, a 2-methylpyridin-6-yl group, a
3-methylpyridin-2-yl group, a 3-methylpyridin-4-y1 group, a
3-methylpyridin-35-yl group, a 3-methylpyridin-6-yl group, a
4-methylpyridin-2-yl group, a 4-methylpyridin-3-yl group, a
2,6-dimethylpyridin-3-y1 group, a 2,6-dimethylpyridin-4-yl
group, a 3,6-dimethylpyridin-2-yl group, a 3,6-dimethyl-
pyridin-4-yl group, a 3,6-dimethylpyridin-5-yl group, a pyri-
din-6-yl group, a S5-phenylpyridine-6-yl group, a 2-phe-
nylpyridin-3-yl group, a 2-phenylpyridine-5-yl group, a
3-phenylpyridin-5-yl group, a 4-phenylpyridin-3-yl group, a
3-phenylpyridin-4-yl group, a 2-phenylpyridin-4-yl group, a
2.,4-diphenylpyridin-2-yl group, a 2,6-diphenylpyridin-4-yl
group, a 4-(1-naphthyl)-2-phenylpyridin-6-yl group, a 4-(2-
naphthyl)-2-phenylpyridin-6-yl group, a 2-(1-naphthyl)-4-
phenylpyridin-6-yl group, a 2-(2-naphthyl)-4-phenylpyri-
din-6-yl group, a 2,4-di(1-naphthyl)pyridin-2-yl group, a
2,4-di(2-naphthyl)pyridin-2-yl group, a 2,6-di(1-naphthyl)
pyridin-4-yl group, a 2,6-di(2-naphthyl)pyridin-4-yl group,
a 2-pyrimidyl group, a 4-pyrimidyl group, a 5-pyrimidyl
group, a 4,6-dimethylpyrimidin-2-yl group, a 4,6-diphe-
nylpyrimidin-2-yl group, a S-phenylpyrimidin-2-yl group, a
quinolin-2-yl group, a quinolin-3-yl group, a quinolin-4-yl
group, a quinolin-5-y1 group, a quinolin-6-y1 group, a qui-
nolin-7-yl group, a quinolin-8-yl group, a quinolin-9-yl
group, a 2-methylquinolin-3-yl group, a 2-methylquinolin-
4-yl group, a 2-methylquinolin-5-yl group, a 2-methylqui-
nolin-6-yl group, a 2-methylquinolin-7-yl group, a 2-meth-
ylquinolin-8-yl group, an isoquinolin-1-yl group, an
isoquinolin-3-yl group, an isoquinolin-4-yl group, an iso-
quinolin-5-yl group. an isoquinolin-6-yl group, an isoqui-
nolin-7-yl group, an isoquinolin-8-y1 group, a pyrazyl group,
a 2-phenylpyrazin-5-yl group, a 2-phenylpyrazin-6-yl
group, a 2-methylpyrazin-5-yl group, a 2-methylpyrazin-6-
vyl, a pyridazin-3-yl group, a pyridazin-4-yl group, a 3-phe-
nylpyridazin-4-yl group, a 3-phenylpyridazin-5-yl group, a
3-phenylpyridazin-6-yl group, a 4-phenylpyridzin-3-yl
group, a 4-phenylpyridazine-5-yl group, a 4-phe-
nylpyridazin-6-yl group, a 5-phenylpyridazin-3-yl group, a
5-phenylpyridazin-3-yl group, a S5-phenylpyridazin-4-yl
group, a 5-phenylpyridazin-6-yl group, a 6-phenylpyridazin-
3-yl group, a G-phenylpyridazin-4-yl group, a 6-phe-
nylpyridazine-5-yl group, a 3-methylpyridazin-5-y1 group, a
3-methylpyridazin-6-yl group, a 4-methylpyridazin-3-yl
group, a 4-methylpyridazin-5-yl group, a 4-methyl-
pyridazin-6-yl group, a 5-methylpyridazin-3-yl group, a
S5-methylpyridazin-3-yl group, a S-methylpyridazin-4-yl
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group, a S-methylpyridazin-6-yl group, a 6-methyl-
pyridazin-3-yl group, a 6-methylpyridazin-4-yl group, a
6-methylpyridazine-5-yl group, a triazyl group, a 2,4-diphe-
nyltriazin-6-yl, a 2,4-dimethyitriazin-6-yl group, a naphthy-
ridin-2-yl group, a naphthyridin-3-yl group, a naphthyridin-
4-yl group, a quinoxalin-2-yl group, a quinoxalin-5-yl
group, a quinoxalin-6-yl group, a 2,3-dimethylquinoxalin-
5-yl group, a 2,3-dimethylquinoxalin-6-y1 group, a quinazo-
lin-2-yl group, a quinazolin-4-yl group, a quinazolin-5-yl
group, a quinazolin-6-yl group, a quinazolin-7-yl group, a
quinazolin-8-yl group, a phenanthridin-1-yl group, a
phenanthridin-2-yl group, a phenanthridin-3-yl group, a
phenanthridin-4-yl group, a phenanthridin-6-yl group, a
phenanthridin-7-yl group, a phenanthridin-8-yl group, a
phenanthridin-9-yl group, a phenanthridin-10-yl group, a
1,10-phenanthrolin-2-yl group, a 1,10-phenanthrolin-3-y1
group, a 1,10-phenanthrolin-4-yl group, a 1,10-phenanthro-
lin-5-y1 group, an acridin-1-yl group, an acridin-2-yl group,
an acridin-3-yl group, an acridin-4-yl group, an acridin-9-yl
group, a phenazin-1-yl group, a phenazin-2-yl group, a
benzo[h]quinolyl group, a benzo[f]quinolyl group, a 1-naph-
thyl group, a 2-naphthyl group, a 1-phenyl-naphthalen-2-y1
group, a l-phenylnaphthalen-3-yl group, a 1-phenylnaph-
thalen-4-yl group, a 1-phenylnaphthalen-5-yl group, a
1-phenylnaphthalen-6-yl group, a 1-phenylnaphthalen-7-yl
group, a l-phenylnaphthalen-8-yl group, a 2-phenylnaph-
thalen-1-yl group, a 2-phenylnaphthalen-3-yl group, a
2-phenylnaphthalen-4-yl group, a 2-phenylnaphthalen-5-yl
group, a 2-phenylnaphthalen-6-yl group, a 2-phenylnaph-
thalen-7-yl group, a 2-phenylnaphthalen-8-yl group, a
1-methylnaphthalen-4-y1 group, a 1-methylnaphthalen-5-yl
group, a 1-methylnaphthalen-6-yl group, a 1-methylnaph-
thalen-7-yl group, a 1-methylnaphthalen-8-yl group, a
2-methylnaphthalen-1-yl group, a 2-methylnaphthalen-3-yl
group, a 2-methylnaphthalen-4-y1 group, a 2-methylnaph-
thalen-5-yl group, a 2-methylnaphthalen-6-yl group, a
2-methylnaphthalen-7-yl group, a 2-methylnaphthalen-8-yl
group, a l-phenanthryl group, a 2-phenanthryl group, a
3-phenanthryl group, a 4-phenanthryl group, a 9-phenan-
thryl group, a 1-phenylphenanthren-2-yl group, a 1-phenyl-
phenanthren-3-yl group, a 1-phenylphenanthren-4-yl group,
a 1-phenylphenanthren-5-yl group, a 1-phenylphenanthren-
6-yl group, a 1-phenylphenanthren-7-yl group, a 1-phenyl-
phenanthren-8-y1 group, a 1-phenylphenanthren-9-yl group,
a 1-phenylphenanthren-10-yl group, a 2-phenylphenan-
thren-1-yl group, a 2-phenylphenanthren-3-yl group, a
2-phenylphenanthren-4-yl group, a 2-phenylphenanthren-5-
yl group, a 2-phenylphenanthren-6-yl group, a 2-phenyl-
phenanthren-7-yl group, a 2-phenylphenanthren-8-yl group,
a 2-phenylphenanthren-9-yl group, a 2-phenylphenanthren-
10-y1 group, a 3-phenylphenanthren-1-yl group, a 3-phenyl-
phenanthren-2-yl group, a 3-phenylphenanthren-4-yl group,
a 3-phenylphenanthren-5-yl group, a 3-phenylphenanthren-
6-yl group, a 3-phenylphenanthren-7-yl group, a 3-phenyl-
phenanthren-8-yl group, a 3-phenylphenanthren-9-yl group,
a 3-phenylphenanthren-10-yl group, a 4-phenylphenan-
thren-1-yl group, a 4-phenylphenanthren-2-yl group, a
4-phenylphenanthren-3-yl group, a 4-phenylphenanthren-5-
yl group, a 4-phenylphenanthren-6-yl group, a 4-phenyl-
phenanthren-7-yl group, a 4-phenylphenanthren-8-yl group,
a 4-phenylphenanthren-9-yl group, a 4-phenylphenanthren-
10-y1 group, a 1-methylphenanthren-2-yl group, a 1-meth-
ylphenanthren-3-yl group, a 1-methylphenanthren-4-yl
group, a 1-methylphenanthren-5-yl group, a 1-methyl-
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phenanthren-6-y1 group, a 1-methylphenanthren-7-y1 group,
a 1-methylphenanthrene-8-yl group, a 1-methylphenan-
thren-9-yl group, a 1-methylphenanthren-10-yl group, a
2-methylphenanthren-1-yl group, a 2-methylphenanthren-3-
yl group, a 2-methylphenanthren-4-yl group, a 2-methyl-
phenanthren-5-yl group, a 2-methylphenanthren-6-yl group,
a 2-methylphenanthren-7-yl group, a 2-methylphenanthren-
8-yl group, a 2-methylphenanthren-9-yl group, a 2-methyl-
phenanthren-10-yl group, a 3-methylphenanthren-1-yl
group, a 3-methylphenanthren-2-yl group, a 3-methyl-
phenanthren-4-yl group, a 3-methylphenanthren-5-y1 group,
a 3-methylphenanthren-6-y1 group, a 3-methylphenanthren-
7-y1 group, a 3-methylphenanthren-8-yl group, a 3-methyl-
phenanthren-9-yl group, a 3-methylphenanthren-10-y1
group, a 4-methylphenanthren-1-yl group, a 4-methyl-
phenanthren-2-y1 group, a 4-methylphenanthren-3-y1 group,
a 4-methylphenanthren-5-yl group, a 4-methylphenanthren-
6-yl group, a 4-methylphenanthren-7-yl group, a 4-methyl-
phenanthren-8-yl group, a 4-methylphenanthren-9-yl group,
a 4-methylphenanthren-10-yl group, a 1-anthryl group, a
2-anthryl group, a 9-anthryl group, a 1-phenylanthracen-2-yl
group, a 1-phenylanthracen-3-yl group, a 1-phenylanthra-
cen-4-yl group, a 1-phenylanthracen-5-yl group, a 1-phe-
nylanthracen-6-yl group, a 1-phenylanthracen-7-yl group, a
1-phenylanthracen-8-yl group, a 1-phenylanthracen-9-yl
group, a 1-phenylanthracene-10-yl group, a 2-phenylanthra-
cen-1-yl group, a 2-phenylanthracen-3-yl group, a 2-phe-
nylanthracen-4-yl group, a 2-phenylanthracen-5-yl group, a
2-phenylanthracen-6-yl group, a 2-phenylanthracen-7-yl
group, a 2-phenylanthracen-8-yl group, a 2-phenylanthra-
cen-9-yl group, a 2-phenylanthracen-10-yl group, a 9-phe-
nylanthracen-1-yl group, a 9-phenylanthracene-2-yl group, a
9-phenylanthracen-3-yl group, a 9-phenylanthracen-4-yl
group, a 9-phenylanthracen-5-yl group, a 1-pyrenyl group, a
2-pyrenyl group, a 4-pyrenyl group, a 1-phenylpyren-2-yl
group, a 1-phenylpyren-3-yl group, a 1-phenylpyren-4-yl
group, a 1-phenylpyren-5-yl group, a 1-phenylpyren-6-yl
group, a l-phenylpyren-7-yl group, a 1-phenylpyren-8-yl
group, a 1-phenylpyren-9-yl group, a 1-phenylpyren-10-yl
group, a 2-phenylpyren-1-yl group, a 2-phenylpyren-3-yl
group, a 2-phenylpyren-4-yl group, a 2-phenylpyren-5-yl
group, a 2-phenylpyren-6-yl group, a 2-phenylpyren-7-yl
group, a 2-phenylpyren-8-yl group, a 2-phenylpyren-9-yl
group, a 2-phenylpyren-1-yl group, a 9-phenylpyren-1-yl
group, a 9-phenylpyren-2-yl group, a 9-phenylpyren-3-yl
group, a 9-phenylpyren-4-yl group, a 9-phenylpyren-5-yl
group, a 9-phenylpyren-6-yl group, a 9-phenylpyren-7-yl
group, a 9-phenylpyren-8-yl group, a 9-phenylpyren-10-yl
group, a l-methylpyren-2-yl group, a 1-methylpyren-3-yl
group, a 1-methylpyren-4-yl group, a 1-methylpyren-5-yl
group, a l-methylpyren-6-yl group, a 1-methylpyren-7-yl
group, a 1-methylpyren-8-yl group, a 1-methylpyren-9-yl
group, a 1-methylpyren-10-yl group, a 2-methylpyren-1-yl
group, a 2-methylpyren-3-yl group, a 2-methylpyren-4-yl
group, a 2-methylpyren-5-yl group, a 2-methylpyren-6-yl
group, a 2-methylpyren-7-yl group, a 2-methylpyren-8-yl
group, a 2-methylpyren-9-yl group, a 2-methylpyren-10-yl
group, a 9-methylpyren-1-yl group, a 9-methylpyren-2-yl
group, a 9-methylpyren-3-yl group, a 9-methylpyren-4-yl
group, a 9-methylpyren-5-yl group, a 9-methylpyren-6-yl
group, a 9-methylpyren-7-yl group, a 9-methylpyren-8-yl
group, a 9-methylpyren-10-yl group, a fluoranthen-1-yl
group, a fluoranthen-1-y1 group, a fluoranthen-2-yl group, a
fluoranthen-3-yl group, a fluoranthen-4-yl group, a fluo-
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ranthen-5-y1 group, a fluoranthen-6-yl group, a fluoranthen-
7-yl group, a fluoranthen-8-yl group, a fluoranthen-9-yl
group, a fluoranthen-10-yl group, a triphenylen-1-y1 group,
a triphenylen-2-yl group, an acenaphthylen-1-yl group, an
acenaphthylen-3-yl group, an acenaphthylen-4-yl group, an
acenaphthylen-5-yl group, a chrysen-1-yl group, a chrysen-
2-yl group, a chrysen-5-yl group, a chrysen-6-yl group, etc.
may be mentioned as preferred examples.

[0033] Among these, from the viewpoint of excellent
electron transport material properties, a 2-pyridyl group, a
3-pyridyl group, a 4-pyridyl group, a 2-methylpyridin-6-yl
group, a 3-methylpyridin-6-y1 group, a 4-methylpyridin-6-yl
group, a 2-methylpyridin-5-y1 group, a 2-quinolyl group, a
3-quinolyl group, a 4-quinolyl group, a 5-quinolyl group, a
6-quinolyl group, a 7-quinolyl group, a 8-quinolyl group, a
1-isoquinolyl group, a 3-isoquinolyl group, a 4-isoquinolyl
group, a S-isoquinolyl group, a 6-isoquinolyl group, a 7-iso-
quinolyl group, a 8-isoquinolyl group, a 2-pyrimidyl group,
a 4,6-dimethylpyrimidyl group or a pyrazyl group is pre-
ferred; a 2-pyridyl group, a 3-pyridyl group, a 2-quinolyl
group, a 3-quinolyl group, a 8-quinolyl group, a 1-isoqui-
nolyl group, a 3-isoquinolyl group, a 4-isoquinolyl group, a
9-phenanthryl group, a 9-anthryl group, a 1-pyrenyl group,
a fluoranthen-3-yl group or a triphenylene-2-yl group is
more preferred; and a 3-pyridyl group, a 2-pyridyl group, a
3-quinolyl group or a 4-isoquinolyl group is further pre-
ferred.

[0034] X', X* X>and X* are each independently a single
bond or a C,_,, arylene group (which may be substituted by
a fluorine atom, a C,_, alkyl group, a phenyl group, a
bipheny! group or a naphthyl group).

[0035] In X', X* X? and X% the C, ., arylene group
(which may be substituted by a fluorine atom, a C,_, alkyl
group, a phenyl group, a biphenyl group or a naphthyl
group), is not particularly limited, but a phenylene group, a
fluorophenylene group, a methylphenylene group, a dimeth-
ylphenylene group, a naphthylene group, a fluoronaphthyl-
ene group, a methylnaphthylene group, a pyridylene group,
a fluoropyridylene group, a methylpyridylene group, a dim-
ethylpyridylene group, a pyrazylene group, a fluoropyra-
zylene group, a methylpyrazylene group, a pyrimidylene
group, a fluoropyrimidylene group, a methylpyrimidylene
group, a dimethylpyrimidylene group, a phenylpyridylene
group, a naphthylpyridylene group or a biphenylpyridylene
group may be mentioned as a preferred example.

[0036] From the viewpoint of good performance of the
organic electroluminescent device, X', X*, X* and X* are
each independently preferably a phenylene group, a naph-
thylene group, a pyridylene group, a pyrazylene group, a
pyrimidylene group (these groups may be substituted by a
fluorine atom, a methyl group or a phenyl group) or a single
bond. Further, from the viewpoint of easy synthesis, X*, X2,
X? and X* are each independently more preferably a phe-
nylene group, a pyridylene group (these groups may be
substituted by a fluorine atom, a methyl group or a phenyl
group) or a single bond, further preferably a phenylene
group, a pyridylene group or a single bond.

[0037] mis O, 1 or 2. Among them, m is preferably 0 or
1, more preferably 1.

[0038] nis O, 1 or2. Among them, n is preferably 0 or 1,
more preferably 1.

Dec. 22,2016

[0039] Z is a nitrogen atom or a carbon atom. Among
them, from the viewpoint of excellent electron transport
material properties, a nitrogen atom is preferred.

[0040] n+p+q is 1, 2 or 3. That is, the cyclic azine
compound of the present invention (1) is characterized by
having at least one adamantyl group in its molecule.

Particularly, from the viewpoint of excellent electron trans-
port material properties, it is preferred that n+p+q is 1 or 2.

[0041] In an organic electroluminescent device wherein
the cyclic azine compound (1) of the present invention is
used as a part of the constituent components of the organic
electroluminescent device, it is possible to obtain such
effects as high luminous efliciency, long service life, low-
ering of the voltage, etc. In particular, when the cyclic azine
compound (1) is used as a material of the electron transport
layer, such effects will be remarkable.

[0042] The following (A-1) to (A-456) may be exempli-
fied as particularly preferred specific examples of the com-
pound represented by the formula (1), but the present
invention is not limited thereto.

[0043] Here, in (A-1) to (A-456), Ad" represents a 1-ada-
mantyl group, and Ad* represents a 2-adamantyl group.
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[0044] Now, the methods for producing cyclic azine com-
pounds (1) of the present invention will be described.

[0045] The cyclic azine compounds (1) of the present
invention can be prepared by the methods shown by the
following reaction formulae (1) to (4), in the presence or
absence of a base and in the presence of a palladium catalyst.

[0046] Reaction formula (1);

Reaction formula (1)

| vl w2l
p A?r—X'—X>—M
(€))

Palladium catalyst

= N (Base)

Step 1
P
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-continued
N
(AIZ—XI—XZ-)W ——Y?,
y Ad—X—XC—M?
)
Palladium catalyst
N & N (Base)
| Step 2
1 \ 3
(Ad5—Ar Z AP Ad),
©
N
(AE—X'—XZ-)W —X*—X*—Ad),

s

NZ |N
(Adﬁp—AﬂJ\Z )\AP—eAd)q
@)

(Ar, Ar*, AP, XY X2 X3, XP, 7, Ad, p, g, m and n are as
defined above. Y* and Y? are leaving groups which will be
described later. M' and M? are substituents which will be
described later.)

Reaction formula (2);

Reaction formula (2)

Y! Fae —_Y
y Ad—X =X —M?
4)
- .
Palladium catalyst
N7 NN (Base)
J|\ )\ Step 3
& 3

Ylm—l —+X—X*—Ad),
y A —X!—x2—M!
3)
Palladium catalyst
N7 N (Basc)
| Step 4
1 \ 3
(Ad95—Ar 7 A= Ad),
(10)
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(Arh, Ar?, AP, X! X2, X3, X%, 7, Ad, p, g, m and n are as
defined above. Y' and Y? are leaving groups which will be
described later. M* and M? are substituents which will be
described later.)

Reaction formula (3);

Reaction formula (3)

(AIZ_XI_XZW M 4533
y Ad—X—X’—Y
(6)
Palladium catalyst
N N (Base)
J\ /|k Step 5
(Ad-—ar! \Z AP —Ad),
)
Y
(AIZ—XI—X%W — X=X —Ad),
F
NZ |N
, IJ\ /k 3
(Ad9—Ar V4 A+ Ad),
M

(Ar', Ar?, AP, X!, X2, X3, X%, Z, Ad, p, ¢, m and n are as
defined above. Y? is a leaving group which will be described
later. M is a substituent which will be described later.)
Reaction formula (4):

Reaction formula (4)

Y

4 A 3__ x4
M, | /—6X X*—Ad), R
®)
Palladium catalyst
NZ N (Base)
| Step 4
Ad—Ar! \Z AP Ad
(Ad— Ar— Ad),
Q]

(Arz—Xl—Xz-)W —+X—X*—Ad),
Z
NZ |N
, IJ\ )\
{Ad—Ar V4 AP~ Ad),
@

(Arh, Ar?, A, X5 X2, X3, X5, 7, Ad, p, g, m and n are as
defined above. Y* is a leaving group which will be described
later. M* is a substituent which will be described later.)



US 2016/0372678 Al

[0047] 1In the following, the compound represented by the
formula (2) will be referred to as the compound (2). The
same applies to the compounds (3) to (10).

[0048] The compound (3) to be used in the reaction
formula (1) or reaction formula (2) can be prepared using the
method disclosed in, for example, JP-A-2008-280330 (para-
graphs [0061] to [0076]), or JP-A-2001-335516 (paragraphs
[0047] to [0082]). As the compound (3), the following (B-1)
to (B-22) may be exemplified, but the present invention is
not limited thereto.

(B-1)

\
Ml/\\_N/:
B-2)
(:N
W,
Ml/\\_N/
B-3)
N=—
&)
Ml/\\_N/
B-4)
4 A
Ml/\\_N/
(B-5)
/=N
),
N\
Ml\/\\—N/
(B-6)
)
Ml/\\_N
B-7)
X
WX _/
(B-3)
N
)
M\ / I F
B-9)
N
> |
Ml/\\_N/ #
(B-10)

-continued
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(B-11)

(B-12)

(B-13)

(B-14)

(B-15)

(B-16)

(B-17)

(B-18)
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-continued
1 (B-19)
/X"
(B-20)
(B-21)
. (B-22)
\|\
Z
N

[0049] As ZnR'and MgR? represented by M* in the above
(B-1) to (B-22), ZnCl, ZnBr, Znl, MgCl, MgBr, Mgl, etc.
may be exemplified. As Sn(R?), represented by M*, Sn(Me)
5, Sn(Bu)s, etc. may be exemplified.

[0050] R'and R are each independently a chlorine atom,
a bromine atom or an iodine atom, and R® is a C,_, alkyl
group or a phenyl group.

[0051] As B(OR™), represented by M', B(OH),, B(OMe)
». B(O'Pr),, B(OBu),, etc. may be exemplified. Further, as
examples of B(OR*), in a case where the two R* together
form a ring containing an oxygen atom and a boron atom,
groups represented by the following (C-1) to (C-6) may be
exemplified, and the group represented by (C-2) is preferred
from the viewpoint of good yield.

[0052] R* is a hydrogen atom, a C,_, alkyl group or a
phenyl group, and the two R* in B(OR*), may be the same
or different. Or, the two R* may together form a ring
containing an oxygen atom and a boron atom.

(€1

(€2
0
/
B
\
0
€3
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-continued
(C-4)
(6]
/
B
\
(6]
(C-5)
6]
/
B
\
(6]
(C-6)

&,
O/ \O

[0053] The compound (4) to be used in the reaction
formula (1) or reaction formula (2) can be prepared by using
the method disclosed in, for example, JP-A-2008-280330
(paragraphs [0061] to [0076]), or JP-A-2001-335516 (para-
graphs [0047] to [0082]). As M? in the compound (4), the
same substituents as the above M' may be exemplified. As
the compound (4), the following (D-1) to (D-12) may be
exemplified, but the present invention is not limited thereto.
Here, Ad in (D-1) to (D-12) represents a 1-adamantyl group
or a 2-adamantyl group.

(D-1)

(D-3)

(D-4)

(D-5)

(D-6)

(D-7)
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-continued
__ (D-9)
OO
/ J \ / 4 \/i/l
A |
F
(D-9)
(D-10)

N

C\ P
A
e

[0054] As the compound (6) to be used in the reaction
formula (3), a skeleton having M in the above compound
(4) replaced by Y* may be exemplified

[0055] As the compound (8) to be used in the reaction
formula (4), a skeleton having M' in the above compound
(3) replaced by Y* may be exemplified.

[0056] Y? in the compound (6) and Y* in the compound (8)
each independently represents a leaving group and is not
particularly limited, but, for example a chlorine atom, a
bromine atom, an iodine atom or a triflate may be men-
tioned. Among them, from the viewpoint of good reaction
vield, a bromine atom or a chlorine atom is preferred.
However, from the availability of raw materials, it is pre-
ferred in some cases to use a triflate.

[0057] Y'and Y? in the compound (2) each independently
represents a leaving group and is not particularly limited,
but, for example a chlorine atom, a bromine atom, an iodine
atom or a triflate may be mentioned. Among them, from the
viewpoint of good reaction yield, a bromine atom or a
chlorine atom is preferred. Further, in order to improve the
selectivity of the reaction, it is further preferred that Y* and
Y? represent different leaving groups.

[0058] “Step 1” in the reaction formula (1) is a method for
obtaining a compound (9) as a synthetic intermediate by
reacting the compound (2) with the compound (3) in the
presence or absence of a base and in the presence of a
palladium catalyst, and it is possible to obtain the desired
product in good yield by applying reaction conditions of

(D-11)

(D-12)

78
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common coupling reactions, such as the Suzuki-Miyaura
reaction, the Negishi reaction, the Tamao-Kumada reaction,
the Stille reaction, etc.

[0059] As the palladium catalyst which may be used in the
“Step 17, a salt such as palladium chloride, palladium
acetate, palladium trifluoroacetate, palladium nitrate, etc.
may be exemplified. Further, a complex compound such as
n-allyl palladium chloride dimer, palladium acetylacetonate,
tris (dibenzylideneacetone) dipalladium, dichlorobis (triph-
enylphosphine) palladium, tetrakis(triphenylphosphine) pal-
ladium, dichloro(1,1-bis (diphenylphosphino)ferrocene)
palladium, etc. may be exemplified. Among them, a palla-
dium complex having a tertiary phosphine as a ligand is
more preferred from the viewpoint of good reaction yield.
From the viewpoint of availability and good reaction yield,
a palladium complex having a triphenylphosphine as a
ligand is particularly preferred.

[0060] The palladium complex having a tertiary phos-
phine as a ligand may also be prepared in the reaction system
by adding a tertiary phosphine to a palladium salt or com-
plex compound. As the tertiary phosphine which may be
used in such a case, triphenylphosphine, trimethylphos-
phine, tributylphosphine, tri(tert-butyl)phosphine, tricyclo-
hexylphosphine, tert-butyldiphenylphosphine, 9,9-dim-
ethyl-4,5-bis(diphenylphosphino)xanthene,
2-(diphenylphosphino)-2'-(N,N-dimethylamino) biphenyl,
2-(di-tert-butylphosphino) biphenyl, 2-(dicyclohexylphos-
phino) biphenyl, bis(diphenylphosphino)methane, 1,2-bis
(diphenylphosphino)ethane,  1,3-bis(diphenylphosphino)
propane,  1,4-bis(diphenylphosphino)butane,  1,1'-bis
(diphenylphosphino)ferrocene, tri(2-furyl) phosphine, tri(o-
tolyl) phosphine, tris(2,5-xylyl) phosphine, (x)-2,2'-bis
(diphenylphosphino)-1 1'-binaphthyl,
2-dicyclohexylphosphino-2',4',6"triisopropyl biphenyl, etc.,
may be exemplified. From the viewpoint of availability and
good reaction yield, 2-dicyclohexylphosphino-2',4',6"triiso-
propyl biphenyl or triphenylphosphine is preferred. The
molar ratio of the tertiary phosphine to the palladium salt or
complex compound is preferably from 1:10 to 10:1, and
from the viewpoint of good reaction yield, from 1:2 to 5:1
is more preferred.

[0061] As the base which may be used in the “Step 17,
sodium hydroxide, potassium hydroxide, sodium carbonate,
potassium carbonate, lithium carbonate, cesium carbonate,
potassium phosphate, sodium phosphate, sodium fluoride,
potassium fluoride, cesium fluoride, etc. may be exempli-
fied. From the viewpoint of good yield, potassium carbonate
is preferred. The molar ratio of the base to the compound (3)
is preferably from 1:2 to 10:1, and from the viewpoint of
good yield, from 1:1 to 3:1 is more preferred.

[0062] The molar ratio of the compound (2) to the com-
pound (3) to be used in the “Step 1 is preferably from 1:2
to 5:1, and from the viewpoint of good yield, from 1:1 to 1:3
is more preferred.

[0063] As the solvent which may be used in the “Step 17,
water, dimethy] sulfoxide, dimethylformamide, tetrahydro-
furan, 1,4-dioxane, dimethoxyethane, toluene, benzene,
diethyl ether, ethanol, methanol, xylene, etc. may be exem-
plified, and these solvents may be used suitably in combi-
nation. From the viewpoint of good yield, it is preferred to
use a mixed solvent of dioxane or THF and water.
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[0064] The reaction temperature in the “Step 1” may be
chosen appropriately from 0 to 150° C., and from the
viewpoint of good yield, it is more preferably chosen from
50 to 100° C.

[0065] The compound (9) may be prepared by a usual
processing after the end of the “Step 1”. At that time,
by-products formed by a reaction of both Y* and Y? of the
compound (2) with the compound (3), will be treated and
separated by e.g. recrystallization, column chromatography,
sublimation, etc.

[0066] Further, the compound (9) may be purified, as the
case requires, by recrystallization, column chromatography,
sublimation, etc.

[0067] “Step 2” is a method for obtaining the cyclic azine
compound (1) of the present invention by reacting the
compound (9) with a compound (4), in the presence or
absence of a base, and it is possible to obtain the desired
product in good yield by applying the reaction conditions of
common coupling reactions, such as the Suzuki-Miyaura
reaction, the Negishi reaction, the Tamao-Kumada reaction,
the Stille reaction, etc.

[0068] In the “Step 27, it is possible to select the same
reaction conditions as mentioned in the “Step 1”. However,
they need not be the same reaction conditions as in the “Step
17. Further, without isolating the compound (9) as a syn-
thetic intermediate, the compound (4) may be added to the
reaction system in the “Step 1 to synthesize a cyclic azine
compound (1). After completion of the “Step 27, the
obtained cyclic azine compound (1) may be purified, as the
case requires, by recrystallization, column chromatography,
sublimation, etc.

[0069] “Step 3” in the reaction formula (2) is a method for
obtaining a compound (10) as a synthetic intermediate, by
reacting the compound (2) with a compound (4) in the
presence or absence of a base and in the presence of a
palladium catalyst, and it is possible to obtain the desired
product in good yield by applying the reaction conditions of
common coupling reactions, such as the Suzuki-Miyaura
reaction, the Negishi reaction, the Tamao-Kumada reaction,
the Stille reaction, etc. In the “Step 37, the same reaction
conditions as the conditions mentioned in the “Step 1” may
be selected for use. However, they need not be the same
reaction conditions as in the “Step 1”. After completion of
the “Step 37, the obtained compound (10) may be purified,
as the case requires, by e.g. recrystallization, column chro-
matography or sublimation.

[0070] “Step 4” is a method for obtaining the cyclic azine
compound (1) of the present invention by reacting the
compound (10) with a compound (3) in the presence or
absence of a base and in the presence of a palladium catalyst,
and it is possible to obtain the desired product in good yield
by applying the reaction conditions of common coupling
reactions, such as the Suzuki-Miyaura reaction, the Negishi
reaction, the Tamao-Kumada reaction, the Stille reaction,
etc.

[0071] Inthe “Step 47, the same reaction conditions as the
conditions mentioned in the “Step 17 may be selected for
use. However, they need not be the same reaction conditions
as in the “Step 1”. Further, without isolating the compound
(10) as a synthetic intermediate, the compound (3) may be
added to the reaction system in the “Step 3” to synthesize a
cyclic azine compound (1). After completion of the “Step 47,

Dec. 22,2016

the obtained cyclic azine compound (1) may be purified, as
the case requires, by e.g. recrystallization, column chroma-
tography or sublimation.

[0072] The compound (5) to be used in the “Step 57 in the
reaction formula (3) may be synthesized from the compound
(9) by using a common reaction of synthesizing an organo-
metallic compound (e.g. Angew. Chem. Int. Ed. 2007, 46,
5359-5363).

[0073] “Step 5” is a method for obtaining the cyclic azine
compound (1) of the present invention by reacting the
compound (5) with a compound (6) in the presence or
absence of a base and in the presence of a palladium catalyst,
and it is possible to obtain the desired product in good yield
by applying the reaction conditions of common coupling
reactions, such as the Suzuki-Miyaura reaction, the Negishi
reaction, the Tamao-Kumada reaction, the Stille reaction,
etc.

[0074] As the palladium catalyst which may be used in the
“Step 57, the same palladium catalyst as mentioned in the
“Step 1” may be mentioned. Among them, a palladium
complex having a tertiary phosphine as a ligand is more
preferred from the viewpoint of good reaction yield. From
the viewpoint of availability and good reaction yield, a
palladium complex having a triphenylphosphine as a ligand
is particularly preferred.

[0075] The palladium complex having a tertiary phos-
phine as a ligand may also be prepared in the reaction system
by adding a tertiary phosphine to a palladium salt or com-
plex compound. As the tertiary phosphine which may be
used in such a case, the same tertiary phosphine as men-
tioned in the “Step 1” may be mentioned. From the view-
point of availability and good reaction yield, 2-dicyclohex-
ylphosphino-2'4',6'-triisopropyl biphenyl or
triphenylphosphine is preferred. The molar ratio of the
tertiary phosphine to the palladium salt or complex com-
pound is preferably from 1:10 to 10:1, and from the view-
point of good reaction yield, from 1:2 to 5:1 is more
preferred.

[0076] As the base which may be used in the “Step 57, the
same base as mentioned in the “Step 1” may be mentioned.
The molar ratio of the base to the compound (5) is preferably
from 1:2 to 10:1, and from the viewpoint of good yield, from
1:1 to 3:1 is more preferred.

[0077] The molar ratio of the compound (5) to the com-
pound (6) used in the “Step 5 is preferably from 1:5 to 2:1,
and from the viewpoint of good yield, from 1:1 to 1:3 is
more preferred.

[0078] As the solvent which may be used in the “Step 57,
the same solvent as mentioned in the “Step 17 may be
mentioned. From the viewpoint of good yield, it is preferred
to use a mixed solvent of dioxane or THF and water.
[0079] The reaction temperature in the “Step 5” may be
suitably selected from 0 to 150° C., and from the viewpoint
of good yield, from 50 to 100° C. is preferred. After
completion of the “Step 57, the obtained cyclic azine com-
pound (1) may be purified, as the case requires, by e.g.
recrystallization, column chromatography or sublimation.
[0080] The compound (7)to be used in the “Step 6” in the
reaction formula (4) may be synthesized from the compound
(10) by using a common reaction of synthesizing an orga-
nometallic compound (e.g. Angew. Chem. Int. Ed. 2007, 46,
5359-5363).

[0081] “Step 6” is a method for obtaining the cyclic azine
compound (1) of the present invention by reacting the
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compound (7) with a compound (8) in the presence or
absence of a base and in the presence of a palladium catalyst,
and it is possible to obtain the desired product in good yield
by applying the reaction conditions of common coupling
reactions, such as the Suzuki-Miyaura reaction, the Negishi
reaction, the Tamao-Kumada reaction, the Stille reaction,
etc.

[0082] In the “Step 67, the same reaction conditions as
mentioned in the “Step 5 may be selected for use. However,
they need not be the same reaction conditions as in the “Step
5”. After the completion of the “Step 6”, the obtained cyclic
azine compound (1) may be purified, as the case requires, by
e.g. recrystallization, column chromatography or sublima-
tion.

[0083] Further, the cyclic azine compound (1) of the
present invention may be prepared by reacting an adaman-
tane compound represented by the following formula (11)
and/or (12) with a compound represented by (2') in the
presence of a palladium catalyst, or in the presence of a base
and a palladium catalyst.

(11
o\ /CF3
/S\\
Z% O
(0]
B
|

H

N,

o)
(AIZ—XI—XZﬁm—/\

| -t X— Yz)n
Y
=

¢
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WAl Sz k9,

Z,
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(Art, A, AP, X! X2, X3, 7, p, q, m and n are the same as
defined in formula (1). Y2, Y° and Y each independently
represents a leaving group which will be described later.)
[0084] In the compound (2", Y* and Y° each indepen-
dently represents a leaving group and is not particularly
limited, but, for example, a chlorine atom, a bromine atom,
an iodine atom, a triflate, etc., may be mentioned. Among
them, from the viewpoint of good reaction yield, a bromine
atom or a chlorine atom is preferred. Further, in order to
improve the selectivity of the reaction, Y?, Y° and Y are
more preferably different leaving groups.

[0085] With respect to the palladium catalyst, the base, the
solvent, the reaction conditions, etc. in the above coupling
reaction, it is possible to apply exactly the same materials,
reaction conditions, etc. as used in, for example, the “Step
17.

[0086] Here, the compounds represented by the formulae
(11) and (12) are extremely useful compounds as production
intermediates for the production of organic electrolumines-
cent device materials, and they are novel compounds.
[0087] The cyclic azine compound (1) of the present
invention is preferably used as part of the constituent
components of an organic electroluminescent device. In
particular, when it is used as an electron transport layer, htter
effects such as longer service life, higher efficiency, lower
voltages, etc. than a conventional device, can be obtained.

[0088] Further, at the time of using the cyclic azine
compound (1) of the invention as a material for an organic
electroluminescence device, it 1s possible to use it in the
form of a co-deposited film with an optional organometallic
species, organic compound or inorganic compound.

[0089] The cyclic azine compound (1) of the present
invention exhibits good electron transport characteristics
and thus may preferably be used as the material for an
organic thin film layer having an electron transport property,
such as a luminous layer, an electron transport layer, an
electron injection layer, etc. in an organic electroluminescent
device.

[0090] The method for producing a thin film for an organic
electroluminescent device comprising a cyclic azine com-
pound (1) of the present invention is not particularly limited,
and film formation by a vacuum vapor deposition method is
possible. The film formation by a vacuum vapor deposition
method may be carried out by using a general purpose
vacuum vapor deposition apparatus. The vacuum degree in
the vacuum chamber at the time of forming a film by a
vacuum vapor deposition method, is preferably at a level of
from 1x1072 to 1x107° Pa, more preferably from 1x10~* to
1x107% Pa, which can be reached by a commonly used
diffusion pump, turbomolecular pump, cryopump or the like,
in consideration of the production tact time and production
cost for the production of an organic electroluminescent
device.

[0091] The deposition rate is preferably from 0.005 to 1.0
nmy/sec., more desirably from 0.01 to 0.3 nm/sec., although
it may depend on the thickness of the film to be formed.

[0092] The cyclic azine compound (1) of the present
invention has a high solubility in chloroform, dichlorometh-
ane, 1,2-dichloroethane, chlorobenzene, toluene, ethyl
acetate, tetrahydrofuran, etc., and therefore, its film forma-
tion may be possible by a spin coating method, an ink-jet
method, a casting method, a dipping method, eftc., using a
general-purpose device.
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[0093] A typical structure of an organic electrolumines-
cent device whereby the effects of the present invention are
obtainable, comprises a substrate, an anode, a hole injection
layer, a hole transport layer, a luminous layer, an electron
transport layer, and a cathode.

[0094] The anode and cathode in the organic electrolumi-
nescent device are connected to a power source via an
electrical conductor. By applying a potential between the
anode and the cathode, the organic electroluminescent
device is operated. Holes are injected from the anode into
the organic electroluminescent device, and electrons are
injected by the cathode into the organic electroluminescent
device.

[0095] The organic electroluminescent device is typically
placed on a substrate, and the anode or cathode may be in
contact with the substrate. The electrode in contact with the
substrate is, for convenience sake, referred to as the lower
electrode. Usually, the lower electrode is an anode, but the
structure is not limited to such a form in the organic
electroluminescent device of the present invention.

[0096] The substrate, may be light transmissive or opaque
depending on the intended direction of light emission. Light
transmission properties can be confirmed by the electrolu-
minescence light emission through the substrate. Usually, a
transparent glass or plastic is employed as the substrate. The
substrate may have a composite structure comprising mul-
tiple material layers.

[0097] Ina case where the electroluminescence light emis-
sion is confirmed through the anode, the anode is formed of
a material which permits or substantially permits the light
emission to pass therethrough.

[0098] As a common transparent anode (anode) material
to be used in the present invention, indium-tin oxide (ITO),
indium-zinc oxide (IZO) or tin oxide may be mentioned.
Further, another metal oxide, such as aluminum- or indium-
doped tin oxide, magnesium-indium oxide, or nickel-tung-
sten oxide may also preferably be used.

[0099] In addition to these oxides, a metal nitride, such as
gallium nitride, a metal selenide, such as zinc selenide, or a
metal sulfide, such as zine sulfide, may also be used as the
anode. The anode may be modified with a plasma-deposited
fluorocarbon.

[0100] Ina case where the electroluminescence light emis-
sion is confirmed only through the cathode, the transmission
characteristics of the anode is not critical, and a transparent,
opaque or reflective optional conductive material may be
employed. As an example of such a conductor for this
application, gold, iridium, molybdenum, palladium, plati-
num or the like may be mentioned.

[0101] A hole injection layer may be provided between an
anode and a hole transport layer. The material for the hole
injection layer serves to improve the film forming properties
of an organic material layer such as a hole transport layer or
a hole injection layer and to facilitate injection of holes into
the hole transport layer. As examples of the material suitable
for use in the hole injection layer, a porphyrin compound, a
plasma vapor deposition type fluorocarbon polymer, and an
amine having an aromatic ring such as a biphenyl group, a
carbazole group, etc., such as m-MTDATA (4,4',4"-tris[(3-
methylphenyl)phenylamino]triphenylamine), 2T-NATA
(4,4',4"-tris[(N-naphthalen-2-yl)-N-phenylamino|triph-
enylamine), triphenylamine, tritolylamine, tolyldiphenylam-
ine,  N,N'-diphenyl-N,N'-bis(3-methylphenyl)-1,1'-biphe-
nyl-4,4'-diamine, N,N,N'N'-tetrakis(4-methylphenyl)-1,1'-
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biphenyl-4,4'-diamine, MeO-TPD (N,N,N',N'-tetrakis(4-
methoxyphenyl)-1,1'-biphenyl-4,4'-diamine), N,N'-
diphenyl-N,N'-dinaphthyl-1,1"-biphenyl-4 4'-diamine, N,
N'-bis(methylphenyl)-N,  N'-bis(4-n-butylphenyl)phenan-
threne-9,10-diamine, N,N'-diphenyl-N,N'-bis(9-phenylcar-
bazol-3-y1)-1,1"-biphenyl-4,4'-diamine, etc. may be men-
tioned.

[0102] The hole transport layer in the organic electrolu-
minescence device, preferably contains at least one hole
transport compound (hole transport material), for example,
an aromatic tertiary amine. An aromatic tertiary amine is a
compound which contains at least one trivalent nitrogen
atom, the trivalent nitrogen atom is bonded only to carbon
atoms, and at least one of such carbon atoms forms an
aromatic ring. Specifically, the aromatic tertiary amine may
be an arylamine, such as a monoarylamine, a diarylamine, a
triarylamine or a polymeric arylamine.

[0103] As the hole transport material, it is possible to use
an aromatic tertiary amine having at least one amine group.
Further, it is possible to use a polymeric hole transport
material. For example, poly(N-vinylcarbazole) (PVK), poly-
thiophene, polypyrrole, polyaniline, etc. may be used.
[0104] Specifically, NPD (N, N'-bis(naphthalen-1-y1)-N,
N'-diphenyl-1,1'-biphenyl-4,4'-diamine), o-NPD (N,N'-di
(1-naphthyl)-N,N'-diphenyl-1,1'-biphenyl-4,4'-diamine),
TPBi (1,3,5-tris(1-phenyl-1H-benzimidazol-2-yl)benzene),
TPD (N,N'-bis(3-methylphenyl)-N, N'-diphenyl-1,1'-biphe-
nyl-4,4'-diamine), etc. may be mentioned.

[0105] Between the hole injection layer and the hole
transport layer, a layer containing dipyrazino[2,3-f: 2',3'-h]
quinoxaline-2,3,6.7,10,11-hexa-carbonitrile (HAT-CN) may
be provided as a charge generation layer.

[0106] The luminous layer in an organic electrolumines-
cent device contains a phosphorescent or fluorescent mate-
rial, and in such a case, electron-hole pairs are recombined
in this region, whereupon light emission is caused as a result.
The luminous layer may be formed of a single material
containing both low molecular and polymer substances, but
more usually, it is formed of a host material doped with a
guest compound, so that light emission is primarily from the
dopant, and it can emit any color.

[0107] As the host material in the luminous layer, a
compound having a biphenyl group, a fluorenyl group, a
triphenylsilyl group, a carbazole group, a pyrenyl group or
an anthranyl group, may, for example, be mentioned.
[0108] Specifically, DPVBIi (4,4'-bis(2,2-diphenyl-vinyl)-
1,1-biphenyl), BCzVBi  (4,4'-bis(9-ethyl-3-carbazovi-
nylene)-1, 1'-biphenyl), TBADN (2-tert-butyl-9,10-di(2-
naphthyl)  anthracene), ADN  (9,10-di(2-naphthyl)
anthracene), CBP (4,4'-bis(carbazol-9-y1) biphenyl), CDBP
(4,4'-bis(carbazol-9-yl)-2,2"-dimethyl-biphenyl),  9,10-bis
(biphenyl) anthracene, etc. may be mentioned.

[0109] The host material in the luminous layer may be an
electron transport material as defined below, a hole transport
material as defined above, another material that supports the
hole-electron recombination, or a combination of these
materials.

[0110] As examples of a fluorescent dopant, anthracene,
tetracene, xanthene, perylene, rubrene, coumarin, rhod-
amine and quinacridone, a dicyanomethylenepyran com-
pound, a thiopyran compound, a polymethine compound, a
pyrylium or thiapyrilium compound, a fluorene derivative, a
periflanthene derivative, an indenoperylene derivative, a
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bis(azinyl)amine boron compound, a bis(azinyl)methane
compound, a carbostyril compound, etc. may be mentioned.
[0111] As an example of a useful phosphorescent dopant,
an organic metal complex of transition metal such as
iridium, platinum, palladium, osmium, etc. may be men-
tioned.

[0112] As examples of a dopant, Alq, (tris(8-hydroxyqui-
noline)aluminum)), DPAVBi  (4,4'-bis[4-(di-para-toly-
lamino)styryl] biphenyl), perylene, Ir(PPy), (tris(2-phe-
nylpyridine) iridium (I1I), FlrPic (bis(3,5-difluoro-2-(2-
pyridyl)phenyl-(2-carboxypyridyl)iridium (IIT), etc. may be
mentioned.

[0113] The thin film-forming material to be used for
forming an electron transport layer in the organic electrolu-
minescent device of the present invention is the cyclic azine
compound of the present invention (1). Here, the electron
transporting layer may also contain other electron transport
materials. As such other electron transport materials, an
alkali metal complex, an alkaline earth metal complex, an
earth metal complex, etc. may be mentioned.

[0114] As a preferred alkali metal complex, alkali earth
metal complex or earth metal complex, for example, lithium
8-hydroxyquinolinate (Liq). zinc bis(8-hydroxyquinolinate),
copper bis(8-hydroxyquinolinate), manganese bis(8-hy-
droxyquinolinate), aluminum tris(8-hydroxyquinolinate),
aluminum tris(2-methyl-8-hydroxyquinolinate), gallium tris
(8-hydroxyquinolinate), beryllium bis(10-hydroxybenzo[h]
quinolinate), zinc bis(10-hydroxybenzo[h]quinolinate),
chlorogallium bis(2-methyl-8-quinolinate), gallium bis(2-
methyl-8-quinolinato) (o-cresolate), aluminum bis(2-
methyl-8-quinolinato)-1-naphtholate, gallium bis(2-methyl-
8-quinolinato)-2-naphtholate, etc. may be mentioned.
[0115] Between the luminous layer and the electron trans-
port layer, a hole blocking layer may be provided for the
purpose of improving the carrier balance. As a preferred
compound as such a hole blocking layer, BCP (2,9-dimethyl-
4,7-diphenyl-1,10-phenanthroline), Bphen (4,7-diphenyl-1,
10-phenanthroline), BAIq (aluminum bis(2-methyl-8-qui-
nolinolato)-4-(phenyl-phenolate)),  beryllium  bis(10-
hydroxybenzo[h]quinolinate)), etc. may be mentioned.
[0116] In the organic electroluminescent device of the
present invention, an electron injection layer may be pro-
vided for the purpose of improving the electron injection
property and device characteristics (for example, luminous
efficiency, low voltage driving, or high durability).

[0117] As a preferred compound as such an electron
injecting layer, fluorenone, anthraquinodimethane, dipheno-
quinone, thiopyran dioxide, oxazole, oxadiazole, triazole,
imidazole, perylenetetracarboxylic acid, deflection fluore-
nylidenemethane isopropylidene methane, anthraquinodi-
methane or anthrone may be mentioned. Further, inorganic
compounds like the above-mentioned metal complexes and
alkali metal oxides, alkaline earth oxides, rare earth oxides,
alkali metal halides, alkaline earth halides, rare earth halides,
various oxides, nitrides and oxynitrides such as SiOx, AlOx,
SiNx, SiON, AION, GeOx, LiOx, LiON, TiOx, TiON, TaOx,
TaON, TaNXx, C, etc. may also be used.

[0118] In a case where light emission is viewed only
through the anode, the cathode to be used in the present
invention may be formed of substantially optional conduc-
tive material. As a preferred cathode material, sodium, a
sodium-potassium alloy, magnesium, lithium, a magnesium/
copper mixture, a magnesium/silver mixture, a magnesium/
aluminum mixture, a magnesium/indium mixture, an alumi-
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nun/aluminum oxide (AL,0?*) mixture, indium, a lithium/
aluminum mixture, a rare earth metal, etc. may be
mentioned.

EXAMPLES

[0119] Now, the present invention will be described in
further detail with reference to Examples and Reference
Examples, but it should be understood that the present
invention is by no means limited thereto.

Synthesis Example 1

[0120]
THO
HO
Pyridine/CH,Cl,
TO
[0121] Under an argon stream, 4-(1-adamantyl)phenol

(3.77 g, 16.5 mmol) was suspended in dichloromethane (40
mL), and pyridine (2.66 mL, 33.0 mmol) was added. The
obtained mixed solution was cooled to 0° C., a solution
having anhydrous trifluoromethanesulfonic acid (5.59 g,
19.8 mmol) and dichloromethane (20 mL) mixed, was
dropped slowly over a period of 15 minutes. The obtained
reaction solution was stirred for 2 hours at 0° C. and then
stirred at room temperature for 15 hours. After completion
of the stirring, chloroform (30 mL) and a 2M HCl aqueous
solution (30 mL) were added to the reaction solution and
mixed by shaking, whereupon only the organic layer was
taken out. The organic layer was dehydrated by addition of
magnesium sulfate and filtered. By distilling off low-boiling
point components from the organic layer, a yellowish white
solid of 4-(1-adamantyl)phenyl triflate (amount: 5.50 g,
yield:92.4%) was obtained as the desired compound.

[0122] 'H-NMR (CDCl,): 1.76 (brq, I=12.0 Hz, 6H), 1.88
(d, I=2.9 Hz, 6H), 2.09 (brs, 3H), 7.18 (d, =9.0 Hz, 2H),
7.40 (d, =9.1 Hz, 2H).

Synthesis Example 2

[0123]

B(OH),

cat. [Pd]

Br Cl
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[0124]
nyl)-4,6-diphenyl-1,3,5-triazine (25.0 g, 59.1 mmol), 3-pyri-

Under an argon stream, 2-(3-bromo-5-chlorophe-

dine boronic acid (12.0 g, 97.6 mmol), tetrakistriphenyl-
phosphine palladium (2.05 g, 1.77 mmol) and potassium
carbonate (24.5 g, 177 mmol) were suspended in a mixed
solvent of tetrahydrofuran (500 mL) and water (177 mL),
followed by heating to 70° C. and stirring for 18 hours. After
the stirring, the reaction solvent was distilled off, and
chloroform and water were added for dissolution again.
Only the organic layer was taken out, and it was dehydrated
by addition of magnesium sulfate and filtered. Low boiling
point components in the obtained organic layer were dis-
tilled off, and the obtained gray white solid was purified by
recrystallization with toluene, to obtain a gray white solid of
2-[5-chloro-3-(3-pyridyl) phenyl]-4,6-diphenyl-1,3,5-triaz-
ine (amount: 22.6 g, yield: 90.9%) as the desired product.

[0125] '"H-NMR (CDCL,): 7.45 (dd, J=7.6 Hz, 4.8 Hz,
1H), 7.56-7.65 (m, 6H), 7.78 (t, I=1.9 Hz, 1H), 7.9 (d,
J=7.9 He, 1), 8.68 (dd, J=4.8 Hz, 1.6 Hz, 1H). 8.74-8.76
(m, 111), 8.76 (d, J=6.5 Hz, 411), 8.86 (brs, 1H), 8.99 (d,
J=2.2 He, 1),

Synthesis Example 3

[0126]
N
0
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[0127] Under an argon stream, 2-[5-chloro-3-(3-pyridyl)
phenyl]-4,6-diphenyl-1,3,5-triazine (10.0 g, 23.8 mmol),
bis(pinacolato)diboron (9.07 g, 35.7 mmol), potassium
acetate (7.01 g, 71.4 mmol), palladium acetate (53.4 mg,
0.238 mmol) and 2-dicyclohexylphosphino-2',4',6"-triiso-
propyl biphenyl (227 mg, 0.476 mmol) were suspended in
1,4-dioxane (400 mL), followed by heating to 100° C. and
stirring for 18 hours. Then, 500 mL of chloroform and 100
mL of water were added to the reaction solution and mixed
by shaking, whereupon only the organic layer was taken out.
The organic layer was dehydrated by addition of magnesium
sulfate and filtered. After low-boiling point components in
the obtained organic layer were distilled off, and the organic
layer was dissolved in 150 ml. of chloroform. To this
chloroform solution, 1,000 mL of hexane was added, fol-
lowed by stirring for 1 hour, whereupon the formed precipi-
tate was collected by filtration, to obtain a white solid of
4,6-diphenyl-2-[3-(3-pyridyl)-5-4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)phenyl]-1,3,5-triazine  (9.58 g, yield:
78.6%) as the desired product.

[0128] 'H-NMR (CDCL,): 1.42 (s, 12H), 7.43 (ddd, I=7.8
Hz. 4.8 Hz, 0.7 Hz, 1H), 7.56-7.64 (m, 6H), 8.06 (ddd, J=7.8
Hz, 2.3 Hz, 1.6 Hz, 1), 823 (dd, 1=2.1 Hz, 1.0 Hz, 1H),
8.65 (dd, J=4.9 Hz, 1.6 Hz, 1), 8.79 (dd, ]=8.0 Hz, 1.4 Mz,
4H), 9.04 (dd, I=2.5 Hz, 0.8 Hz, 1H), 9.08 (t, J=1.9 He, 1H),
9.16 (dd, J=1.7 Hz, 1.1 Hz, 1H).

Example 1

[0129]

N
Z
TO
N

cat. [Pd]
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[0130] Under an argon stream, 4,6-diphenyl-2-[3-(3-
pyridyl)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-y1)

phenyl]-1,3,5-triazine (1.50 g, 2.93 mmol), 4-(1-adamantyl)
phenyl triflate (1.58 g, 4.40 mmol), palladium acetate (13.2
mg, 0.0586 mmol), 2-dicyclohexylphosphino-2'.4',6'-triiso-
propyl biphenyl (55.9 mg, 0.117 mmol) and potassium
carbonate (1.05 g, 7.62 mmol) were suspended in a mixed
solvent of tetrahydrofuran (16 mL) and water (7.3 mL),
followed by heating to 70° C. and stirring for 18 hours. After
cooling to room temperature, water (30 mL) was added to
the reaction mixture, and the precipitate was collected by
filtration. The obtained precipitate was purified by silica gel
chromatography (developing solvent: mixed solvent of chlo-
roform and hexane in a ratio of 1:2 (volume ratio, the same
applies hereinafter)) and by recrystallization from toluene,
to obtain a white solid of 2-[4'(1-adamantyl)-5-(3-pyridyl)
biphenyl-3-yl]-4,6-diphenyl-1,3,5-triazine
A-14) (amount: 1.06 g, yield: 60.6%) as the desired product.

(Compound

[0131] 'H-NMR (CDCL,): 1.80 (brs, 6H), 2.00 (brd, J=2.8
Hz, 6H), 2.14 (brs, 3H), 7.45 (dd, J=7.9 Hz, 4.8 He, 1H).
7.54 (d, 1=8.5 Hz, 2H), 7.56-7.64 (m, 6H), 7.75 (d, 1=8.5 Hz,
2H), 8.00 (t, I=1.9 Hz, 1H), 8.07 (d, J=8.0 Hz, 1H), 8.67 (dd.
J=4.8 Uz, 1.6 Hz, 1H),8.79 (dd, I=8.1 Hz, 1.8 Hz, 411), 8.94
(1, I=1.6 Hz, 1H), 9.02 (1, J=1.6 Hz, 1H), 9.06 (d, J=1.9 Mz,
1H).

[0132] Tg of the obtained compound A-14 was 129° C.
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[0133]
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[0134] Under an argon stream, 2-(3-bromo-5-chlorophe-
nyl)-4,6-bis(biphenyl-4-yl)-1,3,5-triazine  (4.00 g, 6.96
mmol), 3-pyridineboronic acid (1.03 g, 8.35 mmol), tetrak-
istriphenylphosphine palladium (160.9 mg, 0.139 mmol)
and potassium carbonate (2.31 g, 16.7 mmol) were sus-
pended in a mixed solvent of tetrahydrofuran (200 mL) and
water (16 mL), followed by heating to 70° C. and stirring for
18 hours. After the stirring, 200 mL of water was added to
the reaction mixture, and the precipitate was collected by
filtration. The obtained product was purified by recrystalli-
zation with toluene, to obtain a gray white solid of 4,6-bis
(biphenyl-4-y1)-2-[ 5-chloro-3-(3-pyridyl)phenyl]-1,3,5-tri-
azine (amount: 3.19 g, yield: 80.0%) as the desired product.
[0135] 'H-NMR (CDCL,): 7.41 (t, I=7.3 Hz, 2H), 7.45-7.
52 (m, SH), 7.71 (dd, ]=8.3 Hz, 1.4 Hz, 4H), 7.80 (t, J=1.9
Hz, 1H),7.82 (d, ]=8.7 Hz, 4H), 8.02 (ddd, J=7.9 Hz, 2.4 Hz,
1.6 Hz, 1H), 8.69 (dd, J=4.9 Hz, 1.7 Hz, 1H), 8.80 (dd, ]=2.1
Hz, 1.5 Hz, 1H), 8.84 (d, J=8.7 Hz, 4H), 8.89 (t, J=1.6 Hz,
1H), 9.01 (dd, J=2.5 Hz, 0.8 Hz, 1H).
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[0137] Under an argon atmosphere, 4,6-bis(biphenyl-4-
y1)-2-[5-chloro-3-(3-pyridyl) phenyl]-1.3,5-triazine (2.89 g,
5.04 mmol), bis(pinacolato)diboron (1.92 g, 7.56 mmol),
potassium carbonate (2.09 g, 15.1 mmol), palladium acetate
(11.3 mg, 0.0504 mmol) and 2-dicyclohexylphosphino-2',
4' 6'-triisopropyl biphenyl (48.1 mg, 0.101 mmol) were
suspended in 1,4-dioxane (200 mL), followed by heating to
100° C. and stirring for 18 hours. Then, 700 mL of chloro-
form and 100 mL of water were added to the reaction
solution and mixed by shaking, whereupon only the organic
layer was taken out. The organic layer was dehydrated by
addition of magnesium sulfate and filtered. After low-boil-
ing point components in the obtained organic layer were

distilled off, the organic layer was dispersed in 200 mL of
hexane, followed by stirring for one hour. After the stirring,
the precipitate is collected by filtration, to obtain a white
solid of 4,6-bis(biphenyl-4-yl)-2-[3-(3-pyridyl)-5-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl]-1,3,5-triazine
(amount: 3.30 g, yield: 98.5%) as the desired product.

[0138] 'H-NMR (CDCL): 1.43 (s, 12H), 7.38-7.45 (m,
3H), 7.50 (1, J=7.7 Hz, 4H), 7.71 (dd, J=8.5 Hz, 1.4 Hz, 4H),
7.83 (d, J=8.6 Hz, 4H), 8.08 (ddd, I=7.8 Hz, 2.4 Hz, 1.7 Hz.
1H), 8.27 (dd, 1=2.0 Hz, 1.0 Hz, 1H),8.66 (dd, I=5.0 Hz, 1.6
Hz, 1H). 8.88 (d, 1=8.7 Hz, 4H), 9.05 (dd, J=2.5 Hz, 0.8 Hz.
1H), 9.10 (t, J=1.8 Hz, 1H), 9.19 (dd, J=1.7 Hz. 1.1 Hz, 1H).
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[0140] Under an argon stream, 4,6-bis(biphenyl-4-yl)-2-

[3-(3-pyridyl)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)phenyl]-1,3,5-triazine (1.50 g, 2.26 mmol), 4-(1-adaman-
tyDphenyl triflate (1.22 g, 3.39 mmol), palladium acetate
(5.07 mg, 0.0226 mmol), 2-dicyclohexylphosphino-2',4',6'-
triisopropyl biphenyl (21.6 mg, 0.0452 mmol) and potas-
sium carbonate (0.810 g, 5.87 mmol) were suspended in a
mixed solvent of tetrahydrofuran (75 mL) and water (6 mL),
followed by heating to 70° C. and stirring for 17 hours. After
cooling to room temperature, water (50 mL) was added to
the reaction mixture, and the precipitate was collected by
filtration. The obtained precipitate was purified by silica gel
chromatography (developing solvent: mixed solvent of chlo-
roform and hexane in a ratio of 1:2) and by recrystallization
with toluene, to obtain a white solid of 4,6-bis(biphenyl-4-
y1)-2-[4'-(1-adamantyl)-5-(3-pyridyl)biphenyl-3-y1]-1,3,5-
triazine (Compound A-170) (amount: 0.970 g of, yield:
57.3%) as the desired product.

[0141] 'H-NMR (CDCl,): 1.81 (brs, 6H), 2.01 (brs, 6H),
2.14 (brs, 3H), 7.39-7.52 (m, 7H), 7.55 (d, J=8.5 Hz, 2H),
7.71(d,J=7.0Hz,4H), 7.76 (d, ]=8.5 Hz, 2H), 7.81 (d, ]=8.5
Hz, 4H). 8.0 (t, J=1.8 Hz, 1H), 8.08 (ddd, J=1.7 Hz, 2.3 Hz,

cat. [Pd]

7.9 Hz, 1H), 8.68 (dd, 1=4.9 Hz, 1.6 Hz, 1H), 8.86 (d, J=8.6
Hz, 4H). 8.95 (1, I=1.6 Hz, 1H), 9.05 (1, I=1.6 Hz, 1H), 9.07
(d, I=1.7 Hz, 1H).

[0142] Tg of the obtained compound A-170 was 155° C.

Synthesis Example 6

[0143]
@\(N

Br Cl

N\

cat. [Pd]
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[0144] Under an argon stream, 2-(3-bromo-5-chlorophe-
nyl)-4,6-diphenyl-1,3,5-triazine (14.8 g, 34.9 mmol), 4-(2-
pyridyl)phenylboronic acid (9.04 g, 45.4 mmol) and tetrakis
triphenylphosphine palladium (808 mg, 0.699 mmol a) were
suspended in tetrahydrofuran (250 mL), followed by heating
to 60° C. To this suspension, a 10 mass % NaOH aqueous
solution (40 mL, 105 mmol) was dropwise slowly added,
followed by stirring for 3 hours. After cooling to room
temperature, water (90 mlL) was added to the reaction
mixture, and the precipitate was collected by filtration. The
obtained precipitate was purified by recrystallization with
toluene, to obtain a white solid of 2-[5-chloro-4'-(2-pyridyl)
biphenyl-3-yl]-4,6-diphenyl-1,3,5-triazine (amount: 15.4 g,
yield: 88.5%) as the desired product.

[0145] 'H-NMR (CDCl,): 7.27 (ddd, J=5.7 Hz, 4.6 Hz,
2.3 Hz, 1H), 7.56-7.65 (m, 6H), 7.77-7.85 (m, 5H), 8.16 (d,
J=8.6 Hz, 2H), 8.72-8.74 (m, 2H), 8.77 (dd, }=8.2 Hz, 1.4
Hz, 4H), 8.92 (t, I=1.6 Hz, 1H).

Synthesis Example 7

[0146]

cat. [Pd]

[0147]
biphenyl-3-yl]-4,6-diphenyl-1,3,5-triazine  (6.86 g, 13.8

Under an argon stream, 2-[5-chloro-4'-(2-pyridyl)

mmol), bis(pinacolato)diboron (5.26 g, 20.7 mmol), potas-
sium acetate (4.06 g, 41.4 mmol), palladium acetate (31.0
mg, 0.138 mmol) and 2-dicyclohexylphosphino-2',4',6'-tri-
isopropyl biphenyl (131.5 mg, 0.276 mmol) were suspended
in 1,4-dioxane (20 mL), followed by heating to 100° C. and
stirring for 4 hours. Then, 200 mL of chloroform and 50 mL
of water were added to the reaction solution and mixed by
shaking, whereupon only the organic layer was taken out.
The organic layer was dehydrated by addition of magnesium
sulfate and filtered. After low-boiling point components in
the obtained organic layer were distilled off, the organic
layer was dissolved in 100 ml of chloroform. To this
chloroform solution, 700 mL of hexane was added and
stirred for 1 hour, and the formed precipitate was collected
by filtration, to obtain a white solid of 4,6-diphenyl-2-[4'-
(2-pyridyl)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)
biphenyl-3-yl]-1,3,5-triazine (8.10 g, yield: 99.7%) as the

desired product.

[0148] 'H-NMR (CDCL): 1.43 (s, 12H), 7.23-7.27 (m,
1H), 7.56-7.64 (m, 6H), 7.78 (ddd, J=7.8 Hz, 7.8 Hz, 1.8 He,
1H), 7.81 (d, J=7.7 Hz, 1H), 7.90 (d, I=8.5 Hz, 2H), 8.14 (d,
J=8.5 Hz, 2H), 8.33 (dd, J=1.9 Hz, 1.1 Hz, 1H), 8.73 (ddd.
J=4.8 Hz, 1.7 Hz, 1.1 Hz, 1H), 8.81 (dd, ]=7.8 Hz, 1.6 Hz,
4H), 9.12-9.14 (m, 2H).



US 2016/0372678 Al

Example 3

[0149]

TO

Dec. 22,2016
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[0150] Under an argon stream, 4.6-diphenyl-2-[4'-(2-
pyridyl)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-y1)bi-
phenyl-3-yl]-1,3,5-triazine (300 mg, 0.510 mmol), 4-(1-
adamantyl)phenyl triflate (203 mg, 0.663 mmol), palladium
acetate (2.25 mg, 0.0102 mmol), 2-dicyclohexylphosphino-
2' 4'.6'-triisopropyl biphenyl (9.72 mg, 0.0204 mmol) and
potassium carbonate (141 mg, 1.02 mmol) were suspended
in a mixed solvent of tetrahydrofuran (3.00 mL) and water
(1.30 mL), followed by heating to 70° C. and stirring for 22
hours. After cooling to room temperature, water (5 mL) was
added to the reaction mixture, and the precipitate was
collected by filtration. The obtained precipitate was purified
by silica gel chromatography (developing solvent: mixed
solvent of chloroform and hexane in a ratio of 1:2) and by
recrystallization with toluene, to obtain a white solid of
2-[4"-(1-adamantyl)-4-(2-pyridy])-[ 1,1":3",1']-terphenyl-5'-
yl]-4,6-diphenyl-1,3,5-triazine (Compound A-25) (amount:
278 mg, yield: 81.0%) as the desired product.

[0151] 'H-NMR (CDCI,): 1.81 (brs, 6H), 2.00 (brd, d=2.8
Hz, 6H), 2.14 (brs, 3H), 7.24-7.27 (m, 1H), 7.53-7.64 (m,
8H), 7.76 (d, J=8.5 Hz, 2H), 7.79 (dd, J=7.2 Hz, 1.8 Hz, 1H),

7.83 (d, J=7.7 Hz, 1H), 7.90 (d, J=8.7 Hz, 2H), 8.08 (t, J=1.7
Hz, 1H), 8.17 (d, J=8.5Hz, 2H), 8.73 (ddd, J=4 9 Hz, 1.8 Hz,
1.1 Hz, 1H), 8.80 (dd, J=8.1 Hz, 1.8 Hz, 4H), 8.98 (t, I=1.6
Hz, 1H), 9.00 (t, I=1.6 Hz, 1H).

[0152] Tg of the obtained compound A-25 was 147° C.

Example 4
[0153]
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[0154] Under an argon stream, 4,6-diphenyl-2-[3,5-bis(4,
4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl]-1,3,5-

triazine (1.50 g, 2.67 mmol), 4-(1-adamantyl)phenyl triflate
(2.69 g, 7.46 mmol), palladium acetate (12.0 mg, 0.0534
mmol), 2-dicyclohexylphosphino-2',4',6"-triisopropyl biphe-
nyl (50.9 mg, 0.107 mmol) and potassium carbonate (0.959
g, 6.94 mmol) were suspended in a mixed solvent of
tetrahydrofuran (15 mL) and water (6.5 mL), followed by
heating to 70° C. and stirring for 20 hours. After cooling to
room temperature, water (30 mL) was added to the reaction
mixture, and the precipitate was collected by filtration. The
obtained precipitate was purified by silica gel chromatogra-
phy (developing solvent: mixed solvent of chloroform and
hexane in a ratio of 1:2) and recrystallization from toluene
to obtain a white solid of 2-[4,4"-bis(1-adamantyl)-[1,1":3,
1']-terphenyl-5'-y1]-4,6-diphenyl-1,3,5-triazine (Compound
A-49) (amount: 1.07 g, yield: 54.9%) as the desired product.
[0155] 'H-NMR (CDCl,): 1.80 (brs, 12H), 2.00 (brd,
J=2.6 Hz, 12H), 2.13 (brs, 6H), 7.53 (d, J=8.7 Hz. 4H),
7.55-7.63 (m, 6H), 7.74 (d, J=8.5 Hz, 4H), 8.02 (t, J=1.8 Hz,
1H), 8.79 (dd, J=8.2 Hz, 1.9 Hz, 4H), 8.94 (d, J=1.8 Hz, 2H).

[0156] Tg of the obtained compound A-49 was 186° C.

Synthesis Example 8

[0157]

N
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[0158] Under an argon stream, 2-(3-bromo-5-chlorophe-

nyl)-4,6-diphenyl-1,3,5-triazine (1.00 g, 2.37 mmol), 4-(3-
pyridyl)phenylboronic acid (565 mg, 2.84 mmol), potassium
carbonate (981 mg, 7.10 mmol) and tetrakistriphenylphos-
phine palladium (82.0 mg, 0.0710 mmol) were suspended in
a mixed solvent of tetrahydrofuran (28 ml) and water (7
mL), followed by heating to 70° C. and stirring for 20 hours.
After cooling to room temperature, water (20 mL) was
added to the reaction mixture, and the precipitate was
collected by filtration. The obtained precipitate was purified
by silica gel chromatography (developing solvent: chloro-
form) to obtain a white solid of 2-[5-chloro-4'-(3-pyridyl)
biphenyl-3-yl]-4,6-diphenyl-1,3,5-triazine (amount: 1.09 g,
yield: 92.7%) as the desired product.

[0159] 'H-NMR (CDCl,): 7.40 (dd, J=7.8 Hz, 0.9 Hz,
1H), 7.56-7.65 (m, 6H), 7.75 (d, J=8.5 Hz, 2H), 7.82-7.84
(m, 3H), 7.95 (ddd, ]=7.8 Hz, 2.4 Hz, 1.6 Hz, 1H), 8.63 (dd,
J=4.7Hz, 1.8 Hz, 1H), 8.73 (dd, J=1.9 Hz, 1.6 Hz, 1H), 8.77
(dd, J=8.1 Hz, 1.8 Hz, 4H), 8.90 (t, J=1.6 Hz, 1H), 8.93 (brd,
J=1.7 Hz, 1H).

Example 5

[0160]
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[0161] Under an argon stream, 2-[5-chloro-4'-(3-pyridyl)
biphenyl-3-yl]-4,6-diphenyl-1,3,5-triazine (1.09 g, 2.19
mmol), 2-[4-(1-adamantyl)phenyl]-4.4,5,5-tetramethyl-1,3,
2-dioxaborolane (890 mg, 2.63 mmol), palladium acetate
(9.84 mg, 0.0438 mmol), 2-dicyclohexylphosphino-2',4',6'-
triisopropyl biphenyl (41.8 mg, 0.0877 mmol) and potas-
sium carbonate (909 mg. 6.58 mmol) were suspended in a
mixed solvent of tetrahydrofuran (18 mL) and water (6 mL),
followed by heating to 70° C. and stirring for 20 hours. After
cooling to room temperature, water (30 mL) was added to
the reaction mixture, and the precipitate was collected by
filtration. The obtained precipitate was purified by silica gel
chromatography (developing solvent: chloroform) to obtain
a white solid of 2-[4"-(1-adamantyl)-4-(3-pyridy1)-[1,1":3,
1"]-terphenyl-5'-yl|-4,6-diphenyl-1,3,5-triazine (Compound
A-26) (amount: 1.06 g, yield: 60.6%) as the desired product.
[0162] 'H-NMR (CDCl,): 1.81 (brt, J=14.7 Hz, 6H), 2.00
(brd, J=2.6 Hz, 6H), 2.14 (brs, 3H), 7.40 (brdd, J=8.1 Hz, 4.8
Hz, 1H), 7.53-7.64 (m, 8H), 7.76 (d, J=7.8 Hz, 4H), 7.91 (d,
J=8.5 Hz, 2H), 7.96 (ddd, J=7.9 Hz, 2.3 Hz, 1.6 Hs, 1H),
8.07 (t,I=1.8 Hz, 1H), 8.62 (dd, I=4.7 Hz, 1.3 Hz, 1H), 8.79
(dd, I=8.3 Hz, 1.9 Hz, 4H), 8.95 (d, J=2.1 Hz, 1H), 8.99 (dr,
J=5.6 Hz, 1.7 Hz, 2H).

[0163] Tg of the obtained compound A-26 was 147° C.

Synthesis Example 9

[0164]
N
O\K
cat. [Pd]
Br Cl
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Z
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[0165] Under an argon stream, 2-(3-bromo-5-chlorophe-
nyl)-4,6-diphenyl-1,3,5-triazine (6.00 g, 14.2 mmol), 3-qui-
noline boronic acid (2.95 g, 17.0 mmol), potassium carbon-
ate (5.89 g, 42.6 mmol) and tetrakistriphenylphosphine
palladium (492 mg, 0.425 mmol) were suspended in a mixed
solvent of tetrahydrofuran (120 mL) and water (40 mL),
followed by heating to 70° C. and stirring for 24 hours. After
cooling to room temperature, water (100 mL) was added to
the reaction mixture, and the precipitate was collected by
filtration. The obtained precipitate was purified by silica gel
chromatography (developing solvent: chloroform) to obtain
a white solid of 2-(5-chloro-3-quinolylphenyl)-4,6-diphe-
nyl-1,3,5-triazine (amount: 5.85 g, yield: 87.5%) as the
desired product.

[0166] 'H-NMR (CDCl,): 7.56-7.65 (m, 7H), 7.78 (ddd,
J=8.7Hz, 7.7 Hz, 1.5 Hz, 1H), 7.91 (t, J=1.8 Hz, 1H), 7.95
(brd, J=8.2 Hz, 1H), 8.18 (brd, J=8.6 Hz, 1H), 843 (brd,
J=2.5 Hz, 1H), 8.76 (dd, J=8.6 Hz, 1.6 Hz, 4H), 8.78-8.79
(m, 1H), 8.98 (t, J=1.5 Hz, 1H), 9.31 (d, J=2.3 Hz, 1H).

Example 6
[0167]

o] 0

\B/
N
a
N N
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[0168] Under an argon stream, 2-(5-chloro-3-quinolylphe-
nyl)-4,6-diphenyl-1,3,5-triazine (1.00 g, 2.12 mmol), 2-[4-
(1-adamantyl)phenyl]-4,4,5,5-tetramethyl-1,3,2-dioxaboro-
lane (1.08 g, 3.18 mmol), palladium acetate (9.53 mg,
0.0424 mmol), 2-dicyclohexylphosphino-2',4',6'-triisopro-
pyl biphenyl (40.5 mg, 0.0849 mmol) and potassium car-
bonate (880 mg, 6.37 mmol) were suspended in a mixed
solvent of tetrahydrofuran (18 mL) and water (6 mlL),
followed by heating to 70° C. and stirring for 18 hours. After
cooling to room temperature, water (20 mL) was added to
the reaction mixture, and the precipitate was collected by
filtration. The obtained precipitate was purified by silica gel
chromatography (developing solvent: chloroform) to obtain
a white solid of 2-[4'-(1-adamantyl)-5-(3-pyridyl)biphenyl-
3-yl]-4,6-diphenyl-1,3,5-triazine (compound  A-19)
(amount: 600 mg, yield: 43.7%) as the desired product.
[0169] ‘H-NMR (CDCL,): 1.81 (brt, J=14.2 Hz, 6H), 2.01
(brd, J=2.8 Hz, 6H), 2.14 (brs, 3H), 7.55-7.64 (m, 9H),
7.74-1.79 (m, 3H), 7.96 (brd, J=8.1 Hz, 1H), 8.14 (t, J=1.7
Hz, 1H), 8.19 (d, I=8.2 Hz, 1H), 8.50 (brd, J=2.3 Hz, 1H),
8.80 (dd, J=8.2 Hz, 1.4 Hz, 4H), 9.06 (dt, J=5.7 Hz. 1.6 Hz,
2H), 9.39 (d, J=2.4 Hz, 1H).

[0170] Tg of the obtained compound A-19 was 139° C.

Synthesis Example 10

[0171]
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[0172] Under an argon stream, 2-(3-bromo-5-chlorophe-
nyl)-4,6-diphenyl-1,3,5-triazine (1.00 g, 2.37 mmol), 6-phe-
nyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-y1)pyridine
(798 mg, 2.84 mmol), potassium carbonate (980 mg, 7.10
mmol) and tetrakistriphenylphosphine palladium (82.0 mg,
0.0710 mmol) were suspended in a mixed solvent of tetra-
hydrofuran (28 mL) and water (7 mL), followed by heating
to 70° C. and stirring for 21 hours. After cooling to room
temperature, water (20 mL) was added to the reaction
mixture, and the precipitate was collected by filtration. The
obtained precipitate was purified by silica gel chromatogra-
phy (developing solvent: chloroform) to obtain a white solid
of 2-[5-chloro-3-(6-phenylpyridin-3-yl)phenyl]-4,6-diphe-
nyl-1,3,5-triazine (amount: 997 mg, yield: 84.9%) as the
desired product.

[0173] 'H-NMR (CDCL,): 7.45 (t, J=7.2 Hz, 1H), 7.51 (d,
J=1.6 Hz, 1H), 7.50-7.54 (m, 1H), 7.57-7.65 (m, 6H), 7.84
(t, J=1.8 Hz, 1H), 7.90 (dd, ]=8.4 Hz, 0.8 Hz, 1H), 8.07-8.08
(m, 1H), 8.08 (dd, J=8.4 Hz, 1.6 Hz, 2H), 8.77-8.78 (m, 1H),
8.78 (dd, J=8.5 Hz, 1.4 Hz, 4H), 8.94 (t, J=1.6 Hz, 1H), 9.08
(dd, J=2.5 Hz, 0.8 Hz, 1H).

Example 7
[0174]
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[0175]
nylpyridin-3-yl)phenyl]-4,6-diphenyl-1.3,5-triazine (900
mg, 1.81 mmol), 2-[4-(1-adamantyl)phenyl]-4.4,5,5-tetram-
ethyl-1,3,2-dioxaborolane (735 mg, 2.17 mmol), palladium

Under an argon stream, 2-[5-chloro-3-(6-phe-

acetate (8.13 mg, 0.0362 mmol), 2-dicyclohexylphosphino-
2' 4'.6'-triisopropyl biphenyl (34.5 mg, 0.0724 mmol) and
potassium carbonate (750 mg, 5.43 mmol) were suspended
in a mixed solvent of tetrahydrofuran (20 mL) and water (5
mL), followed by heating to 70° C. and stirring for 30 hours.
Then, 2-[4-(1-adamantyl)phenyl]-4,4,5,5-tetramethyl-1,3,2-
dioxaborolane (306 mg, 0.905 mmol), palladium acetate
(8.13 mg, 0.0362 mmol) and 2-dicyclohexylphosphino-2',
4' 6'-triisopropyl biphenyl (34.5 mg, 0.0724 mmol) were
added, followed by stirring at 70° C. for 20 hours. After
cooling to room temperature, the reaction mixture was
stirred by addition of water (40 mL) and chloroform (60
mL), and only the organic layer was taken out. The organic
layer was dehydrated with magnesium sulfate, and then,
low-boiling point components were distilled off to obtain a
crude product. The obtained crude product was purified by
silica gel chromatography (developing solvent: chloroform)
to obtain a white solid of 2-[4'-(1-adamantyl)-5-(6-phe-
nylpyridin-3-yl)biphenyl-3-y1]-4,6-diphenyl-1,3,5-triazine
(compound A-28) (amount: 600 mg, yield: 43.7%) as the
desired product.

[0176] ‘H-NMR (CDCL,): 1.81 (brt, I=14.2 Hz, 6H), 2.01
(brd, J=2.9 Hz, 6H), 2.14 (brs, 3H), 7.45 (brt, ]=7.1 Hz, 1H),
7.51-7.64 (m, 10H), 7.76 (d, J=8.5 Hz, 2H), 7.91 (brd, J=8.3
Hz, 1H), 8.06 (t, J=1.8 Hz, 1H), 8.10 (brd, J=7.3 Hz, 2H).
8.17 (brd, 1=8.0 Hz, 1H), 8.79 (dd, J=8.3 Hz, 1.7 Hz, 4H),
9.00 (t, I=1.7 Hz, 1H), 9.03 (t, J=1.6 Hz, 1H), 9.16 (brd,
J=2.0 He, 1H).

[0177] Tg of the obtained compound A-28 was 145° C.
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Example 8
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[0179] Under an argon stream, 2-(3-bromophenyl)-4,6-
diphenyl-1,3,5-triazine (2.00 g, 5.15 mmol), 2-[4-(1-ada-
mantyl)phenyl]-4,4,5,5-tetramethyl-1,3,2-dioxaborolane
(3.49 g, 10.3 mmol), tetrakistriphenylphosphine palladium
(119 mg, 0.103 mmol) and potassium carbonate (2.14 g, 15.
The 5 mmol) were suspended in a mixed solvent of tetra-
hydrofuran (30 mL) and water (15 mL), followed by heating
to 70° C. and stirring for 18 hours. After cooling to room
temperature, water (30 mlL) was added to the reaction
mixture, and the precipitate was collected by filtration. The
obtained precipitate was purified by recrystallization with
toluene, to obtain a white solid of 2-[4'-(1-adamantyl) biphe-
nyl-3-y1]-4,6-diphenyl-1,3,5-triazine  (Compound A-50)
(amount: 2.24 g, yield: 83.8%) as the desired product.
[0180] 'H-NMR (CDCl,): 1.81 (brt, I=14.6 Hz, 6H), 2.01
(brd, J=2.8 Hz, 6H), 2.15 (brs, 3H), 7.53 (d, J=8.5 Hz, 2H),
7.57-7.66 (m, 7H), 7.72 (d, J=8.7 Hz, 2H), 7.84 (ddd, J=7.7
Hz, 1.8 Hz, 1.1 Hz, 1H), 8.74 (d, t, J=8.1 Hz, 1.4 Hz, 1H),
8.80 (dd, J=8.2 Hz, 1.8 Hz, 4H), 9.01 (brt, J=1.8 Hz, 1H).
[0181] Tg of the obtained compound A-50 was 102° C.
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Synthesis Example 11
[0182]
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[0183] In the air, 1-adamantyl methyl ketone (5.00 g, 28.0
mol) and 4-bromobenzaldehyde (5.19 g, 28.0 mol) were
dissolved in acetic acid (50 mL), and concentrated sulfuric
acid (7.5 mL, 140 mol) was dropped, followed by stirring at
60° C. for 19 hours. After the stirring, 100 mL of water was
added, and the precipitated solid was collected by filtration.
The obtained solid was washed with water (200 mL), to
obtain a yellow solid of 1-(1-adamantyl)-3-(4-bromophenyl)
propenone (amount: 8.54 g, yield: 88.2%) as the desired
product.

Synthesis Example 12

[0184]
o]
S .\
Br
0 = |
NH40A¢
N& —_—
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Br
[0185] In the air, 1-(1-adamantyl)-3-(4-bromophenyl)pro-

penone (1.00 g, 2.90 mmol), phenacyl pyridinium bromide
(1.21 g, 4.34 mol) and ammonium acetate (4.46 g, 57.9 mol)
were suspended in a mixed solvent of acetic acid (50 mL)
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and dimethylformamide (50 mL), followed by stirring at
150° C. for 19 hours. After cooling to room temperature,
water (100 mL) was added, and the precipitated solid was
collected by filtration. The obtained solid was washed with
water (100 mL) and methanol (100 mL), to obtain a white
solid of 6-(1-adamantyl)-2-(4-bromophenyl)-4-phenylpyri-
dine (amount: 1.20 g, yield: 92.9%) as the desired product.
[0186] ‘H-NMR (CDCl,): 1.71-2.13 (brm, 15H), 7.33 (d,
J=1.4Hz, 1H), 7.39 (t, ]=7.2 Hz, 1H), 7.46 (t, ]=7.7 Hz, 2H),
7.53 (d, J=8.7 Hz, 2H), 7.60 (d, J=8.5 Hz, 2H), 7.68 (d, I=1.5
Hz, 1H), 8.12 (dd, J=8.4 Hz, 1.5 Hz, 2H).

Synthesis Example 13

[0187]

cat. [Pd]

[0188] Under an argon stream, 6-(1-adamantyl)-2-(4-bro-
mophenyl)-4-phenylpyridine (8.00 g, 18.0 mmol), bis(pina-
colato)diboron (4.80 g, 18.9 mmol), potassium acetate (4.24
g, 43.2 mmol) and bis(triphenylphosphine) palladium (II)
dichloride (649 mg, 0.720 mmol) were suspended in 1,4-
dioxane (80 mL), followed by heating to 100° C. and stirring
for 22 hours. Then, after cooling to room temperature, 200
ml of chloroform and 50 mL of water were added to the
reaction solution and mixed by shaking, whereupon only the
organic layer was taken out. The organic layer was dehy-
drated by addition of magnesium sulfate and filtered. Low
boiling point components in the obtained organic layer were
distilled off to obtain a crude product. The obtained crude
product was purified by silica gel column chromatography
(developing solvent: mixed solution of chloroform:
hexane=1:1), to obtain a white solid of 6-(1-adamantyl)-4-
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phenyl-2-[4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-y1)
phenyl]pyridine (7.34 g, yield: 83.0%) as the desired
product.

Example 9
[0189]

jex]

cat. [Pd]

[0190] Under an argon stream, 2-(3-bromophenyl)-4,6-
diphenyl-1,3,5-triazine (300 mg, 0.772 mmol), 6-(1-ada-
mantyl)-4-phenyl-2-[4-(4,4,5,5-tetramethyl-1,3,2-dioxa-

borolan-2-yl)phenyl]pyridine (456 mg, 0.927 mmol),
tetrakistriphenylphosphine palladium (26.8 mg, 0.0232

94
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mmol) and potassium carbonate (320 mg, 2.32 mmol) were
suspended in a mixed solvent of tetrahydrofuran (6 mL) and
water (2 mL), followed by heating to 70° C. and stirring for
18 hours. After cooling to room temperature, water (8 mL)
and chloroform (20 mL) were added to the reaction mixture
and mixed by shaking. Then, only the organic layer was
taken out, and low-boiling point components were distilled
off, to obtain a crude product. The obtained crude product
was sequentially washed with methanol (10 mL) and hexane
(10 mL), to obtain a white solid of 2-{4'-[6-(1-adamanty])-
4-phenylpyridin-2-ylbiphenyl-3-yl}-4,6-diphenyl-1,3,5-tri-
azine (compound A-433) (amount: 2.24 g, vield: 83.8%) as
the desired product.

[0191] 'H-NMR (CDCL,): 1.52 (brs, 6H), 1.83 (brs, 6H),
2.16 (brs, 3H), 7.41 (brt, I=7.6 Hz, 1H), 7.47-7.51 (m, 3H),
7.56-7.64 (m, 6H), 7.68 (t, 1=7.8 Hz, 1), 7.82-7.90 (m,
6H1), 8.17 (dd, J=8.1 Hz, 1.6 Hz, 211), 8.79 (dd, I=8.2 Hz, 1.9
Hz, 41), 8.79-8.80 (m, 1H), 9.05 (t, 1.8 Hz, 1H).

[0192] Tg of the obtained compound A-433 was 135° C.

Synthesis Example 14
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[0194] Under an argon stream, 4-(1-adamantyl)phenyl tri-
flate (23.0 g, 74.9 mmol), bis (pinacolato)diboron (19.0 g,
74.9 mmol), palladium acetate (168 mg, 0.749 mmol),
2-dicyclohexylphosphino-2',4',6"triisopropyl biphenyl (714
mg, 1.50 mmol), potassium acetate (15.4 g, 157 mmol) and
lithium chloride (635 mg, 15.0 mmol) were suspended in
dioxane (140 mL), followed by heating to 100° C. and
stirring for 22 hours. After cooling to room temperature,
water (100 mL) and chloroform (200 mL) were added to the
reaction mixture and mixed by shaking. Then, only the
organic layer was taken out and dehydrated with magnesium
sulfate, whereupon low-boiling point components were dis-
tilled off to obtain a crude product. The obtained crude
product was purified by silica gel column chromatography
(developing solvent: chloroform) to obtain a white solid of
2-[4-(1-adamantyl)  phenyl]-4,4,5,5-tetramethyl-1,3,2-di-
oxaborolane (amount: 23.4 g, yield: 92.4%) as the desired
product.

[0195] 'H-NMR (CDCl,): 1.75 (brt, =15 Hz, 6H), 1.90
(brd, I=2.6 Hz, 6H), 2.07 (brs, 3H), 7.36 (d, ]=8.3 Hz, 2H),
7.75 (d, 1=8.4 Hz, 2H).
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Reference Example 1
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[0197] A thermal analysis of 2-[4,4"-di(2-pyridyl)-1,1":3, NC N
1"-terphenyl-5'-y1]-4,6-di-p-tolyl-1,3,5-triazine being the HAT

above compound that can be synthesized by the production

method disclosed in JP-A-2008-280330, was carried out, O

and as a result, Tg was 108° C. .

Reference Example 2

;N O
[0198]
A N i

HIL

being the above compound disclosed in JP-A-2008-280330,
was carried out, and as a result, Tg was 104° C.

[0199] A thermal analysis of 2,4-bis(1-naphthyl)-6-[4,4"- O
bis(2-pyridyl)-[1,1:3',1"]-terphenyl-5'-y1]-1,3,5-triazine O

[0200] The structural formulae and abbreviations of the EML-1

compounds used in evaluations of the devices are as follows.
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Device Example 1

[0201] As the substrate, an ITO transparent electrode-
attached glass substrate having an indium-tin oxide (ITO)
film (thickness 110 nm) with a width of 2 mm patterned in
a stripe shape, was used. This substrate was washed with
isopropyl alcohol and then subjected to surface treatment by
ozone UV cleaning. The substrate after the cleaning, was
subjected to vacuum vapor deposition of each layer by a
vacuum vapor deposition method, to prepare an organic
electroluminescent device with a light-emitting area of 4
mm?, as shown by a cross-sectional schematic view in FIG.
1. Here, each organic material was film-deposited by a
resistance heating method.

[0202] Firstly, the glass substrate was introduced into a
vacuum vapor deposition chamber, and the pressure was
reduced to 1.0x10™* Pa. Then, on the ITO transparent
electrode-attached glass substrate shown by 1 in FIG. 1, a
hole injection layer 2, a charge generation layer 3, a hole
transport layer 4, a luminous layer 5, an electron transport
layer 6, an electron injection layer 7 and a cathode layer 8,
were sequentially formed as organic compound layers as
laminated in this order, each by vacuum vapor deposition.
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[0203] As the hole injection layer 2, HIL purified by
sublimation was deposited at a rate of 0.15 nm/sec in a film
thickness of 65 nm.

[0204] As the charge generating layer 3, HAT purified by
sublimation was deposited at a rate of 0.05 nm/sec in a film
thickness of 5 nm.

[0205] As the hole transport layer 4, HTL was deposited at
a rate of 0.15 nm/sec in a film thickness of 10 nm.

[0206] As the luminous layer 5, EML-1 and EML-2 were
deposited at a ratio of 95:5 in a film thickness of 25 nm
(deposition rate: 0.18 nm/sec).

[0207] As the electron transport layer 6, 2-[4"-(1-adaman-
tyD)-4-(2-pyridyD)-[1,1":3",1"]-terphenyl-5"-y1]-4,6-diphenyl-
1,3,5-triazine (Compound A-25) obtained in Example 3 and
Liq were deposited at a ratio of 50:50 (weight ratio) in a film
thickness of 30 nm (co-vapor deposition, deposition rate:
0.15 nm/sec).

[0208] Finally, a metal mask was placed to be orthogonal
to the ITO stripe, and the cathode layer 7 was formed. For
the cathode layer 7, silver/magnesium (weight ratio 1/10)
and silver were deposited in this order in the film thicknesses
of 80 nm (deposition rate: 0.5 nm/sec.) and 20 nm (depo-
sition rate: 0.2 nm/sec.), respectively, to obtain a two-layer
structure.

[0209] Each film thickness was measured by a contact
type thickness meter (DEKTAK).

[0210] Further, the device was sealed in a nitrogen atmo-
sphere glove box having an oxygen and moisture concen-
tration of at most 1 ppm. For the sealing, a sealing cap made
of glass and the above-mentioned film forming substrate
epoxy type ultraviolet curable resin (manufactured by
Nagase ChemteX Corporation) were used.

Device Example 2

[0211] An organic electroluminescent device was pre-
pared in the same manner as in Device Example 1 except
that in Device Example 1, for the electron transport layer 6,
2-[4'-(1-adamantyl)-5-(3-pyridyl)biphenyl-3-y1]-4,6-diphe-

nyl-1,3,5-triazine (Compound A-14) obtained in Example 1,
was used.

Device Example 3

[0212] An organic electroluminescent device was pre-
pared in the same manner as in Device Example 1 except
that in Device Example 1, for the electron transport layer 6,
4,6-bis(biphenyl-4-y1)-2-[4'-(1-adamantyl)-5-(3-pyridyl)bi-
phenyl-3-yl]-1,3,5-triazine (Compound A-170) obtained in
Example 2, was used.

Device Example 4

[0213] An organic electroluminescent device was pre-
pared in the same manner as in Device Example 1 except
that in Device Example 1, for the electron transport layer 6,
2-[4,4"-bis(1-adamantyl)-[1,1":3",1"]-terphenyl-5"-y1]-4,6-
diphenyl-1,3,5-triazine (Compound A-49) obtained in
Example 4, was used.

Device Example 5

[0214] An organic electroluminescent device was pre-
pared in the same manner as in Device Example 1 except
that in Device Example 1, for the electron transport layer 6,
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2-[4"-(1-adamantyl)-4-(3-pyridyl)-[1,1":3",1"]-terphenyl-5'-
yl]-4,6-diphenyl-1,3,5-triazine (Compound A-26) obtained
in Example 5, was used.

Device Example 6

[0215] An organic electroluminescent device was pre-
pared in the same manner as in Device Example 1 except
that in Device Example 1, for the electron transport layer 6,
2-[4'-(1-adamantyl)-5-(3-pyridyD)biphenyl-3-y1]-4,6-diphe-
nyl-1,3,5-triazine (Compound A-19) obtained in Example 6,
was used.

Device Example 7

[0216] An organic electroluminescent device was pre-
pared in the same manner as in Device Example | except
that in Device Example 1, for the electron transport layer 6,
2-[4'-(1-adamantyl)-5-(6-phenylpyridin-3-yl)biphenyl-3-
yl]-4,6-diphenyl-1,3,5-triazine (Compound A-28) obtained
in Example 7, was used.

Device Example 8

[0217] An organic electroluminescent device was pre-
pared in the same manner as in Device Example 1 except
that in Device Example 1, for the electron transport layer 6,
2-{4'-[6-(1-adamantyl)-4-phenylpyridin-2-yl]biphenyl-3-
yl}-4,6-diphenyl-1,3,5-triazine (Compound A-433) obtained
in Example 9, was used.

Device Reference Example 1

[0218] An organic electroluminescent device was pre-
pared in the same manner as in Device Example 1 except
that in Device Example 1, for the electron transport layer 6,
2-[5-(9-phenanthryl)-4'-(2-pyrimidyl)biphenyl-3-y1]-4,6-di-
phenyl-1,3,5-triazine (ETL-1) disclosed in JP-A-2010-
183145, was used.

[0219] A direct electric current was applied to the prepared
organic electroluminescent device, whereby the light emit-
ting characteristics were evaluated by means of a luminance
meter i.e. LUMINANCE METER (BM-9) manufactured by
TOPCON Corp. As the light emitting characteristics, the
voltage (V) and current efficiency (cd /A) when the current
(current density: 10 mA/ecm?®) was applied, were measured.
Further, when the device was driven at an initial luminance
of 800 cd/m?, the luminance decay time during continuous
lighting was measured. For the device service life, the time
required when the luminance (cd/m?) was reduced 30%, was
measured, and the service life was represented by a relative
value when that of Device Reference Example 1 was taken
as 100.

TABLE 1
Current
Voltage  efficiency Device
Compound V) (cd/A) service life
Device Example 1~ A-25 4.44 5.13 172
Device Example 2 A-14 4.95 491 126
Device Example 3 A-170 4.48 4.26 116
Device Example 4  A-49 4.28 5.44 133
Device Example 5 A-26 4.15 4.86 216
Device Example 6  A-19 4.02 4.83 176

Device Example 7 A-28 3.99 4.78 261
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TABLE 1-continued
Current
Voltage  efficiency Device
Compound V) (cd/A) service life
Device Example 8  A-433 3.97 5.30 146
Device Reference ~ ETL-1 4.52 4.01 100
Example 1

[0220] From Table 1, it is evident that as compared with
Reference Example, the organic electroluminescent devices
using the cyclic azine compounds of the present invention
are improved in the characteristics such as the voltage,
current efficiency and device service life.

INDUSTRIAL APPLICABILITY

[0221] The cyclic azine compound (1) of the present
invention is excellent in thermal stability during the subli-
mation purification or vapor deposition process, etc. and can
be provided as a material with less impurities, and when it
is used as a material for an organic electroluminescent
device, the device degradation will be less, the stability of
the deposited film will be good, and the thermal resistance,
long service life and luminous efficiency will be excellent,
and in particular, it is useful as an electron transport material
for an organic electroluminescent device excellent in low
driving voltage.

[0222] Further, a thin film formed from the cyclic azine
compound (1) of the present invention has an electron
transport ability, a hole blocking ability, oxidation-reduction
resistance, water resistance, oxygen resistance, an electron
injection characteristic, etc. and thus is useful as a material
for an organic electroluminescent device. Especially, it is
useful as an electron transport material, hole blocking mate-
rial, light-emitting host material, etc., and since the cyclic
azine compound (1) is a wide band gap material, it not only
is useful for applications as conventional fluorescent device
material, but also has potential applications as phosphores-
cent device material.

[0223] The entire disclosure of Japanese Patent Applica-
tion No. 2013-143909 filed on Jul. 9, 2013 including speci-
fication, claims, drawings and summary is incorporated
herein by reference in its entirety.

REFERENCE SYMBOLS

[0224] 1: ITO transparent electrode-attached glass sub-
strate, 2: hole injection layer, 3: charge generating layer, 4:
hole transport layer, 5: luminous layer, 6: electron transport
layer, 7: cathode layer.

1. A cyclic azine compound represented by the formula

(D):

@

F
N |N
(Ad-)p—Arl)\Z )\Aﬁ—(-Ad)q
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wherein Ad each independently represents a 1-adamantyl
group (Ad") or a 2-adamantyl group (Ad®):

(Ad')

(Ad®)

p and q are each independently O or 1,

Ar' and Ar® are each independently a single bond (but
only when pis 1 or q is 1), a Cg 5, aromatic hydrocar-
bon group (which may have, as a substituent, a fluorine
atom, a C,_, alkyl group, a Cg_, 3 aromatic hydrocarbon
group, a Cq_ 4 aromatic hydrocarbon group substituted
by a fluorine atom, a C,_,; aromatic hydrocarbon group
substituted by a C, , alkyl group, a C, ;5 aromatic
hydrocarbon group substituted by a C,_,; heteroaro-
matic group, a C;_;, heteroaromatic group, or a C, 5
heteroaromatic group substituted by a C, , alkyl
group), or a pyridyl group which may be substituted by
a phenyl group or a methyl group,

incidentally, Ad groups on Ar' and Ar’ are each indepen-
dently bonded to said C,_;, aromatic hydrocarbon
group or said pyridyl group,

Ar* is each independently a C,_, , heteroaromatic group or
a Cq_14 aromatic hydrocarbon group (these groups each
independently may have, as a substituent, a fluorine
atom, a C,_, alkyl group, a C,_; 3 aromatic hydrocarbon
group, a C_, ; aromatic hydrocarbon group substituted
by a fluorine atom, a C;_, aromatic hydrocarbon group
substituted by a C,_, alkyl group, a C,_,; aromatic
hydrocarbon group substituted by a C,_j; heteroaro-
matic group, a C;_,; heteroaromatic group, or a C,_;
heteroaromatic group substituted by a C,, alkyl
group),

X!, X%, X* and X* are each independently a single bond
or a C,_,, arylene group (which may be substituted by
a fluorine atom, a C,_, alkyl group, a phenyl group, a
bipheny! group or a naphthyl group),

mis 0,1 or2,

nis 0,1 or 2,

7 is a nitrogen atom or a carbon atom, and

n+p+q is 1, 2 or 3.

2. The cyclic azine compound according to claim 1,
wherein Z is a nitrogen atom.

3. The cyclic azine compound according to claim 1,
wherein Ar' and Ar® are each independently a phenyl group,
a biphenyl group, a naphthyl group, a phenanthryl group, an
anthryl group, a pyrenyl group, a triphenylenyl group, a
chrysenyl group, a fluoranthenyl group, an acenaphthylenyl
group, a pyridyl group, a pyrazyl group, a pyrimidyl group,
a pyridazyl group, a triazyl group, a quinolyl group or an
isoquinolyl group (these groups each independently may
have, as a substituent, a methyl group, an ethyl group, a
propy! group, an isopropyl group, an n-butyl group or a
t-butyl group).
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4. The cyclic azine compound according to claim 1,
wherein Ar® is a pyridyl group, a pyrazyl group, a pyridazyl
group, a pyrimidyl group, a triazyl group, a quinolyl group,
an isoquinolyl group, a naphthyridyl group, a quinazolyl
group, a quinoxalyl group, a benzoquinolyl group, an acridyl
group, a phenanthridyl group, a phenanthrolyl group, a
phenyl group, a biphenyl group, a naphthyl group, a phenan-
thryl group, an anthryl group, a pyrenyl group, a triphenyle-
nyl group, a chrysenyl group, a fluoranthenyl group or an
acenaphthylenyl group (these groups each independently
may have, as a substituent, a methyl group, a phenyl group,
a naphthyl group, a phenanthryl group, an anthryl group, a
pyrenyl group, a triphenylenyl group, a pyridyl group, a
pyrimidyl group, a pyrazyl group, a triazyl group, a quinolyl
group or an isoquinolyl group).

5. The cyclic azine compound according to claim 1,
wherein X', X? X® and X* are, each independently, a
phenylene group, a naphthylene group, a pyridylene group,
a pyrazylene group, a pyrimidylene group (these groups may
be substituted by a fluorine atom, a methyl group or a phenyl
group), or a single bond.

6. The cyclic azine compound according to claim 1,
wherein Ad is a 1-adamantyl group.

7. The cyclic azine compound according to claim 1,
wherein m is 1.

8. The cyclic azine compound according to claim 1,
wherein n is 1.

9. A method for producing a cyclic azine compound
represented by the formula (1) as defined in claim 1, which
comprises sequentially or simultaneously subjecting a com-
pound represented by the formula (2), and compounds
represented by the formulae (3) and (4), to a coupling
reaction in the presence or absence of a base and in the
presence of a palladium catalyst,

Yorur YA
/
L]
)\ )\
(Ad—Ar! 7 AP —EAd),

&)
@
M

Va
N |N
(Ad-)p—Arl)\Z )\Aﬁ—(-Ad)q

wherein Ad, p, q, Ar', Ar®, Ar*, X!, X2 X3, X*, m, n and
7 are as defined in claim 1, and n+p+q is 1, 2 or 3,
Y! and Y each independently represents a leaving group.
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M! and M? each independently represents a ZnR*, MgR?,
Sn(R%), or B (OR*),, wherein R* and R? are each
independently a chlorine atom, a bromine atom or an
iodine atom, R? is a C,_, alkyl group or a phenyl group,
R* is a hydrogen atom, a C,_, alkyl group or a phenyl
group, two R*in B (OR*), may be the same or different,
or the two R* may together form a ring containing an
oxygen atom and a boron atom.

10. A method for producing a cyclic azine compound
represented by the formula (1) as defined in claim 1, which
comprises subjecting a compound represented by the for-
mula (5) and a compound represented by the formula (6), to
a coupling reaction in the presence or absence of a base and
in the presence of a palladium catalyst,

®)

(N

(ArZ—X'—XZ-)W —M3,
a
NZ |N
. ™ )\ .
(AdJ5—Ar Z Ar'— Ad),

. ©
Ad—X—X—Y?

N

)

(AIZ—XI—XZ-:W X =X —Ad),
\/f
NZ |N
(Ad-)p—Arl)\z)\Aﬁ—(-A@q

wherein Ad, p, g, Ar', Ar’, Ar*, X!, X*, X3, X* m, n and
7. are as defined in claim 1, and n+p+q is 1, 2 or 3,

Y? represents a leaving group,

M represents a ZnR', MgR®, Sn(R*), or B(ORY),,
wherein R' and R* are each independently a chlorine
atom, a bromine atom or an iodine atom, R* is a C,_,
alkyl group or a phenyl group, R* is a hydrogen atom,
aC,_, alkyl group or a phenyl group, two R* in B(OR*),
may be the same or different, or the two R* may
together form a ring containing an oxygen atom and a
boron atom.

11. A method for producing a cyclic azine compound
represented by the formula (1) as defined in claim 1, which
comprises subjecting a compound represented by the for-
mula (7) and a compound represented by the formula (8), to
a coupling reaction in the presence or absence of a base and
in the presence of a palladium catalyst,
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Q)

@)
M

(Ad—Ar! V4 AP — Ad),

wherein Ad, p, q, Ar', Ar’, A, X', X2 X3, X* m, n and
7 are as defined in claim 1, and n+p+q is 1, 2 or 3,

Y* represents a leaving group,

M* represents a ZnR', MgR? Sn(R*); or B(ORY),,
wherein R' and R? are each independently a chlorine
atom, a bromine atom or an iodine atom, R* is a C,
alkyl group or a phenyl group, R* is a hydrogen atom,
aC,_,alkyl group ora phenyl group, two R* in B(OR™),
may be the same or different, or the two R* may
together form a ring containing an oxygen atom and a
boron atom.

12. The method according to claim 9, wherein the palla-
dium catalyst is a palladium catalyst having a tertiary
phosphine as a ligand.

13. The method according to claim 12, wherein the
palladium catalyst is a palladium catalyst having triphenyl-
phosphine or 2-dicyclohexylphosphino-2',4',6'-triisopropyl-
biphenyl as a ligand.

14. A method for producing a cyclic azine compound
represented by the formula (1), which comprises reacting a
compound represented by the formula (11) and/or (12), and
a compound represented by the formula (2') in the presence
of a palladium catalyst, or in the presence of a base and a
palladium catalyst,

o (1
A\

5,
O/ \\O

CF3
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-continued
(12)

N7 N
KA
7 AP

wherein p and q are each independently 0 or 1,

Ar' and Ar® are each independently a single bond (but
only when p is 1, or q is 1), a C,_5, aromatic hydro-
carbon group (which may have, as a substituent, a
fluorine atom, a C,_, alkyl group, a C,_,5 aromatic
hydrocarbon group, a C. . aromatic hydrocarbon
group substituted by a fluorine atom, a Cg_,5 aromatic
hydrocarbon group substituted by a C,_, alkyl group, a
Ce.15 aromatic hydrocarbon group substituted by a
C;_,3 heteroaromatic group, a C,_ |5 heteroaromatic
group, or a C,_|; heteroaromatic group substituted by a
C,_, alkyl group), or a pyridyl group which may be
substituted by a phenyl group or a methyl group,

incidentally, Ad groups on Ar' and Ar’ are each indepen-
dently bonded to said Cg;, aromatic hydrocarbon
group or said pyridyl group,

Ar?*is each independently a C,_, , heteroaromatic group or
a Cg_,5 aromatic hydrocarbon group (these groups each
independently may have, as a substituent, a fluorine
atom, a C,_, alkyl group, a Cg_, 3 aromatic hydrocarbon
group, a C4_ 5 aromatic hydrocarbon group substituted
by a fluorine atom, a C,_,; aromatic hydrocarbon group
substituted by a C,_, alkyl group, a C¢ ;5 aromatic
hydrocarbon group substituted by a C,_,; heteroaro-
matic group, a C;_;, heteroaromatic group, or a C, 5
heteroaromatic group substituted by a C, , alkyl
group),

mis 0, 1 or2,

nis 0,1 or 2,

7 is a nitrogen atom or a carbon atom,

n+p+q is 1, 2 or 3,

X', X* and X? are each independently a single bond or a
C, .4 arylene group (which may be substituted by a
fluorine atom, a C,_, alkyl group, a phenyl group, a
biphenyl group or a naphthyl group).

—+Y°),

(Ysﬁp_A‘rl

Dec. 22,2016

Y2, Y® and Y® each independently represents a leaving
group,

@

N

(AIZ—XI—XZ-)W — X —X*—Ad),

F
NZ |N
PPN

wherein Ad represents a 1-adamantyl group,

p and q are each independently O or 1,

Ar' and Ar are the same as above,

Ar? is the same as above,

X', X? and X3 is the same as above,

X* is a phenylene group,

mis 0, 1 or 2,

nis0,1or2,

7 is a nitrogen atom or a carbon atom,

n+p+qis 1, 2 or 3.

15. An adamantane compound represented by the formula
(11) or (12).

(Ad9—Ar! —tAd),

11

12)

16. An organic electroluminescent device containing the
cyclic azine compound as defined in claim 1, as a constituent
component.
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17. The organic electroluminescent device according to
claim 16, wherein the cyclic azine compound is used as an
electron transport layer.

* % % ok &
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