
CONJUGATED DIENE BASED POLYMER, AND POLYMER COMPOSITION 

CONTAINING THE POLYMER 

BACKGROUND OF THE INVENTION 

5 Field of the Invention 

[0001] 

The present invention relates to a polymer composition 

excellent in fuel cost-saving properties and a conjugated diene 

based polymer for producing the polymer composition. 

10 

Description of the Related Art 

[0002] 

As a rubber composition for automobile tires, a rubber 

composition containing a conjugated diene based polymer such 

15 as polybutadiene or a styrene-butadiene copolymer, 	and a 

reinforcing agent has been conventionally used. 

[0003] 

For example, 	Patent Document 1 suggests a 

styrene-butadiene copolymer containing many vinyl bonds, and 

20 a polymer composition using the copolymer. 

[0004] 

[Patent Documentl] 	JP 01-29802 Bl 

[0005] 

SUMMARY OF THE INVENTION 

25 However, polymer compositions using the above 

1 



conventional conjugated diene based polymer are still 

unsatisfactory in fuel cost-saving properties. 

[0006] 

Under such circumstances, 	an object of the present 

5 invention is to provide a conjugated diene based polymer that 

can give a polymer composition excellent in fuel cost-saving 

properties, and a polymer composition containing the polymer. 

[0007] 

A first aspect of the present invention relates to a 

10 conjugated diene based polymer comprising a monomer unit 

derived from at least one conjugated diene selected from 

1,3-butadiene and isoprene and a monomer unit derived from a 

compound represented by Formula 	(1): 

Ril  

( 1  ) 

/ 	(R1  R12 

15 wherein n represents an integer of 0 to 5, and R 	and 

each independently represent an alkyl group having 1 to 10 

carbon atoms. 

[0008] 

A second aspect of the present invention relates to a 

20 polymer composition comprising the conjugated diene based 

polymer and a reinforcing agent, wherein the content of the 

reinforcing agent is not less than 10 parts by weight and not 

more than 150 parts by weight per 100 parts by weight of the 

2 



conjugated diene based polymer. 

[0009] 

A third aspect of the present invention relates to a 

method for producing a conjugated diene based polymer, wherein 

5 the method comprises a step of polymerizing monomer components 

in a hydrocarbon solvent with an alkali metal catalyst, the 

monomer components comprises at least one conjugated diene 

selected from 1,3-butadiene and isoprene and a monomer unit 

derived from a compound represented by Formula 	(1): 

R11  

\\\‘' H 	/ 

/ 	( R12 10 

wherein n represents an integer of 0 to 5; Rl i , 	and R13  each 

independently represent an alkyl group having 1 to 10 carbon 

atoms. 

15 

[0010] 	 , 

According to the present invention, a polymer composition 

excellent in fuel cost-saving properties can be obtained. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0011] 

20 Herein, a hydrocarbyl group represents a monovalent group 

obtained by removing one hydrogen atom from a hydrocarbon. 	A 

hydrocarbylene group represents a divalent group obtained by 

removing two hydrogen atoms from a hydrocarbon. 	A 



hydrocarbyloxy group represents a monovalent group having a 

structure in which a hydrogen atom of a hydroxy group is replaced 

with a hydrocarbyl group. 	An amino group having a substituent 

(hereinafter, referred to as substituted amino group in some 

5 cases) represents a group having a structure in which at least 

one hydrogen atom of an amino group is replaced with a monovalent 

atom other than a hydrogen atom or a monovalent group, or a group 

having a structure in which two hydrogen atoms of an amino group 

are replaced with a divalent group. 	A hydrocarbyl group having 

10 

15 

a substituent 	(hereinafter, 	referred to as substituted 

hydrocarbyl group in some cases) represents a monovalent group 

having a structure in which at least one hydrogen atom of a 

hydrocarbyl group is replaced with a substituent. 	A 

hydrocarbylene group having a hetero atom 	(hereinafter, 

referred to as hetero atom-containing hydrocarbylene group in 

some cases) represents a divalent group having a structure in 

which, in a hydrocarbylene group, a hydrogen atom and/or a 

carbon atom other than a carbon atom from which a hydrogen atom 

has been removed is replaced with a group having a hetero atom 

20 (an atom other than a carbon atom and a hydrogen atom) . 

[0012] 

The conjugated diene based polymer of the present 

invention is a conjugated diene based polymer comprising a 

monomer unit derived from at least one conjugated diene selected. 

25 from 1,3-butadiene and isoprene and a monomer unit derived from 



a compound represented by Formula (1): 

R11 

/ 	\ 	 ( 1 ) H 
'-',(R1 3) R12 

n 

wherein n represents an integer of 0 to 5; R11, R12 and R13  each 

independently represent an alkyl group having 1 to 10 carbon 

5 atoms. 

[0013] 

Examples of the alkyl groups having 1 to 10 carbon atoms 

of R11
,  R12 and R13 	in Formula 	(1) 	include a methyl group, an 

ethyl group, a n-propyl group, an isopropyl group, a n-butyl 

10 group, 	a sec-butyl group, 	and a tert-butyl group. 

[0014] 

The alkyl groups of R11, R12  and R13  in Formula (1) are 

preferably a methyl group or an ethyl group, and more preferably 

a methyl group. 

15 [0015] 

n in Formula 	(1) 	represents an integer of 0 to 5, 	and 

preferably 0 or 1, and more preferably 1. 

[0016) 

20 

A compound represented by Formula (1), in which n is 0, 

and R11 	and R12 	are a methyl group, 	is 

4-isopropyl-1,3-cyclohexadiene. 

[0017] 

Examples of the compound represented by Formula (1), in 

5 



which n is 1, and 
	

and 	are a methyl group include 

5 

1-methyl-4-isopropyl-1,3-cyclohexadiene, 

2-methyl-4-isopropyl-1,3-cyclohexadiene, 

3-methyl-4-isopropyl-1,3-cyclohexadiene, 

5-methyl-4-isopropyl-1,3-cyclohexadiene, 	and 

6-methyl-4-isopropyl-1,3-cyclohexadiene. 

Examples of the compound represented by Formula (1), in which n is 2, 

and R11
, 
 R12 and R 3  are a methyl group include 

1,5-dimethy1-4-isopropyl-1,3-cyclohexadiene, 	and 

10 	1,6-dimethy1-4-isopropyl-1,3-cyclohexadiene. 

Examples of the compound represented by Formula (1), in which n is 3, 

and R11, 	R12  and R113  are a methyl group include 

1,5,6-trimethy1-4-isopropyl-1,3-cyclohexadiene. 

[0018] 

15 A compound represented by Formula (1) 	is preferably 

1-methyl-4-isopropyl-1,3-cyclohexadiene. 

[0019] 

Among the monomer units contained in the conjugated diene based 

polymer of the present invention, in order to enhance fuel cost-saving 

20 	properties, the content of the monomer unit derived from a compound 

represented by Formula (1) is preferably not less than 0.01% by weight, 

more preferably not less than 0.02% by weight, and still more preferably 

not less than 0.05% by weight where the total amount of the monomer units 

contained in the conjugated diene based polymer is taken as 100% by weight . 

25 	In 

it 

order to enhance economical properties and to enhance grip properties, 

is preferably not more than 30% by weight, more preferably not more 

than 10% by weight, and still more preferably not more than 5% by weight. 
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[0020] 

The conjugated diene based polymer may be modified with 

a group containing a nitrogen atom. 

[0021] 

5 Examples of the group containing a nitrogen atom 

contained in the conjugated diene based polymer include the 

group represented by the following formula 	(2) . 

R21 

N(2)  
Rz 

wherein R21  and R22  each independently represent a hydrocarbyl 

10 	group optionally having a substituent, or a trihydrocarbylsily1 

group, or R21  and R22  are bonded, and a group in which R21  is bonded 

to R22  represents a hydrocarbylene group optionally having a 

nitrogen atom and/or an oxygen atom. 

[0022] 

15 	The group containing a nitrogen atom may be bonded to 

either terminal or side chain of the polymer chain. 

[0023] 

Examples of a method for producing a conjugated diene 

based polymer modified with the group containing a nitrogen atom 

20 	include the method (a) , method (b) , method (c) and method (d) 

described below. 

(a) A method of producing a conjugated diene based polymer 

by polymerizing monomer components comprising a conjugated 

7 



diene and a compound represented by Formula (1), in a solvent, 

subsequently adding a compound (modifier) 	having a group 

containing a nitrogen atom to the solvent, and reacting 

5 the active terminal of the conjugated diene based polymer with 

the modifier. 

(b) A method of producing a conjugated diene based polymer 

by polymerizing monomer components comprising a conjugated 

diene and a compound represented by Formula 	(1), 	using an 

10 organic alkali metal compound having a group containing a 

nitrogen atom. 

(c) A method of producing a conjugated diene based polymer 

by polymerizing monomer components comprising a conjugated 

diene and a compound represented by Formula 	(1), using a 

15 secondary amine and an organic alkali metal compound. 

(d) A method of producing a conjugated diene based polymer 

by polymerizing monomer components comprising a conjugated 

diene, a compound represented by Formula 	(1), a vinyl based 

monomer having a group containing a nitrogen atom. 

20 [0024] 

In the method 	(a) 	described above, 	examples of the 

compound preferred as a compound having a group containing a 

nitrogen atom include compounds containing a nitrogen atom and 

a carbonyl group and compounds containing a nitrogen atom and 

25 a silicon atom. 
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[0025] 

As the compound containing a nitrogen atom and a carbonyl 

group, a compound represented by the following formula (3) is 

preferable. 

51 

34 (3)  N (R 	C 	
R 

R32  
5 

10. 

0 

wherein R31  and R32  may be bonded, or R31  and R34  may be bonded, 

R31  represents a hydrocarbyl group optionally having a 

substituent, or is bonded to R32  to represent a hydrocarbylene 

group optionally having a nitrogen atom and/or an oxygen atom, 

or is bonded to R34  to represent a divalent group, R32  represents 

a hydrocarbyl group optionally having a substituent, or is 

bonded to R31  to represent a hydrocarbylene group optionally 

having a nitrogen atom and/or an oxygen atom, and R34  represents 

a hydrocarbyl group optionally having a substituent, or a 

15 hydrogen atom, or is bonded to R31  to represent a divalent group. 

Also, R33  represents a divalent group, and k represents 0 or 

1. 

[0026] 

In the formula (3) , the hydrocarbyl group optionally 

20 having a substituent in R31,R32   and R34  is a hydrocarbyl group 

or a substituted hydrocarbyl group. 	Examples of the 

substituted hydrocarbyl group include a substituted 

hydrocarbyl group in which the substituent is a hydrocarbyloxy 



group, and a substituted hydrocarbyl group in which the 

substituent is a substituted amino group. 	Examples of the 

hydrocarbyl group include alkyl groups such as a methyl group, 

an ethyl group, a n-propyl group, an isopropyl group and a 

5 

10 

n-butyl group; alkenyl groups such as a vinyl group, an allyl 

group and an isopropenyl group; and aryl groups such as a phenyl 

group. 	Examples of the substituted hydrocarbyl group in which 

the substituent is a hydrocarbyloxy group include alkoxyalkyl 

groups such as a methoxy methyl group, an ethoxy methyl group, 

and an ethoxy ethyl group. 	Examples of the substituted 

hydrocarbyl group in which the substituent is a substituted 

amino group include (N,N-dialkylamino)alkyl groups such as a 

2-(N,N-dimethylamino)ethyl group, 	a 

2-(N,N-diethylamino)ethyl group, 	a 

15 3-(N,N-dimethylamino)propyl group and a 

3-(N,N-diethylamino)propyl group; 	(N,N-dialkylamino)aryl 

groups such as a 4-(N,N-dimethylamino)phenyl group, 	a 

3-(N,N-dimethylamino)phenyl group, 	a 

4-(N,N-diethylamino)phenyl group and a 

20 3-(N,N-diethylamino)phenyl group; 

(N,N-dialkylamino)alkylaryl groups such as a 

4-(N,N-dimethylamino)methylphenyl group and a 

4-[2-(N,N-dimethylamino)ethyl]phenyl group; cyclic amino 

group-containing alkyl groups such as a 

25 3-(1-pyrrolidinyl)propyl group, 	a 3-(1-piperidinyl)propyl 
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group and a 3-(1-imidazolyl)propyl group; cyclic amino 

group-containing aryl groups such as a 

4-(1-pyrrolidinyl)phenyl group, 	a 4-(1-piperidinyl)phenyl 

group and a 4-(1-imidazolyl)phenyl group; and cyclic amino 

5 group-containing alkylaryl groups such as a 

4-[2-(1-pyrrolidinyl)ethyl]phenyl group, 	a 

4-[2-(1-piperidinyl)ethyl]phenyl group and a 

4-[2-(1-imidazolyl)ethyl]phenyl 	group. 

[0027] 

10 In the formula 	(3), the hydrocarbylene group formed by 

bonding R3'  and R32  and optionally having a nitrogen atom and/or 

an oxygen atom is a hydrocarbylene group, 	or a hetero 

atom-containing hydrocarbylene group in which the hetero atom 

is a nitrogen atom and/or an oxygen atom. 	Examples of the hetero 

15 atom-containing hydrocarbylene group in which the hetero atom 

is a nitrogen atom and/or an oxygen atom include a hetero 

atom-containing hydrocarbylene group in which the hetero atom 

is a nitrogen atom and a hetero atom-rnntaning hydrocarbylene 

group in which the hetero atom is an oxygen atom. 	Examples of 

20 the hydrocarbylene group include alkylene groups such as a 

trimethylene group, a tetramethylene group, a pentamethylene 

group, a hexamethylene group and a 

2,2,4-trimethylhexane-1,6-diyl group; and arylene groups such 

as a 1,4-phenylene group. 	Examples of the hetero 

25 atom-containing hydrocarbylene group in which the hetero atom 

11 

group and a 3-(1-imidazolyl)propyl group; cyclic amino 

group-containing aryl groups such as a 

4-(1-pyrrolidinyl)phenyl group, a 4-(1-piperidinyl)phenyl 

group and a 4-(1-imidazolyl)phenyl group; and cyclic amino 

5 group-containing alkylaryl groups such as a 

4-[2-(1-pyrrolidinyl)ethyl]phenyl group, a 

4-[2-(1-piperidinyl)ethyl]phenyl group and a 

4-[2-(1-imidazolyl)ethyl]phenyl group. 

10 

[0027] 

In the formula (3), the hydrocarbylene group formed by 

bonding R31 and R32 and optionally having a nitrogen atom and/ or 

an oxygen atom is a hydrocarbylene group, or a hetero 

atom-containing hydrocarbylene group in which the hetero atom 

is a nitrogen atom and/or an oxygen atom. Examples of the hetero 

15 atom-containing hydrocarbylene group in which the hetero atom 

is a nitrogen atom and/or an oxygen atom include a hetero 

atom-containing hydrocarbylene group in which the hetero atom 

is a nitrogen atom and a hetero atom-containing hydrocarbylene 

group in which the hetero atom is an oxygen atom. Examples of 

20 the hydrocarbylene group include alkylene groups such as a 

trimethylene group, a tetramethylene group, a pentamethylene 

group, a hexamethylene group and a 

2,2,4 -trimethylhexane-1, 6-diyl group; and arylene groups such 

as a l,4-phenylene group. Examples of the hetero 

25 atom-containing hydrocarbylene group in which the hetero atom 

11 



is a nitrogen atom include a group represented by -CH=N-CH=CH- 

and a group represented by -CH=N-CH2-CH2- . 	Examples of the 

hetero atom-containing hydrocarbylene group in which the hetero 

atom is an oxygen atom include groups represented by 

5 - (CH2 ) s-0- (CH2) t- 	(s and t are an integer of 1 or more) . 

[0028] 

In the formula 	(3) , 	examples of the divalent group to 

which R31  and R34  are bonded, and the divalent group of R33  include 

a hydrocarbylene group, a hetero atom-containing 

10 hydrocarbylene group in which the hetero atom is a nitrogen atom, 

a hetero atom-containing hydrocarbylene group in which the 

hetero atom is an oxygen atom, a group in which a hydrocarbylene 

group and an oxygen atom are bonded, and a group in which a 

hydrocarbylene group and a group represented by - R 	(R35 
 

15 represents a hydrocarbyl group or a hydrogen atom) are bonded. 

Examples of the hydrocarbylene group include alkylene groups 

such as a trimethylene group, 	a tetramethylene group, 

pentamethylene group, a hexamethylene group and a 

2, 2, 4-trimethylhexane-1, 6-diy1 group; and arylene groups such 

20 as a 1,4-phenylene group. 	Examples of the hetero 

atom-containing hydrocarbylene group in which the hetero atom 

is a nitrogen atom include a group represented by -CH=N-CH=CH- 

and a group represented by -CH=N-CH2-CH2- . 	Examples of the 

hetero atom-containing hydrocarbylene group in which the hetero 

25 atom is an oxygen atom include groups represented by 
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- (CH2 ) s-0- (CH2) t- (s and t are an integer of 1 or more) . 	Examples 

of the group in which a hydrocarbylene group and an oxygen atom 

are bonded include groups represented by - (CH2)u 	(u 

represents an integer of 1 or more) . 	Examples of the group in 

5 which a hydrocarbylene group and a group represented by -NR 35- 

(R35  represents a hydrocarbyl group or a hydrogen atom) are 

bonded include a group represented by - (CH2)„-NR 	(R35 
 

represents a hydrocarbyl group having 1 to 6 carbon atoms or 

a hydrogen atom, and v represents an integer of 1 or more) . 

10 [0029] 

Examples of a preferable compound represented by the 

formula (3) include compounds represented by (3-A) in which k 

is 0 and R34  is a hydrocarbyl group optionally having a 

substituent or a hydrogen atom. 

R31  
\N -C-R34  (3-A) 

R32 	II 
15 0 

wherein R31  and R32  may be bonded, 	3'represents a hydrocarbyl 

group optionally having a substituent 	or is bonded to R32  to 

represent a hydrocarbylene group optionally having, as a hetero 

atom, a nitrogen atom and/or an oxygen atom, R32  represents a 

20 hydrocarbyl group optionally having a substituent, or is bonded 

to R31  to represent a hydrocarbylene group optionally having, 

as a hetero atom, a nitrogen atom and/or an oxygen atom, and 

R34  represents a hydrocarbyl group optionally having a 

13 



substituent or a hydrogen atom. 

[0030] 

In the formula (3-A), description and exemplification of 

the hydrocarbyl group optionally having a substituent in R31, 

5 	R32  and R34, and the hydrocarbylene group formed by bonding R31  

and R32  and optionally having, as a hetero atom, a nitrogen atom 

and/or an oxygen atom are the same as those stated in the 

description of the formula 	(3). 

[0031] 

10 	In the formula (3-A), R31  is preferably a hydrocarbyl group 

having 1 to 10 carbon atoms, 	or is bonded to R32  to form a 

hydrocarbylene group having 3 to 10 carbon atoms or a hetero 

atom-containing hydrocarbylene group having 3 to 10 carbon 

atoms in which the hetero atom is a nitrogen atom. 	R31  is more 

15 	preferably an alkyl group having 1 to 10 carbon atoms or an aryl 

group having 6 to 10 carbon atoms, or is bonded to R32  to form 

an alkylene group having 3 to 10 carbon atoms, 	a group 

represented by -CH=N-CH=CH-, or a group represented by 

-CH=N-CH2-CH2-, still more preferably an alkyl group having 1 

20 	to 6 carbon atoms, and particularly preferably a methyl group 

or an ethyl group. 

[0032] 

In the formula (3-A), R32  is preferably a hydrocarbyl group 

having 1 to 10 carbon atoms, 	or is bonded to R31  to form a 

25 	hydrocarbylene group having 3 to 10 carbon atoms or a hetero 
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atom-containing hydrocarbylene group having 3 to 10 carbon 

atoms in which the hetero atom is a nitrogen atom. 	R32  is more 

preferably an alkyl group having 1 to 10 carbon atoms or an aryl 

group having 6 to 10 carbon atoms, or is bonded to R31  to form 

5 an alkylene group having 3 to 10 carbon atoms, a group 

represented by -CH=N-CH=CH-, or a group represented by 

-CH=N-CH2-CH2-, still more preferably an alkyl group having 1 

to 	carbon atoms, and particularly preferably a methyl group 

or an ethyl group. 

10 [0033] 

In the formula (3-A), R34  is preferably a hydrocarbyl group 

or a hydrogen atom, more preferably a hydrocarbyl group having 

15 

1 to 10 carbon atoms or a hydrogen atom, still more preferably 

an alkyl group having 1 to 6 carbon atoms or a hydrogen atom, 

and particularly preferably a hydrogen atom, a methyl group or 

an ethyl group. 

[0034] 

Examples of a compound in which R 	is a hydrocarbyl group, 

of the compounds represented by the formula 	(3-A), 	include 

20 N,N-dihydrocarbylacetamides such as N,N-dimethylacetamide, 

N,N-diethylacetamide and N-methyl-N-ethylacetamide; 

N,N-dihydrocarbylacrylamides such as N-dimethylacrylamide, 

N,N-diethylacrylamide and N-methyl-N-ethylacrylamide; and 

N,N-dihydrocarbylmethacrylamides such as 

25 N,N-dimethylmethacrylamide, N,N-diethylmethacrylamide and 

15 



N-methyl-N-ethylmethacrylamide. 

[0035] 

of 

Examples of 	compound in which R34  is a hydrogen atom, 

the compounds represented by the formula 	(3-A), 	include 

5 	N,N-dihydrocarbylformamides such as N,N-dimethylformamide, 

N,N-diethylformamide, and N-methyl-N-ethylformamide. 

[0036] 

Examples of a preferable compound represented by the 

formula (3) include compounds represented by (3-B) in which k 

10 	is 0 and R34  is bonded to R3' to form a divalent group. 

343) 

,:s, 
R32 	0 

wherein R32  represents a hydrocarbyl group optionally having 

a substituent, R36  represents a group in which a hydrocarbylene 

group and a group represented by - R 	are bonded, or a 

15 	hydrocarbylene group, wherein R35  represents a hydrocarbyl 

group or a hydrogen atom. 	A nitrogen atom to which R35  is bonded 

is bonded to the carbon atom of C=O. 

[0037] 

In the formula (3-B), description and exemplification of 

20 	the hydrocarbyl group optionally having a substituent in R
32  

is the same as those stated in the description of the formula 

(3) 

16 



[0038] 

In the formula 	(3-B) , 	examples of the hydrocarbylene 

group in R36  include alkylene groups such as a trimethylene group, 

a tetramethylene group, a pentamethylene group, a hexamethylene 

5 group and a 2,2,4-trimethylhexane-1,6-diyl group; and arylene 

groups such as a 1,4-phenylene group. 	Examples of the group 

in which a hydrocarbylene group and a group represented by -NR 35- 

(R35  represents a hydrocarbyl group or a hydrogen atom) 	are 

bonded in R36  include a group represented by - (CH2)„„-NR 	(R35  

10 represents a hydrocarbyl group or a hydrogen atom, and w 

represents an integer of 1 or more) . 

[0039] 

In the formula (3-B) 	is preferably a hydrocarbyl group 

having 1 to 10 carbon atoms, more preferably an alkyl group 

15 having 1 to 10 carbon atoms or an aryl group having 6 to 10 carbon 

atoms, still more preferably an alkyl group having 1 to 6 carbon 

atoms or a phenyl group, and particularly preferably a methyl 

group, 	an ethyl group, or a phenyl group. 

[ 004 0 ] 

20 In the formula (3-B) , R36  is preferably a hydrocarbylene 

group having 1 to 10 carbon atoms, or a group in which a 

hydrocarbylene group having 1 to 10 carbon atoms and a group 

represented by -NR 35-  (R35 represents a hydrocarbyl group having 

1 to 10 carbon atoms or a hydrogen atom) are bonded, more 

25 preferably an alkylene group having 3 to 6 carbon atoms or a 
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group represented by - (CH2)w 	(R35 represents a hydrocarbyl 

group having 1 to 10 carbon atoms, and w represents an integer 

of 2 to 5) , and still more preferably a trimethylene group, a 

tetramethylene group, a pentamethylene group, or a group 

5 represented by - (CH2) 2-N (CH3) -. 

[0041] 

Examples of a compound in which R36  is a hydrocarbylene 

group, of the compounds represented by the formula 	(3-B) , 

include N-hydrocarbyl-13-propiolactams such as 

10 N-methyl-p-propiolactam and N-phenyl-r3-propiolactam; 

N-hydrocarbyl-2-pyrrolidones such as N-methyl-2-pyrrolidone, 

N-vinyl-2-pyrrolidone, N-phenyl-2-pyrrolidone, 

N-tert-butyl-2-pyrrolidone and 

N-methyl-5-methyl-2-pyrrolidone; 

15 N-hydrocarbyl-2-piperidones such as N-methyl-2-piperidone, 

N-vinyl-2-piperidone and N-phenyl-2-piperidone; 

N-hydrocarbyl-E-caprolactams such as N-methyl-E-caprolactam 

and N-phenyl-c-caprolactam; N-hydrocarbyl-co-laurilolactams 

such as N-methyl-u-laurilolactam and N-vinyl-w-laurilolactam. 

20 The compound is preferably a compound in which R36  is an alkylene 

group having 3 to 6 carbon atoms and R32  is an alkyl group having 

1 to 6 carbon atoms or a phenyl group, more preferably a compound 

in which R36  is a trimethylene group, a tetramethylene group, 

or a pentamethylene group, and R32  is a methyl group, an ethyl 

25 group, 	or a phenyl group, 	and still more preferably 
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N-phenyl-2-pyrrolidone, or N-methyl-e-caprolactam. 

[0042] 

The compound in which R36  is a group in which a 

hydrocarbylene group and a group represented by -NR 	( 35  is 

5 	a hydrocarbyl group or a hydrogen atom) are bonded, of the 

compounds represented by the formula (3-B) , 	include 

1,3-dihydrocarby1-2-imidazolidinones such as 

1,3-dimethy1-2-imidaz o 1 idinone , 

1,3-diethyl-2-imidazolidinone, 

10 	1,3-diviny1-2-imidazolidinone, and 

1-methyl-3-ethyl-2-imidazolidinone. 	The compound is 

preferably a compound in which R36  is a group represented by 

- (CH2)„-NR (R35is a hydrocarbyl group having 1 to 10 carbon 

atoms, and w represents an integer of 2 to 5) and R32  is an alkyl 

15 	group having 1 to 6 carbon atoms or a phenyl group, more 

preferably a compound in which R36  is a group represented by 

- (CH2 ) 2-N (CH3 ) - and R32  is a methyl group or an ethyl group, and 

still more preferably 1,3-dimethy1-2-imidazolidinone. 

[0043] 

20 Examples of a preferred compound represented by the 

formula (3) 	include compounds represented by the following 

formula (3-C) in which k is 1 and R33  is a hydrocarbylene group. 

R31  
\ 

C 1 N-R33 	-R34 	(3-C) 
R32 	 II 
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wherein R31  and R32  may be bonded, R31-  represents a hydrocarbyl 

group optionally having a substituent, or is bonded to R32  to 

represent a hydrocarbylene group optionally having, as a hetero 

atom, a nitrogen atom and/or an oxygen atom, R32  represents a 

5 hydrocarbyl group optionally having a substituent, or is bonded 

to R31-  to represent a hydrocarbylene group optionally having, 

as a hetero atom, 	a nitrogen atom and/or an oxygen atom, R33  

represents a hydrocarbylene group, 	and R34  represents a 

hydrocarbyl group optionally having a substituent. 

10 [0044] 

In the formula (3-C) , description and exemplification of 

the hydrocarbyl group optionally having a substituent in R31,  

R32  and R34 , the hydrocarbylene group formed by bonding R31  and 

R32  and optionally having, as a hetero atom, a nitrogen atom 

15 and/or an oxygen atom, and the hydrocarbylene group in R33  are 

the same as those stated in the description of the formula (3) . 

[0045] 

In the formula (3-C) , R33  is preferably a hydrocarbylene 

group having 1 to 10 carbon atoms, more preferably an alkylene 

20 group having 1 to 10 carbon atoms or an arylene group having 

6 to 10 carbon atoms, still more preferably an alkylene group 

having 1 to 6 carbon atoms or a phenylene group, and particularly 

preferably an ethylene group, a trimethylene group, or a 

1, 4-phenylene group. 

25 [0046] 
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In the formula (3-C) , R34  is preferably a hydrocarbyl group 

having 1 to 10 carbon atoms, or a substituted hydrocarbyl group 

having 3 to 10 carbon atoms in which the substituent is a 

dialkylamino group, more preferably an alkyl group having 1 to 

5 6 carbon atoms, an aryl group having 6 to 10 carbon atoms, a 

dialkylaminoalkyl group having 3 to 6 carbon atoms or a 

dialkylaminoaryl group having 8 to 10 carbon atoms, and still 

more preferably a methyl group, an ethyl group, a 

dialkylaminomethyl group having 3 to 6 carbon atoms, a 

10 dialkylaminoethyl group having 4 to 6 carbon atoms, a phenyl 

group, or a dialkylaminophenyl group having 8 to 10 carbon 

atoms. 

[0047] 

In the formula (3-C) , 	3'is preferably a hydrocarbyl group 

15 having 1 to 10 carbon atoms, or is bonded to R32  to form a 

hydrocarbylene group having 3 to 10 carbon atoms, or a hetero 

atom-containing hydrocarbylene group having 3 to 10 carbon 

atoms in which the hetero atom is a nitrogen atom, more 

preferably an alkyl group having 1 to 10 carbon atoms or an aryl 

20 group having 6 to 10 carbon atoms, or is bonded to R32  to form 

an alkylene group having 3 to 10 carbon atoms, a group 

represented by -CH=N-CH=CH-, a group represented by 

25 

-CH=N-CH2-CH2-, 	or a group represented by - (CH2)2-0-- (CH2) 2-, 

still more preferably an alkyl group having 1 to 6 carbon atoms, 

or is bonded to R32  to form an alkylene group having 3 to 6 carbon 
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atoms, a group represented by -CH=N-CH=CH-, or a group 

represented by -CH=N-CH2-CH2-, and particularly preferably a 

methyl group or an ethyl group, or is bonded to R32  to form a 

tetramethylene group, a hexamethylene group, or a group 

5 represented by -CH=N-CH=CH-. 

[0048] 

In the formula (3-C) , R32  is preferably a hydrocarbyl group 

having 1 to 10 carbon atoms, or is bonded to R 	to form a 

hydrocarbylene group having 3 to 10 carbon atoms, or a hetero 

10 atom-containing hydrocarbylene group having 3 to 10 carbon 

atoms in which the hetero atom is a nitrogen atom, more 

preferably an alkyl group having 1 to 10 carbon atoms or an aryl 

group having 6 to 10 carbon atoms, or is bonded to R31  to form 

an alkylene group having 3 to 10 carbon atoms, a group 

15 represented by -CH=N-CH=CH-, a group represented by 

-CH=N-CH2-0112-, 	or a group represented by - (CH2)2-0- (C112)2-, 

still more preferably an alkyl group having 1 to 6 carbon atoms, 

or is bonded to R31  to form an alkylene group having 3 to 6 carbon 

atoms, a group represented by -CH=N-CH=CH-, or a group 

20 represented by -CH=N-CH2-CH2-, and particularly preferably a 

methyl group or an ethyl group, or is bonded to R31  to form a 

tetramethylene group, a hexamethylene group, or a group 

represented by -CH=N-CH=CH-. 

[0049] 

25 Examples of a compound in which R33  is an arylene group 
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and R34  is an alkyl group, of the compounds represented by the 

formula 	(3-C), 	include 

4-(N,N-dihydrocarbylamino)acetophenones such as 

5 

4-(N,N-dimethylamino)acetophenone, 

4-(N-methyl-N-ethylamino)acetophenone and 

4-(N,N-diethylamino)acetophenone; 4-cyclic amino 

acetophenone compounds such as 4 ' - ( imidazol-1-y1 ) acetophenone . 

Among them, a 4-cyclic amino acetophenone compound is 

preferable, 	and 4'-(imidazol-l-yl)acetophenone is more 

10 preferable. 

[0050] 

Examples of a compound in which R33  is an arylene group 

and R34  is an aryl group or a substituted aryl group, of the 

compounds represented by the formula 	(3-C), 	include 

15 b s(dihydrocarbylaminoalkyl)ketones such as 

1,7-bis(methylethylamino)-4-heptanone and 

1,3-bis(diphenylamino)-2-propanone; 

4-(dihydrocarbylamino)benzophenones such as 

20 

4-N,N-dimethylaminobenzophenone, 

4-N,N-diethylaminobenzophenone, 

4-N,N-di-t-butylaminobenzophenone and 

4-N,N-diphenylaminobenzophenone; and 

4,4'-bis(dihydrocarbylamino)benzophenones such as 

25 

4,4'-bis(dimethylamino)benzophenone, 

4,4'-bis(diethylamino)benzophenone and 
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4,4' -bis (diphenylamino)benzophenone. 	Among them, a compound 

in which R31  and R32  are an alkyl group having 1 to 6 carbon atoms, 

R33  is a phenylene group, and R34  is a phenyl group or a 

dialkylaminophenyl group having 8 to 10 carbon atoms is 

5 preferable, and 4-N,N-dimethylaminobenzophenone, 

4-N, N-diethylaminobenzophenone, 

4,4' -bis (dimethylamino) benzophenone and 

4,4' -bis (diethylamino) benzophenone are more preferable. 

[0051] 

10 Examples of a preferable compound represented by the 

formula (3) 	include compounds represented by the following 

formula (3-D) in which k is 1 and R33  is a group in which a 

hydrocarbylene group and an oxygen atom are bonded, or a group 

in which a hydrocarbylene group and a group represented by -NR - 

15 (R35  represents a hydrocarbyl group or a hydrogen atom) are 

bonded. 

31 

C N-R37-A 	R34 	(3-D) 

R32 	 I 
0 

wherein R31  and R32  may be bonded, R 	represents a hydrocarbyl 

group optionally having a substituent, or is bonded to R32  to 

20 represent a hydrocarbylene group optionally having, as a hetero 

atom, a nitrogen atom and/or an oxygen atom, R32  represents a 

hydrocarbyl group optionally having a substituent, or is bonded 

to R31  to represent a hydrocarbylene group optionally having, 
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as a hetero atom, a nitrogen atom and/or an oxygen atom, 

represents a hydrocarbylene group, A represents an oxygen atom 

or -NR 35-, R35  represents a hydrocarbylene group or a hydrogen 

atom, and R34  represents a hydrocarbyl group optionally having 

5 a substituent. 

[0052] 

In the formula (3-D), description and exemplification of 

the hydrocarbyl group optionally having a substituent in R31, 

R32 	nd R34, and the hydrocarbylene group optionally having, as 

10 a hetero atom, a nitrogen atom to which R31  and R32  are bonded 

and/or an oxygen atom are the same as those stated in the 

description of the formula 	(3). 

[0053] 

In the formula (3-D), A is preferably an oxygen atom or 

15 a group represented by -NR 	(R35is a hydrocarbylene group 

having 1 to 5 carbon atoms or a hydrogen atom), more preferably 

an oxygen atom or a group represented by -NH-, and still more 

preferably a group represented by -NH-. 

[0054] 

20 In the formula 	(3-D), examples of the hydrocarbylene 

group in R37  include alkylene groups such as a trimethylene group, 

a tetramethylene group, a pentamethylene group, a hexamethylene 

group and a 2,2,4-trimethylhexane-1,6-diy1 group; 	arylene 

groups such as a 1,4-phenylene group. 

25 [0055] 
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In the formula (3-D), R34  is preferably a hydrocarbyl group 

having 1 to 10 carbon atoms, more preferably an alkenyl group 

having 2 to 5 carbon atoms, still more preferably a vinyl group 

or an isopropenyl group, and particularly preferably a vinyl 

5 group. 

[0056] 

In the formula (3-D) , R37  is preferably a hydrocarbylene 

group having 1 to 10 carbon atoms, more preferably an alkylene 

group having 1 to 6 carbon atoms, 	still more preferably an 

10 ethylene group or a trimethylene group, and particularly 

preferably a trimethylene group. 

[0057] 

In the formula (3-D) , 	is preferably a hydrocarbyl group 

having 1 to 10 carbon atoms, 	or is bonded to R32  to form a 

15 hydrocarbylene group having 3 to 10 carbon atoms, or a hetero 

atom-containing hydrocarbylene group having 3 to 10 carbon 

atoms in which the hetero atom is a nitrogen atom, more 

preferably an alkyl group having 1 to 10 carbon atoms or an aryl 

group having 6 to 10 carbon atoms, or is bonded to R32  to form 

20 an alkylene group having 3 to 10 carbon atoms, a group 

represented by -CH=N-CH=CH-, a group represented by 

-CH=N-CH2-CH2-, 	or a group represented by - (CH2)2-0- (CH2) 2-

still more preferably an alkyl group having 1 to 6 carbon atoms, 

or is bonded to R32  to form an alkylene group having 3 to 6 carbon 

25 atoms, a group represented by -CH=N-CH=CH-, or a group 
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represented by -CH=N-CH2 -CH2-, and particularly preferably a 

methyl group or an ethyl group, or is bonded to R32  to form a 

tetramethylene group, a hexamethylene group, or a group 

represented by -CH=N-CH=CH-. 

5 [0058] 

In the formula (3-D) , R32  is preferably a hydrocarbyl group 

having 1 to 10 carbon atoms, or is bonded to R31  to form a 

hydrocarbylene group having 3 to 10 carbon atoms, or a hetero 

atom-containing hydrocarbylene group having 3 to 10 carbon 

10 atoms in which the hetero atom is a nitrogen atom, more 

preferably an alkyl group having 1 to 10 carbon atoms or an aryl 

group having 6 to 10 carbon atoms, or is bonded to R31  to form 

an alkylene group having 3 to 10 carbon atoms, a group 

represented by -CH=N-CH=CH-, a group represented by 

15 -CH=N-CH2-CH2-, 	or a group represented by - (CH2)2-0- (CH2 ) 2-, 

still more preferably an alkyl group having 1 to 6 carbon atoms, 

or is bonded to R31  to form an alkylene group having 3 to 6 carbon 

atoms, a group represented by -CH=N-CH=CH-, or a group 

represented by -CH=N-CH2-CH2-, and particularly preferably a 

20 methyl group or an ethyl group, or is bonded to R31  to form a 

tetramethylene group, a hexamethylene group, or a group 

represented by -CH=N-CH=CH-. 

[0059] 

Examples of a compound in which A is an oxygen atom, of 

25 the compounds represented by the formula (3-D) , include 
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2-(dihydrocarbylamino)ethyl acrylates such as 

2-(dimethylamino)ethyl acrylate and 2-(diethylamino)ethyl 

acrylate; 3-(dihydrocarbylamino)propyl acrylates such as 

3-(dimethylamino)propyl acrylate; 

2-(dihydrocarbylamino)ethyl methacrylates such as 

2-(dimethylamino)ethyl methacrylate and 

2-(diethylamino)ethyl methacrylate; 

3-(dihydrocarbylamino)propyl methacrylates such as 

3-(dimethylamino)propyl methacrylate. 	As the compound in 

10 

15 

which A is an oxygen atom, a compound in which R31  and R32  are 

an alkyl group having 1 to 6 carbon atoms, R34  is a vinyl group 

or an isopropenyl group, 	and R37  is an ethylene group or a 

trimethylene group is preferable, and a compound in which R 31 

and R32  are a methyl group or an ethyl group, R34  is a vinyl group, 

and R37  is a trimethylene group is more preferable. 

[0060] 

Examples of a compound in which A. is a group represented 

by -NR35 	(R35   is a hydrocarbylene group or a hydrogen atom), 

of the compounds represented by the formula 	(3-D), 	include 

20 N-(2-dihydrocarbylaminoethyl)acrylamides such as 

N-(2-dimethylaminoethyl)acrylamide and 

N-(2-diethylaminoethyl)acrylamide; 

N-(3-dihydrocarbylaminopropyl)acrylamides such as 

N-(3-dimethylaminopropyl)acrylamide and 

25 N-(3-diethylaminopropyl)acrylamide; 
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N-(4-dihydrocarbylaminobutyl)acrylamides such as 

N-(4-dimethylaminobutyl)acrylamide and 

N-(4-diethylaminobutyl)acrylamide; 

N-(2-dihydrocarbylaminoethyl)methacrylamides such as 

5 N-(2-dimethylaminoethyl)methacrylamide and 

N-(2-diethylaminoethyl)methacrylamide; 

N-(3-dihydrocarbylaminopropyl)methacrylamides such as 

N-(3-dimethylaminopropyl)methacrylamide and 

N-(3-diethylaminopropyl)methacrylamide; 

10 N-(4-dihydrocarbylaminobutyl)methacrylamides such as 

N-(4-dimethylaminobutyl)methacrylamide and 

N-(4-diethylaminobutyl)methacrylamide. 	Among them, a 

compound in which A is a group represented by -NH-, R31  and R
32 
 

are an alkyl group having 1 to 6 carbon atoms, R34 	s a vinyl 

15 group or an isopropenyl group, and R37  is an ethylene group or 

a trimethylene group is preferable, and a compound in which A 

is a group represented by -NH-, R31  and R32  are a methyl group 

or an ethyl group, R34  is a vinyl group, and R37  is a trimethylene 

group is more preferable. 

20 [0061] 

As the compound containing a nitrogen atom and a silicon 

atom, compounds represented by the following formula (4) are 

preferable. 
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R42 

—41 	 / 
—0—S 	 ( ) K 	 -N 

i
i---(CH2 

R43  

wherein R:44  and R45  may be bonded, R41  represents a hydrocarbyl 

group, R42  and R43  represent a hydrocarbyl group or a 

hydrocarbyloxy group, R 	represents a hydrocarbyl group 

5 optionally having a substituent or a trihydrocarbylsilyl group, 

or is bonded to R45  to represent a hydrocarbylene group 

optionally having, as a hetero atom, at least one atom selected 

from an atomic group consisting of a silicon atom, a nitrogen 

atom and an oxygen atom, R45  represents a hydrocarbyl group 

10 optionally having a substituent or a trihydrocarbylsilyl group, 

or is bonded to R 	to represent a hydrocarbylene group 

optionally having, as a hetero atom, at least one atom selected 

from an atomic group consisting of a silicon atom, a nitrogen 

atom and an oxygen atom, and j represents an integer of 1 to 

15 5. 

[0062] 

In the formula 	(4), 	the hydrocarbyl group optionally 

having a substituent is a hydrocarbyl group or a substituted 

hydrocarbyl group. 

20 [0063] 

In the formula 	(4), 	examples of the hydrocarbyl group 

include alkyl groups such as a methyl group, an ethyl group, 
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a n-propyl group, an isopropyl group and a n-butyl group; 

alkenyl groups such as a vinyl group, an allyl group and an 

isopropenyl group; and aryl groups such as a phenyl group, and 

preferably an alkyl group, and more preferably a methyl group 

5 or an ethyl group. 	Examples of the substituted hydrocarbyl 

group include oxacycloalkyl groups such as an oxiranyl group 

and a tetrahydrofuranyl group, and preferably a 

tetrahydrofuranyl group. 

[0064] 

10 Herein, 	the oxacycloalkyl group represents a group in 

which CH2  on an alicyclic ring of a cycloalkyl group is 

substituted with an oxygen atom. 

[0065] 

Examples of the hydrocarbyloxy group include alkoxy 

15 groups such as a methoxy group, an ethoxy group, a n-propoxy 

group, an isopropoxy group, a n-butoxy group, a sec-butoxy group 

and a tert-butoxy group; and aryloxy groups such as a phenoxy 

group and a benzyloxy group, and preferably an alkoxy group, 

and more preferably a methoxy group or an ethoxy group. 

20 [0066] 

Examples of the trihydrocarbylsilyl group include a 

trimethylsilyl group and a tert-butyl-dimethylsilyl group, and 

preferably a trimethylsilyl group. 

[0067] 

25 The hydrocarbylene group optionally having, as a hetero 
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atom, at least one atom selected from an atomic group consisting 

of a silicon atom, a nitrogen atom and an oxygen atom is a 

hydrocarbylene group, or a hetero atom-containing 

hydrocarbylene group in which the hetero atom is at least one 

5 atom selected from an atomic group consisting of a silicon atom, 

a nitrogen atom and an oxygen atom. 	Examples of the hetero 

atom-containing hydrocarbylene group in which the hetero atom 

is at least one atom selected from an atomic group consisting 

of a silicon atom, a nitrogen atom and an oxygen atom include 

10 a hetero atom-containing hydrocarbylene group in which the 

hetero atom is a silicon atom, 	a hetero atom-containing 

hydrocarbylene group in which the hetero atom is a nitrogen atom, 

and a hetero atom-containing hydrocarbylene group in which the 

hetero atom is an oxygen atom. 	Examples of the hydrocarbylene 

15 group include alkylene groups such as a tetramethylene group, 

a pentamethylene group, a hexamethylene group and a 

2, 2, 4-trimethylhexane-1,6-diy1 group; 	and among them, 

alkylene groups having 4 to 7 carbon atoms are preferable, and 

a pentamethylene group and a hexamethylene group are 

20 particularly preferable. 	Examples of the hetero 

atom-containing hydrocarbylene group in which the hetero atom 

is a silicon atom include a group represented by 

-Si (CH3)2-CH2-CH2-Si (CH3 ) 2-. 	Examples of the hetero 

atom-containing hydrocarbylene group in which the hetero atom 

25 is a nitrogen atom include a group represented by -CH=N-CH=CH- 
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and a group represented by -CH=N-CH2-CH2- . 	Examples of the 

hetero atom-containing hydrocarbylene group in which the hetero 

atom is an oxygen atom include a group represented by 

-CH2-CH2-0-CH2-CH2-. 

5 [0068] 

In the formula (4) , 	4' is preferably an alkyl group having 

1 to 4 carbon atoms, and more preferably a methyl group or an 

ethyl group. 	R42  and R43  are preferably a hydrocarbyloxy group, 

more preferably an alkoxy group having 1 to 4 carbon atoms, and 

10 still more preferably a methoxy group or an ethoxy group. 	R44  

and R45  are preferably a hydrocarbyl group, more preferably an 

alkyl group having 1 to 4 carbon atoms, and still more preferably 

a methyl group or an ethyl group. 	In addition, j is preferably 

an integer of 2 to 4. 

15 [0069] 

Examples of the compound represented by the formula (4) 

include 	[ (dialkylamino) alkyl] alkoxysilane compounds such as 

20 

[ 3- (dimethylamino) propyl ] triethoxysilane, 

[3- (dimethylarnino)propyl]trimethoxysilane, 

[3- (diethylamino)propyl]triethoxysilane, 

[3- (diethylamino) propyl ] trimethoxysilane, 

[3- (dimethylamino) propyl ] methyldiethoxysilane, 

[2- (dimethylamino) ethyl] triethoxysilane and 

[2- (dimethylamino) ethyl] trimethoxysilane; 	cyclic 

25 aminoalkylalkoxysilane compounds such as 
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(1-hexamethyleneiminomethyl)trimethoxysilane, 

[3-(1-nexamethyleneimino)propyl]triethoxysilane, 

N-(3-triethoxysilylpropy1)-4,5-dihydroimidazole and 

N-(3-trimethoxysilylpropy1)-4,5-imidazole; 

5 Udi(tetrahydrofuranyl)amino]alkyl}alkoxysilane compounds 

such as 

{3-[di(tetrahydrofuranyl)amino]propylltrimethoxysilane and 

(3-[di(tetrahydrofuranyl)amino]propylltriethoxysilane; 

[N,N-bis(trialkylsilyl)aminoalkyl]alkylalkoxysilane 

10 compounds such as 

{3-[N,N-bis(trimethylsilyl)amino]propyllmethyldimethoxYsila 

ne and 

{3-[N,N-bis(trimethylsilyl)amino]propyl)methyldiethoxysilan 

e. 	A compound in which R41  is an alkyl group having 1 to 4 carbon 

15 atoms, R92  and R43  are an alkoxy group having 1 to 4 carbon atoms, 

and R45  are an alkyl group having 1 to 4 carbon atoms, and 

j is an integer of 2 to 4 is preferable, and 

20 

[3-(dimethylamino)propyl]triethoxysilane, 

[3-(dimethylamino)propyl]trimethoxysilane, 

[3-(diethylamino)propyl]triethoxysilane and 

[3-(diethylamino)propyl]trimethoxysilane are more 

preferable. 

[0070] 

Examples of the compound having an alkoxysilyl group 

25 include tetraalkoxysilanes such as tetramethoxysilane, 
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tetraethoxysilane and tetra-n-propoxysilane; 

trialkoxyhydrocarbylsilanes such as methyltrimethoxysilane, 

methyltriethoxysilane, ethyltrimethoxysilane and 

phenyltrimethoxysilane; trialkoxyhalosilanes such as 

5 trimethoxychlorosilane, triethoxychlorosilane and 

tri-n-propoxychlorosilane; dialkoxydihydrocarbylsilanes such 

as dimethoxydimethylsilane, diethoxydimethylsilane and 

dimethoxydiethylsilane; dialkoxydihalosilanes such as 

dimethoxydichlorosilane, diethoxydichlorosilane and 

10 di-n-propoxydichlorosilane; monoalkoxytrihydrocarbylsilanes 

such as methoxytrimethylsilane; monoalkoxytrihalosilanes such 

as methoxytrichlorosilane and ethoxytrichlorosilane; 

(glycidoxyalkyl)alkylalkoxysilane compounds such as 

15 

2-glycidoxyethyltrimethoxysilane, 

2-glycidoxyethyltriethoxysilane, 

(2-glycidoxyethyl)methyldimethoxysilane, 

3-glycidoxypropyltrimethoxysilane, 

3-glycidoxypropyltriethoxysilane and 

(3-glycidoxypropyl)methyldimethoxysilane; 

20 (3,4-epoxycyclohexyl)alkylalkoxysilane compounds such as 

2-(3,4-epoxycyclohexyl)ethyltrimethoxysilane and 

2-(3,4-epoxycyclohexyl)ethyltriethoxysilane; 

[ (3, 4-epoxycyclohexyl) alkyl] alkylalkoxysilane compounds such 

as 	[2-(3,4-epoxycyclohexyl)ethyl]methyldimethoxysilane; 

25 alkoxysilylalkylsuccinic acid anhydrides such as 
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3-trimethoxysilylpropylsuccinic acid anhydride and 

3-triethoxysilylpropylsuccinic acid anhydride; and 

(methacryloyloxyalkyl)alkoxysilane compounds such as 

3-methacryloyloxypropyltrimethoxysilane and 

5 3-methacryloyloxypropyltriethoxysilane. 

[0071] 

In addition, the compound containing an alkoxysilyl group 

may contain a nitrogen atom and a group represented by >C=0. 

Examples of the compound containing an alkoxysilyl group and 

10 containing a nitrogen atom and a group represented by >C=0 

include tris[(alkoxysilyl)alkyl]isocyanurate compounds such 

as tris[3-(trimethoxysilyl)propyl]isocyanurate, 

tris[3-(triethoxysilyl)propyl]isocyanurate, 

tris[3-(tripropoxysilyl)propyl]isocyanurate and 

15 tris[3-(tributoxysilyl)propyl]isocyanurate. 	Among them, 

tris[3-(trialkoxysilyl)propyl]isocyanurate is preferable, 

tris[3-(trialkoxysilyl)propyl]isocyanurate in which the 

alkoxy group is an alkoxy group having 1 to 4 carbon atoms is 

more preferable, 	and 

20 tris[3-(trimethoxysilyl)propyl]isocyanurate is still more 

preferable. 

[0072] 

In the method 	(A) described above, 	examples of the 

compound preferred as a compound having a group represented by 

25 the formula (2) include compounds represented by the following 
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formula 	(5) . 

R52  

0 	R54 	R56 
I 

R51 	C—(c) —N
/ 	

(5) 

h 	\ I 

R55  

R53  

wherein R51-  represents a hydrogen atom, a hydrocarbyl group or 

a hydrocarbyloxy group, R52  and R53  represent a hydrocarbyl group. 

5 h represents an integer of 0 to 10, R54  and R55  each represent 

a hydrogen atom or a hydrocarbyl group, and when there is a 

plurality of R54s, 	the plurality of R59s may be the same or 

different from each other, and when there is a plurality of R55s,  

the plurality of R55s may be the same or different from each 

10 other. 	R56  and R57  each represent a hydrocarbyl group optionally 

having a substituent or a trihydrocarbylsilyl group, or R56  and 

R57  are bonded to represent a hydrocarbylene group optionally 

having, as a hetero atom, at least one atom selected from an 

atomic group consisting of a silicon atom, a nitrogen atom and 

15 an oxygen atom. 

[0073] 

represents a hydrogen atom, a hydrocarbyl group or 

a hydrocarbyloxy group. 	The hydrocarbyl group is preferably 

a hydrocarbyl group having 1 to 4 carbon atoms, more preferably 

20 an alkyl group having 1 to 4 carbon atoms, and still more 
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preferably a methyl group or an ethyl group. 	The hydrocarbyloxy 

group is preferably a hydrocarbyloxy group having 1 to 4 carbon 

atoms, more preferably an alkoxy group having 1 to 4 carbon atoms, 

and still more preferably a methoxy group or an ethoxy group. 

5 Among them, R51  is preferably a hydrogen atom. 

[0074] 

R52  and R53  represent a hydrocarbyl group. 	The 

hydrocarbyl group is preferably a hydrocarbyl group having 1 

to 4 carbon atoms, more preferably an alkyl group having 1 to 

10 4 carbon atoms, and still more preferably a methyl group or an 

ethyl group. 	R52  and R53  may be the same group or different 

groups. 

[0075] 

h represents an integer of 0 to 10, and is preferably 3 

15 or less and more preferably 0. 

[0076] 

R54  and R55  each represent a hydrogen atom or a hydrocarbyl 

group, and when there is a plurality of R5  s, the plurality of 

R54 s may be the same or different from each other, and when there 

20 is a plurality of R55s, the plurality of R55s may be the same 

or different from each other. 	The hydrocarbyl group is 

preferably a hydrocarbyl group having 1 to 4 carbon atoms, more 

preferably an alkyl group having 1 to 4 carbon atoms, and still 

more preferably a methyl group or an ethyl group. 

25 [0077] 
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R56   and R57  each represent a hydrocarbyl group optionally 

having a substituent or a trihydrocarbylsilyl group. 	The 

hydrocarbyl group optionally having a substituent is a 

hydrocarbyl group or a substituted hydrocarbyl group. 	The 

5 hydrocarbyl group is preferably a hydrocarbyl group having 1 

to 4 carbon atoms. 	Examples of the substituted hydrocarbyl 

group include a substituted hydrocarbyl group in which the 

substituent is a substituted amino group, such as a 

N,N-dimethylaminomethyl group, 	a 2-N,N-dimethylaminoethyl 

10 group and a 3-N,N-dimethylaminopropyl group; and a substituted 

hydrocarbyl group in which the substituent is a hydrocarbyloxy 

group, such as a methoxy methyl group, a methoxy ethyl group 

and an ethoxy methyl group. 	Examples of the 

trihydrocarbylsilyl group include a trimethylsilyl group and 

15 a tert-butyl-dimethylsilyl group, and preferably a 

trimethylsilyl group. 	Among them, R56  and R57  are preferably 

a hydrocarbyl group, more preferably a hydrocarbyl group having 

1 to 4 carbon atoms, still more preferably an alkyl group having 

1 to 4 carbon atoms, and particularly preferably a methyl group 

20 or an ethyl group. 

[0078] 

R56  and R57  may be bonded to represent a hydrocarbylene 

group optionally having, as a hetero atom, at least one atom 

selected from an atomic group consisting of a silicon atom, a 

25 nitrogen atom and an oxygen atom. 	Examples of the 
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hydrocarbylene group include alkylene groups such as a 

tetramethylene group, a pentamethylene group, a hexamethylene 

group and a 2, 2, 4-trimethylhexane-1, 6-diy1 group; and 

alkenediyl groups such as a pent-2-ene-l,5-diyl group, 	and 

5 preferably an alkylene group, and more preferably an alkylene 

group having 4 to 7 carbon atoms. 	Examples of the hetero 

atom-containing hydrocarbylene group in which the hetero atom 

is a silicon atom include a group represented by 

-Si (CH3 ) 2-CH2 -CH2-Si (CH3) 2-. 	Examples of the hetero 

10 atom-containing hydrocarbylene group in which the hetero atom 

is a nitrogen atom include a group represented by -CI-1=N-CH=CH- 

and a group represented by -CH=N-CH2-CH2- . 	Examples of the 

hetero atom-containing hydrocarbylene group in which the hetero 

atom is an oxygen atom include a group represented by 

15 -CH2-CH2-0-CH2-CH2- . 	Among them, R56  and R57  are preferably a 

hydrocarbylene group, more preferably an alkylene group having 

4 to 7 carbon atoms, and still more preferably a tetramethylene 

group, a pentamethylene group, or a hexamethylene group. 

[0079] 

20 Examples of the compound represented by the formula (5) 

include N,N-dialkylformamide dialkyl acetals such as 

N, N-dimethylformamide dimethyl acetal, N, N-diethylformamide 

dimethyl acetal, N,N-dimethylformamide diethyl acetal and 

N, N-diethylformamide diethyl acetal; and N, N-dialkylacetamide 

25 dialkyl acetals such as N, N-dimethylacetamide dimethyl acetal, 
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N,N-diethylacetamide dimethyl acetal, N,N-dimethylacetamide 

diethyl acetal and N,N-diethylacetamide diethyl acetal. 

[0080] 

The compound represented by the formula (5) is preferably 

5 	a compound in which h is 3 or less, R51  is a hydrogen atom, and 

R52, 56 	57  	an alkyl group having 1 to 4 

carbon atoms, and more preferably a compound in which h is 0,  

R5l  is a hydrogen atom, and R 	R 	R56   and R57  are an alkyl group 

having 1 to 4 carbon atoms. 	The compound represented by the 

10 	formula (5) is particularly preferably N,N-dimethylformamide 

dimethyl acetal, N,N-diethylformamide dimethyl acetal, 

N,N-dimethylformamide diethyl acetal or N,N-diethylformamide 

diethyl acetal. 

[0081] 

15 	In the method (b) described above, examples of the 

compound preferred as an organic alkali metal compound having 

a group represented by the formula (2) 	include compounds 

represented by the following formula 	(6). 

6 

_R61- m. 	 ( 6 ) /N 
 

R63  
20 

wherein R61  represents a hydrocarbylene group having 6 to 100 

carbon atoms, R62  and R63  each represent a hydrocarbyl group 

optionally having a substituent or a trihydrocarbylsilyl group, 
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Or R62  is bonded to R63, and a group in which R62  is bonded to 

R63 	epresents a hydrocarbylene group optionally having, as a 

hetero atom, a nitrogen atom and/or an oxygen atom, a group 

having 5 to 20 carbon atoms represented by 

5 -Si (R64 ) 2-  (CH ) -Si (R64)2- 	(R64 represents a hydrocarbyl group, 

and x represents an integer of 1 to 10), or a group having 4 

to 20 carbon atoms represented by -Si(R65)2- (CI-12 ) y- 	(R65  

represents a hydrocarbyl group, and y represents an integer of 

2 to 11) , and M represents an alkali metal atom. 

10 [0082] 

In the formula (6) , R61  is a hydrocarbylene group having 

6 to 100 carbon atoms, preferably a hydrocarbylene group having 

7 to 90 carbon atoms, and more preferably a hydrocarbylene group 

having 8 to 80 carbon atoms. 	When the number of carbon atoms 

15 

20 

of the hydrocarbylene group in R61  is 5 or less, solubility of 

the compound represented by the formula (6) in a hydrocarbon 

solvent may be lowered. 	When the number of carbon atoms of the 

hydrocarbylene group in R61  is 100 or more, the molecular weight 

of the compound represented by the formula 	(6) 	is increased, 

and economical properties and operability during 

polymerization may be lowered. 

[0083] 

In the formula (6) , the hydrocarbylene group in R61  is 

preferably a group represented by the following formula (6-A). 

42 



66  (CH 2)1 	P 	 (6-A 

wherein R66  represents a hydrocarbylene group comprising 

monomer units derived from a conjugated diene compound and/or 

monomer units derived from an aromatic vinyl compound, and i 

5 represents an integer of 1 to 10. 	(CH2) i is bonded to a nitrogen 

atom in the formula 	(6). 

[0084] 

In the formula (6-A), R6fi  represents a hydrocarbylene 

group comprising monomer units derived from a conjugated diene 

10 compound and/or monomer units derived from an aromatic vinyl 

compound, and preferably a hydrocarbylene group comprising 

monomer units derived from isoprene. 

[0085] 

The number of the monomer units derived from a conjugated 

15 	diene compound and/or monomer units derived from an aromatic 

vinyl compound in R66  is preferably 1 to 10 units, 	and more 

preferably 1 to 5 units. 

[0086] 

In the formula (6-A), i is an integer of 1 to 10, preferably 

20 	an integer of 2 to 4, 	and more preferably 3. 

[0087] 

Examples of the group represented by the formula (6-A)  

include groups obtained by combining 1 to 10 monomer units 
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derived from isoprene with a methylene group, groups obtained 

by combining 1 to 10 monomer units derived from isoprene with 

an ethylene group, 	and groups obtained by combining 1 to 10 

monomer units derived from isoprene with a trimethylene group. 

5 [0088] 

R62  and R63  n the formula (6) represent a hydrocarbyl group 

optionally having a substituent or a trihydrocarbyl.silyl group, 

or R62  is bonded to R63, and a group in which R62  is bonded to 

R63 	epresents a hydrocarbylene group optionally having, as a 

10 hetero atom, a nitrogen atom and/or an oxygen atom, a group 

having 5 to 20 carbon atoms represented by 

-Si (R64 ) 2-  (CH2) x-Si (R64 ) 2 	(R64  represents a hydrocarbyl group, 

and x represents an integer of 1 to 10), or a group having 4 

to 	0 carbon atoms represented by-Si(R 	) 2- (CH2)y- 	(R65  

15 represents a hydrocarbyl group, and y represents an integer of 

2 	to 	11) . 

[ 0089] 

The hydrocarbyl group optionally having a substituent in 

R62  and R63  is a hydrocarbyl group or a substituted hydrocarbyl 

20 group. 	Examples of the substituent in the substituted 

hydrocarbyl group include substituted amino groups or 

hydrocarbyloxy groups. 	Examples of the hydrocarbyl group 

include chain alkyl groups such as a methyl group, an ethyl group, 

a n-propyl group, an isopropyl group, a n-butyl group, 	an 

25 isobutyl group, 	a sec-butyl group, a tert-butyl group, 	a 
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n-pentyl group, a n-hexyl group, a n-octyl group and a n-dodecyl 

group; cyclic alkyl groups such as a cyclopentyl group and a 

cyclohexyl group; and aryl groups such as a phenyl group and 

a benzyl group, preferably a chain alkyl group, and more 

5 preferably a chain alkyl group having 1 to 4 carbon atoms. 

Examples of the substituted hydrocarbyl group in which 

substituent is a substituted amino group include a 

N,N-dimethylaminomethyl group, a 2-N,N-dimethylaminoethyl 

group, and a 3-N,N-dimethylaminopropyl group. 	Examples of the 

10 substituted hydrocarbyl group in which substituent is a 

substituted hydrocarbyloxy group include a methoxy methyl group, 

a methoxy ethyl group, and an ethoxy methyl group. 	Among them, 

a hydrocarbyl group is preferable, a chain alkyl group having 

1 to 	carbon atoms is more preferable, and a methyl group or 

15 an ethyl group is still more preferable. 

[0090] 

Examples of the trihydrocarbyisiiyl group in R62  and R63  

include a trimethylsilyl group and a tert-butyl-dimethylsilyl 

group, and preferably a trimethylsilyl group. 

20 [0091] 

In the group in which R62  is bonded to R63, 	the 

hydrocarbylene group optionally having, as a hetero atom, 

nitrogen atom and/or an oxygen atom is a hydrocarbylene group 

or a hetero atom-containing hydrocarbylene group in which the 

25 hetero atom is a nitrogen atom and/or an oxygen atom. 	The hetero 
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atom-containing hydrocarbylene group in which the hetero atom 

is a nitrogen atom and/or an oxygen atom includes a hetero 

atom-containing hydrocarbylene group in which the hetero atom 

is a nitrogen atom and a hetero atom-containing hydrocarbylene 

5 group in which the hetero atom is an oxygen atom. 	Examples of 

the hydrocarbylene group include alkylene groups such as a 

tetramethylene group, a pentamethylene group, a hexamethylene 

group and a 2, 2, 4-trimethylhexane-1, 6-diy1 group; 	and 

alkenediyl groups such as a pent-2-ene-l,5-diyl group, 	and 

10 preferably an alkylene group, and more preferably an alkylene 

group having 4 to 7 carbon atoms. 	Examples of the hetero 

atom-containing hydrocarbylene group in which the hetero atom 

is a nitrogen atom include a group represented by -CH=N-CH=CH- 

and a group represented by -CH=N-CH2-CH2-. 	Examples of the 

15 hetero atom-containing hydrocarbylene group in which the hetero 

atom is an oxygen atom include a group represented by 

-CH2-CH2-0-CH2-CH2- 	Among them, a hydrocarbylene group is 

preferable, an alkylene group having 4 to 7 carbon atoms is more 

preferable, and a tetramethylene group, a pentamethylene group 

20 

25 

or a hexamethylene group is still more preferable. 

[0092] 

In the group in which R62  is bonded to R63, examples of 

the group having 5 to 20 carbon atoms represented by 

-Si ki-c. 
',-,64 

)2- (CH2)x-Si(R")2- 	(R64  represents a hydrocarbyl group, 

and x represents an integer of 1 to 10) 	include a group 
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represented by -Si (CH3 ) 2-CH2-CH2-Si (CH3 ) 2-  . 	Examples of the 

group having 4 to 20 carbon atoms represented by 

-Si (R66 ) 2- (CH2)y- 	(R65  represents a hydrocarbyl group, 	and y 

represents an integer of 2 to 11) include a group represented 

5 by -Si (CH3 ) 2-CH2-CH2-CH2- . 

[0093] 

R62 and R63  are preferably a hydrocarbyl group, or R62  is 

bonded to R63, and the group in which R62 R63   bonded to 	is a 

hydrocarbylene group, more preferably a chain alkyl group 

10 having 1 to 4 carbon atoms, or R62  is bonded to R63, and the group 

in which R62  is bonded to R63  is an alkylene group having 4 to 

7 carbon atoms, still more preferably a chain alkyl group having 

1 to 4 carbon atoms, and particularly preferably a methyl group 

or an ethyl group. 

15 [0094] 

In the formula (6), M represents an alkali metal atom. 

Examples of the alkali metal atom include Li, Na, K and Cs, and 

preferably Li. 

[0095] 

20 Examples of the compound in which Rai is a group 

represented by the formula (6-A) , R62  and R63  are a hydrocarbyl 

group, and M is Li, of the compounds represented by the formula 

(6) , include a compound obtained by reacting 1 mol to 5 mols 

of isoprene with a (dialkylamino) alkyllithium compound (per 

25 mole of 	(dialkylamino) alkyllithium compound) . 
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Examples of the 	(dialkylamino)alkyllithium compound 

include 3-(dimethylamino)propyllithium, 

3-(diethylamino)propyllithi 

5 

3-(dibutylamino)propyllithium, 

4-(dimethylamino)butyllithium, 	4-(diethylamino)butyllithium, 

4-(dipropylamino)butyllithium, and 

3-(dibutylamino)butyllithium. 

[0096] 

Examples of the compound in which R6' is a group 

10 represented by the formula (6-A), R62  is bonded to R63, and the 

group in which R62  is bonded to R63  is a hydrocarbylene group, 

and M is Li, of the compounds represented by the formula (6), 

include a compound obtained by reacting 1 mol to 5 mols of 

isoprene with a (hetero atom-free cyclic amino)alkyllithium 

15 compound (per mole of a (hetero atom-free cyclic 

amino)alkyllithium compound). 

Examples of the (hetero atom-free cyclic 

amino)alkyllithium compound include 

20 

3-(1-pyrrolidinyl)propyllithium, 

3-(1-pyperidinyl)propyllithi 

3-(1-hexamethyleneimino)propyllithium, 	and 

3-[1-(1,2,3,6-tetrahydropyrrolidiny1)]propyllithium. 

[0097] 

Examples of the compound in which R6' is a group 

25 represented by the formula (6-A), R62  is bonded to R63, and the 
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group in which R62  is bonded to R63  is a hetero atom-containing 

hydrocarbylene group, andM is Li, of the compounds represented 

by the formula (6), include a compound obtained by reacting 1 

mol to 5 mols of isoprene with a (hetero atom-containing cyclic 

5 amino)alkyllithium compound (per mole of a (hetero 

atom-containing cyclic amino)alkyllithium compound). 

Examples of the (hetero atom-containing cyclic 

amino)alkyllithium compound include 

10 

3-(1-morpholino)propyllithium, 

3-(1-imidazolyl)propyllithium, 	and 

3-(4,5-dihydro-l-imidazolyl)propyllithium. 

[0098] 

Examples of the compound in which R6' is a group 

represented by the formula (6-A), R62  is bonded to R63, and the 

15 group in which R62  is bonded to R63  is a group having 5 to 20 

carbon atoms represented by-Si(R69)2-(CH2),-Si(R64)2- 	(R64 
 

represents a hydrocarbyl group, and x represents an integer of 

1 to 10) , and M is Li, of the compounds represented by the formula 

(6), 	include a compound obtained by reacting 1 mol to 5 mols 

20 of isoprene with 

3-(2,2,5,5-tetramethy1-1-aza 	5-disila-1-cyclopentyl)propy 

llithium (per mole of 

3-(2,2,5,5-tetramethy1-1-aza-2,5-disila-l-cyclopentyl)propy 

llithium). 

25 Examples of the compound in which 	is a group 
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represented by the formula (6-A) , R62  is bonded to R63, and the 

group in which R62  is bonded to R63  is a group having 4 to 20 

carbon atoms represented by -Si (R65 ) 2-  (CH2) y-  (R65  represents a 

hydrocarbyl group, and y represents an integer of 2 to 11), and 

5 M is Li, of the compounds represented by the formula (6) , include 

a compound obtained by reacting 1 mol to 5 mols of isoprene with 

3- (2, 2-dimethy1-1-aza-2-sila-l-cyclopentyl ) propyllithium 

(per mole of 

3- (2, 2-dimethy1-1-aza-2-sila-l-cyclopentyl ) propyl 1 ithium) . 

10 [0099] 

The compounds represented by the formula 	(6) 	is 

preferably a compound in which R 	is a group represented by 

the formula (6-A) , R62  and R63  are a hydrocarbyl group, and M 

is Li, and more preferably a compound in which R62  and R63  are 

15 each an alkyl group having 1 to 4 carbon atoms, M is Li, R61 
 

is a group represented by the formula (6-A) , and R66  is a group 

comprising 1 to 5 monomer units derived from isoprene, and g 

is 2 to 4, and more preferably a compound obtained by reacting 

1 mol to 5 mols of isoprene with 3- (dimethylamino)propyllithium 

20 or 3- (diethylamino)propyllithium (per mole of 

3- (dimethylamino)propyllithium or 

3- (diethylamino) propyl 1 ithium) . 

[0100] 

The compounds represented by the formula (6) may be a 

25 mixture of a plurality of compounds different in R61. 
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[0101] 

In the method (c) 	described above, 	examples of the 

compound preferred as an organic alkali metal compound include 

organic lithium compounds, organic sodium compounds, organic 

5 potassium compounds, and organic cesium compounds. 	Examples 

of the organic lithium compound include alkyllithium compounds 

such as methyllithium, 	ethyllithium, n-propyllithium, 

isopropyl lithium, n-butyllithium, isobutyllithium,  

sec-butyllithium, tert-butyllithium, n-hexyllithium and 

10 

15 

n-octyllithium; alkenyllithium compounds such as vinyllithium 

and propenyllithium 	aryllithium compounds such as 

phenyllithium, benzyllithium, 	tolyllithium and lithium 

naphthyride; alkylenedilithium compounds such as 

tetramethylenedilithium, pentamethylenedilithium, 

hexamethylenedilithium and decamethylenedilithium; and 

lithium naphthalenide, and lithium biphenylide. 	Examples of 

the organic sodium compound include sodium naphthalenide and 

sodium biphenylide. 	Examples of the organic potassium 

compound include potassium naphthalenide. 	The organic sodium 

20 compound is preferably an organic lithium compound, more 

preferably an alkyllithium compound having 1 to 20 carbon atoms, 

and still more preferably n-butyllithium, sec-butyllithi 	or 

tert-butyllithium. 

[0102] 

25 In the method (c) described above, examples of the 
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compound preferred as a secondary amine compound having a group 

represented by the formula (2) include compounds represented 

by the following formula 	(7) . 

R72  

, NH (7)   
R73 

5 wherein R72  and R73 	epresent a hydrocarbyl group having 1 to 

20 carbon atoms and optionally having a substituent, or R72  is 

bonded to R73, and a group in which R72  is bonded to R73  represents 

a hydrocarbylene group having 3 to 20 carbon atoms and 

optionally having, as a hetero atom, a nitrogen atom and/or an 

10 oxygen atom, a group having 5 to 20 carbon atoms represented 

by -Si (R 4 )2- (CH2) x-Si (R74 )2-  (R74  represents a hydrocarbyl group, 

and x represents an integer of 1 to 10) , or a group having 4 

to 20 carbon atoms represented by -Si (R7  ) 2- (CH2) y- 	(R75  

represents a hydrocarbyl group, and y represents an integer of 

15 2 	to 	11) . 

[0103] 

The hydrocarbyl group having 1 to 20 carbon atoms and 

optionally having a substituent in R72 and R7 	is a hydrocarbyl 

group having 1 to 20 carbon atoms or a substituted hydrocarbyl 

20 group having 1 to 20 carbon atoms. 	Examples of the substituted 

hydrocarbyl group having 1 to 20 carbon atoms include 

substituted hydrocarbyl groups having 1 to 20 carbon atoms and 

having a hydrocarbyloxy group as a substituent, 	substituted 
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hydrocarbyl groups having 1 to 20 carbon atoms and having a 

substituted amino group as a substituent, 	substituted 

hydrocarbyl groups having 1 to 20 carbon atoms and having a 

trialkylsilyl group as a substituent, 	and substituted 

5 hydrocarbyl groups having 1 to 20 carbon atoms and having a 

trialkoxysilyl group as a substituent. 

[0104] 

Examples of the hydrocarbyl group having 1 to 20 carbon 

atoms include chain alkyl groups such as a methyl group, an ethyl 

10 group, a n-propyl group, an isopropyl group, a n-butyl group, 

an isobutyl group, a sec-butyl group, a tert-butyl group, 

n-hexyl group, a n-octyl group and a n-dodecyl group; cyclic 

alkyl groups such as a cyclopentyl group and a cyclohexyl group; 

and aryl groups such as a phenyl group, a tolyl group, a xylyl 

15 group, a benzyl group and a naphthyl group. 	Examples of the 

substituted hydrocarbyl group having 1 to 20 carbon atoms and 

having a hydrocarbyloxy group as a substituent include 

alkoxyalkyl groups such as a methoxy methyl group, an ethoxy 

methyl group, a methoxy ethyl group, and an ethoxy ethyl group. 

20 Examples of the substituted hydrocarbyl group having 1 to 20 

carbon atoms and having a substituted amino group as a 

substituent include dialkylaminoalkyl groups such as a 

dimethylaminomethyl group and a diethylaminomethyl group. 

Examples of the substituted hydrocarbyl group having 1 to 20 

25 carbon atoms and having a trialkylsilyl group as a substituent 
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include trialkylsilylalkyl groups such as a 

trimethylsilylmethyl group, a 2-trimethylsilylethyl group and 

a 3-trimethylsilylpropyl group. 	Examples of the substituted 

hydrocarbyl group having 1 to 20 carbon atoms and having a 

5 trialkoxysilyl group as a substituent include 

trialkoxysilylalkyl groups such as a trimethoxysilylmethyl 

group, 	a 2-trimethoxysily.lethyl group and a 

3-trimethoxysilylpropyl group. 

[0105] 

10 The hydrocarbyl group having 1 to 2-0 carbon atoms and 

optionally having a substituent in R72  and R73  is preferably a 

hydrocarbyl group having 1 to 20 carbon atoms, more preferably 

an alkyl group having 1 to 10 carbon atoms, and still more 

preferably an ethyl group, a n-propyl group, an isopropyl group 

15 or a 	-butyl group. 

[0106] 

Examples of the compound in which R72  and R73  are a 

hydrocarbyl group having 1 to 20 carbon atoms, of the compounds 

represented by the formula (7), include dialkylamines such as 

20 dimethylamine, diethylamine, methylethylamine, 

di-n-propylamine, diisopropylamine, di-n-butylamine, 

diisobutylamine, di-sec-butylamine, di-tert-butylamine, 

di-n-hexylamine, d 	n-octylamine and dicyclohexylamine; 

alkylarylamines such as N-methylaniline, N-ethylaniline and 

25 N-methyl-N-benzylamine; and diarylamines such as 
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diphenylamine. 

[0107] 

Examples of the compound in which at least one of R72  and 

R73  is a substituted hydrocarbyl group having 1 to 20 carbon 

5 atoms, of the compounds represented by the formula (7) , include 

di (alkoxyalkyl) amines such as di (methoxymethyl) amine, 

di (ethoxymethyl) amine, di (2-methoxyethyl) amine and 

di (2-ethoxyethyl) amine; bis (dialkylaminoalkyl) amines such as 

bis ( dimethylaminomethyl ) amine ; trial kyl s i 1 yl a 1 kyl 

10 group-containing amine compounds such as 

trimethylsilylpropylmethylamine; and trialkoxysilylalkyl 

group-containing amine compounds such as 

trimethoxys ilylpropylmethylamine . 

[0108] 

15 In the group in which R72  is bonded to R73, the 

hydrocarbylene group having 3 to 20 carbon atoms and optionally 

having, as a hetero atom, a nitrogen atom and/or an oxygen atom 

is a hydrocarbylene group having 3 to 20 carbon atoms or a hetero 

atom-containing hydrocarbylene group having 3 to 20 carbon 

20 atoms and having, as a hetero atom, a nitrogen atom and/or an 

oxygen atom. 	Examples of the hetero atom-containing 

hydrocarbylene group having 3 to 20 carbon atoms and having, 

as a hetero atom, a nitrogen atom and/or an oxygen atom include 

a hetero atom-containing hydrocarbylene groups having 3 to 20 

25 carbon atoms in which the hetero atom is a nitrogen atom and 
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a hetero atom-containing hydrocarbylene groups having 3 to 20 

carbon atoms in which the hetero atom is an oxygen atom. 

[0109] 

Examples of the hydrocarbylene group having 3 to 20 carbon 

5 atoms include alkylene groups such as a tetramethylene group, 

a pentamethylene group, a hexamethylene group, an octamethylene 

group, 	a decamethylene group, a dodecamethylene group, a 

hexane-1,5-diyl group, a 2-methylpentane-l,5-diyl group, 

3-methylpentane-1,5-diy1 group, a 2,4-methylpentane-1,5-diy1 

10 group, and a 2,2,4-trimethylhexane-1,6-diy1 group. 	Example of 

the hydrocarbylene group having 3 to 20 carbon atoms in which 

the hetero atom is a nitrogen atom includes a group represented 

by -CH=N-CH=CH- and a group represented by -CH=N-CH2-CH2-. 

Examples of the hetero atom-containing hydrocarbylene group 

15 having 3 to 20 carbon atoms in which the hetero atom is an oxygen 

atom include a group represented by -CH2-CH2-0-CH2 -CH2- . 

[0110] 

In the group in which R72 	bonded to R73, examples of 

the group having 5 to 20 carbon atoms represented by 

20 -Si (R74 ) 2-  (CH2 ) x-Si (R 	) 	(R74  represents a hydrocarbyl group, 

and x represents an integer of 1 to 10) include a group 

represented by -Si (CH3)2-CH2-CH2-Si (CH3) 2-. 	Examples of the 

group having 4 to 20 carbon atoms represented by 

-Si (R75)2- (CH2)y- 	(R75  represents a hydrocarbyl group, 	and y 

25 represents an integer of 2 to 11) include a group represented 
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by -Si (CH3)2-CH2-CH2-CH2- . 

[0111] 

Examples of the compound in which R72 is bonded to R73,  

and a group in which R72  is bonded to R73  is a hydrocarbylene 

5 

10 

group having 3 to 20 carbon atoms, of the compounds represented 

by the formula 	(7), 	include trimethyleneimine, pyrrolidine, 

piperidine, 	2-methylpiperidine, hexamethyleneimine, 

octamethyleneimine, decamethyleneimine, dodecamethyleneimine, 

3-methylpiperidine, 	4-methylpiperidine, 

3,5-dimethylpiperidine, 	1,2,3,6-tetrahydropyridine, 

3,5,5-trimethylhexahydroazepine and 

1,3,3-trimethy1-6-azabicyclo[3,2,21octane. 

[0112] 

Examples of the compound in which R72  is bonded to 

15 and a group in which R72 	s bonded to R73  is a hetero 

atom-containing hydrocarbylene group having 3 to 20 carbon 

atoms and having, as a hetero atom, a nitrogen atom and/or an 

oxygen atom, of the compounds represented by the formula (7), 

include imidazole, 	4,5-dihydroimidazole, 	and morpholine. 

20 [0113] 

Examples of the compound in which R72  is bonded to 

and a group in which R72  is bonded to R73  is a group having 5 

to 20 carbon atoms represented by -Si(R74)2-(CH2)x-Si(R74)2-  (R74  

represents a hydrocarbyl group, and x represents an integer of 

25 1 to 10), of the compounds represented by the formula (7), 
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include 2,2,5,5-tetramethyl-1-aza-2,5-disilacyclopentane, 

and examples of the compound in which a group in which R72  is 

bonded to R73  is a group having 4 to 20 carbon atoms represented 

by -Si (R75 ) 2-  (CH2) y-  (R75  represents a hydrocarbyl group, and y 

5 represents an integer of 2 to 11) 	include 

2,2-dime thyl-l-aza-2-s ilacyclopent ane . 

[0114] 

The secondary amine compound is preferably a compound in 

which R72  is bonded to R73  in the formula 	(7) 	(a compound 

10 represented by the following formula (7-A) ) . 

/..-------„\ 
8711 	NH 	 (7-A) 

\---1  

wherein R71  represents a hydrocarbylene group having 3 to 20 

carbon atoms and optionally having, as a hetero atom, a nitrogen 

atom and/or an oxygen atom, a group having 5 to 20 carbon atoms 

15 represented by -Si (R 4 )2- (CH2) .-Si (R74 ) 	(R74  represents a 

hydrocarbyl group, and x represents an integer of 1 to 10) , or 

a group having 4 to 20 carbon atoms represented by 

-Si (R75 ) 2- (CH2)y- 	(R75  represents a hydrocarbyl group, 	and y 

represents an integer of 2 to 11) . 

20 [0115] 

R7I  is preferably a hydrocarbylene group having 3 to 20 

carbon atoms, more preferably an alkylene group having 4 to 8 

carbon atoms, and still more preferably a tetramethylene group, 

a pentamethylene group, or a hexamethylene group. 
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[0116] 

The compound particularly preferred as the compound 

represented by the formula (7-A) 	is pyrrolidine, piperidine, 

and hexamethyleneimine. 

5 [0117] 

In the method (d) described above, examples of the 

compound preferred as a vinyl based monomer having a group 

represented by the formula (2) include the compound represented 

by the following formula (8) . 

Eg-Ag  
10 

wherein E8  represents a hydrocarbyl group having a polymerizable 

carbon-carbon double bond, and A8  represents a substituted amino 

group or a nitrogen-containing heterocyclic group. 

[0118] 

15 E8  in the formula 	(8) 	represents a hydrocarbyl group 

having a polymerizable carbon-carbon double bond, and A8  

represents a substituted amino group or a nitrogen-containing 

heterocyclic group. 

[0119] 

20 EB  is preferably a group represented by the following 

formula 	(8-E) . 

[0120] 
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R8' 

(8-E i2)
m  

wherein m represents an integer of 0 or 1, R81, R83  and R84  each 

represent a hydrogen atom or a hydrocarbyl group, and R82  

represents a hydrocarbylene group. 

5 [0121] 

In the formula 	8 	m represents an integer of 	or 1. 

[0122] 

Examples of the hydrocarbyl group in R81, R 	and R84  

include alkyl groups, 	alkenyl groups, and aryl groups. 

10 Examples of the alkyl group include a methyl group, an ethyl 

group, a n-propyl group, an isopropyl group, a n-butyl group, 

a sec-butyl group, and a tert-butyl group, 	and preferably a 

methyl group. 	Examples of the alkenyl group include a vinyl 

group, an allyl group, a 1-propenyl group, and an isopropenyl 

15 group, and preferably a vinyl group. 	Examples of the aryl group 

include a phenyl group, a methyl phenyl group, and an ethyl 

phenyl group, and preferably a phenyl group. 

[0123] 

is preferably a hydrogen atom, a methyl group, a vinyl 

20 group or a phenyl group, and more preferably a hydrogen atom. 

[0124] 

R83  and RB4  are preferably a hydrogen atom. 

[0125] 
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Examples of the hydrocarbylene group in R82  include 

alkylene groups, arylene groups, and groups in which an arylene 

group is bonded to an alkylene group. 

[0126] 

5 Examples of the alkylene group include a methylene group, 

an ethylene group, and a trimethylene group, and preferably a 

methylene group or an ethylene group. 	Examples of the arylene 

group include a phenylene group, a naphthylene group, 	and a 

biphenylene group, and preferably a phenylene group, and more 

10 preferably a para-phenylene group or a meta-phenylene group. 

[0127] 

Examples of the group in which an arylene group is bonded 

to an alkylene group include groups in which a phenylene group 

is bonded to an alkylene group, groups in which a naphthylene 

15 group is bonded to an alkylene group, and groups in which a 

biphenylene group is bonded to an alkylene group, and preferably 

a group in which a phenylene group is bonded to an alkylene group. 

In addition, as the group in which an arylene group is 

bonded to an alkylene group, the carbon atom in the arylene group 

20 of the group is preferably bonded to the carbon atom to which 

R 	the formula (8-E) 	is bonded. 

[0128] 

Examples of the group in which a phenylene group is bonded 

to an alkylene group 	(hereinafter, may be referred to as a 

25 phenylene-alkylene group) include the groups represented by the 
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following formula 	8-R). 

I CH2  h  

wherein h represents an integer of 1 to 10, 	and 	(CH2)h  is a 

substituent on a benzene ring. 

5 [0129] 

Examples of the phenylene-alkylene group include a 

para-phenylene-alkylene group, a meta-phenylene-alkylene 

group, and an ortho-phenylene-alkylene group, depending on the 

position of the carbon atom on the benzene ring to which an 

10 alkylene group is bonded. 	In the case of the group represented 

by the formula (8-R), the para-phenylene-alkylene group is a 

group represented by the following formula (8 R ) 	the 

meta-phenylene-alkylene group is a group represented by the 

following formula 	(8-Rb), 	and the ortho-phenylene-alkylene 

15 group is a group represented by the following formula (8-Rc). 

(8-Ra) 

CE1,-)--- 
P 
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C112)-- 
q 

($:-R1;)) 

(CH2 )--,-..- 

( 	Re) 

wherein p, 	q and r each represent an integer of 1 to 10. 

5 	[0130] 

h in the formula (8-R), p in the formula (8-Ra), q in the 

formula (8-Rb) and r in the formula (8-Rc) are preferably 1 to 

5, more preferably 1 to 2, 	and still more preferably 2. 

[0131] 

10 The group in which an arylene group is bonded to an 

alkylene group is preferably the group in which a phenylene 

group is bonded to an alkylene group, more preferably the group 

represented by the formula (8-Ra) or the group represented by 

the formula 	(8-Rb), 	still more preferably a 

15 	para-phenylene-methylene group 	(a group represented by the 

formula 	(8-Ra) wherein p is 1), 	a meta-phenylene-methylene 

group (a group represented by the formula (8-Rb) wherein q is 

1), a para-phenylene-ethylene group (a group represented by the 
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formula 	(8-Ra) wherein p is 2) or a meta-phenylene-ethylene 

group (a group represented by the formula (8-Rb) wherein q is 

2), 	and particularly preferably a para-phenylene-ethylene 

group (a group represented by the formula (8-Ra) wherein p is 

5 2) or a meta-phenylene-ethylene group (a group represented by 

the formula 	(8-Rb) wherein q is 2). 

[0132] 

Examples of the group represented by the formula (8-E) 

include the groups shown below. 

10 [0133] 

Examples of the group in which R81, RS3  and R64  are a hydrogen 

atom include a vinyl group, an allyl group, a 3-butenyl group, 

a 4-vinylphenyl group, a 3-vinylphenyl group, a 

15 

(4-vinylphenyl)methyl group, a 2-(4-vinylphenyl)ethyl group, 

a (3-vinylphenyl)methyl group and a 2-(3-vinylphenyl)ethyl 

group. 

[0134] 

Examples of the group in which R81  is a methyl group, and 

20 

R83  and R84  are a hydrogen atom include an isopropenyl group, 

methy1-2-propenyl group, 	a 4-isopropenylphenyl group, a 

3-isopropenylphenyl group, a (4-isopropenylphenyl)methyl 

group, 	a 2-(4-isopropenylphenyl)ethyl group, 	a 

(3-isopropenylphenyl)methyl group, 	and a 

2-(3-isopropenylphenyl)ethyl group. 

25 [0135] 
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Examples of the group in which R81  is a vinyl group, and 

R83  and R84  are a hydrogen atom include a 1-methylene-2-propenyl 

group and a 2-methylene-3-butenyl group. 

[0136] 

5 Examples of the group in which R81  is a phenyl group, and 

R83  and R84  area hydrogen atom include a 1-phenylethenyl group, 

a 2-phenyl-2-propenyl group, 	a 4-(1-phenylethenyl)phenyl 

group, 	a 3-(1-phenylethenyl)phenyl group, and a 

2-(1-phenylethenyl)phenyl group. 

10 [0137] 

Examples of the group in which R81  is a hydrogen group, 

R83  is a methyl group, and R84  is a hydrogen atom include a 

1-propenyl group, a 2-butenyl group, a 4-(1-propenyl)phenyl 

group, 	a 	[4-(1-propenyl)phenyl]methyl group, 	a 

15 2-[4-(1-propenyl)phenyl]ethyl group, 	a 3-(1-propenyl)phenyl 

group, 	a 	[3-(1-propenyl)phenyl]methyl group, 	and a 

2-[3-(1-propenyl)phenyl]ethyl group. 

[0138] 

The group represented by the formula (8-E) is preferably 

20 a group represented by the following formula 	(8-E1). 

H 	R81  

> (8-E1),  

wherein R81  represents a hydrogen atom or a hydrocarbyl group, 
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s represents an integer of 0 or 1, 	and R82  represents a 

hydrocarbylene group. 

[0139] 

Among the preferred groups represented by the formula 

5 	(8-E1), examples of the group in which R8' is a hydrogen atom 

include a vinyl group, a 4-vinylphenyl group, a 3-vinylphenyl 

group, 	a 	(4-vinylphenyl)methyl group, 	a 

2-(4-vinylphenyl) ethyl group, a (3-vinylphenyl)methyl group, 

and a 2-(3-vinylphenyl)ethyl group. 	Examples of the group in 

10 	which Re' is a methyl group include a 4-isopropenylphenyl group, 

a 3-isopropenylphenyl group, a (4-isopropenylphenyl)methyl 

group, 	a 2-(4-isopropenylphenyl)ethyl group, 	a 

(3-isopropenylphenyl)methyl group, and a 

2-(3-isopropenylphenyl)ethyl group. 	Examples of the group in 

15 	which R8' is a vinyl group include a 1-methylene-2-propenyl 

group and a 2-methylene-3-butenyl group. 	Examples of the group 

in which R8' is a phenyl group include a 

4-(1-phenylethenyl)phenyl group. 

[0140] 

20 The group represented by the formula (8-El) is more 

preferably a group in which R81  is a hydrogen atom, and still 

more preferably a group in which s is 1 and R82  is the group 

represented by the formula (8-R), a vinylphenyl group, or a 

vinyl group. 

25 	[0141] 
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In the formula 	(8), A8  represents a substituted amino 

group, or a nitrogen-containing heterocyclic group. 

[0142] 

The substituted amino group in A8  is preferably a group 

5 	represented by the following formula (8-A) . 

R85  
/ 

--- N\ (8-A) 
R86  

wherein R85  and R86  each independently represent a hydrocarbyl 

group or a trihydrocarbylsilyl group, or R85  is bonded to R86, 

and a group in which R85  is bonded to R86  represents a 

10 	hydrocarbylene group optionally having, 	as a hetero atom, 	a 

nitrogen atom and/or an oxygen atom, or R85  and R86  are one group, 

and represent a group which bonds to a nitrogen atom with a double 

bond. 

(0143] 

15 	Examples of the hydrocarbyl group in R85  and R86  include 

alkyl groups, alkenyl groups, alkynyl groups, aryl groups, and 

aralkyl groups. 	Examples of the alkyl group include a methyl 

group, an ethyl group, a n-propyl group, an isopropyl group, 

a n-butyl group, a sec-butyl group, and a tert-butyl group. 

20 	Examples of the alkenyl group include a vinyl group, an allyl 

group, a 1-propenyl group, and an isopropenyl group. 	Examples 

of the alkynyl group include an ethynyl group and a 2-propynyl 

group. 	Examples of the aryl group include a phenyl group, a 
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tolyl group, and a xylyl group. 	Examples of the aralkyl group 

include a benzyl group. 

[0144] 

The number of carbon atoms of the hydrocarbyl group in 

and R86  is preferably 1 to 10, more preferably 1 to 4, and 

still more preferably 1 to 2. 

[0145] 

The hydrocarbyl group in R85  and R86  is preferably an alkyl 

group or an alkenyl group, more preferably an alkyl group, and 

10 still more preferably a chain alkyl group. 

[0146] 

Examples of the trihydrocarbylsilyl group in R85  and R86  

include trialkylsilyl groups such as a trimethylsilyl group, 

a triethylsilyl group, a triisopropylsilyl group, and a 

15 tert-butyl-dimethylsilyl group. 

[0147] 

The trihydrocarbylsilyl group in R85  and R86  is preferably 

a trialkylsilyl group having 3 to 9 carbon atoms, more 

preferably a trialkylsilyl group in which an alkyl group which 

20 is bonded to a silicon atom is an alkyl group having 1 to 4 carbon 

atoms, and still more preferably a trimethylsilyl group. 

[0148] 

25 

In the group in which R85  is bonded to R86, examples of 

the hydrocarbylene group optionally having, as a hetero atom, 

a nitrogen atom and/or an oxygen atom include a hydrocarbylene 
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group, a hetero atom-containing hydrocarbylene group having, 

as a hetero atom, a nitrogen atom, and a hetero atom-containing 

hydrocarbylene group having, as a hetero atom, an oxygen atom. 

Examples of the hydrocarbylene group include alkylene groups 

5 such as an ethylene group, a trimethylene group, a 

tetramethylene group, 	a pentamethylene group and a 

hexamethylene group, 	and a 1,3-butadiene-1,4-diy1 group. 

Examples of the hetero atom-containing hydrocarbylene group 

having, as a hetero atom, a nitrogen atom include a group 

10 represented by -CH2CH2-NH-CH2- 	a group represented by 

-CH2CH2-N=CH-, a group represented by -CH=CH-N=CH-, and a group 

represented by -CH2CH2-NH-CH2CH2-. 	Examples of the hetero 

atom-containing hydrocarbylene group having, as a hetero atom, 

an oxygen atom include a group represented by -CH2CH2-0-CH2CH2-  • 

15 [0149] 

The number of carbon atoms of the group in which R85  is 

bonded to R66  is preferably 2 to 20, more preferably 3 to 8, 

and still more preferably 4 to 6. 

[0150] 

20 In the group in which R85 	bonded to R86, the 

hydrocarbylene group optionally having, as a hetero atom, 	a 

nitrogen atom and/or an oxygen atom is preferably a 

hydrocarbylene group, more preferably an alkylene group, and 

still more preferably a polymethylene group. 

25 [0151] 
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Examples of the one group in which R85  and R86  are bonded 

to a nitrogen atom with a double bond include hydrocarbylidene 

groups such as an ethylidene group, a propylidene group, a 

butylidene group, 	a 1-methylethylidene group, a 

5 1-methylpropylidene group, 	and a 1,3-dimethylbutylidene 

group. 

[0152) 

The number of carbon atoms of the one group in which R85  

and R86  are bonded to a nitrogen atom with a double bond is 

10 preferably 2 to 20 and more preferably 2 to 6. 

[0153] 

R85  and R86  are preferably a hydrocarbyl group or a 

trihydrocarbylsilyl group, or R 	is bonded to R86  and the group 

in which R85  is bonded to R86  is a hydrocarbylene group. 

15 [0154] 

Examples of the group represented by the formula (8-A) 

include acyclic amino groups and cyclic amino groups. 

[0155] 

Examples of the group in which R85  andR 	are a hydrocarbyl 

20 group in the formula (8-A) , of acyclic amino groups, include 

dialkyl amino groups such as a dimethylamino group, a 

diethylamino group, 	a di (n-propyl) amino group, 	a 

di (isopropyl) amino group, 	a di (n-butyl) amino group, 	a 

di (sec-butyl) amino group, a di (tert-butyl) amino group, and an 

25 ethylmethylamino group. 	Examples of the group in which R85  and 
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R86  are a trihydrocarbylsilyl group in the formula 	(8-A) , 	of 

acyclic amino groups, include bis (trialkylsily1) amino groups 

such as a bis (trimethylsily1) amino group and a 

bis (tert-butyl-dimethylsily1) amino group. 

5 [0156] 

Examples of the group in which R85  and R86  are one group, 

and are a group which bonds to a nitrogen atom with a double 

bond in the formula (8-A) , of acyclic amino groups, include an 

ethylideneamino group, a 1-methylpropylideneamino group, a 

10 1,3-dimethylbutylideneamino group, a 1-methylethylideneamino 

group, and a 4-N,N-dimethylamin.obenzylideneamino group. 

[0157] 

Examples of the group in which R85  is bonded to R86  to form 

a hydrocarbylene group in the formula (8-A) , of cyclic amino 

15 groups, include a 1-aziridinyl group, a 1-azetidinyl group, a 

1-pyrrolidinyl group, 	a 1-piperidinyl group, 

1-hexamethyleneimino group, 	and a 1-pyrrolyl group. 

20 

Examples of the group in which R85  is bonded to R86  to form 

a hydrocarbylene group having, as a hetero atom, a nitrogen atom, 

in the formula 	(8-A) , of cyclic amino groups, 	include a 

1-imidazolyl group, 	a 4 , 5-dihydro-l-imidazoly1 group, 	a 

1-imidazolydinyl group, 	and a 1-piperazinyl group. 

25 

Examples of the group in which R85  is bonded to R86  to form 

a hydrocarbylene group having, as a hetero atom, an oxygen atom, 

in the formula 	(8-A) , of cyclic amino groups, include a 
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morpholino group. 

[0158] 

The group represented by the formula (8-A) is preferably 

a group in which R85  and R86  are a hydrocarbyl group, a group 

5 in which R85 	nd R86  are a trihydrocarbylsilyl group, or a group 

in which R 	is bonded to R86  to form a hydrocarbylene group. 

More preferably, it is a group in which R85  and R86  are a linear 

alkyl group, a group in which R85  and R86  are a trialkylsilyl 

group, or a group in which R85  and R 	are bonded to form a 

10 polymethylene group. 

[0159] 

As the group represented by the formula (8-A), a still 

more preferable group in which R65  and R86  are a chain alkyl group 

is a dimethylamino group, a diethylamino group, a 

15 di(n-propyl)amino group or a di(n-butyl)amino group, a still 

more preferable group in which R85  and R86  are trialkylsilyl is 

a bis(trimethylsilyl)amino group or a 

bis(tert-butyl-dimethylsilyl)amino group, and a still more 

preferable group in which the group in which R85  is bonded to 

20 R 	is a polymethylene group is a 1-pyrrolidinyl group, 

1-piperidinyl group, or a 1-hexamethyleneimino group. 

[0160] 

Examples of the nitrogen-containing heterocyclic group 

in A8  include nitrogen-containing alicyclic heterocyclic 

25 groups and nitrogen-containing aromatic heterocyclic groups. 
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5 

Herein, the nitrogen-containing alicyclic heterocyclic group 

represents a group in which one hydrogen atom is removed from 

hydrogen atoms bonded to carbon atoms of the heterocycle of a 

compound having a nitrogen-containing alicyclic heterocycle, 

and the nitrogen-containing alicyclic heterocycle represents 

an alicyclic heterocycle having a nitrogen atom as a hetero atom 

contained in atoms constituting the ring. 	Also, the 

nitrogen-containing aromatic heterocyclic group represents a 

group in which one hydrogen atom is removed from hydrogen atoms 

10 bonded to carbon atoms of the heterocycle of a compound having 

a nitrogen-containing aromatic heterocycle, and the 

nitrogen-containing aromatic heterocycle represents an 

aromatic heterocycle having a nitrogen atom as a hetero atom 

contained in atoms constituting the ring. 

15 [0161] 

Examples of the nitrogen-containing alicyclic 

heterocyclic group in A8  include groups only having a nitrogen 

atom as a hetero atom contained in atoms constituting the ring, 

groups having a nitrogen atom and an oxygen atom as a hetero 

20 atom contained in atoms constituting the ring, and groups having 

a nitrogen atom and a sulfur atom as a hetero atom contained 

in atoms constituting the ring. 

[0162] 

Examples of the nitrogen-containing alicyclic 

25 heterocyclic groups only having a nitrogen atom as a hetero atom 
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contained in atoms constituting the ring include groups having 

an aziridine ring, 	groups having an azetidine ring, 	groups 

having a pyrrolidine ring, 	groups having a piperidine ring, 

groups having a hexamethyleneimine ring, groups having an 

5 imidazolidine ring, groups having a piperazine ring, and groups 

having a pyrazolidine ring. 

[0163] 

Examples of the group having an aziridine ring include 

a 1-alkyl-2-aziridinyl group. 	Examples of the group having an 

10 azetidine ring include a 1-alkyl-2-azetidinyl group and a 

1-alkyl-3-azetidinyl group. 	Examples of the group having a 

pyrrolidine ring include a 1-alkyl-2-pyrrolidinyl group and a 

1-alkyl-3-pyrrolidinyl group. 	Examples of the group having a 

piperidine ring include a 1-alkyl-2-piperidinyl group, a 

15 1-alkyl-3-piperidinyl group, 	and a 1-alkyl-4-piperidinyl 

group. 	Examples of the group having a hexamethyleneimine ring 

include a 1-alkyl-2-hexamethyleneimino group, 

1-alkyl-3-hexamethyleneimino group, 	and a 

1-alkyl-4-hexamethyleneimino group. 	Examples of the group 

20 having an imidazolidine ring include a 

1,3-dialky1-2-imidazolidyl group and a 

1,3-dialky1-4-imidazolidyl group. 	Examples of the group 

having a piperazine ring include a 1,4-dialky1-2-piperazinyl 

group. 	Examples of the group having a pyrazolidine ring include 

25 a 1,2-dialkyl-3-pyrazolidyl group and a 
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1,2-dialky1-4-pyrazolidyl group. 

[0164] 

Examples df the nitrogen-containing alicyclic 

heterocyclic group having a nitrogen atom and an oxygen atom 

5 as a hetero atom contained in atoms constituting the ring 

include groups having a morpholine ring, and groups having an 

isoxazolidine ring. 

[0165] 

Examples of the group having a morpholine ring include 

10 a 4-alkyl-2-morpholino group and a 4-alkyl-3-morpholino group. 

Examples of the group having an isoxazolidine ring include a 

2-alkyl-3-isoxazolidinyl group, 	a 2-alkyl-4-isoxazolidinyl 

group, 	and a 2-alkyl-5-isoxazolidinyl group. 

[0166] 

15 Examples of the nitrogen-containing alicyclic 

heterocyclic group having a nitrogen atom and a sulfur atom as 

a hetero atom contained in atoms constituting the ring include 

groups having a thiomorpholine ring and groups having an 

isothiazolidine ring. 

20 [0167] 

Examples of the group having a thiomorpholine ring 

include a 4-alkyl-2-thiomorpholino group and a 

4-alkyl-3-thiomorpholino group. 	Examples of the group having 

an isoxazolidine ring include a 2-alkyl-3-isothiazolidinyl 

25 group, 	a 2-alkyl-4-isothiazolidinyl group, 	and a 
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2-alkyl-5-isothiazolidinyl group. 

[0168] 

The nitrogen-containing alicyclic heterocyclic group in 

A8  is preferably a group only having a nitrogen atom as a hetero 

5 atom contained in atoms constituting the ring. 	In addition, 

the number of carbon atoms of the nitrogen-containing alicyclic 

heterocyclic group is preferably 4 to 10. 

[0169] 

Examples of the nitrogen-containing aromatic 

10 heterocyclic group in A8  include groups only having a nitrogen 

atom as a hetero atom contained in atoms constituting the ring, 

groups having a nitrogen atom and an oxygen atom as a hetero 

atom contained in atoms constituting the ring, and groups having 

a nitrogen atom and a sulfur atom as a hetero atom contained 

15 in atoms constituting the ring. 

[0170] 

Examples of the nitrogen-containing aromatic 

heterocyclic groups only having a nitrogen atom as a hetero atom 

contained in atoms constituting the ring include groups having 

20 

25 

a pyrrole ring, groups having an imidazole ring, groups having 

a pyrazole ring, groups having a pyridine ring, groups having 

a pyridazine ring, groups having a pyrimidine ring, groups 

having a pyrazine ring, groups having a quinoline ring, groups 

having an isoquinoline ring, groups having a cinnoline ring, 

groups having a quinazoline ring, and groups having a 
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phthalazine group. 

[0171] 

Examples of the group having a pyrrole ring include a 

2-pyrrolyl group, 	a 3-pyrrolyl group, a 1-alkyl-2-pyrrolyl 

5 group, 	and a 1-alkyl-3-pyrrolyl group. 

Examples of the groups having an imidazole ring include 

a 2-imidazolyl group, 	a 4-imidazolyl group, 	a 5-imidazolyl 

group, 	a 1-alkyl-2-imidazoly1 group, 	a 1-alkyl-4-imidazolyl 

group, 	and a 1-alkyl-5-imidazoly1 group. 

10 Examples of the groups having a pyrazole ring include a 

3-pyrazolyl group, 	4-pyrazolyl group, a 5-pyrazolyl group, 

a 1-alkyl-3-pyrazoly1 group, a 1-alkyl-4-pyrazoly1 group, and 

a 1-alkyl-5-pyrazolyl group. 

Examples of the group having a pyridine ring include a 

15 2-pyridyl group, a 3-pyridyl group, and a 4-pyridyl group. 

Examples of the group having a pyridazine ring include 

a 3-pyridazyl group and a 4-pyridazyl group. 

Examples of the group having a pyrimidine ring include 

a 2-pyrimidyl group, 	a 4-pyrimidyl group, and a 5-pyrimidyl 

20 group. 

Examples of the group having a pyrazine ring include a 

2-pyrazyl group. 

Examples of the group having a quinoline ring include a 

2-quinolyl group, 	a 3-quinolyl group, 	a 4-quinolyl group, 	a 

25 5-quinolyl group, a 6-quinolyl group, a 7-quinolyl group, and 
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a 8-quinolyl group. 

Examples of the group having an isoquinoline ring include 

a 1-isoquinolyl group, a 3-isoquinolyl group, a 4-isoquinolyl 

group, a 5-isoquinolyl group, 	a 6-isoquinolyl group, a 

5 7-isoquinolyl group, and a 8-isoquinolyl group. 

Examples of the group having a cinnoline ring include a 

3-cinnolinyl group, a 4-cinnolinyl group, a 5-cinnolinyl group, 

6-cinnolinyl group, a 7-cinnolinyl group, and a 8-cinnolinyl 

group. 

10 Examples of the group having a quinazoline ring include 

a 2-quinazolinyl group, a 4-quinazolinyl group, 

5-quinazolinyl group, 6-quinazolinyl group, a 7-quinazolinyl 

group, 	and a 8-quinazolinyl group. 

Examples of the group having a phthalazine ring include 

15 a 1-phthalazinyl group, a 5-phthalazinyl group, and a 

6-phthalazinyl group. 

The nitrogen-containing aromatic heterocyclic group only 

having a nitrogen atom as a hetero atom contained in atoms 

constituting the ring is preferably a group having an imidazole 

20 ring, a group having a pyridine ring, or a group having a 

quinoline ring. 

[0172] 

Examples of the nitrogen-containing aromatic 

heterocyclic group having a nitrogen atom and an oxygen atom 

25 as a hetero atom contained in atoms constituting the ring 
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include groups having an oxazole ring and groups having an 

isoxazole ring. 

[0173] 

Examples of the group having an oxazole ring include a 

5 	2-oxazolyl group, a 4-oxazolyl group, and a 5-oxazolyl group. 

Examples of the group having an isoxazole ring include 

a 3-isooxazolyl group, a 4-isooxazolyl group, 	and a 

5-isooxazoly1 group. 

The nitrogen-containing aromatic heterocyclic group 

10 	having a nitrogen atom and an oxygen atom as a hetero atom 

contained in atoms constituting the ring is preferably a group 

having an oxazole ring. 

[0174] 

Examples of the nitrogen-containing aromatic 

15 	heterocyclic group having a nitrogen atom and a sulfur atom as 

a hetero atom contained in atoms constituting the ring include 

groups having a thiazole ring, and groups having an isothiazole 

ring. 

[0175] 

20 Examples of the group having a thiazole ring include a 

2-thiazolyl group, a 4-thiazolyl group, and a 5-thiazolyl 

group. 

Examples of the group having an isothiazole ring include 

a 3-isothiazolyl group, a 4-isothiazolyl group, and a 

25 	5-isothiazolyl group. 
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The nitrogen-containing aromatic heterocyclic group 

having a nitrogen atom and a sulfur atom as a hetero atom 

contained in atoms constituting the ring is preferably a group 

having a thiazole ring. 

5 [0176] 

The nitrogen-containing aromatic heterocyclic group in 

A8  is preferably a nitrogen-containing aromatic heterocyclic 

group only having a nitrogen atom as a hetero atom contained 

in atoms constituting the ring, more preferably a group having 

10 an imidazole ring, a group having a pyridine ring or a group 

having a quinoline ring, and still more preferably a group 

having a pyridine ring. 

[0177] 

The compound represented by the formula (8) is preferably 

15 a compound represented by the following formula (8-1) , in which 

E8  is a group represented by the formula (8-E1) . 

H 	R81  

(8-1) 
H 	(R 	n— 

wherein R81  represents a hydrogen atom or a hydrocarbyl group, 

m represents an integer of 0 or 1, R62  represents a hydrocarbylene 

20 group, 	and A8  represents a substituted amino group or a 

nitrogen-containing heterocyclic group. 

[0178] 
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Examples of a compound in which R81  is a hydrogen atom, 

m is 0, and A8  is a substituted amino group, of the compounds 

represented by the formula (8-1), include the following 

compounds. 

5 

10 

[0179] 

1-vinylpyrrolidine, 

1-vinylpiperidine, 

1-vinylhexamethyleneimine, 

1-vinylpiperazine, 

1-vinylpyrrole, 

1-vinylimidazole. 

[0180] 

Examples of a compound in which R81  is a hydrogen atom, 

m is 1, R82  is a phenylene group, and A8  is a substituted amino 

15 

20 

25 

group, of the compounds represented by the formula 	(8-1), 

include the following compounds. 

[0181] 

4-dimethylaminostyrene, 

4-diethylaminostyrene, 

4-dipropylaminostyrene, 

4-dibutylaminostyrene, 

4-diallylaminostyrene, 

4-bis(trimethylsilyl)aminostyrene, 

4-bis(tert-butyl-dimethylsilyl)aminostyrene, 

4-(1-aziridinyl)styrene, 
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5 

10 

4-(1-pyrrolidinyl)styrene, 

4-(1-piperidinyl)styrene, 

4-(1-hexamethyleneimino)styrene, 

3-dimethylaminostyrene, 

3-diethylaminostyrene, 

3-dipropylaminostyrene, 

3-dibutylaminostyrene, 

3-diallylaminostyrene, 

3-bis(trimethylsilyl)aminostyrene, 

3-bis(tert-butyl-dimethylsilyl)aminostyrene, 

3-(1-aziridinyl)styrene, 

3-(1-pyrrolidinyl)styrene, 

3-(1-piperidinyl)styrene, 

3-(1-hexamethyleneimino)styrene. 

15 [0182] 

Examples of a compound in which R83-  is a hydrogen atom, 

m is 1, R82  is a group represented by the formula (8-Ra), and 

A8  is a substituted amino group, of the compounds represented 

by the formula 	(8-1), 	include the following compounds. 

20 

25 

[0183] 

Compounds in which p in the formula 	(8-Ra) 	is 1: 

4-(dimethylaminomethyl)styrene, 

4-(diethylaminomethyl)styrene, 

4-(dipropylaminomethyl)styrene, 

4-(dibutylaminomethyl)styrene, 
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5 

4-(diallylaminomethyl)styrene, 

4-[bis(trimethylsilyflaminomethyl]styrene, 

4-[bis(tert-butyl-dimethylsilyl)aminomethyl]styrene, 

4-(1-aziridinyl)methylstyrene, 

4-(1-pyrrolidinyl)methylstyrene, 

4-(1-piperidinyl)methylstyrene, 

4-(1-hexamethyleneimino)methylstyrene. 

[0184] 

Compounds in which p in the formula 	8 Ra 	is 2: 

10 

15 

20 

4-[2-(dimethylamino)ethyl]styrene, 

4-[2-(diethylamino)ethyl]styrene, 

4-[2-(dipropylamino)ethyl]styrene, 

4-[2-(dibutylamino)ethyl]styrene, 

4-[2-(diallylamino)ethyl]styrene, 

4-(2-[bis(trimethylsilyl)amino]ethyl}styrene, 

4-{2-[bis(tert-butyl-dimethylsilyl)amino]ethyl}styrene, 

4-[2-(1-aziridinyl)ethyl]styrene, 

4-[2-(1-pyrrolidinyl)ethyl]styrene, 

4-[2-(1-piperidinyl)ethyl]styrene, 

4-[2-(1-hexamethyleneimino)ethyl]styrene. 

[0185] 

Examples of a compound in which R81  is a hydrogen atom, 

m is 1, R82  is a group represented by the formula (8-Rb), and 

A8  is a substituted amino group, of the compounds represented 

25 by the formula 	(8-1), 	include the following compounds. 
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[0186] 

Compounds in which q in the formula 	(8-Rb) 	is 1: 

3-(dimethylaminomethyl)styrene, 

3-(diethylaminomethyl)styrene, 

5 	3-(dipropylaminomethyl)styrene, 

3-(dibutylaminomethyl)styrene, 

3-(diallylaminomethyl)styrene, 

3-[bis(trimethylsilyl)aminomethyl]stYrene, 

3-[bis(tert-butyl-dimethylsilyl)aminomethyl]styrene, 

10 	3-(1-aziridinyl)methylstyrene, 

3-(1-pyrrolidinyl)methylstyrene, 

3-(1-piperidinyl)methylstyrene, 

3-(1-hexamethyleneimino)methylstyrene. 

[0187] 

15 Compounds in which q in the formula (8-Rb)  

3-[2-(dimethylamino)ethyl]styrene, 

3-[2-(diethylamino)ethyl]styrene, 

3-[2-(dipropylamino)ethyl]styrene, 

3-[2-(dibutylamino)ethyl]styrene, 

20 	3-[2-(diallylamino)ethyl]styrene, 

3-12-[bis(trimethylsilyflamino]ethyllstyrene, 

3-{2-[bis(tert-butyl-dimethylsilyl)amino]ethyllstyrene, 

3-[2-(1-aziridinyl)ethyl]styrene, 

3-[2-(1-pyrrolidinyl)ethyl]styrene, 

25 	3-[2-(1-piperidinyl)ethyl]styrene, 
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3-[2-(1-hexamethyleneimino)ethyl]styrene. 

[018B] 

Examples of a compound in which R81  is a methyl group, 

m is 0, and A8  is a substituted amino group, of the compounds 

5 

10 

represented by the formula 	(8-1), include the following 

compounds. 

[0189] 

1-isopropenylpyrrolidine, 

1-isopropenylpiperidine, 

1-isopropenylhexamethyleneimine, 

1-isopropenylpiperazine, 

1-isopropenylpyrrole, 

1-isopropenylimidazole. 

[0190] 

15 Examples of a compound in which R81  is a methyl group, 

m is 1, R82  is a phenylene group, and A8  is a substituted amino 

group, 	of the compounds represented by the formula (8-1), 

include the following compounds. 

[0191] 

20 

25 

4-dimethylamino-1-isopropenylbenzene, 

4-diethylamino-1-isopropenylbenzene, 

4-(dipropylamino)-1-isopropenylbenzene, 

4-(dibutylamino)-1-isopropenylbenzene, 

4-diallylamino-l-isopropenylbenzene, 

4-bis(trimethylsilyl)amino-1-isopropenylbenzene, 
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5 

10 

15 

4-bis(tert-butyl-dimethylsilyl)amino-1-isopropenylbenzene, 

4-(1-aziridiny1)-1-isopropenylbenzene, 

4-(1-pyrrolidiny1)-1-isopropenylbenzene, 

4-(1-piperidiny1)-1-isopropenylbenzene, 

4-(1-hexamethyleneimino)-1-isopropenylbenzene, 

3-dimethylamino-l-isopropenylbenzene, 

3-diethylamino-1-isopropenylbenzene, 

3-dipropylamino-l-isopropenylbenzene, 

3-dibutylamino-l-isopropenylbenzene, 

3-diallylamino-l-isopropenylbenzene, 

3-bis(trimethylsilyl)amino-1-isopropenylbenzene, 

3-bis(tert-butyl-dimethylsilyl)amino-1-isopropenylbenzene, 

3-(1-aziridiny1)-1-isopropenylbenzene, 

3-(1-pyrrolidiny1)-1-isopropenylbenzene, 

3-(1-piperidiny1)-1-isopropenylbenzene, 

3-(1-hexamethyleneimino)-1-isopropenylbenzene. 

[0192] 

Examples of a compound in which R8' is a methyl group, 

m is 1, R82 	s a group represented by the formula (8-Ra), and 

20 A8  is a substituted amino group, of the compounds represented 

by the formula (8-1), 	include the following compounds. 

[0193] 

Compounds in which p in the formula 	(8-Ra) 	is 1: 

25 

4-dimethylaminomethy1-1-isopropenylbenzene, 

4-diethylaminomethy1-1-isopropenylbenzene, 
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5 

10 

15 

4-di-n-propylaminomethyl-1-isopropenylbenzene, 

4-di-n-butylaminomethy1-1-isopropenylbenzene, 

4-diallylaminomethy1-1-isopropenylbenzene, 

4-bis(trimethylsilyl)aminomethy1-1-isopropenylbenzene, 

4-bis(tert-butyl-dimethylsilyl)aminomethy1-1-isopropenylben 

zene, 

4-(1-aziridinyl)methy1-1-isopropenylbenzene, 

4-(1-pyrrolidinyl)methy1-1-isopropenylbenzene, 

4-(1-piperidinyl)methy1-1-isopropenylbenzene, 

4-(1-hexamethyleneimino)methy1-1-isopropenylbenzene. 

[0194] 

Compounds in which p in the formula 	(8-Ra) 	is 2: 

4-[2-(dimethylamino)ethy1]-1-isopropenylbenzene, 

4-[2-(diethylamino)ethy1]-1-isopropenylbenzene, 

4-[2-(dipropylamino)ethy1]-1-isopropenylbenzene, 

4-[2-(dibutylamino)ethy1]-1-isopropenylbenzene, 

4-[2-(diallylamino)ethy1]-1-isopropenylbenzene, 

4-{2-[bis(trimethylsilyl)amino]ethyl}-1-isopropenylbenzene, 

4-{2-[bis(tert-butyl-dimethylsilyl)amino]ethyll-1-isopropen 

20 ylbenzene, 

4-[2-(1-aziridinyl)ethy1]-1-isopropenylbenzene, 

4-[2-(1-pyrrolidiny1)ethy1]-1-isopropenylbenzene, 

4-[2-(1-piperidinyl)ethy1]-1-isopropenylbenzene, 

4-[2-(1-hexamethyleneimino)ethy1]-1-isopropenylbenzene. 

25 [0195] 
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Examples of a compound in which R81  is a methyl group, 

m is 1, R82  is a group represented by the formula (8-Rb), and 

AB  is a substituted amino group, of the compounds represented 

by the formula 	(8-1), 	include the following compounds. 

5 

10 

15 

[0196] 

Compounds in which q in the formula 	(8-Rb) 	is 1: 

3-dimethylaminomethy1-1-isopropenylbenzene, 

3-diethylaminomethyl-l-isopropenylbenzene, 

3-dipropylaminomethy1-1-isopropenylbenzene, 

3-dibutylaminomethyl-1-isopropenylbenzene, 

3-diallylaminomethy1-1-isopropenylbenzene, 

3-bis(trimethylsilyl)aminomethy1-1-isopropenylbenzene, 

3-bis(tert-butyl-dimethylsilyl)aminomethy1-1-isopropenylben 

zene, 

3-(1-aziridinyl)methy1-1-isopropenylbenzene, 

3-(1-pyrrolidinyl)methy1-1-isopropenylbenzene, 

3-(1-piperidinyl)methy1-1-isopropenylbenzene, 

3-(1-hexamethyleneimino)methy1-1-isopropenylbenzene. 

[0197] 

20 

25 

Compounds in which j in the formula 	(8-Rb) 	is q: 

3-[2-(dimethylamino)ethy1]-1-isopropenylbenzene, 

3-[2-(diethylamino)ethy1]-1-isopropenylbenzene, 

3-[2-(dipropylamino)ethy1]-1-isopropenylbenzene, 

3-[2-(di-n-butylamino)ethy1]-1-isopropenylbenzene, 

3-[2-(diallylamino)ethy1]-1-isopropenylbenzene, 
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5 

3-{2-[bis(trimethylsilyl)amino]ethyll-1-isopropenylbenzene, 

3-12-[bis(tert-butyl-dimethylsilyl)amino]ethy11-1-isopropen 

ylbenzene, 

3-[2-(1-aziridinyl)ethy1]-1-isopropenylbenzene, 

3-[2-(1-pyrrolidinyl)ethy1]-1-isopropenylbenzene, 

3-[2-(1-piperidinyl)ethy1]-1-isopropenylbenzene, 

3-[2-(1-hexamethyleneimino)ethy1]-1-isopropenylbenzene. 

[0198] 

Examples of a compound in which R81  is a vinyl group, m 

10 is 0, and A8  is a substituted amino group, of the compounds 

represented by the formula 	(8-1), 	include the following 

compounds. 

[0199] 

15 

20 

25 

2-dimethylamino-1,3-butadiene, 

2-diethylamino-1,3-butadiene, 

2-(dipropylamino)-1,3-butadiene, 

2-(dibutylamino)-1,3-butadiene, 

2-diallylamino-1,3-butadiene, 

2-[bis(trimethylsilyl)amino]-1,3-butadiene, 

2-[bis(tert-butyl-dimethylsilyl)amino]-1,3-butadiene, 

2-(1-aziridiny1)-1,3-butadiene, 

2-(1-pyrrolidiny1)-1,3-butadiene, 

2-(1-piperidiny1)-1,3-butadiene, 

2-(1-hexamethyleneimino)-1,3-butadiene, 

2-(1-pyrroly1)-1,3-butadiene, 
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2-(1-imidazoly1)-1,3-butadiene. 

[0200] 

Examples'of a compound in which R8'  is a vinyl group, m 

is 1, 	is an alkylene group, and A8  is a substituted amino 

5 	group, of the compounds represented by the formula 	(8-1), 

include the following compounds. 

[0201] 

Compounds in which RB2  is a methylene group: 

2-dimethylaminomethy1-1,3-butadiene, 

10 	2-diethylaminomethy1-1,3-butadiene, 

2-(di-n-propylaminomethyl)-1,3-butadiene, 

2-(di-n-butylaminomethyl)-1,3-butadiene, 

2-diallylaminomethy1-1,3-butadiene, 

2-[bis(trimethylsilyl)aminomethy1]-1,3-butadiene, 

15 	2-[bis(tert-butyl-dimethylsilyl)aminomethy1]-1,3-butadiene, 

2-[(1-aziridinyl)methy1]-1,3-butadiene, 

2-[(1-pyrrolidinyl)methy1]-1,3-butadiene, 

2-[(1-piperidinyl)methy1]-1,3-butadiene, 

2-[(1-hexamethyleneimino)methy1]-1,3-butadiene, 

20 	1-(2-methylene-3-butenyl)pyrrole, 

1-(2-methylene-3-butenyl)imidazole. 

[0202] 

Compounds in which R82  is an ethylene group: 

5-dimethylamino-3-methylene-l-pentene, 

25 	5-diethylamino-3-methylene-l-pentene, 
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5 

10 

5-(di-n-propylamino)-3-methylene-l-pentene, 

5-(di-n-buty1amino)-3-methylene-1-pentene, 

5-diallylamino-3-methylene-1-pentene, 

5-bis(trimethylsilyl)amino-3-methylene-1-pentene, 

5-bis(tert-butyl-dimethylsilyl)amino-3-methylene-l-pentene, 

5-(1-aziridiny1)-3-methylene-1-pentene, 

5-(1-pyrrolidiny1)-3-methylene-1-pentene, 

5-(1-piperidiny1)-3-methylene-l-pentene, 

5-(1-hexamethyleneimino)-3-methylene-l-pentene, 

1-(3-methylene-4-pentenyl)pyrrole, 

1-(3-methylene-4-pentenyl)imidazole. 

[0203] 

Examples of a compound in which R81  is a phenyl group, 

m is 1, RS2  is a phenylene group, and A8  is a substituted amino 

15 group, of the compounds represented by the formula (8-1), 

include the following compounds. 

[0204] 

20 

25 

1-(4-dimethylaminopheny1)-1-phenylethylene, 

1-(4-diethylaminopheny1)-1-phenylethylene, 

1-(4-dipropylaminopheny1)-1-phenylethylene, 

1-(4-diisopropylaminopheny1)-1-phenylethylene, 

1-(4-dibutylaminopheny1)-1-phenylethylene, 

1-(4-diisobutylaminopheny1)-1-phenylethylene, 

1-(4-di-tert-butylaminophenyl)-1-phenylethylene, 

1-(4-diphenylaminophenyl) 	1-phenylethylene, 
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5 

10 

15 

20 

1-[4-(1-aziridinyl)pheny1]-1-phenylethylene, 

1-[4-(1-pyrrolidinyl)pheny1]-1-phenylethylene, 

1-[4-(1-piperidinyl)pheny1]-1-phenylethylene, 

1-[4-(1-hexamethyleneimino)pheny1]-1-phenylethylene, 

1-(4-morpholinopheny1)-1-phenylethylene, 

1-{4-[bis(trimethylsilyl)amino]pheny1}-1-phenylethylene, 

1-{4-[bis(tert-butyl-dimethylsilyl)amino]phenyl}-1-phenylet 

hylene, 

1-{4-[bis(triisopropylsilyl)amino]phenyll-1-phenylethylene, 

1-(3-dimethylaminopheny1)-1-phenylethylene, 

1-(3-diethylaminopheny1)-1-phenylethylene, 

1-(3-dipropylaminopheny1)-1-phenylethylene, 

1-(3-diisopropylaminopheny1)-1-phenylethylene, 

1-(3-dibutylaminopheny1)-1-phenylethylene, 

1-(3-diisobutylaminopheny1)-1-phenylethylene, 

1-(3-di-tert-butylaminopheny1)-1-phenylethylene, 

1-(3-diphenylaminopheny1)-1-phenylethylene, 

1-[3-(1-aziridinyl)pheny1]-1-phenylethylene, 

1-[3-(1-pyrrolidinyl)pheny1]-1-phenylethylene, 

1-[3-(1-piperidinyl)pheny1]-1-phenylethylene, 

1-[3-(1-hexamethyleneimino)pheny1]-1-phenylethylene, 

1-(3-morpholinopheny1)-1-phenylethylene, 

1-{3-[bis(trimethylsilyl)amino]phenyl}-1-phenylethylene, 

1-{3-[bis(tert-butyl-dimethylsilyl)amino]pheny11-1-phenylet 

25 hylene, 
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1-0-[bis(t 	isopropylsilyl)amino]pheny1}-1-phenylethylene. 

[0205] 

Examples of a compound in which R81  is a phenyl group, 

m is 1, R82  is a group represented by the formula (8-Ra), and 

5 

10 

15 

20 

A8  is a substituted amino group, of the compounds represented 

by the formula (8-1), 	include the following compounds. 

[0206] 

Compounds in which p in the formula 	(8-Ra) 	is 1: 

1-[4-(dimethylaminomethyl)pheny1]-1-phenYlethYlene, 

1-[4-(diethylaminomethyl)pheny1]-1-phenylethylene, 

1-[4-(dipropylaminomethyl)pheny1]-1-phenYlethylene, 

1-[4-(diisopropylaminomethyl)pheny1]-1-phenYlethylene, 

1-[4-(dibutylaminomethyl)pheny1]-1-phenylethylene, 

1-[4-(diisobutylaminomethyl)pheny1]-1-phenylethylene, 

1-[4-(di-tert-butylaminomethyl)pheny1]-1-phenylethylene, 

1-[4-(diphenylaminomethyl)pheny1]-1-phenYlethylene, 

1-[4-(1-aziridinylmethyl)pheny1]-1-phenylethylene, 

1-[4-(1-pyrrolidinylmethyl)pheny1]-1-phenylethylene, 

1-[4-(1-piperidinylmethyl)pheny1]-1-phenYlethylene, 

1-[4-(1-hexamethyleneiminomethyl)pheny1]-1-phenylethylene, 

1-(4-morpholinomethylpheny1)-1-phenylethylene, 

1-{4-[bis(trimethylsi1y1)aminomethyl]pheny1}-1-phenYlethyle 

ne, 

1-{4-[bis(tert-butyl-dimethylsilyl)aminomethyl]pheny11-1-ph 

25 enylethylene, 
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1-(4-[bis(triisopropylsilyl)aminomethyl]pheny1}-1-phenyleth 

ylene. 

[0207] 

5 	m 

Examples of a compound in which R8' is a phenyl group, 

is 1, R 	is a group represented by the formula (8-Rb), and 

AB  is a substituted amino group, of the compounds represented 

by the formula 	(8-1), 	include the following compounds. 

[0208] 

Compounds in which q in the formula 	(8-Rb) 	is 1: 

10 	1-[3-(dimethylaminomethyl)pheny1]-1-phenylethylene, 

1-[3-(diethylaminomethyl)pheny1]-1-phenylethylene, 

1-[3-(dipropylaminomethyl)pheny1]-1-phenylethylene, 

1-[3-(diisopropylaminomethyl)pheny1]-1-phenylethylene, 

1-[3-(dibutylaminomethyl)pheny1]-1-phenylethylene, 

15 	1-[3-(diisobutylaminomethyl)pheny1]-1-phenylethylene, 

1-[3-(di-tert-butylaminomethyl)pheny1]-1-phenylethylene, 

1-[3-(diphenylaminomethyl)pheny1]-1-phenylethylene, 

1-[3-(1-aziridinylmethyl)pheny1]-1-phenylethylene, 

1-[3-(1-pyrrolidinylmethyl)pheny1]-1-phenylethylene, 

20 	1-[3-(1-piperidinylmethyl)pheny1]-1-phenylethylene, 

1-[3-(1-hexamethyleneiminomethyl)pheny1]-1-phenylethylene, 

1-(3-morpholinomethylpheny1)-1-phenylethylene, 

1-13-[bis(trimethylsilyl)aminomethyl]pheny1}-1-phenylethyle 

ne f 

25 	1-{3-[bis(tert-butyl-dimethylsilyl)aminomethyl]pheny11-1-ph 
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enylethylene, 

1-{3-[bis(triisopropylsilyl)aminomethyl]phenyll-1-phenYleth 

ylene. 

[0209] 

5 Examples of a compound in which R8'  is a hydrogen atom, 

m is 0, and A8  is a nitrogen-containing alicyclic heterocyclic 

group, 	of the compounds represented by the formula (8-1), 

include the following compounds. 

[0210] 

10 1-methyl-3-vinylpyrrolidine, 

1-methyl-4-vinylpiperidine, 

1-methyl-3-vinylhexamethyleneimine, 

1-methyl-4-vinylhexamethyleneimine. 

[0211] 

15 Examples of a compound in which R81  is a hydrogen atom, 

m is 1, R82  is a phenylene group, and 10 is a nitrogen-containing 

alicyclic heterocyclic group, of the compounds represented by 

the formula 	(8-1), 	include the following compounds. 

[0212] 

20 

25 

1-methyl-3-(4-vinylphenyl)pyrrolidine, 

1-methyl-4-(4-vinylphenyl)piperidine, 

1-methyl-3-(4-vinylphenyl)hexamethyleneimine, 

1-methyl-4-(4-vinylphenyl)hexamethyleneimine, 

1-methyl-3-(3-vinylphenyl)pyrrolidine, 

1-methyl-4-(3-vinylphenyl)piperidine, 
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1-methyl-3-(3-vinylphenyl)hexamethyleneimine, 

1-methyl-4-(3-vinylphenyl)hexamethyleneimine. 

[0213] 

5 

Examples of a compound in which R81  is a hydrogen atom, 

m is 1, R82  is a group represented by the formula (8-Ra), and 

A8  is a nitrogen-containing alicyclic heterocyclic group, of 

the compounds represented by the formula 	(8-1), 	include the 

following compounds. 

[0214] 

10 Compounds in which p in the formula 	(8-Ra) 	is 1: 

1-methyl-3-(4-vinylphenylmethyl)pyrrolidine, 

1-methyl-4-(4-vinylphenylmethyl)piperidine, 

1-methyl-3-(4-vinylphenylmethyl)hexamethyleneimine, 

1-methyl-4-(4-vinylphenylmethyl)hexamethyleneimine. 

15 [0215] 

Compounds in which p in the formula 	(8-Ra) 	is 2: 

20 

1-methyl-3-[2-(4-vinylphenyl)ethyl]pyrrolidine, 

1-methyl-4-[2-(4-vinylphenyl)ethyl]piperidine, 

1-methyl-3-[2-(4-vinylphenyl)ethyl]hexamethyleneimine, 

1-methyl-4-[2-(4-vinylphenyl)ethyl]hexamethyleneimine. 

[0216] 

Examples of a compound in which R 	is a hydrogen atom, 

m is 1, R82  is a group represented by the formula (8-Rb), 	and 

A8  is a nitrogen-containing alicyclic heterocyclic group, of 

25 the compounds represented by the formula 	(8-1), 	include the 
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following compounds. 

[0217] 

Compounds in which q in the formula 	(8-Rb) 	is 1: 

1-methyl-3-(3-vinylphenylmethyl)pyrrolidine, 

5 	1-methyl-4-(3-vinylphenylmethyl)piperidine, 

1-methyl-3-(3-vinylphenylmethyl)hexamethyleneimine, 

1-methyl-4-(3-vinylphenylmethyl)hexamethyleneimine. 

[0218] 

Compounds in which q in the formula (8-Rb) is 2: 

10 	1-methyl-3-[2-(3-vinylphenyl) ethyl]pyrrolidine, 

1-methyl-4-[2-(3-vinylphenyl)ethyl]piperidine, 

1-methyl-3-[2-(3-vinylphenyl)ethyl]hexamethyleneimine, 

1-methyl-4-(2-(3-vinylphenyl)ethyl]hexamethyleneimine. 

[0219] 

15 Examples of a compound in which R81  is a methyl group, 

m is 0, and A8  is a nitrogen-containing alicyclic heterocyclic 

group, of the compounds represented by the formula (8-1), 

include the following compounds. 

[0220] 

20 	1-methyl-3-isopropenylpyrrolidine, 

1-methyl-4-isopropenylpiperidine, 

1-methyl-3-isopropenylhexamethyleneimine, 

1-methyl-4-isopropenylhexamethyleneimine. 

[0221] 

25 Examples of a compound in which R81  is a methyl group, 
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m is 1, R82 is a phenylene group, and A8  is a nitrogen-containing 

alicyclic heterocyclic group, of the compounds represented by 

the formula (8-1), include the following compounds. 

[0222] 

5 1-methyl-3-(4-isopropenylphenyl)pyrrolidine, 

1-methyl-4-(4-isopropenylphenyl)piperidine, 

1-methyl-3-(4-isopropenylphenyl)hexamethYleneimine, 

1-methyl-4-(4-isopropenylphenyl)hexamethyleneimine. 

[0223] 

10 Examples of a compound in which R81  is a methyl group, 

m is 1, R82  is a group represented by the formula (8-Ra), and 

A8  is a nitrogen-containing alicyclic heterocyclic group, of 

the compounds represented by the formula 	(8-1), 	include the 

following compounds. 

15 

20 

25 

[0224] 

Compounds in which p in the formula (8-Ra) 

1-methyl-3-(4-isopropenylphenylmethyl)pYrrolidine, 

1-methyl-4-(4-isopropenylphenylmethyl)piperidine, 

1-methyl-3-(4-isopropenylphenylmethyl)hexamethyleneimine, 

1-methyl-4-(4-isopropenylphenylmethyl)hexamethyleneimine. 

[0225] 

Compounds in which p in the formula (8-Ra) is 2: 

-methyl-3-[2-(4-isopropenylphenyl)ethyl]pYrrolidine, 

1-methyl-4-[2-(4-isopropenylphenyl)ethyl]piperidine, 

1-methyl-3-[2-(4-isopropenylphenyl)ethyl]hexamethyleneimine 
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1-methyl-4-[2-(4-isopropenylphenyl)ethyl]hexamethyleneimine 

[0226] 

5 Examples of a compound in which R81  is a vinyl group, m 

is 0, and A8  is a nitrogen-containing alicyclic heterocyclic 

group, of the compounds represented by the formula 	(8-1), 

include the following compounds. 

[0227] 

10 1-methyl-3-(1-methylene-2-propenyl)pyrrolidine, 

1-methyl-4-(1-methylene-2-propenyl)piperidine, 

1-methyl-3-(1-methylene-2-propenyl)hexamethyleneimine, 

1-methyl-4-(1-methylene-2-propenyl)hexamethyleneimine. 

[0228] 

15 Examples of a compound in which R81  is a vinyl group, m 

is 1, R62  is an alkylene group, and A8  is a nitrogen-containing 

alicyclic heterocyclic group, of the compounds represented by 

the formula (8-1), include the following compounds. 

[0229] 

20 Compounds in which RB2  is a methylene group: 

1-methyl-3-(2-methylene-3-butenyl)pyrrolidine, 

1-methyl-4-(2-methylene-3-butenyl)piperidine, 

1-methyl-3-(2-methylene-3-butenyl)hexamethyleneimine, 

1-methyl-4-(2-methylene-3-butenyl)hexamethyleneimine. 

25 [0230] 
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Compounds in which RS2  is an ethylene group: 

1-methyl-3-(3-methylene-4-pentenyl)pyrrolidine, 

1-methyl-4-(3-methylene-4-pentenyl)piperidine, 

1-methyl-3-(3-methylene-4-pentenyl)hexamethyleneimine, 

5 	1-methyl-4-(3-methylene-4-pentenyl)hexamethyleneimine. 

[0231] 

Examples of a compound in which R81  is a phenyl group, 

m is 1, RB2  is a phenylene group, and A8  is a nitrogen-containing 

alicyclic heterocyclic group, of the compounds represented by 

10 	the formula 	(8-1), 	include the following compounds. 

[0232] 

1-[4-(1-methyl-3-pyrrolidinyl)pheny1]-1-phenylethylene, 

1-[4-(1-methyl-3-piperidinyl)pheny1]-1-phenylethylene, 

1-[4-(1-methyl-4-piperidinyl)pheny1]-1-phenylethylene, 

15 	1-[4-(1-methyl-3-hexamethyleneimino)phenyl]-1-phenylethylen 

e, 

1-[4-(1-methyl-4-hexamethyleneimino)phenyl]-1-phenylethylen 

e, 

1-[3-(1-methyl-3-pyrrolidinyl)pheny1]-1-phenylethylene, 

20 	1-[3-(1-methyl-3-piperidinyl)pheny1]-1-phenylethylene, 

1-[3-(1-methyl-4-piperidinyl)phefly1]-1-phenylethylene, 

1-[3-(1-methyl-3-hexamethyleneimino)phenyl]-1-phenylethylen 

e, 

[3-(1-methy1-4-hexamethyleneimino)pheny1]-1-phenylethylen 

25 	e. 
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[0233] 

Examples of a compound in which R81  is a phenyl group, 

m is 1, R82  is a group represented by the formula (8-Ra), and 

A8  is a nitrogen-containing alicyclic heterocyclic group, of 

5 the compounds represented by the formula 	(8-1), 	include the 

following compounds. 

[0234] 

Compounds in which p in the formula 	(8-Ra) 	is 1: 

1-14-[(1-methyl-3-pyrrolidinyl)methyl]pheny1}-1-phenylethyl 

10 

15 

ene, 

1-{4-[(1-methyl-3-piperidinyl)methyl]phenyll-1-phenylethyle 

ne, 

1-{4-[(1-methyl-4-piperidinyl)methyl]pheny11-1-phenylethyle 

ne, 

1-{4-[(1-methyl-3-hexamethyleneimino)methyl]phenyll-l-pheny 

lethylene. 

[0235] 

Examples of a compound in which R81  is a phenyl group, 

m is 1, R82  is a group represented by the formula (8-Rb), 	and 

20 A8  is a nitrogen-containing alicyclic heterocyclic group, of 

the compounds represented by the formula (8-1), include the 

following compounds. 

[0236] 

Compounds in which q in the formula (8-Rb) is 1: 

25 1-{3-[(1-methyl-3-pyrrolidinyl)methyl]pheny1}-1-phenylethyl 
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ene, 

1-{3-[(1-methyl-3-piperidinyl)methyl]phenyll-l-phenylethyle 

ne, 

1-(3-[(1-methyl-4-piperidinyl)methyl]phenyl} 	-phenylethyle 

ne, 

1-{3-[(1-methyl-3-hexamethyleneimino)methyl]pheny11-1-pheny 

lethylene. 

[0237] 

10 

Examples of a compound in which R81  is a hydrogen atom, 

m is 0, and A8  is a nitrogen-containing aromatic heterocyclic 

group, of the compounds represented by the formula 	(8-1), 

include the following compounds. 

[0238] 

15 

20 

1-methyl-2-vinylimidazole, 

1-methyl-4-vinylimidazole, 

1-methyl-5-vinylimidazole, 

2-vinylpyridine, 

3-vinylpyridine, 

4-vinylpyridine, 

2-vinylquinoline, 

3-vinylquinoline, 

4-vinylquinoline. 

[0239] 

25 

Examples of a compound in which R81  is a methyl group, 

m is 0, and A8  is a nitrogen-containing aromatic heterocyclic 
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group, 	of the compounds represented by the formula 	(8-1), 

include the following compounds. 

[0240] 

5 

10 

1-methyl-2-isopropenylimidazole, 

1-methyl-4-isopropenylimidazole, 

1-methyl-5-isopropenylimidazole, 

2-isopropenylpyridine, 

3-isopropenylpyridine, 

4-isopropenylpyridine, 

2-isopropenylquinoline, 

3-isopropenylquinoline, 

4-isopropenylquinoline. 

[0241] 

Examples of a compound in which R8 	is a vinyl group, m 

15 is 0, and A8  is a nitrogen-containing alicyclic heterocyclic 

group, of the compounds represented by the formula (8-1), 

include the following compounds. 

[0242] 

20 

25 

1-methyl-2-(1-methylene-2-propenyl)imidazo e, 

1-methyl-4-(1-methylene-2-propenyl)imidazo e, 

1-methyl-5-(1-methylene-2-propenyl)imidazole, 

2-(1-methylene-2-propenyl)pyridine, 

3-(1-methylene-2-propenyl)pyridine, 

4-(1-methylene-2-propenyl)pyridine, 

2-(1-methylene-2-propenyl)quinoline, 
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3-(1-methylene-2-propenyl)quinoline, 

4-(1-methylene-2-propenyl)quinoline. 

[0243] 

Examples of a compound in which e is a vinyl group, m 

5 	is 1, R82  is an alkylene group, and A8  is a nitrogen-containing 

aromatic heterocyclic group, of the compounds represented by 

the formula 	(8-1), 	include the following compounds. 

[0244] 

Compounds in which R82  is a methylene group: 

10 	1-methyl-2-(2-methylene 3-butenyl)imidazole, 

1-methyl-4-(2-methylene-3-butenyl)imidazole, 

1-methyl-5-(2-methylene-3-butenyl)imidazole, 

2-(2-methylene-3-butenyl)pyridine, 

3-(2-methylene-3-butenyl)pyridine, 

15 	4-(2-methylene-3-butenyl)pyridine, 

2-(2-methylene-3-butenyl)quinoline, 

3-(2-methylene-3-butenyl)quinoline, 

4-(2-methylene-3-butenyl)quinoline. 

[0245] 

20 Compounds in which R82  is an ethylene group: 

-methyl-2-(3-methylene-4-pentenyl)imidazole, 

1-methyl-4-(3-methylene-4-pentenyl)imidazole, 

1-methyl-5-(3-methylene-4-pentenyl)imidazole, 

2-(3-methylene-4-pentenyl)pyridine, 

25 	3-(3-methylene-4-pentenyl)pyridine, 
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4- (3-methylene-4-pentenyl)pyridine, 

2- (3-methylene-4-pentenyl)quinoline, 

3- (3-methylene-4-pentenyl) quinoline, 

4- (3-methylene-4-pentenyl)quinoline. 

5 [.02461 

The compound represented by the formula (8) is preferably 

a compound represented by the formula (8-1) in which R81  in the 

formula 	(8-1) 	is a hydrogen atom. 

The compound represented by the formula (8) 	is more 

10 preferably a compound represented by the formula (8-1) in which 

R81  in the formula 	(8-1) 	is a hydrogen atom, m is 1, R82  is a 

phenylene group, and A8  is a substituted amino group represented 

by the formula 	(8-A) ; a compound represented by the formula 

(8-1) 	in which R81  in the formula 	(8-1) 	is a hydrogen atom, m 

15 is 1, R 	is a group represented by the formula (8-R) , and A8  

is a substituted amino group represented by the formula (8-A) ; 

and a compound represented by the formula 	(8-1) 	in which R 81 

in the formula 	(8-1) 	is a hydrogen atom, m is 0, 	and A8  is a 

nitrogen-containing heterocyclic group. 

20 The compound represented by the formula (8) is still more 

preferably a compound represented by the formula (8-1) in which 

R81  in the formula 	(8-1) 	is a hydrogen atom, 	m is 1, 	R82  is a 

para-phenylene group or a meta-phenylene group, and A8  is a 

polymethylene group in which R85  and R86  are bonded in the formula 

25 (8-A) ; a compound represented by the formula (8-1) in which R ef 
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in the formula (8-1) is a hydrogen atom, m is 1, R82  is a group 

represented by the formula 	(8-Ra) 	or 	(8-Rb) , 	and A8  is a 

polymethylene group in which R85  and R86  are bonded in the formula 

(8-A) ; and a compound represented by the formula (8-1) in which 

5 R81  in the formula (8-1) 	is a hydrogen atom, 	s is 0, and A8  is 

a nitrogen-containing aromatic heterocyclic group. 

[0247] 

10 

The compound represented by the formula (8) is 

particularly preferably 4- [2- (1-pyrrolidinyl) ethyl] styrene, 

3- [2- (1-pyrrolidinyl) ethyl] styrene, 	4- inylpyridine, 	or 

3-vinylpyridine. 

[0248] 

In the method (d) described above, examples of the 

compound preferred as a vinyl based monomer having a group 

15 represented by the formula (2) include compounds represented 

by the following formula 	(9) . 

A 9 E --fi 	 (9  ) 

wherein E9  represents a hydrocarbyl group having a polymerizable 

carbon-carbon double bond, and A9  represents a substituted silyl 

20 group. 

[0249] 

E 9  in the formula (9) represents a hydrocarbyl group 

having a polymerizable carbon-carbon double bond. 

[0250] 
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E 9 is preferably a group represented by the following 

formula 	(9-E) . 

[0251] 

R91 

(9-ER94 ~R92
n 

5 wherein n represents an integer of 0 or 1, 	R93 and R94 each 

independently represent a hydrogen atom or a hydrocarbyl group, 

and R92 represents a hydrocarbylene group. 

[0252] 

In the formula 	9 	, n represents an integer of 0 or 1. 

10 

15 

[0253] 

Examples of the hydrocarbyl group in R91, R93 and 

include alkyl groups, 	alkenyl groups, 	and aryl groups. 

Examples of the alkyl group include a methyl group, an ethyl 

group, a n-propyl group, an isopropyl group, a n-butyl group, 

a sec-butyl group, and a tert-butyl group, and preferably a 

methyl group. 	Examples of the alkenyl group include a vinyl 

group, an allyl group, a 1-propenyl group, and an isopropenyl 

group, and preferably a vinyl group. 	Examples of the aryl group 

include a phenyl group, a methyl phenyl group, and an ethyl 

20 phenyl group, 	and preferably a phenyl group. 

[0254] 

is preferably a hydrogen atom, a methyl group, a vinyl 
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group or a phenyl group, and more preferably a hydrogen atom. 

[0255] 

R93  and R99  are preferably a hydrogen atom. 

[0256] 

5 Examples of the hydrocarbylene group in R92  include an 

alkylene group, an arylene group, and a group in which an arylene 

group is bonded to an alkylene group. 

[0257] 

10 

Examples of the alkylene group include a methylene group, 

an ethylene group, and a trimethylene group, and preferably a 

methylene group or an ethylene group. 	Examples of the arylene 

group include a phenylene group, 	a naphthylene group, 	and a 

biphenylene group, and preferably a phenylene group. 

[0258] 

15 Examples of the group in which an arylene group is bonded 

to an alkylene group include groups in which a phenylene group 

is bonded to an alkylene group, groups in which a naphthylene 

group is bonded to an alkylene group, and groups in which a 

biphenylene group is bonded to an alkylene group, and preferably 

20 a group in which a phenylene group is bonded to an alkylene group. 

In addition, as the group in which an arylene group is 

bonded to an alkylene group, the carbon atom in the arylene group 

of the group is preferably bonded to the carbon atom to which 

of the formula 	(9-E) 	is bonded. 

25 [0259] 
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Examples of the group in which a phenylene group is bonded 

to an alkylene group 	(phenylene-alkylene group) 	include the 

groups represented by the following formula 	(9-R). 

[0260] 

(9-R) 
CH2)---- 

5 

wherein d represents an integer of 1 to 10, 	and (CH2)d  is a 

substituent on a benzene ring. 

[0261] 

Examples of the phenylene-alkylene group include a 

10 para-phenylene-alkylene group, a meta-phenylene-alkylene 

group, and an ortho-phenylene-alkylene group, depending on the 

position of the carbon atom on the benzene ring to which an 

alkylene group is bonded. 	In the case of the group represented 

by the formula (9-R), the para-phenylene-alkylene group is a 

15 group represented by the following formula 	(9-Ra), 	the 

meta-phenylene-alkylene group is a group represented by the 

following formula 	(9-Rb), and the ortho-phenylene-alkylene 

group is a group represented by the following formula (9-Rc). 
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(9-Ra) 

CH2  

CH2)-T- 

(9-Rb) 

(C2.i---- 

(9-Re) 

wherein e, f and g each represent an integer of 1 to 	10. 

[0262] 

The group in which an arylene group is bonded to an 

10 	alkylene group is preferably the group in which a phenylene 

group is bonded to an alkylene group (phenylene-alkylene group) , 

more preferably the group represented by the formula (9-Ra) or 

the group represented by the formula (9-Rb) , still more 

preferably a para-phenylene-methylene group (a group 

15 	represented by the formula 	(9-Ra) wherein e is 1) , a 
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meta-phenylene-methylene group (a group represented by the 

formula (9-Rb) wherein f is 1), a para-phenylene-ethylene group 

(a group represented by the formula (9-Ra) wherein e is 2) or 

a meta-phenylene-ethylene group (a group represented by the 

5 formula 	(9-Rb) 	wherein f is 2). 

[0263] 

Examples of the group represented by the formula (9-E) 

include the groups shown below. 

[0264] 

10 Examples of the group in which R91, R93  nd R 	are a hydrogen 

atom include a vinyl group, an allyl group, a 3-butenyl group, 

a 4-vinylphenyl group, a 3-vinylphenyl group, a 

(4-vinylphenyl)methyl group, a 2-(4-vinylphenyl)ethyl group, 

a (3-vinylphenyl)methyl group, and a 2-(3-vinylphenyl)ethyl 

15 group. 

[0265] 

Examples of the group in which R91  is a methyl group, and 

R93  and R94 are a hydrogen atom include an isopropenyl group, 

a 2-methyl-2-propenyl group, a 4-isopropenylphenyl group, 	a 

20 3-isopropenylphenyl group, 	a 	(4-isopropenylphenyl)methyl 

group, 	a 2- (4-isopropenylphenyl) ethyl group, 

(3-isopropenylphenyl) methyl group, 	and a 

2- (3-isopropenylphenyl) ethyl group. 

[0266] 

25 Examples of the group in which R91  is a vinyl group, and 
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R93  and R99  area hydrogen atom include a 1-methylene-2-propenyl 

group and a 2-methylene-3-butenyl group. 

[0267] 

Examples of the group in which R91  is a phenyl group, and 

5 R93  and R94  are a hydrogen atom include a 1-phenylethenyl group, 

a 2-phenyl-2-propenyl group, a 4-(1-phenylethenyl)phenyl 

group, 	a 3-(1-phenylethenyl)phenyl group, 	and a 

2-(1-phenylethenyl)phenyl group. 

[0268] 

10 Examples of the group in which R91  is a hydrogen group, 

R93  is a methyl group, and R 	is a hydrogen atom include a 

1-propenyl group, 	a 2-butenyl group, 	a 4-(1-propenyl)phenyl 

group, a 4-(1-propenyl)phenylmethyl group, 

2-[4-(1-propenyl)phenyl]ethyl group, a 3-(1-propenyl)phenyl 

15 group, 	a 3-(1-propenyl)phenylmethyl group, 	and a 

2-[3-(1-propenyl)phenyl]ethyl group. 

[0269] 

The group represented by the formula (9-E) is preferably 

a group represented by the following formula 	(9-E1). 

IT 

(9-E1) 
H 

20 

wherein R91  represents a hydrogen atom or a hydrocarbyl group, 

n represents an integer of 0 or 1, and R92  represents a 

112 



hydrocarbylene group. 

[0270] 

Among the preferred groups represented by the formula 

(9-El), examples of the group in which R91  
 is a hydrogen atom 

5 include a vinyl group, a 4-vinylphenyl group, a 3-vinylphenyl 

group, 	a 	(4-vinylphenyl)methyl group, 	a 

10 

2 	(4-vinylphenyl) ethyl group, a (3-vinylphenyl)methyl group, 

and a 2- (3-vinylphenyl) ethyl group. 	Examples of the group in 

which R91  is a methyl group include a 4-isopropenylphenyl group, 

a 3-isopropenylphenyl group, 	a 	(4-isopropenylphenyl)methyl 

group, a 2- (4-isopropenylphenyl) ethyl group, 	a 

(3-isopropenylphenyl)methyl group, and a 

2- (3-isopropenylphenyl) ethyl group. 	Examples of the group in 

which R91  is a vinyl group include a 1-methylene-2-propenyl 

15 group and a 2-methylene-3-butenyl group. 	Examples of the group 

in which R91  is a phenyl group include a 4- (1-phenylvinyl) phenyl 

group. 

[0271] 

The group represented by the formula (9-E1) is still more 

20 preferably a vinyl group. 

[0272] 

A9  in the formula 	(9) 	represents a substituted silyl 

group. 

[0273] 

25 Examples of the substituted silyl group represented by 
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A9  include groups in which a hydrogen atom bonded to a silicon 

atom of the silyl group is substituted with a substituent such 

as a hydrocarbyl group optionally having a substituent, 

hydrocarbyloxy group, or a substituted amino group. 	The 

5 substituents bonded to a silicon atom may be the same or 

different. 

[0274] 

The substituted silyl group represented by A9  is 

preferably a group represented by the following formula (9-A) . 

Xi  

(9-A 
Si---X2  

x3  
10 

wherein Xl, X2  and X3  each represent a substituted amino group, 

or a hydrocarbyl group optionally having a substituent, and at 

least one of X', X2  and X3  is a substituted amino group. 

[0275] 

15 Examples of the hydrocarbyl group optionally having a 

substituent in Xl, X2  and. X3  include hydrocarbyl groups and 

substituted hydrocarbyl groups, and examples of the substituted 

hydrocarbyl group include groups having at least one atom 

selected from an atomic group consisting of an oxygen atom, a 

20 nitrogen atom, and a silicon atom. 

[0276] 

Examples of the hydrocarbyl group in X1 	and X3  include 
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alkyl groups, alkenyl groups, alkynyl groups, aryl groups, and 

aralkyl groups. 	Examples of the alkyl group include a methyl 

group, an ethyl group, a n-propyl group, an isopropyl group, 

a n-butyl group, a sec-butyl group, and a tert-butyl group. 

5 Examples of the alkenyl group include a vinyl group, an allyl 

group, a 1-propenyl group, and an isopropenyl group. 	Examples 

of the alkynyl group include an ethynyl group and a 2-propynyl 

group. 	Examples of the aryl group include a phenyl group, a 

tolyl group, and a xylyl group. 	Examples of the aralkyl group 

10 include a benzyl group. 	The hydrocarbyl group is preferably 

an alkyl group. 

[0277] 

Examples of the substituted hydrocarbyl group having an 

oxygen atom in X1, X2  and X3  include alkoxy alkyl groups such 

15 as a methoxy methyl group, a methoxy ethyl group, an ethoxy 

methyl group, and an ethoxy ethyl group. 

[0278] 

Examples of the substituted hydrocarbyl group having a 

nitrogen atom in X1, X2 	nd X3  include dialkylaminoalkyl groups 

20 such as a dimethylaminomethyl group, a dimethylaminoethyl group, 

a diethylaminomethyl group, and a diethylaminoethyl group. 

[0279] 

Examples of the substituted hydrocarbyl group having a 

silicon atom in X1, X2 	nd X3  include trialkylsilylalkyl groups 

25 such as a trimethylsilylmethyl group, 	a trimethylsilylethyl 
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group, a triethylsilylmethyl group, and a triethylsilylethyl 

group. 

[0280] 

The number of carbon atoms of the hydrocarbyl group 

5 	optionally having a substituent in X, X2  and X3  is preferably 

1 to 10 and more preferably 1 to 4. 

[0281] 

The hydrocarbyl group optionally having a substituent in 

x', X2  and X3  is preferably an alkyl group or an alkoxy alkyl 

10 	group. 	The alkyl group is preferably an alkyl group having 1 

to 4 carbon atoms, and more preferably a methyl group or an ethyl 

group. 	The alkoxy alkyl group is preferably an alkoxy alkyl 

group having 2 to 4 carbon atoms. 

[0282] 

15 The substituted amino group in X', X2 	nd X3  is preferably 

a group represented by the following formula 	(9-X). 

/ 
9R 5  

-N 
R%  

wherein R95  and R96  each independently represent a hydrocarbyl 

group or a trihydrocarbylsilyl group, or R95  is bonded to R96, 

20 	and a group in which R95 	bonded to R96  represents a 

hydrocarbylene group optionally having, as a hetero atom, a 

nitrogen atom and/or an oxygen atom, or R95  and R96  are one group, 

and represent a group which bonds to a nitrogen atom with a double 
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bond. 

[0283] 

Examples of the hydrocarbyl group in R95  and R96  include 

alkyl groups, alkenyl groups, alkynyl groups, aryl groups, and 

5 aralkyl groups. 	Examples of the alkyl group include a methyl 

group, an ethyl group, a n-propyl group, an isopropyl group, 

a n-butyl group, 	a sec-butyl group, 	and a tert-butyl group. 

Examples of the alkenyl group include a vinyl group, an allyl 

group, a 1-propenyl group, and an isopropenyl group. 	Examples 

10 of the alkynyl group include an ethynyl group and a 2-propynyl 

group. 	Examples of the aryl group include a phenyl group, a 

tolyl group, and a xylyl group. 	Examples of the aralkyl group 

include a benzyl group. 

[0284] 

15 The number of carbon atoms of the hydrocarbyl group in 

R95  and R96  is preferably 1 to 10, more preferably 1 to 4, and 

still more preferably 1 to 2. 

[0285] 

The hydrocarbyl group in R95  and R96  is preferably an alkyl 

20 group, and more preferably a chain alkyl group. 

[0286] 

Examples of the trihydrocarbylsilyl group in R95  and R96  

include trialkylsilyl groups such as a trimethylsilyl group, 

a triethylsily1 group, a triisopropylsilyl group, and a 

25 tert-butyl-dimethylsilyl group. 
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[0287] 

The trihydrocarbylsilyl group in R95  and R96  is preferably 

a trialkylsilyl group having 3 to 9 carbon atoms, more 

preferably a trialkylsilyl group in which an alkyl group which 

5 is bonded to a silicon atom is an alkyl group having 1 to 3 carbon 

atoms, 	and still more preferably a trimethylsilyl group. 

[0288] 

10 

15 

In the group in which R95  is bonded to R96 , 	examples of 

the hydrocarbylene group optionally having, as a hetero atom, 

a nitrogen atom and/or an oxygen atom include a hydrocarbylene 

group, a hydrocarbylene group having a nitrogen atom, and a 

hydrocarbylene group having an oxygen atom. 	Examples of the 

hydrocarbylene group include alkylene groups such as an 

ethylene group, a trimethylene group, a tetramethylene group, 

a pentamethylene group, and a hexamethylene group. 	Examples 

of the hydrocarbylene group having a nitrogen atom include a 

group represented by -CH2 CH2-NH-CH2-, 	a group represented by 

-CH2CH2-N=CH-, a group represented by -CH=CH-N=CH-, and a group 

represented by -CH2 CH2-NH-CH2CH2-. 	Examples of the 

20 hydrocarbylene group having an oxygen atom include a group 

represented by -CH2CH2-O-CH2CH2-. 

[0289] 

25 

The number of carbon atoms of the group in which R95  is 

bonded to R96 	preferably 2 to 20, more preferably 2 to 7, 

and still more preferably 4 to 6. 
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[0290] 

In the group in which R95  is bonded to R96, the 

hydrocarbylene group optionally having, as a hetero atom, a 

nitrogen atom and/or an oxygen atom is preferably a 

5 hydrocarbylene group, more preferably an alkylene group, and 

still more preferably a polymethylene group. 

[0291] 

Examples of the one group in which R95  and R96  are bonded 

to a nitrogen atom with a double bond include hydrocarbylidene 

10 groups such as an ethylidene group, a propylidene group, a 

butylidene group, 	a 1-methylethylidene group, 	a 

1-methylpropylidene group, and a 1,3-dimethylbutylidene 

group. 

[0292] 

15 The number of carbon atoms of the one group in which R95  

and R96  are bonded to a nitrogen atom with a double bond is 

preferably 2 to 20 and more preferably 2 to 6. 

[0293] 

R95  and R96  are preferably an alkyl group or a trialkylsilyl 

20 group, or R95  is bonded to R96, and the group in which R95  is bonded 

to R96  is an alkylene group, and more preferably an alkyl group. 

[0294] 

Examples of the group represented by the formula (9-X)  

include acyclic amino groups and cyclic amino groups. 

25 [0295] 
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Examples of the group in which R95  and R96  are a hydroca.rbyl 

group in the formula (9-X) , of acyclic amino groups, include 

dialkyl amino groups such as a dimethylamino group, a 

diethylamino group, 	a di (n-propyl) amino group, 	a 

5 	di (isopropyl) amino group, 	a d' ( 	butyl) amino group, a 

di (sec-butyl) amino group, a di (tert-butyl) amino group, and an 

ethylmethylamino group. 	Examples of the group in which R95  and 

R96  are a trihydrocarbylsilyl group in the formula 	(9-X) , of 

acyclic amino groups, include bis (trialkylsily1) amino groups 

10 	such as a b s (trimethylsily1) amino group, 	and a 

bis (tert-butyl-dimethylsily1) amino group. 

[0296] 

Examples of the group in which R95  and R96  are one group, 

and are a group which bonds to a nitrogen atom with a double 

15 	bond in the formula (9-X) , of acyclic amino groups, include an 

ethylideneamino group, a 1-methylpropylideneamino group, a 

1, 3-dimethylbutylideneamino group, a 1-methylethylideneamino 

group, 	and a 4-N,N-dimethylaminobenzylideneamino group. 

[ 0297] 

20 Examples of the group in which R95  is bonded to R96  to form 

a hydrocarbylene group in the formula (9-X) , of cyclic amino 

groups, include a 1-aziridinyl group, a 1-azetidinyl group, 

1-pyrrolidinyl group, 	a 1-piperidinyl group, 	a 

1-hexamethyleneimino group, and a 1-pyrrolyl group. 	Examples 

25 	of the group in which R95  is bonded to R96  to form a hydrocarbylene 
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group having, as a hetero atom, a nitrogen atom, in the formula 

(9-X), of cyclic amino groups, include a 1-imidazolyl group, 

a 4,5-dihydro-l-imidazoly1 group, 	a 1-imidazolydinyl group, 

and a 1-piperazinyl group. 	Examples of the group in which R95  

5 is bonded to R96  to form a hydrocarbylene group having, as a 

hetero atom, an oxygen atom, 	in the formula 	(9-X), of cyclic 

amino groups, include a morpholino group. 

[0298] 

The substituted amino group in X', X2  and X3  is preferably 

10 an acyclic amino group, more preferably a dialkyl amino group, 

still more preferably a dimethylamino group, 	a diethylamino 

group, a di (n-propyl) amino group or a di (n-butyl) amino group, 

and particularly preferably a dimethylamino group or a 

diethylamino group. 

15 [0299] 

In the formula 	(9-A), at least one of X', X2  and X3  is a 

substituted amino group, preferably two or more of X', X2 	nd 

are a substituted amino group, and more preferably two of 

X2  and X3  are a substituted amino group. 

20 [0300] 

The compound represented by the formula (9) is preferably 

a compound represented by the following formula (9-1), in which 

E9  is a group represented by the formula (9-El) and A9  is a group 

represented by the formula 	(9-A). 
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1-1 	
9I  R 

)(1  > 
I 	9-1 H 	 Si 	X2 	( 	)  ( 

wherein R91  represents a hydrogen atom or a hydrocarbyl group, 

n represents an integer of 0 or 1, and R92 	epresents a 

hydrocarbylene group, X', X2  and X3  each represent a substituted 

5 amino group, or a hydrocarbyl group optionally having a 

substituent, and at least one of X1, X2  and X3  is a substituted 

amino group. 

[0301] 

10 

Examples of a compound in which R91  is a hydrogen atom, 

and one of X1, X2  and X3  is a dialkyl amino group, of the compounds 

represented by the formula (9-1), include the following 

compounds. 

[0302] 

Compounds in which n in the formula 	(9-1) 	is 0: 

15 

20 

(dimethylamino)dimethylvinylsilane, 

(diethylamino)dimethylvinylsilane, 

(dipropylamino)dimethylvinylsilane, 

(dibutylamino)dimethylvinylsilane, 

(dimethylamino)diethylvinylsilane, 

(diethylamino)diethylvinylsilane, 

(dipropylamino)diethylvinylsilane, 

(dibutylamino)diethylvinylsilane. 

122 



[0303] 

Compounds in which n in the formula 	(9-1) 	is 1: 

(dimethylamino)dimethyl(4-vinylphenyl)silane, 

(dimethylamino)dimethyl(3-vinylphenyl)silane, 

5 	(diethylamino)dimethyl(4-vinylphenyl)silane, 

(diethylamino)dimethyl(3-vinylphenyl)silane, 

(dipropylamino)dimethyl(4-vinylphenyl)silane, 

(dipropylamino)dimethyl(3-vinylphenyl)silane, 

(dibutylamino)dimethyl(4-vinylphenyl)silane, 

10 	(dibutylamino)dimethyl(3-vinylphenyl)silane, 

(dimethylamino)diethyl(4-vinylphenyl)silane, 

(dimethylamino)diethyl(3-vinylphenyl)silane, 

(diethylamino)diethyl(4-vinylphenyl)silane, 

(diethylamino)diethyl(3-vinylphenyl)silane, 

15 	(dipropylamino)diethyl(4-vinylphenyl)silane, 

(dipropylamino)diethyl(3-vinylphenyl)silane, 

(dibutylamino)diethyl(4-vinylphenyl)silane, 

(dibutylamino)diethyl(3-vinylphenyl)silane. 

[0304] 

20 Examples of a compound in which R91  is a hydrogen atom, 

and two of. X', X2  nd X3  are a dialkyl amino group, of the compounds 

represented by the formula (9-1), 	include the following 

compounds. 

[0305] 

25 Compounds in which n in the formula 	(9-1) 	is 0: 
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5 

bis(dimethylamino)methylvinylsilane, 

bis(diethylamino)methylvinylsilane, 

bis(dipropylamino)methylvinylsilane, 

bis(dibutylamino)methylvinylsilane, 

bis(dimethylamino)ethylvinylsilane, 

bis(diethylamino)ethylvinylsilane, 

bis(dipropylamino)ethylvinylsilane, 

bis(dibutylamino)ethylvinylsilane. 

[0306] 

10 

15 

20 

25 

Compounds in which n in the formula 	(9-1) 

bis(dimethylamino)methyl(4-vinylphenyl)silane, 

bis(dimethylamino)methyl(3-vinylphenyl)silane, 

bis(diethylamino)methyl(4-vinylphenyl)silane, 

bis(diethylamino)methyl(3-vinylphenyl)silane, 

bis(dipropylamino)methyl(4-vinylphenyl)silane, 

bis(dipropylamino)methyl(3-vinylphenyl)silane, 

bis(dibutylamino)methyl(4-vinylphenyl)silane, 

bis(dibutylamino)methyl(3-vinylphenyl)silane, 

bis(dimethylamino)ethyl(4-vinylphenyl)silane, 

bis(dimethylamino)ethyl(3-vinylphenyl)silane, 

bis(diethylamino)ethyl(4-vinylphenyl)silane, 

bis(diethylamino)ethyl(3-vinylphenyl)silane, 

bis(dipropylamino)ethyl(4-vinylphenyl)silane, 

bis(dipropylamino)ethyl(3-vinylphenyl)silane, 

bis(dibutylamino)ethyl(4-vinylphenyl)silane, 

is 1: 
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bis(dibutylamino)ethyl(3-vinylphenyl)silane. 

[0307] 

Examples of a compound in which R9' is a methyl group, 

and two of X', X2  and X3  are a dialkyl amino group, of the compounds 

5 

10 

15 

20 

represented by.the formula 	(9-1), 	include the following 

compounds. 

[0308] 

Compounds in which n in the formula 	(9-1) 	is 1: 

bis(dimethylamino)methyl(4-isopropenylphenyl)silane, 

bis(dimethylamino)methyl(3-isopropenylphenyl)silane, 

bis(diethylamino)methyl(4-isopropenylphenyl)silane, 

bis(diethylamino)methyl(3-isopropenylphenyl)silane, 

bis(dipropylamino)methyl(4-isopropenylphenyl)silane, 

bis(dipropylamino)methyl(3-isopropenylphenyl)silane, 

bis(dibutylamino)methyl(4-isopropenylphenyl)silane, 

bis(dibutylamino)methyl(3-isopropenylphenyl)silane, 

bis(dimethylamino)ethyl(4-isopropenylphenyl)silane, 

bis(dimethylamino)ethyl(3-isopropenylphenyl)silane, 

bis(diethylamino)ethyl(4-isopropenylphenyl)silane, 

bis(diethylamino)ethyl(3-isopropenylphenyl)silane, 

bis(dipropylamino)ethyl(4-isopropenylphenyl)silane, 

bis(dipropylamino)ethyl(3-isopropenylphenyl)silane, 

bis(dibutylamino)ethyl(4-isopropenylphenyl)silane, 

bis(dibutylamino)ethyl(3-isopropenylphenyl)silane. 

25 [0309] 
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Examples of a compound in which R9'  isa vinyl group, and 

two of X1, Xz  and X3  are a dialkyl amino group, of the compounds 

represented by the formula (9-1), include the following 

compounds. 

5 

10 

[0310] 

Compounds in which n in the formula 	(9-1) 	is 0: 

bis(dimethylamine)methyl(1-methylene-2-propenyl)silane, 

bis(diethylamino)methyl(1-methylene-2-propenyl)silane, 

bis(dipropylamino)methyl(1-methylene-2-propenyl)silane, 

bis(dibutylamino)methyl(1-methylene-2-propenyl)silane, 

bis(dimethylamino)ethyl(1-methylene-2-propenyl)silane, 

bis(diethylamino)ethyl(1-methylene-2-propenyl)silane, 

bis(dipropylamino)ethyl(1-methylene-2-propenyl)silane, 

bis(dibutylamino)ethyl(1-methylene-2-propenyl)silane. 

15 [0311] 

Examples of a compound in which R9' is a phenyl group, 

and two of Xl, Xz  and X3  are a dialkyl amino group, of the compounds 

represented by the formula (9-1), 	include the following 

compounds. 

20 [0312] 

Compounds in which n in the formula 	(9-1) 	is 1: 

1-{4-[bis(dimethylamino)methylsilyl]pheny11-1-phenylethylen 

e, 

1-{4-[bis(diethylamino)methylsilyl]phenyl}-1-phenylethylene 

25 
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1-{4-[bis(dipropylamino)methylsilyl]phenyll-1-phenylethylen 

1-{4-[bis(dibutylamino)methylsilyl]pheny11-1-phenylethylene 

5 1-{4-[bis(dimethylamino)ethylsilyl]pheny1}-1-phenylethylene 

, 

1-{4-[bis(diethylamino)ethylsilyl]pheny11-1-phenylethylene, 

1-{4-[bis(dipropylamino)ethylsilyl]pheny11-1-phenylethylene 

10 

, 

1-{4-[bis(dibutylamino)ethylsilyl]pheny1)-1-phenylethylene. 

[0313] 

Examples of a compound in which R91  is a hydrogen atom, 

and three of X1, X2  and X3  are a dialkyl amino group, of the 

compounds represented by the formula (9-1), include the 

15 following compounds. 

[0314] 

Compounds in which n in the formula 	(9-1) 	is 0: 

20 

tris(dimethylamino)vinylsilane, 

tris(diethylamino)vinylsilane, 

tris(dipropylamino)vinylsilane, 

tris(dibutylamino)vinylsilane. 

[0315] 

Compounds in which n in the formula 	(9-1) 	is 1: 

25 

tris(dimethylamino)(4-vinylphenyl)silane, 

tris(dimethylamino)(3-vinylphenyl)silane, 
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5 

tris(diethylamino)(4-vinylphenyl)silane, 

tris(diethylamino)(3-vinylphenyl)silane, 

tris(dipropylamino) (4-vinylphenyl)silane, 

tris(dipropylamino)(3-vinylphenyl)silane, 

tris(dibutylamino) (4-vinylphenyl)silane, 

tris(dibutylamino)(3-vinylphenyl)silane. 

[0316] 

Examples of a compound in which R91  is a methyl group, 

and three of X1, X2  and X3  are a dialkyl amino group, of the 

10 compounds represented by the formula 	(9-1), 	include the 

following compounds. 

[0317] 

Compounds in which n in the formula 	(9-1) 	is 1: 

15 

20 

tris(dimethylamino) (4-isopropenylphenyl)silane, 

tris(dimethylamino)(3-isopropenylphenyl)silane, 

tris(diethylamino) (4-isopropenylphenyl)silane, 

tris(diethylamino)(3-isopropenylphenyl)silane, 

tris(dipropylamino)(4-isopropenylphenyl)silane, 

tris(dipropylamino)(3-isopropenylphenyl)silane, 

tris(dibutylamino) (4-isopropenylphenyl)silane, 

tris(dibutylamino)(3-isopropenylphenyl)silane. 

[0318] 

Examples of a compound in which R91  is a vinyl group, and 

three of Xl , X2  and X3  are a dialkyl amino group, of the compounds 

25 represented by the formula 	(9-1), 	include the following 
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compounds. 

[0319] 

Compounds in which n in the formula 	(9-1) 	is 0: 

5 

tris(dimethylamino) (1-methylene-2-propenyl)silane, 

tris(diethylamino)(1-methylene-2-propenyl)silane, 

tris(dipropylamino)(1-methylene-2-propenyl)silane, 

tris(dibutylamino) (1-methylene-2-propenyl)silane. 

[0320] 

10 

Examples of a compound in which R91  is a phenyl group, 

and three of X1, X2  and X3  are a dialkyl amino group, of the 

compounds represented by the formula 	(9-1), 	include the 

following compounds. 

[0321] 

Compounds in which n in the formula 	(9-1) 	is 1: 

15 1-[4-tris(dimethylamino)silylpheny1]-1-phenylethylene, 

1-[4-tris(diethylamino)silylpheny1]-1-phenylethylene, 

1-[4-tris(di-n-propylamino)methylsilylpheny1]-1-phenYlethY1 

ene, 

1-[4-tris(di-n-butylamino)methylsilylpheny1]-1-phenylethYle 

20 ne. 

[0322] 

The compound represented by the formula (9) is preferably 

a compound represented by the formula (9-1), more preferably 

a compound represented by the formula (9-1), and two of X1, X2  

25 and X3  in the formula (9-1) are a dialkyl amino group, and still 

129 



more preferably a compound represented by the formula (9-1),in 

which two of X1, X2  and X3  in the formula (9-1) are a dialkyl 

amino group, 	is a hydrogen atom, and n is 0. 

The compound represented by the formula (9) is 

5 particularly preferably a compound represented by the formula 

(9-1), 	in which two of X1, X2  and X3  in the formula 	(9-1) 	are 

a dialkyl amino group, the remaining one is an alkyl group or 

an alkoxy alkyl group, 	R9' is a hydrogen atom, 	and n is 0. 

[0323] 

10 

15 

The compound represented by the formula 	(9) 	is most 

preferably 

bis(dimethylamino)methylvinylsilane, 

bis(diethylamino)methylvinylsilane, 

b s(dipropylamino)methylvinylsilane, 

bis(dibutylamino)methylvinylsilane, 

b s(dimethylamino)ethylvinylsilane, 

bis(diethylamino)ethylvinylsilane, 

bis(dipropylamino)ethylvinylsilane, 	or 

bis(dibutylamino)ethylvinylsilane. 

20 [0324] 

The conjugated diene based polymer of the present 

invention preferably contains a monomer unit derived from an 

aromatic vinyl compound, in addition to a monomer unit derived 

from at least one conjugated diene selected from 1,3-butadiene 

25 and isoprene and a monomer unit derived from a compound 
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represented by Formula 	(1) . 	Examples of the aromatic vinyl 

compound include styrene, oc-methylstyrene, 	vinyltoluene, 

vinylnaphthalene, divinylbenzene, trivinylbenzene and 

divinylnaphthalene, 	and preferably styrene. 

5 [0325] 

The content of the monomer unit derived from an aromatic 

vinyl compound is preferably not less than 9% by weight and more 

preferably not less than 14% by weight where the total amount 

of the monomer units contained in the conjugated diene based 

10 polymer is taken as 100% by weight. 	In addition, in order to 

enhance fuel cost-saving properties, the content of the monomer 

unit derived from an aromatic vinyl compound is preferably not 

more than 50% by weight and more preferably not more than 45% 

by weight. 

15 [0326] 

When the conjugated diene based polymer of the present 

invention contains the monomer unit derived from an aromatic 

vinyl compound, the total amount of the content of the monomer 

unit derived from 1, 3-butadiene, the content of the monomer unit 

20 derived from isoprene and the content of the monomer unit 

derived from an aromatic vinyl compound is preferably not more 

than 99.99% by weight, more preferably not more than 99.98% by 

weight, still more preferably not more than 99.96% by weight, 

yet still more preferably not more than 99.95% by weight, and 

25 particularly preferably not more than 99.8% by weight where the 
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5 

total amount of the monomer units contained in the conjugated 

diene based polymer is taken as 100% by weight, and is preferably 

not less than 70% by weight, more preferably not less than 80% 

by weight, still more preferably not less than 90% by weight, 

yet still more preferably not less than 93% by weight, 

particularly preferably not less than 95% by weight, more 

particularly preferably not less than 96% by weight and most 

preferably not less than 96.5% by weight. 

[0327] 

10 When the conjugated diene based polymer of the present 

invention contains the monomer unit derived from an aromatic 

vinyl compound, in order to enhance fuel cost-saving properties, 

the weight ratio of the total amount of the amount of the monomer 

unit derived from 1,3-butadiene and the amount of the monomer 

15 unit derived from isoprene to the amount of the monomer unit 

derived from an aromatic vinyl compound ((the amount of the 

monomer unit derived from 1,3-butadiene + the amount of the 

monomer unit derived from isoprene) /the amount of the monomer 

unit derived from an aromatic vinyl compound) is preferably not 

20 less than 50/50 and more preferably not less than 55/45. 	Also, 

in order to enhance grip properties and tensile strength, it 

is preferably not more than 90/10 and more preferably not more 

than 85/15. 

[0328] 

25 In order to enhance tensile strength at break, the Mooney 
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viscosity (14L1 + 4 ) of the conjugated diene based polymer in the 

present invention is preferably not less than 10 and more 

preferably not less than 20. 	Also, in order to enhance 

processability, 	it is preferably not more than 200 and more 

5 preferably not more than 150. 	The Mooney viscosity (MLI+ 4 ) is 

measured at 100 °C according to JIS K6300 (1994) . 	(M1,1+4 ) has 

the following meaning. 

M: Mooney viscosity 

L: using a large rotor 

10 1+4: a value measured after heating a sample for one minute, 

and then rotating a rotor at 2 rpm for 4 minutes 

[0329] 

In order to enhance fuel cost-saving properties, 	the 

vinyl bond content in the conjugated diene based polymer in the 

15 present invention is preferably not more than 80% by mole and 

more preferably not more than 70% by mole where the content of 

the monomer units derived from the conjugated diene is taken 

as 100% by mole. 	Also, 	in order to enhance grip properties, 

it is preferably not less than 10% by mole, more preferably not 

20 less than 15% by mole, still more preferably not less than 20% 

by mole, and particularly preferably not less than 40% by mole. 

The vinyl bond content is obtained by absorption intensity at 

around 910 c 	, which is an absorption peak of a vinyl group, 

using infrared spectrometry. 

25 [0330] 
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The suitable method for producing a conjugated diene 

based polymer of the present invention is a method comprising 

polymerizing monomer components in a hydrocarbon solvent with 

an alkali metal catalyst, wherein the monomer components 

5 comprise at least one conjugated diene selected from 

1,3-butadiene and isoprene and a compound represented by 

Formula 	(1). 

[0331] 

Examples of the alkali metal catalyst include an alkali 

10 

15 

20 

25 

metal, an organic alkali metal compound, a complex of an alkali 

metal and a polar compound, and an oligomer having an alkali 

metal. 	Examples of the alkali metal include lithium, sodium 

potassium, 	rubidium, 	and cesium. 	Examples of the organic 

alkali metal compound include ethyllithium, n-propyllithium, 

iso-propyllithium, n-butyllithium, 	sec-butyllithium, 

t-octyllithium, n-decyllithium, phenyllithium,  

2-naphthyllithium, 	2-butylphenyllithium, 

4-phenylbutyllithium, cyclohexyllithium, 

4-cyclopentyllithium, dimethylaminopropyllithium, 

diethylaminopropyllithium,  

t-butyldimethylsilyloxypropyllithium, 

N-morpholinopropyllithium, lithium hexamethyleneimide, 

lithium pyrrolidide, 	lithium piperidide, 	lithium 

heptamethyleneimide, lithium dodecamethyleneimide, 

1,4-dilithio-2-butene, 	sodium naphthalenide, 	sodium 
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biphenylide, and potassium naphthalenide. 	In addition, 

examples of the complex of an alkali metal and a polar compound 

include a potassium-tetrahydrofuran complex, 	and a 

potassium-diethoxyethane complex, and examples of the oligomer 

5 having an alkali metal include a sodium salt of an 

a-methylstyrene tetramer. 	The alkali metal catalyst is 

preferably an organic lithium compound or an organic sodium 

compound, and more preferably an organic lithium compound 

having 2 to 20 carbon atoms or an organic sodium compound having 

10 2 to 20 carbon atoms. 

[0332] 

The hydrocarbon solvent is a solvent which does not 

inactivate an alkali metal catalyst. 	Examples of the 

hydrocarbon solvent include aliphatic hydrocarbons such as 

15 propane, butane, 	isobutane, pentane, 	isopentane and hexane, 

aromatic hydrocarbons such as benzene, toluene, xylene and 

ethylbenzene, and alicyclic hydrocarbons such as cyclopentane 

and cyclohexane. 	Two or more of these may be concurrently used. 

[0333] 

20 The polymerization of the monomer components may be 

carried out in the presence of an agent for regulating the vinyl 

bond content of the monomer unit derived from at least one 

conjugated diene selected from 1,3-butadiene and isoprene and 

an agent for regulating distribution of the monomer unit derived 

25 from at least one conjugated diene selected from 1,3-butadiene 
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and isoprene and the monomer unit derived from a compound 

represented by Formula (1) and other compounds in the conjugated 

diene based polymer chain (hereinafter, collectively referred 

to as "regulators"). 	Examples of the regulator include ether 

5 compounds, tertiary amines, phosphine compounds, alkali metal 

alkoxides, and alkali metal phenoxides. 	Examples of the ether 

compound include cyclic ethers such as tetrahydrofuran, 

tetrahydropyran and 1,4-dioxane 	aliphatic monoethers such as 

diethyl ether and dibutyl ether; aliphatic diethers such as 

10 ethylene glycol dimethyl ether, ethylene glycol diethyl ether 

and ethylene glycol dibutyl ether; aliphatic triethers such as 

diethylene glycol diethyl ether and diethylene glycol dibutyl 

ether; and aromatic ethers such as diphenyl ether and anisole. 

15 

Examples of the tertiary amine include triethylamine, 

tripropylamine, tributylamine, 

1,1,2,2-tetramethylethylenediamine, 	N,N-diethylaniline, 

pyridine, and quinoline. 	Examples of the phosphine compound 

include trimethylphosphine, triethylphosphine, and 

triphenylphosphine. 	Examples of the alkali metal alkoxide 

20 include sodium-tert-butoxide, potassium-tert-butoxide, 

sodium-tert-pentoxide, 	and potassium-tert-pentoxide. 

Examples of the alkali metal phenoxide include sodium phenoxide 

and potassium phenoxide. 	Two or more of these may be 

concurrently used. 

25 [0334] 
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The amount of the alkali metal catalyst supplied to the 

polymerization of the monomer components is preferably 0.01 

mmol to 15 mmol, per 100 g of the monomer components supplied 

in the polymerization. 

5 [0335] 

Among the monomer components, in order to enhance fuel 

cost-saving properties, the amount of the compound represented 

by Formula (1) supplied to the polymerization is preferably not 

less than 0.01% by weight, more preferably not less than 0.02% 

10 by weight, 	and still more preferably not less than 0.05% by 

weight where the total supplied amount of the monomer components 

is taken as 100% by weight. 	In order to enhance economical 

properties and to enhance grip properties, it is preferably not 

more than 30% by weight, more preferably not more than 10% by 

15 weight, and still more preferably not more than 5% by weight. 

[0336] 

When the polymerization of the monomer components is 

carried out in a solution using hydrocarbon as a solvent, the 

concentration of the monomer components in the solution is 

20 usually 1% by weight to 50% by weight and preferably 5% by weight 

to 30% by weight. 

[0337] 

The polymerization temperature is usually 25°C to 100°C,  

preferably 35°C to 90°C, and still more preferably 50°C to 80°C. 

25 The polymerization time is usually 10 minutes to 5 hours. 
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[033B] 

In the method for producing a conjugated diene based 

polymer of the present invention, 	from the polymerization 

initiation of monomer components to the recovery of a polymer 

5 described 	below, a coupling agent may be added to a 

polymerization solution. 	Examples of the coupling agent 

include compounds represented by the following formula (10). 

R1ooamiL4-a 	(10) 

wherein Rloo represents an alkyl group, an alkenyl group, a 

10 cycloalkenyl group or an aryl group, M1  represents a silicon 

atom or a tin atom, L represents a halogen atom or a 

hydrocarbyloxy group, and a represents an integer of 0 to 2. 

[0339] 

Examples of the coupling agent represented by the formula 

15 

20 

(10) 	include silicon tetrachloride, methyltrichlorosilane, 

dimethyldichlorosilane, tin tetrachloride, 

methyltrichlorotin, dimethyldichlorotin, tetramethoxysilane, 

methyltrimethoxysilane, dimethoxydimethylsilane, 

methyltriethoxysilane, 	ethyltrimethoxysilane, 

dimethoxydiethylsilane, diethoxydimethylsilane, 

tetraethoxysilane, 	ethyltriethoxysilane, and 

diethoxydiethylsilane. 

[0340] 

When a coupling agent is added to a polymerization 

25 solution, in order to enhance the processability of the 
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conjugated diene based polymer, the amount of the coupling agent 

added is preferably not less than 0.03 mei and more preferably 

not less than 0.05 mol, per mole of an alkali metal derived from 

an alkali metal catalyst. 	Also, 	in order to enhance fuel 

5 cost-saving properties, it is preferably not more than 0.4 mol 

and more preferably not more than 0.3 mol. 

[0341] 

In the method for producing a conjugated diene based 

polymer of the present invention, before recovering a polymer 

10 from the solution in which the polymer is dissolved, the 

unreacted active terminal of the polymer may be treated with 

an alcohol such as methanol, isopropyl alcohol, or 1-butanol. 

[0342] 

A known method can be used as a method for recovering a 

15 conjugated diene based polymer from the solution in which the 

polymer is dissolved, and examples include (e) a method of 

adding a coagulant to the solution containing a conjugated diene 

based polymer, and (f) a method of blowing steam to the solution 

containing a conjugated diene based polymer. 	The recovered 

20 conjugated diene based polymer may be dried with a known dryer 

such as a band dryer or an extrusion-type dryer. 

[0343] 

Other polymer components, additives and the like maybe 

incorporated into the conjugated diene based polymer of the 

25 present invention to prepare a polymer composition. 
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[0344] 

5 

Examples of the other polymer components include 

styrene-butadiene copolymer rubbers, polybutadiene rubbers, 

butadiene-isoprene copolymer rubbers, and butyl rubbers. 	Also, 

examples thereof also include natural rubbers, 

ethylene-propylene copolymers, and ethylene-octene copolymers. 

Two or more of these polymer components may be concurrently 

used. 

[0345] 

10 When other polymer components are incorporated into the 

conjugated diene based polymer of the present invention, 	in 

order to enhance fuel cost-saving properties 	the content of 

the conjugated diene based polymer of the present invention in 

the polymer composition is preferably not less than 10% by 

15 weight and not more than 99.9% by weight, and more preferably 

not less than 20% by weight and not more than 90% by weight, 

based on 100% by weight of the total amount of the polymer 

components in the polymer composition (including the conjugated 

diene based polymer). 

20 [0346] 

As the additives, known additives can be used, and 

examples thereof include vulcanization agents such as sulfur; 

vulcanization accelerators such as thiazole based 

vulcanization accelerators, thiuram based vulcanization 

25 accelerators, 	sulfenamide based vulcanization accelerators 
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and guanidine based vulcanization accelerators; vulcanization 

activating agents such as stearic acid and zinc oxide; organic 

peroxides such as dicumyl peroxide and ditertiarybutyl 

peroxide; reinforcing agents such as silica and carbon black; 

5 fillers such as calcium carbonate, 	talc, 	alumina, 	clay, 

aluminum hydroxide and mica; silane coupling agents; extender 

oils; processing aids; 	anti-aging agents; 	and lubricants. 

[0347] 

10 

Examples of the sulfur include powdery sulfur, 

precipitated sulfur, colloidal sulfur, insoluble sulfur, and 

high dispersing sulfur. 	The amount of the sulfur incorporated 

is preferably 0.1 to 15 parts by weight, more preferably 0.3 

to 10 parts by weight, and still more preferably 0.5 to 5 parts 

by weight, based on 100 parts by weight of the polymer 

15 components. 

[0348] 

Examples of the vulcanization accelerator include 

thiazole based vulcanization accelerators such as 

2-mercaptobenzothiazole, 	dibenzothiazyl disulfide and 

20 N-cyclohexy1-2-benzothiazyl sulfenamide; thiuram based 

vulcanization accelerators such as tetramethylthiuram 

monosulfide and tetramethylthiuram disulfide; sulfenamide 

based vulcanization accelerators such as 

25 

N-cyclohexyl-2-benzothiazole sulfenamide, 

N-tert-butyl-2-benzothiazole sulfenamide, 
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N-oxymethylene-2-benzothiazole sulfenamide, 

N-oxyethylene-2-benzothiazole sulfenamide and 

5 

N,N' -diisopropy1-2-benzothiazole sulfenamide; and guanidine 

based vulcanization accelerators such as diphenylguanidine, 

diorthotolylguanidine and orthotolylbiguanidine. 	The amount 

of the vulcanization accelerator incorporated is preferably 0.1 

to 5 parts by weight and more preferably 0.2 to 3 parts by weight, 

based on 100 parts by weight of the polymer components. 

[0349] 

10 Examples of the reinforcing agent include silica, calcium 

silicate, 	aluminum silicate, 	and carbon black. 

[0350] 

Examples of the silica include dry silica 	(anhydrous 

silicic acid) , 	wet silica 	(hydrous silicic acid), 	colloidal 

15 silica, and precipitated silica. 	One or more of these can be 

used. 	The BET specific surface area of the silica is preferably 

20 

50 to 250 m2/g. 	The BET specific surface area is measured 

according to ASTM D1993-03. 	As commercially available 

products, trade name Ultrasil VN3-G manufactured by Degussa, 

trade names VN3, AQ, ER and RS-150 manufactured by Tosoh Silica 

Corporation, trade name Zeosil 1115 MP and 1165 MP manufactured 

by Rhodia, 	and the like, 	can be used. 

[0351] 

25 

Examples of the carbon black include furnace black, 

acetylene black, thermal black, channel black, and graphite. 
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Examples of the carbon black include channel carbon blacks such 

as EPC, MPC and CC; furnace carbon blacks such as SAF, ISAF, 

HAF, MAF, FEF, SRF, GPF, APF, FF, CF, SCF and ECF; thermal carbon 

black such as FT and MT; and acetylene carbon black. 	Two or 

5 more of these may be concurrently used. 

[0352] 

The nitrogen adsorption specific surface area (N2SA) of 

carbon black is preferably 5 to 200 m2 /g, 	and the dibutyl 

phthalate (DBP) absorption amount of carbon black is preferably 

10 5 to 300 m1/100 g. 	The nitrogen adsorption specific surface 

area is measured according to ASTM D4820-93, and the DBP 

absorption amount is measured according to ASTM D2414-93. 	As 

commercially available products, trade name Dia Black N339 

manufactured by Mitsubishi Chemical Corporation, trade names 

15 Seast 6, Seast 7HM and Seast KH manufactured by Tokai Carbon 

Co., Ltd., trade names CK 3 and Special Black 4A manufactured 

by Degussa, and the like, can be used. 

[0353] 

In order to enhance abrasion resistance and strength, the 

20 content of the reinforcing agent in the polymer composition is 

preferably not less than 10 parts by weight, more preferably 

not less than 20 parts by weight, and still more preferably not 

less than 30 parts by weight, based on 100 parts by weight of 

the conjugated diene based polymer of the present invention. 

25 Also, in order to enhance reinforcing properties, it is 
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preferably not more than 150 parts by weight, more preferably 

not more than 120 parts by weight, and still more preferably 

not more than 100 parts by weight. 

[0354] 

5 Examples of the silane coupling agent include 

vinyltrichlorosilane, vinyltriethoxysilane, 

vinyltris(p-methoxyethoxy)silane, 

-(3,4-epoxycyclohexyl)ethyltrimethoxysilane, 

y-glycidoxypropyltrimethoxysilane, 

10 	y-methacryloxypropyltrimethoxysilane, 

N-(0-aminoethyl)-y-aminopropyltrimethoxysilane, 

N-(R-aminoethyl)-y-aminopropylmethyldimethoxysilane, 

N-phenyl-y-aminopropyltrimethoxysilane, 

y-chloropropyltrimethoxysilane, 

15 	y-mercaptopropyltrimethoxysilane, 

y-aminopropyltriethoxysilane, 

bis(3-(triethoxysilyl)propyl)disulfide, 

b s(3-(triethoxysilyl)propyl)tetrasulfide, 

y-trimethoxysilylpropyldimethylthiocarbamyl tetrasulfide, 

20 	and y-trimethoxysilylpropylbenzothiazyl tetrasulfide. 	One or 

more of these are used. 	As commercially available products, 

trade names Si69 and Si75 manufactured by Degussa, and the like,  

can be used. 

[0355] 

25 The amount of the silane coupling agent incorporated is 
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preferably 1 to 20 parts by weight, more preferably 2 to 15 parts 

by weight, and still more preferably 5 to 10 parts by weight, 

based on 100 parts by weight of the silica. 

[0356] 

5 Examples of the extender oil include aromatic mineral 

oils (viscosity specific gravity constant (V.G.C. value) 0.900 

to 1.049) , naphthene mineral oils (V. G. C. value 0.850 to 0.899), 

and paraffin mineral oils (V.G.C. value 0.790 to 0.849) . 	The 

polycyclic aromatic content of the extender oil is preferably 

10 less than 3% by weight, and more preferably less than 1% by weight. 

The polycyclic aromatic content is measured according to the 

United Kingdom Petroleum Industry Association 346/92 method. 

In addition, the content of aromatic compound (CA) of the 

extender oil is preferably not less than 20% by weight. 	One 

15 or more of these extender oils are used. 

[0357] 

20 

As a method of incorporating the other polymer components 

or additives into the conjugated diene based polymer of the 

present invention to produce a polymer composition, for example, 

a method of kneading each component with a known mixer such as 

a roll mixer or Bambury mixer can be used. 

[0358] 

As kneading conditions, when additives other than the 

vulcanizing agent and the vulcanization accelerator are 

25 incorporated, the kneading temperature is usually 50°C to 200°C 
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and preferably 80°C to 190°C, and the kneading time is usually 

30 seconds to 30 minutes and preferably 1 minute to 30 minutes. 

When the vulcanizing agent and the vulcanization accelerator 

are incorporated, the kneading temperature is usually 100°C or 

5 lower, and preferably room temperature to 80°C. 	In addition, 

a composition in which the vulcanizing agent and the 

vulcanization accelerator are incorporated is usually 

subjected to vulcanization treatment such as press 

vulcanization for use. 	The vulcanization temperature is 

10 usually 120°C to 200°C, 	and preferably 140°C to 180°C. 

[0359] 

The polymer composition ...of the present invention is 

excellent in fuel cost-saving properties and is suitably used 

in tires. 

15 [Examples] 

[0360] 

The evaluation of physical properties was performed by 

the following methods. 

[0361] 

20 1. Mooney Viscosity 	(ML1+4) 

The Mooney viscosity of a polymer was measured at 100°C 

according to JIS K6300 	(1994). 

[0362] 

2. Vinyl Bond Content 	(Unit: 	%) 

25 The vinyl bond content of a monomer derived from 
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1,3-butadiene in the polymer was obtained by absorption 

intensity at around 910 cm-1, which is an absorption peak of 

a vinyl group, 	using infrared spectrometry. 

[0363] 

5 3. Content of Monomer Unit Derived from Styrene (Unit: o by 

weight) 

The content of a monomer unit derived from styrene in the 

polymer was obtained from a refractive index, according to JIS 

K6383 	(1995). 

10 [0364] 

4. Fuel Cost-Saving Properties 

From a vulcanized sheet, a strip-like test piece having 

a width of 1 mm or 2 mm and a length of 40 mm was punched out 

and subjected to a test. 	For measurements, loss tangent (tan 

15 ö (70°C)) of a test piece at a temperature of 70°C was measured 

with a viscoelasticity measuring apparatus 	(manufactured by 

Ueshima Seisakusho Co., Ltd.) under the conditions of a strain 

of 1% and a frequency of 10 Hz. 	As this value is smaller, fuel 

cost-saving properties are more excellent. 

20 [0365] 

5. Reaction Rate of 

1-Methyl-4-Isopropyl-1,3-Cyclohexadiene 	(Unit: 	%) 

The amount of unreacted 

1-methyl-4-isopropyl-1,3-cyclohexadiene present in the 

25 polymerization solution after polymerization reaction was 
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determined with a gas chromatograph-mass spectrometer (GC-MS). 

The reaction amount was obtained from the difference between 

the charge amount of 

1-methyl-4-isopropyl-1,3-cyclohexadiene and the measured 

5 value. 	The reaction rate was calculated from the ratio of the 

reaction amount to the charge amount. 

[0366] 

[Example 	1] 

10 

A polymerization reactor made of stainless steel, 

equipped with a stirring device and having an internal volume 

of 5 liters was washed and dried, and the gas inside the 

polymerization reactor was replaced with dry nitrogen. 	Then, 

2.55 kg of industrial hexane 	(density 680 	kg/m3 ), 	137 g of 

1,3-butadiene, 	43 g of styrene, 	3.8 g of 

15 1-methyl-4-isopropyl-1,3-cyclohexadiene, 	1.5 ml of 

tetrahydrofuran and 1 . 0 ml of ethylene glycol diethyl ether were 

supplied to the polymerization reactor. 	Next, 	in order to 

detoxify impurities causing inactivation of a polymerization 

initiator in advance, a small amount of a solution of 

20 n-butyllithium in hexane as a scavenger was supplied to the 

polymerization reactor. 

[0367] 

A solution of n-butyllithium in n-hexane 	(content of 

n-butyllithium: 2.75 mmol) was supplied to the polymerization 

25 reactor, 	thereby a polymerization reaction was initiated. 
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[0368] 

The polymerization reaction was performed for 2.5 hours. 

During the polymerization reaction, 	the temperature in the 

polymerization reactor was adjusted to 65°C, and the solution 

5 in the polymerization reactor was stirred at a stirring rate 

of 130 rpm, while 205 g of 1,3-butadiene and 65 g of styrene 

were continuously supplied into the polymerization reactor. 

The supplied amount of 

10 

1-methyl-4-isopropyl-1,3-cyclohexadiene was 0.84% by weight, 

based on 100% by weight of the total amount of the monomers 

supplied to the polymerization reactor. 

[0369] 

To the polymerization reactor was supplied 5 ml of a 

solution containing 0.2 ml of methanol in hexane, and the 

15 polymerization solution was stirred for 5 minutes. 

[0370] 

To the polymerization reactor were supplied 1.8 g of 

2-tert-butyl-6-(3-tert-butyl-2-hydroxy-5-methylbenzyl)-4-me 

thylphenyl acrylate (trade name: Sumilizer GM, manufactured by 

20 Sumitomo Chemical Co., 	Ltd.) 	and 0.9 g of 

pentaerythrityltetrakis(3-laurylthiopropionate) (trade name: 

Sumilizer TP-D, manufactured by Sumitomo Chemical Co., Ltd.), 

then the polymer solution was evaporated at ordinary 

temperature for 24 hours, and further dried at 55°C for 12 hours 

25 under reduced pressure to obtain a polymer. 	The evaluation 
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results of the polymer are shown in Table 1, and the reaction 

rate of 1-methyl-4-isopropyl-1,3-cyclohexadiene is shown in 

Table 2. 	The amount of the monomer unit derived from styrene 

in the polymer was 24% by weight, the amount of the monomer unit 

5 derived from 1-methyl-4-isopropyl-1,3-cyclohexadiene was 

0.70% by weight, and the residual monomer unit was a monomer 

unit derived from 1,3-butadiene. 

[0371] 

One hundred parts by weight of the resulting polymer, 50 

10 parts by weight of carbon black (trade name: Diablack N339, 

manufactured by Mitsubishi Chemical Corporation), 10 parts by 

weight of an extender oil 	(trade name: 	JOMO Process NC-140, 

manufactured by Japan Energy Corporation), 1 part by weight of 

an anti-aging agent (trade name: Antigen 3C, manufactured by 

15 Sumitomo Chemical Co. , Ltd.), 1. 5 parts by weight of a wax (trade 

name: Sunnoc N, manufactured by Ouchi Shinko Chemical 

Industrial Co., Ltd.), 4 parts by weight of zinc oxide, 2 parts 

by weight of stearic acid, 1 part by weight of a vulcanization 

accelerator (trade name: Soxinol CZ, manufactured by Sumitomo 

20 Chemical Co., 	Ltd.), 	and 1.75 parts by weight of sulfur were 

kneaded with Laboplast Mill to prepare a polymer composition. 

The resulting polymer composition was molded into a sheet with 

a 6 inch roll, and the sheet was heated at 160°C for 45 minutes 

for vulcanization to prepare a vulcanized sheet. 	The 

25 evaluation results of physical properties of the vulcanized 
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sheet are shown in Table 1. 

[0372] 

[Example 2] 

A polymerization reactor made of stainless steel, 

5 	equipped with a stirring device and having an internal volume 

of 20 liters was washed and dried, 	and the gas inside the 

polymerization reactor was replaced with dry nitrogen. 	Then, 

10.2 kg of industrial hexane 	(density 680 kg/m3), 	608 g of 

1,3-butadiene, 	192 g of styrene, 	20 g of 

10 	1-methyl-4-isopropyl-1,3-cyclohexadiene, 	6.1 ml of 

tetrahydrofuran and 4 . 4 ml of ethylene glycol diethyl ether were 

supplied to the polymerization reactor. 	Next, in order to 

detoxify impurities causing inactivation of a polymerization 

initiator in advance, a small amount of a solution of 

15 	n-butyllithium in hexane as a scavenger was supplied to the 

polymerization reactor. 

[0373] 

13.8 mmol of a compound obtained by reacting 

3- (dimethylamino) propyllithium with isoprene [reaction ratio: 

20 	isoprene/3-(dimethylamino)propyllithium = 2/1 (molar ratio), 

trade name: AI-200CE2 (cyclohexane solution), manufactured by 

FMC] 	as a cyclohexane solution was supplied to the 

polymerization reactor as an alkali metal catalyst, thereby a 

polymerization reaction was initiated. 

25 	[0374] 
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The polymerization reaction was performed for 3 hours. 

During the polymerization reaction, 	the temperature in the 

polymerization reactor was adjusted to 65°C, and the solution 

in the polymerization reactor was stirred at a stirring rate 

5 of 130 rpm, while 912 g of 1,3-butadiene and 288 g of styrene 

were continuously supplied into the polymerization reactor. 

The supplied amount of 

1-methyl-4-isopropyl-1,3-cyclohexadiene was 0.99% by weight, 

based on 100% by weight of the total amount of the monomers 

10 supplied to the polymerization reactor. 

[0375] 

Next, while maintaining the polymerization reactor 

temperature at 65°C, the resulting polymerization solution was 

stirred at a stirring rate of 130 rpm in the polymerization 

15 reactor, 	13.8 mmol of N- [3- (dimethylamino)propyl] acrylamide 

was added to the polymerization solution, and the mixture was 

stirred for 15 minutes. 

[0376] 

To the polymerization reactor was supplied 5 ml of a 

20 solution containing 0.8 ml of methanol in hexane, 	and the 

polymerization solution was stirred for 5 minutes. 

[0377] 

To the polymerization reactor were supplied 8.0 g of 

2-tert-butyl-6-(3-tert-butyl-2-hydroxy-5-methylbenzyl)-4-me 

25 thylphenyl acrylate (trade name: Sumilizer GM, manufactured by 
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Sumitomo Chemical Co., 	Ltd.) 	and 4.0 g of 

pentaerythrityltetrakis(3-laurylthiopropionate) 	(trade name: 

Sumilizer TP-D, manufactured by Sumitomo Chemical Co., Ltd.), 

then the polymer solution was evaporated at ordinary 

5 temperature for 24 hours, and further dried at 55°C for 12 hours 

under reduced pressure to obtain a polymer. 	The evaluation 

results of the polymer are shown in Table 1. 	The amount of the 

monomer unit derived from styrene in the polymer was 24% by 

weight, the amount of the monomer unit derived from 

10 1-methyl-4-isopropyl-1,3-cyclohexadiene was 0.83% by weight, 

and the residual monomer unit was a monomer unit derived from 

1,3-butadiene. 

In Example 2, each monomer unit amount in the polymer was 

calculated assuming the reaction rate of 

15 1-methyl-4-isopropyl-1,3-cyclohexadiene as 84%, based on the 

result of Example 1. 

[0378] 

20 

One hundred parts by weight of the resulting polymer, 50 

parts by weight of carbon black 	(trade name: 	Diablack N339, 

manufactured by Mitsubishi Chemical Corporation), 10 parts by 

weight of an extender oil 	(trade name: 	JOMO Process NC-140, 

manufactured by Japan Energy Corporation), 1 part by weight of 

an anti-aging agent (trade name: Antigen 3C, manufactured by 

Sumitomo Chemical Co. , Ltd.), 1. 5 parts by weight of a wax (trade 

25 name: 	Sunnoc N, manufactured by Ouchi Shinko Chemical 
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Industrial Co., Ltd.), 4 parts by weight of zinc oxide, 2 parts 

by weight of stearic acid, 1 part by weight of a vulcanization 

accelerator (trade name: Soxinol CZ, manufactured by Sumitomo 

Chemical Co., Ltd.), and 1.75 parts by weight of sulfur were 

5 kneaded with Laboplast Mill to prepare a polymer composition. 

The resulting polymer composition was molded into a sheet with 

a 6 inch roll, and the sheet was heated at 160°C for 45 minutes 

for vulcanization to prepare a vulcanized sheet. 	The 

evaluation results of physical properties of the vulcanized 

10 sheet are shown in Table 1. 

[0379] 

[Comparative Example 1] 

A polymerization reactor made of stainless steel, 

equipped with a stirring device and having an internal volume 

15 of 20 liters was washed and dried, 	and the gas inside the 

polymerization reactor was replaced with dry nitrogen. 	Then, 

10.2 kg of industrial hexane 	(density 680 kg/m3 ), 	608 g of 

1,3-butadiene, 192 g of styrene, 6.1ml of tetrahydrofuran and 

4.0 ml of ethylene glycol diethyl ether were supplied to the 

20 polymerization reactor. 	Next, in order to detoxify impurities 

causing inactivation of a polymerization initiator in advance, 

a small amount of a solution of n-butyllithium in hexane as a 

scavenger was supplied to the polymerization reactor. 

[0380] 

25 A solution of n-butyllithium in 	-hexane (content of 
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n-butyllithium: 12.4 mmol) was supplied to the polymerization 

reactor, 	thereby a polymerization reaction was initiated. 

[0381] 

The polymerization reaction was performed for 3 hours. 

5 During the polymerization reaction, the temperature in the 

polymerization reactor was adjusted to 65°C, and the solution 

in the polymerization reactor was stirred at a stirring rate 

of 130 rpm, while 912 g of 1,3-butadiene and 288 g of styrene 

were continuously supplied into the polymerization reactor. 

10 [0382] 

To the polymerization reactor was supplied 20 ml of a 

solution containing 0.8 ml of methanol in hexane, and the 

polymerization solution was stirred for 5 minutes. 

[0383] 

15 To the polymerization reactor were supplied 8.0 g of 

2-tert-butyl-6-(3-tert-butyl-2-hydroxy-5-methylbenzy1)-4-me 

thylphenyl acrylate (trade name: Sumilizer GM, manufactured by 

Sumitomo Chemical Co., 	Ltd.) 	and 4.0 g of 

pentaerythrityltetrakis(3-laurylthiopropionate) 	(trade name: 

20 Sumilizer TP-D, manufactured by Sumitomo Chemical Co., Ltd.), 

then the polymer solution was evaporated at ordinary 

temperature for 24 hours, and further dried at 55°C for 12 hours 

under reduced pressure to obtain a polymer. 	The evaluation 

results of the polymer are shown in Table 1. 	The amount of the 

25 monomer unit derived from styrene in the polymer was 25% by 
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weight, and the residual monomer unit was a monomer unit derived 

from 1,3-butadiene. 

[0384] 

One hundred parts by weight of the resulting polymer, 50 

5 parts by weight of carbon black 	(trade name: Diablack N339, 

manufactured by Mitsubishi Chemical Corporation), 10 parts by 

weight of an extender oil 	(trade name: 	JOMO Process NC-140, 

manufactured by Japan Energy Corporation), 1 part by weight of 

an anti-aging agent (trade name: Antigen 3C, manufactured by 

10 Sumitomo Chemical Co. , Ltd.), 1 . 5 parts by weight of a wax (trade 

name: Sunnoc N, manufactured by Ouchi Shinko Chemical 

Industrial Co., Ltd.), 4 parts by weight of zinc oxide, 2 parts 

by weight of stearic acid, 1 part by weight of a vulcanization 

accelerator (trade name: Soxinol CZ, manufactured by Sumitomo 

15 Chemical Co., Ltd.), and 1.75 parts by weight of sulfur were 

kneaded with Laboplast Mill to prepare a polymer composition. 

The resulting polymer composition was molded into a sheet with 

a 6 inch roll, and the sheet was heated at 160°C for 45 minutes 

for vulcanization to prepare a vulcanized sheet. 	The 

20 evaluation results of physical properties of the vulcanized 

sheet are shown in Table 1. 
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[0385] 

[Table 1 ] 

Example 1 Example 2 
Comparative 

 
Example 1 

Mooney Viscosity - 41 61 39 

Vinyl Bond Content % 57 57 57 

Content of Monomer 
Unit Derived from 
1-Methyl  
y1-1,3-Cyclohexadi 
ene 

% by 
weight 
  

0.70 0.83 0.00 

Content of Monomer 
Unit Derived from 
Styrene 

% by 
weig ht 

24 24 25 

Fuel Cost-Saving 
Properties 
tan 6 	(70°C) - 0.157 0.105 0.218 

[0386] 

[Table 2] 

1-Methyl-4-Isopropyl-1,3-C 
yclohexadiene 

Example 1 

Unreacted Amount 
[wtppm] 

1300 

Reaction Rate [%] 84 

5 
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What is claimed is: 

 1.  A conjugated diene based polymer comprising a monomer 

unit derived from at least one conjugated diene selected from 

1,3-butadiene and isoprene and a monomer unit derived from a 

compound represented by Formula (1): 5 

 

wherein n represents an integer of 0 to 5; R
1 1
, R

1 2
 and R

1 3
 each 

independently represent an alkyl group having 1 to 10 carbon 

atoms, and wherein the conjugated diene based polymer is 

modified with a group containing a nitrogen atom. 10 

 

 2.  The conjugated diene based polymer according to claim 

1, wherein the content of the monomer unit derived from the 

compound represented by Formula (1) is not less than 0.01% by 

weight and not more than 30% by weight where the total amount 15 

of the monomer units contained in the conjugated diene based 

polymer is taken as 100% by weight. 

 

 3.  The conjugated diene based polymer according to claim 

1, wherein the compound represented by Formula (1) is 20 

1-methyl-4-isopropenyl-1,3-cyclohexadiene. 

 

 4.  A polymer composition comprising the conjugated 
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diene based polymer according to claim 1 and a reinforcing agent, 

wherein the content of the reinforcing agent is not less than 

10 parts by weight and not more than 150 parts by weight per 

100 parts by weight of the conjugated diene based polymer. 

 5 

 5.  A method for producing a conjugated diene based 

polymer, wherein the method comprises:  

(a) a step of polymerizing monomer components 

comprising at least one conjugated diene selected from 

1,3-butadiene and isoprene and a compound represented by 10 

Formula (1): 

 

in a solvent to form a conjugated diene based polymer, a step 

of adding a compound having a group containing a nitrogen atom 

to the solvent, and reacting an active terminal of the 15 

conjugated diene based polymer with the compound having a group 

containing a nitrogen atom, or 

(b) a step of polymerizing monomer components 

comprising said conjugated diene and said compound represented 

by Formula (1) using an organic alkali metal compound having 20 

a group containing a nitrogen atom, or 

(c) a step of polymerizing monomer components 

comprising said conjugated diene and said compound represented 
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by Formula (1) using a secondary amine and an organic alkali 

metal compound, or  

(d) a step of polymerizing monomer components 

comprising said conjugated diene, said compound represented by 

Formula (1), and a vinyl based monomer having a group containing 5 

a nitrogen atom, 

wherein n represents an integer of 0 to 5; R
1 1
, R

1 2
 and 

R
1 3
 each independently represent an alkyl group having 1 to 10 

carbon atoms. 

 6.  The method according to claim 5, wherein the supplied 10 

amount of the compound represented by Formula (1) is not less 

than 0.01% by weight and not more than 30% by weight where the 

total supplied amount of the monomer components is taken as 100% 

by weight. 
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