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(57) ABSTRACT

A cyclic azine compound of formula (1):

@

wherein, Y is C—H or anitrogen atom, Ar* is a C,_, o aromatic
hydrocarbon group, which may be substituted with an C,
alkyl group or a phenyl group, Ar” is a hydrogen atom, or a
Cy., 5 aromatic hydrocarbon group, which may be substituted
with a phenyl group or a pyridyl group, or is a nitrogen-
containing condensed ring C,_ s aromatic group, Ar’ is a
nitrogen-containing condensed ring C,_, s aromatic group, X
is a phenylene group, and n is an integer in the range of 0-3.
The cyclic azine compound is useful as a constituent of an
organic electroluminescent device.



Patent Application Publication Nov. 6, 2014 US 2014/0330013 A1

Fig. 1



US 2014/0330013 A1

CYCLIC AZINE COMPOUND HAVING
NITROGEN-CONTAINING FUSED
AROMATIC GROUP, METHOD FOR
PRODUCING SAME, AND ORGANIC
ELECTROLUMINESCENT ELEMENT
COMPRISING SAME AS CONSTITUENT
COMPONENT

TECHNICAL FIELD

[0001] This invention relates to a cyclic azine compound
and a process for producing the cyclic azine compound.
[0002] The cyclic azine compound of the present invention
has good electron transport characteristics and forms a stable
film. Therefore, the cyclic azine compound is useful as a
constituent used for an phosphorescent or fluorescent organic
electroluminescent device.

[0003] This invention further relates to an organic elec-
troluminescent device (hereinafter abbreviated to as “organic
EL device” when appropriate) having at least one organic
compound layer comprising the cyclic azine compound,
which device exhibits improved drivability and luminescent
characteristics with enhanced efficiency.

BACKGROUND ART

[0004] An organic EL device has a multilayer structure
comprising (i) a light emitting layer comprising a lumines-
cent material and (i) a hole transport layer and an electron
transport layer, which sandwich the luminescent layer, and
(ii1) an anode and a cathode, which sandwich the hole trans-
port layer, the luminescent layer and the electron transport
layer.

[0005] The organic EL device utilizes light emission (fluo-
rescence or phosphorescence) occurring at deactivation of an
exciton formed by the recombination of electron and hole,
which are injected in the luminescent layer. The organic EL
device is widely used for a display and other applications.
[0006] Thecyclic azine compound according to the present
invention includes both of a 1,3,5-triazine compound and a
pyrimidine compound. The 1,3,5-triazine compound is novel
and characterized as having a nitrogen-containing condensed
ring aromatic group which is bonded, directly or via a phe-
nylene group, to a phenyl group bonded on 2-position of a
triazine ring. The pyrimidine compound also is novel and
characterized as having a nitrogen-containing condensed ring
aromatic group which is bonded, directly or via a phenylene
group, to a phenyl group bonded on 2-position ofa pyrimidine
ring.

[0007] Examples of an organic EL device comprising a
1,3,5-triazine compound as a constituent are disclosed in
patent document 1. This 1,3,5-triazine compound does not
have a nitrogen-containing condensed ring aromatic group,
and therefore, this compound is distinguished from the 1,3,
S-triazine compound of the present invention.

[0008] 1,3,5-triazine derivatives are disclosed in patent
document 2. These 1,3,5-triazine derivatives include those
which have a 1,3.5-triazine ring and a nitrogen-containing
aromatic group. However, no working examples are given
wherein specific examples of such 1,3,5-triazine derivatives
are described.

[0009] As an example of a 1,3,5-triazine compound which
is useful as a constituent of an organic EL device, a triazine
compound having two phenanthrolinyl groups is known (see,
for example, patent document 3) and a triazine compound
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having two isoquinolinyl groups is known (see, for example,
patent document 4). These triazine compounds have a struc-
ture such that two nitrogen-containing condensed ring aro-
matic groups are symmetrically arranged via an arylene
group on a phenyl group bonded to 2-position of the triazine
ring, and therefore, this compound is distinguished from the
1,3,5-triazine compound of the present invention.

PRIOR ART DOCUMENTS

Patent Document

[0010] Patent document 1: JP 2004-022334 A
[0011] Patent document 2: JP 2007-137829 A
[0012] Patent document 3: JP 2010-090034 A
[0013] Patent document 4: JP 2010-106018 A
SUMMARY OF THE INVENTION
Problems to be Solved by the Invention
[0014] Ingeneral, anelectron transport material used for an

organic EL device is poor in durability as compared with a
hole transport material, and an organic EL device comprising
the electron transport material has a short life. Only few
electron transport materials give an organic EL device having
a long life. A satisfactory electron transport material having
good durability and giving an organic EL device exhibiting a
low voltage drivability and a reduced power consumption
cannot be found in the conventional electron transport mate-
rials. Thus, a novel electron transport material having the
satisfactory properties is eagerly desired.

Means for Solving the Problems

[0015] The present inventors made extensive researches to
solve the above-mentioned problems, and found that a cyclic
azine compound having a structure such that a nitrogen-
containing condensed ring aromatic group having 9 to 15
carbon atoms is bonded, directly or via a phenylene group, to
a phenyl group bonded on 2-position of the triazine ring has a
high glass transition temperature (Tg), and is capable of form-
ing a stable amorphous film by vacuum deposition.

[0016] Further, it has been found that an organic EL device
having an electron transport laver comprising the above-men-
tioned cyclic triazine compound exhibits a long life, and a
reduced power consumption as compared with the widely
used organic EL devices. Based on these findings, the present
invention has been completed.

[0017] 1In one aspect of the present invention, there is pro-
vided a cyclic azine compound represented by the general
formula (1):

@

AI3
o, -
NZ NN
)\ J\
Ar! Y "Ar!
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[0018]
[0019]

In the formula (1),

Y represents C—H or a nitrogen atom,

[0020] Ar' represents an aromatic hydrocarbon group hav-
ing 6 to 18 carbon atoms, which may be substituted with an
alkyl group having 1 to 4 carbon atoms or a pheny] group,

[0021] Ar® represents a hydrogen atom, or an aromatic
hydrocarbon group having 6 to 18 carbon atoms, which may
be substituted with a phenyl group or a pyridyl group, or Ar*
represents a nitrogen-containing condensed ring aromatic
group having 9 to 15 carbon atoms,

[0022] Ar’ represents a nitrogen-containing condensed
ring aromatic group having 9 to 15 carbon atoms,

[0023]
[0024]

[0025] In another aspect of the present invention, there is
provided a process for producing a cyclic azine compound

X represents a phenylene group, and

n represents an integer in the range of 0 to 3.

represented by the general formula (1):

)

NZ |N
/K )\
Ar! Y "Ar!

[0026]
[0027]

In the formula (1),
Y represents C—H or a nitrogen atom,

[0028] Ar' represents an aromatic hydrocarbon group hav-
ing 6 to 18 carbon atoms, which may be substituted with an
alkyl group having 1 to 4 carbon atoms or a phenyl group,

[0029] Ar* represents a hydrogen atom, or an aromatic
hydrocarbon group having 6 to 18 carbon atoms, which may
be substituted with a phenyl group or a pyridyl group, or Ar®
represents a nitrogen-containing condensed ring aromatic
group having 9 to 15 carbon atoms,

[0030] Ar’ represents a nitrogen-containing condensed
ring aromatic group having 9 to 15 carbon atoms,

[0031]
[0032]

[0033] Said process is characterized by coupling a com-
pound represented by the following general formula (2) with
acompound represented by the following general formula (3)
in the presence of a base and a palladium catalyst or in the
presence of a base, a palladium catalyst and an alkali metal
salt.

X represents a phenylene group, and

n represents an integer in the range of 0 to 3.
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(R1O%B AP

NZ |N
)\ )\
Ar! Y "Ar!

[0034] In the formula (2),
[0035] Y represents C—H or a nitrogen atom,
[0036] Ar' represents an aromatic hydrocarbon group hav-

ing 6 to 18 carbon atoms, which may be substituted with an
alkyl group having 1 to 4 carbon atoms or a phenyl group,
[0037] Ar” represents a hydrogen atom, or an aromatic
hydrocarbon group having 6 to 18 carbon atoms, which may
be substituted with a phenyl group or a pyridyl group, or Ar?
represents a nitrogen-containing condensed ring aromatic
group having 9 to 15 carbon atoms, and

[0038] R represents a hydrogen atom, an alkyl group hav-
ing 1 to 3 carbon atoms or a phenyl group, provided that two
R's in the B(OR'), may be the same or different, and the two
R's may form aring together with the two oxygen atoms and
the boron atom.

Ar—(X),—2Z* 3)

[0039] In the formula (3),
[0040] Ar’ represents a nitrogen-containing condensed
ring aromatic group having 9 to 15 carbon atoms,

[0041] X represents a phenylene group,
[0042] n represents an integer in the range of 0 to 3, and
[0043] 7' represents a leaving group.

[0044] In a still another aspect of the present invention,
there is provided a process for producing a cyclic azine com-
pound represented by the general formula (1):

@

NZ |N
)\ /L
Ar! Y ‘Ar!

[0045] In the formula (3),

[0046] Y represents C—H or a nitrogen atom,

[0047] Ar' represents an aromatic hydrocarbon group hav-
ing 6 to 18 carbon atoms, which may be substituted with an
alkyl group having 1 to 4 carbon atoms or a phenyl group,
[0048] Ar” represents a hydrogen atom, or an aromatic
hydrocarbon group having 6 to 18 carbon atoms, which may
be substituted with a phenyl group or a pyridyl group, or Ar*
represents a nitrogen-containing condensed ring aromatic
group having 9 to 15 carbon atoms,
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[0049] Ar’ represents a nitrogen-containing condensed
ring aromatic group having 9 to 15 carbon atoms,

[0050] X represents a phenylene group, and
[0051] nrepresents an integer in the range of 0 to 3.
[0052] Said process is characterized by coupling a com-

pound represented by the following general formula (8) with
acompound represented by the following general formula (9)
in the presence of a base and a palladium catalyst or in the
presence of a base, a palladium catalyst and an alkali metal
salt.

®

NZ |N
)\ )\
Ar! Y "Ar!

[0053] In the formula (8),

[0054] Y represents C—H or a nitrogen atom,

[0055] Ar' represents an aromatic hydrocarbon group hav-
ing 6 to 18 carbon atoms, which may be substituted with an
alkyl group having 1 to 4 carbon atoms or a phenyl group,
[0056] Ar” represents a hydrogen atom, or an aromatic
hydrocarbon group having 6 to 18 carbon atoms, which may
be substituted with a phenyl group or a pyridyl group, or Ar*
represents a nitrogen-containing condensed ring aromatic
group having 9 to 15 carbon atoms, and

[0057] Z' represents a chlorine atom or a bromine atom.

Ar'—(X),—B(ORY), ®

[0058] In the formula (9),

[0059] Ar’® represents a nitrogen-containing condensed
ring aromatic group having 9 to 15 carbon atoms,

[0060] X represents a phenylene group,

[0061] nrepresents an integer in the range of 0 to 3, and
[0062] R’ represents a hydrogen atom, an alkyl group hav-
ing 1 to 3 carbon atoms or a phenyl group, provided that two
R'sin the B(OR'), may be the same or different, and the two
R's may form a ring together with the two oxygen atoms and
the boron atom.

[0063] In a further aspect of the present invention, there is
provided a process for producing a cyclic azine compound
represented by the general formula (1'):

I
X A%
NZ N
)\ J\
Arl Y "Ar!
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[0064] In the formula (17,

[0065] Y represents C—H or a nitrogen atom,

[0066] Ar' represents an aromatic hydrocarbon group hav-
ing 6 to 18 carbon atoms, which may be substituted with an
alkyl group having 1 to 4 carbon atoms or a phenyl group,
[0067] Ar* represents an aromatic hydrocarbon group hav-
ing 6 to 18 carbon atoms, which may be substituted with a
phenyl group or a pyridyl group, or Ar* represents a nitrogen-
containing condensed ring aromatic group having 9 to 15
carbon atoms,

[0068] Ar’® represents a nitrogen-containing condensed
ring aromatic group having 9 to 15 carbon atoms,

[0069] X represents a phenylene group, and
[0070] n represents an integer in the range of 0 to 3.
[0071] Said process for producing the compound of the

formula (1') is characterized by coupling a compound repre-
sented by the following general formula (12) with a com-
pound represented by the following general formula (13) in
the presence of a base and a palladium catalyst or in the
presence of a base, a palladium catalyst and an alkali metal
salt.

12)

NZ |N
)\ )\
Ar! Y Ar!

[0072] In the formula (12),

[0073] Y represents C—H or a nitrogen atom,

[0074] Ar' represents an aromatic hydrocarbon group hav-
ing 6 to 18 carbon atoms, which may be substituted with an
alkyl group having 1 to 4 carbon atoms or a phenyl group,
[0075] Ar’ represents a nitrogen-containing condensed
ring aromatic group having 9 to 15 carbon atoms,

[0076] X represents a phenylene group,

[0077] nrepresents an integer in the range of 0 to 3, and

[0078] Z' represents a chlorine atom or a bromine atom.
Ar¥—B(OR'Y), (13)

[0079] In the formula (13),

[0080] Ar* represents an aromatic hydrocarbon group hav-
ing 6 to 18 carbon atoms, which may be substituted with a
phenyl group or a pyridyl group, or Ar” represents a nitrogen-
containing condensed ring aromatic group having 9 to 15
carbon atoms,

[0081] R’ represents a hydrogen atom, an alkyl group hav-
ing 1 to 3 carbon atoms or a phenyl group, provided that two
R's inthe B(OR"), may be the same or different, and the two
R's may form a ring together with the two oxygen atoms and
the boron atom.

[0082] In a further aspect of the present invention, there is
provided an organic electroluminescent device characterized
by comprising, as a constituent, a cyclic azine compound
represented by the general formula (1):
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M

X A2

NZ |N
)\ )\
Ar! Y "Ar!

[0083] In the formula (1),

[0084] Y represents C—H or a nitrogen atom,

[0085] Ar' represents an aromatic hydrocarbon group hav-
ing 6 to 18 carbon atoms, which may be substituted with an
alkyl group having 1 to 4 carbon atoms or a phenyl group,
[0086] Ar” represents a hydrogen atom, or an aromatic
hydrocarbon group having 6 to 18 carbon atoms, which may
be substituted with a phenyl group or a pyridyl group, or Ar?
represents a nitrogen-containing condensed ring aromatic
group having 9 to 15 carbon atoms,

[0087] Ar’ represents a nitrogen-containing condensed
ring aromatic group having 9 to 15 carbon atoms,

[0088] X represents a phenylene group, and

[0089] n represents an integer in the range of 0 to 3.

Effect of the Invention

[0090] The cyclic azine compound of the present invention
has a high Tg and is capable of forming a stable amorphous
film. Further, this compound exhibits good electron injection
and electron transport characteristics as a material for an
organic EL device.

[0091] Therefore, the cyclic azine compound of the present
invention is useful as a material, especially an electron trans-
port material, for an organic EL device. An organic EL device
comprising as a constituent the cyclic azine compound of the
present invention is characterized as having a long life and
exhibiting a low drive voltage.

BRIEF DESCRIPTION OF THE DRAWINGS

[0092] FIG. 1 is a cross-sectional view of an organic EL,
device made in Test Example 1.

EXPLANATION OF REFERENCE NUMERALS

[0093]
trode
[0094]
[0095]
[0096]
[0097]
[0098]
[0099]

1. Glass substrate with a transparent 1TO elec-

2. Hole injection layer

3. Hole transport layer

4. Emitting layer

5. Hole blocking layer

6. Electron transport layer
7. Anode layer

MODE FOR PRACTICING THE INVENTION

[0100] The present invention will be described specifically
and in detail.

[0101] Inthe formula (1) representing the cyclic azine com-
pound of the present invention, an aromatic hydrocarbon
group having 6 to 18 carbon atoms represented by Ar*
includes, for example, a phenyl group, a naphthyl group, an
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anthranyl group, a perylenyl group and a triphenylenyl group.
These aromatic hydrocarbon groups may be substituted with
an alkyl group having 1 to 4 carbon atoms or a phenyl group.
The alkyl group as a substituent may be any of straight,
branched and cyclic alkyl groups, and the alkyl group may be
substituted with at least one halogen atom or other substitu-
ent. The phenyl group as a substituent may also be substituted
with at least one halogen atom or other substituent.

[0102] As specific examples of Ar', there can be mentioned
the following substituted and unsubstituted aromatic hydro-
carbon groups, but, Ar' should not be limited thereto.

[0103] As specific examples of the unsubstituted phenyl
group and the phenyl groups substituted with an alkyl group
having 1 to 4 carbon atoms or a phenyl group, there can be
mentioned a phenyl group, and substituted phenyl groups
such as p-tolyl, m-tolyl, o-tolyl, 4-triffutoromethylphenyl,
3-trifluoromethylphenyl, 2-trifluoromethylphenyl, 2,4-dim-
ethylphenyl, 3,5-dimethylphenyl, 2,6-dimethylphenyl, mesi-
tyl, 2-ethylphenyl, 3-ethylphenyl, 4-ethylphenyl, 2,4-dieth-
ylphenyl, 3,5-diethylphenyl, 2-propylphenyl,
3-propylphenyl, 4-propylphenyl, 2.4-dipropylphenyl, 3,5-
dipropylphenyl,  2-isopropylphenyl, 3-isopropylphenyl,
4-isopropylphenyl, 2,4-diisopropylphenyl, 3,5-diisopropy-
Iphenyl, 2-butylphenyl, 3-butylphenyl, 4-butylphenyl, 2.4-
dibutylphenyl, 3,5-dibutylphenyl, 2-tert-butylphenyl, 3-tert-
butylphenyl, 4-tert-butylphenyl, 2,4-di-tert-butylphenyl and
3,5-di-tert-butylphenyl groups;

[0104] 4-biphenylyl, 3-biphenylyl and 2-biphenylyl
groups, and substituted biphenylyl groups such as 2-methyl-
biphenyl-4-yl, 3-methylbiphenyl-4-yl, 2'-methylbiphenyl-4-
yl, 4-methylbiphenyl-4-yl, 2,2'-dimethylbiphenyl-4-yl, 2'.4",
6'-trimethylbiphenyl-4-y1, 6-methylbiphenyl-3-yl,
5-methylbiphenyl-3-yl, 2'-methylbiphenyl-3-yl, 4-methylbi-
phenyl-3-yl, 6,2'-dimethylbiphenyl-3-yl, 2'.4',6'-trimethylbi-
phenyl-3-yl, 5-methylbiphenyl-2-yl, 6-methylbiphenyl-2-yl,
2'-methylbiphenyl-2-yl, 4'-methylbiphenyl-2-yl, 6,2'-dim-
ethylbiphenyl-2-yl, 2'.4',6'-trimethylbiphenyl-2-yl, 2-trifluo-
romethylbiphenyl-4-y], 3-trifluoromethylbiphenyl-4-yl,
2'-trifluoromethylbiphenyl-4-yl, 4'-trifluoromethylbiphenyl-
4-yl, 6-trifluvoromethylbiphenyl-3-yl, 5-trifluoromethylbi-
phenyl-3-yl, 2'-triffuoromethylbiphenyl-3-yl, 4'-trifluorom-
ethylbiphenyl-3-yl, 5-trifluvoromethylbiphenyl-2-yl,
6-trifluoromethylbiphenyl-2-yl, 2'-trifluoromethylbiphenyl-
2-yl, 4'-trifluvoromethylbiphenyl-2-yl, 3-ethylbiphenyl-4-yl,
4'-ethylbiphenyl-4-yl, 2'.4',6'-triethylbiphenyl-4-yl, 6-ethyl-
biphenyl-3-yl, 4'-ethylbiphenyl-3-yl, 5-ethylbiphenyl-2-yl,
4'-ethylbiphenyl-2-yl, 2',4' 6'-triethylbiphenyl-2-yl, 3-propy-
Ibiphenyl-4-yl, 4'-propylbiphenyl-4-yl, 2'.4'6'-tripropylbi-
phenyl-4-yl, 6-propylbiphenyl-3-yl, 4'-propylbiphenyl-3-yl,
5-propylbiphenyl-2-yl,  4-propylbiphenyl-2-yl, 2'4'6'-
tripropylbiphenyl-2-yl, 3-isopropylbiphenyl-4-yl, 4'-isopro-
pylbiphenyl-4-yl, 2'.4'.6'-triisopropylbiphenyl-4-yl, 6-iso-
propylbiphenyl-3-yl, 4'-isopropylbiphenyl-3-yl,
S-isopropylbiphenyl-2-yl, 4-isopropylbiphenyl-2-yl, 2',4',6'-
triisopropylbiphenyl-2-yl, 3-butylbiphenyl-4-yl, 4'-butylbi-
phenyl-4-yl, 2'4',6'-tributylbiphenyl-4-yl, 6-butylbiphenyl-
3-yl, 4'-butylbiphenyl-3-yl, S-butylbiphenyl-2-yl,
4'-butylbiphenyl-2-yl, 2',4',6'-tributylbiphenyl-2-yl, 3-tert-
butylbiphenyl-4-yl, 4'-tert-butylbiphenyl-4-yl, 2'4',6'-tri-
tert-butylbiphenyl-4-yl, 6-tert-butylbiphenyl-3-yl, 4'-tert-bu-
tylbiphenyl-3-yl, S-tert-butylbiphenyl-2-yl, 4'-tert-
butylbiphenyl-2-yl and 2'4',6'-tri-tert-butylbiphenyl-2-yl
groups; and
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[0105] terphenylyl groups such as 1,1:4',1"-terphenyl-3-
vl, 1,1:4" 1" -terphenyl-4-y1, 1,1':3'1"-terphenyl-3-yl, 1,13,
1"-terphenyl-4-yl, 1,1":3",1"-terphenyl-5'-yl, 1,1":2",1"-ter-
phenyl-3-yl, 1,1:2',1"-terphenyl-4-yl and 1,1"2'1"-
terphenyl-4'-yl groups.

[0106] Of the above-listed unsubstituted and substituted
phenyl groups, a phenyl group, a p-tolyl group, a m-tolyl
group, an o-tolyl group, a 2,6-dimethylphenyl group, a 4-tert-
butylphenyl group, a 4-biphenylyl group, a 3-biphenylyl
group, a 2-biphenylyl group, a 1,14 1"-terphenyl-4-yl
group, a 1,1':2',1"-terphenyl-4-yl group and a 1,1:3',1"-ter-
phenyl-5'-yl group are preferable in view of the performance
as a material for an organic EL device.

[0107] In view of ease in synthesis, a phenyl group, a
p-tolyl group, a 4-tert-butylphenyl group, a 4-biphenylyl
group and a 3-biphenylyl group are more preferable.

[0108] As specific examples of unsubstituted naphthyl
groups, and naphthyl groups substituted with an alkyl group
having 1 to 4 carbon atoms or a phenyl group, there can be
mentioned a 1-naphthyl group and 2-naphthyl group, and
substituted naphthyl groups such as 4-methylnaphthanen-1-
yl, 4-trifluoromethylnaphthanen-1-yl, 4-ethylnaphthanen-1-
vl, 4-propylnaphthanen-1-yl, 4-butylnaphthanen-1-yl, 4-tert-
butylnaphthanen-1-yl, S-methylnaphthanen-1-yl,
S-trifluvoromethylnaphthanen-1-yl, S-ethylnaphthanen-1-yl,
S5-propylnaphthanen-1-yl, 5-butylnaphthanen-1-yl, 5-tert-
butylnaphthanen-1-yl, 6-methylnaphthanen-2-yl, 6-trifluo-
romethylnaphthanen-2-yl, 6-ethylnaphthanen-2-yl, 6-pro-
pylnaphthanen-2-yl, 6-butylnaphthanen-2-yl, 6-tert-
butylnaphthanen-2-yl, 7-methylnaphthanen-2-yl,
7-trifluoromethylnaphthanen-2-yl, 7-ethylnaphthanen-2-yl,
7-propylnaphthanen-2-yl, 7-butylnaphthanen-2-yl, 7-tert-
butylnaphthanen-2-yl, 2-phenylnaphthanen-1-yl, 3-phenyl-
naphthanen-1-yl, 4-phenylnaphthanen-1-yl, 5-phenylnaph-
thanen-1-yl, 6-phenylnaphthanen-1-yl, 7-phenylnaphthanen-
1-yl, 8-phenylnaphthanen-1-yl, 1-phenylnaphthanen-2-yl,
2,4-diphenylnaphthanen-1-yl, 4,6-diphenylnaphthanen-1-yl,
5,7-diphenylnaphthanen-1-yl, 1,3-diphenylnaphthanen-2-yl,
4,7-diphenylnaphthanen-2-yl, 5,8-diphenylnaphthanen-2-yl,
5,6,7.8-tetraphenylnaphthanen-1-yl and 5,6,7,8-tetraphenyl-
naphthanen-2-yl groups.

[0109] Of the above-listed unsubstituted and substituted
naphthyl groups, a 1-naphthyl group, a 4-methylnaphthalen-
1-yl group, a 4-tert-butylnaphthalen-1-yl group, a 5-methyl-
naphthalen-1-yl group, a 5-tert-butylnaphthalen-1-yl group, a
4-phenylnaphthalen-1-yl group, a 2-naphthyl group, a 6-me-
thylnaphthalen-2-yl group, a 6-tert-butylnaphthalen-2-yl
group, a 7-methylnaphthalen-2-yl group and a 7-tert-butyl-
naphthalen-2-y1 group are preferable in view of the perfor-
mance as a material for an organic EL device. In view of ease
in synthesis, 2-naphthyl group is especially preferable.
[0110] As specific examples of the unsubstituted anthrace-
nyl groups and the anthracenyl groups substituted with an
alkyl group having 1 to 4 carbon atoms or a phenyl group, the
unsubstituted perylenyl groups and the perylenyl groups sub-
stituted with an alkyl group having 1 to 4 carbon atoms or a
phenyl group, and the unsubstituted triphenylenyl groups and
the triphenylenyl groups substituted with an alkyl group hav-
ing 1 to 4 carbon atoms or a phenyl group, there can be
mentioned a 1-anthracenyl group, a 2-anthracenyl group, a
9-anthraceny! group, a 1-perylenyl group, a 2-perylenyl
group and a 1-triphenylenyl group.

[0111] In the general formula (1) representing the cyclic
azine compound according to the present invention, Ar” rep-

Nov. 6, 2014

resents a hydrogen atom, or an aromatic hydrocarbon group
having 6 to 18 carbon atoms, which may be substituted with
a phenyl group or a pyridyl group, or Ar* represents a nitro-
gen-containing condensed ring aromatic group having 9 to 15
carbon atoms.

[0112] The aromatic hydrocarbon group having 6 to 18
carbon atoms represented by Ar* includes, for example, a
phenyl group, a biphenylyl group, a naphthyl group, an
anthranyl group, a phenanthrenyl group, a perylenyl group, a
triphenylenyl group and a pyrenyl group. These aromatic
hydrocarbon groups may be substituted with a phenyl group
or a pyridyl group.

[0113] Of these, a phenyl group, a biphenylyl group and a
phenanthrenyl group are preferable in view of the perfor-
mance as a material for an organic EL device. These groups
may be substituted with a phenyl group or a pyridy1 group.
[0114] As specific examples of the unsubstituted phenyl
group, the phenyl groups substituted with a phenyl group ora
pyridyl group, the unsubstituted biphenylyl group, and the
biphenylyl groups substituted with a phenyl group or a
pyridyl group, there can be mentioned 2-(2-pyridyl)phenyl,
3-(2-pyridyl)phenyl, 4-(2-pyridyl)phenyl, 2-(3-pyridyl)phe-
nyl, 3-(3-pyridyl)phenyl, 4-(3-pyridyl)phenyl, 2-(4-pyridyl)
phenyl, 3-(4-pyridyl)phenyl, 4-(4-pyridyl)phenyl, 2,4-bis(2-
pyridyl)phenyl, 2,6-bis(2-pyridyl)phenyl, 3,4-bis(2-pyridyl)
phenyl, 2,4,6-tris(2-pyridyl)phenyl, 4-biphenylyl,
3-biphenylyl, 2-biphenylyl, 1,1":4',1"-terphenyl-3-yl, 1,1":4',
1"-terphenyl-4-yl, 1,1:3',1"-terphenyl-3-yl. 1,1:3",1"-ter-
phenyl-4-yl, 1,1':3'1"-terphenyl-5'-yl, 1,1":2',1"-terphenyl-
3-yl, 1,1:2',1"-terphenyl-4-yl, 1,1:2',1"-terphenyl-4'-yl, 2'-
(2-pyridyl)biphenyl-4-yl, 3'-(2-pyridyl)biphenyl-4-vl, 4'-(2-
pyridyDbiphenyl-4-yl, 2'-(3-pyridyl)biphenyl-4-yl, 3'-(3-
pyridyDbiphenyl-4-vl, 4'-(3-pyridyl)biphenyl-4-yl, 2'-(4-
pyridyD)biphenyl-4-yl, 3'-(4-pyridyl)biphenyl-4-yl, 4'-(4-
pyridyDbiphenyl-4-yl, 2'-(2-pyridyl)biphenyl-3-yl, 3'-(2-
pyridyDbiphenyl-3-yl, 4'-(2-pyridyl)biphenyl-3-yl, 2'-(3-
pyridyDbiphenyl-3-yl, 3'-(3-pyridyl)biphenyl-3-yl, 4'-(3-
pyridyDbiphenyl-3-yl, 2'-(4-pyridyl)biphenyl-3-yl, 3'-(4-
pyridyDbiphenyl-3-yl, 4'-(4-pyridyl)biphenyl-3-yl, 2'-(2-
pyridyDbiphenyl-2-yl, 3'-(2-pyridyl)biphenyl-2-yl, 4'-(2-
pyridyDbiphenyl-2-vl, 2'-(3-pyridyl)biphenyl-2-yl, 3'-(3-
pyridyDbiphenyl-2-yl, 4'-(3-pyridyl)biphenyl-2-yl, 2'-(4-
pytidyDbiphenyl-2-yl, 3'-(4-pyridyl)biphenyl-2-yl, 4'-(4-
pyridyDbiphenyl-2-y1, 5-(4-pyridyl)biphenyl-3-yl and 3',5'-
bis(2-pyridyl)biphenyl-3-y1 groups.

[0115] Of the above-listed groups, a phenyl group, a 4-bi-
phenylyl group, a 3-biphenylyl group, a 2-biphenylyl group,
a 3-(2-pyridyl)phenyl group, a 4-(2-pyridyl)phenyl group, a
1,1:4'1"-terphenyl-4-yl group, a 1,1%2',1"-terphenyl-4-yl
group, a 1,1':3",1"-terphenyl-5'-yl group, a 3'-(2-pyridyl)bi-
phenyl-3-yl group, a 3'-(3-pyridyl)biphenyl-3-y1 group, a 4'-
(2-pyridyl)biphenyl-4-y1 group, and a 4'-(3-pyridyl)biphe-
nyl-4-y1 group are preferable in view of the performance as a
material for an organic EL device.

[0116] A phenyl group, a 4-biphenylyl group, a 3-bipheny-
lyl group, a 4-(2-pyridyl)phenyl group, a 4'-(3-pyridyl)biphe-
nyl-4-y1 group are more preferable in view of ease in synthe-
sis.

[0117] As specific examples of the unsubstituted naphthyl
group and the naphthyl group substituted with a phenyl group
or a pyridyl group, the unsubstituted anthranyl group and the
anthranyl group substituted with a phenyl group or a pyridyl
group, the unsubstituted perylenyl group and the perylenyl
group substituted with a phenyl group or a pyridyl group, the
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unsubstituted phenanthrenyl group and the phenanthrenyl
group substituted with a phenyl group or a pyridyl group, the
unsubstituted triphenyleny! group and the triphenylenyl
group substituted with a phenyl group or a pyridyl group, and
the unsubstituted pyrenyl group and the pyrenyl group sub-
stituted with a phenyl group or a pyridyl group, there can be
mentioned a 1-naphthyl group, a 2-naphthyl group, a 1-an-
thranyl group, a 2-anthranyl group, a 9-anthranyl group, a
1-phenanthrenyl group, a 2-phenanthrenyl group, a
3-phenanthrenyl group, a 9-phenanthrenyl group, a 1-peryle-
nyl group, a 2-perylenyl group, a 1-triphenylenyl group, a
6-phenylnaphthalen-2-yl group, a 8-(2-pyridyl)naphthalen-
2-yl group, a 10-phenylanthracene-9-yl group, a 10-(2-py-
ridyl)anthracen-9-y1 group, a 1-pyrenyl group and a 2-pyre-
nyl group.

[0118] Of the above-listed groups, a 2-naphthyl group, a
9-anthranyl group, a 9-phenanthrenyl group, a 8-(2-pyridyl)
naphthalen-2-y1 group and a 10-(2-pyridyl) anthracen-9-y1
group are preferable in view of the performance of as a
material for an organic EL device. A 9-anthranyl group and a
9-phenanthrenyl group are especially preferable in view of
ease in synthesis.

[0119] The nitrogen-containing condensed ring aromatic
group having 9 to 15 carbon atoms represented by Ar
includes, for example, a quinolinyl group, an isoquinolinyl
group, a phenanthrolinyl group. a naphthyridinyl group, a
quinoxalinyl group, a phenanthrolidiny! group and an acry-
dinyl group.

[0120] More specifically, as specific examples of the nitro-
gen-containing condensed ring aromatic group having 9to 15
carbon atoms, represented by Ar®, there can be mentioned a
2-quinolinyl group, a 8-quinolinyl group, a 1-isoquinolinyl
group, a 3-isoquinolinyl group, a 4-isoquinolinyl group, a
S-isoquinolinyl group, a 6-isoquinolinyl group, a 7-isoquino-
linyl group, a 8-isoquinolinyl group, a 2-naphthyridinyl
group, a 2-quinoxalinyl group, a 6-phenanthrolidinyl group, a
9-acrydinyl group, a 2-phenanthrolinyl group, a 3-phenan-
throlinyl group, a 4-phenanthrolinyl group and a 5-phenan-
throlinyl group.

[0121] Of'the above-listed groups, an isoquinolynyl group,
a phenathrolinyl group and a quinolinyl group are preferable
in view of the performance as a material for an organic EL
device. More specifically, a 1-isoquinolinyl group, a 3-iso-
quinolinyl group, a 4-isoquinolinyl group, a 5-isoquinolinyl
group, a 6-isoquinolinyl group, a 7-isoquinolinyl group, a
8-isoquinolinyl group, a 2-phenanthrolinyl group, a
3-phenanthrolinyl group, a 4-phenanthrolinyl group and a
5-phenanthrolinyl group, a 2-quinolinyl group, a 3-quinolinyl
group, a 4-quinolinyl group, a 5-quinolinyl group, a 6-quino-
linyl group, a 7-quinolinyl group and a 8-quinolinyl group are
more preferable.

[0122] A 1-isoquinolinyl group, a 2-phenanthrolinyl group,
a S-phenanthrolinyl group and a 2-quinolinyl group are espe-
cially preferable in view of ease in synthesis.

[0123] Inthe general formula (1), Ar’ represents a nitrogen-
containing condensed ring aromatic group having 9 to 15
carbon atoms. As specific examples of the nitrogen-contain-
ing condensed ring aromatic group having 9 to 15 carbon
atoms, those which are listed above as to Ar® can be men-
tioned.

[0124] Among the specific examples of the nitrogen-con-
taining condensed ring aromatic group having 9 to 15 carbon
atoms, listed above, isoquinolinyl groups, phenanthrolinyl
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groups and quinolinyl groups are preferable in view of the
performance as a material for an organic EL device.

[0125] More specifically, a 1-isoquinolinyl group, a 3-iso-
quinolinyl group, a 4-isoquinolinyl group, a 5-isoquinolinyl
group, a 6-isoquinolinyl group, a 7-isoquinolinyl group, a
8-isoquinolinyl group, a 2-phenanthrolinyl group, a
3-phenanthrolinyl group, a 4-phenanthrolinyl group, a
5-phenanthrolinyl group, a 2-quinolinyl group, a 3-quinolinyl
group, a 4-quinolinyl group, a 5-quinolinyl group, a 6-quino-
linyl group, a 7-quinolinyl group and a 8-quinolinyl group are
more preferable.

[0126] A 1-isoquinolinyl group, a 2-phenanthrolinyl group,
a S-phenanthrolinyl group and a 2-quinolinyl group are espe-
cially preferable in view of the ease in synthesis.

[0127] In the formula (1), n represents an integer in the
range of 0 to 3. n is preferably in the range of 0 to 2, more
preferably an integer of 0 or 1.

[0128] Whenn is 0, Ar” and Ar® are preferably the same.
[0129] The invention will be described with regard to a
process for producing the cyclic azine compound.

[0130] The cyclic azine compound of the present invention
can be produced by a process including a step 1 represented
by the reaction scheme illustrated below.

(R'O,B Ar

AP—X),—Z'
&
_——
Palladium catalyst
N Z N Bagse

| (Alkali metal salt)
X | Step 1

Ar}
|

X Ar

NZ |N
)\ )\
Ar! Y ‘Ar!

M

[0131] Inthe general formulas (2), (3)and (1), Y represents
C—H or a nitrogen atom; and Ar' represents an aromatic
hydrocarbon group having 6 to 18 carbon atoms, which may
be substituted with an alkyl group having 1 to 4 carbon atoms
or a phenyl group. Ar* represents a hydrogen atom, or an
aromatic hydrocarbon group having 6 to 18 carbon atoms,
which may be substituted with a phenyl group or a pyridyl
group, or Ar® represents a nitrogen-containing condensed
ring aromatic group having 9 to 15 carbon atoms. R* repre-
sents a hydrogen atom, an alkyl group having 1 to 3 carbon
atoms or a phenyl group, provided that two R's in the
B(OR'), may be the same or different, and the two R's may
form a ring together with the two oxygen atoms and the boron
atom. Ar® represents a nitrogen-containing condensed ring
aromatic group having 9 to 15 carbon atoms; X represents a
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phenylene group; n represents an integer in the range of 0 to
3; and Z' represents a leaving group.

[0132] As specific examples of B(OR'), in the compound
represented by the general formula (2) (abbreviated to as
“compound (2)” when appropriate), there can be mentioned
B(OH),, B(OMe),, B(O(iso-Pr)),, B(OBu), and B(OPh),.
[0133] When the two R's in the formula B(OR"), form a
ring together with the boron atom bonded to the two R's via
the two oxygen atoms, the formula B(OR'), includes, for
example, the following groups (T) through (V). Of these, the
group represented by group (I1) is preferable in view of high
reaction yield.
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[0134] The leaving group represented by Z* in the com-
pound represented by the general formula (3) (abbreviated to
as “compound (3)” when appropriate) is not particularly lim-
ited, and includes, for example, a chlorine atom, a bromine
atom or a iodine atom. Ofthese, a bromine atom is preferable
in view of high reaction yield.

[0135] Compound (3) can be prepared by the methods dis-
closed in, for example, Journal of Organic Chemistry, 2007,
No. 72, 2318-2328; Org. Biomol. Chem., 2008, No. 6, 1320-
1322; or IP 2008-280330, paragraphs [0061]-[0076].

[0136] The step 1 comprises a method of reacting com-
pound (2) with compound (3) in the presence of a palladium
catalyst and a base, or in the presence of a palladium catalyst,
a base and an alkali metal salt to give the cyclic azine com-
pound according to the present invention. This reaction can be
effected with a high reaction yield of the target compound by
adopting the reaction conditions in the general Suzuki-
Miyaura reaction.
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[0137] The palladium catalyst used in the step 1 includes,
for example, palladium salts such as palladium chloride, pal-
ladium acetate, palladium trifluoroacetate and palladium
nitrate; divalent palladium complexes such as palladium
acetylacetonato, and m-allylpalladium chloride dimer; zero-
valent palladium complexes such as bis(dibenzylideneac-
etone)palladium and tris(dibenzylideneacetone)dipalladium;
and palladium complexes having a phosphine ligand such as
dichlorobis(triphenylphosphine)palladium, tetrakis(triph-
enylphosphine)palladium  and  dichloro(1,1'-bis(diphe-
nylphosphino)ferrocene)palladium. Of these, palladium
complexes having tertiary phosphine as a ligand are prefer-
able in view of high reaction yield. Especially, palladium
complexes having triphenylphosphine as a ligand are more
preferable in view of ease in availability and high reaction
yield.

[0138] The amount of the palladium catalyst used in the
step 1 may be a conventional catalytic amount and is not
particularly limited, but the molar ratio of the palladium cata-
lystto compound (2) is preferably in the range of 1:5 to 1:200
in view of high reaction yield.

[0139] Palladium complex compounds having a tertiary
phosphine as a ligand can also be synthesized in a reaction
system containing a palladium salt, a divalent palladium com-
plex or a zero-valent palladium complex and a tertiary phos-
phine or its salt added therein.

[0140] As specific examples of the tertiary phosphine used,
there can be mentioned triphenylphosphine, trimethylphos-
phine, tributylphosphine, tritert-butyl)phosphine, tricyclo-
hexylphosphine, tert-butyldiphenylphosphine, 9,9-dimethyl-
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'-bis

(diphenylphosphino) ferrocene, tri(2-furyl)phosphine, tri(o-
tolyl)phosphine,  tris(2,5-xylyl)phosphine,  (+)-2,2'-bis
(diphenylphosphino)-1,1'-binaphthyl and
2-dicyclohexylphosphino-2',4',6'-triisopropylbiphenyl.
[0141] Of these, triphenylphosphine, 1,1'-bis(diphe-
nylphosphino) ferrocene and tri(tert-butyl)phosphine are
preferable in view of easy availability. Triphenylphosphine is
most preferable in view of high reaction yield.

[0142] The molar ratio of the tertiary phosphine to the
palladium salt or the palladium complex compound is pref-
erably inthe range 0f 1:10t0 10:1, and more preferably 1:2 to
3:1 in view of high reaction yield.

[0143] Itisessential to carry out the reaction of step 1 inthe
presence of abase. The base capable of being used in the step
1 includes, for example, sodium hydroxide, potassium
hydroxide, sodium carbonate, potassium carbonate, lithium
carbonate, cesium carbonate, potassium acetate, sodium
acetate, potassium phosphate and sodium phosphate. Of
these, sodium carbonate, cesium carbonate and potassium
phosphate are preferable in view of high reaction yield.
[0144] The molar ratio of the base to the compound (2) is
not particularly limited, butis preferably in the range of 1:2 to
100:1, and more preferably 1:1 to 10:1 in view of high reac-
tion yield.

[0145] Thereaction of step 1 can also be carried out further
in the presence of an alkali metal salt. The alkali metal salt
capable of being used in the step 1 includes, for example,
lithium fluoride, lithium chloride, lithium bromide, lithium
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iodide, sodium fluoride, sodium chloride, sodium bromide,
sodium iodide, potassium fluoride, potassium chloride,
potassium bromide, potassium iodide, rubidium fluoride,
rubidium chloride, rubidium bromide, rubidium iodide,
cesium fluoride, cesium chloride, cesium bromide and
cesium iodide. Of these, lithium salts and potassium salts are
preferable in view of high reaction yield and low cost.
Lithium chloride and potassium chloride are especially pref-
erable in view of very high reaction yield.

[0146] The molar ratio of the alkali metal salt the com-
pound (2) is not particularly limited, but is preferably in the
range of 1:2 to 100:1, and more preferably 1:1 to 10:1 in view
of high reaction yield.

[0147] The molar ratio of the compound (3) to the com-
pound (2), which are used in the step 1, is not particularly
limited, but is preferably in the range of 1:1 to 5:1, and more
preferably 2:1 to 3:1 in view of high reaction yield.

[0148] The reaction in the step 1 can be effected in a reac-
tion medium. The reaction medium used in the step 1
includes, for example, water, dimethylsulfoxide, dimethyl-
formamide, tetrahydrofuran, 1,4-dioxane, toluene, benzene,
diethyl ether, ethanol, methanol and xylene. These reaction
mediums may be used either alone or in combination. Of
these, a mixed reaction medium comprised of toluene, etha-
nol and water is especially preferable in view of high reaction
yield.

[0149] The cyclic azine compound of the present invention
can be obtained by conducting the conventional treating pro-
cedure after completion of the step 1. If desired, the produced
compound is purified by, for example, recrystallization, col-
umn chromatography or sublimation.

[0150] The compound (2), used as a raw material for pro-
ducing the cyclic azine compound of the present invention in
the step 1, can be produced, for example, by a process com-
prising a step 2 comprising the reaction scheme, illustrated
below, as specifically described below in Reference
Fxamples 6 to 8.

H—B(OR"),
or

72 A (6)
(R'0),B—B(OR});

()
Palladium catalyst
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X )\ .
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[0151] In the general formulas (5), (6), (7) and (2), Y rep-
resents C—H or a nitrogen atom; and Ar* represents an aro-
matic hydrocarbon group having 6 to 18 carbon atoms, which
may be substituted with an alkyl group having 1 to 4 carbon
atoms or a phenyl group. Ar® represents a hydrogen atom, or
an aromatic hydrocarbon group having 6 to 18 carbon atoms,
which may be substituted with a phenyl group or a pyridyl
group, or Ar' represents a nitrogen-containing condensed
ring aromatic group having 9 to 15 carbon atoms. 7 repre-
sents a leaving group. R* represents a hydrogen atom. an alkyl
group having 1 to 3 carbon atoms or a phenyl group, provided
that two R's in the B(OR "), may be the same or different, and
the two R's may form a ring together with the two oxygen
atoms and the boron atom.

[0152] The leaving group represented by Z* in the com-
pound of the general formula (5) (hereinafter referred to as
“compound (5)” when appropriate) is not particularly lim-
ited, and includes, for example, a chlorine atom, a bromine
atom or a iodine atom. Of these, a bromine atom is preferable
in view of high reaction yield.

[0153] The step 2 comprises a process of reacting com-
pound (5) with a compound of the general formula (6) (abbre-
viated to “borane compound (6) when appropriate) or a com-
pound of the general formula (7) (abbreviated to as “diboron
compound (7)” when appropriate) in the presence of a palla-
dium catalyst and a base to give compound (2) used in the step
(1). This reaction can be effected with a high reaction yield of
the target compound by adopting the reaction conditions dis-
closed in, for example, The Journal of Organic Chemistry,
vol. 60, 7508-7510, 1995; or The Journal of Organic Chem-
istry, vol. 65, 164-168, 2000.

[0154] The palladium catalyst used in the step 2 includes,
for example, palladium salts, divalent palladium complexes
and zero-valent palladium complexes, and palladium com-
plexes having a phosphine as a ligand, specific examples of
which are recited above for the palladium catalyst used in the
step 1. Of these, palladium complexes having tertiary phos-
phine as a ligand are preferable in view of high reaction yield.
Especially, palladium complexes having triphenylphosphine
as a ligand are more preferable in view of ease in availability
and high reaction yield.

[0155] The amount of the palladium catalyst used in the
step 2 may be a conventional catalytic amount and is not
particularly limited, but the molar ratio of the palladium cata-
lystto compound (5) is preferably in the range of 1:50 to 1:10
in view of high reaction yield.

[0156] Palladium complex compounds having a tertiary
phosphine as a ligand can also be synthesized in a reaction
system containing a palladium salt, a divalent palladium com-
plex or a zero-valent palladium complex, and a tertiary phos-
phine added therein.

[0157] As the tertiary phosphine used, there can be men-
tioned those which are specifically recited above in the step 1.
Especially triphenylphosphine is preferable in view of ease in
avalavility and reaction yield.

[0158] The molar ratio of the tertiary phosphine to the
palladium salt or the palladium complex compound, used in
the step 2, is not particularly limited, but is preferably in the
range of 1:10 to 10:1, and more preferably 1:2 to 5:1 in view
of high reaction yield.

[0159] Itisessential to carry out the reaction of step 2 in the
presence of abase. The base capable of being used in the step
2 includes, for example, sodium hydroxide, potassium
hydroxide, sodium carbonate, potassium carbonate, lithium
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carbonate, cesium carbonate, potassium acetate, sodium
acetate, potassium phosphate, sodium phosphate, sodium
fluoride, potassium fluoride and cesium fluoride. Of these,
potassium acetate is preferable in view of high reaction yield.

[0160] The molar ratio of the borane compound (6) or the
diboron compound (7) to compound (5) is not particularly
limited, but is preferably in the range of 1:1 to 5:1, and more
preferably 2:1 to 3:1 in view of high reaction yield.

[0161] The reaction in the step 2 can be effected in a reac-
tion medium. The reaction medium used in the step 2
includes, for example, water, dimethylsulfoxide, dimethyl-
formamide, tetrahydrofuran, 1,4-dioxane, toluene, benzene,
diethyl ether, ethanol, methanol and xylene. These reaction
mediums may be used either alone or in combination. Of
these, tetrahydrofuran is especially preferable in view of high
reaction yield.

[0162] The compound (2) obtained in the step (2) can be
either isolated after completion of the reaction, or used for the
step 1 without isolation.

[0163] The cyclic azine compound of the present invention
can also be produced by a process including a step 3 repre-
sented by the following reaction scheme.

Ar'—X), BOOR')

—»
Palladium catalyst
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\
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[0164] Inthe general formulas (8), (9)and (1),Y represents
C—H or a nitrogen atom; and Ar' represents an aromatic
hydrocarbon group having 6 to 18 carbon atoms, which may
be substituted with an alkyl group having 1 to 4 carbon atoms
or a phenyl group. Ar® represents a hydrogen atom, or an
aromatic hydrocarbon group having 6 to 18 carbon atoms,
which may be substituted with a phenyl group or a pyridyl
group, or Ar® represents a nitrogen-containing condensed
ring aromatic group having 9 to 15 carbon atoms. R* repre-
sents a hydrogen atom, an alkyl group having 1 to 3 carbon
atoms or a phenyl group, provided that two R's in the B
(OR"), may be the same or different, and the two R's may
form a ring together with the two oxygen atoms and the boron
atom. Ar’ represents a nitrogen-containing condensed ring
aromatic group having 9 to 15 carbon atoms; X represents a
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phenylene group; n represents an integer in the range of 0 to
3; and Z* represents a chlorine atom or a bromine atom.
[0165] The step 3 comprises a process of reacting a com-
pound represented by the general formula (8) (abbreviated to
as “compound (8)” when appropriate) with a compound of
the general formula (9) (abbreviated to as “compound (9)”
when appropriate) in the presence of a palladium catalyst and
a base, or in the presence of a palladium catalyst, a base and
an alkali metal salt to give compound (1).

[0166] The palladium catalyst used in the step 3 includes,
for example, palladium salts, divalent palladium complexes
and zero-valent palladium complexes, and palladium com-
plexes having a phosphine as a ligand, specific examples of
which are recited above for the palladium catalyst used in the
step 1. Of these, palladium complexes having tertiary phos-
phine as a ligand are preferable in view of high reaction yield.
Especially, palladium complexes having triphenylphosphine
as a ligand are more preferable in view of ease in availability
and high reaction yield.

[0167] The amount of the palladium catalyst used in the
step 3 may be a conventional catalytic amount and is not
particularly limited, but the molar ratio of the palladium cata-
lystto compound (8) is preferably in the range of 1:50 to 1:10
in view of high reaction yield.

[0168] Palladium complex compounds having a tertiary
phosphine as a ligand can also be synthesized in a reaction
system containing a palladium salt, a divalent palladium com-
plex or a zero-valent palladium complex, and a tertiary phos-
phine added therein.

[0169] As the tertiary phosphine used, there can be men-
tioned those which are specifically recited above in the step 1.
Especially triphenylphosphine is preferable in view of ease in
avalavility and reaction yield.

[0170] The molar ratio of the tertiary phosphine to the
palladium salt or the palladium complex compound, which
are used in the step 3, is not particularly limited, but is pref-
erably in the range 0f 1:10to 10:1, and more preferably 1:2 to
5:1 in view of high reaction yield.

[0171] Itisessential to carry out the reaction of step 3 in the
presence of abase. The base capable of being used in the step
3 includes, for example, sodium hydroxide, potassium
hydroxide, sodium carbonate, potassium carbonate, lithium
carbonate, cesium carbonate, potassium acetate, sodium
acetate, potassium phosphate, sodium phosphate, sodium
fluoride, potassium fluoride and cesium fluoride. Of these,
potassium carbonate is preferable in view of high reaction
yield.

[0172] The molar ratio of the base to the compound (8) is
not particularly limited, butis preferably in the range of 1:2 to
10:1, and more preferably 1:1 to 3:1 in view of high reaction
yield.

[0173] The alkali metal salt capable of being used in the
step 3 is not particularly limited and includes, for example,
lithium fluoride, lithium chloride, lithium bromide, lithium
iodide, sodium fluoride, sodium chloride, sodium bromide,
sodium iodide, potassium fluoride, potassium chloride,
potassium bromide, potassium iodide, rubidium fluoride,
rubidium chloride, rubidium bromide, rubidium iodide,
cesium fluoride, cesium chloride, cesium bromide and
cesium iodide. Of these, lithium salts and potassium salts are
preferable in view of high reaction yield and low cost.
Lithium chloride and potassium chloride are especially pref-
erable in view of very high reaction yield.
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[0174] The molar ratio of the alkali metal salt to the com-
pound (8) is not particularly limited, but is preferably in the
range of 1:2 to 10:1, and more preferably 1:1 to 3:1in view of
high reaction yield.

[0175] The molar ratio of the compound (9) to the com-
pound (8), which are used in the step 3, is not particularly
limited, but is preferably in the range of 1:1 to 5:1, and more
preferably 1:1 to 3:1 in view of high reaction yield.

[0176] The reaction in the step 3 can be effected in a reac-
tion medium. The reaction medium used in the step 3
includes, for example, water, dimethylsulfoxide, dimethyl-
formamide, tetrahydrofuran, 1,4-dioxane, toluene, benzene,
diethyl ether, ethanol, methanol and xylene. These reaction
mediums may be used either alone or in combination. Of
these, tetrahydrofuran is especially preferable in view of high
reaction yield.

[0177] The cyclic azine compound of the present invention
can be obtained by conducting the conventional treating pro-
cedure after completion of the step 3. If desired, the produced
compound is purified by, for example, recrystallization, col-
umn chromatography or sublimation.

[0178] Among the compounds (8) used as a raw material in
the step 3 for producing the cyclic azine compound of the
present invention, those wherein Ar” is other than hydrogen,
i.e., Ar® represents an aromatic hydrocarbon group having 6
to 18 carbon atoms, which may be substituted with a phenyl
group or a pyridyl group, or Ar* represents a nitrogen-con-
taining condensed ring aromatic group having 9 to 15 carbon
atoms, can be produced by a process comprising a step 4
comprising the reaction scheme illustrated below. The group
represented by Ar* which is other than hydrogen is referred to
as Ar” when appropriate; and the target compound, produced
by the process comprising the step 4, is referred to as “com-
pound (8")” when appropriate.

71 72
APP—B(OR)),
(11)
B
Palladium catalyst
s Base
N |\I Step 4
)\ )\
Arl Y "Ar!
{10)
71 A
NZ |N
)\ )\
Arl Y A
®"
[0179] Inthe general formulas (10), (11) and (8"), Y repre-

sents C—I or a nitrogen atom; and Ar' represents an aro-
matic hydrocarbon group having 6 to 18 carbon atoms, which
may be substituted with an alkyl group having 1 to 4 carbon
atoms or a phenyl group. Ar* represents an aromatic hydro-
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carbon group having 6 to 18 carbon atoms, which may be
substituted with a phenyl group or a pyridyl group, or Ar*
represents a nitrogen-containing condensed ring aromatic
group having 9 to 15 carbon atoms. R* represents a hydrogen
atom, an alkyl group having 1 to 3 carbon atoms or a phenyl
group, provided that two R's in the B(OR'), may be the same
or different, and the two R's may form a ring together with the
two oxygen atoms and the boron atom. X represents a phe-
nylene group; n represents an integer in the range of 0 to 3;
and, Z' and Z” represent a chlorine atom or a bromine atom.

[0180] In the process comprising the step (4), a compound
represented by the general formula (10) (abbreviated to as
“compound (10)” when appropriate) is reacted with a com-
pound represented by the general formula (11) (abbreviated
to as “compound (11)” when appropriate) to give the com-
pound (8) used as a raw material in the step 3.

[0181] The palladium catalyst used in the step 4 includes,
for example, palladium salts, divalent palladium complexes
and zero-valent palladium complexes, and palladium com-
plexes having a phosphine as a ligand, specific examples of
which are recited above for the palladium catalyst used in the
step 1. Of these, palladium complexes having tertiary phos-
phine as a ligand are preferable in view of high reaction yield.
Especially, palladium complexes having triphenylphosphine
as a ligand are more preferable in view of ease in availability
and high reaction yield.

[0182] The amount of the palladium catalyst used in the
step 4 may be a conventional catalytic amount and is not
particularly limited, but the molar ratio of the palladium cata-
lyst to compound (10) is preferably in the range of 1:50 to
1:10 in view of high reaction yield.

[0183] Palladium complex compounds having a tertiary
phosphine as a ligand can also be synthesized in a reaction
system containing a palladium salt, a divalent palladium com-
plex or a zero-valent palladium complex, and a tertiary phos-
phine added therein.

[0184] As the tertiary phosphine used, there can be men-
tioned those which are specifically recited above in the step 1.
Of these, triphenylphosphine and 2-dicyclohexylphosphino-
2'4'.6'-triisopropylbiphenyl is especially preferable in view
of easy availability.

[0185] The molar ratio of the tertiary phosphine to the
palladium salt or the palladium complex compound, used in
the step 4, is not particularly limited, but is preferably in the
range of 1:10to 10:1, and more preferably 1:2 to 5:1 in view
of high reaction yield.

[0186] Itisessential to carry out the reaction of step 4 in the
presence of abase. The base capable of being used in the step
4 includes, for example, sodium hydroxide, potassium
hydroxide, sodium carbonate, potassium carbonate, lithium
carbonate, cesium carbonate, potassium acetate, sodium
acetate, potassium phosphate, sodium phosphate, sodium
fluoride, potassium fluoride and cesium fluoride. Of these,
potassium carbonate is preferable in view of high reaction
yield.

[0187] The molar ratio of the base to the compound (10) is
not particularly limited, butis preferably in the range of 1:2 to
10:1, and more preferably 1:1 to 3:1 in view of high reaction
vield.

[0188] The molar ratio of a compound represented by the
formula (11) (abbreviated to as “compound (11)” when
appropriate) to the compound (8), which are used in the step
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4, is not particularly limited, but is preferably in the range of
1:1 to 5:1, and more preferably 1:1 to 3:1 in view of high
reaction yield.

[0189] The reaction in the step 4 can be effected in a reac-
tion medium. The reaction medium used in the step 4
includes, for example, water, dimethylsulfoxide, dimethyl-
formamide, tetrahydrofuran, 1,4-dioxane, toluene, benzene,
diethyl ether, ethanol, methanol and xylene. These reaction
mediums may be used either alone or in combination. Of
these, toluene and ethanol are especially preferable in view of
high reaction yield.

[0190] The compound (8') obtained in the step 4 can be
either isolated, or, used in the step 3 without isolation.
[0191] The cyclic azine compound of the present invention
can also be produced by a process including a step 5 repre-
sented by the reaction scheme illustrated below.

Ar3
| 1
X zZ
Arf—B(OR),
13)

Palladium catalyst

Va Base
N N (Alkali metal salt)
)\ J\ Step 5
Arl Y Ar!
(12)
Ar3
Xy A

NZ |N
)\ )\
Ar! Y "Ar!
19

[0192] Inthe general formulas (12), (13) and (1), Y repre-
sents C—H or a nitrogen atom; and Ar' represents an aro-
matic hydrocarbon group having 6 to 18 carbon atoms, which
may be substituted with an alkyl group having 1 to 4 carbon
atoms or a phenyl group. Ar® represents a hydrogen atom, or
an aromatic hydrocarbon group having 6 to 18 carbon atoms,
which may be substituted with a phenyl group or a pyridyl
group, or Ar’ represents a nitrogen-containing condensed
ring aromatic group having 9 to 15 carbon atoms. R* repre-
sents a hydrogen atom, an alkyl group having 1 to 3 carbon
atoms or a phenyl group, provided that two R's in the B
(OR"), may be the same or different, and the two R's may
form a ring together with the two oxygen atoms and the boron
atom. Ar’ represents a nitrogen-containing condensed ring
aromatic group having 9 to 15 carbon atoms; X represents a
phenylene group; n represents an integer in the range of 0 to
3; and 7' represents a chlorine atom or a bromine atom.

[0193] The step S5 comprises a process of reacting a com-
pound represented by the general formula (12) (abbreviated
to as “compound (12)” when appropriate) with a compound
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of the general formula (13) (abbreviated to as “compound
(13)” when appropriate) in the presence of a palladium cata-
lyst and a base, or in the presence of a palladium catalyst, a
base and an alkali metal salt to give the compound (1).
[0194] The palladium catalyst used in the step 5 includes,
for example, palladium salts, divalent palladium complexes
and zero-valent palladium complexes, and palladium com-
plexes having a phosphine as a ligand, specific examples of
which are recited above for the palladium catalyst used in the
step 1. Of these, palladium complexes having tertiary phos-
phine as a ligand are preferable in view of high reaction yield.
Especially, palladium complexes having triphenylphosphine
as a ligand are more preferable in view of ease in availability
and high reaction yield.

[0195] The amount of the palladium catalyst used in the
step 5 may be a conventional catalytic amount and is not
particularly limited, but the molar ratio of the palladium cata-
lyst to compound (12) is preferably in the range of 1:50 to
1:10 in view of high reaction yield.

[0196] Palladium complex compounds having a tertiary
phosphine as a ligand can also be synthesized in a reaction
system containing a palladium salt, a divalent palladium com-
plex or a zero-valent palladium complex, and a tertiary phos-
phine added therein.

[0197] As the tertiary phosphine used, there can be men-
tioned those which are specifically recited above in the step 1.
Of these, triphenylphosphine and 2-dicyclohexylphosphino-
2'.4',6'-triisopropylbiphenyl are especially preferable in view
of easy availability.

[0198] The molar ratio of the tertiary phosphine to the
palladium salt or the palladium complex compound, used in
the step 5, is not particularly limited, but is preferably in the
range of 1:10 to 10:1, and more preferably 1:2 to 5:1 in view
of high reaction yield.

[0199] The alkali metal salt capable of being used in the
step 5 is not particularly limited and includes, for example,
lithium fluoride, lithium chloride, lithium bromide, lithium
iodide, sodium fluoride, sodium chloride, sodium bromide,
sodium iodide, potassium fluoride, potassium chloride,
potassium bromide, potassium iodide, rubidium fluoride,
rubidium chloride, rubidium bromide, rubidium iodide,
cesium fluoride, cesium chloride, cesium bromide and
cesium iodide. Of these, lithium chloride and potassium chlo-
ride are preferable in view of high reaction yield.

[0200] The molar ratio of the alkali metal salt to the com-
pound (12) is not particularly limited, but is preferably in the
range of 1:2 to 10:1, and more preferably 1:1t0 3:1in view of
high reaction yield.

[0201] Itisessential to carry out the reaction of step 5 in the
presence of abase. The base capable of being used in the step
5 includes, for example, sodium hydroxide, potassium
hydroxide, sodium carbonate, potassium carbonate, lithium
carbonate, cesium carbonate, potassium acetate, sodium
acetate, potassium phosphate, sodium phosphate, sodium
fluoride, potassium fluoride and cesium fluoride. Of these,
potassium carbonate is preferable in view of high reaction
yield.

[0202] The molar ratio of the base to the compound (12) is
not particularly limited, butis preferably in the range of 1:2 to
10:1, and more preferably 1:1 to 3:1 in view of high reaction
yield.

[0203] The molar ratio of the compound (13) to the com-
pound (12) used in the step S is not particularly limited, but is
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preferably in the range of 1:1 to 5:1, and more preferably 1:1
to 3:1 in view of high reaction yield.

[0204] The reaction in the step 5 can be effected in a reac-
tion medium. The reaction medium used in the step 5
includes, for example, water, dimethylsulfoxide, dimethyl-
formamide, tetrahydrofuran, 1,4-dioxane, toluene, benzene,
diethyl ether, ethanol, methanol and xylene. These reaction
mediums may be used either alone or in combination. Of
these, tetrahydrofuran is especially preferable in view of high
reaction yield.

[0205] The cyclic azine compound of the present invention
can be obtained by conducting the conventional treating pro-
cedure after completion of the step 5. If desired, the produced
compound is purified by, for example, recrystallization, col-
umn chromatography or sublimation.

[0206] The compound (12), used as a raw material for pro-
ducing the cyclic azine compound of the present invention in
the step 5, can be produced by a process comprising a step 6
comprising the reaction scheme, illustrated below.

A 72
Ar'—(X), BOORY),
9
NN S
)\ J\ Palladium catalyst
Base
Ar! \Y Ar! Step 6
(10)
AI3
| 1
(X))’I Z
NZ |N
)\ /k
Arl Y "Ar!
(12)
[0207] In the general formulas (10), (9) and (12),Y repre-

sents C—H or a nitrogen atom; and Ar' represents an aro-
matic hydrocarbon group having 6 to 18 carbon atoms, which
may be substituted with an alkyl group having 1 to 4 carbon
atoms or a phenyl group. Ar® represents a hydrogen atom, or
an aromatic hydrocarbon group having 6 to 18 carbon atoms,
which may be substituted with a phenyl group or a pyridyl
group, or Ar® represents a nitrogen-containing condensed
ring aromatic group having 9 to 15 carbon atoms. R* repre-
sents a hydrogen atom, an alkyl group having 1 to 3 carbon
atoms or a phenyl group, provided that two R's in the
B(OR'), may be the same or different, and the two R's may
form a ring together with the two oxygen atoms and the boron
atom. Ar’ represents a nitrogen-containing condensed ring
aromatic group having 9 to 15 carbon atoms; X represents a
phenylene group; n represents an integer in the range of 0 to
3; and 7' represents a chlorine atom or a bromine atom.
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[0208] The step 6 comprises a process of reacting the com-
pound (10) with the compound (9) in the presence of a palla-
dium catalyst and a base to give the compound (12)used in the
step (5).

[0209] The palladium catalyst used in the step 6 includes,
for example, palladium salts, divalent palladium complexes
and zero-valent palladium complexes, and palladium com-
plexes having a phosphine as a ligand, specific examples of
which are recited above for the palladium catalyst used in the
step 1. Of these, palladium complexes having tertiary phos-
phine as a ligand are preferable in view of high reaction yield.
Especially, palladium complexes having triphenylphosphine
as a ligand are more preferable in view of ease in availability
and high reaction yield.

[0210] The amount of the palladium catalyst used in the
step 6 may be a conventional catalytic amount and is not
particularly limited, but the molar ratio of the palladium cata-
lyst to compound (10) is preferably in the range of 1:50 to
1:10 in view of high reaction yield.

[0211] Palladium complex compounds having a tertiary
phosphine as a ligand can also be synthesized in a reaction
system containing a palladium salt, a divalent palladium com-
plex or a zero-valent palladium complex, and a tertiary phos-
phine added therein.

[0212] As the tertiary phosphine used, there can be men-
tioned those which are specifically recited above in the step 1.
Of these, triphenylphosphine and 2-dicyclohexylphosphino-
2'.4',6'-triisopropylbiphenyl are especially preferable in view
of easy availability.

[0213] The molar ratio of the tertiary phosphine to the
palladium salt or the palladium complex compound, used in
the step 6, is not particularly limited, but is preferably in the
range of 1:10 to 10:1, and more preferably 1:2 to 5:1 in view
of high reaction yield.

[0214] Itisessential to carry out the reaction of step 6 inthe
presence of abase. The base capable of being used in the step
6 includes, for example, sodium hydroxide, potassium
hydroxide, sodium carbonate, potassium carbonate, lithium
carbonate, cesium carbonate, potassium acetate, sodium
acetate, potassium phosphate, sodium phosphate, sodium
fluoride, potassium fluoride and cesium fluoride. Of these,
potassium carbonate is preferable in view of high reaction
vield.

[0215] The molar ratio of the base to the compound (12) is
not particularly limited, butis preferably in the range of 1:2 to
10:1, and more preferably 1:1 to 3:1 in view of high reaction
yield.

[0216] The molar ratio of the compound (10) to the com-
pound (9) used in the step 6 is not particularly limited, but is
preferably in the range of 1:1 to 5:1, and more preferably 1:1
to 3:1 in view of high reaction yield.

[0217] The reaction in the step 6 can be effected in a reac-
tion medium. The reaction medium used in the step 6
includes, for example, water, dimethylsulfoxide, dimethyl-
formamide, tetrahydrofuran, 1,4-dioxane, toluene, benzene,
diethyl ether, ethanol, methanol and xylene. These reaction
mediums may be used either alone or in combination. Of
these, tetrahydrofuran is especially preferable in view of high
reaction yield.

[0218] The compound (12) obtained in the step 6 can be
either isolated, or used in the step 5 without isolation.
[0219] The process for producing a thin film of the cyclic
azine compound of formula (1) according to the present
invention for an organic EL device is not particularly limited.
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For example, vacuum deposition can be adopted for the for-
mation of the thin film. The vacuum deposition can be con-
ducted using a conventional vacuum deposition apparatus.
However, in consideration of the tact time and cost for the
production of the organic EL device, the degree of vacuum at
the vacuum deposition is set preferably in the range of
approximately 1x1072 Pa to 1x10™> Pa, which can be
achieved, for example, by the conventionally used diffusion
pump, turbo-molecular pump or cryopump. The rate of
vacuum deposition varies depending upon the thickness of
thin film, but the deposition rate is preferably in the range of
0.005 nmy/sec to 1.0 nm/sec.

[0220] The thin film of the cyclic azine compound of the
invention can also be formed from a solution thereof by, for
example, spin coating, ink jetting, casting or dipping using
the conventional apparatus.

EXAMPLES
[0221] The invention will now be described more specifi-

cally by the following examples and test examples, but the
scope of the invention is by no means limited thereto.

Reference Example 1

[0222]
Br
SbCls
cocr + 2 —_—
Br NC
Br Br
;E ®
N7 0 SbCl,  NH,OH
©)\ Z
N
Br. Br
N \N
Z
N
[0223] 5.97 g of 3,5-dibromobenzoic acid chloride and

4.12 gofbenzonitrile were dissolved in 50 mL of chloroform.
The obtained solution was cooled to 0° C., and then 5.98 g of
antimony pentachloride was dropwise added therein. The
mixture was stirred at room temperature for 10 minutes, and
then heated under reflux for 22 hours. The reaction mixture
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was cooled to room temperature, and then distilled under a
reduced pressure thereby removing chloroform to give a yel-
low solid.

[0224] The yellow solid was incorporated in 300 mL of
aqueous 28% ammonia, previously cooled to 0° C., to give a
white solid. The white solid-containing dispersion was stirred
at room temperature for one hour, and then filtered to collect
the white solid. The white solid was washed with water and
then with methanol. The thus-obtained white solid was puri-
fied by silica gel column chromatography to give 6.32 g of
2-(3,5-dibromophenyl)-4,6-diphenyl-1,3,5-triazine  as a
white solid (yield, 68%).

[0225] 'H-NMR (CDCl,):87.56-7.61 (m, 4H), 7.61-7.67
(m, 2H), 7.90 (1, J=1.8 Hz, 1H), 8.72-8.78 (m, 4H), 8.82 (d,
J=1.8 Hz, 2H).

[0226] "“C-NMR (CDCL,):8123.4, 128.8, 129.1, 130.6,
133.0, 135.7, 137.6, 139.8, 169.3, 172.0.

Reference Example 2

[0227]
Br Me
SbCls
cocl + 2 _—
Br

Jﬁ\
Me

T
Jonact

[0228] In a stream of argon, a 500 mL three-necked flask
equipped with a reflux tube and a mechanical stirrer was
charged with 29.8 g of 3,5-dibromobenzoic acid chloride and
23.4 g of p-tolylnitrile. 200 mL of chlorobenzene was added
to the content. The thus-obtained solution was cooledto 0°C.,
and 29.9 g of antimony pentachloride was dropwise added
therein. The mixture was stirred at room temperature for one
hour, and then heated at 100° C. under reflux for 2 hours. The
thus-obtained dark red suspension was cooled to -20° C., and
135 mL of aqueous 28% ammonia was added thereto. The
thus-obtained white milky suspension was stirred at room
temperature for 30 minutes, and then, gradually heated on an

NILOH
—_—
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oil bath to 140° C. A solvent was removed by distillation. 100
mL of chlorobenzene was added, and the obtained suspension
of the reaction mixture was heated to 130° C. and filtered to
remove insoluble materials. The filtrate was left to be thereby
cooled, and 100 mL of methanol was added thereto. The
thus-deposited solid was collected by filtration, and washed
twice with each 30 mL of methanol and then dried to give 21.2
g of target 2-(3,5-dibromophenyl)-4,6-di(p-tolyl)-1,3,5-tri-
azine as a white powder (yield, 430). High performance liquid
chromatography (HPLC) of the white powder revealed that
the content of 2-(3,5-dibromophenyl)-4,6-di(p-tolyl)-1,3,5-
triazine was 95.2%.

[0229] The insoluble materials removed by filtration of the
heated suspension in chlorobenzene of the reaction mixture
were treated by using chlorobenzene (100 mILx2) in the same
manner as mentioned above. Thus, 12.9 g of 2-(3,5-dibro-
mophenyl)-4,6-di(p-tolyl)-1,3,5-triazine was obtained as a
white powder (yield, 26%). HPLC of the white powder
revealed that the content of 2-(3,5-dibromophenyl)-4,6-di(p-
tolyl)-1,3,5-triazine was 98.50.

[0230] ‘H-NMR (CDCI,):82.51 (s, 6H), 7.39 (d, J=8.1 Hz,
4H), 7.90 (t, I=1.7 Hz, 1H), 8.63 (d, 1=8.1 Hz, 4H), 8.80 (d.
J=1.7 Hz, 2H).

[0231] *C-NMR (CDCl,):922.5 (CH3x2), 123.3 (quart.x
2), 129.1 (CHx4), 129.5 (CHx4), 130.6 (CHx2), 133.1

(quart.x2), 137.4 (CH), 140.0 (quart.), 143.6 (quart.x2),
169.0 (quart.), 171.8 (quart.x2).

Reference Example 3

[0232]
Br
SbCls

coclt + 2 —_—
Br NC

Br Br

@ o
o SbClg NH,OH

0y
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-continued
Br Br

[0233] 2.98 g of 3,5-dibromobenzoic acid chloride and
3.18 g of 4-tert-butylbenzonitrile were dissolved in 30 mL of
chloroform. The obtained solution was cooled to 0° C., and
then 2.99 g of antimony pentachloride was dropwise added
therein. The mixture was stirred at room temperature for 10
minutes, and then heated under reflux for 17 hours. The
reaction mixture was cooled to room temperature, and then
distilled under a reduced pressure to remove chloroform.

[0234] Thethus-obtained solid was incorporated in 200 mL
of aqueous 28% ammonia at 0° C. to give a white solid. The
white solid-containing dispersion was stirred at room tem-
perature for one hour, and then filtered to collect the white
solid. The white solid was washed with water and then with
methanol. The thus-obtained white solid was purified by
silica gel column chromatography to give 4.46 g of 2,4-bis
(4-tert-butylphenyl)-6-(3,5-dibromophenyl)-1,3,5-triazine
as a white solid (yield, 77%).

[0235] 'H-NMR (CDCl,):31.41 (s, 18H), 7.61 (d, J=8.5
Hz, 4H), 7.88 (t, 1=1.8 Hz, 1H), 8.65 (d, 1=8.5 Hz, 4H), 8.80
(d, I=1.8 Hz, 2H).

[0236] C-NMR (CDCl,):831.2, 35.1, 123.3, 125.7, 128.
9, 130.5, 133.1, 137.4, 140.0, 156.5, 169.0, 171.8.

Reference Example 4

[0237]
Br
cocl + 3bCls
Br
Br.

N O o NH,OH
‘ I‘i O gher —_—

SR
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-continued
Br Br

[0238] 4.10 g of 3,5-dibromobenzoic acid chloride and
5.00 g of 3-biphenylcarbonitrile were dissolved in 100 mL of
chloroform in a stream of argon. The thus-obtained solution
was cooled to 0° C., and then 4.20 g of antimony pentachlo-
ride was dropwise added therein. The mixture was stirred at
room temperature for one hour, and then heated under reflux
for 12 hours. The reaction mixture was cooled to room tem-
perature, and then distilled under a reduced pressure thereby
removing low-boiling point ingredients to give a red solid.

[0239] The thus-obtained red solid was pulverized in a
stream of argon and the resultant powder was incorporated in
200 mL of aqueous 28% ammonia, previously cooled to 0° C.
The thus-obtained suspension was stirred at room tempera-
ture for one hour, and then filtered to collect a solid. The solid
was washed with water and then with methanol. The thus-
washed solid was dried and then extracted by a Soxhlet’s
extractor using chloroform as extraction solvent. The liquid
extract was left to stand to room temperature, and then filtered
to collect a solid. The solid was dried to give 2.80 g of
2,4-di(3-biphenylyl)-6-(3,5-dibromophenyl)-1,3,5-triazine
as a white powder (yield, 33%).

[0240] 'H-NMR (CDCl,):07.46 (brt, I=7.4 Hz, 2H), 7.52-
7.58 (m, 4H), 7.67 (dd, J=7.8 Hz, 7.7 Hz, 2H), 7.76 (brd.
J=7.7Hz, 4H), 7.86 (d, 1=7.7 Hz, 2H),7.90 (brd, 1H), 8.72 (d.
J=7.8 Hz, 2H), 8.81 (d. J=1.8 Hz, 2H), 8.95 (s, 21).

[0241] C-NMR (CDCL,):5123.4, 127.4, 127.7, 1273,
128.1,130.7,131.7, 136.2, 137.7,139.7, 140.7, 141.9, 169 4,
172.0.

Reference Example 5

[0242]

SbCls
cocl + 2 2,

Br NC
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-continued
Br.
N \O® SbC166
‘/./L /)“
N
00 =

Br.

[0243] 1.9 g of 3-bromobenzoic acid chloride and 3.10 g of
4-biphenylcarbonitrile were dissolved in 50 mL of chlo-
robenzene in a stream of argon. The thus-obtained solution
was cooled to 0° C., and then 2.59 g of antimony pentachlo-
ride was dropwise added therein. The mixture was stirred at
room temperature for one hour, and then heated at 100° C. for
2 hours. The reaction mixture was left to be cooled to room
temperature, and further to =20° C. Aqueous 28% ammonia
was added therein to give a white precipitate. The white
precipitate-containing suspension was stirred overnight at
room temperature. The thus-deposited solid was collected by
filtration and washed with methanol. The thus-washed solid
was dried and then extracted by a Soxhlet’s extractor using
chloroform as extraction solvent to give 2.00 g of 2,4-di(4-
biphenylyl)-6-(3-bromophenyl)-1,3,5-triazine as a white
powder (yield, 43%).

[0244] 'H-NMR (CDCL,):87.42 (t, J=7.4 Hz, 2H), 7.47 (1,
J=1.9Hz, 1H),7.51 (t,]=7.2 Hz, 4H), 7.72 (d, J=7.0 Hz, 4H),
7.75(d,J=7.9Hz, 1H), 7.82 (d, J=8.5Hz, 4H), 8.74 (d, J=7.9
Hz, 1H), 8.85 (d, J=8.5 Hz, 4H), 8.93 (t, J=1.8 Hz, 1H).

Reference Example 6

[0245]
Br Br

(0] O
A /
NN AT
| (6] (6]

y

N

cat. [Pd], KOAc
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16
_continued [0246] In a stream of argon, 195 mg of 2,4-bis(4-tert-bu-
tylphenyl)-6-(3,5-dibromophenyl)-1,3,5-triazine, 188 mg of
bispinacolatodiboron, 159 mg of potassium acetate and 9.5
mg of bis(triphenylphosphine) palladium dichloride were
0 0 suspended in 10 mL of tetrahydrofuran, and the mixture was
B Bee heated under reflux for 38 hours. The reaction mixture was

left to be cooled to room temperature, and then distilled under
a reduced pressure to remove low-boiling point ingredients.
The thus-obtained crude product was purified by silica gel
column chromatography using chloroform as a developing
solvent, and then washed with hexane to give 170 mg of target

NN
2-[3,5-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phe-
N/ nyl]-4,6-bis(4-tert-butylphenyl)-1,3,5-triazine as a yellow
solid (yield, 75%).
[0247] 'H-NMR (CDCL,):51.43 (s, 18H), 1.44 (s, 24H),
7.64 (d, I=8.6 Hz, 4H), 8.52 (t, ]=1.2 Hz, 1H), 8.74 (d, ]=8.6
Hz, 4H). 9.23 (d, I=1.2 Hz, 2H).

Reference Example 7

L R4

7%0 )gi
o/B B\o
Z

[0248]

Br, Br

o
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[0249] 1Inastream ofargon, 10.0 g of 2,4-di(3-biphenylyl)-
6-(3,5-dibromophenyl)-1,3,5-triazine, 9.02 g of bispinacola-
todiboron, 7.00 g of potassium acetate and 453 mg of bis
(triphenylphosphine)palladium dichloride were suspended in
226 mL of tetrahydrofuran, and the mixture was heated under
reflux for 18 hours. The reaction mixture was left to be cooled
to room temperature, and then distilled under a reduced pres-
sure to remove low-boiling point ingredients. Water was
added to the thus-obtained residue, and a deposited solid was
collected by filtration. Then the collected solid was dried
under a reduced pressure and purified by silica gel column
chromatography using chloroform as a developing solvent to
give 10.6 g of target 2,4-di(3-biphenylyl)-6-[3,5-bis(4.4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl]-1,3,5-triazine
as a white powder (yield, 92%).

[0250] 'H-NMR (CDCl,):81.41 (s,24H), 7.42 (1, J=7.4 Hz,
2H), 7.52 (t, I=7.6 Hz, 4H), 7.68 (1, J=7.8 Hz, 2H), 7.80 (d,
J=1.0Hz, 4H), 7.87 (d, J=8.4 Hz, 2H). 8.52 (t,J=1.2 Hz, 1H),
8.81 (d, J=7.9 Hz, 2H), 9.09 (t, J=1.6 Hz, 2H), 9.29 (d, J=1.3
Hz, 2H).

Reference Example 8
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[0252] Inastream ofargon, 2.16 g of 2,4-di(4-biphenylyl)-
6-(3-bromophenyl)-1,3,5-triazine, 1.12 g of bispinacolatodi-
boron, 864 mg of potassium acetate and 70 mg of bis(triph-
enylphosphine)palladium dichloride were suspended in 56
mL of tetrahydrofuran, and the mixture was heated under
reflux for 18 hours. The reaction mixture was left to be cooled
to room temperature, and then distilled under a reduced pres-
sure to remove low-boiling point ingredients. A water/metha-
nol (50/50) mixed solvent was added to the thus-obtained
residue, and a deposited solid was collected by filtration.
Then the collected solid was dried under a reduced pressure
and purified by silica gel column chromatography using hex-
ane/chloroform (1/3) as a developing solvent to give 1.85 gof
target 2,4-di(4-biphenylyl)-6-[3-(4,4,5.5-tetramethyl-1,3,2-
dioxaborolan-2-yl)phenyl]-1,3,5-triazine as a milky white
powder (yield, 79%).

[0253] ‘H-NMR (CDCL,):31.43 (s, 12H), 7.42 (1, J=7.3 Hz,
2H), 7.51 (t, I=7.5 Hz, 4H), 7.61 (t, ]=7.6 Hz, 1H), 7.73 (d,
J=7.0Hz, 4H), 7.83 (d, ]=8.5 Hz, 4H),8.07 (d, ]=7.3 Hz, 1H),

[0251] 8.89 (d, I=8.5 Hz, 4H). 8.90 (d, ]=6.0 Hz, 1H), 9.17 (s, 1H).
Br
0 0
\B—B
N7 XY /
| 0] 0
“/L /L‘\‘
O N O cat. [Pd], KOAc
0
O/B
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Example 1

[0254]

o
I
o8

[0255] In a stream of argon, 4.26 g of 2-chloro-1,10-
phenanthroline, 4.67 g 2-[3,5-bis(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)phenyl]-4,6-diphenyl-1,3,5-triazine, 1.06
g of lithium chloride and 767 mg of tetrakis(triphenylphos-
phine) palladium were suspended in a toluene (200 mL)/
ethanol (50 mL) mixed solvent. 33.2 mL of a 2.0 M aqueous
sodium carbonate solution was added in the suspension, and
the mixture was stirred at 100° C. for 94 hours. Then the
reaction mixture was left to be cooled to room temperature
and distilled under a reduced pressure to remove low-boiling
point ingredients. The obtained residue was purified by alu-
mina column chromatography using a hexane/chloroform
(1:2 to 0:1) mixed solvent as a developing solvent, and then
recrystallized from a dichloromethane/methanol mixed sol-
vent to give 4.76 g of target 2-[3,5-bis(1,10-phenanthrolin-2-
yl) phenyl]-4,6-diphenyl-1,3,5-triazine as a white powder
(vield, 86%).

[0256] 'H-NMR (CDCL,):07.64-7.66 (m, 6H), 7.69 (dd,
J=4.3,8.0 Hz, 2H), 7.85 (d, J=8.8 Hz, 2H), 7.91 (d, J=8.8 Iz,
2H), 8.31 (dd, J=1.7,8.0 Hz, 2H), 8.48 (d, J=8.4 Hz, 2H), 8.53
(d, J=8.4 Hz, 2H), 8.93-8.95 (m, 4H), 9.29 (dd, J=1.7, 43 Hz,
2H), 9.64 (t, I=1.7 Hz, 1H), 9.83 (d, I=1.7 Hz, 1H)
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Example 2
[0257]

O/B

cat. [Pd], Base

[0258] 1In a stream of argon, 1.42 g of 4-bromo-1,10-
phenanthroline, 1.29 g 2-[3,5-bis(4,4,5.5-tetramethyl-1,3,2-
dioxaborolan-2-yl)phenyl]-4,6-dipheny!-1,3,5-triazine, 515
mg of lithium chloride and 266 mg of tetrakis(triphenylphos-
phine)palladium were suspended in a toluene (52 mL)/etha-
nol (13 mL) mixed solvent. 9.2 mL of a 2.0 M aqueous
sodium carbonate solution was added in the suspension, and
the mixture was stitred at 100° C. for 94 hours. Then the
reaction mixture was left to be cooled to room temperature
and distilled under a reduced pressure to remove low-boiling
point ingredients. The obtained crude product was purified by
alumina column chromatography using a hexane/chloroform
(1:1to 0:1) mixed solvent as a developing solvent to give 955
mg oftarget 2-[3,5-bis(1,10-phenanthrolin-4-yl)phenyl]-4,6-
diphenyl-1,3,5-triazine as a white powder (yield, 62%).
[0259] 'H-NMR (CDCl,):87.52-7.63 (m, 6H). 7.70 (dd,
J=4.4,8.0Hz, 2H), 7.83 (d, J=4.5 Hz, 1H), 7.85 (d, J=9.2 Hz,
1H), 7.97 (t, J=1.7 Hz, 1H), 8.09 (d, J=1.7 Hz, 1H), 8.29 (dd,
J=8.1,1.7Hz,2H), 8.75-8.77 (m, 4H), 9.11 (d, I=1.7 Hz, 2H),
9.27 (dd, I=4.4, 1.8 Hz, 2H), 9.35 (d, J=4.5 Hz, 2H).

Example 3

[0260] In a stream of argon, 110 mg of 4-bromo-1,10-
phenanthroline, 100 mg of 2-[3,5-bis(4,4,5,5-tetramethyl-1,
3,2-dioxaborolan-2-yl)phenyl]-4,6-diphenyl-1,3,5-triazine,

75.5 mg of sodium carbonate and 16.4 mg of tetrakis(triph-
enylphosphine) palladium were suspended in a toluene (5
mL)/ethanol (1 mL)/water (0.35 mL) mixed solvent. The
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mixture was stirred at 100° C. for 20 hours. Then the reaction
mixture was left to be cooled to room temperature and dis-
tilled under a reduced pressure to remove low-boiling point
ingredients. Water was added to the thus-obtained residue.
The thus-deposited solid was collected by filtration, and
washed with methanol to give a crude product containing
target 2-[3,5-bis(1,10-phenanthrolin-4-yl)phenyl]-4,6-
diphenyl-1,3,5-triazine. The yield of the target compound
estimated by 'HNMR was 38%.

Example 4

[0261] The procedures described in Example 3 were
repeated to obtain a crude product containing target 2-[3,5-
bis(1,10-phenanthrolin-4-yl) phenyl]-4,6-diphenyl-1,3,5-tri-
azine, wherein 98.4 mg of potassium carbonate was used
instead of 75.5 mg of sodium carbonate with all other proce-
dures remaining the same. The yield of the target compound
estimated by 'HNMR was 33%.

Exaniple 5

[0262] The procedures described in Example 3 were
repeated to obtain a crude product containing target 2-[3,5-
bis(1,10-phenanthrolin-4-yl)phenyl]-4,6-diphenyl-1,3,5-tri-
azine, wherein 52.6 mg of lithium carbonate was used instead
of 75.5 mg of sodium carbonate with all other procedures
remaining the same. The yield of the target compound esti-
mated by 'HNMR was 13%.

Example 6

[0263] The procedures described in Example 3 were
repeated to obtain a crude product containing target 2-[3,5-
bis(1,10-phenanthrolin-4-yl)phenyl]-4,6-diphenyl-1,3,5-tri-
azine, wherein 232 mg of cesium carbonate was used instead
of 75.5 mg of sodium carbonate with all other procedures
remaining the same. The yield of the target compound esti-
mated by 'HNMR was 50%.

Example 7

[0264] The procedures described in Example 3 were
repeated to obtain a crude product containing target 2-[3,5-
bis(1,10-phenanthrolin-4-yl)phenyl]-4,6-diphenyl-1,3,5-tri-
azine, wherein 41.4 mg of potassium fluoride was used
instead of 75.5 mg of sodium carbonate, and the reaction time
was changed to 44 hours instead of 20 hours. All other pro-
cedures remained the same. The yield of the target compound
estimated by 'HNMR was 21%.

Exaniple 8

[0265] The procedures described in Example 3 were
repeated to give 64 mg of target 2-[3,5-bis(1,10-phenanthro-
lin-4-yl)phenyl]-4,6-diphenyl-1,3,5-triazine as a white pow-
der, wherein 151 mg of tripotassium phosphate was used
instead of 75.5 mg of sodium carbonate, and the reaction time
was changed to 44 hours instead of 20 hours. All other pro-
cedures remained the same. The yield was 54%.

Example 9

[0266] In a stream of argon, 110 mg of 4-bromo-1,10-
phenanthroline, 100 mg of 2-[3,5-bis(4,4,5,5-tetramethyl-1,
3,2-dioxaborolan-2-yl)phenyl]-4,6-diphenyl-1,3,5-triazine,

3.2 mg of palladium acetate, 8.3 mg of tri(tert-butyl)phos-
phine tetrafluoroborate and 151 mg oftripotassium phosphate
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were suspended in a toluene (5 mL)/ethanol (1 mL)/water
(0.35 mL) mixed solvent. The mixture was stirred at 100° C.
for 46 hours. Then the reaction mixture was left to be cooled
to room temperature and distilled under a reduced pressure to
remove low-boiling point ingredients. Water was added to the
thus-obtained residue. The thus-deposited solid was collected
by filtration, and washed with methanol to give a crude prod-
uct containing target 2-[3,5-bis(1,10-phenanthrolin-4-yl)
phenyl]-4,6-diphenyl-1,3,5-triazine. The vield of the target
compound estimated by "HNMR was 13%.

Example 10

[0267] The procedures described in Example 9 were
repeated to obtain a crude product containing target 2-[3,5-
bis(1,10-phenanthrolin-4-y1) phenyl]-4,6-diphenyl-1,3,5-tri-
azine, wherein 232 mg of cesium carbonate was used instead
of 151 mg of tripotassium phosphate with all other proce-
dures remaining the same. The yield of the target compound
estimated by 'HNMR was 9%.

Example 11

[0268] The procedures described in Example 9 were
repeated to obtain a crude product containing target 2-[3,5-
bis(1,10-phenanthrolin-4-y1) phenyl]-4,6-diphenyl-1,3,5-tri-
azine, wherein 7.9 mg of 1,1'-bis(diphenylphosphino)fer-
rocene was used instead of 8.3 mg of tri(tert-butyl)phosphine
tetrafluoroborate with all other procedures remaining the
same. The yield ofthe target compound estimated by 'HNMR
was 17%.

Example 12

[0269]




US 2014/0330013 A1

[0270] 1In a stream of argon, 400 mg of 2-[3,5-bis(4.,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl]-4,6-di(4-tert-
butyl)phenyl-1,3,5-triazine, 363 mg of 2-chloro-1,10-
phenanthroline and 63 mg of tetrakis(triphenylphosphine)
palladium were suspended in 15 mL of toluene. 7.5 mL of a
2.0 M aqueous sodium carbonate solution was added in the
obtained suspension, and the mixture was stirred under reflux
for 22.5 hours. Then the reaction mixture was left to be cooled
to room temperature, and the thus-deposited solid was col-
lected by filtration, and washed with water and then with
methanol. The thus-obtained crude product was purified by
silica gel column chromatography using a methanol/chloro-
form (1:100 to 1:50) mixed solvent as a developing solvent to
give 359 mg of target 2-[3,5-bis(1,10-phenanthrolin-2-y1)
phenyl]-4,6-di(4-tert-butylphenyl)-1,3,5-triazine as a white
solid (yield, 76%).

[0271] 'H-NMR (CDCL,):52.44 (s, 6H), 7.35 (d, J=8.0 Hz,
4H), 7.62 (dd, J=8.0,4.1 Hz, 2H), 7.78 (d, I=8.8 Hz, 2H), 7.84
(d,1=8.8 Hz, 2H), 8.24 (dd, I=8.0, 1.7 Hz, 2H), 8.40 (d, J=8.3
Hz, 2H), 8.45 (d, I=8.3 Hz, 2H), 8.74 (d. J=8.0 Hz, 4H), 9.22
(dd, J=4.1,1.6 Hz, 2H), 9.57 (1, J=1.7 Hz, 1H), 9.73 (d, J=1.7
Hz, 2H).

Example 13

[0272]

72( ! ('))év
O’B B\O

[0273] In a stream of argon, 168 mg of 2-[3,5-bis(4.,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-y1)-phenyl]-4,6-bis(4-

tert-butylphenyl)-1,3,5-triazine, 129 mg of 2-chloro-1,10-
phenanthroline, 32 mg of lithium chloride and 23 mg of
tetrakis(triphenylphosphine) palladium were suspended in a
toluene (6.0 mL)/ethanol (1.5 mL) mixed solvent. 1.0 mL of
a 2.0 M aqueous sodium carbonate solution was added in the
obtained suspension, and the mixture was stirred at 100° C.
for 88 hours. Then the reaction mixture was left to be cooled
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to room temperature, and distilled under a reduced pressure to
remove low-boiling point ingredients. Water was added to the
residue to give a crude product. The crude product was col-
lected by filtration, and evaporated to dryness under a reduced
pressure. The dried crude product was recrystallized from a
dichloromethane/hexane mixed solvent to give 179 mg of
target 2-[3,5-bis(1,10-phenanthrolin-2-yl)phenyl]-4,6-bis(4-
tert-butylphenyl)-1,3,5-triazine as a yellow solid (yield,
92%).

[0274] 'H-NMR (CDCL,): 81.43 (s, 18H), 7.64 (d, J=8.6
Hz,4H),7.68 (dd, J=8.0, 4.3 Hz, 2H), 7.84 (d, J=8.8 Hz, 2H),
7.91 (d, I=8.8 Hz, 2H), 8.30 (dd, J=8.0, 1.7 Hz, 2H), 8.46 (d,
J=8.4Hz, 2H), 8.49 (d, J=8.3 Hz,2H), 8.82 (d, J=8.6 Hz, 4H),
9.28 (dd, I=4.3, 1.7 Hz, 2H), 9.56 (t, J=1.8 Hz, 1H), 9.76 (d,
J=1.8 Hz, 2H).

Example 14

[0275]

72& !
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[0276] In a stream of argon, 168 mg of 2-[3,5-bis(4.,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)-phenyl]-4,6-bis(4-

tert-butylphenyl)-1,3,5-triazine, 155 mg of 4-bromo-1,10-
phenanthroline, 32 mg of lithium chloride and 23 mg of
tetrakis(triphenylphosphine)palladium were suspended in a
toluene (6.0 mL)/ethanol (1.5 mL) mixed solvent. 1.0 mL of
a 2.0M aqueous sodium carbonate solution was added in the
obtained suspension, and the mixture was stirred at 100° C.
for 88 hours. Then the reaction mixture was left to be cooled
to room temperature, and distilled under a reduced pressure to
remove low-boiling point ingredients. Water was added to the
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residue to give a crude product. The crude product was col-
lected by filtration, and evaporated to dryness under a reduced
pressure. The dried crude product was recrystallized from a
dichloromethane/hexane mixed solvent to give 169 mg of
target 2-[3,5-bis(1,10-phenanthrolin-4-yl)phenyl]-4,6-bis(4-
tert-butylphenyl)-1,3,5-triazine as a white solid (yield, 87%).

[0277] 'H-NMR (CDCL,): 8137 (s, 18H), 7.41 (d, J=8.5
Hz, 4H), 7.70 (dd, J=8.0, 4.3 Hz, 21), 7.82 (d, =4.5 Hz, 2H),
7.85 (d, 1=9.3 Hz, 2H). 7.96 (s, 111), 8.09 (d, 1=9.0 Hz, 2H).
8.29 (d, 1=8.2 Hz, 21), 8.66 (d, J=8.5 Hz, 411), 9.10 (d, ]=1.4
Hz, 2H),9.27 (dd, J=4.3, 1.6 Hz, 21), 9.34 (d, 1=4.6 Hz, 2H).

Example 15

[0278]

[0279] In a stream of argon, 1.13 g of 2-chloro-1,10-
phenanthroline, 1.57 g of 2,4-di(3-biphenylyl-6-[3,5-bis(4,4,
5,5-tetramethyl-1,3,2-dioxaborolan-2-y1)-phenyl]-1,3,5-tri-
azine, 280 mg of lithium chloride and 203 mg of tetrakis
(triphenylphosphine)palladium were suspended in a toluene
(60 mL)/ethanol (15 mL) mixed solvent. 8.8 mL ofa 2.0 M
aqueous sodium carbonate solution was added in the obtained
suspension, and the mixture was stirred at 100° C. for 65
hours. Then the reaction mixture was left to be cooled to room
temperature, and distilled under a reduced pressure to remove
low-boiling point ingredients. The thus-obtained residue was
purified by alumina column chromatography using chloro-
form as a developing solvent to give 1.22 g of target 2,4-di
(3-biphenylyl-6-[3,5-bis(1,10-phenanthrolin-2-y1)phenyl]-
1,3,5-triazine as a white powder (yield, 68%).

[0280] 'H-NMR (CDCl,):87.38-7.44 (m, 6H), 7.64 (dd,
J=4.3,8.0 Hz, 2H), 7.71 (t, ]=7.7 Hz, 2H), 7.78-7.81 (m, 4H),
7.85 (d, 1=8.8 Hz, 2H1), 7.87 (d, J=8.3 Hz, 2H), 7.90 (d, J=8.8
Hz, 2H), 8.30(dd, J=1.7, 8.1 Hz, 21), 8.45 (d, =8.4 Hz, 2H),
8.50 (d, 1=8.4 Hz, 2H), 8.92 (d, J=7.8 Hz, 2H), 9.15-9.16 (m,
4H), 9.51 (t, I=1.8 Hz, 1H), 9.86 (d, J=1.7 Hz, 21).
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Example 16

[0281]

Br

[0282]

In a stream of argon, 1.20 g of 2-(3-bromophenyl)-
4,6-diphenyl-1,3,5-triazine, 1.30 g of 2-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-y1)-1,10-phenanthroline, 1.11 g of
cesium carbonate, 14 mg of palladium acetate and 32 mg of

triphenylphosphine were suspended in 140 mL of tetrahydro-
furan. The suspension was heated under reflux for 19 hours.
Then the reaction mixture was left to be cooled to room
temperature, and distilled under a reduced pressure to remove
low-boiling point ingredients. Methanol was added to the
residue, and the deposited solid was collected by filtration.
The thus-obtained crude product was purified by silica gel
column chromatography using a methanol/chloroform
(1:100 to 1:77) mixed solvent as a developing solvent to give
1.37 g of target 4,6-diphenyl-2-[3-(1,10-phenanthrolin-2-y1)
phenyl]-1,3,5-triazine as a white solid (vield, 91%).

[0283] 'H-NMR (CDCl,):87.60-7.76 (m, 8H), 7.83 (d,
J=8.8 Hz, 111), 7.88 (d, 1=8.8 Hz, 1), 7.96-7.80 (m, 1),
7.98 (d, J=8.4 Hz, 2H), 8.24 (d, 1=8.4 Hz, 1H), 8.31 (dd.
J=8.1,1.7 Hz, 1H), 8.38 (d, ]=8.4 Hz, 11),8.57 (d, ]=8.4 Hz.
2H), 8.81-8.89 (m, SH), 9.15 (1, J=1.6 Hz, 1H), 9.32 (dd.
J=4.3,1.7 Hz, 1H).

[0284] '*C-NMR (CDCl,):5120.9(CH),123.3 (CH),126.1
(CH), 126.8 (CH), 128.1 (quart.). 128.1 (CHx2), 128.2 (CH),
128.5 (CH), 128.9 (CHx2), 129.1 (CHx4), 129.4 (CHx4),
129.5 (quart.x2), 129.6 (CH), 1313 (CH), 133.0 (CHx2),
136.4 (quart.), 136.6 (CH), 137.3 (CH), 137.3 (quart.), 139.3
(quart.), 141.6 (quart.), 142.1 (quart.), 146.7 (quart.), 146.9
(quart.), 150.9 (CH), 157.4 (quart.), 172.0 (quart.), 172.1
(quart.x2).
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Example 17

[0285]

\*<
w—0

O cat, [Pd], Base
x

N N

/ N

[0286] In a stream of argon, 700 mg of 2-chloro-1,10-
phenanthroline, 1.60 g of 2,4-di(4-biphenylyl-6-[3-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl]-1,3,5-triazine,
346 mg of lithium chloride and 126 mg of tetrakis(triph-
enylphosphine)palladium were suspended in a toluene (64
ml)/ethanol (16 mL) mixed solvent. 5.4 ml. of a 20 M
aqueous sodium carbonate solution was added in the obtained
suspension, and the mixture was stirred at 100° C. for 65
hours. Then the reaction mixture was left to be cooled to room
temperature, and distilled under a reduced pressure to remove
low-boiling point ingredients. The thus-obtained residue was
purified by alumina column chromatography using a hexane/
chloroform (1:2 to 1:3) mixed solvent as a developing sol-
vent, and then recrystallized from a dichloromethane/metha-
nol mixed solvent to give 1.58 g of target 2,4-di(4-
biphenylyl)-6-[3-(1,10-phenanthrolin-2-yl)phenyl]-1,3,5-
triazine as a white powder (yield, 91%).

[0287] 'H-NMR (CDCL,):07.43 (t, ]=7.3 Hz, 2H), 7.52 (1,
J=7.3Hz,4H), 7.68 (4d, J=4.3,8.0Hz, 1H),7.74 (d, J=7.1 Hz,
4M), 7.80-7.86 (m, 6H), 7.89 (d, I=8.8 Hz, 1H), 8.30 (dd.
J=1.7,8.0 Hz, 1H), 8.37 (d, ]=8.4 Hz, 1H), 8.45 (d, ]=8.4 Hz,
1H), 8.84 (d, J=8.0 Hz, 1H), 8.91-8.95 (m, 5H), 9.29 (dd,
J=1.7,43 Hz, 1H), 9.58 (t, I=1.7 Hz, 1H).
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Example 18

[0288]

cat. [Pd], Base

[0289] In astream of argon, 1.20 g of 2-(3-bromophenyl)-
4 6-diphenyl-1,3,5-triazine, 1.30 g of 2-[4-(4,4,5,5-tetram-
ethyl-1,3,2-dioxaborolan-2-yl) ~ phenyl]-1,10-phenanthro-
line, 1.11 g of cesium carbonate, 14 mg of palladium acetate
and 32 mg of triphenylphosphine were suspended in 140 mL
of tetrahydrofuran. The suspension was heated under reflux
for 19 hours. Then the reaction mixture was left to be cooled
to room temperature, and distilled under a reduced pressure to
remove low-boiling pointingredients. Methanol was added to
the residue. The thus-deposited solid was collected by filtra-
tion, and purified by silica gel column chromatography using
a methanol/chloroform (1:100 to 1:77) mixed solvent as a
developing solvent to give 1.37 g of target 2-[4'-(1,10-
phenanthrolin-2-y1) biphenyl-3-y1]-4,6-diphenyl-1,3,5-triaz-
ine as a white solid (yield, 79%).

[0290] 'H-NMR (CDCL,): 7.60-7.76 (m, 8H), 7.83 (d,
J=8.8 Hz, 1), 7.88 (d, 1=8.8 Hz, 1H), 7.96-7.80 (m, 1H),
7.98 (d, 1=8.4 Hz, 2H), 8.24 (d, 1=8.4 Hz, 1H), 8.31 (dd.
J=8.1,1.7 Hz, 1H), 8.38 (d, ]=8.4 Iz, 111),8.57 (d, ]=8.4 Iz,
2H), 8.81-8.89 (m, SH), 9.15 (1, J=1.6 Hz, 1H), 9.32 (dd.
J=4.3,1.7 Hz, 1H).

[0291] "*C-NMR (CDCl,):8120.9(CH),123.3 (CH), 126.1
(CH), 126.8 (CH), 128.1 (quart.), 128.1 (CHx2), 128.2 (CH),
128.5 (CH), 128.9 (CHx2), 129.1 (CHx4), 129.4 (CHx4),
129.5 (quart.x2), 129.6 (CH), 131.3 (CH), 133.0 (CHx2),
136.4 (quart.), 136.6 (CH), 137.3 (CH), 137.3 (quart.), 139.3
(quart.), 141.6 (quart.), 142.1 (quart.), 146.7 (quart.), 146.9
(quart.), 150.9 (CH), 157.4 (quart.), 172.0 (quart.), 172.1
(quart.x2).
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Example 19
[0292]

Br Br

[0293] In astream of argon, 1.00 g (2.19 mmol) of 2-(3,5-
dibromophenyl)-4,6-diphenyl-1,3,5-triazine, 290 mg (2.91
mmol) of phenylboronic acid and 130 mg (0.107 mmol) of
tetrakis(triphenylphosphine) palladium were suspended in a
toluene (50 mL)/ethanol (50 mL) mixed solvent, and the
suspension was heated to 60° C. 3.5 mL (3.53 mmol) of an
aqueous 1.0 M potassium carbonate solution was gradually
dropwise added to the mixture, and the mixture was stirred at
that temperature for 5 hours.

[0294] Then the reaction mixture was left to be cooled to
room temperature, and 1.09 g (3.29 mmol) of 1-[4-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl]-isoquinoline

was added to the reaction mixture. Then the mixture was
heated to 80° C. and stirred at that temperature for 16 hours.
The reaction mixture was left to be cooled to room tempera-
ture, and the deposited solid was removed by filtration. The
filtrate was concentrated, and the resultant crude product was
purified by silica gel column chromatography using chloro-
form as a developing solvent to give 682 mg of target 2-[4-
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(isoquinoline-1-y1)-1,1":3",1"-terphenyl-5'-y1]-4,6-diphenyl-
1,3,5-triazine as a yellow crystal (yield, 54%). This
compound had a melting temperature of 280° C. and a glass
transition temperature of 108.1° C.

[0295] 'H-NMR (CDClL,):8.7.45 (t, J=7.3 Hz, 1H), 7.52-7.
62 (m, 9H), 7.66 (d, I=5.5 Hz, 1H), 7.71 (t, J=7.5 Hz, 1H),
7.80-7.97 (m, 7H), 8.10 (s, 1H), 8.25 (d, ]=8.5 Hz, 1H), 8.66
(d, 1=5.7 Hz, 1H), 8.79 (d, J=8.2 Hz, 4H), 8.97 (s, 1H), 9.08
(s, 1H).

Example 20

[0296]

[0297] In astream of argon, 2.00 g (4.28 mmol) of 2-(3,5-
dibromophenyl)-4,6-diphenyl-1,3,5-triazine, 1.14 g (5.14
mmol) of 9-phenanthreneboronic acid and 250 mg (0.214
mmol) of tetrakis(triphenylphosphine) palladium were sus-
pended in a toluene (88 mL)/ethanol (88 mL) mixed solvent,
and the suspension was heated to 60° C. 3.5 mL (3.53 mmol)
ofan aqueous 1.0 M potassium carbonate solution was gradu-
ally dropwise added to the mixture, and the mixture was
stirred at that temperature for 5 hours.
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[0298] Then the reaction mixture was left to be cooled to _continued
room temperature, and 1.09 g (3.29 mmol) of 1-[4-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl]-isoquinoline
was added to the reaction mixture. Then the mixture was
heated to 80° C. and stirred at that temperature for 16 hours.
The reaction mixture was left to be cooled to room tempera-
ture, and the deposited solid was removed by filtration. The
filtrate was concentrated, and the resultant crude product was
purified by silica gel column chromatography using chloro-
form as a developing solvent to give 1.41 g of target 2-[4-
(isoquinoline-1-y1)-5-(9-phenanthryl)biphenyl-3-y1]-4,6-
diphenyl-1,3,5-triazine as a white crystal (yield, 48%). This
compound had a melting temperature of 272° C. and a glass
transition temperature of 138.8° C.

[0299] 'H-NMR (CDCL,): 6.7.53-7.62 (m, 8H), 7.64-7.75
(m, 5H), 7.86-7.92 (m, 4H), 7.96-8.02 (m, 3H), 8.05 (d, I=8.5
Hz, 1H), 8.10 (t, ]=1.8 Hz, 1H), 8.23 (d, ]=8.5 Hz, 1H), 8.65
(d, J=5.7 Hz, 1H), 8.76-8.80 (m, SH), 8.84 (d, J=8.3 Hz, 1H),
8.95 (s, 1H), 9.20 (s, 1H).

Example 21 N

[0300]

[0301] In astream of argon, 2.89 g (6.19 mmol) of 2-(3,5-
dibromophenyl)-4,6-diphenyl-1,3,5-triazine, 1.87 g (6.80
mmol) of 4'-(2-pyridyl)-3-biphenylylboronic acid and 357
mg (0.309 mmol) of tetrakis(triphenylphosphine) palladium
were suspended ina toluene (100 mL)/ethanol (35 mL ) mixed
solvent, and the suspension was heated to 60° C. 9.3 mL (9.28
mmol) of an aqueous 1.0M potassium carbonate solution was
gradually dropwise added to the mixture, and the mixture was
stirred at that temperature for 5 hours.

[0302] Then the reaction mixture was left to be cooled to
room temperature, and 4.10 g (12.4 mmol) of 1-[4-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl]-isoquinoline
was added to the reaction mixture. Then the mixture was
heated to 80° C. and stirred at that temperature for 16 hours.
The reaction mixture was left to be cooled to room tempera-
ture, and the deposited solid was removed by filtration. The
filtrate was concentrated, and the resultant crude product was
purified by silica gel column chromatography using chloro-
form as a developing solvent to give 2.07 g of target 2-[4-
(isoquinoline-1-y1)-4"-(2-pyridyl)-1,1:3,1":3",1"-quater-
phenyl-5'-yl]-4,6-diphenyl-1,3,5-triazine as a white solid
(yield, 45%). This compound had a melting temperature of
282° C. and a glass transition temperature of 129.2° C.

[0303] 'H-NMR (CDCl,):3.7.56-7.64 (m, 8H), 7.65-7.70
N7 (m,3H),7.72-7.82 (m, 4H), 7.84 (d, I=8.5 Hz, 2H), 7.88-7.93

cat. [Pd] (m, 3H), 7.99 (d, 1=8.4 Hz, 2H), 8.07 (s, 1H), 8.13 (d, I=8.5
Hz, 2H). 8.18 (s, 1H), 8.25 (d, J=8.5 Hz, 1H), 8.65 (d, J=5.7
Hz, 1H),8.71 (d, J=4.8 Hz, 1H), 9.03 (d, J=8.0 Hz, 4H), 9.04
(s, 1H), 9.10 (s, 1H).
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Example 22

[0304]

Br. Br
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cat. [Pd]
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[0305] 1In astream of argon, 102 mg (0.202 mmol) of 2-(3,
5-dibromophenyl)-4,6-di(p-tolyl)-1,3,5-triazine, 27.1 mg
(0.222 mmol) of phenylboronic acid and 27 mg (10 pmol) of
tetrakis(triphenylphosphine) palladium were suspended in a
toluene (4 mL)/ethanol (4 mL) mixed solvent, and the sus-
pension was heated to 60° C. 300 uL (0.300 mmol) of an
aqueous 1.0 M potassium carbonate solution was gradually
dropwise added to the mixture, and the mixture was stirred at
that temperature for one hour.

[0306] Then the reaction mixture was left to be cooled to
room temperature, and 101 mg (0.303 mmol) of 1-[4-(4.4,5,
S-tetramethyl-1,3,2-dioxaborolan-2-yl)  phenyl]-isoquino-
line was added to the reaction mixture. Then the mixture was
heated to 80° C. and stirred at that temperature for 3 hours.
The reaction mixture was left to be cooled to room tempera-
ture, and the deposited solid was removed by filtration. The
filtrate was concentrated, and the resultant crude product was
purified by silica gel column chromatography using chloro-
form as a developing solvent to give 50 mg of target 2-[4-
(isoquinoline-1-y1)-1,1"3',1"-terphenyl-5'-y1]-4,6-di(p-
tolyl)-1,3,5-triazine as a white solid (yield, 40%).

[0307] 'H-NMR (CDCl,):8.2.48 (s, 6H), 7.45 (t, J=7.3 Hz,
1H), 7.52-7.62 (m, 6H), 7.66 (d, J=5.5Hz, 1H),7.71 (1, I=7.5
Hz, 1H), 7.82 (d, J=7.2 Hz, 2H), 7.86-7.93 (m, 4H), 7.96 (d,
J=8.3 Hz, 2H), 8.11 (s, 1H), 8.03 (t, J=1.8 Hz, 1H), 8.24 (d,
J=8.3 Hz, 1H), 8.66 (d, J=8.4 Hz, 4H), 8.88 (s, 1H), 9.04 (s,
1H).

Example 23
[0308]

Br

B(OH),
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-continued

[0309] In a stream of argon, 101 mg (0.161 mmol) of 2,4- Example 24
bis(3-biphenylyl)-6-(3,5-dibromophenyl)-1,3,5-triazine, 22

mg (0.178 mmol) of phenylboronic acid and 9.3 mg (8.07 [0312]

pmol) of tetrakis(triphenylphosphine) palladium were sus-

pended in atoluene (4 mL )/ethanol (4 mL) mixed solvent, and

the suspension was heated to 60° C. 300 uL (0.300 mmol) of Br Br

an aqueous 1.0 M potassium carbonate solution was gradu-
ally dropwise added to the mixture, and the mixture was
stirred at that temperature for one hour.

[0310] Then the reaction mixture was left to be cooled to
room temperature, and 80 mg (0.242 mmol) of 1-[4-(4.,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl) phenyl]-isoquinoline
was added to the reaction mixture. Then the mixture was
heated to 80° C. and stirred at that temperature for 3 hours.
The reaction mixture was left to be cooled to room tempera-
ture, and the deposited solid was removed by filtration. The
filtrate was concentrated, and the resultant crude product was
purified by silica gel column chromatography using chloro-
form as a developing solvent to give 39 mg of target 4,6-bis
(3-biphenylyl)-2-[4-(isoquinoline-1-y1)-1,1":3",1"-terphenyl-
5'-yl]-1,3,5-triazine as a white solid (yield, 320).

[0311] 'H-NMR (CDCL,):3.7.41 (dd, J=1.8, 7.2 Hz, 2H),
7.46-7.61 (m, 8H), 7.62-7.71 (m, 5H), 7.72-7.75 (m, 3H),
7.75-7.77 (m, 2H), 7.82-7.90 (m, 6H), 7.92 (d, J=8.3 Hz, 1),
7.98 (d, J=8.3 Hz, 1H), 8.50 (d, J=8.5 Hz, 1H), 8.65 (dd,
J=5.7,8.7 Hz, 1H), 8.41 (d, J=8.0 Hz, 4H), 9.03 (s, 1H), 9.05
(s, 1H).
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[0313] In a stream of argon, 0.500 g (1.07 mmol) of 2-(3,
5-dibromophenyl)-4,6-diphenyl-1,3,5-triazine, 233 mg (1.17
mmol) of 4-biphenylylboronic acid and 61.8 mg (0.0537
mmol) of tetrakis(triphenylphosphine)palladium were sus-
pended in a toluene (20 ml.)/ethanol (6 mL) mixed solvent,
and the suspension was heated to 40° C. 1.6 mL (1.61 mmol)
ofan aqueous 1.0 M potassium carbonate solution was gradu-
ally dropwise added to the mixture, and the mixture was
stirred at that temperature for 18 hours.

[0314] Then the reaction mixture was left to be cooled to
room temperature, and 0.530 g (1.61 mmol) of 1-[4-(4.,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl]-isoquinoline
was added to the reaction mixture. Then the mixture was
heated to 80° C. and stirred at that temperature for 6 hours.
The reaction mixture was left to be cooled to room tempera-
ture, and the deposited solid was removed by filtration. The
filtrate was concentrated, and the resultant crude product was
purified by silica gel column chromatography using chloro-
form as a developing solvent to give 430 mg of target 2-[4-
(isoquinoline-1-y1)-1,1":3',":4" 1" -quaterphenyl-5'-y1]-4,6-
diphenyl-1,3,5-triazine as a white crystal (yield, 60%). This
compound had a melting temperature of 270° C. and a glass
transition temperature of 113° C.

[0315] 'H-NMR (CDCl,):3.7.38 (1, J=7.4 Hz, 1H), 7.49 (s,
J=1.8Hz, 2H), 7.56-7.65 (m, 7TH), 7.66-7.76 (m, 4H), 7.79 (d,
J=8.5 Hz, 2H), 7.88-7.94 (m, 5H), 7.99 (d, J=8.5 Hz, 2H),
8.17 (s, 1H), 8.25 (d, J=8.5 Hz, 1H), 8.66 (d, J=5.6 Hz, 1H),
8.82 (d, I=8.2 Hz, 4H), 9.05 (s, 1H), 9.07 (s, 1H).

Example 25
[0316]

(]
4,

|
e
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[0317] Inastream of argon, 517 mg (0.996 mmol) of 2-[5-
(anthracen-9-yl)-3-chlorophenyl]-4,6-diphenylpyrimidine,
299 mg (1.20 mmol) of 4-(quinolin-2-yl)phenylboronic acid
and 4.5 mg (20 pmol) of palladium acetate and 29.6 mg (60
umol) of 2-dicyclohexylphosphino-2',4',6'-triisopropylbi-
phenyl were suspended in a toluene (4.5 mL)/n-butanol (0.5
mL) mixed solvent, and the suspension was heated to 95° C.
800 uL (2.40 mmol) of an aqueous 3.0M potassium carbonate
solution was gradually dropwise added to the mixture, and the
mixture was stirred at that temperature for 2 hours. Then the
reaction mixture was left to be cooled to room temperature,
and water was added to the reaction mixture. Then the depos-
ited solid was collected by filtration to give 645 mg of target

2-[5-(anthracen-9-y1)-4'-(quinoline-2-yl) biphenyl-3-yl1]-4,
6-diphenylpyrimidine as a white solid (yield, 94%).

[0318] 'H-NMR (CDCL,):8.7.41 (d,J=6.5 Hz, 1H),7.43 (d,
J=6.5Hz, 1H),7.51-7.58 (m, 9H), 7.77 (t, J=7.7 Hz, 1H), 7.86
(d, 1=8.0 Hz, 1H), 7.90 (d, 1=8.9 Hz, 2H), 7.97 (s, 1), 7.98
(d, 1=8.6 Hz, 1H), 8.03 (d, 1=8.5 Hz, 2H), 8.11 (s, 1H), 8.14
(d, 1=8.5 Hz, 2H), 8.22 (d, ]=8.6 Hz, 1H), 8.26-8.32 (m, 5H),
8.35(d, 1=8.5 Tz, 211), 8.61 (s, 111),8.84 (s, 111), 9.23 (s, 111).

Example 26

[0319]

ZN
|Q
(

N N

. 9
| ] HO),B

cat. [Pd]
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[0320] In astream of argon, 470 mg (1.00 mmol) of 2-[5-
(isoginolin-1-y1)-3-chlorophenyl]-4,6-diphenylpyrimidine,
289 mg (1.30 mmol) of 9-anthraceneboronic acid and 4.5 mg
(20 pmol) of palladium acetate and 29.6 mg (60 pmol) of
2-dicyclohexylphosphino-2',4',6"-triisopropylbiphenyl were
suspended in tetrahydrofuran (5.0 mL), and the suspension
was heated to 95° C. 900 uL, (2.60 mmol) of an aqueous 3.0 M
potassium carbonate solution was gradually dropwise added
to the mixture, and the mixture was stirred at that temperature
for 18 hours. Then the reaction mixture was left to be cooled
to room temperature, and water was added to the reaction
mixture. Then the deposited solid was collected by filtration
to give 549 mg of target 2-[5-(anthracen-9-y1)-3-(isoquino-
line-1-yl)phenyl]-4,6-diphenylpyrimidine as a white solid
(yield, 90%).

[0321] 'H-NMR (CDCL,):8.7.42 (d,]=6.5 Hz, 1H), 7 44 (d,
J=6.5Hz, 1H), 7.49-7.54 (m, 8H), 7.60 (1, J=7.7 Hz, 1H), 7.72
(d,J=7.0Hz, 1H),7.74 (d, J=6.8 Hz, 1H), 7.93-7.95 (m, 2H),
7.97 (d, J=8.8 Hz, 2H), 8.09 (s, 1H), 8.11 (d, J=8.4 Hz, 2H),
8.26-8.29 (m, 4H), 8.37 (d, ]=8.5 Hz, 1H), 8.59 (s, 1H), 8.73
(d, I=5.7 Hz, 1H), 8.99 (s, 1H), 9.30 (s, 1H).

Test Example 1

[0322] A glass substrate with an indium-tin oxide (ITO)
transparent electrode was prepared, which had a stripe pattern
comptrised of ITO film with a 2 mm width. The substrate was
washed with isopropyl alcohol and then surface-treated by
irradiation of ultraviolet rays and generation of ozone. Using
the surface-treated substrate, an organic electroluminescent
device with an emitting area of 4 mm? having a multilayer
structure as illustrated in FIG. 1 was manufactured as follows.
Each layer was formed by vacuum deposition.

[0323] The glass substrate was placed in a vacuum deposi-
tion chamber, and the inner pressure was reduced to 1.0x10*
Pa. As illustrated in FIG. 1, organic compound layers, i.e., a
hole injection layer 2, a hole transport layer 3, an emitting
layer 4, a hole blocking layer 5 and an electron transport layer
6 were formed in this order on the above-mentioned glass
substrate 1. Further a cathode layer 7 was formed thereon.
[0324] The hole injection layer 2 was formed by vacuum-
depositing phtalocyanine copper(ll), previously purified by
sublimation, into a thickness of 10 nm. The hole transport
layer 3 was formed by vacuum-depositing N,N'-di(1-naph-
thyl)-N,N'-diphenylbenzidine (NPD) into a thickness of 30
nm. The emitting layer 4 was formed by vacuum-depositing a
composition comprised of 94 mass % of 4.4'-bis(carbazol-9-
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yDbiphenyl (CBP) and 6 mass % of tris(2-phenylpyridine)
iridium(III) (Ir(ppy);) into a thickness of 30 nm.

[0325] The hole blocking layer 5 was formed by vacuum-
depositing  bis(2-methyl-8-quinolinolato)-(1,1'-biphenyl-4-
olato)-aluminum (BAlq) into a thickness of 5 nm. The elec-
tron transport layer 6 was formed by vacuum-depositing 4,6-
diphenyl-2-[3-(1,10-phenanthrolin-2-yl)phenyl]-1,3,5-
triazine, synthesized in Example 16, into a thickness of 45
nm

[0326] The vacuum deposition of each of the above-men-
tioned organic materials was conducted by subjecting each
organic material to electric resistance heating to form a thin
film at a deposition rate of 0.3 to 0.5 nm/sec.

[0327] Further a metal mask was arranged so as to be
orthogonal to the ITO stripe, and thus, a cathode layer 7 was
formed by vacuum-deposition. The vacuum deposition of the
cathode layer 7 was conducted so as to have a double layer
structure comprising a lithium fluoride layer with a thickness
of 1.0 nm and an aluminum layer with a thickness of 100 nm.
The measurement of thickness of each organic material thin
film layer was conducted by stylus profilometer (“DEK-
TAK”).

[0328] Finally the thus-obtained assembly of multi-layers
was encapsulated with a glass cap and ultraviolet ray-curable
epoxy resin (available from Nagase Chemtex Corporation).
The encapsulation was conducted in a nitrogen atmosphere
having an oxygen-and-moisture content of below 1 ppm
within a glove box.

[0329] Luminous properties of the thus-manufactured
organic EL device were evaluated by applying a direct current
using a luminance meter BM-9 available from TOPCON
Corporation. The luminous properties as measured at a cur-
rent density of 5 mA/cm® were as follows. Voltage 6.4 V,
luminance 1,545 ¢d/m?, current efficiency 29.5 cd/A, power
efficiency 14.5 In/W. Luminance half-life of the device as
measured at an initial luminance of 4,000 cd/m® was 272
hours.

Test Example 2

[0330] By the same procedures as described in Test
Example 1, an organic EL device was manufactured except
that an electron transport layer 6 was formed by vacuum
depositing  2-[3,5-bis(1,10-phenanthrolin-2-yl)phenyl]-4,6-
diphenyl)-1,3,5-triazine, synthesized in Example 1, into a
thickness of 45 nm, instead of the azine compound synthe-
sized in Example 16.

[0331] The luminous properties of thus-manufactured
organic EL device as measured at a current density of 5
mA/cm® were as follows. Voltage 6.2 V, luminance 1,364
cd/m?, current efficiency 30.3 cd/A and power efficiency 15.3
Im/W. Luminance half-life of the device as operated at an
initial luminance of 4,000 c¢d/m? was 253 hours.

Test Example 3

[0332] By the same procedures as described in Test
Example 1, an organic EL device was manufactured except
that the multi-layer structure of the device was formed by
vacuum depositing organic compounds in a manner such that
a hole injection layer 2, a hole transport layer 3, an emitting
layer 4 and an electron transport layer 6 were formed in this
order on the glass substrate 1 as illustrated in FIG. 1, and
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further a cathode layer 7 was formed thereon. More specifi-
cally, the multi-layer structure of the device was carried out as
follows.

[0333] The hole injection layer 2 was formed by vacuum-
depositing phtalocyanine copper(1l), previously purified by
sublimation, into a thickness of 25 nm. The hole transport
layer 3 was formed by vacuum-depositing N,N'-di(1-naph-
thyl)-N,N'-diphenylbenzidine (NPD) into a thickness of 45
nm.

[0334] The emitting layer 4 was formed by vacuum-depos-
iting a composition comprised of 93 mass % of 3-tert-butyl-
9,10-di(naphth-2-yl)anthracene (TBADN) and 7 mass % of
4,4'-bis[4-(di-p-tolylaminophenylethen-1-yl)biphenyl
(DPAVBI) into a thickness of 40 nm. The electron transport
layer 6 was formed by vacuum-depositing 2-[4-(isoquino-
line-1-y1)-1,1":3",1"-terphenyl-5'-y1]|-4,6-diphenyl-1,3,5-tri-
azine, synthesized in Example 19, into a thickness of 20 nm.
All other procedures and conditions remained the same as in
Test Example 1.

[0335] Thethus-manufactured organic EL device exhibited
a voltage of 5.1 V, a luminance of 1,879 c¢d/m?, a current
efficiency 0f 9.4 cd/A, and a power efficiency of 5.8 Im/W, as
measured at a current density of 20 mA/cm?.

Test Example 4

[0336] By the same procedures as described in Test
Example 3, an organic EL device was manufactured except
that an electron transport layer 6 was formed by vacuum-
depositing 2-[4-(isoquincline-1-y1)-5-(9-phenanthryl)biphe-
nyl-3-y1]-4,6-diphenyl-1,3,5-triazine,  synthesized  in
Example 20, into a thickness of 20 nm, instead of the electron
transport layer 6 formed in Test Example 3.

[0337] Thethus-manufactured organic EL device exhibited
a voltage of 5.6 V, a luminance of 2,030 cd/m?, a current
efficiency of 10.2 cd/A, and a power efficiency of 5.7 lm/W, as
measured at a current density of 20 mA/cm?.

Test Example 5

[0338] By the same procedures as described in Test
Example 1, an organic EL device was manufactured except
that the multi-layer structure of the device was formed by
vacuum depositing organic compounds in a manner such that
a hole injection layer 2, a hole transport layer 3, an emitting
layer 4 and an electron transport layer 6 were formed in this
order on the glass substrate 1 as illustrated in FIG. 1, and
further a cathode layer 7 was formed thereon. More specifi-
cally, the multi-layer structure of the device was carried out as
follows.

[0339] The hole injection layer 2 was formed by vacuum-
depositing phtalocyanine copper(Il), previously purified by
sublimation, into a thickness of 25 nm. The hole transport
layer 3 was formed by vacuum-depositing N,N'-di(1-naph-
thyl)-N,N'-diphenylbenzidine (NPD) into a thickness of 45
nm.

[0340] The emitting layer 4 was formed by vacuum-depos-
iting a composition comprised of 95 mass % of 3-tert-butyl-
9,10-di(naphth-2-yl)anthracene (TBADN) and 5 mass % of
1,6-bis(N-biphenyl-N-phenyl)pyrene into a thickness of 40
nm. The electron transport layer 6 was formed by vacuum-
depositing  2-[4-(isoquinoline-1-y1)-1,1":3',1":4",1"-quater-
phenyl-5'-y1]-4,6-diphenyl-1,3,5-triazine, synthesized in
Example 24, into a thickness of 20 nm, instead of the electron
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transport layer 6 in Test Example 1. All other procedures and
conditions remained the same.

[0341] Thethus-manufactured organic EL device exhibited
a voltage of 5.8 V, a luminance of 1,386 c¢d/m?, a current
efficiency of 6.9 cd/A, and a power efficiency of 3.8 Im/W, as
measured at a current density of 20 mA/em?.

Comparative Test Example 1

[0342] By the same procedures as described in Test
Example 1, an organic EL device was manufactured except
that an electron transport layer 6 was formed by vacuum
depositing a conventional material, i.e., tris(8-quinolinolato)
aluminum (IIT) (Alq) into a thickness of 45 nm, instead of the
electron transport layer 6 in Test Example 1.

[0343] Thethus-manufactured organic EL device exhibited
a voltage of 7.4 V, a luminance of 1,516 ¢d/m?, a current
efficiency 0f30.3 cd/A, and a power efficiency of 12.9 Im/W,
as measured at a current density of 5 mA/cm®. Luminance
half-life of the device as operated at an initial luminance of
4,000 cd/m? was 244 hours.

Comparative Test Example 2

[0344] By the same procedures as described in Test
Example 3, an organic EL device was manufactured except
that an electron transport layer 6 was formed by vacuum
depositing a conventional material, i.e., tris(8-quinolinolat)
aluminum (III) (Alq) into a thickness of 20 nm, instead of the
electron transport layer 6 in Test Example 3.

[0345] Thethus-manufactured organic EL device exhibited
a voltage of 6.2 V, a luminance of 1,957 c¢d/m? a current
efficiency of 9.8 cd/A, and a power efficiency of 5.0 Im/W, as
measured at a current density of 20 mA/em”.

Comparative Test Example 3

[0346] By the same procedures as described in Test
Example 5, an organic EL device was manufactured except
that an electron transport layer 6 was formed by vacuum
depositing  2.4-diphenyl-6-[4,4"-di(2-pyridyl)-[1,1"3,1"]-
terphenyl-5'-yl-1,3,5-triazine into a thickness of 20 nm,
instead of the electron transport layer 6 in Test Example 5.

[0347] Thethus-manufactured organic EL device exhibited
a voltage of 6.4 V, a luminance of 1,279 c¢d/m?, a current
efficiency of 6.4 cd/A, and a power efficiency 0of3.11 m/W, as
measured at a current density of 20 mA/cm?.

INDUSTRIAL APPLICABILITY

[0348] The cyclic azine compound of'the present invention
exhibits good electron injection and electron transport char-
acteristics as a material for an organic EL device. Therefore,
the cyclic azine compound of the present invention is useful
as a material, especially an electron transport material, for an
organic EL device.

[0349] An organic EL device comprising as a constituent
the cyclic azine compound of the present invention is char-
acterized as having a long life and exhibiting a low drive
voltage.
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1. A cyclic azine compound represented by the general
formula (1):

M
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wherein,

Y represents C—H or a nitrogen atom,

Ar! represents an aromatic hydrocarbon group having 6 to
18 carbon atoms, which may be substituted with an alkyl
group having 1 to 4 carbon atoms or a phenyl group,

Ar? represents a hydrogen atom, or an aromatic hydrocar-
bon group having 6 to 18 carbon atoms, which may be
substituted with a phenyl group or a pyridyl group, or
Ar* represents a nitrogen-containing condensed ring
aromatic group having 9 to 15 carbon atoms,

Ar? represents a nitrogen-containing condensed ring aro-
matic group having 9 to 15 carbon atoms,

X represents a phenylene group, and

n represents an integer in the range of 0 to 3.

2. The cyclic azine compound according to claim 1,
wherein Ar’® represents a quinolinyl group, an isoquinolinyl
group, a phenanthrolinyl group. a naphthyridinyl group, a
quinoxanyl group, a phenanthridinyl group or an acrydinyl
group.

3. The cyclic azine compound according to claim 1,
wherein Ar’ represents a phenanthrolinyl group, an isoquino-
linyl group or a quinolinyl group.

4. The cyclic azine compound according to claim 1,
wherein Ar® represents a hydrogen atom; a phenyl group
which may be substituted with a phenyl group or a pyridyl
group; a biphenylyl group which may be substituted with a
phenyl group or a pyridyl group; a naphthyl group which may
be substituted with a phenyl group or a pyridyl group; an
anthranyl group which may be substituted with a phenyl
group or a pyridyl group; a perylenyl group which may be
substituted with a phenyl group or a pyridyl group; a phenan-
threnyl group which may be substituted with a phenyl group
or a pyridyl group; a triphenylenyl group which may be
substituted with a phenyl group or a pyridyl group; a pyrenyl
group which may be substituted with a phenyl group or a
pyridyl group; a quinolinyl group; an isoquinolinyl group; a
phenanthrolinyl group; a naphthyridinyl group; a quinoxali-
nyl group; a phenanthoridinyl group; or an acridiny! group.

5. The cyclic azine compound according to claim 1,
wherein Ar” represents a hydrogen atom, a phenyl group, a
4-biphenylyl group, a 3-biphenylyl group, a 2-biphenylyl
group, a 3-(2-pyridyl)phenyl group, a 4-(2-pyridyl)phenyl
group, a 1,1":4"1"-terphenyl-4-yl group, a 1,1":2',1"-terphe-
nyl-4-yl group, a 1,1":3",1"-terphenyl-5'-y1 group, a 3'-(2-py-
ridyl)biphenyl-3-yl group, a 3'-(3-pyridyl)biphenyl-3-yl
group, a 4'-(2-pyridyl)biphenyl-4-yl group, a 4'-(3-pyridyl)
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biphenyl-4-yl group, a 2-naphthyl group, a 9-anthranyl
group, a 9-phenanthrenyl group, a 8-(2-pyridyl)naphthanlen-
2-yl group, a 10-(2-pyridyl)anthracen-9-y! group, a phenan-
throlinyl group, an isoquinolinyl group or a quinolinyl group.

6. The cyclic azine compound according to claim 1,
wherein Ar' represents a phenyl group, a p-tolyl group, a
m-tolyl group, a o-tolyl group, a 2,6-dimethylphenyl group, a
4-tert-butylphenyl group, a 4-biphenylyl group, a 3-bipheny-
lyl group, a 2-biphenylyl group, a 1,1"4',1"-terphenyl-4-yl
group, a 1,1":2",1"-terphenyl-4-yl group, a 1,1":3",1"-terphe-
nyl-5'-yl group, a 1-naphthyl group, a 4-methylnaphthalen-
1-yl group, a 4-tert-butylnaphthalen-1-yl group, a 5-methyl-
naphthalen-1-yl group, a 5-tert-butylnaphthalen-1-yl group, a
4-phenylnaphthalen-1-yl group, a 2-naphthyl group, a 6-me-
thylnaphthalen-2-yl group, a 6-tert-butylnaphthalen-2-yl
group, a 7-methylnaphthalen-2-y1 group or a 7-tert-butyl-
naphthalen-2-y1 group,

7. The cyclic azine compound according to claim 1,
wherein Ar' represents a phenyl group, a p-tolyl group, a
4-tert-butylphenyl group, a 4-biphenylyl group, a 3-bipheny-
lyl group or a 2-naphthyl group.

8. The cyclic azine compound according to claim 1,
wherein n represents an integer in the range of 0, 1 or 2.

9. The cyclic azine compound according to claim 1,
whereinY represents a nitrogen atom.

10. The cyclic azine compound according to claim 1,
whereinY represents C—H.

11. A process for producing a cyclic azine compound rep-
resented by the general formula (1):
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wherein,

Y represents C—H or a nitrogen atom,

Ar’ represents an aromatic hydrocarbon group having 6 to
18 carbon atoms, which may be substituted with an alkyl
group having 1 to 4 carbon atoms or a phenyl group,

Ar? represents a hydrogen atom, or an aromatic hydrocar-
bon group having 6 to 18 carbon atoms, which may be
substituted with a phenyl group or a pyridyl group, or
Ar® represents a nitrogen-containing condensed ring
aromatic group having 9 to 15 carbon atoms,

Ar’ represents a nitrogen-containing condensed ring aro-
matic group having 9 to 15 carbon atoms,

X represents a phenylene group, and

n represents an integer in the range of 0 to 3;

characterized by coupling a compound represented by the
following general formula (2) with a compound repre-
sented by the following formula (3) in the presence of a
base and a palladium catalyst or in the presence of a base,
a palladium catalyst and an alkali metal salt;
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wherein,

Y represents C—H or a nitrogen atom,

Ar' represents an aromatic hydrocarbon group having 6 to
18 carbon atoms, which may be substituted with an alkyl
group having 1 to 4 carbon atoms or a phenyl group,

Ar” represents a hydrogen atom, or an aromatic hydrocar-
bon group having 6 to 18 carbon atoms, which may be
substituted with a phenyl group or a pyridyl group, or
Ar® represents a nitrogen-containing condensed ring
aromatic group having 9 to 15 carbon atoms, and

R! represents a hydrogen atom, an alkyl group having 1 to
3 carbon atoms or a phenyl group, provided thattwo R's
in the B(OR'), may be the same or different, and the two
R's may form aring together with the oxygen atoms and
the boron atom;

AP—(X), 7! @)

wherein,

Ar’ represents a nitrogen-containing condensed ring aro-

matic group having 9 to 15 carbon atoms,

X represents a phenylene group,

n represents an integer in the range of 0 to 3, and

7' represents a leaving group.

12. A process for producing a cyclic azine compound rep-
resented by the general formula (1):
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wherein,

Y represents C—H or a nitrogen atom,

Ar' represents an aromatic hydrocarbon group having 6 to
18 carbon atoms, which may be substituted with an alkyl
group having 1 to 4 carbon atoms or a phenyl group,

Ar? represents a hydrogen atom, or an aromatic hydrocar-
bon group having 6 to 18 carbon atoms, which may be
substituted with a phenyl group or a pyridyl group, or
Ar® represents a nitrogen-containing condensed ring
aromatic group having 9 to 15 carbon atoms,

Ar? represents a nitrogen-containing condensed ring aro-
matic group having 9 to 15 carbon atoms,
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X represents a phenylene group, and

n represents an integer in the range of 0 to 3;

characterized by coupling a compound represented by the
following general formula (8) with a compound repre-
sented by the following general formula (9) in the pres-
ence of a base and a palladium catalyst or in the presence
of a base, a palladium catalyst and an alkali metal salt;

®)
7! Ar?

NZ |N
Arl)\Y)\AII

wherein,

Y represents C—H or a nitrogen atom,

Ar? represents an aromatic hydrocarbon group having 6 to
18 carbon atoms, which may be substituted with an alkyl
group having 1 to 4 carbon atoms or a phenyl group,

Ar” represents a hydrogen atom, or an aromatic hydrocar-
bon group having 6 to 18 carbon atoms, which may be
substituted with a phenyl group or a pyridyl group, or
Ar® represents a nitrogen-containing condensed ring
aromatic group having 9 to 15 carbon atoms, and

7! represents a chlorine atom or a bromine atom,

Ar'—X),—B(OR"), ©

wherein,
Ar’ represents a nitrogen-containing condensed ring aro-
matic group having 9 to 15 carbon atoms,
X represents a phenylene group,
n represents an integer in the range of 0 to 3, and
R! represents a hydrogen atom, an alkyl group having 1 to
3 carbon atoms or a phenyl group, provided that two R's
in the B(OR'), may be the same or different, and the two
R's may form aring together with the oxygen atoms and
the boron atom.
13. A process for producing a cyclic azine compound rep-
resented by the general formula (1'):

NZ |N
)\ )\
Ar! Y ‘Ar!

wherein,
Y represents C—H or a nitrogen atom,
Ar" represents an aromatic hydrocarbon group having 6 to
18 carbon atoms, which may be substituted with an alkyl
group having 1 to 4 carbon atoms or a phenyl group,
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Ar? represents an aromatic hydrocarbon group having 6 to
18 carbon atoms, which may be substituted with a phe-
nyl group or a pyridyl group, or Ar*' represents a nitro-
gen-containing condensed ring aromatic group having 9
to 15 carbon atoms,

Ar® represents a nitrogen-containing condensed ring aro-
matic group having 9 to 15 carbon atoms,

X represents a phenylene group, and
n represents an integer in the range of 0 to 3;

characterized by coupling a compound represented by the
following general formula (12) with a compound repre-
sented by the following general formula (13) in the
presence of a base and a palladium catalyst or in the
presence of a base, a palladium catalyst and an alkali

metal salt;
3 (12)
X 7!
N |N
)\ )\
Arl Y Ar!
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wherein,
Y represents C—H or a nitrogen atom,
Ar' represents an aromatic hydrocarbon group having 6 to
18 carbon atoms, which may be substituted with an alkyl
group having 1 to 4 carbon atoms or a phenyl group,

Ar represents a nitrogen-containing condensed ring aro-
matic group having 9 to 15 carbon atoms,

X represents a phenylene group,
n represents an integer in the range of 0 to 3, and
7! represents a chlorine atom or a bromine atom;

A B(OR'), 13)

wherein,

Ar? represents an aromatic hydrocarbon group having 6 to
18 carbon atoms, which may be substituted with a phe-
nyl group or a pyridyl group, or Ar* represents a nitro-
gen-containing condensed ring aromatic group having 9
to 15 carbon atoms,

R! represents a hydrogen atom, an alkyl group having 1 to
3 carbon atoms or a phenyl group, provided that two R*
in the B(OR'), may be the same or different, and the two
R' may form a ring together with the oxygen atoms and
the boron atom.

14. An organic electroluminescent device characterized by
comprising, as a constituent, the cyclic azine compound as
claimed in claim 1.

15. The organic electroluminescent device according to
claim 14, which has an electron transport layer comprising, as
a constituent, the cyclic azine compound.
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