
[DESCRIPTION]

[Title of Invention]

NOVEL BORATE COMPOUND-CONTAINING COMPOSITION

[Technical Field]

5 [0001]

The present invention relates to a borate compound-

containing composition useful as a cocatalyst for the solution

polymerization system of olefins or dienes, and a production

method thereof.

10 [Background Art]
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[0002]

Many reports have been conventionally made on the use of

metallocene compound and non-metallocene type metal complex

catalysts such as diimine complex, phenoxy complex, and the

like as catalysts for the polymerization of olefins and dienes.

In many of these catalyst systems using metal complex catalysts,

methylaluminoxane and tetrakis (pentafluorophenyl)borate

compounds are used as cocatalysts for stabilizing active

species. Tetrakis (pentafluorophenyl) borate compounds are

widely used as cocatalysts in solution polymerization systems

since they are superior to methylaluminoxane in thermal

stability, and the stoichiometric ratio used for metal

complexes is lower than that of methylaluminoxane.

[0003]

In addition, as a solvent used for polymerization of

olefins and dienes by a metal complex catalyst, a non-polar

hydrocarbon solvent is generally used. In particular, from the

aspects of odor and toxicity, switching to aliphatic

hydrocarbon solvents such as hexane and the like from aromatic

hydrocarbon solvents such as toluene and the like is

progressing.

[0004]

However, it is known that general

tetrakis (pentafluorophenyl)borate compounds are hardly soluble

in aromatic hydrocarbon solvents such as toluene and the like,
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and that even if dissolved, they are separated to form two

liquid-liquid phases of a concentrated phase in which the

borate compound is dissolved and a dilute phase in which it is

not dissolved (Patent document 1).

5 [0005]

In addition, since general

tetrakis (pentafluorophenyl) borate compounds are hardly soluble

in aliphatic hydrocarbon solvents such as hexane, heptane, and

the like, a tetrakis (pentafluorophenyl) borate compound soluble

10 in aliphatic hydrocarbon solvents is desired and has been

proposed (Patent document 2). Di (Octadecyl) methylammonium

tetrakis (pentafluorophenyl) borate and bis (hydrogenated

tallow) methylammonium tetrakis (pentafluorophenyl) borate

described in Patent document 2 are useful as compounds easily

15 soluble in hydrocarbon solvents.

[0006]

However, in the production method described in Patent

document 2, lithium tetrakis (pentafluorophenyl)borate and

hydrochloride of dialkylmethylamine prepared separately are

20 reacted for preparation. With regard to this method, it is

feared that lithium tetrakis (pentafluorophenyl) borate, which is

a hardly water-soluble starting material, or hydrochloride of

long chain aliphatic amine remains in the resultant product to

be a catalyst poison, which prevents exhibition of sufficient

25 activity when used as a cocatalyst for polymerization. In fact,

in Example 2 of Patent document 2, since diethyl ether remains

in the resultant product, it is presumed that a diethyl ether

complex of hardly water-soluble lithium

tetrakis (pentafluorophenyl) borate remains.

30 [0007]

35

Patent document 3 discloses a production method of an

ammonium tetrakis (pentafluorophenyl) borate derivative by mixing

an alkali metal salt of tetrakis (pentafluorophenyl) borate with

an amine, and then treating the mixture with a protic acid.

However, even in this method, it is feared that an ether
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complex of an alkali metal salt of

tetrakis (pentafluorophenyl) borate or a protic acid salt of long

chain aliphatic amine remains in the resultant product and acts

as a catalyst poison.

5 [0008]

Patent document 4 discloses a composition containing a

trialkyl ammonium tetrakis (pentafluorophenyl) borate compound

and an amine compound, and a production method thereof, and

discloses that the composition is soluble in hydrocarbon

10 solvents. However, trialkylamine which is the amine compound

described in Patent document 4 has high basicity and also has

nucleophilic property. Thus, it is feared that it becomes a

catalyst poison in the polymerization reaction of olefins or

dienes.
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[Summary of Invention]

[Problems to be solved by the Invention]

[0010]

In view of those conventional techniques, the present

invention aims to provide a borate compound-containing

composition, which is soluble in hydrocarbon solvents,

particularly aliphatic hydrocarbon solvents, and does not

become a catalyst poison for the polymerization reaction of
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olefin and diene, and an industrial production method thereof.

[Means of Solving the Problems]

[0011]

The present inventors have conducted intensive studies

5 and found for the first time that a composition containing a

compound represented by the following formula (1) and a

compound represented by the following formula (4):

[0012]

R1

R4 -B R2 A+

(1)

R3

10 [0013]

15

RR (4)

[0014]

wherein

R1, R2, R³ and R4are each independently a C6-14 aryl group

substituted by one or more fluorine atoms or one or more fluoro

C1-4 alkyl groups,

At is a hydrogen ion (H+), a cation having a total carbon

number of not less than 25 and represented by the formula (2):

[0015]

20

R6

R5N+H
(2)

R7

[0016]

wherein R5, R5 and R7 are each independently an optionally

substituted C1-30 alkyl group, or an optionally substituted C6-14

aryl group, or a cation having a total carbon number of not

25 less than 25 and represented by the formula (3):

[0017]
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Ar2

Ar1 (3)

Ar3

5

[0018]

wherein Ar¹, Ar² and Ar³ are each independently a C6-14 aryl

group optionally substituted by one or more C1-30 alkyl groups

or C1-30 alkoxy groups, and

R and R' are each independently an optionally substituted C1-30

alkyl group, an optionally substituted C3-15 cycloalkyl group,

or an optionally substituted C6-14 aryl group,

provided that when A+ is a hydrogen ion (H+), atotal

10 carbon number of R and R' is not less than 20, and a content of

the compound represented by the aforementioned formula (4) with

respect to 1 mol of the compound represented by the

aforementioned formula (1) is not less than 2 mol, and

when A+ is a cation represented by the formula (2) or a cation

15 represented by the formula (3), a total carbon number of R and

R' is not less than 8 (hereinafter to be also referred to as

"the composition of the present invention") is soluble in

hydrocarbon solvents, particularly aliphatic hydrocarbon

solvents, does not allow generation of a compound to be a

20 catalyst poison for the polymerization reaction of olefin and

diene, and is useful as a cocatalyst, and completed the present

invention.

25

[0019]

Accordingly, the present invention provides the following.

[1] A composition containing a compound represented by the

following formula (1) and a compound represented by the

following formula (4):

[0020]
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R1

R4B R2 A
(1)

R3

[0021]

R R (4)

[0022]

5 wherein

10

R¹, R2, R³ and R are each independently a C6-14 aryl group

substituted by one or more fluorine atoms or one or more fluoro

C1-4 alkyl groups,

At is a hydrogen ion (H+), a cation having a total carbon

number of not less than 25 and represented by the formula (2):

[0023]

R6

R5N+H (2)

R7

15

[0024]

wherein R5, R6 and R' are each independently an optionally

substituted C1-30 alkyl group, or an optionally substituted C6-14

aryl group, or a cation having a total carbon number of not

less than 25 and represented by the formula (3):

[0025]

Ar1ct

Ar2

(3)

Ar3

20 [0026]

wherein Ar¹, Ar² and Ar³ are each independently a C6-14 aryl

group optionally substituted by one or more C1-30 alkyl groups

or C1-30 alkoxy groups, and
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5

R and R' are each independently an optionally substituted C1-30

alkyl group, an optionally substituted C3-15 cycloalkyl group,

or an optionally substituted C6-14 aryl group,

provided that when A+ is a hydrogen ion (H*), atotal

carbon number of R and R' is not less than 20, and a content of

the compound represented by the aforementioned formula (4) with

respect to 1 mol of the compound represented by the

aforementioned formula (1) is not less than 2 mol, and

when A+ is a cation represented by the formula (2) or a cation

10 represented by the formula (3), a total carbon number of R and

R' is not less than 8.

[2] The composition of the aforementioned [1], wherein

R and R' are each independently a C1-30 alkyl group or an

optionally substituted C6-14 aryl group, and

15 the total carbon number of R and R' is

20

not less than 25 when A+ is a hydrogen ion (H+),

not less than 8 when A† is a cation represented by the formula

(2) or a cation represented by the formula (3).

[3] The composition of the aforementioned [1] or [2], wherein

R1, R2, R³ and R4 are each independently a phenyl group, a 1-

naphthyl group, a 2-naphthyl group, a 2-biphenylyl group, a 3-

biphenylyl group, a 4-biphenylyl group, a 1-anthryl group, a 2-

anthryl group, a 9-anthryl group, a 9-phenanthryl group, or a

3-phenanthryl group, each of which is substituted by one or

25 more fluorine atoms or trifluoromethyl groups.

[4] The composition of the aforementioned [1) or [2], wherein

all of R, R², R³ and R4 are pentafluorophenyl groups,

2,2',3,3′,4′,5,5',6,6'-nonafluoro-4-(1,l'-biphenylyl) groups,

2,3,4,5,6,7,8-heptafluoro-1-naphthyl groups, or 1,3,4,5,6,7,8-

30 heptafluoro-2-naphthyl groups.

35

[5] The composition of any of the aforementioned [1] to [4],

wherein A is a hydrogen ion.

[6] The composition of any of the aforementioned [1] to [4],

wherein A† is a cation having a total carbon number of not less

than 35 and represented by the aforementioned formula (2), and
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10

R5, R6 and R' are each independently a C1-30 alkyl group, or а С6-

14 aryl group optionally substituted by substituent(s) selected

from the group consisting of

(1) a halogen atom,

(2) a C1-30 alkyl group,

(3) a C1-30 alkoxy group, and

(4) a halo C1-30 alkyl group.

[7] The composition of any of the aforementioned [1] to [4],

wherein A+ is a cation having a total carbon number of not less

than 35 and represented by the aforementioned formulа (2),

R5 is a C6-14 aryl group optionally substituted by

substituent(s) selected from the group consisting of

(1) a halogen atom,

(2) a C1-30 alkyl group,

15 (3) a C1-30 alkoxy group, and

(4) a halo C1-6 alkyl group, and

R6 and R7 are each independently an optionally substituted C1-30

alkyl group.

20

25

30

less

[8] The composition of any of the aforementioned [1] to [4],

wherein A+ is a cation having a total carbon number of not

than 35 and represented by the aforementioned formula (2),

R5 is a C1-30 alkyl group substituted by a C6-14 aryl group

substituted by one or more fluorine atoms, or a C1-30 alkyl

group substituted by one or more fluorine atoms, and

R6 and R are each independently a C1-30 alkyl group optionally

substituted by substituent(s) selected from the group

consisting of

(1) a C6-14 aryl group optionally substituted by halogen atom(s),

(2) a halogen atom, and

(3) a C1-30 alkoxy group.

[9] The composition of any of the aforementioned [1] to [4],

wherein A+ is a cation having a total carbon number of not less

than 35 and represented by the aforementioned formula (2),

R³ is a fluoro C1-6 alkyl group, and

35 R and R are each independently a C1-30 alkyl group optionally
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5

substituted by substituent(s) selected from the group

consisting of

(1) a C6-14 aryl group optionally substituted by halogen atom(s),

(2) a halogen atom, and

(3) a C1-30 alkoxy group.

[10] The composition of any of the aforementioned [1] to [4],

wherein A+ is a cation having a total carbon number of not less

than 35 and represented by the aforementioned formula (3), and

Ar¹, Ar2 and Ar3 eachare independently a phenyl group

10 optionally substituted by a C1-30 alkyl group or a C1-30 alkoxy

group.

[11] The composition of any of the aforementioned [1] to [4],

wherein A is a hydrogen ion, and

Rand R' are each independently a C1-30 alkyl group optionally

15 substituted by substituent(s) selected from the group

consisting of

(1) a halogen atom,

(2) a C1-30 alkoxy group, and

(3) a halo C1-30 alkoxy group;

20 а Сз-15 сycloalkyl group optionally substituted by

substituent(s) selected from the group consisting of

(1) a halogen atom,

(2) a C-30 alkyl group,

(3) a C1-30 alkoxy group,

25 (4) a halo C1-30 alkyl group, and

(5) a halo C1-30 alkoxy group; or

а С6-14 aryl group optionally substituted by substituent(s)

selected from the group consisting of

(1) a halogen atom,

30 (2) a C1-30 alkyl group,

(3) a C-30 alkoxy group,

(4) a halo C1-30 alkyl group, and

(5) a halo C1-30 alkoxy group.

[12] The composition of any of the aforementioned [1] to [4],

35 wherein A+ is a hydrogen ion, and R and R' are each
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independently a C1-30 alkyl group.

[13] The composition of any of the aforementioned [1] to [4],

wherein A+ is a hydrogen ion,

R and R' are each independently a C14-30 alkyl group, and

5 the total carbon number of R and R' is not less than 28.

[14] The composition of any of the aforementioned [1) to [4],

wherein A+ is a hydrogen ion, and

R and R' are the same group.

[15] The composition of any of the aforementioned [1) to [4]

10 and [6] to [10], wherein A+is a cation represented by the

aforementioned formula (2) or the formula (3), R and R' are

each independently a C1-30 alkyl group, and the total carbon

number of R and R' is not less than 8.

15

[16] The composition of any of the aforementioned [1] to [4],

[6] to [10], and [15], wherein a content of the compound

represented by the aforementioned formula (4) with respect to

mol of the compound represented by the aforementioned formula

(1) (wherein A+ is a cation represented by the aforementioned

formula (2) or the formula (3)) is within the range of 0.01 -

20 10 mol.

25

30

1

[17] The composition of any of the aforementioned [1] to [4],

[6] to [10], and [15], wherein a content of the compound

represented by the aforementioned formula (4) with respect to 1

mol of the compound represented by the aforementioned formula

(1) (wherein A' is a cation represented by the aforementioned

formula (2) or the formula (3)) is within the range of 0.01 - 3

mol.

[18] The composition of any of the aforementioned (1] to [17],

having a solubility of not less than 5 wt% in n-hexane,

isohexane, n-heptane, n-octane, cyclohexane, methylcyclohexane,

or a mixed solvent thereof at 25°C.

[19] The composition of any of the aforementioned [1] to [18],

substantially free of an ether having a total carbon number of

not more than 7.

35 [20] A cocatalyst for polymerization of at least one kind of

10



5

10

monomer selected from the group consisting of an olefin and a

diene, consisting of the composition of any of the

aforementioned [1] to [19].

[21] A method for producing a polymer, comprising polymerizing

at least one kind of monomer selected from the group consisting

of an olefin and a diene by using the composition of any of the

aforementioned [1] to [19] as a cocatalyst.

[22] A composition comprising a compound represented by the

following formula (1) and a compound represented by the

following formula (4):

[0027]

R1

RBR2 A+
(1)

R3

[0028]

R R' (4)

15 [0029]

wherein

R, R2, R³ and R are each independently a C6-14 aryl group

substituted by one or more fluorine atoms or one or more fluoro

C1-4 alkyl groups,

20 A+ is a hydrogen ion (H+),

R and R' are each independently an optionally substituted C1-30

alkyl group, an optionally substituted C3-15 сycloalkyl group,

or an optionally substituted C6-14 aryl group,

a total carbon number of R and R' is not less than 20, and

25 a content of the compound represented by the aforementioned

formula (4) with respect to 1 mol of the compound represented

by the aforementioned formula (1) is not less than 2 mol,

comprising a step of reacting a compound represented by the

following formula (5):

30 [0030]
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R1

R3

R4BR2 [H(R°OR®)2]+

(5)

[0031]

5

wherein

R¹, R², R3 and R4 are as defined above,

R and R³ are each independently a C1-6 alkyl group, and

a total carbon number of R OR9 is not more than 7,

with a compound represented by the following formula (4):

[0032]

O.

RR (4)

10 [0033]

wherein R and R' are as defined above.

[23] The production method of the aforementioned [22], wherein

both R and R³ are ethyl groups.

[Effect of the Invention]

15 [0034]

According to the present invention, a composition

containing a borate compound which is soluble in hydrocarbon

solvents, particularly aliphatic hydrocarbon solvents, and

useful as a cocatalyst, and a production method thereof can

20 provided.

[Description of Embodiments]

[0035]

be

The definitions of the terms and respective symbols used

in the present specification are explained below.

25 [0036]

In the present specification, the "halogen atom" means

fluorine atom, a chlorine atom, a bromine atom, or an iodine

atom.

a

[0037]

30 In the present specification, the “alkyl (group)" means a
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linear or branched chain alkyl group having a carbon number of

not less than 1.

[0038]

In the present specification, the "C1-30 alkyl (group)"

5 means a linear or branched chain alkyl group having a carbon

number of 1 to 30. Examples thereof include methyl, ethyl,

propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl,

pentyl, isopentyl, neopentyl, 1-ethylpropyl, hexyl, isohexyl,

1,1-dimethylbutyl, 2,2-dimethylbutyl, 3,3-dimethylbutyl, 2-

10 ethylbutyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl,

tridecyl, tetradecyl, hexadecyl, octadecyl, nonadecyl, eicosyl,

docosyl, tricosyl, tetracosyl, pentacosyl, hexacosyl,

heptacosyl, octacosyl, nonacosyl, triacontyl, and the like.

15

[0039]

In the present specification, the "C4-30 alkyl (group)"

means a linear or branched chain alkyl group having a carbon

number of 4 to 30. Examples thereof include butyl, isobutyl,

sec-butyl, tert-butyl, pentyl, isopentyl, neopentyl, 1-

ethylpropyl, hexyl, isohexyl, 1,1-dimethylbutyl, 2,2-

20 dimethylbutyl, 3,3-dimethylbutyl, 2-ethylbutyl, heptyl, octyl,

nonyl, decyl, undecyl, dodecyl, tridecyl, tetradecyl, hexadecyl,

octadecyl, nonadecyl, eicosyl, docosyl, tricosyl, tetracosyl,

pentacosyl, hexacosyl, heptacosyl, octacosyl, nonacosyl,

triacontyl, and the like.

25

30

[0040]

In the present specification, the "C14-30 alkyl (group)"

means a linear or branched chain alkyl group having a carbon

number of 14 to 30. Examples thereof include tetradecyl,

hexadecyl, octadecyl, nonadecyl, eicosyl, docosyl, tricosyl,

tetracosyl, pentacosyl, hexacosyl, heptacosyl, octacosyl,

nonacosyl, triacontyl, and the like.

[0041]

In the present specification, the "C1-6 alkyl (group)"

means a linear or branched chain alkyl group having a carbon

35 number of 1 to 6. Examples thereof include methyl, ethyl,
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propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl,

pentyl, isopentyl, neopentyl, 1-ethylpropyl, hexyl, isohexyl,

1,1-dimethylbutyl, 2,2-dimethylbutyl, 3,3-dimethylbutyl, 2-

ethylbutyl, and the like. Among them, C1-4 alkyl group is

5 preferred.

[0042]

In the present specification, the "halo C1-30 alkyl

(group)" means the aforementioned "C1-30 alkyl" group in which

one or more hydrogen atoms are substituted by halogen atom(s).

10 Specific examples thereof include difluoromethyl,

15

20

25

trifluoromethyl, 2-chloroethyl, 2-bromoethyl, 2-iodoethyl, 2-

fluoroethyl, 2,2-difluoroethyl, 2,2,2-trifluoroethyl,

pentafluoroethyl, 2,2-difluoropropyl, 2,2,3,3-tetrafluoropropyl,

3,3,3-trifluoropropyl, 2,2,3,3,3-pentafluoropropyl, 2,2-

difluorobutyl, 4,4,4-trifluorobutyl, 2,2-difluoropentyl, 5,5,5-

trifluoropentyl, 2,2-difluorohexyl, 6,6, 6-trifluorohexyl, and

the like. Among them, “halo C1-6 alkyl" in which one or more

hydrogen atoms in the aforementioned "C1-6 alkyl" group are

substituted by halogen atom(s) is preferred.

[0043]

In the present specification, the “fluoro C1-6 alkyl

(group)" means the aforementioned "halo C1-6 alkyl" group in

which the halogen atom is a fluorine atom. Specific examples

thereof include difluoromethyl, trifluoromethyl, 2-fluoroethyl,

2,2-difluoroethyl, 2,2,2-trifluoroethyl, pentafluoroethyl, 2,2-

difluoropropyl, 2,2,3,3-tetrafluoropropyl, 3,3,3-

trifluoropropyl, 2,2,3,3,3-pentafluoropropyl, 2,2-difluorobutyl,

4,4,4-trifluorobutyl, 2,2-difluoropentyl, 5,5,5-trifluoropentyl,

2,2-difluorohexyl, 6,6, 6-trifluorohexyl, and the like. Among

30 them, "fluoro C1-4 alkyl (groups)" such as difluoromethyl,

trifluoromethyl, 2,2,2-trifluoroethyl, pentafluoroethyl, 2,2-

difluoropropyl, 2,2,3,3-tetrafluoropropyl, 3,3,3-

trifluoropropyl, 2,2,3,3,3-pentafluoropropyl, 2,2-difluorobutyl,

4,4,4-trifluorobutyl, and the like are preferred, and

35 difluoromethyl, trifluoromethyl, 2,2,2-trifluoroethyl,

14
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10

15

pentafluoroethyl, and 2,2-difluoropropyl are more preferred,

and trifluoromethyl and 2,2,2-trifluoroethyl are particularly

preferred.

[0044]

In the present specification, the "cycloalkyl (group)"

means a cyclic alkyl group. Unless the carbon number range is

particularly limited, it is preferably а Сз-15 cycloalkyl group'

more preferably а Сз-8 сycloalkyl group.

[0045]

In the present specification, the "C3-15 сycloalkyl

(group)" means a cyclic alkyl group having a carbon number of 3

to 15. Examples thereof include cyclopropyl, cyclobutyl,

cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, cyclononyl,

cyclodecyl, cycloundecyl, cyclododecyl, cyclotridecyl,

cyclotetradecyl, cyclopentadecyl, and the like. The "C3-8

cycloalkyl (group)" means a cyclic alkyl group having a carbon

number of 3 to 8. Examples thereof include cyclopropyl,

cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl,

and the like. Among them, a C3-6 cycloalkyl group is preferred.

20 [0046]

25

30

In the present specification, the "alkoxy (group)" means

a group in which a linear or branched chain alkyl group is

bonded to an oxygen atom.

[0047]

In the present specification, the "C1-30 alkoxy (group)"

means a linear or branched chain alkoxy group having a carbon

number of 1 to 30. Examples thereof include methoxy, ethoxy,

propoxy, isopropoxy, butoxy, isobutoxy, sec-butoxy, tert-butoxy,

pentyloxy, isopentyloxy, neopentyloxy, hexyloxy, isohexyloxy,

1,1-dimethylbutoxy, 2,2-dimethylbutoxy, 3,3-dimethylbutoxy,

ethylbutoxy, heptyloxy, octyloxy, nonyloxy, decyloxy,

undecyloxy, dodecyloxy, tridecyloxy, tetradecyloxy,

2-

hexadecyloxy, octadecyloxy, eicosyloxy, docosyloxy, tricosyloxy,

tetracosyloxy, pentacosyloxy, hexacosyloxy, heptacosyloxу,

35 octacosyloxy, nonacosyloxy, triacontyloxy, and the like.
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5

[0048]

In the present specification, the "C4-30 alkoxy (group)"

means a linear or branched chain alkoxy group having a carbon

number of 4 to 30. Examples thereof include butoxy, isobutoxy,

sec-butoxy, tert-butoxy, pentyloxy, isopentyloxy, neopentyloxy,

hexyloxy, isohexyloxy, 1,1-dimethylbutoxy, 2,2-dimethylbutoxy,

3,3-dimethylbutoxy, 2-ethylbutoxy, heptyloxy, octyloxy,

nonyloxy, decyloxy, undecyloxy, dodecyloxy, tridecyloxy,

tetradecyloxy, hexadecyloxy, octadecyloxy, eicosyloxy,

10 docosyloxy, tricosyloxy, tetracosyloxy, pentacosyloxy,

15

20

25

30

hexacosyloxy, heptacosyloxy, octacosyloxy, nonacosyloxy,

triacontyloxy, and the like.

[0049]

In the present specification, the "C14-30 alkoxy (group)"

means a linear or branched chain alkoxy group having a carbon

number of 14 to 30. Examples thereof include tetradecyloxy,

hexadecyloxy, octadecyloxy, eicosyloxy, docosyloxy, tricosyloху,

tetracosyloxy, pentacosyloxy, hexacosyloxy, heptacosyloху,

octacosyloxy, nonacosyloxy, triacontyloxy, and the like.

[0050]

In the present specification, the "C1-6 alkoxy (group)"

means a linear or branched chain alkoxy group having a carbon

number of 1 to 6. Examples thereof include methoxy, ethoxy,

propoxy, isopropoxy, butoxy, isobutoxy, sec-butoxy, tert-butoxy,

pentyloxy, isopentyloxy, neopentyloxy, hexyloxy, and the like.

Among them, a C1-4 alkoxy group is preferred.

[0051]

In the present specification, the "halo C1-30 alkoxy

(group)” means the aforementioned "C1-30 alkoxy" group in which

one or more hydrogen atoms are substituted by halogen atom(s).

Specific examples thereof include difluoromethoxу,

trifluoromethoxy, 2-chloroethoxy, 2-bromoethoxy, 2-iodoethoxy,

2-fluoroethoxy, 2,2-difluoroethoxy, 2,2,2-trifluoroethoxy,

pentafluoroethoxy, 2,2-difluoropropoxy, 2,2,3,3-

35 tetrafluoropropoxy, 3,3,3-trifluoropropoxy, 2,2,3,3,3-

16



5

pentafluoropropоху, 2,2-difluorobutoxy, 4,4,4-trifluorobutoxу,

2,2-difluoropentyloxy, 5,5,5-trifluoropentyloxy, 2,2-

difluorohexyloxy, 6,6,6-trifluorohexyloxy, and the like. Among

them, "halo C1-6 alkoxy" in which one or more hydrogen atoms in

the aforementioned "C1-6 alkoxy" group are substituted by

halogen atom(s) is preferred.

[0052]

In the present specification, the "fluoro C1-6 alkoxy

(group)" means the aforementioned "halo C1-6 alkoxy" group in

10 which the halogen atom is a fluorine atom. Specific examples

thereof include difluoromethoxy, trifluoromethoxy, 2-

fluoroethoxy, 2,2-difluoroethoxy, 2,2,2-trifluoroethoxy,

pentafluoroethoxy, 2,2-difluoroproрoхy, 2,2,3,3-

tetrafluoropropoxy, 3,3,3-trifluoropropoxy, 2,2,3,3,3-

15 pentafluoroproрохy, 2,2-difluorobutoxy, 4,4,4-trifluorobutoxy,

2,2-difluoropentyloxy, 5,5,5-trifluoropentyloxy, 2,2-

difluorohexyloxy, 6,6,6-trifluorohexyloxy, and the like. Among

them, "fluoro C1-4 alkoxy (groups)" such as difluoromethoxy,

trifluoromethoxy, 2,2,2-trifluoroethoxy, pentafluoroethoxy,

20 pentafluoroethoxy, 2,2-difluoropropoxy, 2,2,3,3-

tetrafluoropropoxy, 3,3,3-trifluoropropoxy, 2,2,3,3,3-

pentafluoropropоху, 2,2-difluorobutoxy, 4,4,4-trifluorobutoxy,

and the like are preferred; difluoromethoxy, trifluoromethoxу,

2,2,2-trifluoroethoxy, pentafluoroethoxy, and 2,2-

25 difluoropropoxy are more

30

and trifluoromethoxy andpreferred;

2,2,2-trifluoroethoxy are particularly preferred.

[0053]

In the present specification, the "aryl (group)" mean a

monocyclic or polycyclic (fused) hydrocarbon group showing

aromaticity. Specific examples thereof include C6-14 aryl

groups such as phenyl, 1-naphthyl, 2-naphthyl, 2-biphenylyl, 3-

biphenylyl, 4-biphenylyl, 1-anthryl, 2-anthryl, 9-anthryl, 3-

phenanthryl, 9-phenanthryl, and the like. Among them, phenyl,

4-biphenylyl, 1-naphthyl, and 2-naphthyl are preferred.

35 [0054]

17
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In the present specification, the "nitrogen-containing

aromatic heterocyclic compound" means a monocyclic or fused

polycyclic aromatic heterocyclic compound containing, besides a

carbon atom, 1 to 4 hetero atoms selected from a nitrogen atom,

a sulfur atom, and an oxygen atom as ring-constituting atom(s),

and containing at least one nitrogen atom as the ring-

constituting atom.

Preferable examples of the "nitrogen-containing aromatic

heterocyclic compound" include 5- or 6-membered monocyclic

10 nitrogen-containing aromatic heterocyclic compounds such as

pyrrole, imidazole, pyrazole, thiazole, isothiazole, oxazole,

isoxazole, pyridine, pyrazine, pyrimidine, pyridazine, 1,2,4-

oxadiazole, 1,3,4-oxadiazole, 1,2,4-thiadiazole, 1,3,4-

thiadiazole, triazole, tetrazole, triazine, and the like; 8- to

15 14-membered fused polycyclic (preferably bi- or tri-cyclic)

nitrogen-containing aromatic heterocyclic compounds such as

benzimidazole, benzoxazole, benzisoxazole, benzothiazole,

benzisothiazole, benzotriazole, imidazopyridine, thienopyridine,

furopyridine, pyrrolopyridine, pyrazolopyridine,

20 oxazolopyridine, thiazolopyridine, imidazopyrazine,

imidazopyrimidine, thienopyrimidine, furopyrimidine,

pyrrolopyrimidine, pyrazolopyrimidine, oxazolopyrimidine,

thiazolopyrimidine, pyrazolotriazine, indole, isoindole, 1H-

indazole, purine, isoquinoline, quinoline, phthalazine,

25 naphthyridine, quinoxaline, quinazoline, cinnoline, carbazole,

B-carboline, phenanthridine, acridine, phenazine, phenothiazine,

phenoxathiine, and the like. Among them, 5- or 6-membered

monocyclic nitrogen-containing aromatic heterocyclic compound

is preferred, and pyridine and imidazole are more preferred.

30 [0055]

35

In the present specification, the "optionally

substituted" means unsubstituted or having one or more

substituents. Unless otherwise particularly indicated, (1) a

halogen atom, (2) a nitro group, (3) a cyano group, (4) a C1-30

alkyl group, (5) a halo C1-30 alkyl group, (6) a Сз-в суcloalkyl

18
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[CLAIMS] 

[Claim 1] 

 A composition containing a compound represented by the 

following formula (1) and a compound represented by the 

following formula (4): 5 

 

 

wherein  

R1, R2, R3 and R4 are each independently a C6-14 aryl group 

substituted by one or more fluorine atoms or one or more fluoro 10 

C1-4 alkyl groups,  

A+ is a hydrogen ion (H+), a cation having a total carbon 

number of not less than 25 and represented by the formula (2): 

 

wherein R5, R6 and R7 are each independently a C1-30 alkyl group 15 

optionally substituted by one or more substituent(s) selected 

from the group consisting of (1) a halogen atom, (2) a nitro 

group, (3) a cyano group, (4) a C1-30 alkyl group, (5) a halo C1-

30 alkyl group, (6) a C3-8 cycloalkyl group, (7) a C1-30 alkoxy 

group, (8) a halo C1-30 alkoxy group, and (9) a C6-14 aryl group, 20 

or a C6-14 aryl group optionally substituted by one or more 

substituent(s) selected from the group consisting of (1) a 

halogen atom, (2) a nitro group, (3) a cyano group, (4) a C1-30 

alkyl group, (5) a halo C1-30 alkyl group, (6) a C3-8 cycloalkyl 

group, (7) a C1-30 alkoxy group, (8) a halo C1-30 alkoxy group, 25 

and (9) a C6-14 aryl group, or a cation having a total carbon 
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number of not less than 25 and represented by the formula (3): 

 

wherein Ar1, Ar2 and Ar3 are each independently a C6-14 aryl 

group optionally substituted by one or more C1-30 alkyl groups 

or C1-30 alkoxy groups, and  5 

R and R’ are each independently a C1-30 alkyl group optionally 

substituted by one or more substituent(s) selected from the 

group consisting of (1) a halogen atom, (2) a nitro group, (3) 

a cyano group, (4) a C1-30 alkyl group, (5) a halo C1-30 alkyl 

group, (6) a C3-8 cycloalkyl group, (7) a C1-30 alkoxy group, (8) 10 

a halo C1-30 alkoxy group, and (9) a C6-14 aryl group, a C3-15 

cycloalkyl group optionally substituted by one or more 

substituent(s) selected from the group consisting of (1) a 

halogen atom, (2) a nitro group, (3) a cyano group, (4) a C1-30 

alkyl group, (5) a halo C1-30 alkyl group, (6) a C3-8 cycloalkyl 15 

group, (7) a C1-30 alkoxy group, (8) a halo C1-30 alkoxy group, 

and (9) a C6-14 aryl group, or a C6-14 aryl group optionally 

substituted by one or more substituent(s) selected from the 

group consisting of (1) a halogen atom, (2) a nitro group, (3) 

a cyano group, (4) a C1-30 alkyl group, (5) a halo C1-30 alkyl 20 

group, (6) a C3-8 cycloalkyl group, (7) a C1-30 alkoxy group, (8) 

a halo C1-30 alkoxy group, and (9) a C6-14 aryl group,  

 provided that when A+ is a hydrogen ion (H+), a total 

carbon number of R and R’ is not less than 20, and a content of 

the compound represented by the formula (4) with respect to 1 25 

mol of the compound represented by the formula (1) is not less 

than 2 mol, and  

when A+ is a cation represented by the formula (2) or a cation 

represented by the formula (3), a total carbon number of R and 

R’ is not less than 8.   30 

[Claim 2] 

 The composition according to claim 1, wherein  
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R and R’ are each independently a C1-30 alkyl group or a C6-14 

aryl group optionally substituted by one or more substituent(s) 

selected from the group consisting of (1) a halogen atom, (2) a 

nitro group, (3) a cyano group, (4) a C1-30 alkyl group, (5) a 

halo C1-30 alkyl group, (6) a C3-8 cycloalkyl group, (7) a C1-30 5 

alkoxy group, (8) a halo C1-30 alkoxy group, and (9) a C6-14 aryl 

group, and  

the total carbon number of R and R’ is  

not less than 25 when A+ is a hydrogen ion (H+),  

not less than 8 when A+ is a cation represented by the formula 10 

(2) or a cation represented by the formula (3).   

[Claim 3] 

 The composition according to claim 1 or 2, wherein  

R1, R2, R3 and R4 are each independently a phenyl group, a 1-

naphthyl group, a 2-naphthyl group, a 2-biphenylyl group, a 3-15 

biphenylyl group, a 4-biphenylyl group, a 1-anthryl group, a 2-

anthryl group, a 9-anthryl group, a 9-phenanthryl group, or a 

3-phenanthryl group, each of which is substituted by one or 

more fluorine atoms or trifluoromethyl groups.   

[Claim 4] 20 

 The composition according to claim 1 or 2, wherein  

all of R1, R2, R3 and R4 are pentafluorophenyl groups, 

2,2’,3,3’,4’,5,5’,6,6’-nonafluoro-4-(1,1’-biphenylyl) groups, 

2,3,4,5,6,7,8-heptafluoro-1-naphthyl groups, or 1,3,4,5,6,7,8-

heptafluoro-2-naphthyl groups.   25 

[Claim 5] 

 The composition according to any one of claims 1 to 4, 

wherein A+ is a hydrogen ion.   

[Claim 6] 

 The composition according to any one of claims 1 to 4, 30 

wherein A+ is a cation having a total carbon number of not less 

than 35 and represented by the formula (2), and  

R5, R6 and R7 are each independently a C1-30 alkyl group, or a C6-

14 aryl group optionally substituted by substituent(s) selected 

from the group consisting of  35 
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(1) a halogen atom,  

(2) a C1-30 alkyl group,  

(3) a C1-30 alkoxy group, and  

(4) a halo C1-30 alkyl group.   

[Claim 7] 5 

 The composition according to any one of claims 1 to 4, 

wherein A+ is a cation having a total carbon number of not less 

than 35 and represented by the formula (2),  

R5 is a C6-14 aryl group optionally substituted by 

substituent(s) selected from the group consisting of  10 

(1) a halogen atom,  

(2) a C1-30 alkyl group,  

(3) a C1-30 alkoxy group, and  

(4) a halo C1-6 alkyl group, and  

R6 and R7 are each independently a C1-30 alkyl group optionally 15 

substituted by one or more substituent(s) selected from the 

group consisting of (1) a halogen atom, (2) a nitro group, (3) 

a cyano group, (4) a C1-30 alkyl group, (5) a halo C1-30 alkyl 

group, (6) a C3-8 cycloalkyl group, (7) a C1-30 alkoxy group, (8) 

a halo C1-30 alkoxy group, and (9) a C6-14 aryl group.   20 

[Claim 8] 

 The composition according to any one of claims 1 to 4, 

wherein A+ is a cation having a total carbon number of not less 

than 35 and represented by the formula (2),  

R5 is a C1-30 alkyl group substituted by a C6-14 aryl group 25 

substituted by one or more fluorine atoms, or a C1-30 alkyl 

group substituted by one or more fluorine atoms, and  

R6 and R7 are each independently a C1-30 alkyl group optionally 

substituted by substituent(s) selected from the group 

consisting of  30 

(1) a C6-14 aryl group optionally substituted by halogen atom(s),  

(2) a halogen atom, and  

(3) a C1-30 alkoxy group.   

[Claim 9] 

 The composition according to any one of claims 1 to 4, 35 
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wherein A+ is a cation having a total carbon number of not less 

than 35 and represented by the formula (2),  

R5 is a fluoro C1-6 alkyl group, and  

R6 and R7 are each independently a C1-30 alkyl group optionally 

substituted by substituent(s) selected from the group 5 

consisting of  

(1) a C6-14 aryl group optionally substituted by halogen atom(s),  

(2) a halogen atom, and  

(3) a C1-30 alkoxy group.   

[Claim 10] 10 

 The composition according to any one of claims 1 to 4, 

wherein A+ is a cation having a total carbon number of not less 

than 35 and represented by the formula (3), and  

Ar1, Ar2 and Ar3 are each independently a phenyl group 

optionally substituted by a C1-30 alkyl group or a C1-30 alkoxy 15 

group.   

[Claim 11] 

 The composition according to any one of claims 1 to 4, 

wherein A+ is a hydrogen ion, and  

R and R’ are each independently a C1-30 alkyl group optionally 20 

substituted by substituent(s) selected from the group 

consisting of  

(1) a halogen atom,  

(2) a C1-30 alkoxy group, and  

(3) a halo C1-30 alkoxy group;  25 

a C3-15 cycloalkyl group optionally substituted by 

substituent(s) selected from the group consisting of  

(1) a halogen atom,  

(2) a C1-30 alkyl group,  

(3) a C1-30 alkoxy group,  30 

(4) a halo C1-30 alkyl group, and  

(5) a halo C1-30 alkoxy group; or  

a C6-14 aryl group optionally substituted by substituent(s) 

selected from the group consisting of  

(1) a halogen atom,  35 
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(2) a C1-30 alkyl group,  

(3) a C1-30 alkoxy group,  

(4) a halo C1-30 alkyl group, and  

(5) a halo C1-30 alkoxy group.   

[Claim 12] 5 

 The composition according to any one of claims 1 to 4, 

wherein A+ is a hydrogen ion, and R and R’ are each 

independently a C1-30 alkyl group.   

[Claim 13] 

 The composition according to any one of claims 1 to 4, 10 

wherein A+ is a hydrogen ion,  

R and R’ are each independently a C14-30 alkyl group, and  

the total carbon number of R and R’ is not less than 28.   

[Claim 14] 

 The composition according to any one of claims 1 to 4, 15 

wherein A+ is a hydrogen ion, and  

R and R’ are the same group.   

[Claim 15] 

 The composition according to any one of claims 1 to 4 and 

6 to 10, wherein A+ is a cation represented by the formula (2) 20 

or the formula (3), R and R’ are each independently a C1-30 

alkyl group, and the total carbon number of R and R’ is not 

less than 8.   

[Claim 16] 

 The composition according to any one of claims 1 to 4, 6 25 

to 10, and 15, wherein a content of the compound represented by 

the formula (4) with respect to 1 mol of the compound 

represented by the formula (1) (wherein A+ is a cation 

represented by the formula (2) or the formula (3)) is within 

the range of 0.01 - 10 mol.   30 

[Claim 17] 

 The composition according to any one of claims 1 to 4, 6 

to 10, and 15, wherein a content of the compound represented by 

the formula (4) with respect to 1 mol of the compound 

represented by the formula (1) (wherein A+ is a cation 35 
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represented by the formula (2) or the formula (3)) is within 

the range of 0.01 - 3 mol.   

[Claim 18] 

 The composition according to any one of claims 1 to 17, 

having a solubility of not less than 5 wt% in n-hexane, 5 

isohexane, n-heptane, n-octane, cyclohexane, methylcyclohexane, 

or a mixed solvent thereof at 25°C.   
[Claim 19] 

 The composition according to any one of claims 1 to 18, 

substantially free of an ether having a total carbon number of 10 

not more than 7.   

[Claim 20] 

 A cocatalyst for polymerization of at least one kind of 

monomer selected from the group consisting of an olefin and a 

diene, consisting of the composition according to any one of 15 

claims 1 to 19.   

[Claim 21] 

 A method for producing a polymer, comprising polymerizing 

at least one kind of monomer selected from the group consisting 

of an olefin and a diene by using the composition according to 20 

any one of claims 1 to 19 as a cocatalyst.   

[Claim 22] 

 A composition comprising a compound represented by the 

following formula (1) and a compound represented by the 

following formula (4): 25 

 

 

wherein  

R1, R2, R3 and R4 are each independently a C6-14 aryl group 

substituted by one or more fluorine atoms or one or more fluoro 30 
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C1-4 alkyl groups,  

A+ is a hydrogen ion (H+),  

R and R’ are each independently a C1-30 alkyl group optionally 

substituted by one or more substituent(s) selected from the 

group consisting of (1) a halogen atom, (2) a nitro group, (3) 5 

a cyano group, (4) a C1-30 alkyl group, (5) a halo C1-30 alkyl 

group, (6) a C3-8 cycloalkyl group, (7) a C1-30 alkoxy group, (8) 

a halo C1-30 alkoxy group, and (9) a C6-14 aryl group, a C3-15 

cycloalkyl group optionally substituted by one or more 

substituent(s) selected from the group consisting of (1) a 10 

halogen atom, (2) a nitro group, (3) a cyano group, (4) a C1-30 

alkyl group, (5) a halo C1-30 alkyl group, (6) a C3-8 cycloalkyl 

group, (7) a C1-30 alkoxy group, (8) a halo C1-30 alkoxy group, 

and (9) a C6-14 aryl group, or a C6-14 aryl group optionally 

substituted by one or more substituent(s) selected from the 15 

group consisting of (1) a halogen atom, (2) a nitro group, (3) 

a cyano group, (4) a C1-30 alkyl group, (5) a halo C1-30 alkyl 

group, (6) a C3-8 cycloalkyl group, (7) a C1-30 alkoxy group, (8) 

a halo C1-30 alkoxy group, and (9) a C6-14 aryl group,  

a total carbon number of R and R’ is not less than 20, and  20 

a content of the compound represented by the formula (4) with 

respect to 1 mol of the compound represented by the formula (1) 

is not less than 2 mol,  

comprising a step of reacting a compound represented by the 

following formula (5): 25 

 

wherein  

R1, R2, R3 and R4 are as defined above,  

R8 and R9 are each independently a C1-6 alkyl group, and  

a total carbon number of R8OR9 is not more than 7,  30 

with a compound represented by the following formula (4): 
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wherein R and R’ are as defined above.   

[Claim 23] 

 The production method according to claim 22, wherein both 

R8 and R9 are ethyl groups.   5 

 


