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METHOD FOR PRODUCING CONJUGATED DIENE-BASED POLYMER

BACKGROUND OF THE INVENTION
Field of the Invention

[0001]

The present invention relates to a method for producing
aconjugateddiene-basedpolymer fromwhichapolymer composition

can be obtained which is useful as amaterial of a tire excellent

in fuel economy.

Description of the Related Art

[0002]

Rubber compositionstobeused forautomotivetirescapable
of improving fuel economy have heretofore been known, and rubber
compositions containing a conjugated diene-based polymer such
as polybutadiene or a styrene-butadiene copolymer, and a
reinforcing agent have been used.

[0003]

For example, JP-A-59-18709 discloses a method for
producing a conjugated diene-based polymer using ortho
dialkoxybenzene.

[0004]

However, tires produced from polymer compositions

containing the above conventional conjugated diene-based

polymer isnot necessarilysatisfactoryintermsof fuel economy.
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SUMMARY OF THE INVENTION
[0005]
Under suchsituations, aproblemtobe solvedbythepresent
inventioh is to provide a method for producing a conjugated
diene-based polymer capable of affording a polymer composition

useful as a material for tires excellent in fuel econony.

[0006]

“That is, the present invention relates to a method for
producing a conjugated diene-based polymer, the method
comprising polymerizing monomer components comprising a
conjugated diene compound and an aromatic vinyl compound using
an alkali metal-based polymerization initiator in the presence

of a hydrocarbon solvent and an ether compound represented by

the following formula (1):

(1)

wherein R represents an alkyl group having 1 to 8 carbon atoms.

[0007]

Moreover, the present invention relates to a method for
producing a modified conjugated diene-based polymer, the method

compriging polymerizing monomer components comprising a
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conjugated diene compound and an aromatic vinyl compound using
an alkaii metal-based polymerization initiator in the presence
of a hydrocarbon solvent and an ether compound represented by
the above formula (1} toobtainaconjugateddiene-basedpolymer,
and then causing a compound containing a nitrogen atom and/or

a silicon atom to react with an active end of the conjugated

diene-based polymer.

[0008]

According to the present invention, it is possible to

obtain a polymer composition useful as a material for a tire

excellent in fuel economy.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0009]

In the present specification, a hydrocarbyl group
represents a monovalent group formed by removing one hydrogen
atom from a hydrocarbon molecule. A hydrocarbylene group
represents a divalent group ¢btained 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 has been substitutedwith a hydrocarbyl group.
An amino group 5a?ing a substituent (hereinafter sometimes
referred to as a substituted amino group) represents a group
having a structure in which at least one hydrogen atom of an

amino group has been substituted with a monovalent atom or a
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monovalent group other than a hydrogen atom, or a group having
a structure in which two hydrogen atoms of an amino group have
been substituted with a divalent group. A hydrocarbyl group
having a substituent (hereinafter sometimes referred to as a
substituted hydrocarbyl group) ‘ represents a monovalent group
having a structure in which at least one hydrogen atom of a
hydrocarbyl group has been substituted with a substituent. A
hydrocarbylene group having a hetercatom (hereinaftersometimes
referred to as a heteroatom-containing hydrocarbylene group)
represents a divalent group having a structure inwhich a carbon
atom other than a carbon atom from which a hydrogen atom has
been removed, and/or a hydrogen atom of a hydrocarbylene group
has been substituted with a group h.aving a heterocatom {(namely,
an atom other than a carbon atom and a hydrogen atom).
[0010]
{1} Method for producing conjugated diene-based polymer

In the method for producing a conjugated diene-based
polymer of the present invention, monomer components comprisging
a conjugated diene compound and an aromatic vinyl compound are
polymerized using an alkall metal-based polymerization
initiator in the presence of a hydrocarbon solvent and an ether

compound represented by the following formula (1):
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(1)
wherein R represeﬁts an alkyl group having 1 to 8 carbon atoms.
[0011]

Examples of the conjugated diene compound include
1,3-butadiene, isoprene, 1,3-pentadiene,
2,3-dimethyl-1, 3~butadiene, and 1,3-hexadiene, and
1,3-butadiene or isoprene is preferred.

[0012]

Examples of the aromatic vinyl compound include étyrene,
a-methylstyrene, vinyltoluene, vinylnaphthalene,
divinylbenzene, trivinylbenzene, and divinylnaphthalene, and
styrene 1s preferred.

[0013]

The amount to be used of the aromatic vinyl compound
contained in the monomer components 1s preferably 9% byxﬁéight
or more, more preferably 14% by weight or more, where the total
amount to be used of the monomer components is taken as 100%
by weight. In order to improve fuel economy, it is preferably
50% by weight or less, more preferably 45% by weight or less.

[0014]

Examples of the alkalil metal-based polymerization
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initiatorincludeanalkalimetal, anorgancalkalimetal compound,
acomplex 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 organcalkali metal compound include ethyllithium,
n-propyllithium, isopropyllithium, n-butyllithium,
gec-butyllithium, tert-octyllithium, n-decyllithium,
phenyllithium, Z2-naphthyllithium, Z-buthylphenyl lithium,
4-phenylbutyllithium, cyclohexyllithium, cyclopentyllithium,
dimethylaminopropyllithium, diethylaminopropyllithium,
tert-buthyldimethylsilyloxypropyllithium,
N-morpholinopropyllithium, lithium hexamethyleneimide,
lithium pyrrolidide, lithium piperidide,klithium
heptamethyleneimide, lithium dodecamethyleneimide,
1,4-dilithio-2-butene, sodium naphthalenide, sodium
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
havinganalkalimetal includeasodiumsaltof ana-methylstyrene
tetramer. Preferred is an organolithium compound or an
organosodium compound, more preferred is an organolithium
compound having 2 to 20 carbon atoms or an organcsodium compound

having 2 to 20 carbon atoms.

[0015]
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Examples of the hydrocarbon solvent include aliphatic
hydrocarbons such as propane, butane, isobutane, pentane,
isopentane, and hexane; aromatic hydrocarbons such as benzene,
toluene, xylene, and ethylbenzene; and alicyclic hydrocarbons
such as cyclopentane and cyclohexane. These may be used in a
combination of two or more thereof.

[001l6]

In the present invention, the ether compound represented
by formula (1) acts as a randomizer. |

In formula (1}, R is an aikyl group having 1 to 8 carbon
atoms, and examples thereof include a methyl group, an ethyl
group, a n-propyl group, an iscopropyl group, a n-butyl group,
an isobutyl group, a sec-butyl group, a tert-butyl group, a
n-pentyl group, a n-hexyl group, and a n-octyl group, and
preferredis amethyl groupor anethyl group. The ether compound
represented by formula (1) 1s preferably
1,2~dimethoxy-4-methylbenzene or
1,2-dimethoxy-4-ethylbenzene.

[0017]

The amount to be used of the ether compound represented
by formula (1) is preferably 0.1 mmol to 10 mmol, more preferably
1 mmol to 8 mmol, per liter of the hydrocarbon solvent.
[0018]

The polymerization of the monomer components may be

performed in the presence of an agent capable of adjusting the




10

15

20

25

amount of vinyl bonds of monomer unitsderived fromthe conjugated
diene compound, and an agent capable of adjusting the
distribution of monomer units derived from the conjugated diene
compound, monomer unitsderived fromthearomaticvinyl compound,
and monomer units derived from a compound other than these
compounds in a conjugateddiene-basedpolymer chain (hereinafter
collectively referred to as an "adjusting agent”). Examples
of the adjusting agent include an ether compound other than the
ether compound represented by formula (1), a tertiary amine,
a phosphine compound, an alkali metal alkoxide, and an alkali
metal phenoxide. Examples of the ether compound othér‘than the
ether compound represented by formula (1} include cyclic ethers
such as tetrahydrofuran, tetrahydropyfan, and 1, 4-dloxane;
aliphatic monoethers such as diethyl ether and dibutvyl ether;
aliphatic diethers such as ethylene glycol dimethyl ether,
ethyleneglycoldiethyl ether, andethyleneglycoldibutyl ether;
aliphatic triethers such as diethylene glycol diethyl ether and
diethylene glycol dibutyl ether; and aromatic ethers such as
diphenyl ether and anisole. Examples of the tertiary amine
include triethylamine, tripropylamine, tributylamine,
1,1,2,2-tetramethylethylenediamine, N,N-diethylaniline,
pyridine, and guinoline. Examples of the phosphine compound
include trimethylphosphine, triethylphosphine, and
triphenylphosphine. Examples of the alkall metal alkoxide

include sodium tert-butoxide, potassium tert-butoxide, sodium
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tert-pentoxide, and potassium tert-pentoxide. Examples of the
alkali metal phenoxide include sodium phenoxide and potassium

phenoxide. These may be used in a combination of two or more

thereof.

[0019]

The amount of the alkali metal catalyst to be used for
the polymerization of the monomer components is preferably 0.01
mmol to 15 mmolper 100 g of the monomer components to be used
in the polymerization.

[0020]

Inthe caseofperformingthe polymerizationof the monomer
components inézsolution,containingeahydrocarbon.aszasolvent,
the concentration of the monomer components in the solution is
usually 1% by weight to 50% by weight, preferably 5% by weight
to 30% by weight.

[0021]

The polymerization temperature is usually 25°C to 100°C,
preferably 35°C to 90°C. More preferably, the polymerization
temperature 1s 50°C to 80°C. The prepolymerization time is
usually 10 minutes to 5 hours.

[0022]

Preferred as the alkali metal catalyst is an organocalkali
metal compound having a group containing a nitrogen atom.
Examples of the group containing a nitrogen atom include a group

represented by the following formula (2):
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wherein R* and R?? each independently represent a hydrocarbyl
group optionally having a substituent or a trihydrocarbylsilyl
group, Or R?' and R? are bonded to each other and the group in
which R?' is bonded to R* represents a hydrocarbylene group
optionally having a nitrogen atom and/or an oxygen atom.
[0023]

Theorganoalkalimetal compoundhavingagroup represented

by formula (2) 1s preferably a compound represented by the

following formula (3):
R32

N—R3¥-M (3)
RQB
wherein Rm'represents a hydrocarbylene group having 6 to 100
carbon atoms, R® and R’ each represent a hydrocarbyl group
optionallyhaving a substituent or a trihydrocarbylsilyl group,
or R¥ is bonded to R*® and the group in which R*? is bonded to
R represents a hydrocarbylene group optionally having a
nitrogen atomand/or an oxygen atom, a group having 5 to 20 carbon
atoms represented by —Si(R%)g—(CHﬂX—Si(R“)Z— (R34 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(R%)2~(CH2)y— (R¥® repregsents a hydrocarbyl group, and vy

10
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represents an integer of 2 to 11), and M represents an alkali

metal atom.

[C024]

In formula (3), R¥ is a hydrocarbylene group having 6
to 100 carbon atoms, preferably a hydrocarbylene group having
7 to 90 carbon atoms, more preferably a hydrocarbylene group
having 8 to 80 carbon atoms. When the number of the carbon atoms
of the hydrocarbylene group represented by R™ is 5 or less,
the solubility of the compound represented by formula (3) in
a hydrocarbon solvent may lower. When the number of the carbon
atoms of the hydrocarbylene group represented_by‘R“‘is 100 or
more, themolecularweight of the compound representedby formula
(3)issolargethattheeconomicalefficiencyandtheoperativity
in the polymerization may deteriorate.

[0025]

In formula (3), the hydrocarbylene group represented by

R? is preferably a group represented by the following formula

{3~-1):

{CHpf—R6— (3-1)

wherein R represents a hydrocarbylene group composed of a
structural unit derived from a conjugated diene compound and/or
a structural unit derived from an aromatic vinyl compound, i

represents an integer of 1 to 10, and (CHz)1 is bonded to the

11
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nitrogen atom of formula (3).
[0026]

In formula (3-1), R represents a hydrocarbylene group
composed of a structural unit derived from a conjugated diene
compound and/or a structural unit derived from an aromatic vinyl
compound, and is preferably a hydrocarbylene group composed of

a structural unit derived from isoprene.

[0027]

The number of the structural units of the conjugated diene
compound in R% and/or the structural units derived from the

aromatic vinyl compound is preferably 1 to 10, more preferably

1 to b.

[0028]

In formula (3-1), 1 1is an integer of 1 to 10, preferably
an integer of 2 to 4, and is more preferably 3.
[0028]

Examples of the group represented by formula (3~1) include
a grbup in which 1 to 10 structural units derived from isoprene
are cqmbined.with a methylene group, a group in which 1 to 10
structural units derived from isoprene are combined with an
ethylene group, and a group in which 1 to 10 structural units
derived from iscprene are combined with a trimethylene group.
[0030]

R?? and R¥ in formula (3) each represent a hydrocarbyl

group optionally having a substituent or a trihvdrocarbylsilyl

12
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group, or R*? is bonded to R* and the group in which R¥ is bonded
to R¥ represents a hydrocarbylene group optionally having a
nitrogen atomand/or an oxygen atom, a group having 5 to 20 carbon
atoms represented by ~5i (R*) 2= (CHp)x-81 (R¥),~ (R* represénts
a hydrocarbyl group, and x represents an integer of 1 to 10),
or a group having 4 to 20 carbon atoms represented by
—Si(RBS)z-(CHz)y— (R%® represents 4a hydrocarbyl group, and y
represents an integer of 2 to 11).

[0031]

The hydrocarbyl group optioconally having a substituent
representedknrRézor R*? is a hydrocarbyl group or a substituted
hydrocarbyl group. EXamples of the substituent in the
substituted hydrocarbyl group include a substituted amino group
and a hydrocarbyloxy group. Examples of the hydrocarbyl group
include alkyl groups such as a methyl group, an ethyl group,
an-propyl group, anisopropyl group, an-butyl group, an isobutyl
group, a sec~butyl group, a tert-butyl group, a n-pentyl group,
a n~hexyl group, a n-octyl group, and a n-dodecyl group:;
cycloalkyl groups such as a cyclopentyl group and a cyclohexyl
group; and aryl groups such as a phenyl group and a benzyl group,
an alkyl group is preferred, and an alkyl group having 1 to 4
carbon atoms is more preferred. Examples of the substituted

hydrocarbyl group whose substituent is a substituted amino group

include a N,N-dimethylaminomethyl group, a

- 2-N,N-dimethylaminoethvl group, and 2

13
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3~N,N~dimethylaminopropyl group. Examples of the substituted
hydrocarbyl group whose substituent is a hydreocarbyloxy group
include a methoxymethyl group, a methoxyethyl group, and an
ethoxymethyl group. ©Of these, ahydrocarbyl groupispreferred,
an alkyl group having 1 toc 4 carbon atoms 1s more preferred,
and a methyl group or an ethyl group is even more preferred.
[0032]

Examples of the trihydrocarbylsilyl group represented by
R* or R*¥ include a trimethylsilyl group and a
tert-butyl-dimethylsilyl group, and a trimethylsilyl group is
preferred. '

[0033]

The hydrocarbylenegroupoptionallyhavinganitrogenatom
and/or an oxygen atom in the group in which R¥ is bonded to
R*¥ is a hydrocarbylene group, or a heteroatom-containing
hydrocarbylene group whose heteroatomis & nitrogen atomand/or
an oxygen atom. Examples of the hetercatom-containing
hydrocarbylene group whose heteroatomis a nitrogen atom and/or

an oxygen atom include a hetercatom—containing hydrocarbylene

group whose heterocatom is a nitrogen atom, and a
hetercatom-containing hydrocarbylene group whose hetercatomis

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-diyl group; and alkenediyl groups

14
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such as a pentan-2-ene-1,5-diyl group, an alkylene group is
preferred, and an alkylene group having 4 to 7 carbon atoms is
mbre preferred. Examples of the hetercatom~containing
hydrocarbylene group whose heteroétom isanitrogenatominclude
a group represented by -CH=N-CH=CH- and a group represented by
~CH=N-CH;~CHy;-. Examples of the heterocatom-containing
hydrocarbylene group whose heterocatom is an oxXygen atom include
a group represented by =-CHy;—-CH;-O-CH;-CHy~. Of these, a
hydrocarbylene group is preferred, an alkylene group having 4
to 7 carbon atoms 1s more preferred, and a tetramethylene group,

a pentamethylene group, and a hexamethylene group are even more

preferred.

[0034]

In the group in which R* is bonded to R*?, examples of
the group having 5 to 20 carbon atoms represented by
—Si~(R34)2—-(CH2)X—Si(R34)2- (R34 represents a hydrocarbyl group,
and x represents anintegercflto 10) includeagroup represented
by =81 (CH3z)2~CHz-CHy~81 (CH3)2~. Examples of the group having 4
to 20 carbonatoms representedby-Si (R¥) .- (CH2)y— (R* represents
a hydrocarbyl group, and y represents an integer of 2 to 11)
include a group represented by -Si(CHj),-CHy—CHy~CH;y~.

[0035]

Preferably, R¥? and R*® are hydrocarbyl groups, or R* is

bonded to R*® and the group 1in which R¥ is bonded to R* is a

hydrocarbylene group, morepreferably, R*?andR*are alkyl groups

15
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having 1 to 4 carbon atoms, or R¥ is bonded to R*? and the group
in which R*? is bonded to R® is an alkylene group having 4 to
7carbonatoms,evennwrepmeferably,EQZandEQBarealkylgroups
having 1 to 4 carbon atoms, and particularly preferably, R

and R® are each a methyl group or an ethyl group.

[003¢6]

In formula {(3), M represents an alkali metal atom.
Examples of the alkali metzl atom include Li, Na, K and Cs, and
Li is preferred.

[0037]

Of the compounds represented by formula (3), examples of

" the compound wherein R isa group represented by formula (3-1),

R¥ and R*® are each a hydrocarbyl group, and M is Li include
a compound obtained by reacting 1 mol to 5 mol (per 1 mol of
a (dialkylaminojalkyllithium compound} of isoprene with the
(dialkylamino)alkyllithium compound.

[0038]

Examples of the (dialkylamino)alkyllithium compound
include 3-(dimethylaminojpropyllithium,
3-(diethylamino)propyllithium,
3~-(dibutylamino)propyllithium,
4-{dimethylamino)butyllithium, 4-{diethylamino)butyllithium,
4~ (dipropylamino)butyllithium, and
3-(dibutylamino)butyllithium.

[0039]

16




10

15

20

25

Cf the coﬁpounds represented by formula (3), examples of
the compound wherein R isa group represented by formula (3-1),
R¥ is bonded to R* and the group in which R¥ is bonded to R¥
isahydrocarbylene group, andMis Li include a compound obtained
by reacting 1 mol to S mol (perj.moi<ofa (heteroatom;free cyclic
amino)alkyllithium compound)) of isoprene with the
{({hetercatom~-free cyclic aminolalkyllithium compound.

Examples of the (heterocatom~-free cyclic
aminojalkyllithium compound include
3-{l-pyrrolidinyl)propyllithium,
3-(l-piperidinyl)propyllithium,
3—(l—hexamethyleneimino)propyllithium,‘and
3-[1-(1,2,3,6-tetrahydropyridinyl) Jpropyllithium.
[0040]

Of the compounds represgented by formula (3}, examples of
the compound wherein R*isa group represented by formula (3-1),
R is bonded to R™ and the group in which R is bonded to R¥
is a hetercatom-containing hydrocarbylene group, and M is Li
include a compound obtained by reacting 1 mol to 5 mol (per 1
mol of a (heteroatom~containing cyclic aminojalkyllithium
compound)} ) of isoprene with the (hetercatom-containing cyclic
aminojalkyllithium compound.

Examples of the (hetercatom-containing cyclic
aminoj)alkyllithium compound include

3-{l-morpholino)propyllithium,

17
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3-{l-imidazolyl)propyllithium, and
3-(4,5-dihydro-l-imidazolyl)propyllithium.
[0041]

Of the compounds represented by formula (3), examples of
the compound wherei‘n R?%is a group represented by formula (3~1),
R* is bonded to R* and the group in which R*2 is bonded to R
is a group having 5 to 20 carbon atoms represented by
~Si(R“)2-(CHﬂX—Si(RM)2— (R34 represents a hydrocarbyl group,
and x representg an integer of 1 to 10), and M is Li include
a compound obtained by reacting 1 mol tc 5 mol of isoprene with
1 mol of
3~(2,2,5,5‘tetramethyl—l—aza—2,5~disila-l—cyclopentyl)propy
1lithium.

Of the compounds represented by formula (3), examples of
the compoundwﬁhereir1R3lis a group represented by formula (3-1),
R is bonded to R*® and the group in which R* is bonded to R*®
is a group having 4 to 20 carbon atoms represented by
-Si(R%)z—(CHﬂy— (R35 represents a hydrocarbyl group, and vy
represents an integer of 2 to 11}, and M is Li include a compound
obtained by reacting 1 mol to 5 mol of isoprene with 1 mol of
3-(2,2~dimethyl~-l-aza-2,5-sila-1l~cyclopentyl)propyllithium.
[0042]

The compound represented by formula (3) is preferably a
compound wherein R¥* is a group represented by formula (3-1},

RwandPﬁBareeachahydrocarbylgroup,andMisLi,n@repreferably

i8
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a compound wherein R’ and R} are each an alkyl group having
1 to 4 carbon atoms, Mis Li, R¥ is represented by formula (3-1),
R’® is a group composed of 1 to 5 structural units derived from
isoprene, and 1 is 2 to 4, and even more preferably a compound
obtained by reacting 1 mol to 5 mol of isoprene with 1 mol of
3-(dimethylamino)propyllithium or
3-(diethylamino)propyllithium.

[0043]

The compound represented by formula (3) may be a mixture
of a plurality of compounds differing in R3'.
[0044]

Preferredastheorganoalkalimetal compoundhavingagroup
represented by formula (2) is a compound obtained by reacting
an organoalkali metal compound with a secondary amine compound
having a group represented by formula (2).

[0045]

Examples of compounds preferable astheorganocalkalimetal
compound include organolithium compounds, organosodium
compounds, organopotassium compounds, and organocesium
compounds. Examples of the organolithium compounds include
alkyllithium compounds such as methyllithium, ethyllithium,
n-propyllithium, isopropyllithium, n-butyllithium,
isobutyllithium, sec-butyllithium, tert-butyllithium,
n-hexyllithium, and n-octyllithium; alkenyllithium compounds

suchasvinyllithiumandpropenyllithium; aryllithiumcompounds

19
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such asphenyllithium, benzyllithium, tolyllithium, andlithium
naphthylide; alkylenedilithium compounds such as
tetramethylene dilithium, pentamethylene dilithium,
hexamethylene dilithium, and decamethylene dilithium; and
lithiumnaphthalenide and lithiumbiphenylide. Examplesof the
organosodium compounds include sodium naphthalenide and sodium
biphenylide. Examplesoftheorganopotassiumcompounds include
potassium naphthalenide. Preferred as the organcalkali metal
compound 1is an organolithium compound, more preferred is an
alkyllithium compound having 1l to 20 carbon atoms, and even more
prefefred are n-butyllithium, sec-butyllithium, and
tert-butyllithium.

[0046]

Examples of a compound preferable as the secondary amine
compound having a group represented by formula (2) include a

compound represented by the following formula (4):

RY
'NH (4)

E{43

wherein R*? and R* each represent a hydrocarbyl group having
1 to 20 carbon atoms and optionally having a substituent, or
R* is bonded to R*? and the group in which R*? is bonded to R*?
represents a hydrocarbylene group having 3 to 20 carbon atoms

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

a group having 5 to 20 carbon atoms represented by

20
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—Si’R“}z—(CHﬂX—Si(R“)Q— (R“ represents a hydrocarbyl group,
and x represents an integer of 1 to 1C), or a group having 4
to20carbonatomsrepresentedby—Si(R“)z—(Cthr~Hﬁsrepresents

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

[0047]

The hydrocarbyl group having 1 to 20 carbon atoms and
optionally having a substituent represented by R* or R* is a
hydrocarbyl group having 1 to 20 carbon atoms or a substituted
hydrocarbyl group having 1 to 20 carbon atoms. Examples of the
substituted hydrocarbyl grouphavingl to 20 carbon atoms include
a substituted hydrocarbyl group having 1 to 20 carbon atoms and
having a hydrocarbyloxy group as a substituent, a substituted
hydrocarbyl group having 1 to 20 carbon atoms and having’a
substituted amino group as a substituent, a substituted
hydrocarbyl group having 1 to 20 carbon atoms and having a
trialkylsilyl group as a substituent, and a substituted
hydrocarbyl group having 1 to 20 carbon atoms and having a
trizlkoxysilyl group as a substituent.

[0048]

Examples of the hydrocarbyl group having 1 to 20 carbon
atoms include alkyl groups such as amethyl group, an ethyl group,
an~propyl group, anisopropyl group, an-butyl group, an isobutyl
group, a sec-butyl group, a tert-butyl group, a n-hexyl group,
a n-octyl group, and a n-dodecyl group; cycloalkyl groups such

as a cyclopentyl group and a cyclohexyl group: and aryl groups

21
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such as a phenyl group, a tolyl group, a xvlyl group, a benzyl
group, and a naphthyl group. Examples c¢f the substituted
hydrocarbyl group having 1 to 20 carbon atoms and having a
hydrocarbyloxygroup as a substituent include alkoxyalkyl groups
such as a methoxymethyl group, an ethoxymethyl group, a
methoxyethyl group, and an ethoxyethyl group. 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 carbon atoms and having a
trialkylsilyl groupas asubstituent includetrialkylsilylalkyl
group such as a trimethylsilylmethyl group, a
2-trimethylsilylethyl group, and a 3~trimethylsilylpropyl
group. Examples cof the substituted hydrocarbyl group having
1 to 20 carbon atoms and having a trialkoxysilyl group as a
substituent include trialkoxysilylalkyl groups such as a
trimethoxysilylmethyl group, a 2-trimethoxysilylethyl group,
and a 3—triméthoxysilylpropyl group.
[0049]

Preferred as the hydrocarbyl group having 1 to 20 carbon
atoms and optionally having a substituent represented by R*?
or R*® is a hydrocarbyl group having 1 to 20 carbon atoms, more
preferred is an alkyl group having lkto‘lO carbon atoms, and

even more preferred is an ethyl group, a n-propyl group, an
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isopropyl group, or a n-butyl group.
[0050]

Cf the compounds represented by formula (4), examples of
the compound wherein R*? and R*® are each a hydrocarbyl group
having 1 to 20 carbon atoms include dialkylamines such as
dimethylamine, diethylamine, methylethylamine,
di-n~propyvlamine, diisopropylamine, di-n-butylamine,
diisobutylamine, di-sec-butylamine, di-tert-butvlamine,
di-n-hexylamine, and di-n-~octylamine; dicycloalkylamines such
asdicyclohexylamine; alkylarylamines such as N-methylaniline,
N-ethylaniline, and N-methyl-N-benzylamine; and diarvylamines
such as diphenylamine.

[0051]

Of the compounds represented by formula (4), examples of
the compound wherein at least one of R*? and R*® is a substituted
hydrocarbyl group having 1 to 20 carbon atoms include
di{alkoxyalkyl)amines such as di (methoxymethyl)amine,
di{ethoxymethyl)amine, di(2-methoxyethyl)amine, and
di(2-ethoxyethyl)amine; bis({dlialkylaminocalkyl})amines such as
bis{dimethylaminomethyl)amine; trialkylsilyvialkyl
group-containing amine compounds such as
trimethylsilylpropylmethylamine; and trialkoxysilylalkyl
group~containing amine compounds such as
trimethoxysilvlpropylmethylamine.

[0052]
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InthegroupinwhichRAQisbondedtofﬁ3,thehydrocarbylene
group having 3to 20 carbon atoms and optionally havinganitrogen
atom and/or an oxygen atom is a hydrocarbylene group having 3
to 20 carbon atoms, or a hetercatom~-containing hydrocarbylene
group having 3 to 20 carbon atoms and having a nitrogen atom
and/or an oxygen atom as the hetercatom. Examples of the
hetercatom-containinghydrocarbylene grouphaving3to 20 carbon
atoms and having a nitrogen atom and/or an oxygen atom as the
heteroatom include a heteroatom-containing hydrocarbylene
group having 3 to 20 carbon atoms whose hetercatom is a nitrogen
atom, and a hetercatom-containing hydrocarbylene group having
3 to 20 carbon atoms whose heteroatom is an oxygen atom.
[0053]

Examples of the hydrocarbylene group having 3 to 20 carbon
atoms include alkylene groups such as a tetramethylene group,
a pentamethylene group, a hexamethylene group, an octamethylene
group, a decamethylene group, a dodécamethylene group, a
hexane-1,5~diyl group, a Z-methylpentane-1,5-diyl group, a
3-methylpentane-1,5~-divyl group, a 2,4-methylpentane-1, 5-diyl
group, and a 2,2,4—trimethylhexane-l,6—diyl group. Examples
of the hetercatom~containing hydrocarbylene group having 3 to
20 carbon atoms whoese heteroatonlis‘a nitrogen atom include a
group represented by —-CH=N-CH=CH- and a group represented by
~CH=N-CH;~CHz;-. Examples of the hetercatom-containing

hydrocarbylene group having 3 to 20 carbonatoms whose heteroatom
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is an oxygen atom include a group represented by
~CH2~CHy~0O~CHy~CHz~.
[0054]

In the group in which R* is bonded to R*?, examples of
the group having 5 to 20 carbon atoms represented by
-S1i (R*M) 5~ (CHy) »=-981 (R*) 2~ (R* represents a hydrocarbyl group,
and x represents anintegerocfl tol0) include a group represented
by —Si(CHz),-CH;~CH,-81 (CHz)2~. Examples of the group having 4
toZOcarbonatomsrepresentedby—Si(R%)g—(CHg)y—(R“represents
a hydrocarbyl group, and y represents an integer of 2 to 11)
include a group represented by -Si(CHz),~CHy=CHy-CHy~.

[0055]

Of the compounds represented by formula (4), examples of
the compound wherein R*? is bonded to R*® and the group wherein
R%* is bonded to R* is a hydrocarbylene group having 3 to 20
carbon atoms include trimethyleneimine, pyrrolidine,
piperidine, 2fmethylpiperidine, hexamethyleneimine,

octamethyleneimine, decamethyleneimine, dodecamethyleneimine,

V2—methylpiperidine, 3-methylpiperidine, 4-methylpiperidine,

3,b5-dimethylpiperidine, 1,2,3,6~tetrahydro pyridine,
3,5,5-trimethylhexahydroazepine, and
1,3,3-trimethyl-6-azabicyclo[3,2,2]octane.
[0056]

Of the compounds represented by formula (4), examples of

the compound wherein R*? is bonded to R" and the group in which
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R* is bonded to R*® is a heteroaztom-containing hydrocarbylene
group having 3 to 20 carbon atoms and having a nitrogen atom
and/or an oxygen atom as the hetercatom include imidazole,
4,5-dihydroimidazole, and morpholine.

[0057]

Of the compounds represented by formula (4), examples of
the compound wherein R is bonded to R*® and the group in which
R is bonded to R* is a group having 5 to 20 carbon atoms
represented by -1 (R*) - (CHp) w~S1 (R*™) - (R™ represents a
hydrocarbyl group, andx represents anintegerof lto 10) include
2,2,5,5~tetramethyl~l~aza-2,5-disilacyclopentane, and
examples of the compoundwhereinthégroupinwhichR42 is bonded
to R is a group having 4 tb 20 carbon atoms represented by
—Si(R%)g—(CHﬂy— (R45 represents a hydrocarbyl group, and y
represents an integer of 2 to 11} include
2,2-dimethyl-l-aza-2-silacyclopentane.

[0058]
Preferred as the secondary amine compound is a compound

wherein R* is bonded to R*? in formula (4) (a compound represented

by the following formula (4-1)):

wherein R* represents a hydrocarbylene group having 3 to 20

carbon atoms and optionally having a nitrogen atom and/or an

oxygen atom, a group having 5 to 20 carbon atoms represented
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by—Si(R“)g-(CHﬂx—Si(R“)z—(R¢7representszahydrocarbylgroup,
and x represents an integer of 1 to 10), or a group having 4
to 20 carbon atoms representedby-Si (R*®) 2~ (CH; )y~ (R*® represents

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

[0059]

R is preferably a hydrocarbylene group having 3 to 20
carbon atoms, more preferably an alkylene group having 4 to 8
carbon atoms, and even more preferably a tetramethylene group,
a pentamethylene group, or a hexamethylene group.

[0060]

Particularly preferred as the compound represented by
formula {4-1) are pyrrolidine, piperidine, and
hexamethyleneimine.

[006&1]

In the method for producing a cenjugated diene-based
polymer of the present invention, the copolymerizationvis
preferably carried out using monomer components further
comprising a compound that contains a hydrocarbyl group having
a polymerizable carbon-carbon double bond and also contains a
nitrogen atom and/or a silicon atom.

[0062]

A compound preferable as the compound that contains a
hydrocarbyl group having a polymerizable carbon-carbon double
bond and also contains a nitrogen atom and/or a silicon atom

is a compound represented by the following formula (5) or a
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compound represented by the following formula (5'):
R3—A3 (53

whereinR?represenﬁszahydrocarbyl.grouphaving&apolymerizable
carbon—carbondoublebond,andAﬁrepresentsasn&&titutedamino
group or a nitrogen-containing heterocyclic group,

RI—A° 50
whereinR?representszahydrocarbyl,grouphavingeapolymerizable
carbon—carbondoublebond,enuiA5representsa.substitutedsilyl
group.

[0063]

R® in formula (5) represents a hydrocarbyl group having
a polymerizable carbon-carbon double bond, and A® represents
a substituted amino group or a nitrogen-containing heterocyclic
group.
[0064]

R® is preferably a group represented by the following
formula {5-1):

[0065]

(5-1)

R R~

wherein m represents an integer of 0 or I, Rmy R, and R*™ are
each a hydrogen atom or a hydrocarbyl group, and rR% represents

a hydrocarbylene group.
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[0066]

In formula (5-1), m represents an integer of 0 or 1.
[0067]

Examples of the hydrocarbyl group representedkanSH RS%
or R* include an alkyl group, an alkenyl group, and an aryl
group. 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 preferred
isamethyl group. Examplesof the alkenyl group include a vinyl
group, an allyl group, a l-propenyl group, and an isopropenyl
group, and preferred gs a Qiﬁyl group. Examples of the aryl
group include a phenyl group, a methylphenyl group, and an
ethylphenyl group, and preferred is a phenyl group.

[0068]
preferred as R is a hydrogen atom, a methyl group, a

vinyl group, or a phenyl group, and more preferred is a hydrogen

atom.

[0069]

Preferred as‘Ré’3 and R* is a hydrogen atom.
[0070]

Examples of the hydrocarbylene group represented by R
include an alkylene group, anarylene group, and a group inwhich

an arylene group 1is bonded to an alkylene group.

[0071]

Examples of the alkylene group include a methylene group,
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an ethylene group, and a trimethylene group. Preferred is a
methylene group or an ethylene group. Examples of the arylene
group include a phenylene group, a naphthylene group, and a
biphenylene group. Preferred is a phenylene group. More
preferred is a para-phenylene group or a meta-phenylene group.
[0072]

Examples of the group in which an arylene group is bonded
to an alkylene group include a group in which a phenylene group
is bonded to an alkylene group, a group in.which a naphthylene
group is bonded to an alkylene group, and a group in which a
biphenylene group 1s bonded to an alkylene group. Preferred
is a group in which a phenylene group is bonded to an alkylene
group.

As to the group in which an arylene group is bonded to
analkylenegroup, acarbonatomof thearylenegroupispreferably
bonded to the carbon atom to which R® of formula (5-1) is bonded.
[0073]

Examples of the group in which a phenylene group is bonded
to an alkylene group (hereinafter sometimes referred to as a

phenylene-alkylene group) include a group represented by the

following formula (5-2):
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wherein h represents an integer of 1 to 10, and {(CHy)y 1is a
substituent on the benzene ring.
[0074]

Examples of the phenylene-alkylene group include,

5 depending upon the position of the carbon atom on the benzene
ring to which the alkylene group is bonded, a |
para-phenylene-alkylenegroup, ameta-phenylene-alkylenegroup,
and an ortho-phenylene-alkylene group. In the case of a group
representedby formula (5-2), thepara-phenylene-alkylene group

10 1s a group represented by the following formula (5-2a), the
meta-phenylene-alkylene group is a group represented by the
following formula (5-2b), and the ortho-phenylene-alkylene

group is a group represented by the following formula (5-2¢):

15

(5-2b)
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(5-2¢)

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

[0075]

hinformula (5-2), pinformula (5-2a), ginformula (5-2b),
and r in formula (5-2c) are preferably 1 to 5, more preferably
1 or 2, and even more preferably 2.

[0076]

Preferred as the group inwhich an arvlene group is bonded
to an alkylene group is a group in which a phenylene group is
bondedtoanalkylenegroup, morepreferredisagrouprepresented
by the above formula (5-Za) or a group represented by the above
formula (5-2b}, even more preferred is a
para-phenylene-methylene group (g group represented by formula
(5-2a) whereinp=1), ameta-phenylene-methylene group {a group
represented by formula (5-2b) wherein g = 1}, a
para-phenylene-~ethylene group (a group represented by formula
{5-2a) wherein p = 2), or a meta-phenylene-ethylene group (a
group represented by formula (5-2b) wherein g = 2), and
particularly preferred is a para-phenylene-ethylene group (a
group represented by formula {(5-2a) wherein p = 2) or a

meta-phenylene—-ethylene group (a group represented by formula
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(5-2b) wherein g = 2).
[0077]

Examples of the group represented formula (5-1) include
the groups shown below.

[0078]

Examples of the group in which rR%, R®, and R® are hydrogen
atoms include a vinyl group, an allyl group, a 3-butenvl group,
a 4-vinylphenyl group, a 3-vinylphenyl group, a
{4-vinylphenyl)methyl group, a 2-{(4-vinylphenyl)ethyl group,

a (3-vinylphenyljimethyl group, and a 2-{3-vinylphenyl}ethvyl

group.

[0079]

Examples of the group in which R* is a methyl group and
R*® and R* are hydrogen atoms include an isopropenyl group, a
2-methyl-2-propenyl group, & 4-isopropenylphenyl group, a
3—isopropény1phenylgroup,a(4—isopropenylphenyl)methylgroup,
a 2-{4-isopropenylphenyl)ethyl group, a
(3-isopropenylphenylimethyl group, and a
2—(3-isopropenylphenyl)etbyl group.
[0080]

Examples of the group in which Rﬂ‘ié a vinyl group and
R% and R* are hydrogen atoms include a l-methylene-2-propenyl
group and a Z-methylene-3-butenyl group.

[0081]

Examples of the group in which R is a phenyl group and
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R®® and R® are hydrogen atoms include a l-phenylethenyl group,
a 2-phenyl-Z-propenyl group, a 4-(l-phenylethenyl)phenyl group,
a 3-(l-phenylethenyl)phenyl group, and a
2-{1-phenylethenyl)phenyl group.

[0082]

Examples of the group in which R* is a hydrogen atom,
Rﬁisanmthylgroup,andR?qisahydrogenatomincludeal~propenyl
group, a Z2-butenyl group, a 4-(l-propenyl)phenyl group, a
4-{l-propenyl)phenylmethyl grbup, a
2-[4~(1l-propenyliphenyl]lethyl group, a 3-{l-propenyl)phenyl
group, a 3;(l—§rbpenyl)phenylmethyl group, and a '
2-[3~(1l-propenyl)phenyljethyl group.

[0083]
The group represented by formula (5-1) is preferably a

group represented by the followihg formula (5-1a):

{5-12a)

wherein Rm'represents a hydrogen atom or a hydrocarbyl group,
g represents an integer ¢f 0 or 1, and R represents a
hydrocarbylene group.

[0084]

Among preferable groups represented by formula (5-lz),

examples of the group in which R* is a hydrogen atom include
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a vinyl group, a 4-vinylphenyl group, a 3-vinylphenyl group,
a (d-vinylphenyl)methyl group, a 2-{4-vinylphenyl)ethyl group,
a (3-vinylphenyl)methyl group, and 2-(3-vinylphenyl)ethyl
group. ExamplesofthegroupinwhichRmisan@thylgroupinclude
a 4-isopropenylphenyl group, a 3—isopropenylphenyl group, a
{d-isopropenylphenyl methyl group, a
2-{4-isopropenylphenyl)ethyvl group, a
{3~-isopropenylphenyl )methyl group, and a
2-(3-isopropenylphenyl)ethyl group. Examples of the group in
whichRﬁjfsavinylgroupincludeaJ:ﬂ@thylene-2~propenylgroup
and é 2-methylene-3-butenyl group. Examples of the group in
which Rm‘isaaphenyl group include a 4-(l-phenylethenyl)phenyl
group.

[0085]

As the group represented by formula (5-la), a group in
which R is a hydrogen atom is more preferred, and a group in
which s = 1 and R* is a group represented by formula (5-2),

a vinylphenyl group, or a vinyl group is even more preferred.

[0086]

In formula (5), A° represents a substituted amino group
or a nitrogen-containing heterocyclic group.

[0087]

Preferred as the substituted amino group of A% is a group

represented by the following formula (5-3):
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wherein R*®® and R°® are each a hydrocarbyl group or a
trihydrocarbylsilyl group, or R*® is bonded to R% and the group
in which R®® is bonded to R% represents a hydrocarbylene group
optionally'havingva nitrogen atom and/or an oxygen atom, or R>°
and R°® represent together a group that is bonded to the nitrogen
atom via a double bond.

[0088]

Examples of the hydrocarbyl group represented by R* or
R°® include an alkyl group, an alkenyl group, an alkynyl group,
anaryl ‘group, and an aralkyl group. Examples of the alkyl group
include a methyl group, an ethyl group, a n-propvl group, an
isopropyl group, a n-butyl group, a sec-butyl group, and a
tert-butyl group. Examplesof the alkenyl group include a vinyl
group, an allyl group, a l-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 include a benzyl group.

[0089]

The number of the carbon atoms of the hydrocarbyl group
represented by’R55 or R® ig preferably 1 to 10, more preferably

1 to 4, and even more preferably 1 to 2.
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[0090]

ThehydrocarbylgrouprepresentedbyRﬁSOrRééispreferably
an alkyl group or an alkenyl group, more preferably an alkyl
group, and even more preferably a linear alkyl group.

[0091]

Examples of the trihydrocarbylsilyl group represented by
R* or R* include trialkylsilyl groups such as a trimethylsilyl
group, a triethylsilyl group, a triisopropylsilyl group, and
a tert-butyl-dimethylsilyl group.

[0092]

The trihydrocarbylsilyl group represented by R®® or R%®
is preferably a trialkylsilyl group having'Slto 9 carbon atoms,
more preferably a trialkylsilyl group in which the alkyl group
bonded to the silicon atomis an alkyl group having 1 to 4 carbon
atoms, and even more preferably a trimethylsilyl group.
[0093]

In the group in which R%® is bonded to R%, examples of
thehydrocarbylenegroupoptionallyhavinganitrogenatomand/or
an oxygen atom include a hydrocarbylene group, a
heteroatom-containing hydrocarbylene group having a nitrogen
atom as the hetercatom, and a hetercatom-containing
hydrocarbylene group having an oxygen atom as the heteroatom.
Examples of the hydrocarbylene group include alkylene groups
suchas anethylene group, atrimethylenegroup, a tetramethylene

group, a pentamethylene group, and a hexamethylene group, and
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a 1,3-butadiene-1,4-diyl group. Examples of the
hetercatom~containing hydrocarbylene group having a nitrogen
atom as the hetercatom include a group represented by
~CHyCH,-NH-CHo-, a group represented by -CHzCH;-N=CH-, a group
represented by -CH=CH-N=CH-, and a group represented by
~CH2CHy=NH~CH;CHy-. Examples of the heterocatom-containing
hydrocarbylene group having an oxygen atom as the heteroaton
include a group represented by —CHQ—CHQ—O—CHQ—CHz*.V
[0094) -

The number of the carbon atoms of the group in which R
is bonded to R is preferably 2 to Z0, more preferably 3 to
8, and even more preferably 4 to 6.

[0095]

InthegroupinwhichR55isbondedtof@s,thehydrocarbylene
group optionally having a nitrogen atom and/or an oxygen atom
ispreferablyahydrocarbylenegroup, morepreferablyanalkylene
group, and even more preferably a polymethylene group.
[0096]

Examples of the group that is represented by R% and R
together and is bonded to the nitrogen atom via a double bond
include hydrocarbylidene groups such as an ethylidene group,
a propylidene group, a butylidene group, a l-methylethylidene
group, a l-methylpropylidene group, and a
1,3~dimethylbutylidene group.

[0097]
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The number of the carbon atoms of the group that is
represented by’R55 and R“Stogether and is bonded to the nitrogen

atom via a double bond is preferably 2 to 20, more preferably

2 to 6.

[0098]

Preferably, R%5 and R%® are a hydrocarbyl group or a
trihydrocarbylsilyl group, or alternatively R*® is bonded to
R°¢ and the group in which R> is bémded toR*¥1is a hydrocarbylene
group.

[0099]

Examples of the group represented by formula (5-3) include
an acyclic amino group and a cyclic amino group.

[0100]

Among acyclic amino groups, examples of the group of
formula (5-3) in which R°® and R°® are each a hydrocarbyl group
include dialkylamino groups such as a dimethylamino group, a
diethylamino group, a di(n-propyl)amino group, a
dilisopropyllamino group, a di(n-butyl)amino group, a
di(sec~pbutyl)amino group, a di{tert-butyl)amino group, and an
ethylmethylamino group. Among acyclic amino groups, examples
of the group of formula (5-3) in which R®® and R°® are each a
trihydrocarbylsilyl group include bis(trialkylsilyl)amino
groups such as a bis{trimethylsilyl)amino group and a
bis({tert~butyl-dimethylsilyl}amino group.

[0101]
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Among acyclic amino groups, examples of the group of
formula (5-3) in which R®® and R56represent together a group
that is bonded £o the nitrogen atom via a double bond include
an ethylideneamino group, a l-methylpropylideneamino group, a
1,3~dimethylbutylideneamino group, a l-methylethylideneamino
group, and 4-N,N-dimethylaminobenzylideneamino group.

[0102]

Among such cyclic amino groups, examples of a group of
formula (5-3) in which R®® is bonded to R®*® and the group in which
R® ig bonded to R is a hydrocarbylene group include a
l-aziridinyl group, al-azetidinyl group, a l-pyrrolidinyl group,
a l-piperidinyl group, a l-hexamethyleneimino group, and a
l-pyrrolyl group.

Among cyclic amino groups, examples of a group of formula
(5-3) in which R®® is bonded to R°® and the group in which RS
is bonded to R%® is a hydrocarbylene group having a nitrogen
atom include a l-imidazolyl group, a 4,5-dihydro~l-imidazolyl
group, a l-imidazolidinyl group, and a l-piperazinyl group.

Among cyclic amino groups, examples of a group of formula
{5-3) in which R®® is bonded to R®°® and the group in which R%®
is bonded to R*® is a hydrocarbylene group having an oxygen atom
include a morpholino group.

[0103]
The group represented by formula (5-3) is preférably a

group in which R*® and R°® are each a hydrocarbyl group, a group
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in which R®® and R®® are each a trihydrocarbylsilyl group, or
a group in which R% is bonded to R%® and the group in which R®®
is bonded to R°® is a hydrocarbylene group. More preferred is
a group in which R and R°® are each a linear alkyl group, a
group in which R®® and R°® are each a trialkylsilyl group, or
a group in which the group iﬁ which R®® is bonded to R is a
polymethylene group.

[C104]

Anmrepreferredgrompasthegrouprepresentajbyformula
(5-3) in which R%® and R°® are each a linear alkyl group is a
dimethylamino group, a diethylamino group, a di (n-propyl)amino
group, or a di{n-butylj)amino group, a more preferred group in
which R® and R® are each a trialkylsilyl group is a
bis{trimethylsilyl)amino group or a
pis{tert-butyl-dimethylsilyl)amino group, and amore preferred
group wherein the group in which R® is bonded to R is a

polymethylene group is a l-pyrrolidinyl group, a l-piperidinyl

- group, or a l-hexamethyleneimino group.

[0105]

Examples of the nitrogen-containing heterocyclic group
representedby%&includearﬂtrogen—containingheteroalicyclic
group and a nitrogen-containing aromatic heterocyclic group.
Inthis specification, thenitrogen-containingheteroalicyclic
group represents a group formed by removing one of the hydrogen

atoms bonded to the carbon atoms of the heterocyclic ring of
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acompoundhavingarﬁirogen—containingalicyclicheterocyciic
ring, and the nitrogen-containing alicyclic heterocyclic ring
represents analicyclicheterocyclicringhavinganitrogen atom
as a heteroatom included in the atoms constituting the ring.
In addition, the nitrogen-containing aromatic heterocyclic

group represents a group formed by removing one of the hydrogen
atoms bonded to the carbon atoms of the heterocyclic ring of
a compound having a nitrogen-containing aromatic heterocyclic
ring, and the nitrogen-containing aromatic heterocyclic ring
represents an aromatic heterocyclic ring having a nitrogen atom
as a hetercatom included in the atoms constituting the ring.
[0106]

Examples of the nitrogen-containing hetercalicyclic
group represented by’A? include a group having only a nitrogen
atomas a hetercatom included in the atoms constituting the ring,
a group having a nitrogen atom and an oxygen atom as heteroatoms
included in the atoms constituting the ring, and a group having
a nitrogen atom and a sulfur atom as hetercatoms included in
the ztoms constituting the ring.

[0107]

Examples ofvthe nitrogen~containing hetercalicyclic
group containing only a nitrogen atom as a hetercatom included
in the atoms constituting the ring include a group having an
aziridine ring, a group having an azetidine ring, a group having

a pyrrolidine ring, a group having a piperidine ring, a group
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havingahexamethyleneiminering, a grouphavinganimidazolidine
ring, a group having a piperazine ring, and a group having a
pyrazolidine ring.

[0108]

Examples of the group having an aziridine ring include
al-alkyl-2-aziridinyl group. Examples of the group having an
azetidine ring include a l-~alkyl-Z2-azetidinyl group and a
l-alkyl=-3-azetidinyl greoup. Examples of the group having a
pyrrolidine ring include a l-alkyl-2Z-pyrrolidinyl group and a
l-alkyl-3-pyrrolidinyl group. Examples of the group havﬁng a
piperiéine ring include a l-alkyl-Z-piperidinyl group,ha
l-alkyl=-3-piperidinyl group, and a l-alkyl-4-piperidinyl group.
Examples of the group having a hexamethyleneimine ring include
a l-alkyl-2-hexamethyleneimino group, a

l-alkyl=-3-hexamethyleneimino group, and a

- d-alkyl-4-hexamethyleneimino group. Examples of the group

having an imidazolidine ring include a
1,3-dialkyl-2-imidazolidyl group and a
1,3-dialkyl-~4-imidazolidyl group. Examplesofthegrouphaving
a piperazine ring include a 1,4-dialkyl-Z2-piperazinyl group.
Examples of the group having a pyrazolidine ring include a
1,2-dialkyl-3~-pyrazolidyl group and a
1,2-dialkyl-4-pyrazolidyl group.

[0109]

Examples of the nitrogen-containing hetercalicyclic
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group having a nitrogen atom and an oxygen atom as hetercatoms
includedintheatoms constituting theringinclude agrouphaving
a morpholine ring and a group having an isooxazolidine ring.
[0110]

Examples of the group having a morpholine ring include
a d-alkyl-2-morpholinc group and a 4-alkyl-3-morpholino group.
Examples of the group ha?ing an isooxazolidine ring include a
2-alkyl-3-isooxazolidinyl group, a 2-alkyl-4-isocoxazolidinyl
group, and a Z-alkyl-5-isooxazolidinyl group.

[0111]

Examples of the nitrogen-containing hetercalicyclic
group having a nitrogen atom and a sulfur atom as heterocatoms
includedinthe atoms constituting theringinclude agrouphaving
a thiomorpholine ringandagrouphavinganisothiazolidine ring.
[0112]

Examples of the group having a thiomcerpholine ring include
a 4-alkyl-2-thiomerpholino group and a
4-alkyl-3-thiomorpholino group. Examples of the group having
an isothiazolidine ring include a 2-alkyl-3-isothiazolydinyl
group, a 2-alkyl-4-isothiazolydinyl group, and a
2-alkyl-5-igothiazolydinyl group.

[0113]

Preferred as the nitrogen—-containing hetercalicyclic

group of Aisa group having only a nitrogen atom as a heteroatom

constituting a ring. The number of the carbon atoms of the
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nitrogen-containing hetercalicyclic group is preferably 4 to
10.

[0114]

Examples of the nitrogen-containing aromatic
heterocyclic group representecibyyASinclude a group havingonly
anitrogenatomasahetercatomincludedinthe atoms constituting
the ring, a group having a nitrogen atom and an oxygen atom as
hetercatoms included in the atoms constituting the ring, and
a group having a nitrogen atom and a sulfur atom as heterocatons
included in the atoms constituting the ring.

[0115]

Examples of the nitrogen-containing aromatic
heterocyclic group having only a nitrogen atom as a heteroatom
includedinthe atoms constitutingtheringinclude agrouphaving
a pyrrole ring, a group having an imidazole ring, a group having
a pyrazole ring, a group having a pyridine ring, a group having
a pyridazine ring, a group having a pyrimidine ring, a group
having a pyrazine ring, a group having a guinoline ring, a group
having an isoguinoline ring, a group having a cinnoline ring,
agrouphavingaquinazolinering, andagrouphavingaphthalazine
ring.

[01l16]

Examples of the group having a pyrrole ring include a
2-pyrrolyl group, a 3-pyrrolylgroup, al-alkyl-2-pyrrolyl group,

and a 1-alkyl=-3-pyrrolyl group. Examples of the group having
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an imidazole ring include a 2-imidazolyl group, a 4-imidazolyl
group, a 5-imidazolyl group, a l-alkyl-2-imidazolyl group, a
l-alkyl=-4-imidazolyl group, and a l-alkyl-5-imidazolyl group.
Examples of thegrouphavingapyrazoleringincludea 3—py£azolyl
group, a 4-pyrazolyl group, a 5-pyrazolyl gro‘up, a
l-alkyl-3-pyrazolyl group, a l-alkyl-4-pyrazolyl group, and a
l1-alkyl-5-pyrazolyl group. Examples of the group having a
pyridine ring include a 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 group.
Examples of the group having a pyrazine ring include a 2-pyrazyl
group. Examples of the group having a gquinoline ring include
a 2~guinolyl group, a 3~guinolyl group, a 4-guinolyl group, a
5-guinclyl group, a 6-guinolyl group, a 7-quinolyl group, and’
an 8-quinolyl group. Examples of the group having an
isoguinolinering include al-iscguinolyl group, a 3-isoguinolyl
group, a 4-isogquinolyl group, a S-isoquinolyl group, a
6-isoguinolyl group, a 7-isoquinolyl group, and an 8-isoquinolyl
group. Examples of the group having a cinnoline ring include
a3=-cinnolinyl group, ad4-cinnolinylgroup, a 5—cinnolinyl group,
a 6-cinnolinyl group, a 7-cinnolinyl group, and an 8-cinnolinyl
Examples of the group having a quinazoline ring include

group.

aZz-guinazolinyl group, a4-guinazolinyl group, a 5=quinazolinyl
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group, a 6-guinazolinyl group, a 7-quinazoclinyl group, and a
8-gquinazolinyl group. Examples of the group having\a
phthalazine ring inciude a l-phthalazinyl group, a
5-phthalazinyl group, and a 6-phthalazinyl group. Preferred
as the nitrogen-~containing aromatic heterocyclic group having
only a nitrogen atoﬁ as a heteroatom included in the atoms
constituting the ring are a group having an imidazole ring, a
group having a pyridine ring, and a group having a guincline
ring.
[0117]

Examples of the nitregen-containing aromatic
heterocyclic group having a nitrogen atom and an oxygen atom
as hetercatoms included in the atoms constituting the ring

include a group having an oxazole ring and a group having an

iscoxazole ring.

[0118]

Examples of the group having an oxazole ring include a
2-oxazolyl group, a 4-oxazolyl group, and a 5-oxazolyl group.
Examples of the group having an isocoxazole ring include a
3-isoxazolyl group, a 4-isoxazolyl group, and a S-isoxazolyl
group. Preferred as the nitrogen-containing aromatic
heterocyclic group having a nitrogen atom and an oxygen atom
as heterocatoms included in the atoms constituting the ring is
a group having an oxazole ring.

[0119]
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Examples of the nitrogen-containing aromatic
heterocyclic group having a nitrogen atom and a sulfur atom as
heteroatoms included in the atoms constituting the ring include
a group having a thiazcole ring and -a group having an isothiazole
ring. |
[0120]

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
5-isothiazolyl group. Préferred as the nitrogen-containing
aromatic heterocyclic group having a nitrogen atom and a sulfur
atom as heteroatoms included in the atoms constituting the ring
is" a group having a thiazole ring.

[0121]

The nitrogen-containing aromatic heterocyclic group
represented byyA5is preferably a nitrogen~containing aromatic
heterocyclic group having only a nitrogen atom as a heterocatom
included in the atoms constituting the ring, more preferably
a group having an imidazole ring, a group having a pyridine ring,
or a group having a cuinoline ring, and even more preferably
a group having a pyridine ring.

[0122]
The compound represented by formula (5) is preferably a

group represented by the following formula (5-4) wherein R® is
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a group represented by formula (5-la):

H R

w £5-4)

(R —A &
wherein Rm‘represents a hydrogen atom or a hydrocarbyl group,
n1representszﬂaintegerof(}orJQWRSQrepresentszahydrocarbylene
group, and Ad represents a substituted amino group or a
nitrogen-containing heterocyclic group.
[0123]

Cf the compounds represented by formula (5-4), examples
of the compound wherein R is a hydrogen atom, m is 0, and as
is a substituted émino group include the following compounds:
[0124]
l—vinylpyrrolidine,
l-vinylpiperidine,
l=-vinylhexamethyleneimine,
l-vinylpiperazine,
l-vinylpyrrole, and
l-vinylimidazole.

[0125]

Cf the compounds represented by formula (5-4), examples
of the compound wherein R is a hydrogen atom, m is 1, R is

a phenylene group, and A®° is a substituted amino group include

the following compounds:
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[0126]
4-dimethylamincstyrene,
4-diethylaminostyrene,
4-dipropylaminostyrene,
4~dibutylaminostyrene,‘
4—diallylamihostyrene,

4-pig(trimethylsilyl)aminostyrene,

4-bis(tert-butyl-dimethylsilyl}aminostyrene,

4-(l-aziridinyl)styrene,
4-(1l-pyrrolidinyl)styrene,
4-(l-piperidinyl)styrene,

4~ (l~hexamethyleneimino)styrene,
3-dimethylaminostyrene,
3-diethylaminostyrene,
3-dipropylaminostyrene,
3-dibutylaminostyrene,
3~-diallylaminostyrene,
3-bis{trimethylsilyl)aminostyrene,
3-bis(tert-butyl~dimethylsilyl)aminostyrene,
3-{l-aziridinyl)styrene,
3-({l-pyrrolidinyl}styrene,
3-(l-piperidinyl)styréne, and
3-(l-hexamethyleneimino)styrene.

[0127]

Cf the compounds represented by formula
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of the compound wherein R is a hydrogen atom, m is 1, R* is
a group represented by formula (5-2a3), and A® is a substituted
amino group include the following compounds.

[0128]

Compounds of formula (5-2a) wherein p is 1:

4~ {dimethylaminomethyl)styrene,

4~ (diethylaminomethyl)styrene,

4~ {dipropylaminomethyl)}styrene,
4-(dibutylaminomethyl)styrene,
4-({diallylaminomethyl)styrene,
4-Tbis{trimethylsilyl)aminomethvl]styrene,
d-[bis(tert-butyl-dimethylsilyl)aminomethvl]styrene,
4-(l~aziridinyl methylstyrene,
4-(l-pyrrolidinyljmethylstyrene,
4-{l-piperidinyl)methylstyrene, and
4-(l-hexamethyleneimino)methylstyrene.

[0128]

Compounds of formula (5-2a) wherein p is 2:
4~[2-{dimethylamino)ethyllstyrene,
4-[2~{dlethylamino)ethyl]styrene,
4-[2~(dipropylamino)ethyl]styrene,
4~[2~(dibutylamino)ethyl]styrene,
4-[2-(diallylaminojethyl]lstyrene,
4-{2~[pbis(trimethylsilyl)amino]ethyl}styrene,

4-{2~[bis{tert~-pbutyl-dimethylsilyljaminolethyl}styrene,
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4—{2—{l~aziridinyl)éthyl]styrene,
4-[2~(1l-pyrrolidinyl)ethyl]lstyrene,
4-[2~(l-piperidinyl)ethyl]lstyrene, and
4~[2-{l-hexamethyleneimino)ethyl]lstyrene.
[0130]

Of the compounds represented,by formula (5-4), examples
of the compound‘whereianm’is a hydrogén atom, m is 1, R* is
a group represented by formula {(5-2b), and A® is a substituted
amino group include the following compounds.

[0131]

Compounds of formula ({5-2b) wherein g is 1:
3-(dimethylaminomethyl)styrene,
3~(diethylaminomethyl)styrene,
3-({dipropylaminomethyl)styrene,
3=-{dibutylaminomethyl)styrene,
3-(diallylaminomethyl)styrene,
3-[bis(trimethylsilyl)aminomethyl]styrene,
3-[{bis(tert-butyl-dimethylsilyl)aminomethyl]lstyrene,
3-(l~aziridinyl)methylstyrene,
3-(l-pyrrolidinyl)methylstyrene,
3-({l-piperidinyl)methylstyrene, and
3-{l-~hexamethyleneimino)methylstyrene.
[0132]

Compounds of formula (5-2b) wherein g is 2:

3-[2-{dimethylamino}ethyl]lstyrene,
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3-[2~(diethylaminoc)ethyl]styrene,
3-[2-({dipropylamino)ethyl]styrene,
3-]2=-{dibutylamino)ethyl]lstyrene,
3-[2-{diallylaminocjethyl]lstyrene,
4-{2~[bis{trimethylsilyljaminolethyl}styrene,
3~{2-[bis(tert-butyl~dimethylsilyl)aminolethylistyrene,
3f[2—(l~aziridinyl)ethyl]sﬁyrene,
3—[2—fl—pyrrolidinyl)ethyl]styrene,
3-[2—(l—piperidinyl)ethyl]styrepe, and
3-[2-{1-hexamethyleneimino)ethvyl]styrene.
[0133]

Cf the compounds represented by formula (5-4}, examples
of the compound wherein R¥ is a methyl group, m is 0, and a°
is a substituted amino group include the following compounds:
[0134]
l-isopropenylpyrrolidine,
l-isopropenylpiperidine,
l-isopropenylhexamethyleneimine,
l-isopropenylpliperazine,
l-isopropenylpyrrole, and
l-isopropenylimidazole.

[0135]
Cf the compounds represented by formula (5-4), examples

of the compound wherein R is a methyl group, m is 1, R* is

a phenylene group, and A® is a substituted amino group include
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the féllowing compounds :

[0136]

4~dimethylamino~-l-isopropenylbenzene,
4-diethylamino-l-isopropenylbenzene,
4-(dipropylamino)~l-isopropenylbenzene,
4-{dibutylamino}-l~isopropenylbenzene,
4-dizllylamino-l~isopropenylbenzene,
4—bis(trimethylsilyl)amino—l~isopropenylbenzene,
4-bis(tert-butyl-dimethylsilyl)amino-l-isopropenylbenzene,
4-(l-aziridinyl)-l~isopropenylbenzene,
4-(1l-pyrrolidinyl)-l-isopropenylbenzene,
4~({l-piperidinyl)-l-isopropenylbenzene,
4-(l-hexamethyleneimino)~-l-isopropenylbenzene,
3-dimethylamino-l~isopropenylbenzene,
3-diethylamino-l~isopropenylbenzene,
3-dipropylamino-l-isopropenylbenzene,
3-dibutylamino-l-isopropenylbenzene,
3-diallylamino-l~isopropenylbenzene,
3-bis{trimethylsilyl)amino-l~isopropenylbenzene,
3-bis(tert-butyl-dimethylsilyl)aminc~l-isopropenylbenzene,
3-(l=aziridinyl)~-l-isopropenylbenzene,
3-(l-pyrrolidinyl)-l~-isopropenylbenzene,

3~ (l-piperidinyl)-l-iscpropenvlbenzene, and
3-{(l-hexamethyleneimino)~1-isopropenylbenzene.

[0137]
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Of the compounds represented by formula (5-4), examples
of the compound wherein R is a methyl group, m is 1, R¥ is
a group represented by formula (5-2a), and A° is a substituted
amino group include the following compounds.

[0138]

Compounds of formula (5-2a) wherein p is 1:

4~-dimethylaminomethyl-l-isopropenylbenzene,

4-diethylaminomethyl-l-isopropenylbenzene,

4—di—n—propylaminomethyl—l—isépropenylbenzene,
4~-di-n-butylaminomethyl-l-isopropenylbenzene,
4~diallylaminomethyl-l-isopropenylbenzene,
4-pis(trimethylsilyl)aminomethyl-l-isopropenylbenzene,
4-bis{tert-butyl-dimethylsilyl)aminomethyl-1-isopropenylben
zene,

4—(l—azi:idinyl)methyl~l—isopropenylbenzene,
4-{l-pyrrolidinyl)methyl-l-iscpropenylbenzene,
4-(l-piperidinyl)methyl-1-isopropenylbenzene, and
4-(1l-hexamethyleneimino)methyl-1~isopropenylbenzene.
[0139]

Compounds of formula (5-2a) wherein p is 2:
4;{2-(dimethylamino}ethyl]—l—isopropenylbenzene,
4-[2~(diethylamino)ethyl]-l-isopropenylbenzene,
4-[2-(dipropylamino)ethyli~-l~isopropenylbenzene,
4-[2—(dibutyiamino)ethyl]—l—isopropenylbenzene,

4-[2~(diallylamino)ethyl]~-1l~isopropenylbenzene,
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4-{2-[bis(trimethylsilyl}aminolethyl}-l-isopropenylbenzene,
4-{2-[bis(tert-butyl-dimethylsilyljaminclethyl}-l~isopropen
yvlbenzene,

4-[2-{l-aziridinyl)ethyl]-1-isopropenylbenzene,
4—{2—(l—pyrrolidinyl)ethyl]—l—isopropenylbenzene,
4-[2-{1l-piperidinyl ethyl]-l-iscpropenylbenzene, and

4-[2~{l~-hexamethyleneimino)ethyl]-l-isopropenylbenzene.
[01403

Of the compounds represented by formula (5-4), examples
of the compound wherein R is a methyl group, m is 1, R is
a group represented by formula (5-2b), and as is‘é substituted
amino group include the following compounds. -
[0141]
Compounds of formula (5-2b) wherein g is 1l:
3-dimethylaminomethyl-l-isopropenylbenzene,
3-diethylaminomethyl-l-isopropenylbenzene,
3=-dipropylaminomethyl-l-isopropenylbenzene,
3-dibutylaminomethyl-l-isopropenylbenzene,
3-diallylaminomethyl-l-isopropenylbenzene,
3-bis(trimethylsilyl)aminomethyl-l-isopropenylbenzene,
3-bis{tert-butyl-dimethylsilyl)aminomethyl~-l-isopropenylben
zene,
3-(l-aziridinyl )methyl-l-isopropenylbenzene,
3-(l-pyrrolidinyl)methyl-l-isopropenylbenzene,

3= ({l-piperidinyl)methyl-l-isopropenylbenzene, and
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3-(l-hexamethyleneimino)methyl-l-isopropenylbenzene.

[0142]

Compounds of formula (5-2b) wherein q is Z2:
3-[2-(dimethylamino)ethyl]-l-isopropenylbenzene,
3-[2~(diethylamino)ethyl]~l-isopropenylbenzene,
3-[2-{dipropylamino)ethyl]-l-iscpropenylbenzene,
3~[2=(di-n-butylamino)ethyl]-l-isopropenylbenzene,
3-[2~(dizallylamino)ethyl]-l1-isopropenylbenzene,
3-{2-[bis(trimethylsilyl)amino]ethyl}-1-isopropenylbenzene,
3-{2~[bis(tert-butyl-dimethylsilyl)amino]ethvl}~l-isopropen
ylbenzene,

3-[2-({l-aziridinyl)ethyl]~-l-isopropenylbenzene,
3-[2-(1l-pyrrolidinyljethyl]-I1-isopropenylbenzene,
3-[2-({l-piperidinyl)ethyl]-l~isoprepenylbenzene, and
3-[{2-(1~hexamethyleneiminojethyl]-l-isopropenylbenzene.
[0143]

Of the compounds represented by formula (5-4), examples
of the compound wherein R¥ is a vinyl group, m is 0, and A° is
a substituted amino group include the following compounds:
[0144]

Zz=dimethylamino-1, 3-butadiene,
2-diethylamino-1, 3~-butadiene,
2-{dipropylamino} -1, 3-butadiene,
2= {dibutylamino} -1, 3-butadiene,

2-diallylamino-1, 3~butadiene,
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2-[bis{trimethylsilyl)amino]~-1,3-butadiene,
2=~[bis(tert-butyl-dimethylsilyl)amino]-1, 3-butadiene,
2-({l-aziridinyl)-1,3-butadiene,
2-{l-pyrrolidinyl}-1,3-butadiene,
2—(l—piperidinyl)—l,B—butadiene,
2-{l-hexamethyleneimino)-1, 3-butadiene,
2={l=-pyrrolyl)=-1,3-butadiene, and

2-(l-imidazolyl)~-1,3-butadiene.

[0145]

Cf the compounds represented by formula (5-4), examples
of the compound wherein R is a vinyl group, mis 1, R is an
alkylene group, and A®° is a substituted aminc group include the
following compounds.

[0146]

Compounds wherein R¥ is a methylene group:
2=-dimethylaminomethyl-1, 3-butadiene,
Z-diethylaminomethyl—l,3—bﬁtadiene,
2-{di-n-propylaminomethyl)-1, 3-butadiene,
2-(di~-n-putylaminomethyl)-1,3-butadiene,
2-diallylaminomethyl-1,3-butadiene,
2-[big(trimethylsilyl)aminomethyl]-1, 3~-butadiene,
2-[big({tert-butyl-dimethylsilyl)aminomethyl]-1,3~butadiene,
2=-[{l-aziridinyl)methyl]l-1, 3-butadiene,
2~[{l=-pyrrolidinyl)methyl]l-1,3-butadiene,

2-[{l-piperidinylmethyl]-1,3~-butadiene,
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2= (l~hexamethyleneimino)methyl]~1,3-butadiene,
1-({2-methylene-3-butenyl)pyrrole, and
1-(2-methylene-3~-butenyl)imidazole.

[0147]

Compounds wherein R* is an ethylene group:
5-~dimethylamino~3-methylene-l-pentene,
B~diethylamino-3-methylene-l-pentene,
5—(di—n-propylamino)—B—methylene—l—péntene,

5~ ({di-n-butylaminec)}-3-methylene-l-pentene,
5-diallylamino-3-methylene-l-pentene,
S-big{trimethylsilyl)amino-3-methylene-l-pentene,
5-bis(tert-butyl-dimethylsilyl)amino-3-methylene-l-pentene,
B~{l-aziridinyl)=-3-methylene-l-pentene,
S5={l-pyrrolidinyl)-3-methylene-li-pentene,
5-{l=piperidinyl)-3-methylene-l~pentene,
5-({l-hexamethyleneimino)-3-methylene~l-pentene,
1-{3-methylene-4-pentenvl)pyrrcle, and
1-({3-methylene-4-pentenyl)imidazole.

[0148]

Cf the compounds represented by formula (5-4), examples
of the compound wherein R is a phenyl group, m is 1, R* is
a phenylene group, and A is a substituted amino group include
the following compounds:

[0149]

l-(4~dimethvlaminophenyl}-l-phenylethylene,
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l-{4~diethylaminophenyl)-l1-phenylethylene,
1-(4~dipropylaminophenyl)-l-phenvylethylene,
1-({4é-diisopropylaminophenyl)-l~-phenylethylene,
1-{4~dibutylaminophenyl)-1l-phenylethylene,
l—(4—diisobutylaminophenyl}—l-phenylethylene,
l-{4-di-tert-butylaminophenyl)-1-phenylethylene,
1-(4-diphenylaminophenyl)-l-phenylethylene,
l—[4—(l—aziridinyl)phenyl]—l-phenyiethylene,
1-[4-(l-pyrrolidinyl)phenyl]-l-phenylethylene,
14[4—(l—piperidinyl)phenyl]—l—phenylethylene,
1-[4-{l-hexamethyleneimino)phenyl]-l-phenylethylene,
1=-({4-morpholinophenvyl)~l-phenylethylene,
1-{4-[bis(trimethylsilyl)amino]lphenyl}-l-phenylethylene,
1-{4-[bis({tert-butyl-dimethylsilyl)amino]phenyl}~l-phenylet
hylene,
l1-{4~[bis(triiscpropylsilyl)aminolphenyl}-1-phenylethylene,
1-{3-dimethylaminophenyl})-l-phenylethylene,
1-{3-diethylaminophenyl)~l~phenylethylene,
1~-{3~-dipropylaminophenyl}-l1-phenylethylene,
1-{3-diisopropylaminophenyl)-l-phenylethylene,
l1-(3-dibutylaminophenyl)-l-phenylethylene,
l=(3-diisobutylaminophenyl)~1l-phenylethylene,

1= (3~di~tert-butylaminophenyl)-l-phenylethylene,
1-{3-diphenylaminophenyl)~l-phenylethylene,

1-[3~{l=-aziridinvyliphenyl]~l-phenylethylene,
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1-[3-(l-pyrrolidinyl)phenyl]l-l-phenylethylene,
1-[3-{l-piperidinvyl)phenyl]-l-phenylethylene,
1-[3-(l-hexamethyleneimino)phenyl]-l-phenylethylene,
1= ({3-morpholinophenyl)-l-phenylethylene,
1-{3~[bis{trimethylsilyl}amino]phenyl}-l-phenylethylene,
l—{3—[bis{tert—butyl~dimethylsilyl)aminojphenyl}»l—phenylet
hylene, and
14{3—[bis(triisopropylsilyl)amino]phenyl};l~phenylethylene.
[0150] |

Of the compounds represented by formula (5-4), examples
of the compound wherein which R° is a phenyl group, m is 1,
R*¥isagrouprepresentedby formula (5-2a), andA®isasubstituted

amino group include the following compounds.

Compounds of formula (5-2a) wherein p is 1:
1-[4-{dimethylaminomethyl)phenyl}l-l-phenylethylene,
1~[4~{diethylaminomethyl)phenyl]~l-phenylethylene,
1-[4-({dipropylaminomethyl )phenyl]~l-phenvylethylene,
1-{4-({diisopropylaminomethyl)phenyl]-l-phenylethylene,
l—[4—(dibutylaminomethyl)phenyl]—l—phenylethylene,
1-[4~(diisobutylaminomethyl)phenyl]-l-phenylethylene,
1-[{4~-({di~tert-butylaminomethyl)phenyl]-1l~-phenylethylene,
1-[4~(diphenylaminomethyl )phenyl]-l-phenylethylene,
1-[4-{l-aziridinylmethyl)phenyl]-l-phenylethylene,

1-[4-(l-pyrrolidinylimethyl)phenyl]-l-phenylethylene,
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1-[4-(l~-piperidinylmethyl)phenyl]-l-phenylethylene,
l1-[4~(l-hexamethyleneiminomethyl phenyl]-l-phenylethylene,
1=-(4-morpholinomethylphenyl}~l-phenylethylene,
1-{4~[bis{trimethylsilyl)aminomethyl]lphenyl}-1l-phenylethyle
nef
1-{4-[bis{tert-butyl-dimethylsilyl)aminomethyl]phenyl}-1-ph
enylethylene, and
1-{4-[bis(triisopropylsilyl)aminomethyl]phenyl}-1-phenyleth
vlene.

[0152]

Of the compounds represented by formula (5-4), examples
of the compound wherein R is a phenyl group, m is 1, R™ is
a group represented by formula {5-2b), and A% is a substituted
amino group include the followlng compounds.

[0153]

Compounds of formula (5-2b) wherein g is 1:
l—[B—(dimethylaminomethyl)phenyl]—l—phenylethylene,
1-[3~({diethylaminomethyl)phenyl]-l-phenylethylene,
1-[3-(dipropylaminomethyvyl)phenyl]~l-phenylethylene,
l—[3—(diisopropylaminomethyl)phenyl]—l—phenyletﬁylene,
1-[3-(dibutylaminomethyl)phenyl]-l-phenylethylene,
1-[{3~{diisobutylaminomethyl)phenyl]~l-phenylethylene,
1-[3-{di-tert-butylaminomethyl)phenyl]~l-phenylethylene,
1-[3-{(diphenylaminomethyl phenyl]l-1l-phenylethylene,

1-[3~-(l-aziridinylmethvl)phenyl]-1-phenylethylene,
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1-[3-(l-pyrrolidinylmethyl)phenyl]-l-phenylethylene,
19[3—(l—piperidinylmethyl)phenyl]—l—phenylethylene,
1-[3-({1l-hexamethyleneiminomethyl )phenyl]-1l-phenylethylene,
1~ ({3-morpholinomethylphenyl)-l-phenylethylene,
i—{3~[bis(trimethylsilyi)aminomethyl}phenyl}—l—phenylethyle
ne,
1-{3~[bis{tert-butyl~dimethylsilyl)aminomethyl]lphenyl}-1l-ph
enylethylene, and
1-{3-[bis(triisopropylsilyl)aminomethyl]lphenyl}-l-phenyleth
ylene.

[0154]

Of the compounds represented by formula (5-4), examples
of the compound wherein R™ is a hydrogen atom, m is 0, and A®
is a nitrogen-containing heteroalicyclic group include the
following compounds:

[0155]

l-methyl-3-vinylpyrrolidine,
l-methyl=-4~vinylpiperidine,
l-methyl-3-vinylhexamethyleneimine, and
l-methyl-4-vinylhexamethyleneimine.
[0156]

Of the compounds represented by formula (5-4}, examples
of the compound wherein R is a hydrogen atom, m is 1, R* is
a phenylene group, and A% is a nitrogen-containing

hetercalicyclic group include the following compounds:
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[0157]
l-methyl-3-(4-vinylphenylipyrrolidine,
l-methyl-4-{4-vinylphenyl)piperidine,
l-methyl-3-(4-vinylphenyl)hexamethyleneimine,
1-methyl-4-{4-vinylphenyl)hexamethyleneimine,
l1-methyl-3-(3-vinylphenyl)pyrrolidine,
l-methyl-4-(3~vinylphenyljpiperidine,
l-methyl-3-(3-vinylphenyl)hexamethyleneimine, and
l-methyl-4~(3-vinylphenyl }hexamethyleneimine.

[0158]

Of the compounds represented by formula (5-4), examples

of the compound wherein R is a hydrogen atom, m is 1, R is

a group represented by formula (5-2a), and A® is a

nitrogen-containing hetercalicyclic group include the

following compounds.

[0158]

Compounds of formula (5-Za) wherein p is 1:
1-methyl-3-{4-vinylphenylmethyl)pyrrolidine,
l-methyl-4~{4-vinylphenylmethyl)piperidine,
l1-methyl=3-(4-vinylphenylmethyl)hexamethyleneimine,
l-methyl-4-{4-vinylphenylmethyl)hexamethyleneimine.
[0160]

Compounds of formula (5-2a) wherein p is 2:
l-methyl-3-[{2-({4~vinylphenyl)ethylipyrrolidine,

l-methyl-4-{2~(4-vinylphenyl)ethyl]plperidine,
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1-methyl-3-[2-{(4~vinylphenyljethyllhexamethyleneinmine, and
l1-methyl~4-[2-{4-vinylphenyl)ethyl]lhexanethyleneimine.

[0161]

Of the compounds represented by formula (5-4), examples
of the compound wherein R is a hydrogen atom, m is 1, R® ig
a group represented by formula (5-2b), and A® is a
nitrogen-containing hetercalicyclic group include the
following compounds.

[0162]

Compounds éf formula (5-2b) wherein ¢ is 1:
1-methyl=-3-~(3-vinylphenylmethyl)pyrrolidine,
1-methyl-4~(3-vinylphenylmethyl)piperidine,
l-methyl=3-(3-vinylphenylmethyl)hexamethyleneimine, and
l-methyl=-4-(3-vinylphenylmethyl)hexamethyvleneimine.
[0163]

Compounds of formula (5-2b) wherein g is 2:
l-methyl-3-[2-(3-vinylphenyl)ethyl]lpyrrolidine,
l1-methyl-4-{2~(3=-vinylphenyl)ethyllpiperidine,
l-methyl-3-[2~(3-vinylphenyl)ethyl]lhexamethyleneimine, and
l-methyl-4-[2~(3-vinylphenyl)ethyl]hexamethyleneimine.
[0164]

Of the compounds represented by formula (5-4), examples
of the compound wherein R is a methyl group, m is 0, and A°

is a nitrogen-containing heteroalicyclic group include the

following compounds:

65




10

15

20

25

[0165]
1-methyl-3-igopropenylpyrrolidine,
l-methyl-4~isopropenylpiperidine,
1-methyl-3-isopropenylhexamethyleneimine, and
l-methyl-4-isopropenylhexamethyleneimine.
[0166]

Cf the compounds represented by formula {(5-4), examples
of the compound wherein R is a methyl group, m is 1, R is
a phenylene group, and A% is a nitrogen-~containing
heterocalicyclic group include the following compounds:
[0167]
l1-methyl-3-{4-isopropenylphenyl)pyrrolidine,
l-methyl-4-(4-isopropenylphenyl)piperidine,
l-methyl-3-{4~-isopropenylphenyl)hexamethyleneimine, and
l-methyl=-4-(4d~-isopropenylphenyl )hexamethyleneimine.

[01e8]

Of the compounds represented by formula (5-4), examples
of the compound wherein R® is a methyl group, m is 1, R* is
a group represented by formula (5~2a), and AS is a
nitrogen—cqntaining hetercalicyclic group include the
following compoﬁnds.

[0168]
Compounds of formula (5-2a) wherein p is 1:
l-methyl-3-(4-isopropenylphenylmethyl)pyrrolidine,

l-methyl~4-{4~-isopropenylphenylmethyl)piperidine,
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l-methyl-3-{4-isopropenylphenylmethyl)hexamethyleneimine,
and
l-methyl-4~(4-isopropenylphenylmethyl)hexamethyleneimine.
[0170]

Compounds of formula (5-2a) wherein p is 2:
l-methyl=-3-[2~(4-isopropenylphenyljethyl]lpyrrolidine,
l-methyl-4-[2-{4-isopropenylphenyl)ethyl]lpiperidine,
1-methyl-3-[2-(4-isopropenylphenyl)ethyl]hexamethyleneimine,

and

l-methyl-~4-{2~(4-1isopropenylphenyl)ethyl]lhexamethyleneimine

[0171]

Cf the compounds represented by formula (5-4), examples
of the compound wherein R is a vinyl group, m is 0, and A° is
a nitrogen-containing heteroalicyclic group include the
following compounds:

[6172]
l—methyl—B—(l—méthylene—z—propenyl)pyrrolidine,

l-methyl-4~{l-methylene-2-propenyl)piperidine,

~l-methyl-3-(l-methylene-Z2-propenyl)hexamethyleneimine, and

l-methyl-4~(l-methylene-2-propenyl)hexamethyleneimine.

[0173]
Of the compounds represented by formula (5-4), examples
of the compound wherein R is a vinyl group, m is 1, R* is an

alkylene group, and A° is anitrogen-containing hetercalicyclic
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group include the following compounds.

[0174]

Compounds wherein R% is a methylene group:
l-methyl-3-(2-methylene-3~-butenyl)pyrrolidine,
1-methyl-4-(2-methylene-3-butenyl)piperidine,
1-methyl-3-(Z-methylene-3~butenyl)hexamethyleneimine, and
1-methyl-4-(2-methylene-3-butenyl)hexamethyleneimine.
[0175]

Compounds‘wherein R*® is an ethylene group:
1-methyl-3-(3~methylene~4-pentenyl )pyrrolidine,
l—metﬁyl—4~(3—methylene—4—pentenyl)piperidine,
l1-methyl=-3-(3-methylene-4-pentenyl )hexamethyleneimine, and
l-methyl-4-{3-methylene-4-pentenyl)hexamethyleneimine.
[0176]

Of the compounds represented by formula (5-4), examples
of the compound wherein R is a phenyl group, m is 1, R% is
a phenylene group, and A% is a nitrogen-containing
hetercalicyclic group include the’following compounds :
[0177]
1-[4-(l-methyl-3-pyrrolidinyl)phenyl]-l-phenylethylene,
1-[4~{l-methyl-3-piperidinyl)phenyl]-il-phenylethylene,
1-{4=-{l-methyl-4d-piperidinyl)phenyl]-l-phenylethylene,
l-[4~(l—mefhyl—3—hexamethyleneimino)phenyl)-l—phenylethylen

=

1-[4~(l-methyl-4~hexamethyleneimino)phenyl]-l~phenylethylen
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1-[3-(il-methyl-3-pyrrolidinyl)phenyl]-l1-phenylethylens,
1-[3-(1l-methyl-3-piperidinyljphenyl]-1l-phenylethylene,
1-[3-(1l-methyl-4-piperidinyl)phenyl]-l-phenylethylene,
1-[3-{l-methyl-3-hexamethyleneimino)phenyl]-l-phenylethylen
e, and
1-[{3-(l-methyl-4~hexamethyleneimino)phenyl]-l-phenylethylen
e.

[0178]

Of the compeounds fepresented by formula {5-4), examples
of the compound wherein R is a phenyl group, m is 1, ﬁﬁ ié
a group represented by formula (5-2a), and A% is a
nitrogen-containing heteroalicyclic group include the
following compounds.

[0179]

Compounds of formula (5-2a) wherein p is 1:
1-[4-(l-methyl-3-pyrrolidinyl)methyl]phenyl}-l-phenylethyle
ne,
1-[4-({l-methyl-3-piperidinylimethyl]lphenyl}-1-phenylethvlen
e,
1-[4-(l-methyl-d-piperidinyl)methyl]phenyl}-l-phenylethylen
e, and

1-[4-{l-methyl-3-hexamethyleneimino)methyl]phenyl}-l-phenyl

ethylene.

[0180]
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Of the compounds represented by formula (5-4), examples
of the compound wherein R is a phenyl group, m is 1, R*? is
a group represented by formula (5-2b), and A% is a
nitrogen-containing hetercalicyclic group include the
folloWing compounds. |
[0181]

Compounds of formula (5-2b) wherein g is 1:
i—[3—(l—methyl—B—pyrrolidinyl)methy&]phenyl}—l—phenylethyle
ne,
1-[3~({l-methyl-3~piperidinyl)methyl]lphenyl}-l-phenylethylen
Sy
1-[3-{1l-methyl-4-piperidinyl)methyl]phenyl}~1l-phenylethylen
e, and
1-[3-(l-methyl=~3-hexamethyleneimino)methyl]lphenyl}~l-phenyl
ethylene.

[0182]

Of the compounds represented by formula (5-4), examples
of the compound wherein R* is a hydrogen atom, m is 0, and A°
is a nitrogen-containing aromatic heterocyclic group include
the following compounds:

[0183]

l-methyl-2-vinylimidazole,
l-methyl-4-vinylimidazole,
l-methyl=-5-vinylimidazole,

Z2-vinylpyridine,
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3-vinylpyridine,
4-vinylpyridine,

Z2=vinylguinoline,

3~-vinylguinoline, and

4-vinylguinoline.

[0184)]

Of the compounds represented by formula (5-4), examples
of the compound wherein R is a methyl group, m is 0, and A®
is a nitrogen-containing arométic heterccyclic group include
the following compounds:

[0185] |
l-methyl-2-isopropenylimidazole,
l-methyl-4-isopropenylimidazole,
1-methyl-5-isopropenylimidazole,
2-isopropenylpyridine,
3-isopropenylpyridine,
4-isopropenylpyridine,
2-isopropenylguinoline,
3-isopropenylquinoline, and
4-isopropenylguinoline.

[0186]

Of the compounds represented by formula (5-4), examples
of the compound wherein R is a vinyl group, mis 0, and A° is
a nitrogen~containing aromatic heterocyclic group include the

following compounds:
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[0187]
l-methyl-2Z-~(l-methylene-2-propenyl)imidazole,
l-methyl-4-(l-methylene-~Z-propenyl)imidazole,
l-methyl-5-{l-methylene-2-propenyl)imidazole,
2-(l—methylene"Z—propenyl)pyridine,
3-(l-methylene~Z-propenyl)pyridine,
4-(l-methylene~-2-propenyl)pyridine,
2-{l-methylene-Z-propenyl)quinoline,
3—(l—methyiene—2~propenyl)quinoline, and
4-{l-methylene-2-propenyl)guinoline.

[0188]

Of the compounds represented by formula {5-4), examples

of the compound wherein Rm'is”a vinyl group, m is 1, R* is an
alkylene group, and A® is a nitrogen~containing aromatic
heterocyclic group include the following compounds.
[0189]

Compoundg wherein R* is a methylene group:
l-methyl=-2~{Z-methylene-3~-butenyl)imidazole,
l-methyl-4-(2-methylene-3-butenyl)imidazole,
1-methyl-5-(2-methylene-3-butenyl)imidazole,
2~{2-methylene-3~butenylpyridine,
3-({2~methylene-3~butenyl)pyridine,

4~ {(2~methylene-3~butenyl)pyridine,
2-(2-methylene-3-butenyl)guinoline,

3-({Z-methylene-3~butenyl)guinoline, and
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4-(2-methylene~3-butenyl)guinoline.
[0190]
Compounds wherein R* is an ethylene group:

l-methyl-2-(3-methylene-4-pentenyl)imidazole,

l-methyl-4-{3-methylene-4-pentenyl)imidazole,

l=-methyl-5~(3-methylene-4-pentenyl)imidazole,
2=~ {3-methylene-4-pentenyl )pyridine,
3-(3-methylene~4-pentenyl)pyridine,
4—(3—methylene-4—pentenyl)pyridine,
2-(3-methylene~4-pentenyl)quinoline,
3-(3=-methylene~4{-pentenyl)quinoline, and
4~ (3-methylene~4-pentenyl jquinoline,
[0181]
Preferred as the compound represented by formula (5) is
a compound represented by formula (5-4) wherein R* in formula
(5~4) is a hydrogen atom.
Mdrepreferredareaacompoundrepresentedkﬂ/formula(5—4)
wherein R in formula {5~-4) is a hydrogen atom, m is 1, R%? isg
aphenylenegroup,andAsisasubstitutedaminogrouprepresented
byformula(5—3);acompoundrepresentedbyf@rmula(5—4)wherein
R in formula (5-4) is a hydrogen atom, m is 1, R* is a group
representedkmfformula(5—2),andifjj;asubstitutedaminogroup
represented by formula (5-3); and a compound represented by
formula (5-4) wherein R% in formula (5~4) is a hydrogen atom,

mis 0, and A% is a nitrogen~containing heterocyclic group.
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Even more preferred are a compound represented by formula
(5-4) wherein R in formula (5-4) is a hydrogen atom, m is 1,
R* is a para-phenylene group or a meta-phenylene group, and
A’is a polymethylene group in which R®® and R*® in formula (5-3)
are bonded to each other; a compound represented by formula (5-4)
wherein R® in formula (5-4) is a hydrogen atom, m is 1, R*? is
a group represented by formula (5-2a) or (5-2b), and A® is a
polymethylene group in which R*® and R®°® in formula (5-3) are
bonded to each other; and a compound represented by formula (5-4)
wherein R® in formula (5-4) is a hydrogen atom, s is 0, and
A% is a nitrogen-containing aromatic heterocyclic group.
(01921

Particularly preferred as the compound represented by
formula (5) are 4-[2-(l-pyrrolidinyl)ethyl]styrene,
3-[2-{1l=-pyrrolidinyl)ethyl]lstyrene, 4-vinylpyridine, and
3-vinylpyridine.
[0193]

R® in formula {(5') represents a hydrocarbyl group having
a polymerizable carbon-carbon double bond.
[0194]

rR® is preferably a group represented by the following
formula (5'=V):

[0185]
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R R

R94‘ : (R%)n_._._

wherein n represents an integer of 0 or 1, R%; R%, and R* each
independently represent a hydrogen atomor a hydrocarbyl group,
and R% represents a hydrocarbylene group.

[0196]

In formula (5'-V), n represents an integer of 0 or 1.
[0187]

Examples of the hydrocarbyl group represented byI%“, R,
or R* include an alkyl group, an alkenvl group, and an aryl
group. 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 preferred
is amethyl group. Examplesof the alkenyl group include a vinyl
group, an allyl group, a l-propenyl group, and an isopropenyl
group, and preferred i1s a vinyl group. Examples of the aryl
group include a phenyl group, a methylphenyl group, and an
ethylphenyl group, and preferred is a phenyl group.

[0198]

Preferred as R* is a hydrogen atom, a methyl group, a
vinyl group, or a phenyl group, and more preferred is a hydrogen
atom.

[0199]
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Preferred as R°® and R* is a hydrogen atom.
[OéOO]

Examples of the hydrocarbylene group represented by R%?
include an alkylene group, an arylene group, and a group in which
an arylene group is bonded to an alkylene group.

[0201)

Examples ofiﬁm;alkylenetgroupxinclude a methylene group,
an ethylene group, and a trimethylene group. Preferred is a
methylene group or an ethylene group. Examples of the arylene
group include a phenylene group, a naphthylene group, and a
biphenylene group. Preferred is a phenvlene group.

[0202]

Examples of the group in which an arylene group is bonded
to an alkylene group include a group in which a phenylene group
is bonded to an alkylene group, a group in which a naphthylene
group is bonded to an alkylene group, and a group in which a

biphenylene group is bonded to an alkylene group. Preferred

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

group.

As to the group in which an arylene group is bonded to
analkylenegroup,acarbonatomofthearylenegroupispreferably

bondedtothecarbonatomtowhianmoffbrmula(5‘—V>isbonded.

[06203]

Examples of the group in which a phenylene group and an

alkylene group are bonded to each other (i.e., a

76




10

15

phenylene—alkylene group) include a group represented by the
following formula (5'-R}:

[0204]

(5-R)

wherein d represents an integer of 1 to 10, and (CH:)aq is a
gubstituent on the benzene ring.
[0205]

Examples of the phenylene-alkylene group include,
depending upon the position of the carbon atom cn the benzene
ring to which the alkylene group is bonded, a
para-phenylene-alkylenegroup, ameta-phenylene-alkylene group,
and an ortho-phenylene-alkylene group. In the case of a group
represented by formula {(5'-R}, the para-phenylene-alkylene
group is a group represented by the following formula (5'-Ra),
the meta-phenylene-alkylene group is a group represented by the
following formula (5'-Rb), and the ortho-phenylene-alkylene

group i1s a group represented by the following formula (5'-Rc):

(3'-Ra)
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(5™-Rb)

(CHy—

(5Re)

wherein e, f, and g each represent an integer of 1 to 10.

[0206]

Preferred as the group inwhich an arylene group is bonded
to an alkylene group 1s a group in which a phenylene group is
bonded to an alkylene group (a phenylene-alkylene group), more
preferred is a group represented by the above formula (5'-Ra)
or a group represented by the above formula (5'-Rb), even more
preferred is a para-phenylene-methylene group (a group
represented by formula (5'-Ra) wherein e = 1), a
meta-phenylene-methylene group (a group represented by formula
(5'-Rb) wherein £=1), apara-phenylene-ethylene group (a group
represented by formula (5'-Ra) wherein e = 2), or a
meta-phenylene-~ethylene group (a group represented by formula

(5'-Rb) wherein £ = 2).
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[0207]

Examples of the group represented formula (5'-V) include
the groups shown below.
[0208]

Examples of the group in which RY, R, and R* are hydrogen
atoms include a vinyl group, an allyl group, a 3~-butenyl group,
a 4-vinylphenyl group, a 3-vinylphenyl group, a
(d-vinylphenyl)methyl group, a 2—(4~Vinylpheny1)ethyl group,
a (3-vinylphenyl)methyl group, and a 2—(3~Vinylphenyl)ethyl
group.

[0209]

Examples of the group in which R™ is a methyl group and
R*® and R* are hydrogen atoms include an isopropenyl group, a
2-methyl-2-propenyl group, a 4-isopropenylphenyl group, a
3-isopropenylphenyl group, a (4-isopropenylphenyl )methyl group,
a 2-({4~isopropenylphenyl)ethyl group, a
{3-isopropenylphenylimethyl group, and a
2= (3-isopropenylphenyl)ethyl group.
[0210]

Examples of the group in which R is a vinyl group and
R%® and R®* are hydrogen atoms include a l-methylene-2-propenyl
group and a 2-methylene-3-butenyl group.
[0211]

Examples of the group in which R is a phenyl group and

R and R% are hydrogen atoms include a l-phenvlethenyl group,
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a 2-phenyl-2~-propenvl group, a 4~ (l-phenylethenyl)phenyl group,
a 3-{(l-phenylethenyl)phenyl group, and a
2-{l-phenylethenyl)phenyl group.

[0212]

Examples of the group in which R* is a hydrogen atom,
R%isan@thylgroup,andR“isahydrogenatomincludeal—propenyl
group, a 2-butenyl group, a 4-{l-propenyl)phenyl group, a
4-{l-propenyl)phenylmethyl group, a
2-[4-{l-propenyl)phenyl]ethyl group, a 3-(l-propenyl)phenyl
group, a 3-(l-propenyl)phenylmethyl group, and a
2-[3={1l-propenyl)phenyllethyl group.

[0213]
The group represented by formula (5'~V) is preferably a

group represented by the following formula (5'-V1):

H R

wherein R® represents a hydrogen atom or a hydrocarbyl group,
n represents an integer of 0 or 1, and R%? represents a
hydrocarbylene group.

[0214]

Among preferable groups represented by formula (5'-V1),
examples of the group in which R is a hydrogen atom include

a vinyl group, a 4-vinyiphenyl group, a 3-vinylphenyl group,
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a (d-vinylphenyl)methyl group, a 2- (4-vinylphenyl)ethyl group,
a {3—§inylphenyl}methyl group, and a 2-{3-vinylphenvyl)ethyl
group. ExamplesofthegroupinwhichR?lisan@thylgroupinclude
a 4-isopropenylphenyl group, a 3-isopropenylphenyl group, a
(4-isopropenylphenyl)methyl group, a
2-{4-isopropenylphenyllethyl group, a
(3-isopropenylphenyl ymethyl group, and a
2—(3—isopropenyl§henyl)ethyl group. Examples of the group in
whiéhfﬁliszavinylgroupincludezal—methylene—Z—propenylgroup
and a 2-methylene-3~-butenyl group. Examples of the group in
which Rm'isra pBenyl group include a 4-{l-phenylvinyl)phenyl
group.

[0215]

More preferred as the group represented by formula (5'-V1)
is a vinyl group.
[0216]

A% in formula (5') represents a substituted silyl group.
[0217]

Examples of the substituted silyl group represented by
2° include groups in which a hydrogen atom bonded to the silicon:
atom of a silyl group has been substituted with a substituent
such as a hydrocarbyl group optionally having a substituent,
a hydrocarbyloxy group, or a substituted amino group.
Substituents bonded to the silicon atom may be either the same

or different.
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[0218]

Preferred as the substituted silyl group represented by
A% is a group represented by the following formula (5'-S):
x 1
,,__;Si__}<2

(5'-S)

wherein X%, X%, and X* each represent a substituted amino group
or a hydrocarbyl groupoptionally having a substituent, provided
that at least one of X}, X%, and X® is a substituted amino group.
[0219]

Examples of the hydrocarbyl group opticnally having a
substituent represented by‘Xl, X2, or X% include a hydrocarbyl
group and a substituted hydrocarbyl group, and examples of the
substituted hydrocarbyl group include a group having at least
one atom selected from the atom group consisting of an oxygen
atom, a nitrogen atom, and a silicon atom.

[0220]

Examples of the hydrocarbyl group represented by’XH Xz,
or ¥° include an alkyl group, an alkenyl group, an alkynyl group,
an aryl group, and an aralkyl group. Examplesofthealkylgroup
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-butvl group. Examplesof thealkenyl group include avinyl

group, an allyl group, a l-propenyl group, and an isopropenyl
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group. Examples of the alkynyl group include an ethynvyl 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 gfoup. Preferred as the
hydrocérbyl group 1is an alkyl group.
[0221]

Examples of the substituted hydrocarbyl group having an
oxyéenatomrepresentedbyxl,Xz,orXBincludealkoxyalkylgroﬁps
such as a methoxymethyl group, a methoxyethyl group, an

ethoxymethyl group, and an ethoxyethyl group.

[0222]

Examples of the substituted hydrocarbyl group having a
nitrogen atom represented by’Xl, X2, or ¥° include
dialkylaminoalkyl groups such as a dimethylaminomethyl group,
a dimethylaminoethyl group, a diethylaminomethyl group, and a
diethylaminoethyl group.

[0223]

Examples of the substituted hydrocarbyl group having a
gilicon atom represented by xt, %%, or ¥X® include
trialkylsilylalkyl groups suchas atrimethylsilylmethyl group,
a trimethylsilylethyl group, a triethylsilylmethyvl group, and
a triethylsilylethyl group.

[0224]

The number of the carbon atoms of the hydrocarbyl group

optionally having a substituent represented by'Xl,Df, or X% is
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preferably 1 to 10, more preferably 1 to 4.

[0225]

Preferred as the hydrocarbyl group optionally having a
substituent represented by X% Xz, or X* is an alkyl group or
an alkoxyalkyl group. Preferred as the alkyl group is an alkyl
group having 1 to 4 carbon atoms, and more preferred is.a methyl
group or an ethyl group. Preferred as the alkoxyalkyl group
is an alkoxyalkyl group having 2 to 4 carbon atoms.

[0226]
Preferred as the substituﬁed amino group represented by

%3, Xz, or X% is a group represented by the following formula

(57-Xj:

AN (5-X)

wherein R*® and R°® are each a hydrocarbyl group or a
trihydrocarbylsilyl group, or R®® is bonded to R and the group
in which R%® is bonded to R%® represents a hydrocarbylene group
optionally having a nitrogen atom and/or an oxygen atom, or R%®
and?@srepresent.togethera group that 1s bonded to the nitrogen
atom via a double bond.

[0227]

Examples of the hydrocarbyl group represented by R or
R%® include an alkyl group, an alkenyl group, an alkynyl group,

an aryl group, and an aralkyl group. Examples of the alkyl group
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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. Examplesof the alkenyl group include avinyl
group, an allyl group, a l-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
phenvyl group, a tolyl group, and a xylyl group. Examples of
the aralkyl group includg a benzyl group.

[0228]

The number of the carbon atoms of the hydrocarbyl group
represented byR95 or R* is preferably 1 to 10, more preferably
1 to 4, and even more preferably 1 to 2.

[0229]

Preferred as the hydrocarbyl group represented by’R95 or
R is an alkyl group, and more preferred is a linear alkyl group.
[0230]

Examples of the trihydrocarbylsilyl group represented by
R% or R% include trialkylsilyl groups such as a trimethylsilyl
group, a triethylsilyl group, a triisopropylsilyl group, and
a tert-butyl-dimethylsilyl group.

[0231]

The trihydrocarbylsilyl group represented by R or R*®
is preferably a trialkylsilyl group having 3 to 9 carbon atons,
more preferably a trialkylsilyl group)in‘whichAthe alkyl group

bonded to the silicon atomis an alkyl group having 1 to 3 carbon
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atoms, and even more preferably a trimethylsilyl group.

[0232]

In the group in which R®® is bonded to R%, examples of
the hydrocarbylenegroupoptionallyhavinganitrogenatomand/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
—CHyCHy~NH~CHy=-, a group represented by —-CH;CHy;-N=CH~-, a group
represented by -CH=CH-N=CH-, and a group represented by
~CH2CH3~NH~CH;CHp~.  Examples of the hydrocarbylene group having
anoxygenatominclude agroup representedby ~CHy~CH;~0-CHy~CHy~.
[06233]

The number of the carbon atoms of the group in which R
is bonded to R is preferably 2 to 20, more preferably 2 to
7, and even more preferably 4 to 6.

[0234]

InthegroupinwhichR?sisbondedtofﬁé,thehydrocarbylene
group optionally having a nitrogen atom and/or an oxygen atom
ispreferablyahydrocarbylenegroup, morepreferablyvanalkylene

group, and even more preferably a polymethylene group.

[0235]
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Examples of the group that is represented by R®® and R®®
together and is bonded to the nitrogen atom via a double bond
include hydrocarbylidene groups such as an ethylidene group,
a propylidene group, a butylidene group, a l-methylethylidene
group, a l-methylpropylidene group, and a
1,3-dimethylbutylidene group.

[0236]

The number of the carbon atoms of the group that is

represented by R®® and R*® together and is bonded to the nitrogen

atom via a double bond is preferably 2 to 20, more preferably

2 to 6.

[0237]

Preferably, R and R%® are each an alkyl group or a
trialkylsilyl group, or R? is bonded to R®® and the group in
whichf@sisbondedtoR96isanalkylenegroup,andmorepreferably,

R® and R®® are each an alkyl group.

- [0238]

Examplesof thegrouprepresentedby formula (5’ -X) include
an acyclic amino group and a cyclic amino group.

[0239]

Among acyclic amino groups, examples of the group of
formula (5'-X) in which R®® and R®® are each a hydrocarbyl group
include dialkylamino 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
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di (sec~butyl)amino group, a di(tert-butyl)amino group, and an
ethylmethylamine group. Among acyclic amino groups, examples
of the group of formula (5'-X) in which R*® and R are each a
trihydrocarbylsilyl group include bis(trialkylsilyl)amino
groups such as a bis(trimethylsilyl)amino group and a
bis{tert-butvl-dimethylsilyljamino group.
[0240]

Among acyclic amino groups, “examples of the group of

formula {5'-X) in which R®® and R®® represent together a group

that is bonded to the nitrogen atom via a double bond include

an ethylideneamino group, a l-methylpropylideneamino group, a
1,3-dimethylbutylideneamino group, a l-methylethylideneamino

group, and a 4-N,N-dimethylaminobenzylideneamino group.

[0241]

Among such cyclic amino groups, examples of a group of
formula (5'-X) in which ﬁ% is bonded to R% and the group in
which R® is bonded to R°® is a hydrocarbylene group include a
l-aziridinvyl group, al-azetidinyl group, a l-pyrrolidinyl group,
a l-piperidinyl group, a l-hexamethyleneimino group, and a
l-pyrrolyl group. Amongcyclicaminogroups, examplesof agroup
of formula (5'-X) in which R*® is bonded to R and the group
in which R*® is bonded to R%® is a hydrocarbylene group having
a nitrogen atom include a l-imidaszolyl group, a
4,5-dihydro—l—imidaéolyl group, a l-imidazolidinyl group, and

a l-piperazinyl group. Among cyclic amino groups, examples of
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a group of formula (5'-X) in which R*® is bonded to R% and the
group in which R%® is bonded to R% is a hydrocarbylene group
having an oxygen atom include-a morpholino group.

[0242]

The substituted amino group represented by’Xl,}@, or X°
is preferasbly an acyclic amino group, and is more preferably
adialkylamino group. Morepreferred is adimethylamino group,
a diethylamino group, a di{n-propyl)amino group, or a
di(n~butyi)amin§ group, and particularly preferred is &

dimethylamino group or a diethylamino group.

[0243]

In formula (5'-8), at least one of Xl, Xz, and X% is a
substitutéd,amino group, and preferably, two or more of Xl,}a,
and X° are substituted amino groups, and more preferably, two
of %%, %%, and X? are substituted amino groups.

[0244]

The compound represented by formula {(5') is preferably
a compound represented by the following formula (5'-1) wherein
R’ is a group represented by formula (5'-V1) and A% is a group

repregented by formula (5'-S):

9l
H R o
H (}{92)ﬁ°~‘%i***}(2 -1
X3

wherein Rm'represents a hydrogen atom or a hydrocarbyl group,
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n represents an integerof Oor 1, R92representseahydrocarbylene
group,anXm,X2,andx3eachrepresenteasubstitutedaminogroup
or a hydrocarbyl group optionally having a substituent, provided
that at least one of X', X%, and X® is a substituted amino group.
[0245]

Of the compounds represented by formula (5'-1), examples
of the compound wherein R is a hydrogen atom and one of X7,

Xz,andXBisadialkylaminogroupincludethefollowingcompounds.

[0246]

Compounds of formula (5'-1) wherein n is O:
(dimethylamino)dimethylvinylsilane,
{diethyvlamino)dimethylvinylsilane,
(dipropylamino)dimethylvinylsilane,
{dibutylamino)dimethylvinylsilane,
{(dimethylamino)diethylvinylsilane,
{diethylamino)diethylvinylsilane,
{(dipropylamino)diethylvinylsilane, and
(dibutylamino)diethylvinylsilane.

[0247]

Compounds of formula (5'-1) wherein n is 1:
{dimethylaminojdimethyl (4-vinylphenyl)silane,
{dimethylaminojdimethyl (3-vinylphenyl)silane,
{(diethylamino)dimethyl (4-vinylphenyl)silane,
{(diethylamino)dimethyl {3-vinylphenyl)silane,

(dipropylamino)dimethyl (4-vinylphenyl)silane,
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(dipropylamino)dimethyl(3—Vinylphenyl)silane,»
(dibutylamino)dimethyl(4—vinylphényl>silane,
{dibutylamino)dimethyl (3-vinylphenyl)silane,
{dimethylamino)diethyl (4-vinylphenyl)silane,
(dimethylaminoj)diethyl (3~-vinylphenyl)silane,
(diethylamino)diethyl (4-vinylphenyl)silane,
{diethylamino)diethyl (3-vinylphenyljsilane,

(dipropylamino)diethyl (4-vinylphenyl)silane,

(dipropylaminojdiethyl (3-vinylphenyl)silane,

(dibutylamino)diethyl (4d-=vinylphenyl)silane, and
(dibutylamino)diethyl (3-vinylphenyl)silane.
[0248]

Cf the compounds represented by formula (5'-1}, examples
of the compound wherein R™ is a hydrogen atom and two of X!,

%%, and X° are dialkylamino g¢groups include the following

compounds.

[0249]

Compounds of formula (5'-1) wherein n is O:
bis(dimethylanmino)methylvinylsilane,
bis{diethylaminoc)methylvinvlsilane,
bis{dipropylamino)methylvinylsilane,
bis({dibutylamino)methylvinylsilane,
bis{dimethylaminojethylvinylsilane,
bis{diethylamino)ethylvinylsilane,

bis{dipropylamino)ethylvinvlsilane, and
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bis(dibutylamino)ethylvinylsilane.
[0250]
Compounds of formula (5'-1) wherein n is 1:
bis(dimethylamino)methyl{4-vinylphenyl)sgilane,
bis(dimethylamino)methyl (3-vinylphenyl)silane,
bis({diethylamino)methyl (4-vinylphenyl)silane,
bis{(diethylamino)methyl (3-vinvliphenyl})silane,
bis{dipropylamino)methyl{(4-vinylphenyl)silane,
bis(dipropylamino)methyl (3-vinylphenyl)silane,
big(dibutylamino}methyl (4-vinylphenyl)silane,
bisg(dibutylamino)methyl (3~-vinylphenyl)silane,
bis{dimethylaminojethyl{4-vinylphenyl}silane,
bis(dimethylamino)ethyl({3-vinylphenyl}silane,
bis(diethylamino)ethyl (4-vinylphenyl)silane,
bis(diethylamino)ethyl (3-vinylphenyl)silane,
big(dipropylamino)ethyl (4-vinylphenyl)silane,
bis(dipropylaminojethyl{3-vinylphenyl)silane,
bis(dibutylamino)ethyl{4-vinylphenyljsilane, and
bis(dibutylamino)ethyl (3-vinylphenyl)silane.
[0251]

Of the compounds represented by formula (5'~1), examples
of the compound wherein R* is a methyl group and two of X, %2,
and X® are dialkylamino groups include the following compounds.

[0252]

Compounds of formula (5'-1) wherein n is 1:
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bis(dimethylaminojmethyl (4-isopropenylphenyljsilane,
bis(dimethylaminojmethyl (3-isopropenylphenyl)silane,
bis{diethylamino)methyl{4-isopropenylphenvl}silane,
bis{diethylamino)methyl (3-isopropenylphenyl)silane,
bis(dipropylamino)methyl (4-isopropenylphenyl)silane,
big(dipropylaminc)methyl (3-isopropenylphenyl)silane,
bis(dibutylamino)methyl(4—isopropenylphenyl)silane,
bis(dibutylamino)methyl(B—isopropenylphenyl)silané,
bis{dimethylamino}ethyl (4-isopropenylphenyl)silane,
big(dimethylaminc)ethyl (3-isopropenylphenyl)silane,
bis{diethylamino)ethyl (4d-isopropenylphenyl)silane,
bis{diethylamino)ethyl (3-iscopropenylphenyl)silane,
bis(dipropylamino)ethyl ({-isopropenylphenyl)silane,
bis{dipropylamino)ethyl (3-isopropenylphenyl)silane,
bis{dibutylaminojethyl (4~isopropenylphenyl)silane, and
bis{dibutylamino)ethyl {3-isopropenylphenyl}silane.
[0253]

Of the compounds represented by formula (5'-1), examples
of the compound wherein R™ is a vinyl group and two of X%, X%,
and X° are dialkylamino groups include the following compounds.
[0254]
Compounds of formula (5'~1) wherein n is O:
bis(dimethylamino)methyl (1-methylene~2-propenyl)silane,
bis(diethylaminc)methyl (1-methylene-2-propenyl)silane,

bis{dipropylamino)methyl (1-methylene-Z-propenyl)silane,
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bis{dibutylamino)methyl (1-methylene-2-propenyl)silane,
bis{dimethylamino)ethyl ({l-methylene~-2-propenyl)silane,
bis{diethylaminc)ethyl{l-methylene-2~-propenyl)silane,
bis({dipropylaminojethyl (l-methylene-2-propenyl)silane, and
bis{dibutylaminc)ethyl (l-methylene-2-propenyl)silane.
[0255]

Of the compounds represented by formula (5'-1), examples
of the compound wherein R is a phenyl group and two of X%,XZ,
and X? are dialkylamino groupskinclude the following compounds.
[0250]

Compounds of formula (5'-1) wherein n is 1:
1-{4-[bis(dimethylamino)methylsilyl]phenyl}~l-phenylethylen
e,

l—{4—[bis(diethylamino)methylsilyl]phenyl}—l—phenylethylene

r
l-{4-[bis{dipropylamino)methylsilyl]phenyl}-l-phenylethylen
e,

1-{4~-[bis(dibutylamino)methylsilyl]phenyl}~l~phenylethylene

’

1-{4-[bis(dimethylamino)ethylsilyl]lphenyl}~-1l-phenylethylene

’

1-{4~[bis(diethylamino)ethylsilyl]lphenyl}-1l-phenylethylene,
1-{4-[bis(dipropylamino)ethylsilyl]phenyl}-l~phenylethylene,
and

1={4-[bis(dibutylamino)ethylsilyl]lphenyl}-l-phenylethylene,.
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[0257]

Of the compounds represented by formula (5'-1), examples
of the compound wherein R is a hydrogen atom and three of X3,

X%, and ¥X° are dialkylamino groups include the following

compounds.
[0258]
Compounds of formula (5'-1) wherein n is O:
tris{dimethylaming)vinylsilane,
tris(diethylamino)vinylsilane,
tris{dipropylamino)vinylsilane, and
tris(dibutylamino)vinylsilane,
[0259]
Compounds'of formula (5'-1) wherein n is 1:
tris{dimethylamino} {4~-vinylphenvyl)silane,
tris(dimethylamino) (3~vinylphenyl)silane,
tris(diethylamino)(4—§inylphenyl)silane,
tris(diethylamino) (3-vinylphenyl}silane,
tris{dipropylamino) (4-vinylphenvyl}silane,
tris({dipropylamino) {3-vinylphenyl)silane,
tris(dibutylamino) (4d-vinylphenyl)silane, and
tris{dibutylamino) (3-vinylphenyl)silane.
[0260]

Of the compounds represented by formula (5'-1), examples
of the compound wherein R is a methyl group and three of X7,

Xz, and X° are dialkylamino groups include the following

S5




10

15

20

25

compounds.

[0z261]

Compounds of formula (5'-1) wherein n is 1:
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~-isopropenylphenvylisilane,
tris(dibutylamino) (4-isopropenylphenyl)silane, and
tris{dibutylamino) (3-isopropenylphenyljsilane.
[0262)

Of the compounds represented.by‘formula {(5'=1), examples
of the compound wherein R™ is a vinyl group and three of Xl,

Xz, and X® are dialkylamino groups include the following

compounds.

[0263]

Compounds of formula (5'-1) wherein n isg O:
tris{dimethylamino) (1-methylene-2-propenyl)silane,
tris(diethylamino) (l-methylene~-2~propenyl)silane,
tris{dipropylamino) {(l-methylene-2-propenyl)silane, and
tris{dibutylamino} {l-methylene~2-propenyl)silane.
[0264]

Of the compounds represented by formula (5'-1), examples

of the compound wherein R is a phenyl group and three of X%
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Xz, and ¥X°® are dialkylamino groups include the following

compounds.

[0265]

Compounds of formula (5'-1) wherein n is 1:
l-[4-tris{dimethylaminc}silylphenyl]-l-phenylethylene,
l-l4-tris({diethylamino)silylphenyl]-l-phenylethylene,
1-l4-tris(di-n-propylamino)methylsilylphenyl]-l-phenylethyl
ene, and
1-[4-tris(di-n~-butylamino)methylsilylphenyl]-1l-phenylethyle
ne.

[0266]

Preferred as the compound represented by formula (5') is
a compound represented by formula (5'-1), more preferred is a
compound represented by formula (5'-1) wherein two of X!, X%,
and ¥° in formula (5'-1) are dialkylamino groups, and even more
preferred is a compound represented by formula (5'-1) wherein
two of ¥, %%, and X% in formula (5'-1) are dialkylamino groups,
R¥ is a hydrogen atom, and n = O.

Particularly preferred as the compound represented by
formula (5') is a compound represented by formula (b'-1) wherein
two of X%, X%,andAX3in formula (57-1) are dialkylamino groups,
the remaining one i1s an alkyl group or an alkoxyalkyl group,

R* is a hydrogen atom, and n = O.

[Cz267]

Most preferred as the compound represented by formula (5')
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are bis(dimethylamino)methylvinylsilane,
bis(diethylamino)methylvinylsilane,
bis{dipropylamino)methylvinylsilane,
bis{dibutylamino)methylvinvlsilane,
bis(dimethylaminojethylvinylsilane,
bis(diethylamino)ethylvinylsilane,
bis(dipropylamino)ethylvinylsilane, and
bis(dibutylamino)ethylvinylsilane.

[0268]

In the case where a compound containing a nitrogen atom
and a hydrocarbyl group having a polymerizable carbon~carbon
double bond is copolymerized with an aromatic vinyl compound
and a conjugated diene compound, the added amount of the compound
containing a nitrogen atom and a hydrocarbyl group having a
polymerizable carbon—carbon double bond is preferably 0.01 mol
to 1.00 mol, and mcore preferably 0.02 mol to 0.99 mol, per 1
mol of the alkali metal derived from the alkali metal-based
polymerizationinitiator in terms of the enhancement of the fuel

economy of tires produced from the composition containing the
conjugated diene~based polymer.

[0269]

(2) Method forproducingmodified conjugateddiene-basedpolymer
In the method for producing a modified conjugated
diene-based polymer of the present invention, a compound

containing a nitrogen atom and/or a silicon atom is reacted on
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an active end of the conjugated diene-based polymer obtained
by the method for producing a conjugated diene-based polymer
of the present invention.

[0270]

In the case of reacting the compound containing a nitrogen
atom and/or a silicon atom, the added amount of the compound
containing a nitrogen atom and/or & silicon atom is preferably
0.01 mol to 1.00 mol, and more preferably 0.02 mel to 0.99 mol,
per L mol of the ‘alkali metal derived from the alkali metal-based
polymerizationinitiator interms of the enhancement of the fuel
economy of tires produced from the composition containing the
conjugated diene-based polymer.

[0271]

Examples of compounds preferable as the compound having
a group containing a silicon atom include a compound containing
a silicon atom and an epoxy dgroup and a compound containing a
silicon atom and a carbonyl group.

[0272]

Examples of the compound having a group containing a
gsilicon atom include
2-(3,4d-epoxycyclohexyl]ethyltrimethoxysilane,
3-glycidoxypropylmethyldimethoxysilane,
3-glycidoxypropyltrimethoxysilane,
3-glycidoxypropylmethyldiethoxysilane,

3~-glycidoxypropyltriethoxysilane,
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3-methacryloxypropylmethyldimethoxysilane,
B—methacryloxjptopyltrimethoxysilane,
3-methacryloxypropylmethyldiethoxysilane,
3-methacryloxypropyltriethoxysilane and
3—acryloxypropyltrimethoxysilane.

[0273]

Examples of compounds preferable as the compound having
agroupcontainingarﬁirogenatomincludeeacompoundcontaining
a nitrogen atom and a carbonyl group and a compound containing
a nitrogen atom and a silicon atom.

[0274]
Preferred as the compound containing a nitrogen atom and

a carbonyl group is a compound represented by the following

formula (6):

R‘ﬂ\

N [ el 64

N RO R
AN Sl

& ]

(6)

- 61 62 ; 61 64
wherein R° and R” may be bonded to each other or R’ and R
may be bonded to each other; R@‘represents a hydrocarbyl group
optionally having a substituent, orjjsbonded1xJR62to_represent
a hydrocarbylene group optionally having a nitrogen atom and/or
an oxygen atom, or is bonded to R* to represent a divalent group:;

R® represents a hydrocarbyl group optionally having a
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substituent, or is bonded to R* to represent a hydrocarbylene
group optionally having a nitrogen atom and/or an oxygen atom;
R represents a hydrocarbyl group optionally having a

substituent or a hydrogen atom, or is bonded to R to represent

adivalent group; R representsadivalent group; andk represents

0 or 1.

[0275]

In formula (6), the hydrocarbyl group optionally having
a substituent and is representedbyR®, R%, orR®isa 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,
an-propyl group, anisopropyl group, and an-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 whose substituent is a
hydrocarbyloxy group include alkoxyalkyl groups such as a
methoxymethyl group, an ethoxymethyl group, and an ethoxyethyl
group. Examples of the substituted hydrocarbyl group in which
the substituent i1s a substituted amino group include
{N,N-dialkylamino}alkyl groups such as a |

2-(N,N~dimethylaminoc)ethyl group, a 2-{N,N~diethvlamino)ethyl
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group, a 3-(N,N-dimethylamino)propyl group, and a
3-(N,N—diethylamino}propyl group; (N,N-dialkylaminoj)aryl
groups such as a 4-{N,N-dimethylamino)phenyl group, a
3-(N,N-dimethylaminoc)phenyl group, a
4-{N,N~diethylamino)phenyl group, énd a
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]lphenyl group; c¢yclic amino
group-~containing alkyl groups such as a
3-(l-pyrrolidinyljpropyl group, a 3-{(l-piperidinyljpropyl
group, and a 3-{l-imidazolyl)propyl group; cyclic amino
group-containingaryl groups such as a 4~ (1l-pyrrolidinyl)phenyl
group, a 4-(l-piperidinyl)phenyl group, and a

4~ (1-imidazolyl)phenyl group; and cyclic amino
group-containing alkylaryl groups such as a
4-[Z-{1-pyrrolidinyl)ethyl]lphenyl group, a
4-[2~({1l-piperidinyl}ethyllphenyl group, and a
4-[2-{1l-imidazolyl)ethyl]phenyl groué.

[0276]

In formula (6), the hydrocarbylene group in which R® ig
bonded to Rezoptionallgfhaving a nitrogen atom and/or an oxygen
atom i1s a hydrocarbylene group, or a heteroatom-containing
hydrocarbylene group whose hetercatom is a nitrogen atom and/or

an oxygen atom. Examples of the heteroatom-containing
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hydrocarbylene group whose hetercatomis a nitrogen atom and/or
an oxygen atom include a heterocatom-containing hydrocarbylene
group whose hetercatom is a nitrogen atom, and a
heteroatom-containinghydrocarbylenegroup@hoseheteroatomis
an oxygen atom. Examples of 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—trimeth§lhexane—l,6—diyl group; and arylene groups such
as a 1,4-phenylene group. Examples of the
hetercatom~-containing hydrocarbylene group in which the
heterocatom is a nitrogen atom include a group represented by
~CH=N-CH=CH~ and a group represented by -CH=N-CH;-CH;-.
Examples of the heteroatom-containing hydrocarbylene group
whose hetercatom is an oxygen atom include a group represented

by = (CH2)s~C—-(CHz) ¢t~ (s and t each represent an integer of 1 or

more} .

[0277]

In formula (6), examples of the divalent group in which
R and R* are bonded to each other and a divalent group of R®
include a hydrocarbylene group, auheteroatom—containing
hydrocarbylene group whose hetercatom is a nitrogen atom, a
hetercatom-containing hydrocarbylene group whose hetercatomis
an oxygen atom, a group in which a hydrocarbylene group and an

oxygen atom are bonded to each other, and @ group in which a

hydrocarbylene group and a group represented by ~NR®°~ (R®®
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represents a hydrocarbyl group or a hydrogen atom) are bonded
to each other. Examples of 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 1l,4-phenylene group. Examples of the
hetercatom-containing hydrocarbylene group in which the
hetercatom is a nitrogen atom include a gréup represented by
-CH=N-CH=CH- and a group represented by -~CH=N-CH;~CH,-.
Examples of the heteroatom-containing hydrocarbylene group
whose hetercatom is an oxygen atom include a group represented
by = (CHz)s—=0O-({CHzJ¢= (s and t each represent an infeger of 1 or
more). Examples of the group in which a hydrocarbylene group
and an oxygen atcom are bonded to each other include a group
represented by — (CHp)y~0— {urepresents an integer of 1 ormore).
Examples of the group in which a}dydrocarbylene group is1o§nded
to a group represented by -NR®®- (Rssrepresents a hydrocarbyl
group or a hydrogen atom) include a group represented by

- (CHz)y-NR®*~ (R®® represents a hydrocarbyl group having 1 to 6

carbon atoms or a hydrogen atom, and v represgents an integer

of 1 or more).
[0278]

Examples of a preferred compound represented by formula
{6-1) in which

{6) include a compound represented by formula

kis G, andRF4isakmdrogenatonun:abydrocarbylgroupoptionally
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having a substituent:

RY
\N——-c —R*

(6-1)

wherein R* and R®*® may be boﬁded to each other; R® represents
ahydrocarbylgroupoptionallyhavingzasubstituentcnfist@nded
to R* to represent a hydrocarbylene group opticnally having
anitrogenatomand/oranoxygenatom;Rwrepresentsahydrocarbyl
group optionally having a substituent or is bonded to R to
represeﬁt a hydrocarbylene group optionally having a nitrogen
atom and/or an oxygen atom; and R represents a hydrogen atom
or a hydrocarbyl group optionally having a substituent.
[0279]

In formula (6-1), explanation and examples of the
hydrocarbyl group represented by R®, R®, or R* and optionally
having a substituent and the hydrocarbylene group in which R
is bonded to R® optionally having a nitrogen atom and/or an

oxygen atom are the same as those described in the explanation

of formula (6).

[0280]

In formula (6-1), R* is preferably a hydrocarbyl group
having 1 te 10 carbon atoms, or 1s bonded to R to form a

hydrocarbylene group having 3 to 10 carbon atoms or a
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hetercatom—-containinghydrocarbylenegrouphaving3tol0carbon
atoms whose hetercatom is a nitrogen atom. More preferably,
R® is an alkyl group having 1 to 10 carbon atoms or an aryl
group having 6 to 10 carbon atoms, or is bonded to R to form
analkylenegrouphaving3tol0 carbonatoms, a group represented
by -CH=N-CH=CH~, or a group represented by ~CH=N~CH;~CHy,~-. Even
morepreferably,RFLLSanalkylgrouphavinglfxa6carbonatoms,
and particularly preferably a methyl group or an ethyl group.
[0281]

In formula (6-1), R 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
hetercatom-containinghydrocarbylene grouphaving3tol0 carbon
atoms whose hetercatom is a nitrogen atom. More preferably,
R® is an alkyl group having 1 to 10 carbon atoms or an aryl
group having 6 to 10 carbon atoms, or is bonded to R® to form
analkylenegrouphaving 3toc 10 carbonatoms, a group represented
by -CH=N~-CH=CH~, or a group represented by -CH=N~CH;~-CH,~. Even
more preferably, R%? is an alkyl group having 1 to 6 carbon atoms,

and particularly preferably a methyl group or an ethyl group.

[0282]
In formula (6-1), R® is preferably a hydrccarbyl group

or a hydrogen atom, more preferably a hydrocarbyl group having
1l to 10 carbon atoms or a hydrogen atom, even more preferably

an alkyl group having 1 to 6 carbon atoms or a hydrogen atom,
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and particularly preferably a hydrogen atom, a methyl group,

or an ethyl group.

[0283]

Among the compounds representedby formula (6-1), examples
of the compound wherein R® is a hydrocarbyl group include
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 '
N,N~dimethylmethacrylamide, N,N-diethylmethacrylamide, and
N-methyl-N-ethylmethacrylamide. |

[0284]

Among compounds represented by formula (6-1), examples
of the compound wherein R is a hydrogen atom include
N,N-dihydrocarbylformamides such as N,N-dimethylformamide,

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

[0285]

Examples of a preferred compound represented by formula
(6) include a compound represented by formula (6-2) in which

k is 0, and R* is bonded to R® to form a divalent group:

107




10

15

20

25

(6-2)
wherein R represents a hydrocarbyl group optionally having
a substituent, Ré¢ represents a group in which a hydrocarbylene
group and a group represented by ~-NR®- are boﬂnded to each other,
orahydrocarbylenegroup,andRﬁSrepresentsaknmkocarbylgroup
or & hydrogen atom; the nitrogen atom to which R®® is bonded

is bonded to the carbon atom of C=O.

[0286]

In formula (6-2), explanation and examples of the
hydrocarbyl group optionally having a substituent represented
by R® are the same as those of the group described in the
explanation of formula (6).

[0287]

In formula (6-2), examples of the hydrocarbylene group
representedby&ﬁ6includealkylenegroupssuchaszatrimethylene
group, a tetramethylene group, a pentamethylene group, a
hexamethylene group, and a 2,2,4-trimethylhexane-1,6~-divyl
group; and arylene groups such as a 1,4-phenylene group.
Examplescﬁfthegrouprepresentedbyﬁﬁsinvﬂﬁxﬁ1ahydrocarbylene
group is bonded to a group represented by ~-NR®*- (R®® represents
a hydrocarbyl group or a hydrogen atom) include a group
represented by —(CHNW—NREQ-(Rssrepresentseahydrocarbyl group

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

[0z288]

In formula (6-2), R* is preferably a hydrocarbyl group
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havingl tol0carbon atoms, morepreferablyanalkyl group having
1 to 10 carbon atoms or an aryl group having 6 to 10 carbon atoms;
even more preferably an alkyl group having 1 to 6 carbon atoms
ér a phenyl group, and particularly preferably a methyl group,
an ethyl group, or a phenyl group.

[0289]

Informula (6-2), R*® ispreferably a hydrocarbylene group
having 1 to 10 carbon atoms, or a group inwhich a hydrocarbylené
group having 1 to 10 carbon atoms is bonded to a group represented
by ~-NR®~ (R®® represents a hydrocarbyl group havingl to 10 carbon
atoms or a hydrogen atom), more preferably an alkylene group
having 3 to 6 carbon atoms or a group represented by - (CHz)w-NRes—
(R®® represents a hydrocarbyl group having 1l to 10 carbon atoms ,
and w represents an integer of 2 to 5), and even more preferably
a trimethylene group, a tetrémethylene group, a pentamethylene
group, or a group represented by - (CHz),-N{CHz}~-.

[0290]

Among the compounds representedby formula (6-2), examples
of the compound wherein R® is a hydrocarbylene group include
N-hydrocarbyl-f-propiolactams such as N-methyl-Pf-propiclactam
and N-phenyl-B-propiolactam; N-hydrocarbyl-2-pyrrolidones
such as N-methyl-Z2-pyrrolidone, N-vinyl-Z2-pyrrolidone,
N-phenyl=-2-pyrrolidone, N-tert-butyl-2-pyrrolidone, and
N-methyl-5-methyl-2-pyrrolidone;

N-hydrocarbyl-Z-piperidones such as N-methvyl-2-piperidone,
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N-vinyl-2-piperidene, and N-phenyl-Z2-piperidone;
N—hydrocarbyl—s—caprolactams‘such as N-methyl-g-caprolactam
and N—phenyl—s—caprolactam;’énd
N-hydrocarbyl-o~-laurylclactams such as
N-methyl-@-laurylolactam and N-vinyl-e-laurylolactam.
Preferred is a compound wherein R®® is an alkylene group having
3 to 6 carbon atoms and R*? is an alkyl group having 1 to 6 carbon
atoms or a phenyl group, more preferred is a compound wherein
R® is a trimethylene group, a tetramethylene group, or a
pentamethylene group and R% ig a methyl group, an ethyl group,
or a phenyl group, and even more preferred are
N-phenyl-2-pyrrolidone and N-methyl-g~caprolactam.

[0291]

Of the compounds represented by formula (6-2), exanples

of the compound'whereirzRGGis a group in which a hydrocarbylene

group and a group represented by -NR®- (R®® is a hydrocarbyl

group or a hydrogen atom) are bonded to each other include

1,3=dihydrocarbyl-2-imidazolidinones such as
1,3-dimethyl-2-imidazolidinone,
1l,3-diethyl-2-imidazolidinone,
1,3-divinyl-2-imidazolidinone, and
l-methyl-3-ethyl-2-imidazolidinone. Preferred is a compound
whereinIﬁ6iseagroup>representedtmf—(CHQ)W—NRGi-(R65represents
a hydrocarbyl group having 1l to 10 carbon atoms, and w represents

an integer of 2 to 5}, and R is an alkyl group having 1 to
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6 carbon atoms or a phenyl group, more preferred is a group in
which R®® is represented by ~{CHp)2=N(CHz)~ and R*? is a methyl
gfoup or an ethyl group, and even more preferred is
1,3-dimethyl-2-imidazolidinone.
[0282]

Examples of a preferred compound represented by formula
{6) include a compound represented by the following formula (6-3)

wherein k is 1 and R® is a hydrocarbylene group:

RY
\\\: &3 N e 7368
R? o
(6-3)

wherein R% represents a hydrocarbyl group optionally having
a substituent or is bonded to R* to represent a hydrocarbylene
group optionally having a nitrogen atom and/or an oxygen atom;
R%? represents a hydrocarbyl group opticnally having a
substituent or is bonded to R®! to represent a hydrocarbylene
group optionally having a nitrogen atom and/or an oxygen atom;
R represents a hydrocarbylene group, and R4 represents a
hydrocarbyl group optionally having a substituent.

[0283]

In formula (6-3), explanation and examples of the

hydrocarbyl group represented by R, R®?, or R™ and optionally

having a substituent, the hydrocarbylene group in which R® is
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bonded to Razoptionall3rhaving anitrogen atom and/or an oxygen
atom, and the hydrocarbylene group of R®® are the same as those
described in the explanation of formula (6).
[0294]
Informﬁla(6—3},Pﬁ3ispreferably&ahydrocarbylenegroup
having 1 to 10 carbon atoms, more preferably an alkylene group
having 1 to 10 carbon atoms or an arylene group having 6 to 10
carbon atoms, even 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.

[0295]

In formula (6-3), R* is preferably a hydrocarbyl group
having 1 to 10 carbon atoms, or a substituted hydrocarbyl group
having 3 to 10 carbon atoms whose substituent is a dialkylamino
group,morepfeferablyanalkylgrouphaving11x>6carbonatoms,
an aryl group having 6 to 10 carbon atoms, a dialkylaminoalkyl
group having 3 to & carbon atoms, or a dialkylaminocaryl group
having 8 to 10 carbon atoms, and even more preferably a methyl
group, an ethyl group, a dialkylaminomethyl group having 3 to
6 carbon atoms, a dialkylaminoethyl group having 4 to 6 carbon
atoms, a phenyl group, or a dialkylaminophenyl group having 8
to 10 carbon atoms.

[0296]

In formula (6-3), R® is preferably a hydrccarbyl group
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having 1 to 10 carbon atoms or is bonded to R to form a
bYdrocarbylene group having 3 to 10 carbon atoms or a
heteroatom~containinghydrocarbyleﬁégrouphavingBtolOcarbon
atoms whose heteroatom 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 R* to form an alkylene
group having 3 to 10 carbon atoms, a group represented by
~CH=N-CH=CH-, a group represented by —-CH=N~-CH;~-CHy~, or a group
represented by —(CH)2~0-(CHz)2—, even more preferably an alkyl
group having 1 to 6 carbon atoms or is bonded to R® 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~CH;~CHy~, and
particularly preferably a methyl group or an ethyl group or is
bonded to R to form a tetramethylene group, a hexamethylene
group, or a group represented by —-CH=N~CH=CH-.

[06297]

In formula (6-3), R% 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
hetercatom-containing hydrocarbylene grouphaving3tol0 carbon
atoms whose hetercatom 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 R* to form an alkylene
group having 3 to 10 carbon atoms, a group represented by

~CH=N~-CH=CH~, a group represented by ~CH=N-CH;~CH;~, or a group
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represented by —{CHy)~0-{CHy)2~, even more preferably an alkyl
group having 1 to 6 carbon atoms or is bonded to R® 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-CH;-CHs-, and
particularly preferably a methyl group or an ethyl group or is

bonded to Rm’toAform a tetramethylene group, a hexamethylene

‘group, or a group represented by -CH=N-CH=CH~-.

[0298]

Of the compounds represented by formula (6-3), examples
of the compound wherein R®? is an arylene group and R is an
alkyl group include 4-(N,N-dihydrocarbylamino)jacetophenones
such as 4-(N,N-dimethylamino)acetophenone,
4~ (N-methyl-N-ethylamino)acetophenone, and
4~ {N,N-diethylamino)acetophenone; and 4-cyclic
aminocacetophenone compounds such as
4"~ (imidazol~1l-yl)acetophenone. Of these, 4~-cyclic
aminoacetophenone compounds are preferred, and
4'-{imidazol=-1-yl})acetophenone is more preferred.

[0299]
Of the compounds represented by formula (6-3), examples
f the compound wherein R® is an arylene group and R* is an
aryl group or a substituted aryl group include
bis(dihydrocarbylaminoalkyl)ketcones such as
1,7-bis{methylethylamino)~4-heptancne and

1,3~bis(diphenylamino}-2~propancne;
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4~ (dihydrocarbylamino)benzophenones such as
4-N,N-dimethylaminobenzophenone,
4-N,N-diethylaminobenzophenone,
4-N,N-di-tert-butylaminobenzophenone, and
4-N,N-diphenylaminobenzophenone; and
4,4"'-bis(dihydrocarbylamino)benzophenones such as
4,4"'-bis(dimethylamino)benzophenone,
4,4"'-bis(diethylamino)benzophenone, and
4,4'-bis (diphenylamino)benzophenone. O0Of these, compounds in
which R® and R®* are alkyl groups having 1 to 6 carbon atoms,
R® is a phenylene group, and R® is a phenyl group or a
dialkylaminophenyl group having 8 to 10 carbon atoms are
preferred, and 4-N,N-dimethylaminobenzophenone,
4-N,N-diethylaminobenzophenone,
4,4"'-pis(dimethylamino)benzophenone, and
4,4'"-bis(diethylamino)benzophenone are more preferred.
[0300]

Examples of a preferred compound represented by formula
(6) include a compound representedby the following formula (6-4)
wherein k is 1, and R® is a group in which a hydrocarbylene
group and an oxygen atom are bonded to each other or a group
hlwhhﬂlahydrocarbylenegroupandeagrouprepresentedby—NR%—
Gﬁ5representseahydrocarbylgroupcn:ahydrogenatom)arebonded

to each other:
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(6-4)

wherein rR& represenyts a hydrocarbyl group optional‘ly having
a substituent or is bonded to R% to represent a hydrocarbylene
group optionally having a nitrogen atom and/or an oxfgen atom;
R represents a hydrocarbyl group optionally having a
substituent or is bonded to R® to rep‘resent a hydrocarbylene
group optionally having a nitrogen atom and/or an oXygen atom;
RY? represents a hydrocarbylene group; A represents an oxygen
atom or -NR®*- wherein R®® represents a hydrocarbylene group or
ahydrogenatom;andR64representszahydrocarbylgroupoptionally
having a substituent.

[0301]

In formula (6-4), explanation and examples of the
hydrocarbyl group represented by R**, R*?, or R* and optionally
having a substituent and the hydrocarbyléne group in which R
is bonded to R® optionally having a nitrogen atom and/or an
oxygen atom are the same as those of the group described in the
explanation of formula (6).

[0302]

In formula (6-4), Ais preferably an oxygen atomor a group

represented by -NR**- (R¥ is a hydrocarbylene group having 1
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to 5 carbon atoms or a hydrogen atom), more preferably an oxygen
atom or a group represented by -NH-, and even more preferably
a group represented by -NH-.

[0303]

In formula (6-4), examples of the hydrocarbylene group
representedbyﬂﬁ7includealkylenegroupssuchas a trimethylene
group,; a tetramethylene group, a pentamethylene group, a
hexamethylene group, and a 2,2,4-trimethylhexane-1,6~-divyl
group} and arylene groups such as a 1,4-phenylene group.

[0304]

In formula (6-4), R* is preferably a hydrocarbyl group
having 1 tc 10 carbon atoms, more preferably an alkenyl group
having 2 to 5 carbon atoms, even more preferably a vinyl group
or an isopropenyl group, and particularly preferably a vinyl
group.

[0305]

In formula (6-4), RF7ispreferably%ahydrocarbylene group
having 1 to 10 carbon atoms, more preferably an alkylene group
having 1 to 6 carbon atoms, even more preferably an ethylene

group or a trimethylene group, and particularly preferably a

trimethylene group.

[0306]

In formula (6-4), R** 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
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hetercatom-containinghydrocarbylenegrouphaving3tol0 carbon
atoms whose hetercatom 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 bended to R*® to form an alkylene
group having 3 to 10 carbon atoms, a group represented by

-CH=N~CH=CH-, a group represented by -CH=N-CH,~CH;~, or a group
represented by —(CHz}2~0~(CHz)2-, even more preferably an alkyl

group having 1 to 6 carbon atoms or is bonded to R** 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-CH;~-CH,~, and
particularly preferably a methyl group or an ethyl group or is
bonded to R* to form a tetramethylene group, a hexamethylene
group, or a group represented by -~CH=N-CH=CH-.

[0307]

In formula (6-4), R is preferably a hydrocarbyl group
having 1 to 10 carbon atoms or is bonded to R* to form a
hydrobarbylene group having 3 to 10 carbon atoms or a
hetercatom-containinghydrocarbylenegrouphaving3tol0carbon
atoms whose heterocatom 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 Rslvtvo form an alkylene
group having 3 to 10 carbon atoms, a group represented by
~CH=N-CH=CH~, a group represented by -CH=N-CH;~CHy-, or a group
represented by = (CHy);~0-(CH;y)2-, even more preferably an alkyl

group having 1 to 6 carbon atoms or is bonded to R® to form
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an alkylene group having 3 to 6 carbon atoms, a group represented
by -CH=N-CH=CH-, or a group represented by —-CH=N-CH;~CH,;-, and
particularly preferably a methyl group or an ethyl group or is
bonded to R** to form a tetramethylene group, a hexamethylene
group, or a group represented by -CH=N-CH=CH-.

[0308]

Cf the compounds represented by formula (6-4), examples
of the compound wherein A is an oxygen atom include
2-{dihydrocarbylamino)ethyl acrylates such as
2-{dimethylaminoc)ethyl acrylate and 2-{diethylamino)ethyl
acryvlate; 3-(dihydrocarbylamino)propyl acrylates such as
3-(dimethylamino)propyl acrylate;
2-{dihydrocarbylamino)ethyl methacrylates such as
2—{dimethylamino)ethylnethacrylateandZ—(diethylamino)ethyl
methacrylate; and 3-(dihydrocarbylamino)propyl methacrylates
guch as 3-(dimethylamino)propyl methacrylate. A compound
wherein A 1s an oxygen atom, R® and R® are alkyl groups having
1'to 6 carbon atons, R is avinyl group or an isopropenyl group,
and R® is an ethylene group or a trimethylene group is preferred,
and a compound wherein A is an oxygen atom, R®Y and R% are a
methyl group or an ethyl group, R* is a vinyl group, and R®7
igs a trimethylene group is more preferred.

[0308]

Of the compounds represented by formula (6-4), examples

of a compound wherein A 1s a group represented by ~-NR®®- (R®®
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is a hydrocarbylene group or a hydrogen atom) include
N-(2-dihydrocarbylaminocethyl)acrylamides such as
N-{2-dimethylamincethyljacrylamide and
N-(2-diethylaminocethyl)acrylamide;
N-(3-dihydrocarbylaminopropyl)acrylamides such as

N~ {3-dimethylaminopropyl)acrylamide and
N-(3-diethylaminopropyliacrylamide;
N=-(4-dihydrocarbylaminobutyl)acrylamides such as
N-(d-dimethylaminobutyl)acrylamide and
N-{4-diethylaminobutyl)acrylamide;
N-({2-dihydrocarbylaminoethyl)methacrylamides such as
N-(2~-dimethylamincethyl)methacrylamide and
N-(2-diethylaminoethyl)methacrylamide;
N=-{3~dihydrocarbylaminopropyl methacrylamides such as
N=-{3-dimethylamincpropyl methacrylamide and
N-{3-diethylaminopropyl)methacrylamide; and
N=-(4~-dihydrocarbylaminobutyl)methacrylamides such as
N-{4~-dimethylaminobutyl)methacrylamide and
N-{4~-diethylaminobutyl methacrylamide. Of these, a compound
wherein A is a group represented by -NH-, R and R are each
an alkyl group having 1 to 6 carbon atons, R is a vinyl group
or an 1lsopropenyl group, and R is an ethylene group or a
trimethylene group is preferred, and a compound wherein A is
a group represented by -NH-, R and R* are each a methyl group

or an ethylgroup,?ﬁ4is avinyl group,andfﬁ7is a trimethylene
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group 1s more preferred.

[0310]

Preferred as the compound containing a nitrogen atom and

asiliconatomis a compound representedby the following formula

(77
ﬁgm : "
R — 00— [GHZ l.f N,

} N

AR?3 '

(7)
wherein R™ represents a hydrocarbyl group, R™ and R”® each
represent a hydrocarbyl group or a hydrocarbyloxy group, R
represents a hydrocarbyl group optionally having a substituent
or a trihydrocarbylsilyl group or is bonded to R™ to represent
a hydrocarbylene group optionally having at least one kind of

atom selected from the atom group consisting of a silicon atom,
anitrogenatom,andznuoxygenatonuIgsrepresents a hydrocarbyl
group optionally having a substituent or a trihydrocarbylsilyl
group or is bonded to R™ to represent a hydrocarbylene group
optionally having at least one kind of atom selected from the
atom group consisting of a silicon atom, a nitrogen atom, and
an oxygen atom, and j represents an integer of 1 to 5.

{O3li]

121




10

15

20

25

In the above formula (7), the hydrocarbyl group optionally
having a substituent is a hydrocarbyl group or a substituted
hydrocarbyl group.

[0312]

Inthe above formula (7), examples of the hydrocarbyl group

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

_an-propyl group, anisopropyl 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; alkyl groups are
preferred, and amethyl group or an ethyl group is more preferred.
Examples of the substituted hydrocarbyl group include
oxacycloalkyl groups such as an oxiranyl group and a
tetrahyvdrofuranyl group, and preferred is a tetrahydrofuranvyl
group.

[0313]

In the present specification, the oxacyclcalkyl group
represents a group in which CH; on the alicyclic ring of the
cycloalkyl group has been substituted with an oxygen atom.
[0314]

Examples of thehydrocarbyloxygroupinclude alkoxygroups
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; alkoxy groups are preferred, and a methoxy

‘group or an ethoxy group is more preferred.
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[0315]

Examples of the trihydrocarbylsilyl group include a
trimethylsilyl group and a tert-butyl-dimethylsilyl group, and
a trimethylsilyl group is preferred.

[031¢6]

The hydrocarbylene group optionally having at least one
kind of atom selected fromthe atom group consisting of a silicon
atom, a nitrogen atom, and an oxygen atom is a hydrocarbylene
group or a heteroatoﬁ—containing hydrocarbylene group whosge
heteroatom is at least one kind of atom selected from the atom
group consistingofasiliconatom, a nitrogenatom, and anoxygen
atom. Examples of the hetercatom-containing hydrocafbylene
groupwhereinthehetercatomis at least onekindof atomselected
from the atom group consisting of a silicon atom, a nitrogen
atom, and an oxygen atom include & heterocatom-containing
hydrocarbylene group wherein the hetercatom is a silicon atom,
a hetercatom-containing hydrocarbylene group wherein the
hetercatom is a nitrogen atom, and a hetercatom—-containing
hydrocarbylene group wherein the hetercatom 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-diyl
group; among others, an alkylene group having 4 to 7 carbon atoms

ispreferred, and apentamethylene group or a hexamethylene group

is particularly preferred. Examples of the
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heteroatom-containing hydrocarbylene group wherein the
hetercatom is a silicon atom include a group represented by
—381 (CH3) 2—CHo~CHy~S1 (CH3)s~. Examples of the
hetercatom-containing hydrocarbylene group whose heteroatomis
a nitrogen atom include a group represented by -CH=N-CH=CH~ and
a group represented by -CH=N-CH;-CH;—-. Examples of the
heteroatom-containing hydrocarbylene group whose heterocatomis
anoxygenatominclude agroup representedby ~CHy~=CHy~0~CH,~CH,-.
[0317]

In the above formula (7), R'' is preferably an alkyl group
having 1 to 4 carbon atoms and more preferably a methyl group
or an ethyl group. Preferably, R’ and R’ are each a
hydrocarbyloxy group, more preferably an alkoxy group having
1 to 4 carbon atoms, and even more preferabiy'a methoxy group
or an ethoxy group. Preferably,Rjéandlﬂsareeachzahydrocarbyl
group, more preferably an alkyl group having 1l to 4 carbon atoms,
and even more preferably a methyl group or an ethyl group.
is preferably an iéﬁeger of 2 to 4.

[0318]

Examples of the compound represented by the above formula
(7) include [{dialkylaminc)alkyl]alkoxysilane compounds such
as [3=(dimethylamino)propyl]triethoxysilane,
[3-(dimethylamino)propyl]trimethoxysilane,
[3-(diethylamino)propyl]triethoxysilane,

[3~{diethylaminoc)propyl]l trimethoxysilane,
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[3~-({dimethylamino)propyl]lmethyldiethoxysilane,
[2=-(dimethylamino)ethyl]ltriethoxysilane, and
[2-({dimethylamino)ethyl]trimethoxysilane; cyclic
aminoalkylalkoxysilane compounds such as
{1-hexamethyleneiminomethyl)trimethoxysilane,
[3-({l-hexamethyleneimino)propyl] triethoxysilane,
N-{3-triethoxysilylpropyl)-4,5-dihydroimidazole, and
N-({3~trimethoxysilylpropyl)-4,5-imidazole;
{[di(tetrahydrofuranyl)aminolalkyllalkoxysilane compounds
such as
{3-[di(tetrahydrofuranyl)aminolpropylltrimethoxysilane and
{3-[di(tetrahydrofuranyl)amino]lpropylitriethoxysilane; and
[N,N-bis(trialkylsilyl}aminocalkyl]alkylalkoxysilane
compounds such as
{3-[N,N=bisg{trimethylsilyl)amino]lpropylimethyldimethoxysila
ne and
{3~[N,N-bis(trimethylsilyl)aminolpropyllmethyldiethoxysilan
e. More preferred is a compound wherein R™ is an alkyl gréup
having 1 to 4 carbon atoms, R and R"® are each an alkexy group
having 1 to 4 carbon atoms, R™ and R’ are each an alkyl group
having .l to 4 carbon atoms, and j 1s an integer of 2 to 4, and
even more preferred are
[3~{dimethylamino}propyl]triethoxysilane,
[3-{dimethylamino)propyl]trimethoxysilane,

[3—(diethylamino)propyl]triethoxysilane, and
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[3-({diethylamino)propylltrimethoxysilane.
[0319]

Examples of the compound containing an alkoxysilyl group
other than the above-described compound having a nitrogen atom
and an alkoxysilyl group include tetraalkoxysilanes such as
tetramethoxysilane, tetraethoxysilane, and
tetra-n-propoxysilane; trialkoxvhydrocarbylsilanes such as
methyltrimethoxysilane, methyltriethoxysilane,
ethyltrimethoxyéilane, and phenyltrimethoxysilane;
trialkoxvhalogilanes such as trimethoxychlorogilane,
triethoxychlorosilane, and tri-n-propoxychlorcogilane;
dialkoxydihydrocarbylsilanessucrlasdimethoxydimethylsilane,
diethoxydimethylsilane, and dimethoxydiethylsilane;
dialkoxydihalosilanes such as dimethoxydichlorosilane,
diethoxydichlorosilane,‘and di-n-propoxydichlorosilane;
monoalkoxytrihydrocarbylsilanes such as
methoxytrimethylsilane; moncalkoxytrihalosilanes such as
methoxytrichlorosilane and ethoxytrichlorosilane;
(glycidoxvyalkylj)alkylalkoxysilane compounds such as
2-glycidoxyethyltrimethoxysilane,
2-glycidoxyethyltriethoxysilane,
{2=glycidoxyethylmethyldimethoxysilane,
3-glycidoxypropyltrimethoxysilane,
3-glycidoxypropyltriethoxysilane, and

{3-glycidoxypropylmethyldimethoxysilane;
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{3,4-epoxycyclohexyl)alkylalkoxysilane compounds such as
2-(3,4-epoxycyclohexyl)ethyltrimethoxysilane and
2-(3,d-epoxycyclohexyl)ethyltriethoxysilane;
[({3,4-epoxycyclohexyl)alkyl]alkylalkoxysilane compounds such
as [2-(3,4-epoxycyclohexyl)ethyl]lmethyldimethoxysilane;
alkoxysilylalkylsuccinic anhydrides such as
3-trimethoxysilylpropylsuccinic anhydride and
3-triethoxysilylpropylsuccinic anhydride; and
(methacryloyloxyalkyl)alkoxysilane compounds such as
3-methacryloyloxypropyltrimethoxysilane and
3-methacryloyloxypropyltriethoxysilane.
[0320]

The compound containing an alkoxysilyl group may contain
a nitrogen atom and a group represented by >C=0. Examples of
a compound containing an alkoxysilyl group and also containing
a nitrogen atom and a group represented by >C=0 include
tris{(alkoxysilyl)alkyl] isocyanurate compounds such as
tris[3=-{trimethoxysilvyl)propyl] isocyanurate,
tris{3-(triethoxysilyl)propyl] isocyanurate,
tris[3-({tripropoxysilyl)propyl] isocyanurate, and
tris[3-(tributoxysilyljpropyl] isocyanurate. Of these,
trig[3-({trialkoxysilyl)propyl] isocyanurate is preferred,
tris[3-({trialkoxysilylipropyl] isocyanuratewhereinthealkoxy
group is an alkoxy group having 1 to 4 carbon atoms is more

preferred, andtris|[3-{trimethoxysilyl)propyl] isccvanurateis
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even more preferred.

[0321]

Examples of a compound preferable as the compound having
agroupcontaininganitrogenatominclude a compound represented

by the following formula (8):

8

| . Ly 7N
I | \1{57
0 Rsé

(8)
wherein R* represents a hydrogen atom, a hydrocarbyl group,
orahydrocarbyloxygroup;R?ZandR?3eachrepresentahydrocarbyl
group;klrepresentsanintegerof(ﬁtol@;Iﬁ4andR§5eachrepresent
a hydrogen atom or a hydrocarbyl group, provided that when there
areapluralityowas,theR“smaybeeitherthesameordifferent,
and when there are a plurality of R®%s, the R%s may be elther
the same or different; R% and R¥ each represent a hydrocarbyl
group optionally having a substituent or a trihydrocarbylsilyl
group, or alternativelyR86 and R*’ are bonded to each other and
together represent a hydrocarbylene group optionally having at
least one kind of atom selected from the atom group consisting

of a silicon atom, a nitrogen atom, and an oxygen atom.
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[0322]

Rm‘represents a hydrogen atom, a hydrocarbyl group, or
a hydrocarbyloxy group. Preferred as the hydrocarbyl group is
a hydrocarbyl group having 1 to 4 carbon atoms, more preferred
is an alkyl groupvhaving 1l to 4 carbon atoms, and even more
preferred are a methyl group and an ethyl group. Preferred as
the hydrocarbyloxy group is a hydrocarbyloxy group having 1 to
4 carbon atoms, more preferred is an alkoxy group having 1 to
4 carbon atoms, and even more preferred are a methoxy group and
an ethoxy group. Of these, preferred is a hydrogen atom.
[0323]

R% and R®® each represent a hydrocarbyl group. Preferred
as the hydrocarbyl group is a hydrocarbyl group having 1 to 4
carbon atoms, more preferred is an alkyl group having 1 to 4
carbon atoms, and even more preferred are a methyl group and

an ethyl group. R®* and R* may be either the same group or

different groups.

[0324]

h represents an integer -of 0 to 10. h is preferably 3
or less, and more preferably 0.

[0325]

R®* and R%® each represent a hydrogen atom or a hydrocarbyl
group, provided that when there are a plurality of R¥s, the
R%s may be either the same or different, and when there are

a plurality of R%¥s, the R¥s may be either the same or different.
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Preferred as the hydrocarbyl group is a hydrocarbyl group having
1 to 4 carbon atoms, more preferred is an alkyl group having

1 to 4 carbon atoms, and even more preferred are a methyl group

and an ethyl group.

[0326]

R® and R® each represent'a hydrocarbyl group optionally
having a substituent or a trihydrocarbylsilyl grou?. The
hydrocarbyl group optionally having a substituent is a
hydrocarbyl group or a substituted hydrocarbyl group-.
Preferred as the hydrocarbyl group is a hydrocarbyl group having
1 to 4 carbon atoms. Examples of the substituted hydrocarbyl
group include a substituted hydrocarbyl group whose substituent
is a substituted amino group such as an N,N-dimethylaminomethyl
group, a 2=-N,N-dimethylamincethyl group, and a
3-N,N-dimethylaminopropyl group; and a substituted hydrocarbyl
group whose substituent is a hydrocarbyloxy group such as a
methoxymethyl group, a methexyethyl group, and an ethoxymethyl
group. Examples of the trihydrocarbylsilyl group include a
trimethylsilyl group and a tert-butyl-dimethylsilyl group, and
a trimethylsilyl group is preferred. Of these, preferred is
a hydrocarbyl group, morepreferredis a hydrocarbyl group having
1 to 4 carbon atoms, evenmore preferred is an alkyl group having
1 to 4 carbon atoms, and particularly preferred are a methyl
group and an ethyl group.

[0327]
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R%andRmnmybebondedtoeachotherandtogetherrepresent
a hydrocarbylene group opticonally having at least one kind of
atom selected from the atom group consisting of a silicon atom,
a nifrogen atom, and 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-diyl group; and
alkenediyl groups such as a pentan~2—éne—l,5—diyl group, an
alkylene group is preferred; and an alkylene group having 4 to
7 carbon atoms is more preferred. Examples of the
heterocatom~containing hydrocarbylene group wherein the
hetercatom 1s a silicon atom include a group represented by
-S1i(CHz)2-CHy—-CHo~-Si (CH3z)2~. Examples of the
heteroatom—containing hydrocarbylene group wherein the
heteroatom is a nitrogen atom include a group represented by
~CH=N-CH=CH- and a Jgroup represented by —-CH=N-CH;-CH,-.
Examples of the hetercatom—-containing hydrocarbylene group
wherein the hetercatom is an oxygen atom include a group
represented by =-CH;~CHy—-O-CH;-CHy~. Of these, preferred is a
hydrocarbylene group, morepreferredis an alkylene group having
4 to 7 carbon atoms, and evenmore preferred are a tetramethylene
group, a pentamethylene group, and a hexamethylene group.
[0328]

Examplesocf the compoundrepresentedbyformula (8) include

N,N-dialkylformamide dialkyl aéetals such as
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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
dialkyl acetals such as N,N-dimethvlacetamide dimethyl acetal,
N,N-diethylacetamide dimethyl acetal, N,N-dimethylacetamide
diethyl acetsal, and N,N-diethylacetamide diethyl acetal.
[0322]

| Preferred as the compound represented by formula (8) are
compounds wherein h is 3 or less, R® is a hydrogen atom, and
rR®, R®, R¥, R®S, R®®, and RY are each an alkyl group havihg 1
to 4 carbon atoms. More preferred are compounds wherein h is
0, R¥ ig a hydrogen atom, and rR%2, Rsi R%, and R¥ are each an
alkyl group having 1 to 4 carbon atoms. Particularly preferred
are N,N-dimethylformamide dimethyl acetal,
N,N-diethylformamide dimethyl acetal, N,N-dimethylformamide
diethyl acetal, and N,N-diethylformamide diethyl acetal.
[0330]

In the method for producing a conjugated diene-based
polymer of the present invention and the method for producing
a modified conjugated diene-based polymer of the present
invention, a coupling agent may be added to a polymerization
solution during a period of time from the beginning of the
polymerizationofmonomers to the recoveryofapolymer described
later. Examples of such a coupling agent include a compound

represented by the following formula (10):
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R M Ly (10)
wherein R represents an alkyl group, an alkenyl group, a
cycloalkenyl group ©r an aryl group, M* represents a silicon
atomoratinatom, Lrepresents a halogenatomor a hydrocarbyloxy

group, and a represents an integer of 0 to 2.

[0331]

Examples of the coupling agent repﬁesented by the above
formula (10) include silicon tetrachlori@e,
methyltrichlorosilane, dimethyldichloroéiiéne, tin
tetrachioride, methyltrichlerotin, dimethyldichlorotin,
tetramethoxysilane, methyltrimethoxysilane,
dimethoxydimethylsilane, methyltriethoxysilane,
ethyltrimethoxysilane, dimethoxydiethylsilane,
diethoxydimethylsilane, tetraethoxysilane,
ethyltriethoxysilane, and diethoxydiethylsilane.

[0332]

In the case of adding a coupling agent to a polymerization
solution,theamountofthecoupiingagenttobeaddedisadjusted,
in order to improve the processability of the conjugated
diene-basedpolymer tobe formed, preferablyto 0.03mol or more,
more preferably'0.0S mol or more per 1 mol of the alkali metal
derived from the élkali metal-based polymerization initiator.
In order to improve fuel economy, it is preferably 0.4 mol or
less, more preferably 0.3 mol or less.

[0333]
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In the method for producing a conjugated diene-based
polymer of the present invention and the method for producing
a modified conjugated diene-based polymer of the present
invention, an unreacted,actiﬁe end of a polymer may be treated
with an alcohol such as methanol, isopropyl alcohel, and

l-butanol before recovering the polymer from the solution in

which the polymer 1is dissolved.

- [0334]

The method to be used for recovering the formed conjugated
diene-based polymer or the modified conjugated diene-based
polymer from the soluﬁion in which the polymer is dissolved may
be amethod known in the art, and examples of such a method include
(a) a method of adding a ccagulating agent to the solution
containing the conjugated diene-based pélymer or the modified
conjugateddiene—basedpolymer,énd (b) a method of adding steam
to the solution containing the conjugated diene-based polymer
or themodified conjugated diene-based polymer. The conjugated
diene-based polymer or the modified conjugated diene-based
polymer recovered may be dried with a known drier such as a band
drier or an extrusion-type drier.

[0335]

.The Mooney viscosity (ML) of the conjugated diene-based
polymer or the modified conjugated diene—based.polymer in the
present ihvention is preferably 10 or more, more preferably 20

or more in order to enhance the tensile strength at break of
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a pelymer composition. In order to improve the processability
of the polymer composition, the Mooney viscosity is preferably
200 or less, and more preferably 150 or less. The Mooney

viscosity (MLiss) is measured at 100°C in accordance with JIS

K6300 (1994).

[0336]

Inordertoenhancethe fuel economyofatiretobeobtained,
the amount of vinyl bonds of a conjugated diene-based polymer
or a modified conjugated diene-based polymer in the present
invention is preferably 80% by mol or less, ‘and more preferably
70% by mol or less where the content of the monomer units derived
from the conjugated diene compound is taken as 100% by mol. 1In
order to improve the gripping property of a tire to be obtained,
the amount of vinyl bonds is preferably 10% by mol or more, more
preferably 15% by mol or more, even more preferably 20% by mol
or more, and particularly preferably 40% by mol or more. The
améunt ofvinyl bonds is determined fromthe absorptionintensity

at around 910 cm™, which is an absorption peak of a vinyl group,

by infrared spectroscopy.

[0337]
A polymer composition can be prepared by incorporating

other polymer components, additives, ‘or the like to the
conjugated diene-based polymer or the modified conjugated
diene-based polymer of the present invention.

[0338]
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Examples of such other polymer components include a
styrene-butadiene copolymer rubber, a polybutadiene rubber, a
butadiene-isoprene ccpelymer rubber, and a butyl rubber.
Further examplesinclude anatural rubber, anethylene-propylene
copolymer, and an ethylene-octene copolymer. Such polymer
components may be used in a combination of two or more thereof.
[0339]

In the case of'incorporating‘other‘polymer components to
the conjugated diene-based polymer or the modified conjugated
diene-based polymer of the present invention, the content of
the conjugated diene-based polymer or the modified conjugated
diene—based polymer of the present invention in the resulting
polymer composition is preferably 10% by weight or more, and
more preferably 20% by weight or more per 100% by weight of the
total amount of the polymer components (including the conjugated
diene-based polymer) in the polymer composition, in order to
improve the fuel consumptionperformanceofatire tobeobtained.
[0340]

Examples of additives which can be used include additives
known in the art, for example, vulcanizing agents such as sulfur;
vulcanization accelerators such as thiazole-based
vulcanization accelerators, thiuram-based vulcanization
accelerators, sulfenamide-based vulcanization accelerators,
and guanidine-based vulcanization accelerators; vulcanizing

activators such as stearic acid and a zinc oxide; organic
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peroxides such as dicumyl peroxide and di-tert-butyl peroxide;
reinforcing agents such as silica and carbonblack; fillers such
as calcium carbonate, talc, alumina, clay, aluminum hydroxide,
and mica; silane coupling agents; extending oils; processing
aids; anti-aging agents; and lubricants.

[0341]

Examples of the sulfur include powdered sulfur,
precipitated sulfur, colloidal sulfur, inscluble sulfur, and
highly dispersible sulfur. The loading of the sulfur is
preferably 0.1 parts by weight to 15 parts by weight, more
preferably 0.3 parts by weight to 10 parts by weight, and even
more preferably 0.5 parts by weight to 5 parts by weight per
100 parts by weight‘éf the polymer components.

[0342]

Examples of the vulcanization accelerator include
thiazole-based vulcanization accelerators such as
2-mercaptobenzothiazole, dibenzothiazyl disulfide, and
N-cyclohexyl-2-pbenzothiazylsulfenamide; thiuram-based
vulcanization accelerators such as tetramethylthiuram
monosulfide and tetramethylthiuram disulfide;
gulfenamide-based vulcanization accelerators such as
N-cyclohexyl=-2-benzothiazolesulfenamide,
N-tert-butyl-2-benzothiazolesulfenamide,
N-oxyethylene~Z-benzothiazolesulfenamide,

N-oxyethylene~Z-benzothiazolesulfenamide, and

137




10

15

20

25

N,N'-diisopropyl-2-benzothiazolesulfenamide; and
guanidine-based vulcanization accelerators such as
diphenylguanidine, diorthotolylguanidine, and
orthotolylbiguanidine. The loading of the vulcanization
acceleratorispreferablyO.lpartsbyweight tobpartsbyweight,
and more prefersbly 0.2 parts by welght to 3 parts by weight
per 100 parts by weight of the polymer components.
[0343]

Examples of the reinforcing agent include silica, calcium
gilicate, aluminum silicate, and carbon black.
[0344]

Examples of silica include dry silica (anhydrous silicic
acid), wet silica (hydrous silicic acid), colloidal silica, and

precipitated silica. OCne or more members thereof may be used.

"The BET specific surface area of silica is pteferably from 50

m?/g to 250 m’/g. The BET specific surface area is measured in
abcordancewithASTMD1993—O3. Commerciallyavailabléproducts
such as ULTRASIL VN3-G (trade name) produced by Degussa, VN3,
AQ, ER, and RS-150 (trade names) produced by TOSOH SILICA
CORPORATION, and Zecsil 1115MP and 1165MP (trade names) produced
by Rhodia can be used as silica.

[0345]

Examples of carbon black include furnace black, acetylene
black, thermal black, channel black, and graphite. Examples

of such carbon black include channel carbon black such as EPC,
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MPC, and CC; furnace carbon black such as SAF, ISAF, HAF, MAF,
FEF, SRF, GPF, APF, FF, CF, S8CF, and ECF; thermal carbon black
such as FT and MT; and acetylene carbon black. These may be

used in & combination of two or more thereof.

[0346]

The nitrogen adsorption specific surface area (N;SA) of
carbonblackispreferablyfromSn@/gtoZOOnf/g,andthedibutyl
phthalate (DBP) absorption amount of carbonlalackjjspreférably
from&5ml/100gto300ml/100g. Thenitrogenadsorptionspecific
surface area is measured in accordance with ASTM D4820~-93 and
the DBP absorption amount is measured in accordance with ASTM
D2414-93. Commercially available products such as DIABLACK
N339 {trade name) produced by Mitsubishi Chemical Corporation,
SEAST 6, SEAST 7HM and SEAST KH (trade names) produced by Tokail
Carbon Co., Ltd., and CK 3 and Special Black 4A (trade names)
produced by Degussa can be used as carbon black.

[0347]

In order to enhance wear resistance and strength, the
content of the reinforcing agent in the polymer composition is
preferably 10 parts by weight or more, more preferably 20 parts
by weight or more, and even more preferably 30 parts by weight
or more per 100 parts by weight of the conjugated diene-based
polymer of the present invention. In order to enhance
reinforcement, the loading is preferably 150 parts by weight

or less, more preferably 120 parts by weight or less, and even
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more preferably 100 parts by weight or less.
[0348] |

Examples of the silane coupling agent include
vinyltrichlorosilane, vinyltriethoxysilane,
vinyltris(B—methoxyethoxy)silane,
B~ (3, 4—epoxycyclohexyl)ethyltrimethoxysilane,
v-glycidoxypropyltrimethoxysilane,
y-methacryloxypropyltrimethoxysilane,
N-(B-aminocethyl)-y-aminopropyltrimethoxysilane,
N-{B-aminocethyl)—-y-amincpropylmethyldimethoxysilane,
N-phenyl-y-aminopropyltrimethoxysilane,
vy-chloropropyltrimethoxysilane, |
Y-mercaptopropyltrimethoxysilane,
y-aminopropyltriethoxysilane,
bis{3-(triethoxysilyl)propyl)disulfide,
bis{3-({triethoxysilyl)propyl)tetrasulfide,
y-trimethoxysilylpropyldimethylthiocarbamyl tetrasulfide,
and y-trimethoxysilylpropylbenzothiazyl tetrasulfide. One or
more members of these are used. Commercial products such as
S169 and Si75 (trade names) produced by Degussa can be used as
the silane coupling agent. |

[03489]

The loading of the silane coupling agent is preferably
1 part by weight to 20 parts by weilght, more preferably 2 parts

by weight to 15 parts by weight, and even more preferably 5 parts
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by weight to 10 parts by weilght per 100 parts by weight of the
conjugated diene-based polymer of the present invention.
[0350]

Examples of the extending oil include aromatic mineral
olils (viscosity-gravityconstant PJ.G.C.):fromO.900£§l.O49),
naphthene-based mineral oils (V. G. C.f from 0.850 to 0.899),
and paraffin-based mineral oils (V. G. C.: from 0.790 to 0.849).
The content of a2 polycyclic aromatic compound in the extending
0il is preferably less than 3% by weight, and more preferably
less than 1% by weight. The content of the polycyclic aromatic
compound is measured in accordance with the IP 346/92 method
of TheInstituteof Petroleum. The contentofaromaticcompounds
(CR) of the extending oil is preferably 20% by weight or more.
One or more kinds of extending oils may be used.

[0351]

Examplesof amethod that canbeused forproducing apolymer
composition by incorporating other polymer components,‘
additives, or the like to the conjugated diene-based pblymer
or the modified conjugated diene-based polymer of the present
invention include a method of kneading the ingredients with a
known mixing apparatus such as a roll and a Banbury mixer.
[0352]

As to kneading conditions to be used in the case of
incérporating an additive other than a vulcanizing agent and

avulcanizationaccelerator, thekneadingtemperature isusually

141




10

15

20

25

50°C to 200°C, preferably 80°C to 190°C, and the kneading time
is usually 30 seconds to 30 minutes, preferably 1 minute to 30
minutes. In the case of incorporating a vulcanizing agent and
avulcanizationaccelerator, thekneading temperatureisusually
100°C or lower, preferably room temperature to 80°C. The

composgsition with a wvulcanizing agent and a vulcanization

accelerator incorporated therein is usually used after being
subjectedtovulcanizationtreatment suchaspressvulcanization.

The vulcanization temperature is usually from 120°C to 200°C,

preferably from 140°C to 180°C.

[0353]

The polymer composition in the present invention is used

suitably as a material for tires excellent in fuel economy.

EXAMPLES

Evaluation of physical properties was performed by the
following methods.
[0355]
1. Mooney viscosity (MLi+s)

In accordance with JIS Ke300 {1994), the Mooney viscosity
of a polymer was measured at 100°C.
[0356]
2. The amount of vinyl bonds (unit: % by mol)

The amount of the vinyl bonds of a polymer was determined
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from the absorption intensity at around 910 cmﬂy which is an
absorption peak of a vinyl group, by infrared spectroscopy.

[0357]

3. Content of monomer units derived from styrene (unit: % by
welght)

The content of the monomer units derived from styrene in
a polymer was determined from a refractive index in accordance
with JIS Ké383 (1995).
[0358]

4. Fuel economy

A strip-like specimen of 1 mm or 2 mm in width and 40 mm
in length was punched out from a sheet-like vulcanized molding
and was subjected to a test. The loss tangent (tand (70°C))
of the specimen at a temperature of 70°C was measured under the
condition represented by a strain of 1% and a frequency of 10
Hz by using a viscoelasticity analyzer (produced by Ueshima

Seigakusho Co., Ltd.). The smaller thig value is, the better
the fuel economy is.
[0359]

[Example 1]

Apolymerization reactor made of stainless steel equipped
with a stirring device of an internal volume of 5 L was washed,
dried, andthegaswithinthepolymerizationreactorwas replaced
byAdry nitrogen. Subsequently, Z.55 kg of industrial hexane

{densit 680]@g/m3),113.4<gofi1,3—butadiene, 66.6gof styrene,
Y Y
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1.5 ml of tetrahvdrofuran, and 1.32 ml of
1,2-dimethoxy-4-methylbenzene were charged into the
polymerization reactor. Next, in order to detoxify beforehand
impurities that would act to deactivate a polymerization
initiator, a small amount of a hexane sclution of n-butyllithium
was charged as a scavenger into the polymerization reactor.
[0360]

Subsequently, a n-hexane solution of‘n—butyllithium
{n-butyllithium content 3.10 mmol) was charged into the
polymerization reactor, and then a polymerization reaction was
initiated.

[0361]

The polymerization reaction was carried out for 2 hours
andkBO minutes. During the polymerization reaction, the
temperature within the polymerization reactor was adjusted to
65°C, the solution in the polymerization reactor was stirred
at a stirring speed of 130 rpm, and 170.1 g of 1, 3-butadiene
and 99.9 g of styrene were fed continuously into the
polymerization reactor.

[0362]

After the execution of the above polymerization reaction,
5ml of a hexane solution including 0.2 ml of methanol was fed
into the polymerization reactor, and the resulting polymer
solution was stirred for 5 minutes.

[0363]
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After the 5 minute Stirring, 1.8 g of
2-tert-butyl-6~{3-tert-butyl-Z-hydroxy-5-methvlbenzvl)-4-me
thylphenyl acrylate (produced by Sumitomo Chemical Co., Ltd.,
trade name: Sumilizer GM) and 0.9 g of.pentaerythrityl
tetrakis(3-laurylthiopropionate) (produced by Sumitomo
Chemical Co., Ltd., trade name: Sumilizer TP-D) were fed into
the polymerization reactor, and subseguently the resulting
polymersolutionwasevaboratedatxoomtémperaturefor24hours,
and further dried under reduced pressure at 55°C for 12 hours,
affording a polymer. The results of evaluation ofkthe polymer
are shown in Table 1. "

[0364]

One hundred parts by weight of the resultingpolymer, 78.4
parts by weight of silica (produced by Degussga, trade name:
ULTRASIL VN3-G), 6.4 parts by weight of a silane coupling agent
(produced by Degussa, trade name: Si69), 6.4 parts by weiéht
of carbon black {produced by Mitsubilshi Chemical Corporation,
trade name: DIABLACK N339), 47.6 parts by welght of an extender
0il (produced by Japan Energy Corporation, trade name: JOMO
Process NC-140}), 1.5 parts by weight of an antiaging agent
{produced by Sumitomo Chemical Co., Ltd., trade name: ANTIGENE
3C), 1.5partsbyweight of awax {producedbyOuchi Shinko Chemical
Industrial Co., Ltd., tradename: SUNNOCN), and 2 parts byweight

of stearic acid were kneaded with a Labo Plastomill to prepare

a polymer composition.
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To the resulting polymer composition were added 2 parts
by weight of zinc white, 1 part by weight of a vulcanization
accelerator {produced by Sumitomo Chemical Co., Ltd., tradename:
SOXINOL CZ), 1 part by weight of a vulcanization accelerator
(produced by Sumitomo Chemical Co., Ltd., trade name: SOXINOL

j, and 1.4 parts by weight of sulfur, followed by shaping into
a sheet with a 6-inch roll, and then the sheet was heated at

160°C for 45 minutes.to vulcanize. Thus, a vulcanized sheet

was prepared. The results of physical property evaluation of

"the wvulcanized sheet are shown in Table- 1.

[0365]
[Comparative Example 1]

Apolymerization reactor made of stainless steel equipped
with a stirring device of an internal volume of £ L was washed,
dried,andthegaswithinthepolymerizat*onreactorwasrepiaced
by dry nitrogen. Subsequently, 2.55 kg of industrial hexane
(density 680 kg/m®), 113.4 gof 1,3-butadiene, 66.6 gof styrene,
1.5ml of tetrahydrofuran, and 2.80 ml of 1,2-dimethoxybenzene
were charged into the polymerization reactor. Next, in order
to detoxify beforehand impurities that would act ﬁé Aéacﬁivate
a polymerization initiator, a small amount of a hexane solution
of n-butyllithium was charged as a scavenger into the
polyvmerization reactor.

[0366]

Subseguently, a n-hexane soclution of n-butyllithium
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{n-butyllithium content 3.10 mmol) was charged into the
polymerization reactor, and then a polymerization reaction was
initiated.

[0367]

The polymerization reaction was carried out for 2 hours
and 30 minutes. During the polymerization reaction; the
temperature within the polymerization reactor was adjusted to
65°C, the solution in the polymerization reactor was stirred
at a stirring speed of 130 rpm, and 170.1 g of 1,3-butadiene
and 99.9 g of styrene were fed continucusly into the

polymerization reactor.

[0368]

After the execution of the above polymerization reaction,
5 ml of a hexane solution including 0.2 ml of methancl was fed
into the polymerization reactor, and the resulting polymer
solution was stirred for 5 minutes.

[0369]

After the 5 minute stirring, 1.8 g of

2-tert-butyl=6~(3-tert-butyl-2-hydroxy-5-methylbenzyl)-4-me

thylphenyl acrylate (produced by Sumitomo Chemical Co., Ltd.,
trade name: Sumilizer GM) and 0.9 g of pentaerythrityl

tetrakis(3-laurylthiopropionate) (produced by Sumitomo

Chemical Co., Ltd., trade name: Sumilizer TP-D) were fed into

the polymerization reactor, and subsequently the resulting

polymer solutionwas evaporated at roomtemperature for 24 hours,
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and further dried under reduced pressure at 55°C for 12 hours,
affording a polymer. The results of evaluation of the polymer
are shown in Table 1.

[0370]

One hundred parts by weight of the resulting polymer, 78.4
parts by weight of éilica [produced by Degussa, trade name:
ULTRASIL VN3-G), 6.4 parts by weight of a silane coupling agent
{produced by Degussa, .trade name: S5i69), 6.4 parts by weight
of carbon black {produced by Mitsubishl Chemical Corporatiéﬁ;
trade name: DIABLACK N339), 47.6 parts by welght of an extender
0il (produced by Japan Energy Corporation, trade name: JOMO

Process NC-140), 1.5 parts by weight of an antiaging agent

Aproduced by Sumitomo Chemical Co., Ltd., trade name: ANTIGENE

3C), 1.5partsbyweight of awax (producedbyOuchi Shinko Chemical
Industrial Co., Ltd., trade name: SUNNOCN), and 2 parts byweight
of stearic acid were kneaded with a Labc Plastomill to prepare
a polymer composition.

To the resulting polymer composition were added 2 parts
by weight of zinc white, 1 part by weight of a vulcanization
accelerator (producedby Sumitomo Chemical Co., Ltd., tradename:
SCXINOL CZ), 1 part by weight of a wvulcanization accelerator
{produced by Sumitomo Chemical Co., Ltd., trade name: SOXINOL
D), and 1.4 parts by weight of sulfur, followed by shaping into
a sheet with a 6-inch roll, and then the sheet was heated at

160°C for 45 minutes to vulcanize. Thus, a vulcanized sheet
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was prepared. The results of physical property evaluation of
the vulcanized sheet are shown in Table 1.
[0371]

[Example 2]

Apolymerizationreactormadeofstainlesssteelequipped
with a stirring device of an internal volume of 20 L was washed,
dried, andthegaswithinthepolymerizationreactorwas replaced
by dry nitrogen. Subseduently, 10.2 kg of industrial hexane
(density 680 kg/nﬁ}, 536 g of 1,3-butadiene, 264 g of styrene,
6.1 ml of ﬁetrahydrofuran, and 6.37 ml of
1,2~dimethoxy~4-methylbenzene were charged into the
polymerization reactor. Next, in order to detoxify beforehand
impurities that would act to deactiyate a polymerization
initiator, a small amount of a hexane solution of n-pbutyllithium
was chafged as a scavenger into the polymerization reactor.
[0372]

Subseguently, a n-hexane solution of n-butylliithium
{n-butyllithium content &.33 mmol) was charged into the
polymerization reactor, and then a polymerization reaction was
initiated.

[0373]

The polymerization reaction was carried out for 3 hours.
During the polymerization reaction, the temperature within the
polymerization reactor was adjusted to 65°C, the solution in

the polymerization reactor was stirred at a stirring speed of
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130 rpm, and 804 g of 1,3~butadiene and 396 g of styrene were
fed continuously into the polymerization reactor.
[0374)]

Subsequently, while the temperature within the
polymerization reactor was kept at 65°C, the resulting
polymerization solution was stirred at a stirring speed of 130
rpm in the polymerizétion reactor, and 5.67 mmol of
[3-{diethylamino)propyl]ltrimethoxysilane was added to the
polymerization solution, followed by stirring for 15 minutes.
[0375]

After the 15 minute stirring, 5 ml of a hexane sclution
including 0.8 ml of methancl was fed into the polymerization

reactor, and the resulting polymer solution was stirred for &

minutes.
[0376]

After the 5 minute stirring, 8.0 g of
2-tert-butyl-6-{3-tert-butyl-2~-hydroxy-5-methylbenzyl)-4-me
thylphenyl acrylate (produced by Sumitomo Chemical Co., Ltd.,
trade name: Sumilizer GM) and 4.0 g of pentaerythrityl
tetrakis(3-laurylthiopropionate) (produced by Sumitomo
Chemical Co., Ltd., trade name: Sumilizer TP-D) were fed intoc
the polymerization reactor, and subsequently the resulting
polymer solutionwas evaporatedat roomtemperature for 24 hours,
and further dried under reduced pressure at 55°C for 12 hours,

affording a polymer. The results of evaluation of the polymer
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are shown in Table 1.
[0377]

One hundred parts byweight of the resulting polymer, 78.4
parts by weight of silica (produced by Degussa, trade name:
ULTRASIL YN3-G), 6.4 parts by weight of a silane coupling agent
{produced by Degussa, trade name: S168), 6.4 parts by weight
of carbon,biack {produced byI%itsubishi Chemical Corporation,
trade name: DIABLACK N339), 47.6 parts by weight of an extender
0il {(produced by Japan Energy Corporation, trade name: JOMO
Process NC-140), 1.5 parts by weight of an antiaging agent
(produced,by'Sumitomo Chemical Co., Ltd., trade name: ANTIGENE
3C), l.5partsbyweightof awax (producedbyOuchi Shinko Chemical
IndustrialCo.,Ltd.,tradename:SﬁNNOCN),and2p@rtsbym@ight
of stearic acid were kneaded with a Labo Plastomill to prepare
a polymer composition.

To the resulting polymer composition were added 2 parts
by weight of zinc white, 1 part by weight of a vulcanization
accelerator {producedby Sumitomo Chemical Co., Ltd., tradename:
SOXINOL CZ), 1 part by weight of a vulcanization accelerator
{(produced by Sumitomo Chemical Co., Ltd., trade name: SCXINOL
D), and 1.4 parts by weight of sulfur, followed by shaping into
a sheet with a 6-inch roll, and then the sheet was heated at
160°C for 45 minutes to vulcanize. Thus, a vulcanized sheet
Was prepared. The results of physical property evaluation of

the vulcanized sheet are shown in Table 1.
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[0378]
[Comparative Example 2]

Apolymerization reactor made of stainless steel eguipped
with a stirring device of an internal volume of 20 L was washed,
dried, andthegaswithinthepolymerizationreactorwas replaced
by dry nitrogen. Subsequently, 10.2 kg of industrial hexane
(density 680 kg/mg}, 536 g of 1,3-butadiene, 264 g of styrene,
6.1 ml of tetrahydrofuran, and 7.92 ml of 1,2~dimethoxybenzene
were charged into the polymerization reactor. Next, in order
to detoxify beforehand impurities that would act to deactivate
a polymerization initiator, a small amount of a hexane solution
of n-butyllithium was charged as a scavenger into the
polymerization reactor.

[0379]

Subsequently, a n-hexane solution of n-butyllithium
{(n-pbutyllithium content 8.33 mmol) was charged into the
polymerization reactor, and then a polymerization reaction was
initiated.

[0380]

The polymerization reaction was carried out for 3 hours.
During the polymerization reaction, the temperature within the
polymerization reactor was adjusted to 65°C, the solution in
the polymerization reactor was stirred at a stirring speed of

130 rpm, and 804 g of 1,3-butadiene and 396 g of styrene were

fed continuously intc the polymerization reactor.
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[0381]

Subseqguently, while the temperature within the
polymerization reactor was kept at 65°C, the resulting
polymerization solution was stirred at a stirring speed of 130
rpm in the polymerization reactor, and 5.67 mmol of
[3-(diethylamino)propyl]trimethoxysilane was added to the
polymerization solution, followed by stirring for 15 minutes.
[0382]

After the 1b minute stirring, 5 ml of a hexane solution
including 0.8 ml of methanol was fed into the polymerization

reactor, and the resultin olymer solution was stirred for 5
i4

minutes.
[0383]

After the 5 minute stirring, 8.0 g of
2-tert-pbutyl-6-(3~tert-butyl-2-hydroxy-5-methylbenzyl}-4-me
thylphenyl acrylate (produced by Sumitomo Chemical Co., Ltd.,
trade name: Sumilizer GM) and 4.0 ¢ of pentaerythrityl
tetrakis{3-laurylthiopropionate} (produced by Sumitomo
Chemical Co., Ltd., trade name: Sumilizer TP-D) were fed into
the polymerization reactor, and subsequently the resulting
polymer solutionwas evaporated at roomtemperature for 24 hours,
and further dried under reduced pressure at 55°C for 12 hours,
affording a polymer. The results of evaluation of the polymer
are shown in Table 1.

[0384]
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One hundred parts by weight of the resulting polymer, 78.4
parts by weight of silica (produced by Degussa, trade name:
ULTRASIL VN3-G), 6.4 parts by welght of a silane cogpling agent
(produced by Degussa, trade name: S5i69), 6.4 parts by weight
of carbon black {produced by Mitsubishi Chemical Corporation,
trade name: DIABLACK N339), 47.6 parts by weight of an extender
01l ({produced by Japan Energy Corporation, trade name: JOMO
Process NC-140}, 1.5 parts by weight of an antiaging agent
{produced by Sumitomo Chemical Co., Ltd., trade name: ANTIGENE
BC),1.Epartsbyweightofawaxkproducedby@uchiShinkoChemical
IndustrialCo.,Ltd.,tradename:SUNNOCN),and:2§artsbyweight
of stearic acid were kneaded with a Labo Plastomill to prepare
a polymer composition.

To the resulting polymer composition were added 2 parts
by weight of zinc white, 1 part by weight of a vulcanization
accelerator (producedbySumitomoChemical Co., Ltd., tradename:
SOXINOL CZ), 1 part by weight of a vulcanization accelerator
{produced by Sumitomo Chemical Co., Ltd., trade name: SOXINOL
D), and 1.4 parts by weight of sulfur, followed by shaping into
a sheet with a 6é~-inch roll, and then the sheet was heated at
160°C for 45 minutes to vulcanize. Thus, a vulcanized sheet
was prepared. The results of physical property evaluation of

the vulcanized sheet are shown in Table 1.
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MCSLLP

Claims:

1. A method for producing a modified conjugated
diene-basedpolymer, themethod comprising polymerizing monomer
components comprisingaconjugateddiene compoundandanaromatic
vinyl compound using an alkali metal-based polymerization
initiator in the presence of a hydrocarbon solvent and an ether
compound represented by the following formula (1) to obtain a
conjugated diene-based polymer, and then causing a compound
containing a nitrogen atom and/or a silicon atom to react with

an active end of the conjugated diene-based polymer:

HSC—O O_CH3

_\_
R
(1)

wherein R represents an alkyl group having 1 to 8 carbon atoms.

2. The method according to claim 1, wherein the monomer
components further comprise a compound containing a nitrogen
atom and/or a silicon atom and a hydrocarbyl group having a

polymerizable carbon-carbon double bond.
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