
[DESCRIPTION]

[Title of Invention]

NOVEL BORATE COMPOUND-CONTAINING COMPOSITION

[Technical Field]

5 [0001]

The present invention relates to a composition containing

a borate compound and a base, and useful as a cocatalyst for

polymerization of olefins or dienes, and a production method

thereof.

10 [Background Art]

15

[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 catalytic systems using metal complex

catalysts, methylaluminoxane and

tetrakis (pentafluorophenyl) borate compounds are used as

cocatalysts for stabilizing active species.

20 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.

25 [0003]

30

In addition, as a solvent used for polymerization of

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

hydrocarbon solvent is 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

35 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

and

tetrakis (pentafluorophenyl) borate compounds are hardly soluble

in aliphatic hydrocarbon solvents such as hexane, heptane,

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.

20

25

[0006]

However, in the production method described in Patent

document 2, lithium tetrakis (pentafluorophenyl) borate and

hydrochloride of dialkylmethylamine prepared separately are

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

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]

30 [0010]

35

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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5

olefin and diene, and an industrial production method thereof.

[Means of Solving the Problems]

[0011]

The present inventors have conducted intensive studies

and found for the first time that a composition containing

(I) base A or a compound having a total carbon number of

not less than 8 and represented by the following formula (5):

[0012]

R R'

10 [0013]

(5)

wherein 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,

and

(II) a compound represented by the following formula (1):15

[0014]

R1

R4 -B R2

R3

A-H (1)

20

25

[0015]

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

group substituted by one or more fluorine atoms or fluoro C1-4

alkyl groups, and

[A-H]+ is a base A-derived cation,

wherein the aforementioned base A is

(i) a nitrogen-containing aromatic heterocyclic compound having

a total carbon number of not less than 25 and substituted by

the same or different, two or more C1-30 alkyl groups or C1-30

alkoxy groups, or

(ii) an aromatic amine compound having a total carbon number of

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

30 [0016]
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R5

ArN (2)

R6
[0017]

wherein Ar is an optionally substituted C6-14 aryl group, and

R³ and R are each independently an optionally substituted C1-30

5 alkyl group (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

catalyst poison for the polymerization reaction of olefin and

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

invention.

15

20

[0018]

Accordingly, the present invention provides the following.

[1] A composition comprising

(I) base A or a compound having a total carbon number of

not less than 8 and represented by the following formula (5):

[0019]

RR (5)

[0020]

wherein 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,

and

25 [0021]

(II) a compound represented by the following formula (1):

R1

RBR2 (1)

R3

[0022]

wherein R¹, R2, R³ and R4 are each independently a C6-14 aryl
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group substituted by one or more fluorine atoms or fluoro C1-4

alkyl groups, and

[A-H]+ is a base A-derived cation,

wherein the aforementioned base A is

5 (1) a nitrogen-containing aromatic heterocyclic compound having

a total carbon number of not less than 25 and substituted by

the same or different, two or more C1-30 alkyl groups or C1-30

alkoxy groups, or

(ii) an aromatic amine compound having a total carbon number

10 not less than 25 and represented by the following formula (2):

of

[0023]

R5

ArN (2)

R6

15

[0024]

wherein Ar is an optionally substituted C6-14 aryl group, and

R5 and R are each independently an optionally substituted C1-30

alkyl group.

[2] A composition comprising base A and a compound represented

by the following formula (1):

[0025]

20

R1

R4 B R2 [A-H] (1)
R3

[0026]

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

group substituted by one or more fluorine atoms or fluoro C₁-4

alkyl groups, and

25 [A-H]† is a base A-derived cation,

wherein the aforementioned base A is

(i) a nitrogen-containing aromatic heterocyclic compound having

a total carbon number of not less than 25 and substituted by
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the same or different, two or more C1-30 alkyl groups or C1-30

alkoxy groups, or

(ii) an aromatic amine compound having a total carbon number of

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

5 [0027]

R5

ArN (2)

6

[0028]

wherein Ar is an optionally substituted C6-14 aryl group, and

R5 and R are each independently an optionally substituted C1-30

10 alkyl group.

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

component (I) is base A.

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

component (I) is a compound represented by the aforementioned

15 formula (5).

[4] The composition of any of the aforementioned [1] to [3],

wherein

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

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

20 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.

25

30

[5] The composition of any of the aforementioned [1] to [3],

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.

[6] The composition of any of the aforementioned [1], [2], [2'],

[4], and [5], wherein the base A is a 5- or 6-membered

monocyclic nitrogen-containing aromatic heterocyclic compound
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5

having a total carbon number of not less than 35 and

substituted by the same or different two Cg-30 alkyl groups or

C9-30 alkoxy groups.

[7] The composition of the aforementioned [6], wherein the 5-

or 6-membered monocyclic nitrogen-containing aromatic

heterocyclic compound is pyridine or imidazole.

[8] The composition of any of [1], [2], [2'], [4], and [5],

wherein the base A is a bicyclic nitrogen-containing aromatic

heterocyclic compound having a total carbon number of not less

10 than 25 and substituted by the same or different two Cg-30 alkyl

groups or C9-30 alkoxy groups.

[9] The composition of the aforementioned [8], wherein the

bicyclic nitrogen-containing aromatic heterocyclic compound is

benzimidazole.

15 [10] The composition of any of the aforementioned [1], [2],

[2'], [4], and [5], wherein the base A is an aromatic amine

compound having a total carbon number of not less than 25 and

represented by the aforementioned formula (2),

Ar is a phenyl group optionally substituted by substituent(s)

20 selected from the group consisting of a halogen atom, a С1-30

25

alkyl group, a C1-30 alkoxy group, and a halo C1-6 alkyl group,

and

R5 and R are each independently a C1-30 alkyl group.

[11] The composition of any of the aforementioned [1], [2],

[2'] and [4] - [10], wherein a content of the aforementioned

base A with respect to 1 mol of the compound represented by the

aforementioned formula (1) is within the range of 0.01 to 10

mol.

[12] The composition of any of the aforementioned [1] and [3]

30 to [5], wherein the R and R' are each independently a С1-30

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

less than 8.

35

[13] The composition of any of the aforementioned [1] and [3]

to [5], wherein the R and R' are each independently a C1-30

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

8



less than 16.

[14] The composition of any of the aforementioned [1], [3] to

[5], [12], and [13], wherein a content of the compound

represented by the aforementioned formula (5) with respect to

5 mol of the compound represented by the aforementioned formula

(1) is within the range of 0.1 - 10 mol.

[15] 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 of any of the

10 aforementioned [1] to [14].

[16] A method for producing the composition of any of the

aforementioned [1], [2], [2′] and [4] to [11], comprising a

step of reacting a compound represented by the formula (3):

[0029]

1

15

R1

R4 -B -R2 H+ (3)

R3

[0030]

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

group substituted by one or more fluorine atoms or fluoro C1-4

alkyl groups, and

20 the aforementioned base А,

25

wherein the base A is used in an amount exceeding 1 mol per 1

mol of the compound represented by the aforementioned formula

(3).

[17] The production method of the aforementioned [16], wherein

the amount of the aforementioned base A is within the range of

1.01 to 3 mol with respect to 1 mol of the compound represented

by the formula (3).

[18] A method for producing the composition of any of the

aforementioned [1], [2], [2'] and [4] to [11], comprising a

30 step of reacting a compound represented by the formula (4):

[0031]
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R1

R4 B -R2 Mn+ (4)

R3 n

[0032]

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

group substituted by one or more fluorine atoms or fluoro C1-4

5 alkyl groups,

M is an alkali metal or an alkaline earth metal, and

n is 1 or 2,

the aforementioned base A, and

protonic acid,

10 wherein the base A is used in an amount exceeding 1 mol per 1

mol of the compound represented by the aforementioned formula

(4).

[19] A method for producing the composition of any of the

aforementioned [1], [3] to [5], and [12] to [14], comprising

15 step of reacting a compound represented by the formula (4):

[0033]

a

R1

R4BR2

R3 n

Mn+ (4)

20

25

[0034]

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

group substituted by one or more fluorine atoms or fluoro C1-4

alkyl groups,

M is an alkali metal or an alkaline earth metal, and

n is 1 or 2, and

1 mol of the aforementioned base A per 1 mol of the compound

represented by the aforementioned formula (4) and protonic acid,

and thereafter,

a step of adding not less than 0.1 mol of a compound having a

10



total carbon number of not less than 8 and represented by the

formula (5):

[0035]

O.

R R' (5)
5 [0036]

wherein 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,

per 1 mol of the compound represented by the aforementioned

10 formula (4).

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

at least one kind of monomer selected from the group consisting

of olefins and dienes by using the composition of any of the

aforementioned [1] to [14] as a cocatalyst.

15 [Effect of the Invention]

20

25

30

[0037]

According to the present invention, a composition

containing the aforementioned borate compound which is soluble

in hydrocarbon solvents, particularly aliphatic hydrocarbon

solvents, and useful as a cocatalyst for polymerization of

olefins or dienes, and a production method thereof can be

provided.

[Description of Embodiments]

[0038]

The definitions of the terms and respective symbols used

in the present specification are explained below.

[0039]

In the present specification, the "halogen atom" means a

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

atom.

[0040]

In the present specification, the "alkyl (group)" means a

linear or branched chain alkyl group having a carbon number of

not less than 1.
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5

[0041]

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

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-

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

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

10 docosyl, tricosyl, tetracosyl, pentacosyl, hexacosyl,

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

15

[0042]

In the present specification, the "C9-30 alkyl (group)"

means a linear or branched chain alkyl group having a carbon

number of 9 to 30. Examples thereof include nonyl, decyl,

undecyl, dodecyl, tridecyl, tetradecyl, hexadecyl, octadecyl,

nonadecyl, eicosyl, docosyl, tricosyl, tetracosyl, pentacosyl,

hexacosyl, heptacosyl, octacosyl, nonacosyl, triacontyl, and

the like.

20 [0043]

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

means a linear or branched chain alkyl group having a carbon

number of 1 to 6. Examples thereof include methyl, ethyl,

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

25 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

preferred.

30

[0044]

In the present specification, the "halo C1-6 alkyl

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

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

Specific examples thereof include difluoromethyl,

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

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

2-

12



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

trifluoropropyl, 4,4,4-trifluorobutyl, 5,5,5-trifluoropentyl,

6,6,6-trifluorohexyl, and the like. Among them, "halo C1-4

alkyl" is preferred.

5 [0045]

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,

10 2,2-difluoroethyl, 2,2,2-trifluoroethyl, pentafluoroethyl,

15

2,2,3,3-tetrafluoropropyl, 3,3,3-trifluoropropyl, 4,4,4-

trifluorobutyl, 5,5,5-trifluoropentyl, 6,6,6-trifluorohexyl,

and the like. Among them, "fluoro C1-4 alkyl (groups)" such as

difluoromethyl, trifluoromethyl, 2-fluoroethyl, 2,2-

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

2,2,3,3-tetrafluoropropyl, 3,3,3-trifluoropropyl, 4,4, 4-

trifluorobutyl, 5,5,5-trifluoropentyl, 6,6,6-trifluorohexyl

and the like are preferred, and difluoromethyl,

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

20 pentafluoroethyl are more preferred, and trifluoromethyl is

particularly preferred.

25

30

[0046]

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

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

particularly limited, it is preferably a Сз-8 сусloalkyl group.

[0047]

3

In the present specification, the "C3-8 cycloalkyl

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

to 8. Examples thereof include cyclopropyl, cyclobutyl,

cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, and the like.

Among them, a C3-6 сycloalkyl group is preferred.

[0048]

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

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

35 bonded to an oxygen atom.
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CLAIMS 

[Claim 1] 

 A composition comprising  

 (I) base A or a compound having a total carbon number of 

not less than 8 and represented by the following formula (5): 5 

 

wherein 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, 

and  10 

 (II) a compound represented by the following formula (1): 

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

group substituted by one or more fluorine atoms or fluoro C1-4 

alkyl groups, and  15 

[A-H]+ is a base A-derived cation, 

 wherein the base A is a nitrogen-containing aromatic 

heterocyclic compound having a total carbon number of not less 

than 25 and substituted by the same or different, two or more 

C9-30 alkyl groups or C9-30 alkoxy groups.   20 

[Claim 2] 

 The composition according to claim 1, wherein the 

component (I) is base A.   

[Claim 3] 

 The composition according to claim 1, wherein the 25 

component (I) is a compound represented by the formula (5).   

[Claim 4] 

 The composition according to any one of claims 1 to 3, 

wherein  

R1, R2, R3 and R4 are each independently a phenyl group, a 1-30 

naphthyl group, a 2-naphthyl group, a 2-biphenylyl group, a 3-
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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 5] 5 

 The composition according to any one of claims 1 to 3, 

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.   10 

[Claim 6] 

 The composition according to any one of claims 1, 2, 4, 

and 5, wherein the base A is a 5- or 6-membered monocyclic 

nitrogen-containing aromatic heterocyclic compound having a 

total carbon number of not less than 25 and substituted by the 15 

same or different two C9-30 alkyl groups or C9-30 alkoxy groups.   

[Claim 7] 

 The composition according to claim 6, wherein the 5- or 

6-membered monocyclic nitrogen-containing aromatic heterocyclic 

compound is pyridine or imidazole.   20 

[Claim 8] 

 The composition according to any one of claims 1, 2, 4, 

and 5, wherein the base A is a bicyclic nitrogen-containing 

aromatic heterocyclic compound having a total carbon number of 

not less than 25 and substituted by the same or different two 25 

C9-30 alkyl groups or C9-30 alkoxy groups.   

[Claim 9] 

 The composition according to claim 8, wherein the 

bicyclic nitrogen-containing aromatic heterocyclic compound is 

benzimidazole.   30 

[Claim 10] 

 The composition according to any one of claims 1, 2, and 

4 to 9, wherein a content of the base A with respect to 1 mol 

of the compound represented by the formula (1) is within the 

range of 0.01 to 10 mol.   35 
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[Claim 11] 

 The composition according to any one of claims 1 and 3 to 

5, wherein the R and R’ are each independently a C1-30 alkyl 

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

than 8.   5 

[Claim 12] 

 The composition according to any one of claims 1 and 3 to 

5, wherein the R and R’ are each independently a C1-30 alkyl 

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

than 16.   10 

[Claim 13] 

 The composition according to any one of claims 1, 3 to 5, 

11, and 12, wherein a content of the compound represented by 

the formula (5) with respect to 1 mol of the compound 

represented by the formula (1) is within the range of 0.1 - 10 15 

mol.   

[Claim 14] 

 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 20 

claims 1 to 13.   

[Claim 15] 

 A method for producing the composition according to any 

one of claims 1, 2, and 4 to 10, comprising a step of reacting 

a compound represented by the formula (3): 25 

 

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

group substituted by one or more fluorine atoms or fluoro C1-4 

alkyl groups, and  

the base A, 30 

wherein the base A is used in an amount exceeding 1 mol per 1 
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mol of the compound represented by the formula (3).   

[Claim 16] 

 The production method according to claim 15, wherein the 

amount of the base A is within the range of 1.01 to 3 mol with 

respect to 1 mol of the compound represented by the formula (3).   5 

[Claim 17] 

 A method for producing the composition according to any 

one of claims 1, 2, and 4 to 10, comprising a step of reacting 

a compound represented by the formula (4): 

 10 

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

group substituted by one or more fluorine atoms or fluoro C1-4 

alkyl groups,  

M is an alkali metal or an alkaline earth metal, and  

n is 1 or 2,  15 

the base A, and  

protonic acid, 

wherein the base A is used in an amount exceeding 1 mol per 1 

mol of the compound represented by the formula (4).   

[Claim 18] 20 

 A method for producing the composition according to any 

one of claims 1, 3 to 5, and 11 to 13, comprising a step of 

reacting a compound represented by the formula (4): 

 

wherein R1, R2, R3 and R4 are each independently a C6-14 aryl 25 

group substituted by one or more fluorine atoms or fluoro C1-4 

alkyl groups,  



 67

M is an alkali metal or an alkaline earth metal, and  

n is 1 or 2, and 

1 mol of the base A per 1 mol of the compound represented by 

the formula (4) and protonic acid, and thereafter,  

a step of adding not less than 0.1 mol of a compound having a 5 

total carbon number of not less than 8 and represented by the 

formula (5): 

 

wherein R and R’ are each independently an optionally 

substituted C1-30 alkyl group, an optionally substituted C3-15 10 

cycloalkyl group, or an optionally substituted C6-14 aryl group, 

per 1 mol of the compound represented by the formula (4).   

[Claim 19] 

 A method for producing a polymer, comprising polymerizing 

at least one kind of monomer selected from the group consisting 15 

of olefins and dienes by using the composition according to any 

one of claims 1 to 13 as a cocatalyst.   

 


