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[DESCRIPTION]

[Title of Invention] NOVEL BORATE COMPOUND

[Technical Field]

[0001]

The present invention relates to a borate compound useful

as a cocatalyst for the polymerization of olefin and diene, and

a production method thereof.

[Background Art]

[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.

As cocatalysts used for stabilizing the cationic active species

of these metal complex catalysts, aluminoxanes such as

alkylaluminum, methylaluminoxane (MAO) and the like, Broensted

acid salts such as ammonium borate and the like, and Lewis acid

salts such as triphenylcarbenium borate and the 1like are used

(Non-Patent Document 1).

20 [0003]
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In the catalyst activation reaction by the aforementioned

Broensted acid salt, the leaving group on the metal complex

catalyst is protonated and eliminated from the metal complex

catalyst to generate a cationic active species of the metal

complex catalyst, whereby non-coordinating anions derived from

Broensted acid salt stabilize the active species. As the

Broensted base constituting the Broensted acid salt, various

borate compounds such as tetrakis (pentafluorophenyl) borate,

which is a non-coordinating anion, and the like have been

reported (Non-Patent Document 1) and, as the Broensted acid,

Broensted acids containing nitrogen, phosphorus, oxygen, and/or

sulfur are known (Patent Document 1).

[0004]

As the aforementioned Broensted acid salts, Broensted

35 acid salts (ammonium borates) containing nitrogen such as

1



dimethylanilinium tetrakis (pentafluorophenyl) borate, tri (n-

butyl) ammonium tetrakis (pentafluorophenyl) borate,

methylpyrrolidinium tetrakis (pentafluorophenyl) borate, and the

like are known (Patent Document 2). In the catalyst activation

5 reactions by these ammonium borates, amine compounds are

generated due to the loss of proton in the protonation stage.

Such amine compound may interact with the cationic active

species of the metal complex catalyst, in which case the

compound is feared to adversely affect the polymerization

10 reaction.

[0005]

In addition, as a solvent used for polymerization, a non-

polar hydrocarbon solvent is used. In particular, from the

aspects of odor and toxicity, switching to aliphatic

15 hydrocarbon solvents such as n-hexane and the like from

aromatic hydrocarbon solvents such as toluene and the like is

progressing.

[6000[
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However, it is known that general

tetrakis (pentafluorophenyl) borate compounds are hardly soluble

in aromatic hydrocarbon solvents such as toluene and the like,

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 3).

[0007]

In addition, since tetrakis (pentafluorophenyl) borate

compounds are hardly soluble in aliphatic hydrocarbon solvents

such as n-hexane, n-heptane, and the like, a compound soluble

in aliphatic hydrocarbon solvents is desired and has been

proposed (Patent document 4). Di (octadecyl) methylammonium

tetrakis (pentafluorophenyl) borate and bis (hydrogenated

tallow) methylammonium tetrakis (pentafluorophenyl) borate

described in Patent document 4 are useful as compounds soluble

in hydrocarbon solvents.
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[0008]

However, when di(octadecyl) methylammonium

tetrakis (pentafluorophenyl) borate or bis (hydrogenated beef

tallow alkyl) methylammonium tetrakis (pentafluorophenyl) borate

5 described in Patent Document 4 is used, since trialkylamine

generated after a catalyst activation reaction has

nucleophilicity, it is feared that it becomes a catalyst poison

in the polymerization reaction of olefins or dienes.

[prior art document]

10 [Non-Patent Document]

[0009]

Non-Patent Document 1: Chem. Rev. 2000, 100, 1391-1434

[Patent Document]

[0010]

15 Patent Document 1: US Patent No. 5132380

Patent Document 2: WO 2010/014344

Patent Document 3: JP-A-2018-104335

Patent Document 4: Japanese Translation of PCT Application

Publication No. 2000-507157

20 [Summary of Invention]

[Technical Problem]

[0011]

In view of those conventional techniques, the present

invention aims to provide a borate compound, which is soluble

25 in hydrocarbon solvents and useful as a cocatalyst for the

polymerization reaction of olefins and dienes, and an

industrial production method thereof.

30

[Solution to Problem]

[0012]

The present inventors have conducted intensive studies

and found for the first time that a compound represented by the

following formula (1):

[0013]
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[A-H R4

(1)

R1

-B

R3

-R2
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[0014]

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 cation in which the ring nitrogen atom of 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 same or different, two or more C1-30 alkyl

10 groups or C1-30 alkoxy groups is protonated (hereinafter to be

also referred to as “the compound of the present invention")

does not allow generation of a compound to be a catalyst poison

for the polymerization reaction of olefin and diene, and is

useful as a cocatalyst for the polymerization reaction of

15 olefin and diene, and completed the present invention.

[0015]

Accordingly, the present invention provides the following.

[1] A compound represented by the following formula (1):

[0016]
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AH

R1

RBR2

R3

(1)

25

[0017]

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 cation in which the ring nitrogen atom of a 5- or

4
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6-membered monocyclic 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 is protonated.

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

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

naphthyl group, a 2-naphthyl group, a 2-biphenylyl group, а 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

10 3-phenanthryl group, each of which is substituted by one or

fluorinemore atoms or trifluoromethyl groups.

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

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

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

15 2,3,4,5,6,7,8-heptafluoro-1-naphthyl groups, or 1,3,4,5,6,7,8-

heptafluoro-2-naphthyl groups.
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[4] The compound of any of the aforementioned [1] to [3],

wherein

A is a 5- or 6-membered monocyclic bicyclic nitrogen-containing

aromatic heterocyclic compound having a total carbon number of

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

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

[5] The compound of the aforementioned [4], wherein the 5- or

6-membered monocyclic nitrogen-containing aromatic heterocyclic

compound is pyridine or imidazole.

[6] 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 compound of any of the aforementioned

[1] to [5].

[7] 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 compound of any of the

aforementioned [1] to [5] as a cocatalyst.

[Advantageous Effects of Invention]

35 [0018]
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According to the present invention, the aforementioned

borate compound, which is soluble in hydrocarbon solvents and

useful as a cocatalyst for the polymerization reaction of

olefins and dienes can be provided.

5 [Description of Embodiments]

[0019]

15

20

25

The definitions of the terms and respective symbols used

in the present specification are explained below.

[0020]

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

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

atom.

[0021]

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

linear or branched chain alkyl group having a carbon atom

number of not less than 1.

[0022]

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

means a linear or branched chain alkyl group having a carbon

atom 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,

docosyl, tricosyl, tetracosyl, pentacosyl, hexacosyl,

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

[0023]

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

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

atom 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

35 the like.
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[0024]

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

means a linear or branched chain alkyl group having a carbon

atom number of 1 to 6. 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, and the like. Among them, C1-4 alkyl group is

preferred.

10 [0025]

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,

15 trifluoromethyl, 2-chloroethyl, 2-bromoethyl, 2-iodoethyl, 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. Among them, "halo C1-4

20

25

alkyl" is preferred.

[0026]

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,

2,2,3,3-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

30 difluoromethyl, trifluoromethyl, 2,2,2-trifluoroethyl,

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

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

preferred, and difluoromethyl, trifluoromethyl, 2,2,2-

trifluoroethyl, and pentafluoroethyl are more preferred,

35 trifluoromethyl is particularly preferred.

and
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[0027]

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.

5 [0028]

In the present specification, the "C3-8 cycloalkyl

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

of 3 to 8. Examples thereof include cyclopropyl, cyclobutyl,

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

10 Among them, а Сз-6 суcloalkyl group is preferred.

[0029]

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.

15 [00301

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

means a linear or branched chain alkoxy group having a carbon

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

ethoxy, propoxy, isopropoxy, butoxy, isobutoxy, sec-butoxy,

20 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, nonadecyloxy, eicosyloxy,

25 docosyloxy, tricosyloxy, tetracosyloxy, pentacosyloху,

hexacosyloxy, heptacosyloxy, octacosyloxy, nonacosyloxу,

triacontyloxy, and the like.

[0031]

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

30 means a linear or branched chain alkoxy group having a carbon

atom number of 9 to 30. Examples thereof include nonyloxy,

decyloxy, undecyloxy, dodecyloxy, tridecyloxy, tetradecyloxy,

hexadecyloxy, octadecyloxy, nonadecyloxy, eicosyloxy,

docosyloxy, tricosyloxy, tetracosyloxy, pentacosyloxy,

35 hexacosyloxy, heptacosyloxy, octacosyloxy, nonacosyloxу,

8
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[CLAIMS] 

[Claim 1] 

 A compound represented by the following formula (1): 

 

 5 

 

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 cation in which the ring nitrogen atom of a 5- or 10 

6-membered monocyclic 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 is protonated, wherein the 

compound is not 2-nonadecyl-5-octadecoxypyridinium 15 

tetrakis(pentafluorophenyl)borate, 2-nonadecyl-1-

octadecylimidazolium tetrakis(pentafluorophenyl)borate and 2,6-

di(nonadecyl)pyridinium tetrakis(pentafluorophenyl)borate.   

[Claim 2] 

 The compound according to claim 1, wherein  20 

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.   

[Claim 3] 

 The compound according to claim 1, 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, 30 
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2,3,4,5,6,7,8-heptafluoro-1-naphthyl groups, or 1,3,4,5,6,7,8-

heptafluoro-2-naphthyl groups.   

[Claim 4] 

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

wherein A is a 5- or 6-membered monocyclic nitrogen-containing 5 

aromatic heterocyclic compound having a total carbon number of 

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

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

[Claim 5] 

 The compound according to claim 4, wherein the 5- or 6-10 

membered monocyclic nitrogen-containing aromatic heterocyclic 

compound is pyridine or imidazole.   

[Claim 6] 

 A cocatalyst for polymerization of at least one kind of 

monomer selected from the group consisting of an olefin and a 15 

diene, consisting of the compound according to any one of 

claims 1 to 5.   

[Claim 7] 

 A method for producing a polymer, comprising polymerizing 

at least one kind of monomer selected from the group consisting 20 

of an olefin and a diene by using the compound according to any 

one of claims 1 to 5 as a cocatalyst.   

 


