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(54) METHOD FOR MANUFACTURING CONJUGATED AROMATIC COMPOUND

(57) A method for manufacturing a conjugated aro-
matic compound comprising reacting an aromatic com-
pound (A) wherein one or two leaving groups selected
from the group consisting of an iodine atom, a bromine
atom and a chlorine atom are bonded to an aromatic ring
and the aromatic compound (A) does not have (c1) a
group represented by the following formula (10):

wherein A1 represents a C1-C20 alkoxy group etc.; (g1)
a C1-C20 alkyl group which may be substituted with a
fluorine atom etc.; and (h1) a C2-C20 acyl group which

may be substituted with a fluorine atom etc., at the neigh-
boring carbon atom to the carbon atom to which the leav-
ing group is bonded,
with an aromatic compound (A) having the same struc-
ture as that of the above-mentioned aromatic compound
(A) or an aromatic compound (B) wherein the aromatic
compound (B) is structurally different from the above-
mentioned aromatic compound (A), one or two leaving
groups selected from the group consisting of an iodine
atom, a bromine atom and a chlorine atom are bonded
to an aromatic ring and the aromatic compound (B) does
not have the above-mentioned (c1), (g1) and (h1) at the
neighboring carbon atom to the carbon atom to which
the leaving group is bonded, in the presence of (i) a nickel
compound, (ii) a metal reducing agent, (iii) at least one
ligand (L1) selected from the group consisting of a 2,2’-
bipyridine compound having at least one electron-with-
drawing group and having no substituent at 3-, 6-, 3’- and
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6’-positions, and a 1,10-phenanthroline compound hav-
ing at least one electron-withdrawing group and having
no substituent at 2- and 9-positions, and (iv) at least one
ligand (L2) selected from the group consisting of a 2,2’-
bipyridine compound having at least one electron-releas-

ing group and having no substituent at 3-, 6-, 3’- and 6’-
positions, and a 1,10-phenanthroline compound having
at least one electron-releasing group and having no sub-
stituent at 2- and 9-positions.
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Description

Technical Field

[0001] The present invention relates to a method for manufacturing a conjugated aromatic compound.

Background Art

[0002] Conjugated aromatic compounds are important compounds in various fields such as agrochemicals, pharma-
ceuticals and electronic materials. As the method for manufacturing it, US 2006/0058524 A1 discloses a method com-
prising conducting a coupling reaction of an aromatic halide compound in the presence of a zero-valent nickel complex
catalyst having 2,2’-bipyridine and 1,5-octadiene as ligands and a reducing agent.

Disclosure of the Invention

[0003] The present invention provides:

<1> A method for manufacturing a conjugated aromatic compound comprising reacting an aromatic compound (A)
wherein one or two leaving groups selected from the group consisting of an iodine atom, a bromine atom and a
chlorine atom are bonded to an aromatic ring and the aromatic compound (A) does not have (c1) a group represented
by the following formula (10):

wherein A1 represents an amino group substituted with one or two C1-C20 hydrocarbon groups, or a C1-C20 alkoxy
group, and the above-mentioned hydrocarbon group and the above-mentioned alkoxy group may be substituted
with at least one group selected from the group consisting of a fluorine atom, a C1-C20 alkoxy group, a C6-C20 aryl
group, a C6-C20 aryloxy group, a C2-C20 acyl group and a C6-C20 arylsulfonyl group;
(g1) a C1-C20 alkyl group which may be substituted with at least one substituent selected from the group consisting
of a fluorine atom, a cyano group, a C1-C20 alkoxy group, a C6-C20 aryl group and a C6-C20 aryloxy group; and
(h1) a C2-C20 acyl group which may be substituted with at least one substituent selected from the group consisting
of a fluorine atom, a cyano group, a C1-C20 alkoxy group, a C6-C20 aryl group and a C6-C20 aryloxy group,
at the neighboring carbon atom to the carbon atom to which the leaving group is bonded,
with an aromatic compound (A) having the same structure as that of the above-mentioned aromatic compound (A)
or an aromatic compound (B) wherein the aromatic compound (B) is structurally different from the above-mentioned
aromatic compound (A), one or two leaving groups selected from the group consisting of an iodine atom, a bromine
atom and a chlorine atom are bonded to an aromatic ring and the aromatic compound (B) does not have the above-
mentioned (c1) (g1 and (h1) at the neighboring carbon atom to the carbon atom to which the leaving group is bonded,
in the presence of

(i) a nickel compound,
(ii) a metal reducing agent,
(iii) at least one ligand (L1) selected from the group consisting of a 2,2’-bipyridine compound having at least
one electron-withdrawing group and having no substituent at 3-, 6-, 3’- and 6’-position, and a 1, 10-phenanthroline
compound having at least one electron-withdrawing group and having no substituent at 2- and 9-positions, and
(iv) at least one ligand (L2) selected from the group consisting of a 2,2’-bipyridine compound having at least
one electron-releasing group and having no substituent at 3-, 6-, 3’- and 6’-positions, and a 1, 10-phenanthroline
compound having at least one electron-releasing group and having no substituent at 2- and 9-positions;

<2> The method according to <1>, wherein the ligand (L1) is at least one ligand selected from the group consisting
of a 2,2’-bipyridine compound having at least two electron-withdrawing groups and having no substituent at 3-, 6-,
3’- and 6’-positions, and a 1, 10-phenanthroline compound having at least two electron-withdrawing groups and
having no substituent at 2- and 9-positions;
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<3> The method according to <1>, wherein the ligand (L1) is a 2,2’-bipyridine compound having at least two electron-
withdrawing groups and having no substituent at 3-, 6-, 3’- and 6’-positions;
<4> The method according to any one of <1> to <3>, wherein the ligand (L2) is at least one ligand selected from
the group consisting of a 2,2’-bipyridine compound having at least two electron-releasing groups and having no
substituent at 3-, 6-, 3’- and 6’-positions, and a 1, 10-phenanthroline compound having at least two electron-releasing
groups and having no substituent at 2- and 9-positions;
<5> The method according to any one of <1> to <3>, wherein the ligand (L2) is a 2,2’-bipyridine compound having
at least two electron-releasing groups and having no substituent at 3-, 6-, 3’- and 6’-positions;
<6> The method according to <2> or <3>, wherein the 2,2’-bipyridine compound having at least two electron-
withdrawing groups and having no substituent at 3-, 6-, 3’- and 6-position is a bipyridine compound represented by
the formula (1)

wherein R1 and R2 independently each represent a hydrogen atom or an electron-withdrawing group, with the proviso
that R1 and R2 are not hydrogen atoms simultaneously;
<7> The method according to <2>, wherein the 1,10-phenanthroline compound having at least two electron-with-
drawing groups and having no substituent at 2- and 9-position is a phenanthroline compound represented by the
formula (2)

wherein R3 ,R4 and R5 independently each represent a hydrogen atom or an electron-withdrawing group, with the
proviso that R3 ,R4 and R5 are not hydrogen atoms simultaneously;
<8> The method according to <4> or <5>, wherein the 2,2’-bipyridine compound having at least two electron-
releasing groups and having no substituent at 3-, 6-, 3’- and 6’-positions is a bipyridine compound represented by
the formula (3)

wherein R6 and R7 independently each represent a hydrogen atom or an electron-releasing group, with the proviso
that R6 and R7 are not hydrogen atoms simultaneously;
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<9> The method according to <4>, wherein the 1,10-phenanthroline compound having at least two electron-releasing
groups and having no substituent at 2- and 9-positions is a phenanthroline compound represented by the formula (4)

wherein R8 ,R9 and R10 independently each represent a hydrogen atom or an electron-releasing group, with the
proviso that R8 ,R9 and R10 are not hydrogen atoms simultaneously;
<10> The method according to any one of <1> to <9>, wherein the electron-withdrawing group is a fluorine atom,
a C1-C20 fluorinated alkyl group, a C2-C20 alkoxycarbonyl group, a C2-C20 acyl group, a cyano group or a nitro
group;
<11> The method according to any one of <1> to <10>, wherein the electron-releasing group is a C1-C20 alkyl
group, a C1-C20 alkoxy group, a C6-C20 aryl group or a C1-C20 dialkylamino group;
<12> The method according to any one of <1> to <11>, wherein the aromatic rings of the aromatic compound (A)
and the aromatic compound (B) are independently a benzene ring, a biphenyl ring, a naphthalene ring, a fluorene
ring, an anthracene ring, a phenanthrene ring, a thiophene ring, a pyrrole ring or a pyridine ring;
<13> The method according to any one of <1> to <12>, wherein an aromatic compound (A) is reacted with an
aromatic compound (A) having the same structure as that of the aromatic compound (A) ;
<14> The method according to any one of <1> to <12>, wherein the aromatic compound (A) is reacted with an
aromatic compound (B) being structurally different from the aromatic compound (A);
<15> The method according to any one of <1> to <14>, wherein the aromatic compound (A) is an aromatic compound
represented by the formula (5)

wherein A1 represents an amino group substituted with one or two C1-C20 hydrocarbon groups, or a C1-C20 alkoxy
group, and the above-mentioned hydrocarbon group and the above-mentioned alkoxy group may be substituted
with at least one group selected from the group consisting of a fluorine atom, a C1-C20 alkoxy group, a C6-C20 aryl
group, a C6-C20 aryloxy group, a C2-C20 acyl group and a C6-C20 arylsulfonyl group,
R11 is independently in each occurrence a fluorine atom, a C1-C20 alkyl group, a C1-C20 alkoxy group, a C6-C20
aryl group, a C6-C20 aryloxy group, a C2-C20 acyl group or a cyano group, and the above-mentioned C1-C20 alkyl
group, the above-mentioned C1-C20 alkoxy group, the above-mentioned C6-C20 aryl group, the above-mentioned
C6-C20 aryloxy group and the above-mentioned C2-C20 acyl group may be substituted with at least one substituent
selected from the group consisting of a fluorine atom, a cyano group, a C1-C20 alkoxy group, a C6-C20 aryl group
and a C6-C20 aryloxy group, and R11s being bonded to the neighboring two carbon atoms may be bonded to form
a ring, with the proviso that when R11 is a C1-C20 alkyl group or a C2-C20 acyl group, R11 is bonded to a carbon
atom other than the neighboring carbon atoms to the carbon atom to which X1 is bonded,
X1 represents a chlorine atom, a bromine atom or an iodine atom, and j represents an integer of 0 to 3;
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<16> The method according to any one of <1> to <15>, wherein as the aromatic compound, an aromatic compound
represented by the formula (6)

wherein a, b and c are the same or different and represent 0 or 1, and h represents an integer of 5 or more,
Ar1, Ar2, Ar3 and Ar4 independently each represent a divalent aromatic group, and the divalent aromatic group may
be substituted with at least one substituent selected from the group consisting of the following (a2) to (e2):

(a2) a C1-C20 alkyl group which may be substituted with at least one substituent selected from the group
consisting of a fluorine atom, a cyano group, a C1-C20 alkoxy group, a C6-C20 aryl group and a C6-C20 aryloxy
group;
(b2) a C1-C20 alkoxy group which may be substituted with at least one substituent selected from the group
consisting of a fluorine atom, a cyano group, a C1-C20 alkoxy group, a C6-C20 aryl group and a C6-C20 aryloxy
group;
(c2) a C6-C20 aryl group which may be substituted with at least one substituent selected from the group
consisting of a. fluorine atom, a cyano group, a C1-C20 alkoxy group and a C6-C10 aryloxy group;
(d2) a C6-C20 aryloxy group which may be substituted with at least one substituent selected from the group
consisting of a fluorine atom, a cyano group, a C1-C20 alkoxy group and a C6-C20 aryloxy group; and
(e2) a C2-C20 acyl group which may be substituted with at least one substituent selected from the group
consisting of a fluorine atom, a cyano group, a C1-C20 alkoxy group, a C6-C20 aryl group and a C6-C20 aryloxy
group,

with the proviso that (a2) and (e2) are not bonded to the neighboring carbon atoms to the carbon atoms of Ar1 and
Ar2 to which X2 is bonded,
Y1 and Y2 independently each represent a single bond, -CO-, -SO2-, -C(CH3)2-, -C(CF3)2- or a fluorene-9,9-diyl group,
Z1 and Z2 independently each represent -O- or -S-, and X2 represents a chlorine atom, a bromine atom or an iodine
atom, is used;
<17> The method according to any one of <1> to <16>, wherein the nickel compound is a nickel halide;
<18> The method according to any one of <1> to <16>, wherein the nickel compound is bis(cyclooctadiene)nickel(0);
<19> The method according to any one of <1> to <18>, wherein the metal reducing agent is zinc.

Best Mode for Carrying Out the Present Invention

[0004] The aromatic compound (A) and the aromatic compound (B) compounds are compounds wherein they have
at least one aromatic ring and one or two leaving groups selected from the group consisting of an iodine atom, a bromine
atom and a chlorine atom are bonded to an aromatic ring.
[0005] The aromatic compound (B) is structurally different from the aromatic compound (A) . Hereinafter, the aromatic
compounds (A) and (B) are sometimes collectively described as the aromatic compound.
[0006] Examples of the aromatic ring include an aromatic hydrocarbon ring such as a benzene ring, a biphenyl ring,
a naphthalene ring, a fluorene ring, an anthracene ring and a phenanthrene ring, and a heteroaromatic ring such as a
thiophene ring, a pyrrole ring and a pyridine ring.
[0007] The aromatic compound (A) and the aromatic compound (B) are compounds wherein (c1) a group represented
by the following formula (10):

wherein A1 represents an amino group substituted with one or two C1-C20 hydrocarbon groups, or a C1-C20 alkoxy
group, and the above-mentioned hydrocarbon group and the above-mentioned alkoxy group may be substituted with at
least one group selected from the group consisting of a fluorine atom, a C1-C20 alkoxy group, a C6-C20 aryl group, a
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C6-C20 aryloxy group, a C2-C20 acyl group and a C6-C20 arylsulfonyl group;
(g1) a C1-C20 alkyl group which may be substituted with at least one substituent selected from the group consisting of
a fluorine atom, a cyano group, a C1-C20 alkoxy group, a C6-C20 aryl group and a C6-C20 aryloxy group; and
(h1) a C2-C20 acyl group which may be substituted with at least one substituent selected from the group consisting of
a fluorine atom, a cyano group, a C1-C20 alkoxy group, a C6-C20 aryl group and a C6-C20 aryloxy group, are not
bonded to the neighboring carbon atom to the carbon atom to which the above-mentioned leaving group is bonded.
[0008] Examples of the C1-C20 hydrocarbon group in the formula (10) of (c1) include a C1-C20 linear, branched chain
or cyclic alkyl group such as a methyl group, an ethyl group, a propyl group, an isopropyl group, a butyl group, an isobutyl
group, a sec-butyl group, a tert-butyl group, a pentyl group, a 2,2-dimethylpropyl group, a hexyl group, a cyclohexyl
group, a heptyl group, an octyl group, a nonyl group, a decyl group, an undecyl group, a dodecyl group, a tridecyl group,
a tetradecyl group, a pentadecyl group, a hexadecyl group, a heptadecyl group, an octadecyl group, a nonadecyl group
and an icosyl group; a C6-C20 aryl group such as a phenyl group; a C4-C20 alkadienyl group such as a 1,3-butadiene-
1,4-diyl group; a C1-C20 alkanediyl group such as a butane-1,4-diyl group and a pentane-1,5-diyl group; and a C6-C20
arylene group such as a biphenyl-2,2’-diyl group and an o-xylylene group. Examples of the amino group substituted with
one or two C1-C20 hydrocarbon groups include a methylamino group, a dimethylamino group, an ethylamino group, a
diethylamino group, a propylamino group, a dipropylamino group, an isopropylamino group, a diisopropylamino group,
a butylamino group, a dibutylamino group, a sec-butylamino group, a di-sec-butylamino group, a tert-butylamino group,
a di-tert-butylamino group, a pentylamino group, a 2,2-dimethylpropylamino group, a hexylamino group, a cyclohexy-
lamino group, a heptylamino group, an octylamino group, a nonylamino group, a decylamino group, an undecylamino
group, a dodecylamino group, a tridecylamino group, a tetradecylamino group, a pentadecylamino group, a hexade-
cylamino group, a heptadecylamino group, an octadecylamino group, a nonadecylamino group, an icosylamino group,
a pyrrolyl group, a pyrrolidinyl group, a piperidinyl group, a carbazolyl group, a dihydroindolyl group and a dihydroisoindolyl
group.
[0009] Examples of the C1-C20 alkoxy group in the formula (10) of (c1) include a C1-C20 linear, branched chain or
cyclic alkoxy group such as a methoxy group, an ethoxy group, a propoxy group, an isopropoxy group, a butoxy group,
a sec-butoxy group, a tert-butoxy group, a pentyloxy group, a 2,2-dimethylpropoxy group, a hexyloxy group, a cyclohex-
yloxy group, a heptyloxy group, an octyloxy group, a nonyloxy group, a decyloxy group, an undecyloxy group, a dodecyloxy
group, a tridecyloxy group, a tetradecyloxy group, a pentadecyloxy group, a hexadecyloxy group, a heptadecyloxy group,
an octadecyloxy group, a nonadecyloxy group and an icosyloxy group, and a C1-C6 alkoxy group is preferable and a
C1-C6 linear or branched chain alkoxy group is more preferable..
[0010] The hydrocarbon group and the alkoxy group may be substituted with at least one group selected from the
group consisting of a fluorine atom, a C1-C20 alkoxy group, a C6-C20 aryl group, a C6-C20 aryloxy group, a C2-C20
acyl group and a C6-C20 arylsulfonyl group.
[0011] Examples of the C1-C20 alkoxy group include the same as described above. Examples of the C6-C20 aryl
group include a phenyl group, a 4-methylphenyl group, a 2-methylphenyl group, a 1-naphthyl group, a 2-naphthyl group,
a 3-phenanthryl group and a 2-anthryl group. Examples of the C6-C20 aryloxy group include those composed of the
above-mentioned C6-C20 aryl group and an oxygen atom such as a phenoxy group, a 4-methylphenoxy group, a 2-
methylphenoxy group, a 1-naphthyloxy group, a 2-naphthyloxy group, a 3-phenanthryloxy group and a 2-anthryloxy
group. Examples of the C2-C20 acyl group include a C2-C20 aliphatic or aromatic acyl group such as an acetyl group,
a propionyl group, a butyryl group, an isobutyryl group, a benzoyl group, a 1-naphthoyl group and a 2-naphthoyl group.
Examples of the C6-C20 arylsulfonyl group include a phenylsulfonyl group and a p-toluenesulfonyl group.
[0012] As (c1), a group represented by the formula (10) wherein A1 is an isopropoxy group, a 2,2-dimethypropoxy
group, a cyclohexyloxy group, a diethylamino group or a dodecylamino group is preferable, and a group represented by
the formula (10) wherein A1 is an isopropoxy group, a 2,2-dimethylpropoxy group or a cyclohexyloxy group is more
preferable.
[0013] Examples of the C1-C20 alkoxy group, the C6-C20 aryl group and the C6-C20 aryloxy group in (g1) include
the same as described above, respectively. Examples of the C1-C20 alkyl group include a methyl group, an ethyl group,
a propyl group, an isopropyl group, a butyl group, an isobutyl group, a sec-butyl group, a tert-butyl group, a pentyl group,
a 2, 2-dimethylpropyl group, a cyclopentyl group, a hexyl group, a cyclohexyl group, a heptyl group, a 2-methylpentyl
group, an octyl group, a 2-ethylhexyl group, a nonyl group, a decyl group, an undecyl group, a dodecyl group, a tridecyl
group, a tetradecyl group, a pentadecyl group, a hexadecyl group, a heptadecyl group, an octadecyl group, a nonadecyl
group and an icosyl group.
[0014] As (g1), a C1-C20 unsubstituted alkyl group, a C1-C20 alkyl group substituted with one or more fluorine atoms
such as a trifluoromethyl group, a C1-C20 alkyl group substituted with a C1-C20 alkoxy group such as a methoxymethyl
group and a C1-C20 alkyl group substituted with a cyano group such as a cyanomethyl group are preferable.
[0015] Examples of the C1-C20 alkoxy group, the C6-C20 aryl group, the C6-C20 aryloxy group and the C2-C20 acyl
group in (h1) include the same as described above, respectively.
[0016] As (h1), a C2-C20 unsubstituted acyl group and a C2-C20 acyl group substituted with a C6-C20 aryloxy group
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such as a phenoxybenzoyl group are preferable.
[0017] The above-mentioned (c1), (g1) and (h1) may be bonded to a carbon atom other than the neighboring carbon
atoms to the carbon atom to which the above-mentioned leaving group is bonded.
[0018] The above-mentioned (c1), (g1) and (h1) are groups uninvolved in the reaction.
[0019] Alternatively, the above-mentioned aromatic ring may have a group uninvolved in the reaction other than the
above-mentioned (c1), (g1) and (h1).
[0020] Examples of the group uninvolved in the reaction other than the above-mentioned (c1), (g1) and (h1) include
the following (a1), (b1), (d1), (e1) and (f1).

(a1) a fluorine atom;
(b1) a cyano group;
(d1) a C1-C20 alkoxy group which may be substituted with at least one substituent selected from the group consisting
of a fluorine atom, a cyano group, a C1-C20 alkoxy group, a C6-C20 aryl group and a C6-C20 aryloxy group;
(e1) a C6-C20 aryl group which may be substituted with at least one substituent selected from the group consisting
of a fluorine atom, a cyano group, a C1-C20 alkoxy group and a C6-C20 aryloxy group;
(f1) a C6-C20 aryloxy group which may be substituted with at least one substituent selected from the group consisting
of a fluorine atom, a cyano group, a C1-C20 alkoxy group and a C6-C20 aryloxy group.

[0021] Examples of the C1-C20 alkoxy group, the C6-C20 aryl group and the C6-C20 aryloxy group in (d1), (e1) and
(f1) include the same as described above, respectively.
[0022] As (d1) a C1-C20 unsubstituted alkoxy group and a C1-C20 alkoxy group substituted with a C1-C20 alkoxy
group such as a methoxymethoxy group are preferable.
[0023] As (e1), a C6-C20 unsubstituted aryl group is preferable.
[0024] As (f1), a C6-C20 unsubstituted aryloxy group is preferable.
[0025] As the group uninvolved in the reaction, the above-mentioned (c1), (d1), (g1) and (h1) are preferable.
[0026] As the leaving group, a chlorine atom and a bromine atom are more preferable.
[0027] Examples of the aromatic compound (A) include chlorobenzene, bromobenzene, iodobenzene, 4-chlorofluor-
obenzene, 3-chlorofluorobenzene, 2-chlorofluorobenzene, 3-chlorotoluene, 3,5-dimethylchlorobenzene, 4-ethylchlo-
robenzene, 3-propylchlorobenzene, 4-isopropylchlorobenzene, 5-butylchlorobenzene, 3-isobutylchlorobenzene, 3-sec-
butylchlorobenzene, 4-tert-butylchlorobenzene, 5-(2,2-dimethylpropyl)chlorobenzene, 4-hexylchlorobenzene, 4-cy-
clohexylchlorobenzene, 4-benzylchlorobenzene, 4-chlorobenzonitrile, 4-chlorobiphenyl, 2-chlorobiphenyl, 4-chloroben-
zotrifluoride, 3-chlorobenzotrifluoride, (4-chlorophenyl)acetonitrile, 3-chloroanisole, 4-chloroanisole, 2,3-dimethoxychlo-
robenzene, 2,4-dimethoxychlorobenzene, 2,5-dimethoxychlorobenzene, 2-ethoxychlorobenzene, 3-propoxychloroben-
zene, 4-isopropoxychlorobenzene, 5-butoxychlorobenzene, 4-tert-butoxychlorobenzene, 4-phenoxychlorobenzene, 4-
benzyloxychlorobenzene, 4-(methoxymethyl)chlorobenzene, 4-(butoxymethyl)chlorobenzene, 4-(methoxymethoxy)
chlorobenzene, 4-(benzyloxymethoxy)chlorobenzene, 4-(2-butoxyethoxy)chlorobenzene, 4-chloroacetophenone, 3-
chloroacetophenone, 4-chloropropiophenone, 1-(4-chlorophenyl)-2,2-dimethylpropanone, (4-chlorobenzoyl)cyclohex-
ane, 4-chlorobenzophenone, p-chlorobenzalacetone, 1-chloro-4-(phenylsulfonyl)benzene, 4-chlorophenyl p-tolyl sul-
fone, methyl 4-chlorobenzenesulfonate, methyl 3-chlorobenzenesulfonate, ethyl 3-chlorobenzenesulfonate, ethyl 4-chlo-
robenzenesulfonate, 2,2-dimethylpropyl 4-chlorobenzoate, 2,2-dimethylpropyl 3-chlorobenzoate, N,N-dimethyl-4-chlo-
robenzenesulfonamide, N,N-dimethyl-3-chlorobenzenesulfonamide, N,N-diethyl-3-chlorobenzenesulfonamide, N,N-di-
ethyl-4-chlorobenzenesulfonamide, 1-chloronaphthalene, 2-bromothiophene, 5-bromo-3-hexylthiophene, 2-bromo-4-
dodecylthiophene, 5-bromo-2,2’-bithiophene, 5-bromo-3-cyclohexylthiophene, 2-chloro-4-octylthiophene, 5-chloro-3-
phenylthiophene, 1-methyl-3-chloropyrrole, 1-hexyl-3-bromopyrrole, 1-octyl-3-chloropyrrole, 2-chloropyridine, 3-chloro-
pyridine, 5-bromopyridine, 4-methyl-2-chloropyridine, 5-methyl-2-chloropyridine, 3-hexyl-5-chloropyridine, 5-chloro-2,2’-
bipyridine, 3,3’-dimethyl-5-chloro-2,2’-bipyridine, 3,3’-dioctyl-5-bromo-2,2’-bipyridine, 1,3-dichlorobenzene, 1,4-dibro-
mobenzene, 1,4-diiodobenzene, 3,5-dichlorotoluene, 3,5-dibromotoluene, 3,5-diiodotoluene, 3,4-dibromotoluene, 2,5-
dichloroanisole, 2,4-dichloroanisole, 3,5-dichloroanisole, 2,5-dibromoanisole, 2,4-dibromoanisole, 2,5-dibromoanisole,
3,5-diiodoanisole, 1,3-dichloro-4-acetoxybenzene, 1,4-dibromo-3-acetoxybenzene, 1,3-diiodo-4-acetoxybenzene, 1,4-
dichloro-2-phenoxybenzene, 1,5-dichloro-3-phenoxybenzene, 1,4-dibromo-2-phenoxybenzene, 1,5-dichloro-3-phe-
noxybenzene, 3,5-dichloro-4’-phenoxybenzophenone, 1,3-dibromo-5-ethylbenzene, 1,4-dibromo-2-methoxybenzene,
dimethyl 2,5-dibromoterephthalate, 1,4-dibromonaphthalene, 1,1’-dibromo-4,4’-biphenyl, 1,4-dibromo-2,5-dihexyloxy-
benzene, 1-bromo-4-chlorobenzene, 3-bromo-5-chlorotoluene, 3-bromo-5-chloro-2-propylbenzene, 3,5-dibromo-4’-
phenoxybenzophenone, 2,5-dibromothiophene, 5,5’-dibromo-2,2’-bithiophene, 2,5-dichloro-3-phenylthiophene, 2,5-
dichloropyridine, 3,5-dichloropyridine, 2,5-dibromopyridine, 4-methyl-2,6-dichloropyridine, 4-hexyl-2,6-dichloropyridine,
5,5’-dichloro-2,2’-bipyridine, 3,3’-dimethyl-5,5’-dichloro-2,2’-bipyridine, 3,3’-dioctyl-5,5’-dibromo-2,2’-bipyridine, 2,7-di-
bromo-9,9-dihexyl-9H-fluorene, 2,7-dibromo-9,9-dioctyl-9H-fluorene, 2,7-dibromo-9,9-didodecyl-9H-fluorene, 2,7-
dichloro-9,9-dihexyl-9H-fluorene, 2,7-dichloro-9,9-dioctyl-9H-fluorene, 2,7-dichloro-9,9-didodecyl-9H-fluorene, 2-bro-
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mo-7-chloro-9,9-dihexyl-9H-fluorene, 2-bromo-7-chloro-9,9-dioctyl-9H-fluorene 2-bromo-7-chloro-9,9-didodecyl-9H-
fluorene, 1,2-ethylene glycol bis(p-chlorobenzoate), 1,2-ethylene glycol bis(m-chlorobenzoate), 1,4-butanediol bis(p-
chlorobenzoate), 1,4-butanediol bis(m-chlorobenzoate), 1,7-heptanediol bis(p-chlorobenzoate) and 1,7-heptanediol bis
(m-chlorobenzoate).
[0028] As the aromatic compound (A), a commercially available one may be used, and one produced according to
the known method may be used.
[0029] As the aromatic compound (A), an aromatic compound represented by the following formula (5)

wherein A1 is the same as defined above, R11 is independently in each occurrence a fluorine atom, a C1-C20 alkyl
group, a C1-C20 alkoxy group, a C6-C20 aryl group, a C6-C20 aryloxy group, a C2-C20 acyl group or a cyano group,
and the above-mentioned C1-C20 alkyl group, the above-mentioned C1-C20 alkoxy group, the above-mentioned C6-
C20 aryl group, the above-mentioned C6-C20 aryloxy group and the above-mentioned C2-C20 acyl group may be
substituted with at least one substituent selected from the group consisting of a fluorine atom, a cyano group, a C1-C20
alkoxy group, a C6-C20 aryl group and a C6-C20 aryloxy group, and R11s being bonded to the neighboring two carbon
atoms may be bonded to form a ring, with the proviso that when R11 is a C1-C20 alkyl group or a C2-C20 acyl group,
R11 is bonded to a carbon atom other than the neighboring carbon atoms to the carbon atom to which X1 is bonded, X1

represents a chlorine atom, a bromine atom or an iodine atom, and j represents an integer of 0 to 3, is also preferable.
[0030] Examples of the C1-C20 alkyl group, the C1-C20 alkoxy group, the C6-C20 aryl group, the C6-C20 aryloxy
group and the C2-C20 acyl group in R11 include the same as described above, respectively. As R11, a C1-C20 unsub-
stituted alkyl group and a C1-C20 unsubstituted alkoxy group are preferable.
[0031] As X1, a chlorine atom and a bromine atom are preferable, j is preferably 0.
[0032] Examples of the aromatic compound represented by the formula (5) include dimethyl 4,4’-dichlorobiphenyl-
2,2’-disulfonate, diethyl 4,4’-dichlorobiphenyl-2,2’-disulfonate, dipropyl 4,4’-dichlorobiphenyl-2,2’-disulfonate, diisopro-
pyl 4,4’-dichlorobiphenyl-2,2’-disulfonate, dibutyl 4,4’-dichlorobiphenyl-2,2’-disulfonate, diisobutyl 4,4’-dichlorobiphenyl-
2,2’-disulfonate, di(2,2-dimethylpropyl) 4,4’-dichlorobiphenyl-2,2’-disulfonate, dicyclohexyl 4,4’-dichlorobiphenyl-2,2’-di-
sulfonate, dioctyl 4,4’-dichlorobiphenyl-2,2’-disulfonate, dipentadecyl 4,4’-dichlorobiphenyl-2,2’-disulfonate, diicosyl 4,4’-
dichlorobiphenyl-2,2’-disulfonate, N,N-dimethyl-4,4’-dichlorobiphenyl-2,2’-disulfonamide, N,N-diethyl-4,4’-dichlorobi-
phenyl-2,2’-disulfonamide, N,N-dipropyl-4,4’-dichlorobiphenyl-2,2’-disulfonamide, N,N-diisopropyl-4,4’-dichlorobiphe-
nyl-2,2’-disulfonamide, N,N-dibutyl-4,4’-dichlorobiphenyl-2,2’-disulfonamide, N,N-diisobutyl-4,4’-dichlorobiphenyl-2,2’-
disulfonamide, N,N-di(2,2-dimethylpropyl)-4,4’-dichlorobiphenyl-2,2’-disulfonamide, N,N-dioctyl-4,4’-dichlorobiphenyl-
2,2’-disulfonamide, N,N-didodecyl-4,4’-dichlorobiphenyl-2,2’-disulfonamide, N,N-diicosyl-4,4’-dichlorobiphenyl-2,2’-di-
sulfonamide, N,N-diphenyl-4,4’-dichlorobiphenyl-2,2’-disulfonamide, di(2,2-dimethylpropyl) 6,6’-dimethyl-4,4’-dichloro-
biphenyl-2,2’-disulfonate, di(2,2-dimethylpropyl) 3,3’-dimethoxy-4,4’-dichlorobiphenyl-2,2’-disulfonate, di(2,2-dimethyl-
propyl) 5,5’-dimethoxy-4,4’-dichlorobiphenyl-2,2’-disulfonate, di(2,2-dimethylpropyl) 6,6’-dimethoxy-4,4’-dichlorobiphe-
nyl-2,2’-disulfonate, di(2,2-dimethylpropyl) 3,3’-diphenyl-4,4’-dichlorobiphenyl-2,2’-disulfonate, dimethyl 4,4’-dibromobi-
phenyl-2,2’-disulfonate, diethyl 4,4’-dibromobiphenyl-2,2’-disulfonate, dipropyl 4,4’--dibromobiphenyl-2,2’-disulfonate,
diisopropyl 4,4’-dibromobiphenyl-2,2’-disulfonate, dibutyl 4,4’-dibromobiphenyl-2,2’-disulforlate, diisobutyl 4,4’-dibromo-
biphenyl-2,2’-disulfonate, di(2,2-dimethylpropyl) 4,4’-dibromobiphenyl-2,2’-disulfonate, dicyclohexyl 4,4’-dibromobiphe-
nyl-2,2’-disulfonate, dioctyl 4,4’-dibromobiphenyl-2,2’-disulfonate, dipentadecyl 4,4’-dibromobiphenyl-2,2’-disulfonate,
diicosyl 4,4’-dibromobiphenyl-2,2’-disulfonate, N,N-dimethyl-4,4’-dibromobiphenyl-2,2’-disulfonamide, N,N-diethyl-4,4’-
dibromobiphenyl-2,2’-disulfonamide, N,N-dipropyl-4,4’-dibromobiphenyl-2,2’-disulfonamide, N,N-diisopropyl-4,4’-dibro-
mobiphenyl-2,2’-disulfonamide, N,N-dibutyl-4,4’-dibromobiphenyl-2,2’-disulfonamide, N,N-diisobutyl-4,4’-dibromobi-
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phenyl-2,2’-disulfonamide, N,N-di(2,2-dimethylpropyl)-4,4’-dibromobiphenyl-2,2’-disulfonamide, N,N-dioctyl-4,4’-dibro-
mobiphenyl-2,2’-disulfonamide, N,N-didodecyl-4,4’-dibromobiphenyl-2,2’-disulfonamide, N,N-diicosyl-4,4’-dibromobi-
phenyl-2,2’-disulfonamide and N,N-diphenyl-4,4’-dibromobiphenyl-2,2’-disulfonamide.
[0033] Among them, preferred are diisopropyl 4,4’-dichlorobiphenyl-2,2’-disulfonate, di(2,2-dimethylpropyl) 4,4’-
dichlorobiphenyl-2,2’-disulfonate, diisopropyl 4,4’-dibromobiphenyl-2,2’-disulfonate and di(2,2-dimethylpropyl) 4,4’-di-
bromobiphenyl-2,2’-disulfonate.
[0034] The aromatic compound represented by the formula (5) can be produced, for example, according to the method
described in WO 2007/102235.
[0035] The aromatic compound (B) is an aromatic compound which is structurally different from the above-mentioned
aromatic compound (A) and in which one or two leaving groups selected from the group consisting of an iodine atom,
a bromine atom and a chlorine atom are bonded to an aromatic ring and which does not have the above-mentioned (c1)
(g1) and (h1) at the neighboring carbon atom to the carbon atom to which the leaving group is bonded.
[0036] Examples of the aromatic compound (B) include the same as the aromatic compound (A).
[0037] Alternatively, Specific examples of the aromatic compound (B) also include an aromatic compound represented
by the formula (6)

wherein a, b and c are the same or different and represent 0 or 1, and h represents an integer of 5 or more,
Ar1, Ar2, Ar3 and Ar4 independently each represent a divalent aromatic group, and the divalent aromatic group may be
substituted with at least one substituent selected from the group consisting of the following (a2) to (e2):

(a2) a C1-C20 alkyl group which may be substituted with at least one substituent selected from the group consisting
of a fluorine atom, a cyano group, a C1-C20 alkoxy group, a C6-C20 aryl group and a C6-C20 aryloxy group;
(b2) a C1-C20 alkoxy group which may be substituted with at least one substituent selected from the group consisting
of a fluorine atom, a cyano group, a C1-C20 alkoxy group, a C6-C20 aryl group and a C6-C20 aryloxy group;
(c2) a C6-C20 aryl group which may be substituted with at least one substituent selected from the group consisting
of a fluorine atom, a cyano group, a C1-C20 alkoxy group and a C6-C10 aryloxy group;
(d2) a C6-C20 aryloxy group which may be substituted with at least one substituent selected from the group consisting
of a fluorine atom, a cyano group, a C1-C20 alkoxy group and a C6-C20 aryloxy group; and
(e2) a C2-C20 acyl group which may be substituted with at least one substituent selected from the group consisting
of a fluorine atom, a cyano group, a C1-C20 alkoxy group, a C6-C20 aryl group and a C6-C20 aryloxy group,

[0038] with the proviso that (a2) and (e2) are not bonded to the neighboring carbon atoms to the carbon atoms of Ar1

and Ar2 to which X2 is bonded,
Y1 and Y2 independently each represent a single bond, -CO-, -SO2-, -C(CH3)2-, -C(CF3)2- or a fluorene-9,9-diyl group,
Z1 and Z2 independently each represent -O- or -S-, and X2 represents a chlorine atom, a bromine atom or an iodine atom.
[0039] In the formula (6), h is preferably an integer of 10 or more.
[0040] Examples of the divalent aromatic group in Ar2, Ar3, Ar4 and Ar5 include a divalent monocyclic aromatic group
such as a 1,3-phenylene group, a 1,4-phenylene group and 4,4’-biphenyl-1,1’-diyl group; a divalent condensed aromatic
group such as a naphthalene-1,3-diyl group, a naphthalene-1,4-diyl group, a naphthalene-1,5-diyl group, a naphthalene-
1,6-diyl group, a naphthalene-1,7-diyl group, a naphthalene-2,6-diyl group, a naphthalene-2,7-diyl group and a 9H-
fluorene-2,7-diyl group; and a divalent heteroaromatic group such as a pyridine-2,5-diyl group, a pyridine-2,6-diyl group,
a quinoxaline-2,6-diyl group, a thiophene-2,5-diyl group, 2,2’-bithiophene-5,5’-diyl group, a pyrrole-2,5-diyl group, a 2,2’-
bipyridine-5,5’-diyl group, a pyrimidine-2,5-diyl group, a quinoline-5,8-diyl group, a quinoline-2,6-diyl group, an isoquin-
oline-1,4-diyl group, an isoquinoline-5,8-diyl group, 2,1,3-benzothiadiazole-4,7-diyl group, a benzimidazole-4,7-diyl
group, a quinoxaline-5,8-diyl group and a quinoxaline-2,6-diyl group. Among them, preferred are the divalent monocyclic
aromatic group and the divalent condensed aromatic group, and more preferred are a 1,4-phenylene group, a naphtha-
lene-1,4-diyl group, a naphthalene-1,5-diyl group, a naphthalene-2,6-diyl group and a naphthalene-2,7-diyl group.
[0041] The divalent aromatic group may be substituted with at least one substituent selected from the group consisting
of the following (a2) to (e2).

(a2) a C1-C20 alkyl group which may be substituted with at least one substituent selected from the group consisting
of a fluorine atom, a cyano group, a C1-C20 alkoxy group, a C6-C20 aryl group and a C6-C20 aryloxy group;
(b2) a C1-C20 alkoxy group which may be substituted with at least one substituent selected from the group consisting
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of a fluorine atom, a cyano group, a C1-C20 alkoxy group, a C6-C20 aryl group and a C6-C20 aryloxy group;
(c2) a C6-C20 aryl group which may be substituted with at least one substituent selected from the group consisting
of a fluorine atom, a cyano group, a C1-C20 alkoxy group and a C6-C10 aryloxy group;
(d2) a C6-C20 aryloxy group which may be substituted with at least one substituent selected from the group consisting
of a fluorine atom, a cyano group, a C1-C20 alkoxy group and a C6-C20 aryloxy group; and
(e2) a C2-C20 acyl group which may be substituted with at least one substituent selected from the group consisting
of a fluorine atom, a cyano group, a C1-C20 alkoxy group, a C6-C20 aryl group and a C6-C20 aryloxy group.

[0042] Examples of the C1-C20 alkoxy group, the C6-C20 aryl group, the C6-C20 aryloxy group, the C1-C20 alkyl
group and the C2-C20 acyl group in (a2) to (e2) include the same as described above.
[0043] Examples of (a2) include the same as the above-mentioned

(g1). Examples of (b2) include the same as the above-mentioned
(d1). Examples of (c2) include the same as the above-mentioned
(e1). Examples of (d2) include the same as the above-mentioned
(f1). Examples of (e2) include the same as the above-mentioned
(h1).

[0044] To the carbon atoms of Ar1 and Ar2 to which X2 is bonded, (a2) and (e2) are not bonded to the neighboring
carbon atoms.
[0045] As X2, a chlorine atom and a bromine atom are preferable.
[0046] Specific examples of the aromatic compound represented by the formula (6) include the compounds represented
by the following and compounds wherein both terminal chlorine atoms in the compounds represented by the following
are replaced by bromine atoms. In the following formulae, h represents the same meanings as the above.
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[0047] As the aromatic compound represented by the formula (6), one produced according to known methods such
as JP Patent No. 2,745,727 may be used and a commercially available one may be used. Examples of the commercially
available one include SUMIKA EXCEL PES manufactured by Sumitomo Chemical Company, Limited.
[0048] As the aromatic compound represented by the formula (6), one having a weight average molecular weight
equivalent to polystyrene of 2,000 or more is preferably used, and one having a weight average molecular weight
equivalent to polystyrene of 3,000 or more is more preferable.
[0049] The present invention is a method for manufacturing a conjugated aromatic compound comprising reacting the
aromatic compound (A) with the aromatic compound (A) having the same structure as that of the above-mentioned
aromatic compound (A) or the aromatic compound (B) being structurally different from the above-mentioned aromatic
compound (A) in the presence of

(i) a nickel compound,
(ii) a metal reducing agent,
(iii) at least one ligand (L1) selected from the group consisting of a 2,2’-bipyridine compound having at least one
electron-withdrawing group and having no substituent at 3-, 6-, 3’- and 6’-position, and a 1,10-phenanthroline com-
pound having at least one electron-withdrawing group and having no substituent at 2- and 9-position, and
(iv) at least one ligand (L2) selected from the group consisting of a 2,2’-bipyridine compound having at least one
electron-releasing group and having no substituent at 3-, 6-, 3’- and 6’-positions, and a 1, 10-phenanthroline com-
pound having at least one electron-releasing group and having no substituent at 2- and 9-positions.

[0050] Specific examples of cases where the aromatic compound (A) is reacted with the aromatic compound (A)
having the same structure as that of the above-mentioned aromatic compound (A) include a case where the aromatic
compound represented by the formula (5) is used as the aromatic compound (A).
[0051] Specific examples of cases where the aromatic compound (A) is reacted with the aromatic compound (B) being
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structurally different from the above-mentioned aromatic compound (A) include a case where the aromatic compound
represented by the formula (5) is used as the aromatic compound (A) and the aromatic compound represented by the
formula (5) and being structurally different from the above-mentioned aromatic compound (A) is used as the aromatic
compound (B); and
a case where the aromatic compound represented by the formula (5) is used as the aromatic compound (A) and the
aromatic compound represented by the formula (6) is used as the aromatic compound (B).
[0052] When the aromatic compound (A) is reacted with the aromatic compound (B) being structurally different from
the above-mentioned aromatic compound (A), the content of the repeating unit derived from the aromatic compound
(A) and the content of the repeating unit derived from the aromatic compound (B) in the conjugated aromatic compound
obtained can be adjusted, respectively, by adjusting the used amount of the aromatic compound (A) and the used amount
of the aromatic compound (B) respectively.
[0053] Examples of the nickel compound include a zero-valent nickel compound such as bis(cyclooctadiene)nickel(0)
and tetrakis(triphenylphosphine)nickel(0); and a divalent nickel compound such as a nickel halide (for example, nickel
fluoride, nickel chloride, nickel bromide, nickel iodide and the like), a nickel carboxylate (for example, nickel formate,
nickel acetate and the like), nickel sulfate, nickel carbonate, nickel nitrate, nickel acetylacetonate and (dimethoxyethane)
nickel chloride, and bis(cyclooctadiene)nickel(0) and a nickel halide are preferable.
[0054] While the used amount of the nickel compound may be a catalytic amount, and when the used amount thereof
is too small, the yield of a conjugated aromatic compound tends to be low or a conjugated aromatic compound having
a small molecular weight tends to be obtained, and when the used amount thereof is too much, the isolation procedure
of an conjugated aromatic compound after completion of reaction tends to be cumbersome, and therefore, the used
amount of the nickel compound is usually 0.001 to 0.8 mole and preferably 0.01 to 0.3 mole per 1 mole of all of the
aromatic compounds involved in the reaction.
[0055] "Metal reducing agent" means a metal capable of reducing divalent nickel to zero-valent nickel. Specific ex-
amples thereof include zinc, magnesium, manganese, aluminum and sodium, and zinc, magnesium and manganese
are preferable, and zinc is more preferable. Usually, a commercially available metal reducing agent is used. Alternatively,
powdery or chip-type metal reducing agent is usually used. The used amount of the metal reducing agent is usually 1
mole or more per 1 mole of all of the aromatic compounds involved in the reaction. While the upper limit thereof is not
limited, when the used amount thereof is too much, the isolation procedure of an conjugated aromatic compound after
completion of reaction tends to be cumbersome and it easily becomes to be economically disadvantageous, and therefore,
it is practically 10 moles or less and preferably 5 moles or less.
[0056] The ligand (L1) is at least one selected from the group consisting of a 2,2’-bipyridine compound having at least
one electron-withdrawing group and having no substituent at 3-, 6-, 3’- and 6’-positions, and a 1,10-phenanthroline
compound having at least one electron-withdrawing group and having no substituent at 2- and 9-positions.
[0057] "Electron-withdrawing group" means a substituent wherein the value of σ defined by Hammett formula described
in Chemical Reviews 1991, 91, 165-195 is positive.
[0058] Specific examples thereof include a fluorine atom, a C1-C20 fluorinated alkyl group, a C2-C20 alkoxycarbonyl
group, a C2-C20 acyl group, a cyano group and a nitro group. Among them, preferred are a fluorine atom, a C1-C20
fluorinated alkyl group and a C2-C20 alkoxycarbonyl group.
[0059] Examples of the C1-C20 fluorinated alkyl group include a monofluoromethyl group, a difluoromethyl group, a
trifluoromethyl group, a 2,2,2-trifluoroethyl group, a pentafluoroethyl group, a perfluoropropyl group and a perfluoroiso-
propyl group, and a trifluoromethyl group is preferable.
[0060] Examples of the C2-C20 alkoxycarbonyl group include a methoxycarbonyl group, an ethoxycarbonyl group, a
propoxycarbonyl group and an isopropoxycarbonyl group, and a methoxycarbonyl group is preferable.
[0061] Examples of the C2-C20 acyl group include a C2-C20 aliphatic or aromatic acyl group such as an acetyl group,
a propionyl group, a butyryl group, an isobutyryl group, a benzoyl group, a 1-naphthoyl group and a 2-naphthoyl group.
[0062] The 2,2’-bipyridine compound in the ligand (L1) may be a 2,2’-bipyridine compound having at least one electron-
withdrawing group and having no substituent at 3-, 6-, 3’- and 6’-positions, and may have a group other than the electron-
withdrawing group at a position other than 3-, 6-, 3’-and 6’-positions.
[0063] The 1, 10-phenanthroline compound in the ligand (L1) may be a 1,10-phenanthroline compound having at least
one electron-withdrawing group and having no substituent at 2- and 9-positions, and may have a group other than the
electron-withdrawing group at a position other than 2- and 9-positions.
[0064] The ligand (L1) preferably has at least two electron-withdrawing groups.
[0065] When the ligand (L1) is a 2,2’-bipyridine compound, each of two pyridine rings has preferably one electron-
withdrawing group.
[0066] When the ligand (L1) is a 1,10-phenanthroline compound, each of rings containing a nitrogen atom has preferably
one electron-withdrawing group.
[0067] As the ligand (L1), a 2,2’-bipyridine compound having at least one electron-withdrawing group and having no
substituent at 3-, 6-, 3’- and 6’-positions is preferable.
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[0068] As the 2,2’-bipyridine compound having at least two electron-withdrawing groups and having no substituent at
3-, 6-, 3’- and 6’-positions, a bipyridine compound represented by the formula (1)

wherein R1 and R2 independently each represent a hydrogen atom or an electron-withdrawing group, with the proviso
that R1 and R2 are not hydrogen atoms simultaneously, is preferable.
[0069] As the 1,10-phenanthroline compound having at least two electron-withdrawing groups and having no substit-
uent at 2- and 9-positions, a phenanthroline compound represented by the formula (2)

wherein R3 ,R4 and R5 independently each represent a hydrogen atom or an electron-withdrawing group, with the proviso
that R3 ,R4 and R5 are not hydrogen atoms simultaneously, is preferable.
[0070] As the ligand (L1), the 2,2’-bipyridine compound represented by the formula (1) is more preferable.
[0071] Examples of the 2,2’-bipyridine compound represented by the formula (1) include 4,4’-difluoro-2,2’-bipyridine,
5,5’-difluoro-2,2’-bipyridine, 4,4’-bis(trifluoromethyl)-2,2’-bipyridine, 5,5’-bis(trifluoromethyl)-2,2’-bipyridine, 4,4’-bis
(methoxycarbonyl)-2,2’-bipyridine, 5,5’-bis(methoxycarbonyl)-2,2’-bipyridine, 4,4’-bis(ethoxycarbonyl)-2,2’-bipyridine
and 5,5’-bis(ethoxycarbonyl)-2,2’-bipyridine.
[0072] Examples of the 1,10-phenanthroline compound represented by the formula (2) include 4,7-dichloro-1,10-
phenanthroline.
[0073] As the ligand (L1), two or more 2,2’-bipyridine compound may be used, and two or more 1,10-phenanthroline
compound may be used.
[0074] As the ligand (L1), a commercially available one may be used, and one produced according to known methods
such as Bull. Chem. Soc. Jpn., 63, 80-87 (1990) may be used.
[0075] The ligand (L2) is at least one selected from the group consisting of a 2,2’-bipyridine compound having at least
one electron-releasing group and having no substituent at 3-, 6-, 3’- and 6’-positions, and a 1, 10-phenanthroline com-
pound having at least one electron-releasing group and having no substituent at 2- and 9-positions.
[0076] "Electron-releasing group" means a substituent wherein the value of a defined by Hammett formula described
in Chemical Reviews 1991, 91, 165-195 is negative.
[0077] Specific examples thereof include a C1-C20 alkyl group, a C1-C20 alkoxy group, a C6-C20 aryl group and a
C1-C20 dialkylamino group. Among them, preferred are a C1-C20 alkyl group and a C1-C20 alkoxy group.
[0078] Examples of the C1-C20 alkyl group include a methyl group, an ethyl group, a propyl group, an isopropyl group,
a butyl group, an isobutyl group, a sec-butyl group, a tert-butyl group, a pentyl group, a 2,2-dimethylpropyl group, a
cyclopentyl group, a hexyl group, a cyclohexyl group, a heptyl group, a 2-methylpentyl group, an octyl group, a 2-
ethylhexyl group, a nonyl group, a decyl group, an undecyl group, a dodecyl group, a tridecyl group, a tetradecyl group,
a pentadecyl group, a hexadecyl group, a heptadecyl group, an octadecyl group, a nonadecyl group and an icosyl group.
Preferred are a methyl group and a tert-butyl group.
[0079] Examples of the C1-C20 alkoxy group include a methoxy group, an ethoxy group, a propoxy group, an isopropoxy
group, a butoxy group, a sec-butoxy group, a tert-butoxy group, a pentyloxy group, a 2,2-dimethylpropoxy group, a
hexyloxy group, a cyclohexyloxy group, a heptyloxy group, an octyloxy group, a nonyloxy group, a decyloxy group, an
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undecyloxy group, a dodecyloxy group, a tridecyloxy group, a tetradecyloxy group, a pentadecyloxy group, a hexade-
cyloxy group, a heptadecyloxy group, an octadecyloxy group, a nonadecyloxy group and an icosyloxy group. Preferred
is a methoxy group.
[0080] Examples of the C6-C20 aryl group include a phenyl group, a 4-methylphenyl group, a 2-methylphenyl group,
a 1-naphthyl group, a 2-naphthyl group, a 3-phenanthryl group and a 2-anthryl group. Preferred is a phenyl group.
[0081] Examples of the C1-C20 dialkylamino group include a dimethylamino group, a diethylamino group, a dipro-
pylamino group, a diisopropylamino group, a dibutylamino group and a di(2,2-dimethylpropyl)amino group. Preferred is
a dimethylamino group.
[0082] The 2,2’-bipyridine compound in the ligand (L2) may be a 2,2’-bipyridine compound having at least one electron-
releasing group and having no substituent at 3-, 6-, 3’- and 6’-positions, and may have a group other than the electron-
releasing group at a position other than 3-, 6-, 3’- and 6’-positions.
[0083] The 1, 10-phenanthroline compound in the ligand (L2) may be a 1,10-phenanthroline compound having at least
one electron-releasing group and having no substituent at 2- and 9-positions, and may have a group other than the
electron-releasing group at a position other than 2- and 9-positions.
[0084] The ligand (L2) preferably has at least two electron-releasing groups.
[0085] When the ligand (L2) is a 2,2’-bipyridine compound, each of two pyridine rings has preferably one electron-
releasing group.
[0086] When the ligand (L2) is a 1,10-phenanthroline compound, each of rings containing a nitrogen atom has preferably
one electron-releasing group.
[0087] As the ligand (L2), a 2,2’-bipyridine compound having at least one electron-releasing group and having no
substituent at 3-, 6-, 3’- and 6’-positions is preferable.
[0088] As the 2,2’-bipyridine compound having at least two electron-releasing groups and having no substituent at 3-,
6-, 3’- and 6’-positions, a bipyridine compound represented by the formula (3)

wherein R6 and R7 independently each represent a hydrogen atom or an electron-releasing group, with the proviso that
R6 and R7 are not hydrogen atoms simultaneously, is preferable.
[0089] As the 1,10-phenanthroline compound having at least two electron-releasing groups and having no substituent
at 2- and 9-positions, a phenanthroline compound represented by the formula (4)

wherein R8 ,R9 and R10 independently each represent a hydrogen atom or an electron-releasing group, with the proviso
that R8, R9 and R10 are not hydrogen atoms simultaneously, is preferable.
[0090] As the ligand (L2), the 2,2’-bipyridine compound represented by the formula (3) is more preferable.
[0091] Examples of the 2,2’-bipyridine compound represented by the formula (3) include 4,4’-dimethyl-2,2’-bipyridine,
4,4’-dinonyl-2,2’-bipyridine, 4,4’-dimethoxy-2,2’-bipyridine, 4,4’-diphenyl-2,2’-bipyridine, 5,5’-dimethyl-2,2’-bipyridine,
4,4’,5,5’-tetramethyl-2,2’-bipyridine, 4,4’-bis(1,1-dimethylethyl)-2,2’-bipyridine and 4,4’-bis(dimethylamino)-2,2’-bipyrid-
ine.
[0092] Examples of the phenanthroline represented by the formula (4) include 3,4,7,8-tetramethyl-1,10-phenanthroline.
[0093] As the ligand (L2), two or more 2,2’-bipyridine compound may be used, and two or more 1,10-phenanthroline
compound may be used.
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[0094] As the ligand (L2), a commercially available one may be used, and one produced according to known methods
such as Bull. Chem. Soc. Jpn., 63, 80-87 (1990) may be used.
[0095] Specific examples of the combination of the ligand (L1) and the ligand (L2) include
a combination of 4,4’-difluoro-2,2’-bipyridine and 4,4’-dimethyl-2,2’-bipyridine,
a combination of 4,4’-difluoro-2,2’-bipyridine and 4,4’-dinonyl-2,2’-bipyridine,
a combination of 4,4’-difluoro-2,2’-bipyridine and 4,4’-dimethoxy-2,2’-bipyridine,
a combination of 4,4’-difluoro-2,2’-bipyridine and 4,4’-diphenyl-2,2’-bipyridine,
a combination of 4,4’-difluoro-2,2’-bipyridine and 5,5’-dimethyl-2,2’-bipyridine,
a combination of 4,4’-difluoro-2,2’-bipyridine and 4,4’,5,5’-tetramethyl-2,2’-bipyridine,
a combination of 4,4’-difluoro-2,2’-bipyridine and 4,4’-bis(1,1-dimethylethyl)-2,2’-bipyridine,
a combination of 4,4’-difluoro-2,2’-bipyridine and 4,4’-bis(dimethylamino)-2,2’-bipyridine,
a combination of 5,5’-difluoro-2,2’-bipyridine and 4,4’-dimethyl-2,2’-bipyridine,
a combination of 5,5’-difluoro-2,2’-bipyridine and 4,4’-dinonyl-2,2’-bipyridine,
a combination of 5,5’-difluoro-2,2’-bipyridine and 4,4’-dimethoxy-2,2’-bipyridine,
a combination of 5,5’-difluoro-2,2’-bipyridine and 4,4’-diphenyl-2,2’-bipyridine,
a combination of 5,5’-difluoro-2,2’-bipyridine and 5,5’-dimethyl-2,2’-bipyridine,
a combination of 5,5’-difluoro-2,2’-bipyridine and 4,4’,5,5’-tetramethyl-2,2’-bipyridine,
a combination of 5,5’-difluoro-2,2’-bipyridine and 4,4’-bis(1,1-dimethylethyl)-2,2’-bipyridine,
a combination of 5,5’-difluoro-2,2’-bipyridine and 4,4’-bis(dimethylamino)-2,2’-bipyridine,
a combination of 4,4’-bis(trifluoromethyl)-2,2’-bipyridine and 4,4’-dimethyl-2,2’-bipyridine,
a combination of 4,4’-bis(trifluoromethyl)-2,2’-bipyridine and 4,4’-dinonyl-2,2’-bipyridine,
a combination of 4,4’-bis(trifluoromethyl)-2,2’-bipyridine and 4,4’-dimethoxy-2,2’-bipyridine,
a combination of 4,4’-bis(trifluoromethyl)-2,2’-bipyridine and 4,4’-diphenyl-2,2’-bipyridine,
a combination of 4,4’-bis(trifluoromethyl)-2,2’-bipyridine and 5,5’-dimethyl-2,2’-bipyridine,
a combination of 4,4’-bis(trifluoromethyl)-2,2’-bipyridine and 4,4’,5,5’-tetramethyl-2,2’-bipyridine,
a combination of 4,4’-bis(trifluoromethyl)-2,2’-bipyridine and 4,4’-bis(1,1-dimethylethyl)-2,2’-bipyridine,
a combination of 4,4’-bis(trifluoromethyl)-2,2’-bipyridine and 4,4’-bis(dimethylamino)-2,2’-bipyridine,
a combination of 5,5’-bis(trifluoromethyl)-2,2’-bipyridine and 4,4’-dimethyl-2,2’-bipyridine,
a combination of 5,5’-bis(trifluoromethyl)-2,2’-bipyridine and 4,4’-dinonyl-2,2’-bipyridine,
a combination of 5,5’-bis(trifluoromethyl)-2,2’-bipyridine and 4,4’-dimethoxy-2,2’-bipyridine,
a combination of 5,5’-bis(trifluoromethyl)-2,2’-bipyridine and 4,4’-diphenyl-2,2’-bipyridine,
a combination of 5,5’-bis(trifluoromethyl)-2,2’-bipyridine and 5,5’-dimethyl-2,2’-bipyridine,
a combination of 5,5’-bis(trifluoromethyl)-2,2’-bipyridine and 4,4’,5,5’-tetramethyl-2,2’-bipyridine,
a combination of 5,5’-bis(trifluoromethyl)-2,2’-bipyridine and 4,4’-bis(1,1-dimethylethyl)-2,2’-bipyridine,
a combination of 5,5’-bis(trifluoromethyl)-2,2’-bipyridine and 4,4’-bis(dimethylamino)-2,2’-bipyridine,
a combination of 4,4’-bis(methoxycarbonyl)-2,2’-bipyridine and 4,4’-dimethyl-2,2’-bipyridine,
a combination of 4,4’-bis(methoxycarbonyl)-2,2’-bipyridine and 4,4’-dinonyl-2,2’-bipyridine,
a combination of 4,4’-bis(methoxycarbonyl)-2,2’-bipyridine and 4,4’-dimethoxl-2,2’-bipyridine,
a combination of 4,4’-bis(methoxycarbonyl)-2,2’-bipyridine and 4,4’-diphenyl-2,2’-bipyridine,
a combination of 4,4’-bis(methoxycarbonyl)-2,2’-bipyridine and 5,5’-dimethyl-2,2’-bipyridine,
a combination of 4,4’-bis (methoxycarbonyl)-2,2’-bipyridine and 4,4’,5,5’-tetramethyl-2,2’-bipyridine,
a combination of 4,4’-bis(methoxycarbonyl)-2,2’-bipyridine and 4,4’-bis(1,1-dimethylethyl)-2,2’-bipyridine,
a combination of 4,4’-bis(methoxycarbonyl)-2,2’-bipyridine and 4,4’-bis(dimethylamino)-2,2’-bipyridine,
a combination of 5,5’-bis(methoxycarbonyl)-2,2’-bipyridine and 4,4’-dimethyl-2,2’-bipyridine,
a combination of 5,5’-bis(methoxycarbonyl)-2,2’-bipyridine and 4,4’-dinonyl-2,2’-bipyridine,
a combination of 5,5’-bis(methoxycarbonyl)-2,2’-bipyridine and 4,4’-dimethoxy-2,2’-bipyridine,
a combination of 5,5’-bis(methoxycarbonyl)-2,2’-bipyridine and 4,4’-diphenyl-2,2’-bipyridine,
a combination of 5,5’-bis(methoxycarbonyl)-2,2’-bipyridine and 5,5’-dimethyl-2,2’-bipyridine,
a combination of 5,5’-bis(methoxycarbonyl)-2,2’-bipyridine and 4,4’,5,5’-tetramethyl-2,2’-bipyridine,
a combination of 5,5’-bis(methoxycarbonyl)-2,2’-bipyridine and 4,4’-bis(1,1-dimethylethyl)-2,2’-bipyridine,
a combination of 5,5’-bis(methoxycarbonyl)-2,2’-bipyridine and 4,4’-bis(dimethylamino)-2,2’-bipyridine,
a combination of 4,4’-bis(ethoxycarbonyl)-2,2’-bipyridine and 4,4’-dimethyl-2,2’-bipyridine,
a combination of 4,4’-bis(ethoxycarbonyl)-2,2’-bipyridine and 4,4’-dinonyl-2,2’-bipyridine,
a combination of 4,4’-bis(ethoxycarbonyl)-2,2’-bipyridine and 4,4’-dimethoxy-2,2’-bipyridine,
a combination of 4,4’-bis(ethoxycarbonyl)-2,2’-bipyridine and 4,4’-diphenyl-2,2’-bipyridine,
a combination of 4,4’-bis(ethoxycarbonyl)-2,2’-bipyridine and 5,5’-dimethyl-2,2’-bipyridine,
a combination of 4,4’-bis(ethoxycarbonyl)-2,2’-bipyridine and 4,4’,5,5’-tetramethyl-2,2’-bipyridine,
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a combination of 4,4’-bis(ethoxycarbonyl)-2,2’-bipyridine and 4,4’-bis(1,1-dimethylethyl)-2,2’-bipyridine,
a combination of 4,4’-bis(ethoxycarbonyl)-2,2’-bipyridine and 4,4’-bis(dimethylamino)-2,2’-bipyridine,
a combination of 5,5’-bis(ethoxycarbonyl)-2,2’-bipyridine and 4,4’-dimethyl-2,2’-bipyridine,
a combination of 5,5’-bis(ethoxycarbonyl)-2,2’-bipyridine and 4,4’-dinonyl-2,2’-bipyridine,
a combination of 5,5’-bis(ethoxycarbonyl)-2,2’-bipyridine and 4,4’-dimethoxy-2,2’-bipyridine,
a combination of 5,5’-bis(ethoxycarbonyl)-2,2’-bipyridine and 4,4’-diphenyl-2,2’-bipyridine,
a combination of 5,5’-bis(ethoxycarbonyl)-2,2’-bipyridine and 5,5’-dimethyl-2,2’-bipyridine,
a combination of 5,5’-bis(ethoxycarbonyl)-2,2’-bipyridine and 4,4’,5,5’-tetramethyl-2,2’-bipyridine,
a combination of 5,5’-bis(ethoxycarbonyl)-2,2’-bipyridine and 4,4’-bis(1,1-dimethylethyl)-2,2’-bipyridine, and
a combination of 5,5’-bis(ethoxycarbonyl)-2,2’-bipyridine and 4,4’-bis(dimethylamino)-2,2’-bipyridine.
[0096] The ligand (L1) and the ligand (L2) are used in an amount wherein the sum of the used amounts is usually 0.2
to 2 moles and preferably 0.5 to 1.7 moles relative to 1 mole of the nickel compound. While the used amount of each
thereof is not limited, the ratio of the used amount of the ligand (L1) to the used amount of the ligand (L2) (the ligand
(L1)/the ligand (L2)) is usually 0.01/0.99 to 0.99/0.01, and preferably 0.1/0.9 to 0.9/0.1. It is more preferred that the used
amount of the ligand (L2) is equal to or bigger than the used amount of the ligand (L1), and it is especially preferred that
the ratio of the used amount of the ligand (L1) to the used amount of the ligand (L2) (the ligand (L1)/the ligand (L2)) is
0.5/0.5 to 0.1/0.9.
[0097] The ligand (L1), the ligand (L2) and the nickel compound may be previously contacted to be used. The ligand
(L1), the ligand (L2) and the nickel compound may be mixed in a solvent and the resultant mixture containing a nickel
complex may be used as it is, and the nickel complex may be isolated from the mixture to be used. The ligand (L1) may
be mixed with the nickel compound in a solvent and the resultant mixture containing a nickel complex may be used as
it is, and the nickel complex may be isolated from the mixture to be used. The ligand (L2) may be mixed with the nickel
compound in a solvent and the resultant mixture containing a nickel complex may be used as it is, and the nickel complex
may be isolated from the mixture to be used. A mixture containing a nickel complex which is prepared from the ligand
(L1) and the nickel compound may be mixed with the ligand (L2), and the resultant mixture containing a nickel complex
may be used as it is, and the nickel complex may be isolated from the mixture to be used. A mixture containing a nickel
complex which is prepared from the ligand (L2) and the nickel compound may be mixed with the ligand (L1), and the
resultant mixture containing a nickel complex may be used as it is, and the nickel complex may be isolated from the
mixture to be used. By change of a color of the mixture, the preparation of the nickel complex can be discerned.
[0098] The reaction of the aromatic compound (A) with the aromatic compound (A) having the same structure as that
of the above-mentioned aromatic compound (A) or the aromatic compound (B) being structurally different from the above-
mentioned aromatic compound (A) is usually carried out in the presence of a solvent. The solvent may be one in which
the used aromatic compounds and the produced conjugated aromatic compound can be dissolved. Specific examples
of the solvent include an aromatic hydrocarbon solvent such as toluene and xylene; an ether solvent such as tetrahy-
drofuran and 1,4-dioxane; an aprotic polar solvent such as dimethylsulfoxide, N-methyl-2-pyrrolidone, N,N-dimethylfor-
mamide, N,N-dimethylacetamide and hexamethylphosphoric triamide; and a halogenated hydrocarbon solvent such as
dichloromethane and dichloroethane. These solvents may be used alone, and two or more kinds thereof may be mixed
to be used. Among them, preferred are the ether solvent and the aprotic polar solvent, and more preferred are tetrahy-
drofuran, dimethylsulfoxide, N-methyl-2-pyrrolidone and N,N-dimethylacetamide. When the used amount of the solvent
is too much, a conjugated aromatic compound having small molecular weight tends to be obtained, and when the used
amount thereof is too small, the property of the reaction mixture tends to be bad, and therefore, it is usually 1 to 200
parts by weight and preferably 5 to 100 parts by weight per 1 part by weight of all of the aromatic compounds used.
[0099] The reaction is usually conducted by mixing the aromatic compounds, the nickel compound, metal reducing
agent, the ligand (L1) and the ligand (L2) in an atmosphere of an inert gas such as nitrogen gas. The mixing order is
not limited.
[0100] The reaction temperature is usually 0 to 250°C and preferably 30 to 100°C. The reaction time is usually 0.5 to
48 hours.
[0101] In order to improve a reaction rate, a halogen compound may be added to the reaction system. Examples of
the halogen compound include a sodium halide such as sodium fluoride, sodium chloride, sodium bromide and sodium
iodide, a potassium halide such as potassium fluoride, potassium chloride, potassium bromide and potassium iodide,
and a quaternary ammonium halide such as tetraethylammonium fluoride, tetraethylammonium chloride, tetraethylam-
monium bromide and tetraethylammonium iodide. A sodium halide is preferable, and sodium iodide is more preferable.
The used amount thereof is usually 0.01 to 1 mole per 1 mole of the all of the aromatic compounds involved in the
reaction, and preferably 0.05 to 0.2 mole.
[0102] The conjugated aromatic compound can be obtained by thus reaction, and "conjugate aromatic compound"
means a compound having at least one aromatic ring and possessing a delocated π-electron system in a part of or all
of its molecule.
[0103] When the conjugated aromatic compound produced is a polymer, for example, after completion of the reaction,
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the conjugated aromatic compound is precipitated by mixing a solvent in which the conjugated aromatic compound
produced is not soluble or is poorly soluble with the reaction mixture, followed by separating the precipitated conjugated
aromatic compound from the reaction mixture by filtration, thereby being able to isolate it. The solvent in which the
conjugated aromatic compound produced is not soluble or is poorly soluble may be mixed with the reaction mixture and
then an aqueous acid solution such as hydrochloric acid is added thereto followed by separating the conjugated aromatic
compound precipitated from the reaction mixture by filtration. The molecular weight and structure of the conjugated
aromatic compound obtained can be analyzed by a conventional means such as gel permeation chromatography and
NMR. Examples of the solvent in which the produced conjugated aromatic compound is not soluble or is poorly soluble
include water, methanol, ethanol and acetonitrile, and water and methanol are preferable.
[0104] When the conjugated aromatic compound produced is not a polymer, for example, after completion of the
reaction, the conjugated aromatic compound produced can be isolated by concentrating the reaction mixture. The
conjugated aromatic compound isolated may be further purified by a conventional purification means such as column
chromatography, distillation and recrystallization.
[0105] When the aromatic compound (A) having two leaving groups is used, a polymer having a repeating unit derived
from the aromatic compound (A) is obtained, and the weight-average molecular weight thereof equivalent to polystyrene
is usually 1,000 to 2,000,000.
[0106] When the aromatic compound (A) having one leaving group is used and it is reacted with the aromatic compound
(A) having the same structure as that of the above-mentioned aromatic compound (A), specific examples of the conjugated
aromatic compound obtained include biphenyl, 4,4’-difluorobiphenyl, 3,3’-difluorobiphenyl, 2,2’-difluorobiphenyl, 3,3’-
dipropylbiphenyl, 4,4’-diisopropylbiphenyl, 5,5’-dibutylbiphenyl, 3,3’-di-sec-butylbiphenyl, 4,4’-di-tert-butylbiphenyl, 5,5’-
bis(2,2-dimethylpropyl)biphenyl, 4,4’-dicyclohexylbiphenyl, 4,4’-dibenzylbiphenyl, 4,4’-dicyanobiphenyl, 4,4’-bis(trifluor-
omethyl)biphenyl, 4,4’-bis(cyanomethyl)biphenyl, 3,3’-dimethoxybiphenyl, 4,4’-dimethoxybiphenyl, 2,2’,3,3’-tetrameth-
oxybiphenyl, 2,2’,4,4’-tetramethoxybiphenyl, 2,2’,5,5’-tetramethoxybiphenyl, 2,2’-diethoxybiphenyl, 3,3’-dipropoxybi-
phenyl, 4,4’-diisopropoxybiphenyl, 5,5’-dibutoxybiphenyl, 4,4’-di-tert-butoxybiphenyl, 4,4’-diphenoxybiphenyl, 4,4’-
dibenzyloxybiphenyl, 4,4’-bis(methoxymethyl)biphenyl, 4,4’-bis(butoxymethyl)biphenyl, 4,4’-bis(methoxymethoxy)bi-
phenyl, 4,4’-bis(benzyloxymethoxy)biphenyl, 4,4’-bis(2-butoxyethoxy)biphenyl, 4,4’-diacetylbiphenyl, 4,4’-dibenzoylbi-
phenyl, 4,4"-bis(phenylsulfonyl)biphenyl, dimethyl biphenyl-4,4’-disulfonate, diethyl biphenyl-4,4’-disulfonate, di(2,2-
dimethylpropyl) biphenyl-4,4’-disulfonate, di(2,2-dimethylpropyl) biphenyl-3,3’-disulfonate, 1,1’-binaphthalene, 2,2’-bithi-
ophene, 3,3’-dihexyl-5,5’-bithiophene, 1,1’-dimethyl-5,5’-bipyrrole, 2,2’-bipyridine, 3,3’-dihexyl-5,5’-bipyridine, 2,2’-bipy-
rimidine, 5,5’-biquinoline, 1,1’-biisoquinoline, 4,4’-bis(2,1,3-benzothiadiazole) and 7,7’-bis(benzimidazole).
[0107] When the aromatic compound (A) is reacted with the aromatic compound (A) having the same structure as
that of the above-mentioned aromatic compound (A) and the aromatic compound (A) having two leaving groups is used,
specific examples of the conjugated aromatic compound obtained include a conjugated aromatic compound consisting
of a repeating unit represented by the following formula (21a) to (21c) and a conjugated aromatic compound consisting
a repeating unit represented by the following formula (22a) to (22e).
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[0108] The conjugated aromatic compound usually contains the repeating unit of 2 to 10,000, and the weight-average
molecular weight thereof equivalent to polystyrene is usually 500 to 3,000,000.
[0109] When the aromatic compound (A) is reacted with the aromatic compound (A) having the same structure as
that of the above-mentioned aromatic compound (A) and the aromatic compound represented by the formula (5) is used
as the aromatic compound (A), specific examples of the conjugated aromatic compound obtained include a conjugated
aromatic compound consisting of a repeating unit represented by the following formula (23).

[0110] The conjugated aromatic compound usually contains the repeating unit represented by the formula (23) of 2
to 10,000, and the weight-average molecular weight thereof equivalent to polystyrene is usually 1,000 to 6,000,000.
[0111] Specific examples of the repeating unit represented by the formula (23) include the repeating units represented
by the following formulae (23a) to (23d).
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[0112] When the aromatic compound (A) having two leaving groups is used as the aromatic compound (A) and the
aromatic compound represented by the formula (6) is used as the aromatic compound (B), specific examples of the
conjugated aromatic compound obtained include a conjugated aromatic compound comprising a repeating unit derived
from the aromatic compound (A) having two leaving groups and the segment represented by the following formula (24)

The weight-average molecular weight thereof equivalent to polystyrene is usually 3,000 to 3,000,000.
[0113] Specific examples of the segment represented by the formula (24) include the segments represented by the
following formulae (24a) to (24x). Additionally, in the following formulae, h represents the same meaning as defined
above and is preferably an integer of 10 or more.
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[0114] Examples of the conjugated aromatic compound comprising the repeating unit derived from the aromatic com-
pound having two leaving groups and the segment represented by the formula (24) include a conjugated aromatic
compound comprising any one repeating units of the repeating units represented by the above-mentioned formulae
(21a) to (21d) and any one segment of the segments represented by the above-mentioned formulae (24a) to (24x).
Specific examples thereof include conjugated aromatic compounds represented by the following formulae (I-1) to (I-16).
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Herein, in the following formulae, h represents the same meaning as defined above, and p represents an integer of 2
or more.
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[0115] The amount of the segment represented by the formula (24) in the conjugated aromatic compound is preferably
5% by weight or more and 95% by weight or less, and more preferably 10% by weight or more and 70% by weight or less.
[0116] When the aromatic compound represented by the formula (5) is used as the aromatic compound (A) and the
aromatic compound represented by the formula (6) is used as the aromatic compound (B), examples of the conjugated
aromatic compound obtained include a conjugated aromatic compound comprising the repeating unit represented by
the above-mentioned formula (23) and the segment represented by the formula (24). Examples of the conjugated aromatic
compound comprising the repeating unit represented by the above-mentioned formula (23) and the segment represented
by the formula (24) include a conjugated aromatic compound comprising any one repeating unit of the repeating units
represented by the above-mentioned formulae (23a) to (23d) and any one segment of the segments represented by the
above-mentioned formulae (24a) to (24x). Specific examples thereof include conjugated aromatic compounds repre-
sented by the following formulae (III-1) to (III-6). Herein, in the following formulae, h represents the same meanings as
defined above and p represents an integer of 2 or more.
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[0117] The conjugated aromatic compound usually contains the repeating unit represented by the formula (23) of 2
to 10,000, and the weight-average molecular weight thereof equivalent to polystyrene is usually 1,000 to 6,000,000.
[0118] The content of each of repeating units in the conjugated aromatic compound comprising two or more kinds of
the repeating units can be adjusted by arbitrarily adjusting the used amount of the aromatic compounds used.
[0119] Especially, the conjugated aromatic compound comprising the repeating unit represented by the formula (23)
can be used as a law material for synthesizing a polyelectrolyte for a polymer electrolyte fuel cell, and the preferable
weight-average molecular weight equivalent to polystyrene in such case is 2,000 to 1,000,000 and more preferable one
is 3,000 to 800,000.

Examples

[0120] The present invention will be further illustrated by Examples in more detail below, but the present invention is
not limited to these Examples. When the conjugated aromatic compound obtained was not a polymer, it was analyzed
with gas chromatography internal standard method or liquid chromatography internal standard method, and the yield
thereof was calculated from their results. When the conjugated aromatic compound obtained was a polymer, it was
analyzed with gel permeation chromatography (hereinafter, simply referred to as GPC), of which analytical condition
was as followed, and the weight-average molecular weight (Mw) and the number-average molecular weight (Mn) thereof
equivalent to polystyrene were calculated from its result.

<Analytical Condition>

[0121] GPC measuring apparatus: CTO-10A (manufactured by Shimadzu Corporation)
Column: TSK-GEL (manufactured by Tosoh Coporation)
Column temperature: 40°C
Eluent: N,N-dimethylacetamide containing lithium bromide (concentration of lithium bromide: 10 mmol/dm3)
Flow rate: 0.5 mL/minute
Detection wavelength: 300 nm
[0122] However, in Examples 30 to 35 and Comparative Examples 36 to 41, the analysis was conducted using tet-
rahydrofuran as eluent and at the flow rate of 1.0 mL/minute.

[Example 1]

[0123] To a reaction container made of glass and equipped with a cooling apparatus, 3.1 mg of nickel bromide, 1.9
mg of 4,4’-bis(1,1-dimethylethyl)-2,2’-bipyridine, 1.9 mg of 4,4’-bis(methoxycarbonyl)-2,2’-bipyridine and 93.4 mg of zinc
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powder were added in an atmosphere of nitrogen at room temperature. To the mixture obtained, 184 mg of 2,2-dimeth-
ylpropyl 3-chlorobenzenesulfonate and 5 mL of N,N-dimethylacetamide were added at room temperature. The reaction
was conducted by stirring the mixture obtained at 70°C for 4 hours to obtain a reaction mixture containing 2,2-dimeth-
ylpropyl biphenyl-2,2’-disulfonate. The yield of 2,2-dimethylpropyl biphenyl-2,2’-disulfonate was 157 mg.

[Example 2]

[0124] The reaction was conducted according to the same manner as that of Example 1, except that 1.5 mg of 4,4’-
dimethoxy-2,2’-bipyridine was used in place of 1.9 mg of 4,4’-bis(1,1-dimethylethyl)-2,2’-bipyridine, a reaction mixture
containing 2,2-dimethylpropyl biphenyl-2,2’-disulfonate was obtained. The yield of 2,2-dimethylpropyl biphenyl-2,2’-di-
sulfonate was 154 mg.

[Example 3]

[0125] The reaction was conducted according to the same manner as that of Example 1, except that 1.3 mg of 4,4’-
dimethyl-2,2’-bipyridine was used in place of 1.9 mg of 4,4’-bis(1,1’-dimethylethyl)-2,2’-bipyridine, a reaction mixture
containing 2,2-dimethylpropyl biphenyl-2,2’-disulfonate was obtained. The yield of 2,2-dimethylpropyl biphenyl-2,2’-di-
sulfonate was 159 mg.

[Example 4]

[0126] The reaction was conducted according to the same manner as that of Example 1, except that 2.0 mg of 4,4’-
bis(trifluoromethyl)-2,2’-bipyridine was used in place of 1.9 mg of 4,4’-bis(methoxycarbonyl)-2,2’-bipyridine, a reaction
mixture containing 2,2-dimethylpropyl biphenyl-2,2’-disulfonate was obtained. The yield of 2,2-dimethylpropyl biphenyl-
2,2’-disulfonate was 153 mg.

[Example 5]

[0127] The reaction was conducted according to the same manner as that of Example 1, except that 1.5 mg of 4,4’-
dimethoxy-2,2’-bipyridine was used in place of 1.9 mg of 4,4’-bis(1,1-dimethylethyl)-2,2’-bipyridine and 2.0 mg of 4,4’-
bis(trifluoromethyl)-2,2’-bipyridine was used in place of 1.9 mg of 4,4’-bis(methoxylcarbonyl)-2,2’-bipyridine, a reaction
mixture containing 2,2-dimethylpropyl biphenyl-2,2’-disulfonate was obtained. The yield of 2,2-dimethylpropyl biphenyl-
2,2’-disulfonate was 127 mg.

[Comparative Example 1]

[0128] The reaction was conducted according to the same manner as that of Example 1, except that 2.2 mg of 2,2’-
bipyridine was used in place of 1.9 mg of 4,4’-bis(1,1-dimethylethyl)-2,2’-bipyridine and 1.9 mg of 4,4’-bis(methoxylcar-
bonyl)-2,2’-bipyridine, a reaction mixture containing 2,2-dimethylpropyl biphenyl-2,2’-disulfonate was obtained. The yield
of 2,2-dimethylpropyl biphenyl-2,2’-disulfonate was 12 mg.

[Comparative Example 2]

[0129] The reaction was conducted according to the same manner as that of Example 1, except that 3.0 mg of 4,4’-
dimethoxy-2,2’-bipyridine was used in place of 1.9 mg of 4,4’-bis(1,1-dimethylethyl)-2,2’-bipyridine and 1.9 mg of 4,4’-
bis(methoxylcarbonyl)-2,2’-bipyridine, a reaction mixture containing 2,2-dimethylpropyl biphenyl-2,2’-disuifonate was
obtained. The yield of 2,2-dimethylpropyl biphenyl-2,2’-disulfonate was 3 mg.

[Comparative Example 3]

[0130] The reaction was conducted according to the same manner as that of Example 1, except that 3.8 mg of 4,4’-
bis(methoxycarbonyl)-2,2’-bipyridine was used in place of 1.9 mg of 4,4’-bis(1,1-dimethylethyl)-2,2’-bipyridine and 1.9
mg of 4,4’-bis(methoxylcarbonyl)-2,2’-bipyridine, a reaction mixture containing 2,2-dimethylpropyl biphenyl-2,2’-disul-
fonate was obtained. The yield of 2,2-dimethylpropyl biphenyl-2,2’-disulfonate was 5 mg.

[Comparative Example 4]

[0131] The reaction was conducted according to the same manner as that of Example 1, except that 2.6 mg of 4,4’-
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dimethyl-2,2’-bipyridine was used in place of 1.9 mg of 4,4’-bis(1,1-dimethylethyl)-2,2’-bipyridine and 1.9 mg of 4,4’-bis
(methoxylcarbonyl)-2,2’-bipyridine, a reaction mixture containing 2,2-dimethylpropyl biphenyl-2,2’-disulfonate was ob-
tained. The yield of 2,2-dimethylpropyl biphenyl-2,2’-disulfonate was 10 mg.

[Comparative Example 5]

[0132] The reaction was conducted according to the same manner as that of Example 1, except that 3.8 mg of 4,4’-
bis(methoxycarbonyl)-2,2’-bipyridine was used in place of 1.9 mg of 4,4’-bis(1,1-dimethylethyl)-2,2’-bipyridine and 1.9
mg of 4,4’-bis(methoxylcarbonyl)-2,2’-bipyridine, a reaction mixture containing 2,2-dimethylpropyl biphenyl-2,2’-disul-
fonate was obtained. The yield of 2,2-dimethylpropyl biphenyl-2,2’-disulfonate was 4 mg.

[Comparative Example 6]

[0133] The reaction was conducted according to the same manner as that of Example 1, except that 4.1 mg of 4,4’-
ditrifluoromethyl-2,2’-bipyridine was used in place of 1.9 mg of 4,4’-bis (1, 1-dimethylethyl) -2,2’-bipyridine and 1.9 mg
of 4,4’-bis(methoxylcarbonyl)-2,2’-bipyridine, a reaction mixture containing 2,2-dimethylpropyl biphenyl-2,2’-disulfonate
was obtained. The yield of 2,2-dimethylpropyl biphenyl-2,2’-disulfonate was 70 mg.

[Example 6]

[0134] To a reaction container made of glass and equipped with a cooling apparatus, 4.6 mg of nickel bromide, 2.8
mg of 4,4’-bis(1,1-dimethylethyl)-2,2’-bipyridine, 2.9 mg of 4,4’-bis(methoxycarbonyl)-2,2’-bipyridine and 94.3 mg of zinc
powder were added in an atmosphere of nitrogen at room temperature. To the mixture obtained, 108 mg of 4-chloroac-
etophenone and 5 mL of N,N-dimethylacetamide were added at room temperature. The reaction was conducted by
stirring the mixture obtained at 70°C for 4 hours to obtain a reaction mixture containing 4,4’-diacetylbiphenyl. The yield
of 4,4’-diacetylbiphenyl was 77 mg.

[Example 7]

[0135] The reaction was conducted according to the same manner as that of Example 6, except that 1.9 mg of 4,4’-
dimethyl-2,2’-bipyridine was used in place of 2.8 mg of 4,4’-bis(1,1-dimeLhylethyl)-2,2’-bipyridine and 3.1 mg of 4,4’-bis
(trifluoromethyl)-2,2’-bipyridine was used in place of 2.9 mg of 4,4’-bis(methoxycarbonyl)-2,2’-bipyridine, a reaction
mixture containing 4,4’-diacetylbiphenyl was obtained. The yield of 4,4’-diacetylbiphenyl was 78 mg.

[Comparative Example 7]

[0136] The reaction was conducted according to the same manner as that of Example 6, except that 3.3 mg of 2,2’-
bipyridine was used in place of 2.8 mg of 4,4’-bis(1,1-dimethylethyl)-2,2’-bipyridine and 2.9 mg of 4,4’-bis(methoxycar-
bonyl)-2,2’-bipyridine, a reaction mixture containing 4,4’-diacetylbiphenyl was obtained. The yield of 4,4’-diacetylbiphenyl
was 52 mg.

[Comparative Example 8]

[0137] The reaction was conducted according to the same manner as that of Example 6, except that 5.6 mg of 4,4’-
bis(1,1-dimethylethyl)-2,2’-bipyridine was used in place of 2.8 mg of 4,4’-bis(1,1-dimethylethyl)-2,2’-bipyridine and 2.9mg
of 4,4’-bis(methoxycarbonyl)-2,2’-bipyridine, a reaction mixture containing 4,4’-diacetylbiphenyl was obtained. The yield
of 4,4’-diacetylbiphenyl was 4 mg.

[Comparative Example 9]

[0138] The reaction was conducted according to the same manner as that of Example 6, except that 3.9 mg of 4,4’-
dimethyl-2,2’-bipyridine was used in place of 2.8 mg of 4,4’-bis(1,1-dimethylethyl)-2,2’-bipyridine and 2.9 mg of 4,4’-bis
(methoxycarbonyl)-2,2’-bipyridine, a reaction mixture containing 4,4’-diacetylbiphenyl was obtained. The yield of 4,4’-
diacetylbiphenyl was 9 mg.

[Comparative Example 10]

[0139] The reaction was conducted according to the same manner as that of Example 6, except that 5.7 mg of 4,4’-
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bis(methoxycarbonyl)-2,2’-bipyridine was used in place of 2.8 mg of 4,4’-bis(1,1-dimethylethyl)-2,2’-bipyridine and 2.9
mg of 4,4’-bis(methoxycarbonyl)-2,2’-bipyridine, a reaction mixture containing 4,4’-diacetylbiphenyl was obtained. The
yield of 4,4’-diacetylbiphenyl was 18 mg.

[Comparative Example 11]

[0140] The reaction was conducted according to the same manner as that of Example 6, except that 6.1 mg of 4,4’-
bis(trifluoromethyl)-2,2’-bipyridine was used in place of 2.8 mg of 4,4’-bis(1,1-dimethylethyl)-2,2’-bipyridine and 2.9 mg
of 4,4’-bis(methoxycarbonyl)-2,2’-bipyridine, a reaction mixture containing 4,4’-diacetylbiphenyl was obtained. The yield
of 4,4’-diacetylbiphenyl was 54 mg.

[Example 8]

[0141] To a reaction container made of glass and equipped with a cooling apparatus, 4.6 mg of nickel bromide, 2.8
mg of 4,4’-bis(1,1-dimethylethyl)-2,2’-bipyridine, 2.9 mg of 4,4’-bis(methoxycarbonyl)-2,2’-bipyridine and 94.3 mg of zinc
powder were added in an atmosphere of nitrogen at room temperature. To the mixture obtained, 96 mg of 4-chloroben-
zonitrile and 5 mL of N,N-dimethylacetamide were added at room temperature. The reaction was conducted by stirring
the mixture obtained, at 70°C for 4 hours to obtain a reaction mixture containing 4,4’-dicyanobiphenyl. The yield of 4,4’-
dicyanobiphenyl was 38 mg.

[Example 9]

[0142] The reaction was conducted according to the same manner as that of Example 8, except that 2.3 mg of 4,4’-
dimethoxy-2,2’-bipyridine was used in place of 2.8 mg of 4,4’-bis(1,1-dimethylethyl)-2,2’-bipyridine and 3.1 mg of 4,4’-
bis(trifluoromethyl)-2,2’-bipyridine was used in place of 2.9 mg of 4,4’-bis(methoxycarbonyl)-2,2’-bipyridine, a reaction
mixture containing 4,4’-dicyanobiphenyl was obtained. The yield of 4,4’-dicyanobiphen.yl was 47 mg.

[Comparative Example 12]

[0143] The reaction was conducted according to the same manner as that of Example 8, except that 4.5 mg of 4,4’-
dimethoxy-2,2’-bipyridine was used in place of 2.8 mg of 4,4’-bis(1,1-dimethylethyl)-2,2’-bipyridine and 2.9 mg of 4,4’-
bis(methoxycarbonyl)-2,2’-bipyridine, a reaction mixture containing 4,4’-dicyanobiphenyl was obtained. The yield of 4,4’-
dicyanobiphenyl was 17 mg.

[Comparative Example 13]

[0144] The reaction was conducted according to the same manner as that of Example 8, except that 5.6 mg of 4,4’is
(1,1-dimethylethyl)-2,2’-bipyridine was used in place of 2.8 mg of 4,4’-bis(1,1-dimethylethyl)-2,2’-bipyridine and 2.9 mg
of 4,4’-bis(methoxycarbonyl)-2,2’-bipyridine, a reaction mixture containing 4,4’-dicyanobiphenyl was obtained. The yield
of 4,4’-dicyanobiphenyl was 18 mg.

[Comparative Example 14]

[0145] The reaction was conducted according to the same manner as that of Example 8, except that 5.7 mg of 4,4’-
bis(methoxycarbonyl)-2,2’-bipyridine was used in place of 2.8 mg of 4,4’-bis(1,1-dimethylethyl)-2,2’-bipyridine and 2.9
mg of 4,4’-bis(methoxycarbonyl)-2,2’-bipyridine, a reaction mixture containing 4,4’-dicyanobiphenyl was obtained. The
yield of 4,4’-dicyanobiphenyl was 9 mg.

[Comparative Example 15]

[0146] The reaction was conducted according to the same manner as that of Example 8, except that 6.1 mg of 4,4’-
bis(trifluoromethyl)-2,2’-bipyridine was used in place of 2.8 mg of 4,4’-bis(1,1-dimethylethyl)-2,2’-bipyridine and 2.9 mg
of 4,4’-bis(methoxycarbonyl)-2,2’-bipyridine, a reaction mixture containing 4,4’-dicyanobiphenyl was obtained. The yield
of 4,4’-dicyanobiphenyl was 18 mg.

[Example 10]

[0147] To a reaction container made of glass and equipped with a cooling apparatus, 7.6 mg of nickel bromide, 4.7
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mg of 4,4’-bis(1,1-dimethylethyl)-2,2’-bipyridine, 4.7 mg of 4,4’-bis(methoxycarbonyl)-2,2’-bipyridine and 96.1 mg of zinc
powder were added in an atmosphere of nitrogen at room temperature. To the mixture obtained, 91 mg of 4-chlorofluor-
obenzene and 5 mL of N,N-dimethylacetamide were added at room temperature. The reaction was conducted by stirring
the mixture obtained at 70°C for 4 hours to obtain a reaction mixture containing 4,4’-difluorobiphenyl. The yield of 4j4’-
difluorobiphenyl was 44 mg.

[Comparative Example 16]

[0148] The reaction was conducted according to the same manner as that of Example 10, except that 5.4 mg of 2,2’-
bipyridine was used in place of 4.7 mg of 4,4’-bis(1,1-dimethylethyl)-2,2’-bipyridine and 4.7 mg of 4,4’-bis(methoxycar-
bonyl)-2,2’-bipyridine, a reaction mixture containing 4,4’-difluorobiphenyl was obtained. The yield of 4,4’-difluorobiphenyl
was 38 mg.

[Comparative Example 17]

[0149] The reaction was conducted according to the same manner as that of Example 10, except that 9.4 mg of 4,4’-
bis(1,1-dimethylethyl)-2,2’-bipyridine was used in place of 4.7 mg of 4,4’-bis(1,1-dimethylethyl)-2,2’-bipyridine and 4.7
mg of 4,4’-bis(methoxycarbonyl)-2,2’-bipyridine, a reaction mixture containing 4,4’-difluorobiphenyl was obtained. The
yield of 4,4’-difluorobiphenyl was 25 mg.

[Comparative Example 18]

[0150] The reaction was conducted according to the same manner as that of Example 10, except that 9.5 mg of 4,4’-
bis(methoxycarbonyl)-2,2’-bipyridine was used in place of 4.7 mg of 4,4’-bis(1,1-dimethylethyl)-2,2’-bipyridine and 4.7
mg of 4,4’-bis(methoxycarbonyl)-2,2’-bipyridine, a reaction mixture containing 4,4’-difluorobiphenyl was obtained. The
yield of 4,4’-difluorobiphenyl was 6 mg.

[Example 11]

[0151] To a reaction container made of glass and equipped with a cooling apparatus, 7.6 mg of nickel bromide, 4.7
mg of 4,4’-bis(1,1-dimethylethyl)-2,2’-bipyridine, 4.7 mg of 4,4’-bis(methoxycarbonyl)-2,2’-bipyridine and 96.1 mg of zinc
powder were added in an atmosphere of nitrogen at room temperature. To the mixture obtained, 100 mg of 4-chloroanisole
and 5 mL of N, N-dimethylacetamide were added at room temperature. The reaction was conducted by stirring the
mixture obtained at 70°C for 4 hours to obtain a reaction mixture containing 4,4’-dimethoxybiphenyl. The yield of 4,4’-
dimethoxybiphenyl was 40 mg.

[Comparative Example 19]

[0152] The reaction was conducted according to the same manner as that of Example 11, except that 5.4 mg of 2,2’-
bipyridine was used in place of 4.7 mg of 4,4’-bis(1,1-dimethylethyl)-2,2’-bipyridine and 4.7 mg of 4,4’-bis(methoxycar-
bonyl)-2,2’-bipyridine, a reaction mixture containing 4,4’-dimethoxybiphenyl was obtained. The yield of 4,4’-dimethoxy-
biphenyl was 27 mg.

[Comparative Example 20]

[0153] The reaction was conducted according to the same manner as that of Example 11, except that 9.4 mg of 4,4’-
bis(1,1-dimethylethyl)-2,2’-bipyridine was used in place of 4.7 mg of 4,4’-bis(1,1-dimethylethyl)-2,2’-bipyridine and 4.7
mg of 4,4’-bis(methoxycarbonyl)-2,2’-bipyridine, a reaction mixture containing 4,4’-dimethoxybiphenyl was obtained.
The yield of 4,4’-dimethoxybiphenyl was 38 mg.

[Comparative Example 21]

[0154] The reaction was conducted according to the same manner as that of Example 11, except that 9.5 mg of 4,4’-
bis(methoxycarbonyl)-2,2’-bipyridine was used in place of 4.7 mg of 4,4’-bis(1,1-dimethylethyl)-2,2’-bipyridine and 4.7
mg of 4,4’-bis (methyoxycarbonyl)-2,2’-bipyridine, a reaction mixture containing 4,4’-dimethoxybiphenyl was obtained.
The yield of 4,4’-dimethoxybiphenyl was 3 mg.
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[Example 12]

[0155] To a reaction container made of glass and equipped with a cooling apparatus, 7.6 mg of nickel bromide, 4.7
mg of 4,4’-bis(1,1-dimethylethyl)-2,2’-bipyridine, 4.7 mg of 4,4’-bis(methoxycarbonyl)-2,2’-bipyridine and 96.1 mg of zinc
powder were added in an atmosphere of nitrogen at room temperature. To the mixture obtained, 100 mg of 3-chloroanisole
and 5 mL of N, N-dimethylacetamide were added at room temperature. The reaction was conducted by stirring the
mixture obtained at 70°C for 4 hours to obtain a reaction mixture containing 3,3’-dimethoxybiphenyl. The yield of 3,3’-
dimethoxybiphenyl was 54 mg.

[Comparative Example 22]

[0156] The reaction was conducted according to the same manner as that of Example 12, except that 5.4 mg of 2,2’-
bipyridine was used in place of 4.7 mg of 4,4’-bis(1,1-dimethylethyl)-2,2’-bipyridine and 4.7 mg of 4,4’-bis(methoxycar-
bonyl)-2,2’-bipyridine, a reaction mixture containing 3,3’-dimethoxybiphenyl was obtained. The yield of 3,3’-dimethoxy-
biphenyl was 45 mg.

[Comparative Example 23]

[0157] The reaction was conducted according to the same manner as that of Example 12, except that 9.4 mg of 4,4’-
bis(1,1-dimethylethyl)-2,2’-bipyridine was used in place of 4.7 mg of 4,4-bis(1,1-dimethylethyl)-2,2’-bipyridine and 4.7
mg of 4,4’-bis(methoxycarbonyl)-2,2’-bipyridine, a reaction mixture containing 3,3’-dimethoxybiphenyl was obtained.
The yield of 3,3’-dimethoxybiphenyl was 50 mg.

[Comparative Example 24]

[0158] The reaction was conducted according to the same manner as that of Example 12, except that 9.5 mg of 4,4’-
bis(dimethoxycarbonyl)-2,2’-bipyridine was used in place of 4.7 mg of 4,4’-bis(1,1-dimethylethyl)-2,2’-bipyridine and 4.7
mg of 4,4’-bis(methoxycarbonyl)-2,2’-bipyridine, a reaction mixture containing 3,3’-dimethoxybiphenyl was obtained.
The yield of 3,3’-dimethoxybiphenyl was 4 mg.

[Example 13]

[0159] To a reaction container made of glass and equipped with a cooling apparatus, 7.6 mg of nickel bromide, 4.7
mg of 4,4’-bis(1,1-dimethylethyl)-2,2’-bipyridine, 4.7 mg of 4,4’-bis(methoxycarbonyl)-2,2’-bipyridine and 96.1 mg of zinc
powder were added in an atmosphere of nitrogen at room temperature. To the mixture obtained, 100 mg of 2-chloroanisole
and 5 mL of N,N-dimethylacetamide were added at room temperature. The reaction was conducted by stirring the mixture
obtained at 70°C for 4 hours to obtain a reaction mixture containing 2,2’-dimethoxybiphenyl. The yield of 2,2’-dimeth-
oxybiphenyl was 26 mg.

[Comparative Example 25]

[0160] The reaction was conducted according to the same manner as that of Example 13, except that 5.4 mg of 2,2’-
bipyridine was used in place of 4.7 mg of 4,4’-bis(1,1-dimethylethyl)-2,2’-bipyridine and 4.7 mg of 4,4’-bis(methoxycar-
bonyl)-2,2’-bipyridine, a reaction mixture containing 2,2’-dimethoxybiphenyl was obtained. The yield of 2,2’-dimethoxy-
biphenyl was 19 mg.

[Comparative Example 26]

[0161] The reaction was conducted according to the same manner as that of Example 13, except that 9.4 mg of 4,4‘-
bis(1,1-dimethylethylj-2,2’-bipyridine was used in place of 4.7 mg of 4,4’-bis(1,1-dimethylethyl)-2,2’-bipyridine and 4.7
mg of 4,4’-bis(methoxycarbonyl)-2,2’-bipyridine, a reaction mixture containing 2,2’-dimethoxybiphenyl was obtained.
The yield of 2,2’-dimethoxybiphenyl was 13 mg.

[Comparative Example 27]

[0162] The reaction was conducted according to the same manner as that of Example 13, except that 9.5 mg of 4,4’-
bis(dimethoxycarbonyl)-2,2’-bipyridine was used in place of 4.7 mg of 4,4’-bis(1,1-dimethylethyl)-2,2’-bipyridine and 4.7
mg of 4,4’-bis(methoxycarbonyl)-2,2’-bipyridine. However, the production of 2,2’-dimethoxybiphenyl was not found.



EP 2 390 241 A1

35

5

10

15

20

25

30

35

40

45

50

55

[Example 14]

[0163] To a reaction container made of glass and equipped with a cooling apparatus, 7.6 mg of nickel bromide, 4.7
mg of 4,4’-bis(1,1-dimethylethyl)-2,2’-bipyridine, 4.7 mg of 4,4’-bis(methoxycarbonyl)-2,2’-bipyridine, 96.1 mg of zinc
powder, 2 mL of N,N-dimethylacetamide and a solution obtained by dissolving 366 mg of di(2,2-dimethylpropyl) 4,4’-
dichlorobiphenyl-2,2’-disulfonate in 3 mL of N,N-dimethylacetamide were added in an atmosphere of nitrogen at room
temperature. The reaction was conducted by stirring the mixture obtained at 70°C for 4 hours to obtain a reaction mixture
containing a conjugated aromatic compound consisting of a repeating unit represented by the following formula (i). Mw
of the conjugated aromatic compound was 716,000, and Mn thereof was 189,000.

[Example 15]

[0164] The reaction was conducted according to the same manner as that of Example 14, except that 5.1 mg of 4,4’-
bis(trifluoromethyl)-2,2’-bipyridine was used in place of 4.7 mg of 4,4’-bis(methoxycarbonyl)-2,2’-bipyridine, a reaction
mixture containing a conjugated aromatic compound consisting of a repeating unit represented by the above-mentioned
formula (i) was obtained. Mw of the conjugated aromatic compound was 517, 000, and Mn thereof was 136,000.

[Example 16]

[0165] The reaction was conducted according to the same manner as that of Example 14, except that 4.7 mg of 5,5’-
bis(methoxycarbonyl)-2,2’-bipyridine was used in place of 4.7 mg of 4,4’-bis(methoxycarbonyl)-2,2’-bipyridine, a reaction
mixture containing a conjugated aromatic compound consisting of a repeating unit represented by the above-mentioned
formula (i) was obtained. Mw of the conjugated aromatic compound was 552, 000, and Mn thereof was 159,000.

[Example 17]

[0166] The reaction was conducted according to the same manner as that of Example 14, except that 3.2 mg of 4,4’-
dimethyl-2,2’-bipyridine was used in place of 4.7 mg of 4,4’-bis(1,1-dimethylethyl)-2,2’-bipyridine, a reaction mixture
containing a conjugated aromatic compound consisting of a repeating unit represented by the above-mentioned formula
(i) was obtained. Mw of the conjugated aromatic compound was 197,000, and Mn thereof was 61,000.

[Example 18]

[0167] The reaction was conducted according to the same manner as that of Example 14, except that 3.2 mg of 5,5’-
dimethyl-2,2’-bipyridine was used in place of 4.7 mg of 4,4’-bis(1,1-dimethylethyl)-2,2’-bipyridine, a reaction mixture
containing a conjugated aromatic compound consisting of a repeating unit represented by the above-mentioned formula
(i) was obtained. Mw of the conjugated aromatic compound was 227, 000, and Mn thereof was 67,000.

[Example 19]

[0168] The reaction was conducted according to the same manner as that of Example 14, except that 3.2 mg of 4,4’-
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dimethyl-2,2’-bipyridine was used in place of 4.7 mg of 4,4’-bis(1,1-dimethylethyl)-2,2’-bipyridine and 5.1 mg of 4,4’-bis
(trifluoromethyl)-2,2’-bipyridine was used in place of 4.7 mg of 4,4’-bis(methoxycarbonyl)-2,2’-bipyridine, a reaction
mixture containing a conjugated aromatic compound consisting of a repeating unit represented by the above-mentioned
formula (i) was obtained. Mw of the conjugated aromatic compound was 126, 000, and Mn thereof was 41,000.

[Example 20]

[0169] The reaction was conducted according to the same manner as that of Example 14, except that 3.2 mg of 4,4’-
dimethyl-2,2’-bipyridine was used in place of 4.7 mg of 4,4’-bis(1,1-dimethylethyl)-2,2’-bipyridine and 4.7 mg of 5,5’-bis
(methoxycarbonyl)-2,2’-bipyridine was used in place of 4.7 mg of 4,4’-bis(methoxycarbonyl)-2,2’-bipyridine, a reaction
mixture containing a conjugated aromatic compound consisting of a repeating unit represented by the above-mentioned
formula (i) was obtained. Mw of the conjugated aromatic compound was 82, 000, and Mn thereof was 30,000.

[Example 21]

[0170] The reaction was conducted according to the same manner as that of Example 14, except that 3.8 mg of 4,4’-
dimethoxy-2,2’-bipyridine was used in place of 4.7 mg of 4,4’-bis(1,1-dimethylethyl)-2,2’-bipyridine, a reaction mixture
containing a conjugated aromatic compound consisting of a repeating unit represented by the above-mentioned formula
(i) was obtained. Mw of the conjugated aromatic compound was 377, 000, and Mn thereof was 112,000.

[Example 22]

[0171] The reaction was conducted according to the same manner as that of Example 14, except that 3.8 mg of 4,4’-
dimethoxy-2,2’-bipyridine was used in place of 4.7 mg of 4,4’-bis(1,1-dimethylethyl)-2,2’-bipyridine and 5.1 mg of 4,4’-
bis(trifluoromethyl)-2,2’-bipyridine was used in place of 4. 7 mg of 4,4’-bis (methoxycarbonyl) -2,2’-bipyridine, a reaction
mixture containing a conjugated aromatic compound consisting of a repeating unit represented by the above-mentioned
formula (i) was obtained. Mw of the conjugated aromatic compound was 84, 000, and Mn thereof was 30,000.

[Example 23]

[0172] The reaction was conducted according to the same manner as that of Example 14, except that 3.8 mg of 4,4’-
dimethoxy-2,2’-bipyridine was used in place of 4.7 mg of 4,4’-bis(1,1-dimethylethyl)-2,2’-bipyridine and 4.7 mg of 5,5’-
bis(methoxycarbonyl)-2,2’-bipyridine was used in place of 4.7 mg of 4,4’-bis(methoxycarbonyl)-2,2’-bipyridine, a reaction
mixture containing a conjugated aromatic compound consisting of a repeating unit represented by the above-mentioned
formula (i) was obtained. Mw of the conjugated aromatic compound was 55, 000, and Mn thereof was 23,000.

[Comparative Example 28]

[0173] The reaction was conducted according to the same manner as that of Example 14, except that 6.4 mg of 4,4’-
dimethyl-2,2’-bipyridine was used in place of 4.7 mg of 4,4’-bis(1,1-dimethylethyl)-2,2’-bipyridine and 4.7 mg of 4,4’-bis
(methoxycarbonyl)-2,2’-bipyridine, a reaction mixture containing a conjugated aromatic compound consisting of a re-
peating unit represented by the above-mentioned formula (i) was obtained. Mw of the conjugated aromatic compound
was 2,000, and Mn thereof was 2,000.

[Comparative Example 29]

[0174] The reaction was conducted according to the same manner as that of Example 14, except that 9.4 mg of 4,4’bis
(1,1-dimethylethyl)-2,2’-bipyridine was used in place of 4.7 mg of 4,4’-bis(1,1-dimethylethyl)-2,2’-bipyridine and 4. 7 mg
of 4,4’-bis (methoxycarbonyl)-2,2’-bipridine,a reaction mixture containing a conjugated aromatic compound consisting
of a repeating unit represented by the above-mentioned formula (i) was obtained. Mw of the conjugated aromatic com-
pound was 2, 000, and Mn thereof was 2,000.

[Comparative Example 30]

[0175] The reaction was conducted according to the same manner as that of Example 14, except that 7.6 mg of 4,4’-
dimethoxy-2,2’-bipyridine was used in place of 4.7 mg of 4,4’-bis(1,1-dimethylethyl)-2,2’-bipyridine and 4.7 mg of 4,4’-
bis(methoxycarbonyl)-2,2’-bipyridine, a reaction mixture containing a conjugated aromatic compound consisting of a
repeating unit represented by the above-mentioned formula (i) was obtained. Mw of the conjugated aromatic compound
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was 3,000, and Mn thereof was 2,000.

[Comparative Example 31]

[0176] The reaction was conducted according to the same manner as that of Example 14, except that 9.5 mg of 4,4’-
bis(methoxycarbonyl)-2,2’-bipyridine was used in place of 4.7 mg of 4,4’-bis(1,1-dimethylethyl)-2,2’-bipyridine and 4.7
mg of 4,4’-bis(methoxycarbonyl)-2,2’-bipyridine, a reaction mixture containing a conjugated aromatic compound con-
sisting of a repeating unit represented by the above-mentioned formula (i) was obtained. Mw of the conjugated aromatic
compound was 3,000, and Mn thereof was 3,000.

[Comparative Example 32]

[0177] The reaction was conducted according to the same manner as that of Example 14, except that 9.5 mg of 5,5’-
bis(methoxycarbonyl)-2,2’-bipyridine was used in place of 4.7 mg of 4,4’-bis(1,1-dimethylethyl)-2,2’-bipyridine and 4.7
mg of 4,4’-bis(methoxycarbonyl)-2,2’-bipyridine, a reaction mixture containing a conjugated aromatic compound con-
sisting of a repeating unit represented by the above-mentioned formula (i) was obtained. Mw of the conjugated aromatic
compound was 4,000, and Mn thereof was 3,000.

[Comparative Example 33]

[0178] The reaction was conducted according to the same manner as that of Example 14, except that 10.2 mg of 4,4’-
bis(trifluoromethyl)-2,2’-bipyridine was used in place of 4.7 mg of 4,4’-bss(1,1-dimethylethyl)-2,2’-bipyridine and 4.7 mg
of 4,4’-bis(methoxycarbonyl)-2,2’-bipyridine, a reaction mixture containing a conjugated aromatic compound consisting
of a repeating unit represented by the above-mentioned formula (i) was obtained. Mw of the conjugated aromatic com-
pound was 6,000, and Mn thereof was 4,000.

[Example 24]

[0179] To a reaction container made of glass and equipped with a cooling apparatus, 9.6 mg of bis(cyclooctadiene)
nickel(0), 3.2 mg of 5,5’-dimethyl-2,2’-bipyridine, 4.7 mg of 4,4’-bis(methoxycarbonyl)-2,2’-bipyridine, 91.6 mg of zinc
powder, 2 mL of N,N-dimethylacetamide and a solution obtained by dissolving 366 mg of di(2,2-dimethylpropyl) 4,4’-
dichlorobiphenyl-2,2’-disulfonate in 3 mL of N,N-dimethylacetamide were added in an atmosphere of nitrogen at room
temperature. The reaction was conducted by stirring the mixture obtained at 70°C for 4 hours to obtain a reaction mixture
containing a conjugated aromatic compound consisting of the repeating unit represented by the above-mentioned formula
(i). Mw of the conjugated aromatic compound was 69,000, and Mn thereof was 27,000.

[Comparative Example 34]

[0180] The reaction was conducted according to the same manner as that of Example 24, except that 6.4 mg of 5,5’-
dimethyl-2,2’-bipyridine was used in place of 3.2 mg of 5,5’-dimethyl-2,2’-bipyridine and 4.7 mg of 4,4’-bis(methoxycar-
bonyl)-2,2’-bipyridine, a reaction mixture containing a conjugated aromatic compound consisting of a repeating unit
represented by the above-mentioned formula (i) was obtained. Mw of the conjugated aromatic compound was 4,000,
and Mn thereof was 3,000.

[Comparative Example 35]

[0181] The reaction was conducted according to the same manner as that of Example 24, except that 9.5 mg of 4,4’-
bis(methoxycarbonyl)-2,2’-bipyridine was used in place of 3.2 mg of 5,5’-dimethyl-2,2’-bipyridine and 4.7 mg of 4,4°-bis
(methoxycarbonyl)-2,2°-bipyridine, a reaction mixture containing a conjugated aromatic compound consisting of a re-
peating unit represented by the above-mentioned formula (i) was obtained. Mw of the conjugated aromatic compound
was 3,000, and Mn thereof was 3,000.

[Example 25]

[0182] To a reaction container made of glass and equipped with a cooling apparatus, 4.6 mg of nickel bromide, 5.1
mg of 4,4’-bis(1,1-dimethylethyl)-2,2’-bipyridine, 0.6 mg of 4,4’-bis(methoxycarbonyl)-2,2’-bipyridine, 94.3 mg of zinc
powder, 2 mL of N,N-dimethylacetamide and a solution obtained by dissolving 366 mg of di(2,2-dimethylpropyl) 4,4’-
dichlorobiphenyl-2,2’-disulfonate in 3 mL of N.N-dimethylacetamide were added in an atmosphere of nitrogen at room
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temperature. The reaction was conducted by stirring the mixture obtained at 70°C for 4 hours to obtain a reaction mixture
containing a conjugated aromatic compound consisting of the repeating unit represented by the above-mentioned formula
(i) . Mw of the conjugated aromatic compound was 293,000, and Mn thereof was 81,000.

[Example 26]

[0183] The reaction was conducted according to the same manner as that of Example 25, except that the used amount
of 4,4’-bis(1,1-dimethylethyl)-2,2’-bipyridine was changed to 3.9 mg, and the used amount of 4,4’-bis(methoxycarbonyl)-
2,2’-bipyridine was changed to 1.7 mg, a reaction mixture containing a conjugated aromatic compound consisting of a
repeating unit represented by the above-mentioned formula (i) was obtained. Mw of the conjugated aromatic compound
was 203,000, and Mn thereof was 59,000.

[Example 27]

[0184] The reaction was conducted according to the same manner as that of Example 25, except that the used amount
of 4,4’-bis(1,1-dimethylethyl)-2,2’-bipyridine was changed to 2.8 mg, and the used amount of 4,4’-bis(methoxycarbonyl)-
2,2’-bipyridine was changed to 2.9 mg, a reaction mixture containing a conjugated aromatic compound consisting of a
repeating unit represented by the above-mentioned formula (i) was obtained. Mw of the conjugated aromatic compound
was 83,000, and Mn thereof was 29,000.

[Example 28]

[0185] The reaction was conducted according to the same manner as that of Example 25, except that the used amount
of 4,4’-bis(1,1-dimethylethyl)-2,2’-bipyridine was changed to 1.7 mg, and the used amount of 4,4’-bis(methoxycarbonyl)-
2,2’-bipyridine was changed to 4.0 mg, a reaction mixture containing a conjugated aromatic compound consisting of a
repeating unit represented by the above-mentioned formula (i) was obtained. Mw of the conjugated aromatic compound
was 23,000, and Mn thereof was 11,000.

[Example 29]

[0186] The reaction was conducted according to the same manner as that of Example 25, except that the used amount
of 4,4’-bis(1,1-dimethylethyl)-2,2’-bipyridine was changed to 0.6 mg, and the used amount of 4,4’-bis(methaxycarbonyl)-
2,2’-bipyridine was changed to 5.1 mg, a reaction mixture containing a conjugated aromatic compound consisting of a
repeating unit represented by the above-mentioned formula (i) was obtained. Mw of the conjugated aromatic compound
was 5,000, and Mn thereof was 4,000.

[Example 30]

[0187] To a reaction container made of glass and equipped with a cooling apparatus, 30.6 mg of nickel bromide, 12.9
mg of 5,5’-dimethyl-2,2’-bipyridine, 19.1 mg of 4,4’-bis(methoxycarbonyl)-2,2’-bipyridine, 109.9 mg of zinc powder, 2 mL
of N.N-dimethylacetamide and a solution obtained by dissolving 462 mg of 2,7-dibromo-9,9-didodecyl-9H-fluorene in 3
mL of N,N-dimethylacetamide were added in an atmosphere of nitrogen at room temperature. The reaction was conducted
by stirring the mixture obtained at 70°C for 4 hours to obtain a reaction mixture containing a conjugated aromatic
compound consisting of the repeating unit represented by the following formula (ii) . Mw of the conjugated aromatic
compound was 78, 000, and Mn thereof was 21,000.
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[Example 31]

[0188] The reaction was conducted according to the same manner as that of Example 30, except that 12.9 mg of 4,4’-
dimethyl-2,2’-bipyridine was used in place of 12.9 mg of 5,5’-dimethyl-2,2’-bipyridine, a reaction mixture containing a
conjugated aromatic compound consisting of a repeating unit represented by the above-mentioned formula (ii) was
obtained. Mw of the conjugated aromatic compound was 72, 000, and Mn thereof was 18,000.

[Example 32]

[0189] The reaction was conducted according to the same manner as that of Example 30, except that 15.1 mg of 4,4’-
dimethoxy-2,2’-bipyridine was used in place of 12.9 mg of 5,5’-dimethyl-2,2’-bipyridine, a reaction mixture containing a
conjugated aromatic compound consisting of a repeating unit represented by the above-mentioned formula (ii) was
obtained. Mw of the conjugated aromatic compound was 63, 000, and Mn thereof was 13,000.

[Example 33]

[0190] The reaction was conducted according to the same manner as that of Example 30, except that 18.8 mg of 4.4’-
bis(1,1-dimethylethyl)-2.2’-bipyridine was used in place of 12.9 mg of 5,5’-dimthyl-2,2’-bipyridine , a reaction mixture
containing a conjugated aromatic compound consisting of a repeating unit represented by the above-mentioned formula
(ii) was obtained. Mw of the conjugated aromatic compound was 79, 000, and Mn thereof was 25,000.

[Example 34]

[0191] The reaction was conducted according to the same manner as that of Example 30, except that 18.8 mg of 4,4’-
bis(1,1-dimethylethyl)-2,2’-bipyridine was used in place of 12.9 mg of 5,5’-dimethyl-2,2’-bipyridine and 13.4 mg of 4,4’-
difluoro-2,2’-bipyridine was used in place of 19.1 mg of 4,4’-bis(methoxycarbonyl9-2,2’-bipyridine, a reaction mixture
containing a conjugated aromatic compound consisting of a repeating unit represented by the above-mentioned formula
(ii) was obtained. Mw of the conjugated aromatic compound was 33, 000, and Mn thereof was 13,000.

[Example 35]

[0192] The reaction was conducted according to the same manner as that of Example 30, except that 18.8 mg of 4,4’-
bis(1,1-dimeth.ylethyl)-2,2’-bipyridine was used in place of 12.9 mg of 5,5’-dimethyl-2,2’-bipyridine and 20.4 mg of 4,4’-
bis(trifluoromethyl)-2,2’-bipyridine was used in place of 19.1 mg of 4,4’-bis(methoxycarbonyl)-2,2’-bipyridine, a reaction
mixture containing a conjugated aromatic compound consisting of a repeating unit represented by the above-mentioned
formula (ii) was obtained. Mw of the conjugated aromatic compound was 115,000, and Mn thereof was 36,000.

[Comparative Example 36]

[0193] The reaction was conducted according to the same manner as that of Example 30, except that 25.8 mg of 5,5’-
dimethyl-2,2’-bipyridine was used in place of 12.9 mg of 5,5’-dlmethyl-2,2’-bipyridine and 19.1 mg of 4,4’-bis(methoxy-
carbonyl)-2,2’-bipyridine, a reaction mixture containing a conjugated aromatic compound consisting of a repeating unit
represented by the above-mentioned formula (ii) was obtained. Mw of the conjugated aromatic compound was 11, 000,
and Mn thereof was 8,000.

[Comparative Example 37]

[0194] The reaction was conducted according to the same manner as that of Example 30, except that 25.8 mg of 4,4’-
dimethyl-2,2’-bipyridine was used in place of 12.9 mg of 5,5’-dimethyl-2,2’-bipyridine and 19.1 mg of 4,4’-bis(methoxy-
carbonyl)-2,2’-bipyridine, a reaction mixture containing a conjugated aromatic compound consisting of a repeating unit
represented by the above-mentioned formula (ii) was obtained. Mw of the conjugated aromatic compound was 8, 000,
and Mn thereof was 6,000.

[Comparative Example 38]

[0195] The reaction was conducted according to the same manner as that of Example 30, except that 30.3 mg of 4,4’-
dimethoxy-2,2’-bipyridine was used in place of 1 2 . 9 mg of 5,5’-dimethyl-2,2’-bipyridine and 19.1 mg of 4,4’-bis(meth-
oxycarbonyl)-2,2’-bipyridine, a reaction mixture containing a conjugated aromatic compound consisting of a repeating
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unit represented by the above-mentioned formula (ii) was obtained. Mw of the conjugated aromatic compound was 5,
000, and Mn thereof was 4,000.

[Comparative Example 39]

[0196] The reaction was conducted according to the same manner as that of Example 30, except that 37.6 mg of 4,4’-
bis(1,1-dimethylethyl)-2,2’-bipyridine was used in place of 12.9 mg of 5,5’-dimethyl-2,2’-bipyridine and 19.1 mg of 4,4’-
bis(methoxycarbonyl)-2,2’-bipyridine, a reaction mixture containing a conjugated aromatic compound consisting of a
repeating unit represented by the above-mentioned formula (ii) was obtained. Mw of the conjugated aromatic compound
was 21, 000, and Mn thereof was 12,000.

[Comparative Example 40]

[0197] The reaction was conducted according to the same manner as that of Example 30, except that 38.1 mg of 4,4’-
bis(methoxycarbonyl)-2,2’-bipyridine was used in place of 12.9 mg of 5,5’-dimethyl-2,2’-bipyridine and 19.1 mg of 4,4’-
bis(methoxycarbonyl)-2,2’-bipyridine, a reaction mixture containing a conjugated aromatic compound consisting of a
repeating unit represented by the above-mentioned formula (ii) was obtained. Mw of the conjugated aromatic compound
was 29, 000, and Mn thereof was 10,000.

[Comparative Example 41]

[0198] The reaction was conducted according to the same manner as that of Example 30, except that 26.9 mg of 4,4’-
difluoro-2,2’-bipyridine was used in place of 12.9 mg of 5,5’-dimethyl-2,2’-bipyridine and 19.1 mg of 4,4’-bis(methoxy-
carbonyl)-2,2’-bipyridine, a reaction mixture containing a conjugated aromatic compound consisting of a repeating unit
represented by the above-mentioned formula (ii) was obtained. Mw of the conjugated aromatic compound was 1 0, 000,
and Mn thereof was 8,000.

[Example 36]

[0199] To a reaction container made of glass and equipped with a cooling apparatus, 30.6 mg of nickel bromide, 18.8
mg of 4,4’-bis(1,1-dimethylethyl)-2,2’-bipyridine, 19.1 mg of 4,4’-bis(methoxycarbonyl)-2,2’-bipyridine, 109.9 mg of zinc
powder, 2 mL of N,N-dimethylacetamide and a solution obtained by dissolving 287 mg of 1,7-heptanediol bis(m-chlo-
robenzoate) in 3 mL of N,N-dimethylacetamide were added in an atmosphere of nitrogen at room temperature. The
reaction was conducted by stirring the mixture obtained at 70°C for 4 hours to obtain a reaction mixture containing a
conjugated aromatic compound consisting of the repeating unit represented by the following formula (iii) . Mw of the
conjugated aromatic compound was 36, 000, and Mn thereof was 16,000.

[Example 37]

[0200] The reaction was conducted according to the same manner as that of Example 36, except that 13.4 mg of 4,4’-
difluoro-2,2’-bipyridine was used in place of 19.1 mg of 4,4’-bis(methoxycarbonyl)-2,2’-bipyridine, a reaction mixture
containing a conjugated aromatic compound consisting of a repeating unit represented by the above-mentioned formula
(iii) was obtained. Mw of the conjugated aromatic compound was 22, 000, and Mn thereof was 8,000.

[Example 38]

[0201] The reaction was conducted according to the same manner as that of Example 36, except that 20.4 mg of 4,4’-
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ditrifluoromethyl-2,2’-bipyridine was used in place of 19.1 mg of 4,4’-bis(methoxycarbonyl)-2,2’-bipyridine, a reaction
mixture containing a conjugated aromatic compound consisting of a repeating unit represented by the above-mentioned
formula (iii) was obtained. Mw of the conjugated aromatic compound was 19,000, and Mn thereof was 8,000.

[Example 39]

[0202] The reaction was conducted according to the same manner as that of Example 36, except that 19.1 mg of 5,5’-
bis(methoxycarbonyl)-2,2’-bipyridine was used in place of 19.1 mg of 4,4’-bis(methoxycarbonyl)-2,2’-bipyridine, a reac-
tion mixture containing a conjugated aromatic compound consisting of a repeating unit represented by the above-
mentioned formula (iii) was obtained. Mw of the conjugated aromatic compound was 35,000, and Mn thereof was 16,000.

[Comparative Example 42]

[0203] The reaction was conducted according to the same manner as that of Example 36, except that 38.1 mg of 4,4’-
bis(methoxycarbonyl)-2,2’-bipyridine was used in place of 18.8 mg of 4,4’-bis(1,1-dimethylethyl)-2,2’-bipyridine and 19.1
mg of 4,4’-bis(methoxycarbonyl)-2,2’-bipyridine, a reaction mixture containing a conjugated aromatic compound con-
sisting of a repeating unit represented by the above-mentioned formula (iii) was obtained. Mw of the conjugated aromatic
compound was 2,000, and Mn thereof was 2,000.

[Comparative Example 43]

[0204] The reaction was conducted according to the same manner as that of Example 36, except that 38.1 mg of 5,5’-
bis(methoxycarbonyl)-2,2’-bipyridine was used in place of 18.8 mg of 4,4’-bis(1,1-di-methyl-ethyl)-2,2’-bipyridine and
19.1 mg of 4,4’-bis(methoxycarbonyl)-2,2’-bipyridine, a reaction mixture containing a conjugated aromatic compound
consisting of a repeating unit represented by the above-mentioned formula (iii) was obtained. Mw of the conjugated
aromatic compound was 2,000, and Mn thereof was 2,000.

[Comparative Example 44]

[0205] The reaction was conducted according to the same manner as that of Example 36, except that 26.9 mg of 4,4’-
difluoro-2,2’-bipyridine was used in place of 18.8 mg of 4,4’-bis(1,1-dimethylethyl)-2,2’-bipyridine and 19.1 mg of 4,4’-
bis(methoxycarbonyl)-2,2’-bipyridine, a reaction mixture containing a conjugated aromatic compound consisting of a
repeating unit represented by the above-mentioned formula (iii) was obtained. Mw of the conjugated aromatic compound
was 16, 000, and Mn thereof was 7,000.

[Comparative Example 45]

[0206] The reaction was conducted according to the same manner as that of Example 36, except that 40.9 mg of 4,4’-
bis(trifluoromethyl)-2,2’-bipyridine was used in place of 18.8 mg of 4,4’-bis(1,1-dimethylethyl)-2,2’-bipyridine and 19.1
mg of 4,4’-bis(methoxycarbonyl)-2,2’-bipyridine, a reaction mixture containing a conjugated aromatic compound con-
sisting of a repeating unit represented by the above-mentioned formula (iii) was obtained. Mw of the conjugated aromatic
compound was 3,000, and Mn thereof was 2,000.

[Comparative Example 46]

[0207] The reaction was conducted according to the same manner as that of Example 36, except that 37.6 mg of 4,4’s
(1,1-dimethylethyl)-2,2’-bipyridine was used in place of 18.8 mg of 4,4’-bis(1,1-dimethylethyl)-2,2’-bipyridine and 19.1
mg of 4,4’-bis(methoxycarbonyl)-2,2’-bipyridine, a reaction mixture containing a conjugated aromatic compound con-
sisting of a repeating unit represented by the above-mentioned formula (iii) was obtained. Mw of the conjugated aromatic
compound was 20,000, and Mn thereof was 8,000.

[Example 40]

[0208] To a reaction container made of glass and equipped with a cooling apparatus, 30.6 mg of nickel bromide, 15.1
mg of 4,4’-dimethoxy-2,2’-bipyridine, 19.1 mg of 4,4’-bis(methoxycarbonyl)-2,2’-bipyridine, 109.9 mg of zinc powder, 2
mL of N,N-dimethylacetamide and a solution obtained by dissolving 167 mg of 1,4-dichloro-2-phenoxybenzene in 3 mL
of N,N-dimethylacetamide were added in an atmosphere of nitrogen at room temperature. The reaction was conducted
by stirring the mixture obtained at 70°C for 4 hours to obtain a reaction mixture containing a conjugated aromatic
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compound consisting of the repeating unit represented by the following formula (iv). Mw of the conjugated aromatic
compound was 9,000, and Mn thereof was 5,000.

[Comparative Example 47]

[0209] The reaction was conducted according to the same manner as that of Example 40, except that 30.3 mg of 4,4’-
dimethoxy-2,2’-bipyridine was used in place of 15.1 mg of 4,4’-dimethoxy-2,2’-bipyridine and 19.1 mg of 4,4’-bis(meth-
oxycarbonyl)-2,2’-bipyridine, a reaction mixture containing a conjugated aromatic compound consisting of a repeating
unit represented by the above-mentioned formula (iv) was obtained. Mw of the conjugated aromatic compound was
2,000, and Mn thereof was 2,000.

[Comparative Example 48]

[0210] The reaction was conducted according to the same manner as that of Example 40, except that 38.1 mg of 4,4’-
bis(methoxycarbonyl)-2,2’-bipyridine was used in place of 15.1 mg of 4,4’-dimethoxy-2,2’-bipyridine and 19.1 mg of 4,4’-
bis(methoxycarbonyl)-2,2’-bipyridine, a reaction mixture containing a conjugated aromatic compound consisting of a
repeating unit represented by the above-mentioned formula (iv) was obtained. Mw of the conjugated aromatic compound
was 2,000, and Mn thereof was 2,000.

[Example 41]

[0211] To a reaction container made of glass and equipped with a cooling apparatus, 30.6 mg of nickel bromide, 11.4
mg of 4,4’-bis(1,1-dimethylethyl)-2,2’-bipyridine, 26.3 mg of 4,4’-bis(methoxycarbonyl)-2,2’-bipyridine, 109.9 mg of zinc
powder, 2 mL of N,N-dimethylacetamide and a solution obtained by dissolving 175 mg of 3,5-dibromotoluene in 3 mL
of N,h-dimethylacetamide were added in an atmosphere of nitrogen at room temperature. The reaction was conducted
by stirring the mixture obtained at 70°C for 4 hours to obtain a reaction mixture containing a conjugated aromatic
compound consisting of the repeating unit represented by the following formula (v). Mw of the conjugated aromatic
compound was 10, 000, and Mn thereof was 6,000.

[Comparative Example 49]

[0212] The reaction was conducted according to the same manner as that of Example 41, except that 37.6 mg of 4,4’-
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bis(1,1-dimethylethyl)-2,2’-bipyridine was used in place of 11.4 mg of 4,4’-bis(1,1-dimethylethyl)-2,2’-bipyridine and 26.3
mg of 4,4’-bis(methoxycarbonyl)-2,2’-bipyridine, a reaction mixture containing a conjugated aromatic compound con-
sisting of a repeating unit represented by the above-mentioned formula (v) was obtained. Mw of the conjugated aromatic
compound was 2,000, and Mn thereof was 2,000.

[Comparative Example 50]

[0213] The reaction was conducted according to the same manner as that of Example 41, except that 38.1 mg of 4,4’-
bis(methoxycarbonyl)-2,2’-bipyridine was used in place of 11.4 mg of 4,4’-bis (1, 1-dimethylethyl) -2,2’-bipyridine and
26.3 mg of 4,4’-bis(methoxycarbonyl)-2,2’-bipyridine, a reaction mixture containing a conjugated aromatic compound
consisting of a repeating unit represented by the above-mentioned formula (v) was obtained. Mw of the conjugated
aromatic compound was 9,000, and Mn thereof was 4,000.

[Example 42]

[0214] To a reaction container made of glass and equipped with a cooling apparatus, 30.6 mg of nickel bromide, 11.4
mg of 4,4’-bis(1,1--dimethylethyl)-2,2’-bipyridine, 26.3 mg of 4,4’-bis(methoxycarbonyl)-2,2’-bipyridine, 109.9 mg of zinc
powder, 2 mL of N,N-dimethylacetamide and a solution obtained by dissolving 177 mg of 3,5-dichloroanisole in 3 mL of
N,N-dimethylacetamide were added in an atmosphere of nitrogen at room temperature. The reaction was conducted by
stirring the mixture obtained at 70°C for 4 hours to obtain a reaction mixture containing a conjugated aromatic compound
consisting of the repeating unit represented by the following formula (vi). Mw of the conjugated aromatic compound was
18,000, and Mn thereof was 10,000.

[Comparative Example 51]

[0215] The reaction was conducted according to the same manner as that of Example 41, except that 37.6 mg of 4,4’-
bis(1,1-dimethylethyl)-2,2’-bipyridine was used in place of 11.4 mg of 4,4’-bis(1,1-dimethylethyl)-2,2’-bipyridine and 26.3
mg of 4,4’-bis(methoxycarbonyl)-2,2’-bipyridine, a reaction mixture containing a conjugated aromatic compound con-
sisting of a repeating unit represented by the above-mentioned formula (vi) was obtained. Mw of the conjugated aromatic
compound was 14,000, and Mn thereof was 6,000.

[Comparative Example 52]

[0216] The reaction was conducted according to the same manner as that of Example 41, except that 38.1 mg of 4,4’-
bis(methoxycarbonyl)-2,2’-bipyridine was used in place of 11.4 mg of 4,4’-bis(1,1-dimethylethyl)-2,2’-bipyridine and 26.3
mg of 4,4’-bis(methoxycarbonyl)-2,2’-bipyridine, a reaction mixture containing a conjugated aromatic compound con-
sisting of a repeating unit represented by the above-mentioned formula (vi) was obtained. Mw of the conjugated aromatic
compound was 2,000, and Mn thereof was 2,000.

[Example 43]

[0217] To a reaction container made of glass and equipped with a cooling apparatus, 7.6 mg of nickel bromide, 4.7
mg of 4,4’-bis(1,1-dimethylethyl)-2,2’-bipyridine, 4.8 mg of 4,4’-bis(methoxycarbonyl)-2,2’-bipyridine, 96 mg of zinc pow-
der, a solution obtained by dissolving 366 mg of di(2,2-dimethylpropyl) 4,4’-dichlorobiphenyl-2,2’-sulfonate in 3 mL of
N,N-dimethylacetamide and a solution obtained by dissolving 100 mg of SUMIKA EXCEL PES 3100P represented by
the following formula (vii):
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which had been manufactured by Sumitomo Chemical Company, Limited; Mw 36, 000 and Mn 18,000 which had been
measured by the above analytical condition, in 2 mL of N,N-dimethylacetamide were added in an atmosphere of nitrogen
at room temperature. The reaction was conducted by stirring the mixture obtained at 70°C for 4 hours to obtain a reaction
mixture containing a conjugated aromatic compound consisting of the repeating unit represented by the above-mentioned
formula (I) and a segment represented by the following formula:

[0218] Mw of the conjugated aromatic compound was 268,000, and Mn thereof was 84,000.

[Example 44]

[0219] The reaction was conducted according to the same manner as that of Example 43, except that 100 mg of an
aromatic compound represented by the following formula (viii)

of which Mw was 6,500 and Mn was 4,700 which had been measured by the above analytical condition, in place of 100
mg of SUMIKA EXCEL PES 3100P, a reaction mixture containing a conjugated aromatic compound consisting of a
repeating unit represented by the above-mentioned formula (i) and a segment represented by the following formula:

Mw of the conjugated aromatic compound was 353,000, and Mn thereof was 106,000.

[Example 45]

[0220] The reaction was conducted according to the same manner as that of Example 43, except that 100 mg of
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polyphenylsulfone represented by the following formula (ix)

which had been manufactured by Aldrich, and of which Mw was 49,000 and Mn was 18,000 which had been measured
by the above analytical condition, in place of 100 mg of SUMIKA EXCEL PES 3100P, a reaction mixture containing a
conjugated aromatic compound consisting of a repeating unit represented by the above-mentioned formula (i) and a
segment represented by the following formula:

Mw of the conjugated aromatic compound was 246,000, and Mn thereof was 71,000.

[Example 46]

[0221] The reaction was conducted according to the same manner as that of Example 43, except that 100 mg of
polysulfone represented by the following formula (x)

which had been manufactured by Aldrich, and of which Mw was 63,000 and Mn was 31,000 which had been measured
by the above analytical condition, in place of 100 mg of SUMIKA EXCEL PES 3100P, a reaction mixture containing a
conjugated aromatic compound consisting of a repeating unit represented by the above-mentioned formula (i) and a
segment represented by the following formula:

Mw of the conjugated aromatic compound was 236,000, and Mn thereof was 75,000.

[Example 47]

[0222] The reaction was conducted according to the same manner as that of Example 14, except that 4.1 mg of 3,4,7,8-
tetramethyl-1,10-phenanthroline was used in place of 4.7 mg of 4,4’-bis(1,1-dimethylethyl)-2,2’-bipyridine, a reaction
mixture containing a conjugated aromatic compound consisting of a repeating unit represented by the above-mentioned
formula (i) was obtained. Mw of the conjugated aromatic compound was 515,000, and Mn thereof was 116,000.
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[Comparative Example 53]

[0223] The reaction was conducted according to the same manner as that of Example 14, except that 8.3 mg of 3,4,7,8-
tetramethyl-1,10-phenanthroline was used in place of 4.7 mg of 4,4’-bis(1,1-dimethylethyl)-2,2’-bipyridine and 4.7 mg
of 4,4’-bis(methoxycarbonyl)-2,2’-bipyridine, a reaction mixture containing a conjugated aromatic compound consisting
of a repeating unit represented by the above-mentioned formula (i) was obtained. Mw of the conjugated aromatic com-
pound was 2,000, and Mn thereof was 2,000.

Industrial Applicability

[0224] According to the present invention, a conjugated aromatic compound can be produced more advantageously.

Claims

1. A method for manufacturing a conjugated aromatic compound comprising reacting an aromatic compound (A)
wherein one or two leaving groups selected from the group consisting of an iodine atom, a bromine atom and a
chlorine atom are bonded to an aromatic ring and the aromatic compound (A) does not have (c1) a group represented
by the following formula (10):

wherein A1 represents an amino group substituted with one or two C1-C20 hydrocarbon groups, or a C1-C20 alkoxy
group, and the above-mentioned hydrocarbon group and the above-mentioned alkoxy group may be substituted
with at least one group selected from the group consisting of a fluorine atom, a C1-C20 alkoxy group, a C6-C20 aryl
group, a C6-C20 aryloxy group, a C2-C20 acyl group and a C6-C20 arylsulfonyl group;
(g1) a C1-C20 alkyl group which may be substituted with at least one substituent selected from the group consisting
of a fluorine atom, a cyano group, a C1-C20 alkoxy group, a C6-C20 aryl group and a C6-C20 aryloxy group; and
(h1) a C2-C20 acyl group which may be substituted with at least one substituent selected from the group consisting
of a fluorine atom, a cyano group, a C1-C20 alkoxy group, a C6-C20 aryl group and a C6-C20 aryloxy group,
at the neighboring carbon atom to the carbon atom to which the leaving group is bonded,
with an aromatic compound (A) having the same structure as that of the above-mentioned aromatic compound (A)
or an aromatic compound (B) wherein the aromatic compound (B) is structurally different from the above-mentioned
aromatic compound (A), one or two leaving groups selected from the group consisting of an iodine atom, a bromine
atom and a chlorine atom are bonded to an aromatic ring and the aromatic compound (B) does not have the above-
mentioned (c1), (g1) and (h1) at the neighboring carbon atom to the carbon atom to which the leaving group is
bonded, in the presence of

(i) a nickel compound,
(ii) a metal reducing agent,
(iii) at least one ligand (L1) selected from the group consisting of a 2,2’-bipyridine compound having at least
one electron-withdrawing group and having no substituent at 3-, 6-, 3’-and 6’-positions, and a 1, 10-phenan-
throline compound having at least one electron-withdrawing group and having no substituent at 2- and 9-
positions, and
(iv) at least one ligand (L2) selected from the group consisting of a 2,2’-bipyridine compound having at least
one electron-releasing group and having no substituent at 3-, 6-, 3’- and 6’-position, and a 1,10-phenanthroline
compound having at least one electron-releasing group and having no substituent at 2- and 9-positions.

2. The method according to claim 1, wherein the ligand (L1) is at least one ligand selected from the group consisting
of a 2,2’-bipyridine compound having at least two electron-withdrawing groups and having no substituent at 3-, 6-,
3’- and 6’-position, and a 1,10-phenanthroline compound having at least two electron-withdrawing groups and having
no substituent at 2- and 9-positions.
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3. The method according to claim 1, wherein the ligand (L1) is a 2,2’-bipyridine compound having at least two electron-
withdrawing groups and having no substituent at 3-, 6-, 3’- and 6’-positions.

4. The method according to claim 1, wherein the ligand (L2) is at least one ligand selected from the group consisting
of a 2,2’-bipyridine compound having at least two electron-releasing groups and having no substituent at 3-, 6-, 3’-
and 6’-positions, and a 1, 10-phenanthroline compound having at least two electron-releasing groups and having
no substituent at 2- and 9-positions.

5. The method according to claim 1, wherein the ligand (L2) is a 2,2’-bipyridine compound having at least two electron-
releasing groups and having no substituent at 3-, 6-, 3’- and 6’-positions.

6. The method according to claim 2 or 3, wherein the 2,2’-bipyridine compound having at least two electron-withdrawing
groups and having no substituent at 3-, 6-, 3’- and 6’-positions is a bipyridine compound represented by the formula (1)

wherein R1 and R2 independently each represent a hydrogen atom or an electron-withdrawing group, with the
proviso that R1 and R2 are not hydrogen atoms simultaneously.

7. The method according to claim 2, wherein the 1,10-phenanthroline compound having at least two electron-with-
drawing groups and having no substituent at 2- and 9-positions is a phenanthroline compound represented by the
formula (2)

wherein R3 , R4 and R5 independently each represent a hydrogen atom or an electron-withdrawing group, with the
proviso that R

3 ,R4 and R5 are not hydrogen atoms simultaneously.

8. The method according to claim 4 or 5, wherein the 2,2’-bipyridine compound having at least two electron-releasing
groups and having no substituent at 3-, 6-, 3’-and 6’-position is a bipyridine compound represented by the formula (3)



EP 2 390 241 A1

48

5

10

15

20

25

30

35

40

45

50

55

wherein R6 and R7 independently each represent a hydrogen atom or an electron-releasing group, with the proviso
that R6 and R7 are not hydrogen atoms simultaneously.

9. The method according to claim 4, wherein the 1,10-phenanthroline compound having at least two electron-releasing
groups and having no substituent at 2- and 9-positions is a phenanthroline compound represented by the formula (4)

wherein R8 ,R9 and R10 independently each represent a hydrogen atom or an electron-releasing group, with the
proviso that R8 , R9 and R10 are not hydrogen atoms simultaneously.

10. The method according to claim 1, 2, 3, 6 or 7, wherein the electron-withdrawing group is a fluorine atom, a C1-C20
fluorinated alkyl group, a C2-C20 alkoxycarbonyl group, a C2-C20 acyl group, a cyano group or a nitro group.

11. The method according to claim 1, 4 , 5, 8 or 9, wherein the electron-releasing group is a C1-C20 alkyl group, a C1-
C20 alkoxy group, a C6-C20 aryl group or a C1-C20 dialkylamino group.

12. The method according to claim 1, wherein the aromatic rings of the aromatic compound (A) and the aromatic
compound (B) are independently a benzene ring, a biphenyl ring, a naphthalene ring, a fluorene ring, an anthracene
ring, a phenanthrene ring, a thiophene ring, a pyrrole ring or a pyridine ring.

13. The method according to claim 1, wherein an aromatic compound (A) is reacted with an aromatic compound (A)
having the same structure as that of the aromatic compound (A).

14. The method according to claim 1, wherein the aromatic compound (A) is reacted with an aromatic compound (B)
being structurally different from the aromatic compound (A).

15. The method according to claim 13 or 14, wherein the aromatic compound (A) is an aromatic compound represented
by the formula (5)

wherein A1 represents an amino group substituted with one or two C1-C20 hydrocarbon groups, or a C1-C20 alkoxy
group, and the above-mentioned hydrocarbon group and the above-mentioned alkoxy group may be substituted
with at least one group selected from the group consisting of a fluorine atom, a C1-C20 alkoxy group, a C6-C20 aryl
group, a C6-C20 aryloxy group, a C2-C20 acyl group and a C6-C20 arylsulfonyl group,
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R11 is independently in each occurrence a fluorine atom, a C1-C20 alkyl group, a C1-C20 alkoxy group, a C6-C20
aryl group, a C6-C20 aryloxy group, a C2-C20 acyl group or a cyano group, and the above-mentioned C1-C20 alkyl
group, the above-mentioned C1-C20 alkoxy group, the above-mentioned C6-C20 aryl group, the above-mentioned
C6-C20 aryloxy group and the above-mentioned C2-C20 acyl group may be substituted with at least one substituent
selected from the group consisting of a fluorine atom, a cyano group, a C1-C20 alkoxy group, a C6-C20 aryl group
and a C6-C20 aryloxy group, and R11S being bonded to the neighboring two carbon atoms may be bonded to form
a ring, with the proviso that when R11 is a C1-C20 alkyl group or a C2-C20 acyl group, R11 is bonded to a carbon
atom other than the neighboring
carbon atoms to the carbon atom to which X1 is bonded,
X1 represents a chlorine atom, a bromine atom or an iodine atom, and j represents an integer of 0 to 3.

16. The method according to claim 14, wherein as the aromatic compound, an aromatic compound represented by the
formula (6)

wherein a, b and c are the same or different and represent 0 or 1, and h represents an integer of 5 or more,
Ar1, Ar2, Ar3 and Ar4 independently each represent a divalent aromatic group, and the divalent aromatic group may
be substituted with at least one substituent selected from the group consisting of the following (a2) to (e2):

(a2) a C1-C20 alkyl group which may be substituted with at least one substituent selected from the group
consisting of a fluorine atom, a cyano group, a C1-C20 alkoxy group, a C6-C20 aryl group and a C6-C20 aryloxy
group;
(b2) a C1-C20 alkoxy group which may be substituted with at least one substituent selected from the group
consisting of a fluorine atom, a cyano group, a C1-C20 alkoxy group, a C6-C20 aryl group and a C6-C20 aryloxy
group;
(c2) a C6-C20 aryl group which may be substituted with at least one substituent selected from the group
consisting of a fluorine atom, a cyano group, a C1-C20 alkoxy group and a C6-C10 aryloxy group;
(d2) a C6-C20 aryloxy group which may be substituted with at least one substituent selected from the group
consisting of a fluorine atom, a cyano group, a C1-C20 alkoxy group and a C6-C20 aryloxy group; and
(e2) a C2-C20 acyl group which may be substituted with at least one substituent selected from the group
consisting of a fluorine atom, a cyano group, a C1-C20 alkoxy group, a C6-C20 aryl group and a C6-C20 aryloxy
group,
with the proviso that (a2) and (e2) are not bonded to the neighboring carbon atoms to the carbon atoms of Ar1

and Ar2 to which X2 is bonded,
Y1 and Y2 independently each represent a single bond, -CO-, -SO2-, -C(CH3)2-, -C(CF3)2- or a fluorene-9,9-
diyl group,
Z1 and Z2 independently each represent -O- or -S-, and X2 represents a chlorine atom, a bromine atom or an
iodine atom, is used.

17. The method according to claim 1, wherein the nickel compound is a nickel halide.

18. The method according to claim 1, wherein the nickel compound is bis(cyclooctadiene)nickel(0).

19. The method according to claim 1, wherein the metal reducing agent is zinc.
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