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met hod for producing a conjugated diene polyner. 2. DESCRI PTI ON OF RELATED
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1. FIELD OF THE INVENTION

The present invention relates to a conjugated diene polymer, a conjugated diene

polymer composition, and a method for producing a conjugated diene polymer.

2. DESCRIPTION OF RELATED ART

In recent years, with the growing concern over environmental problems, the
demand for good fuel economy for automobiles has been becoming stronger, and there
is also a demand for excellent fuel economy for rubber compositions used for automobile
tires. As polymer compositions for automobile tires, a rubber composition containing a
conjugated diene polymer such as polybutadiene or butadiene-styrene copolymer and a
reinforcing agent is used.

For example, JP-A-1-29802 (JP-A denotes a Japanese unexamined patent
application publication) proposes a styrene-butadiene copolymer of a high vinyl bond,

and a polymer composition using the copolymer.

SUMMARY OF THE INVENTION

However, the polymer composition using a conventional conjugated diene
polymer is not sufficiently satisfactory in terms of abrasion resistance.

Under such circumstances, an object of the present invention is to provide a
conjugéted diene polymer capable of giving a conjugated diene polymer composition
excellent in abrasion resistance, and a conjugated diene polymer composition containing

the conjugated diene polymer and a reinforcing agent.

A first embodiment of the present invention is directed to a conjugated diene

polymer having a constitutional unit based on a conjugated diene, and a constitutional



However, the pol ynmer conposition using a conventional conjugated diene
polymer is not sufficiently satisfactory in terns of abrasion resistance.
Under such circunmstances, an object of the present invention is to provide
a conjugat ed di ene pol yner capable of giving a conjugated di ene pol yner
conposi tion excellent in abrasion resistance, and a conjugated di ene

pol ymer conposition containing the conjugated di ene polyner and a
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group, and, when there are plural R3s, R3s each may be the sane or
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different.

A second embodiment of the present invention is directed to a conjugated diene
polymer composition containing the above-described conjugated diene polymer and a
reinforcing agent.

A third embodiment of the present invention is directed to a method for producing
a conjugated diene polymer by polymerizing monomers containing the conjugated diene
and a compound represented by Formula (1) below by an alkali metal catalyst in a
hydrocarbon solvent.

R'Si(-R*-A)mR%.m (1)
wherein m represents an integer of 1 to 3; R' represents a hydrocarbyl group having a
polymerizable carbon-carbon double bond; R? represents a hydrocarbylene group, and,
when there are plural R%s, R* each may be the same or different; A represents a
substituted amino group, and, when there are plural A's, A's each may be the same or
different; R> represents a hydrocarbyl group, a substituted hydrocarbyl group or a
substituted amino group, and, when there are plural R, R®s each may be the same or

different.

The present invention can provide a conjugated diene polymer that can give a
conjugated diene polymer composition excellent in abrasion resistance, and a
conjugated diene polymer composition containing the conjugated diene polymer and a
reinforcing agent. Moreover, the conjugated diene polymer and the conjugated diene

polymer composition of the present invention may be excellent in fuel economy.



A third enbodi ment of the present invention is directed to a nethod for
produci ng a conjugated di ene pol ynmer by polynerizing nononers contai ni ng

t he conjugated di ene and a conmpound represented by Fornula (1) bel ow by an
al kali metal catalyst in a hydrocarbon solvent. R1Si(-R2-A)nR33,(1) wherein
mrepresents an integer of 1 to 3; Rl represents a hydrocarbyl group having
a polynerizabl e carbon-carbon doubl e bond; R2 represents a hydrocar byl ene
group, and, when there are plural R2s, R2s each may be the sane or
different; A represents a substituted am no group, and, when there are
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hydr ocar byl group, a substituted hydrocarbyl group or a substituted am no
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substituted amino group, and, when there are plural A's, A's each may be the same or

different; R® represents a hydrocarbyl group, a substituted hydrocarbyl group or a
substituted amino group, and, when there are plural R®, R%s each may be the same or
different.

The conjugated diene polymer of the present invention has a constitutional unit
based on the conjugated diene (conjugated diene unit). Examples of the conjugated
dienes include 1,3-butadiene, isoprene, 1,3-pentadiene, 2,3-dimethyl-1,3-butadiene and
1,3-hexadiene. These dienes may be used singly or in a combination of two or more.
As the conjugated diene, 1,3-butadiene and isoprene are preferable.

m in Formula (1) represents an integer of 1 to 3, and is preferably 1 or 2.

R" in Formula (1) represents a hydrocarbyl group having a polymerizable
carbon-carbon double bond, R? represents a hydrocarbylene group, and, when there are
plural R%s, R%s each may be the same or different, A represents a substituted amino
group, and, when there are plural A's, A's each may be the same or different, R®
represents a hydrocarbyl group, a substituted hydrocarbyl group or a substituted amino
group, and, when there are plural R%s, R’s each may be the same or different.

In the present specification, the hydrocarbyl group represents a hydrocarbon
residue. The substituted hydrocarbyl group (a hydrocarbyl group having a substituent)
represents a group formed by substituting one or more hydrogen atoms in the
hydrocarbon residue by a substituent, the hydrocarbylene group represents a divalent

hydrocarbon residue, and the substituted amino group represents a group formed by



wherein mrepresents an integer of 1 to 3; Rl represents a hydrocar byl
group having a pol yneri zabl e carbon-carbon doubl e bond; R2 represents a
hydr ocar byl ene group, and, when there are plural R2s, R2s each may be
sane or different; A represents a substituted am no group, and, when
are plural A's, A's each may be the sanme or different; R3 represents
hydr ocar byl group, a substituted hydrocarbyl group or a substituted anm no

group, and,
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aryl group such as a methylphenyl group or an ethylphenyl group; etc.

Examples of the groups represented by Formula (2) include a vinyl group (R*,
R% and R% each is a hydrogen atom, n = 0), an allyl group (R?', R*? and R*® each is a
hydrogen atom, n = 1), a 1-propenyl group (R?' is a methyl group, R? and R® each is a
hydrogen atom, n = 0), an isopropenyl group (R¥ and R* each is a hydrogen atom, R?®
is a methyl group, n = 0), a crotyl group (R?' is a methyl group, R* and R*® each is a
hydrogen atom, n = 1), a methallyl group (R*' and R% each is a hydrogen atom, R® is a
methyl group, n = 1).

R?' and R* each is preferably a hydrogen atom or methyl group, and more
preferably a hydrogen atom.

R? is preferably a hydrogen atom or alkyl group, more preferably a hydrogen
atom or methy! group.

n in Formula (2) represents an integer of 0 to 2. It is preferably 0 or 1, and more
preferably 0.

Formula (2) is preferably a vinyl group (R?!, R?? and R* each is a hydrogen atom,
n = 0) or an allyl group (R*', R? and R® each is a hydrogen atom, n = 1), and more

preferably a vinyl group (R?", R?? and R?® each is a hydrogen atom, n = 0).
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below. /R21 *CH2C C,( 2 ) 23 n | R22 R wherein n represents an integer of O
to 2, R21, R22 and R23 each i ndependently represents a hydrogen atomor a
hydr ocar byl group, and * represents a bondi ng position. Exanpl es of
t he hydrocarbyl groups of R21, R22 and R23 include an al kyl group such as a
met hyl group, an ethyl group, a n-propyl group, an isopropyl group, a

n- butyl group, a sec-butyl group, a tert-butyl group, a n-pentyl group, a

neopent V9 ou S R R R oI T PR () BN 0P
an et hyl plyediyps QICQUQS £Ufethylene group, an ethylene group, a trimethylene group, a
tetramethylene group, a pentamethylene group and a hexamethylene group; arylene
groups such as a phenylene group, a tolylene group and a xylylene group; and an
aralkylene group.
The hydrocarbylene group of R? has preferably 1 to 10 carbon atoms, and more
preferably 1 to 4.
The hydrocarbylene group of R? is preferably an alkylene group, more preferably
an alkylene group having 1 to 4 carbon atoms, and yet more preferably a methylene
group or an ethylene group.

Examples of the substituted amino groups in Formula (1) include a group

represented by Formula (3) below.
*—N (3)

wherein R* and R*? each represents a hydrocarbyl! group having 1 to 10 carbon atoms
that may have at least one atom selected from the group consisting of a nitrogen atom,
an oxygen atom and a silicon atom, a silyl group, a substituted silyl group, or a divalent
group having 2 to 20 carbon atoms formed by bonding R*' and R*?, or R*' and R*? are
one group, representing a group having 2 to 20 carbon atoms and being bonded to a
nitrogen atom by a double bond and * represents a bonding position.

Examples of the hydrocarbyl groups of R*' and R* include an alkyl group such
as a methyl group, an ethyl group, a n-propyl group, an isopropyl group, a n-buty! group,
a sec-butyl group, a tert-butyl group, a n-pentyl group, a neopentyl group, an isopentyl
group or a n-hexyl group; a cycloalkyl group such as a cyclohexyl group; an aryl group
such as a phenyl group, a methylphenyl group, or an ethylphenyl group; and an aralky!
group such as a benzyl group. Among tem, an alkyl group is preferable.

The number of carbon atoms of the hydrocarbyl group of R*' and R* is
preferably 6 or less, more preferably 4 or less, and yet preferably 1 or 2.

Examples of the hydrocarbyl groups having a nitrogen atom of R*" and R*



Exanpl es of the groups represented by Formula (2) include a vinyl group
(R21, R22 and R23 each is a hydrogen atom n = 0), an allyl group (R21, R22
and .-+23

|-c each is a hydrogen atom n = 1), a 1-propenyl group (R21 is a nethyl
group, R22 and R23 each is a hydrogen atom n = 0), an isopropenyl group
(R21 and R22 each is a hydrogen atom R23 is a nethyl group, n =0), a
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(R21, R22 and @)&nﬁﬂ@of TeahY e Yrélipdhaving=af)oxygen atom of R*' and R*
include an alkoxyalkyl group such as a methoxymethyl group, a methoxyethyl group, a
methoxypropyl group, an ethoxymethyl group or an ethoxyethyl group; an oxacycloalkyl
group such as an oxiranyl group or a tetrahydrofuranyl group; and an oxacycloalkylalkyl
group such as a glycidyl group or a tetrahydrofurfuryl group. The oxacycloalkyl group
or the oxacycloalkylalkyl group is preferable.
In the present specification, the oxacycloalkyl group represents a group formed
by substituting CH, on an aliphatic ring of a cycloalkyl group by an oxygen atom, and the
oxacycloalkylalkyl group represents a group formed by substituting a hydrogen atom of
an alkyl group by the oxacycloalkyl group.
The number of carbon atoms of the hydrocarbyl group having an oxygen atom of
R® and R* is preferably 6 or less, and more preferably 4 or less. The number of
carbon atoms is preferably 2 or more.
Examples of the hydrocarbyl groups having a silicon atom of R*' and R* include
a trialkylsilylalkyl group such as a trimethylsilylmethyl group.
The number of carbon atoms of the hydrocarbyl group having a silicon atom of
R®" and R* is preferably 6 or less, and more preferably 4 or less. And the number of
carbon atoms is preferably 4 or more.
Examples of the substituted silyl groups of R*' and R* include a trialkylsilyl
group such as a trimethylsilyl group, a triethylsilyl group or a t-butyldimethylsilyl group;
and a trialkoxysilyl group such as a trimethoxysilyl group. Among them, the trialkylsilyl
group is preferable.
The number of carbon atoms of the substituted silyl group of R*' and R* is
preferably 3 to 10, and more preferably 3 to 6.

Examples of the divalent groups having 2 to 20 carbon atoms formed by bonding



Exanpl es of the hydrocarbyl ene groups of R2 in Formula (1) include al kyl ene
groups such as a nethyl ene group, an ethylene group, a trimnethylene group,
a tetranmet hyl ene group, a pentanethyl ene group and a hexamnet hyl ene group;
aryl ene groups such as a phenyl ene group, a tolylene group and a xylyl ene
group; and an aral kyl ene group. The hydrocar byl ene group of R2 has
preferably 1 to 10 carbon atons, and nore preferably 1 to 4. The
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am no groups in Formula (1) include a group represented by Fornmula (3)

bel ow. * ghMupRaNRBNEthylene group, an octamethylene group, a decamethylene group or a
dodecamethylene group; an alkenylene group such as a group represented by
-CH=CH-CH=CH-; a nitrogen-containing group such as a group represented by
-CH2CH,-NH-CH,-, a group represented by -CH=CH-N=CH-, a group represented by
-CH2CH,-N=CH-, a group represented by -CH,CH,CH2-NH-, a group represented by
-CH=CHCH=N- or a group represented by -CH,CH>-NH-CH,CH,-; and an
oxygen-containing group such as a group represented by -CH;CH>-O-CH,CH,- or a
group represented by -CH,CH;CH2-O-CH,CH,CH;-.

The number of carbon atoms of the divalent groups having 2 to 20 carbon atoms
formed by bonding R*' and R* is preferably 2 to 12, and more preferably 2 to 8.

Examples of the groups having 2 to 20 carbon atoms and being bonded to a
nitrogen atom of R*' and R* by a double bond include a group that may have at least
one atom selected from the atom group consisting of a nitrogen atom and an oxygen
atom. For example, an ethylidene group, a propylidene group, a butylidene group, a
1-methylethylidene group, a 1-methylpropylidene group, a 1,3-dimethylbutylidene group,
a benzylidene group and a 4-N,N-dimethylaminobenzylidene group are cited.

The number of carbon atoms of the group bonded to the nitrogen atom of R®
and R* by a double bond is preferably 2 to 12, and more preferably 2 to 8.

Examples of the groups represented by Formula (3) include an acyclic amino
group and a cyclic amino group.

Examples of the acyclic amino groups include a dialkylamino group such as a
dimethylamino group, a diethylamino group, a di(n-propyl)amino group, a
di(isopropyl)amino group, a di(n-butyl)amino group, a di(sec-butyl)amino group, a
di(tert-butyl)amino group, a di(neopentyl)amino group or an ethylmethylamino group; a
di(alkoxyalkyl)amino group such as a di(methoxymethyl)amino group, a
di(methoxyethyl)amino group, a di(ethoxymethyl)amino group or a di(ethoxyethyl)amino
group; and a di(trialkylsilyl)Jamino group such as a di(trimethylsilyl)amino group or a

di(t-butyldimethylsilyl)amino group.



wherein R31 and R32 each represents a hydrocarbyl group having 1 to 10
carbon atons that may have at | east one atom sel ected fromthe group
consisting of a nitrogen atom an oxygen atomand a silicon atom a silyl
group, a substituted silyl group, or a divalent group having 2 to 20 carbon
atons formed by bonding R31 and R32, or R31 and R32 are one group,
representing a group having 2 to 20 carbon atons and being bonded to a

nitrogen atomb | * di it .
Beanpies of 1 her Hiher iR BRes alper RN fadh BRA SO RRNhGne 0.
such as a gy aHi@tRhy@ofRaAamEHPYRupaafid B @RXbcy@icaikylallglamiepgeny |
group, a n-butyl group, a sec-butyl group, a tert-butyl group, a n-pentyl
group, a rseopasbydi(gigeidyimmiangicsip e atdj(tetphpdrpfuoiury@amintegrplip.gr oup; a

cycl oal kyl groug such as a cycl ohexyl group; an aryl group such as a phenyl
group, a net hyl PHEWYMOEy oupth®yr alRCEERy| pRdny| e“tBV'&éﬁ? ARG an 954 kyl @gr oup

such as a r ) n rn, an al j fera

The nurrber”glg @%F%&ﬁa%te 8@3%019 g{rﬁ%&hygr ogaéé@&%ﬁ%fdg?gﬁ%gang}%ﬁ i3

pr ef er abl yi-@e@ietiidoncdRid GbaH Bh@RUWN N-aimdtRyismindbeh2yRderRaafi®y goly. 1 or 2.
Exanpl es of thé hydrocarbyl groups having a nitrogen atom of R31 and R32

i ncl ude a di al kipteamplesoatitike/ tyctic empogclipsascladeda fpolyyietmilereirsinh grouprsvigp, a
di met hyl am noet hyl glroup, a di et hyl am nopropyl group or a
di et hyi aniascet-pgifidigyl @igyp, a 1-azetidinyfgsoun, RopyradidipX 358vP. & bRIPeHFINYlgEoup,

hydrocar byl group_haying .a.nitrogen atgm of i s preferably 6 or
| ess, and armrég}??%mg%élﬁﬁ?fm or Ig%sfjgz Tie napgéga"ie?'%%r%bﬁghgato 08flg’s X

pref er abl y_chtsthethiPbReiming  groupX @M s 1adechhftt)ichersias by | grBiPuPSorhaviang an
oxygen atom of R31 and R32 include an al koxyal Kyl group such as a

met hoxy netthyddegaraethyleaeimiich @xougt hyffurthequihey aalsetihdudeg rao dypyrmpiyd uppum@na
et hoxynet hyl group or an ethoxyethyl group; an oxacycloal kyl group such as
an oxi ranﬂl'i"‘g}?aég' il groppt raaHyiﬂNﬂZQWhr%fPUE;r6u655"3hﬂ¥%ﬁ"6¥%9t¥?c9é‘l’qﬂll al kyl
oo ST Bl B, PTG Atk S Gowe
etc.
The substituted amino group represented by Formula (3) is preferably a
dialkylamino group or a 1-polymethyleneimino group, and more preferably a
1-polymethyleneimino group.
R® in Formula (1) represents a hydrocarbyl group, a substituted hydrocarbyl
group or a substituted amino group.
Examples of the hydrocarbyl groups of R® include an alkyl group such as a
methyl group, an ethyl group, a n-propyl group, an isopropyl group, a n-butyl group, a
sec-butyl group, a tert-butyl group, a n-pentyl group, a neopentyl group, an isopentyl
group or a n-hexyl group; a cycloalkyl group such as a cyclohexyl group; an aryl group
such as a phenyl group, a methylphenyl group or an ethylphenyl group; and an aralkyl
group such as a benzyl group. The hydrocarbyl group is preferably an alkyl group.
The number of carbon atoms of the hydrocarby! group of R® is preferably 1 to 4,
and more preferably 1 or 2.
Examples of the substituted hydrocarbyl groups of R® include an alkoxyalky!

group such as a methoxymethyl group, a methoxyethyl group, an ethoxymethyl group or

an ethoxyethyl group. The substituted hydrocarbyl group is preferably an alkoxyalkyl



In the present specification, the oxacycloal kyl group represents a group
formed by substituting CH2 on an aliphatic ring of a cycloal kyl group by an
oxygen atom and the oxacycl oal kyl al kyl group represents a group fornmed by
substituting a hydrogen atom of an al kyl group by the oxacycl oal kyl group.
The nunber of carbon atons of the hydrocarbyl group having an oxygen atom
of R31 and R32 is preferably 6 or less, and nore preferably 4 or |less. The
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carbon at g@kyﬁa%iggdgrgalp tg&cdiagga benzylamino group; an arylamino group such as a
phenylamino group; a diarylamino group such as a diphenylamino group; an
alkylideneamino group such as an ethylideneamino group, a 1-methylethylideneamino
group, a 2-methylpropylideneamino group or a 1,3-dimethylbutylideneamino group; and
a cyclic amino group such as a 1-aziridinyl group, a 1-azetidinyl group, a 1-pyrrolidiny!
group, a 1-piperidinyl group, a 1-hexamethyleneimino group, a 1-heptamethyleneimino
group, a 1-pyrrolyl group, a 1-imidazolidinyl group, a 1-imidazolyl group, a
4,5-dihydro-1-imidazolyl group, a 1-pyrazolidinyl group, a 1-pyrazolyl group, a
1-piperazinyl group or a morpholino group.

The substituted amino group of R® is preferably an acyclic amino group, and
more preferably a dialkylamino group.

R® is preferably a hydrocarbyl group or a substituted hydrocarbyl group, and
more preferably a hydrocarbyl group.

Examples of the compounds represented by Formula (1) include a compound in
which R is a group represented by Formula (2), m is 1 and A is an acyclic amino group
represented by Formula (3). Examples of the compounds include
(dialkylamino)alkyldialkylvinylsilane, (dialkylamino)alkyldialkylallylsilane,
(dialkylamino)alkyldialkyl-1-propenylsilane, (dialkylamino)alkyldialkylisopropenylsilane,
(dialkylamino)alkyldialkylcrotylsilane, and (dialkylamino)alkyldialkylmethallylsilane.

Specific compounds will be exemplified in next and subsequent paragraphs.

(1) (dialkylamino)alkyldialkylvinylsilane:
(dimethylamino)methyldimethylvinylsilane,

(diethylamino)methyldimethylvinylsilane,



R31 and R32 include an al kyl ene group such as a nethyl ene group, an

et hyl ene group, a trinethylene group, a tetranethylene group, a
pent anet hyl ene group, a hexamet hyl ene group, a heptanet hyl ene group, an

oct anmet hyl ene group, a decanet hyl ene group or a dodecanet hyl ene group; an
al kenyl ene group such as a group represented by -CH=CH CH=CH-; a

ni trogen-contai ning group such as a group represented by CH2CH2-NH CH2-, a

group reprgse : oup represented by CH2CH2-N=CH, a
gr oup repr@@gE#@glaﬁno}%ﬁmgle}gégr oup represented by - CH=CHCH=N- or
a group rgprebepkathdmethGldakeiByINTyISHHAEH2- ; and an oxygen-cont ai ni ng group

such as a group represented by -CH2CH2-0-CH2CH2- or a group represented by
- CH2 CH2 CHAdgt-hotyaanipalpethyldimethylvinyiilanenunber of carbon at ons of the dival ent

groups havin to 20 carbon ato rmed by bonding R31 and R32 is

pr ef er abl %W%Vf?tw%m'a??@%?@mﬁbwgswkﬁ?‘@%2 to 8. Exanpl es of the
groups hayj 2. ] : . ; i-ng bonded to a nitrogen atom of
R31 and @Qg‘y?%bg)ﬁgﬁngﬁ@(&%g]ﬁ@%égmgsgérﬂoeup that may have at | east one

at om sel eqé@d-f-prepyhmhoxhemydnesthylgansiagt] ng of a nitrogen atom and an
oxygen atom For exanple, an ethylidene group, a propylidene group, a
but yl i denddigrethygmino)matmtrgthglethylvingtsilenegr oup, a 1- met hyl propyl i dene group,

a 1, 3-di net hyl butyl i dene group, a benzylidene group and a

4- N, N- di mé?'H%}FW’%"%B‘P)@H"ZS‘M'%G@M‘@'BWBM‘M‘”@%‘@'@ted. The nunber of
carbon at o nd itrogen atomof R31 and R32 by a
doubl e bog&&ﬁ}egyﬁrﬂﬁggg%etgﬁ{ﬁgﬁgaﬁﬂgﬂ f%‘r'}IQ)’re preferably 2 to 8.

Exanpl es gf(dimeh@aaimbethdiessNingiite, Formul a (3) include an acyclic am no
group and a cyclic am no group. Exanpl es of the acyclic am no
groups i néHdethyiandhalekyldimethplvigylesilgnesuch as a di net hyl am no group, a
di et hyl am_no lgroup a di(n- anj no group, a di(isopropyl)am no group,

I
a di (n- butdidy H%Mfaﬁ”fj’ﬁﬁlﬁt, VE%E‘%@)EY@@W{ Yami no group, a di(tert-butyl)am no
group, a (éi_(épﬁ:_ 9@?11%3 @{ﬁgﬁﬂn&lﬁﬂ\%ﬂ lg‘(angn et hyl met hyl ami no group; a
yl ?a no g}ro p L'

di (al koxyal _ such a i (et hoxymet hyl ) ami no group, a
di (met hoxpetiyduraamne)ardimhetivilyshh@xynet hyl ) am no group or a

di (et hoxyet hyl )am no group; and a di(trialkylsilyl)am no group such as a

di (tri met By(msthyjathdamino)egnyddipetiyivinyt$ilgne, but yI di met hyl sil yl ) am no group.
2-(methyl-n-propylamino)ethyldimethylvinylsilane,
2-(ethyl-n-propylamino)ethyldimethylvinylsilane,
(dimethylamino)ethylmethylethylvinylsilane,
(dimethylamino)ethylmethyl-n-propylvinylsilane,
dimethylamino)ethylethyl-n-propylvinylsilane,
3-(dimethylamino)-n-propyldimethylvinylsilane,
3-(diethylamino)-n-propyldimethylvinylsilane,
3-(di-n-propylamino)-n-propyldimethylvinylsilane,
3-~(di-n-butylamino)-n-propyldimethylvinylsilane,
3-(di-t-butylamino)-n-propyldimethylvinylsilane,
3-(methylethylamino)-n-propyldimethylvinylisilane,
3-(methyl-n-propylamino)-n-propyldimethylvinylsilane,
3-(ethyl-n-propylamino)-n-propyldimethylvinylsilane,
(dimethylamino)-n-propylmethylethylvinylsilane,

(dimethylamino)-n-propylmethyl-n-propylvinylsilane, and
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Further, they include a di (oxacycl oal kyl)am no group such as a

di (oxi ranyl)am no group or a di(tetrahydrofuranyl)am no group; and a

di (oxacycl oal kyl al kyl )am no group such as a di (glycidyl)amno group or a
di (tetrahydrofurfuryl)am no group.

Fur t her nor e, t heyi ncl udeanet hyl i deneam nogr oup, a 1- et hyl propyl i deneam no
group, a 1 ,3-d inethylbutylideneam no group, a 1-nethylethylideneam no
group and 4-N, N-djneth i nobenzyl i deneam no group. Exanpl es of
the cycli é%%tW@’@'PBUB'grqp&l?m%‘péo %‘%IJM' /8%-hyl enei mi no group such as a
l-aziridi : < ol group, a 1l-pyrrolidinyl group, a
1-piperidR%§$ﬂ% ouﬁ?&§$xﬁﬁﬂ§%ﬂggﬁ§Féneinino group, a 1-heptanethyl enei m no

group, a Xdiewtamehinyneaeyidineayei@sipned 1- decanet hyl enei mino group or a

1- dodecanet hyl enei mi no group. Further, they also include a 1-pyrrolyl
group, a Idiethydaiod)methwdimgthplally/siland.- i mi dazol y1 group, a

4,5-di hydro-1-i m dazol yl ou -pyrazolidinyl group, a 1-pyrazolyl
group, a ig'm‘B@Pélfw)%ﬁwg{‘i’ﬁ?gayl%Mlsﬂ%?’i no group, etc. The

substi tut eg am / Formula (3) is preferably a

di al kyl amﬁﬁorﬁg?#tgﬁ%rg@gmgtﬁfﬁgﬁgéﬁé@@FQ%’_ei m no group, and nore preferably a
1- pol yrret hyilinehyahintorgétRy@imethylallylsiidf@, i n Formula (1) represents a

hydr ocar byl group, a substituted hydrocarbyl group or a substituted am no

group. (methylethylamino)methyldimethylallylsilane,
(methyl-n-propylamino)methyldimethylallylsilane,
(ethyl-n-propylamino)methyldimethylallylsilane,
(dimethylamino)methyimethylethylallyisilane,
(dimethylamino)methylmethyl-n-propylallylsilane,
(dimethylamino)methylethyl-n-propylallylsilane,
2-(dimethylamino)ethyldimethylallyisilane,
2-(diethylamino)ethyldimethylallylsilane,
2-(di-n-propylamino)ethyldimethylallylsilane,
2-(di-n-butylamino)ethyldimethylallylsilane,
2-(di-t-butylamino)ethyldimethylallylsilane,
2-(methylethylamino)ethyldimethylallylsilane,
2-(methyl-n-propylamino)ethyldimethylallylsilane,
2-(ethyl-n-propylamino)ethyldimethylallylsilane,
(dimethylamino)ethylmethylethylallylsilane,
(dimethylamino)ethylmethyl-n-propylallylsilane,
(dimethylamino)ethylethyl-n-propylallylsilane,
3-(dimethylamino)-n-propyldimethylallylsilane,
3-(diethylamino)-n-propyldimethylallyisilane,
3-(di-n-propylamino)-n-propyldimethylallylsilane,
3-(di-n-butylamino)-n-propyldimethylallylsilane,
3-(di-t-butylamino)-n-propyldimethylallylsilane,
3-(methylethylamino)-n-propyldimethylallylsilane,

11



Exanpl es of the hydrocarbyl groups of R3 include an al kyl group such as a

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

n- butyl group, a sec-butyl group, a tert-butyl group, a n-pentyl group, a

neopentyl group, an isopentyl group or a n-hexyl group; a cycloal kyl group
such as a cycl ohexyl group; an aryl group such as a phenyl group, a

net hyl phenyl group or an ethyl phenyl group; and an aral kyl group such as a

benzyl gr oy e drocar byl qgr IS ferably an al kyl group.

The nurrber Q'b@ﬁ ﬂ?rBWQ%Tpr%gﬁﬁ?th%@é ¥BT group of R3 is preferably 1
to 4, and ﬁylwp%;?yfa%mha) rin:%ylarmethylauylsna@arfpl es of the substituted
hydrocar by groups of R3 i nclude an al koxyal kyl group such as a

et hoxy net (dihetiylaripo)-apropyinwtiyedthylallytpilensy, an et hoxynet hyl group or an

et hoxyet hyl group. The substituted hydrocarbyl group is preferably an

al koxyal kwj'mijﬂ)d%lbmo)a'ﬂrér%ﬁ"@“ﬂ*'@f@?%"}"%@ﬂ%PR@)XyaI kyl group having 2 to 4
carbon ato on atons of the substituted

hydr ocar b%HB"bqi%Tf“'B?)"ﬁ?grci%'%f@?'&%%le\jﬁi' G 4. Exanpl es of the
substi tut 3?) @@I%ﬂﬁ&%ﬂ?ld% B&prdb%wel.ﬁana di al kyl amino group such as a

di met hyl amnho gro di et y am no” group, a di(n-propyl)amno group, a

di (i SOprORMMeanan)rnmwp/ldnmemy( teplopeyiyipitameno group, a di (sec-butyl)am no
group, a di(tert-butyl)am no group, a di(neopentyl)am no groupo or a

et hyl et hyﬂ@thymﬁlm)wﬁ?yldahe@)"aﬂl R@pﬁwlﬁﬁn@r oup such as a benzyl anino group;
an aryl am roup; a diarylamno group such as

a di phenyl( 'rﬁ ﬁ%’gg ?mgﬁylg%hﬁ%gq@én?ﬁ%%g@q 'oup such as an ethylideneam no
group, né?' @\g? RYEA Bﬁﬁéﬂ\)ﬂq &E)Bé@rllscign@ met hyl propyl i deneani no group or

a 1, 3-di |dene m no ‘gr oup a cyclic am no group such as a

1-aziridi qyilt- tg:lty]))ummoanelh)a@m‘etrd’l mprom@hoisianea 1-pyrrolidinyl group, a
1-pi peridinyl group, a 1-hexanethyl eneimno group, a 1-heptamethyleneim no

group, a Impgbwlemyiaxmg@)mﬂﬂwkhmgﬂwhiﬂwp@nvlaliawl group, a 1-imdazolyl group,

o o e R el e R R orove 3 LpviazoluL

:mdingl E;Fg%]hﬂfon_grggﬂgmmo%%ﬂmnyetﬁﬁ 13&)56&6)/1‘31@1’{@,”0 group, and nore preferably
(dimethylamino)methylmethylethyl-1-propenylsilane,
(dimethylamino)methylmethyl-n-propyl-1-propenylsilane,
(dimethylamino)methylethyl-n-propyl-1-propenylsilane,
2-(dimethylamino)ethyldimethyl-1-propenylsilane,
2-(diethylamino)ethyldimethyl-1-propenylsilane,
2-(di-n-propylamino)ethyldimethyl-1-propenylsilane,
2-(di-n-butylamino)ethyldimethyl-1-propenylsilane,
2-(di-t-butylamino)ethyldimethyl-1-propenylsilane,
2-(methylethylamino)ethyldimethyl-1-propenylsilane,
2-(methyl-n-propylamino)ethyldimethyl-1-propenylsilane,
2-(ethyl-n-propylamino)ethyldimethyl-1-propenylsilane,
(dimethylamino)ethylmethylethyl-1-propenylsilane,
(dimethylamino)ethyimethyl-n-propyl-1-propenylsilane,
(dimethylamino)ethylethyl-n-propyl-1-propenylsilane,
3-(dimethylamino)-n-propyldimethyl-1-propenylsilane,
3-(diethylamino)-n-propyldimethyl-1-propenylsilane,
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R3 is preferably a hydrocarbyl group or a substituted hydrocarbyl group,
and nore preferably a hydrocarbyl group. Exanpl es of the conpounds
represented by Formula (1) include a conpound in which RL is a group
represented by Fornula (2), mis 1 and Ais an acyclic am no group
represented by Fornmula (3).Exanpl es of the conpounds include

(di al kyl am no) al kyl di al kyl vi nyl si | ane, (di al kyl am no) al kyl di al kyl al | yl si | ane

e R e
Ed: al Kyl ¥ 98? g’}lﬁﬁ”ﬂ'z"?i@d"ﬁ@%ﬁgtm|12F§}|8%%'§%qa”e Speci fic conpounds will
be exenpl i3fdrebitylamey-nprehyidibethyleptopeaylsipnaphs. (1)

(di al kyl ami no) al kyl di al kyl vi nyl si | ane: .
(di net hyl érﬁnﬁﬂ)w@gﬁgm@phwmnyi;’dlm9ﬂhslr1-aw@enylsﬂane

(diethyl ag‘(noe)tﬁt hpyopylamlno -n- propwdlmetﬁ{/] 1-propenylsilane,
3-(ethyl-n-propylamino)-n-propyldimethyl-1-propenylsilane,
(dimethylamino)-n-propylmethylethyl-1-propenylsilane,
(dimethylamino)-n-propylmethyl-n-propyl-1-propenylsilane, and
(dimethylamino)-n-propylethyl-n-propyl-1-propenylsilane.
(4) (dialkylamino)alkyldialkylisopropenylsilane:
(dimethylamino)methyldimethylisopropenyisilane,
(diethylamino)methyldimethylisopropenylsilane,
(di-n-propylamino)methyldimethylisopropenylsilane,
(di-n-butyl)aminomethyldimethylisopropenylsilane,
(di-t-butylyaminomethyldimethylisopropenyisilane,
(methylethylamino)methyldimethylisopropenylsilane,
(methyl-n-propylamino)methyldimethylisopropenyisilane,
(ethyl-n-propylamino)methyldimethylisopropenylsilane,
(dimethylamino)methylmethylethylisopropenylsilane,
(dimethylamino)methylmethyl-n-propylisopropenylsilane,
(dimethylamino)methylethyl-n-propylisopropenylsilane,
2-(dimethylamino)ethyldimethylisopropenylsilane,
2-(diethylamino)ethyldimethylisopropenylsilane,
2-(di-n-propylamino)ethyldimethylisopropenylsilane,
2-(di-n-butylamino)ethyldimethylisopropenylsilane,
2-(di-t-butylamino)ethyldimethylisopropenyisilane,
2-(methylethylamino)ethyldimethylisopropenylsilane,
2-(methyl-n-propylamino)ethyldimethylisopropenylsilane,
2-(ethyl-n-propylamino)ethyldimethylisopropenyisilane,
(dimethylamino)ethylmethylethylisopropenylsilane,
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di - n- propyl am no) net hyl di net hyl vi nyl si | ane,
di - n- but yl am no) net hyl di net hyl vi nyl si | ane,
di -t - but yl am no) net hyl di et hyl vi nyl si | ane,
met hyl et hyl am no) net hyl di et hyl vi nyl si | ane,
met hyl - n- pr opyl am no) net hyl di et hyl vi nyl si | ane,
hyl - n- propylanlno)nethyldlnethyIV|nyIS|Iane

hyl h I I |
ot hyl AR AR P B G b PR e,
met hy| agi ik Hé!)'eﬁy@{ﬁw - p%é}ﬂé’édfb;&%y&hér?ene
di nmet hyI am no) et hyl di met hyl vi'nyl'si | ane,

- (di et hyl3apimethgamipoiinmpesgyydimethylisoptapesylsilane,
- (di - n- propyl am no) et hyl di et hyl vi nyl si | ane,

t
i
i
i
(
E
- (di - n- bdridiehiaronel mprapyidspeihylispprppenyidiage.
di-t- b 1 t.hyl di met
(et byt E R R BrPRBRL T heRUBA O rapane.
t hyl
Erre y 3ﬂ(dpﬁ<ae?pla%nhm I"H. %ﬁewr&bé}w@w@ne
i
i

et hyl - n- propyl’am no) e ylvinyl'si | ane

nmet hyl 8n(ldnIQI)lﬁ]‘/lbminm-hkwb@tlmmlemyr‘wpmdeamdane
met hyl am no) et hyl net hyl - n- prop&;l vi nyl si | ane,
i met hyl a-(msHiateihyieming)-nmrenyvisiyeiiyisppEpeapiaiane,

B e A
BT R e b e

- (di -t - budipethylantino)mn- pnfo@pwmwmhmbwmpgﬁmlbme
- (et hyl et hyl am no) - n- pr opyl di net hyl vi nyl si | ane,

- (et hyl (ﬁthWIWmQWMWW+moM§WmeWIgnq and,

A e

nethyl r pyIV|nyIS|Iane and
i met hyl ﬂ(@@%ylﬁn@ﬁ gn; Igf[éw?é o-tﬂ?)'%(g%yl vi nyl silane. (2)

al kyl ar(rdIm@)r@zlahyfhcﬁ;h@tﬂwdumbihyIchtIIalmeue
i met hyl am no) met hyl di net hyl al | yl si | ane,

i et hyl alﬁdl?tb)’Iﬁ@IﬂWﬂnéihN@! ﬂPIIOl;Ml?IEF?nel
-n-propyl anin a si | ane,

i -n- Eut Wﬁgwg‘s IéI‘I’rP si?tene,
-t-b t

| t hyl gt yI amt%%ﬁ%éﬁg@ﬁﬁé}%ﬁgbﬁﬁﬁ ?gﬁe

met hyl - n{gHt-epil) aminomermiidivediyroestiigilznel y1 si | ane,
hyl - n- propyl am no) net hyl di net hyl al | yl si | ane,

met Ey: éﬁ?ﬂ?ﬂ?%bl??@ﬂqgw!@mhw&rqf%‘ﬂ?nﬁ?nel
S”EI h%h T hY) Ry BT e BB eV e anc.
i o ny AT B LB L) A PR by BlARERe,

t
[
[
[
(
- (di - n- prdmpEingrRERIe) fleirié hipeihylcadtyivilape] ane,
- (di - n-butyl am no) et hyl di net hyl al | yl si | ane,
(
(
(
(
[
[
[

di - t - b(dipkthyiani @ reshivtmetbylryprabyigtotiisilane,
met hyl et hyl am no) et hyl di net hyl al | yl si | ane,
met hyl (dr'I“EIhéSBQ"I'WH)V&*W”OW%X'W%’Q"?% 'si | ane,

et hyl - IIyIS|Iane

met hyl a t%ﬁbﬁgrﬁh(#]%?ﬁ’ly[gﬁ}@g‘ & ane,

net hyl WIB%%WHA)% I@I%etﬂyl@(o%l'aﬁé' yl si | ane,

nmet hyl am no) et hyl et -n-propyl al l yl sil ane,
- (di met hgd(aim- pm))ylanma)@tylyldwmﬂh;Hybtyllshlyrhs| | ane,
- (di et hyl ami no) - n- propyl di et hyl al | yl si | ane,
- (di - n- pd$s- E‘I‘W'ﬁﬂ)‘nq}e%wéb%tﬂ‘ﬂﬁ‘@ PB&:| yl si |l ane,
-(di-n-b IyIsiIane,
~(di-t- bEI@IIIQDM%I'"QWEM%M@%I%I Iyl sil ane,
- (et hyl et hyl am no) - n- pr opyl di met hyl al | yl si | ane,
- (met hyl - n- propyl am no) - n- propy! di net hyl al | yl si | ane,
- (et hyl - n- propyl am no) - n- propyl di net hyl al | yl si | ane,
di met hyl am no) - n- pr opyl net hyl et hyl al | yl si | ane,
di met hyl am no) - n- propyl net hyl - n- propyl al | yl si | ane, and
d| rret hyI am no) n- pr opyI et hyI -n-pr opyI aI I yI SI | ane. (3)

Aﬁﬁwwwwwwwwﬁfxﬁml\)mNNNNNAAAAAAAAAAAAAAAwwwwwwwwgf\fxl\)[\)ml\)NNNNAAA/—\/-\AA/—\A
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- (di - n-propyl am no) - n- propyl di net hy1- 1- pr openyl si | ane,
-(di -n-butyl am no) - n- propyl di net hyl- 1- propenyl si | ane,
-(di-t-butyl am no) - n- propyl di met hyl- 1- propenyl si | ane,

- (et hyl et hyl am no) - n- propyl di net hy1- 1- pr openyl si | ane,

- (et hyl - n- pr opyl am no) - n- propyl di net hy1- 1- pr openyl si | ane,
- (et hyl - n- propyl am no) - n- propyldlnethyl 1- propenyl si | ane,

|nethyl | et ropenyIS|Iane

i met hyl a "?qu‘y'&h‘g %’b |<|1|l§] 9?(%“ 'ﬁ *°1- propenyl si |l ane, and
i et hyl a0inpyi A= &5@%mbmwd}me{h‘plav&yléra%openyI silane. (4)

i al kyl am no) aI kyl di‘al kyl 1 sopr openyl s1l| ane:

d

di

di

di

di met hy| @rfetty)- nmwmln@em)yldnrsapylapmwm\sel ane,
di et hyl am _no) net hyl di met hyl i sopr openyl si | ane,
di
d
di

S i beipenievtersi P Pt
i-t-but g“ Wa&ﬁﬁ leg?‘%ﬁ ﬁiﬁ?“’%@%ﬁ’@ﬁ%ﬁ ?S|Iane
met hyl et hyiheHyRiRBethylHyIBIAY i GopEpRRNY! Si | ane,

met hyl - n- pr opyl am no) et hyl (F?rret h I sopr openyl si | ane,
hyl - n- @F(dpn)étlatyramm))ym{plrgﬁydﬂmempwdtwgphepenyI si | ane,

met hyl am no) met hyl et hyl et hyl i sopr openyl si | ane,
met hy| drifiegiasmingraretapyldinetpylejodisiiaopr openyl si | ane,

a et no AT P LR RERY B S BORPE e,
-(diet hylséxm ﬁ‘B)J@FaWJg?'h mﬁ%mm&eg&éﬁé | ane,

- n- propyl am no t hyl7 sopropenyl si | ane,

t
i
i
i
-(
E
(di -n- bBt(yLtatrutﬂ%&bbmlmbpﬂ;ﬂﬂ@ﬂhy&ﬁﬂ?l@n%@y | sil ane,
-(di-t-butyl am no) et hyl di net i sopropenyl si | ane,
- (et hyl ét(ﬁ’seﬂyl*ﬁtmqfémﬁ}rhmrm(%vﬁﬁhsbmfﬁﬁ@ﬁ?l si | ane,

(

(e

i

i

i

- (

(

(di

(di

o0 Q

nme

X E]gly: B %&ﬁ%ﬂée: A AR B RS nﬁYH ane.

g met hgl g&bﬁg%ﬁ?ﬂ%&%ﬁ:@ n%r%é#lb I |@%}gg§gi¢%ﬂ si | ane,
nme

t hyl ediinsthyrirtiyd)et- WbylmeﬂMrmerstsnylamnyl si | ane,
di met hyI am no) - n- propyl di et hyl i sopr ogenyl si | ane,
di

i et hy damﬁmmmirrbwpwmeﬂmmmnﬁwlﬂm@w H@ﬂes@nldnel
n PR PR B ony <11 ane.
- (di - t bbg)y((ljlgpg}%g a,;gylggmw.\cﬁg@ ppéjl mopropenyl si | ane,

-(met hyl ethyl a n-pr op |sopropenyIS|Iane

- (et hyl (M%Qhw;mﬂiwmem9m)étlﬁhllp’eﬂm i sopropenyl si | ane,
- (et hyl - n- propyl am no) - n- propyl di met hyl i sopr openyl si | ane,
i met hyl ﬁ#ﬁthxdgmmom@t;bylnrmthxm@thawls@@pr openyl si | ane,

| ety GBS Re BT e s BORRSeBEr opany | i | ane. | (5)
| et by AR Bl ane

i et hyl agi-petyBaRoHeIRIdIMEEPiathSlylsaaes,

- n- propyl am no) et hyl di net hyl crotyl si | ane,
-n- butWgthvbmmlaﬁtlrhq)mthyktlmyﬂhglmﬁtlyallgisllm

-t-but am nonet hyl di met hyl crotyl sil a
met hy! et %WHWP R TCPREY TP aiRne

A B S e

000000000

met hy| @mhén |ammwrh@mym{étﬁ;w@mwﬁ{éﬂﬁéfly§||é@e

e
di

di met hyl am no?met hyl met hyl - n- pr opyl crotyl si | ane,
di et hyl (alnnetbylanm‘m)ﬂnetriymhethylm oppyinetiafyisidrene,
- (di met %I am no) et hyl di net hyl crotyl si| ane,

( gi et hy(dHng hﬂ?@iwmﬂiwwnw@;@mgm%}ﬁgzane
a - - BRI e e TS ane.

-(di-t- butylanlno)ethyldlnethylcrotyIS|Iane

- (et hyl et hyl ami no) et hyl di net hyl cr ot yhsi | ane,

- (et hyl - n- propyl am no) et hyl di net hyl crotyl si | ane,
- (et hyl - n-propyl am no) et hyl di net hyl crot yl si | ane,
di met hyl am no) et hyl et hyl et hyl cr ot yl si | ane,
d|nethylanlno)ethylnethyl - Nn- propylcrotyI5|Iane



i et hyl ami no) et hyl di met hyl met hal | yl si | ane,
i et hyl am no) et hyl di met hyl met hal | yl si | ane,
- n- propyl am no) et hyl di met hyl net hal | yl si | ane,
- n- but yl am no) et hyl di net hyl net hal | yl si | ane,
i -t-butylam no) et hyl di met hyl net hal | yl si | ane,
thylethylanlno)ethyldlnethylnethaIIyIS|Iane

t hyl t hal | yl si | :
(ot hy! - e Rl NIRRT o1 <51 ane,
thyl dmaﬁémmbwywﬂneﬁnbwémin Bldnd si | ane,

t hyl am no) et hyl met hyl - n- pr opyl nmet hal | yl si |l ane,

t hy| &nfdrojpecdyidnandipthyltirpetbpirietretiiisldngl si | ane,
i met hy] m no n- pr o&yl di met hyl net hal | yl si | ane,

i et hyl?a ﬂ?”ﬂif‘@ﬁ Yb’l’i"ﬁ%ti‘h'meﬁ%%‘ Wafangt si | ane

n- blﬁ"@fa A BRI TRATRAST) ) <71 ane.

i-t-buyt ENEL L SR VT rhéfth diahé,y!l si | ane,
t hyl et@?@m n%?1 ;1 ?)rg%yll gmt hylmr%r"et hal | yl si | ane,

t hyl Mmm%kmnpmen)qﬂwwn)mbtﬂwmmmwmdml |yl sil ane,
et hyl - opyl am no) - n- {)ropyl di met hyl net hal | yl si | ane,

di et hyl & Y Ioe Wpreeethy»mmﬁmaws. | Zne.

(di et hyl ﬂi )I{J thal |l yl sil ane, and

(di met hyl g%%o ylarm ﬁ?’%%rg‘h %thxmﬁzha@%% hal | yl si |l ane. As the
conmpound [ &Rie ,ﬁgl)ewmlfé{ﬁynhl ﬁro&ﬂl?netrffaﬂﬂa%@ds in which RL is the group

r epr esent ed by For mul a , and A'is a cyclic am no group represented

by For nmul a(idl(r@)hylanano)lamytamydéd prépyémpthellylsittné he conpounds i ncl ude:
1- pol ynet hyl enei m noal kyl di al kyl vi nyl si | ane,

1- pol ynet ByAEEhviRmHa)- R;nr@nyéq!rnwhalm%tm%lms&%r@

1- pol ynet | kyl d | sil

- bol yret FOp RGN RSSO eS VS RERY o1 1 ane.
1- pol ynet hyhiensdpyRaahds- Gﬂoamwéfmmhgln}@@ﬁe and

1- pol ynet hyl enei mi'noal Kyl di al kyl met hal I'yl si | ane. Specific conpounds will be

exenpl i fi Sddimbotylamias)eh-propgldimetingimptuatydsimpbs. (7)
1- pol ynet hyl enei mi noal kyl di al kyl vi nyl si | ane:

1- aziri di ﬁy@h’e@%&'ﬁ@iW%PWPRM'%VPEK‘IYI%@"Y‘SI|ane

2-(1- th

5L ot ¢ rATRY M SRR R PP Ry e

1- azi ri di ByhdgetynlAbhdiihg)j-Mplcpyld@Rhyimethallylsilane,
3-(ethyl-n-propylamino)-n-propyldimethylmethallylsilane,

0o !
AN NN NN NN T NN NN NN NN
J32ea2e

TWWWWWWWWITITNNNNNNNN
3399999333

(dimethylamino)-n-propylmethylethyimethallylsilane,
(dimethylamino)-n-propylmethyl-n-propylmethallylsilane, and
(dimethylamino)-n-propylethyl-n-propylmethallylsilane.

As the compound represented by Formula (1), compounds, in which R' is the
group represented by Formula (2), m = 1 and A is a cyclic amino group represented by
Formula (3), can be cited. Examples of the compounds include:
1-polymethyleneiminoalkyldialkylvinylsilane,
1-polymethyleneiminoalkyldialkylallylsilane,
1-polymethyleneiminoalkyldialkyl-1-propenylsilane,
1-polymethyleneiminoalkyldialkylisopropenylsilane,

1-polymethyleneiminoalkyldialkylcrotylsilane, and

16



-aziridi nyl met hyl di - n- propyl vi nyl si | ane,
-(1-aziridinyl)ethyldiethylvinylsilane,
-(1-aziridinyl)ethyldi-n-propyl vinylsilane,
-(1l-aziridinyl)-n-propyl diethylvinylsilane,
-(1l-aziridinyl)-n-propyl di-n-propyl vinylsil ane,
-azeri di nyl nmet hyl di met hyl vi nyl si | ane,

-(1-azeri di nyl) et hyl di met hyl vi nyl si | ane,

- ( 1- azer ilcRaM§threRsinmpriydistuisinalyisdamene,

PFRPWOWNEFRPWWNDNE

-azeridin i - N-propy
2-(1-azer !(ﬁ! ﬂybl%/tﬂéfhyieﬁéiﬁﬁrﬁbéllkvylcﬁbﬂlwnhﬁéil@ne:
2-(1-azeridinyl)ethyldi-n-propylvinylsilane,

3- ( 1- azer itehamndinyimetpyldipydtiinatisilboeé nyl si | ane,
3-(1-azeridinyl)-n-propyl di-n-propyl vinylsilane,
di met hy1- 2-(dsAzriinvaethyidimatpxyiny'$ignsi | ane,

di met hyl-2-(1-pyvrralidi . V] i | ane,
3-di mg%/hyéi(%%ZE@”IVQT".’@JP%H".%&&%J#“ ;@%b?’nyl si | ane,
di et hyl- T1pyAdayiethybidByinysiise, si | ane,

1- pyrrolidinyl methyl di - n-propyl vi nyl sil ane,

di et hy1- 24(akirplrryiroéthgdiry-biopyliplisiland, si | ane,
2-(1-pyrrolidinyl)ethyldi-n-propylvinylsilane,
di et hyl - 32¢(1-azifidinyD ety digthyvinysilapss| vi nyl si | ane,
3-(1-pyrraglidinyl)-n:propyl di-n-propyl vinyl sil ane,
ai ot Pyt 2R PHER AV YR R e,

di met hy1- 3-.¢ 1-pi I i i il ane,

di nmet hgl- g(? ]fzg’ldggp|ng¢r2§)?%lgﬁmglrn\g'gﬁ{rﬁnyI si | ane,
di et hyl - 13git peiridtyhyl-prepylgitnproplisinkaitene,

1- pi peri di nyl net hyl di - n- propyl vi nyl si | ane,

2- (1- pi pefia@enginyemettyidimethplyinyisigresi | ane,

2- (1- pi pegi dinyl).et hyl di.- n- pr opyl vi nyl si | ane,

di et hyl - 35@%%%%’Plf'%m?ﬁiﬂ“eweﬁl"%&?'ﬁny| si | ane,
3-(1-pi pe@l(ﬁi-'a%r}aiﬁﬂy-ﬁ-bﬂfb\yld%etﬂgwih?lewéﬁé', nyl sil ane,

1- hexanet hyl enei m'nonet hyl di net hyl vi nyl si | ane,

2- ( 1- hexanmizbydinylimethyitigteyiVigyisilanet hyl vi nyl si | ane,

3- (1- hexanet hyl enei m no) - n- pr opyl di met hyl vi nyl si | ane,

di et hyl - 11teegéagipymethyidnrarepmamisiiBdeny| si | ane,

1- hexanet hyl enei m no i -n-propyl vinyl sil ane,

di et hyl - Zaéiaﬁ%@]ﬂ)&eﬂﬁﬁﬁhﬁﬁ‘rﬂﬁ Ehyl vi nyl si | ane,

2- ( 1- hexapry Byl enejEiyRli SLirsbyhinfisiRinapy ! vi nyl si | ane,

di et hyl - 3- ('1- hexan®t hyl enei m'no)-n- propyl vi nyl si |l ane,

3- ( 1- hexaB¥{aytridieyln-pajpyhtigihydyyyisilane; pr opyl vi nyl si | ane,
1- hept anet hyl enei m nonet hék di nmet hyl vi nyl si | ane,

2- ( 1- hept artteRgTIEmNS-MrPrRPYBI-APrenyietHsiadeny| si | ane,

3- (1- hept anet hyl.enei m no) - n- pr opyl di net hyl vi nyl si | ane,
i st byt 1A ROE R0yl 21 | ane.

1- hept aneg =1 fﬁ%ﬁq LR | vi nyl si | ane,

di et hyl - 2@?}1@}%%@ thy '%’ee?\rﬁ\{mﬁ@ﬂ%l vi nyl si | ane,

2- ( 1- hept gamhémyiqnaiyrondng)-hytabyhvimilapy, vi nyl si | ane,

di et hyl - 3- (1- hept anet hyl enei m no) - n- propyl vi nyl si | ane,
3- ( 1- hept dintiyh{Hpgrelidinyiopthylvipyisignedi - n- pr opyl vi nyl si | ane,
di met hy1l- 1- oct ajret hyl enei m nonet hyl vi nyl si | ane,

di ot hy 1. bPyTOUAREW R Bt MY RS vi nyl oi | ane,

di met hyl- 3-(1-9C} W =0z propyl vi nyl si | ane,
di et hyl - 1&8%&5?73{ ﬁWé%%@lgﬁg%&@?@?’nyl si | ane,

1- oct anmet hiy|-spebidinyPeRly L hBropyiviy@iehy] nyl si | ane,

di et hyl - 2- (1- oct anet hyl enei m no) et hyl vi nyl si | ane,

2- ( 1- oct adiethyly3-¢heymolitd)ydtrrplogyivinyisiapy| vi nyl si | ane,

di et hyl - 3%%1- oct anet h%l enei m no) - n-,rPr ngl vi nyl si | ane,

3- (1- oct amet-RYTIEYRHBRPHIbP-BFRAYHINYEIBP®pY | vi nyl si | ane,
1- decanet hyl enei m nonet hyl di net hyl vi nyl si | ane,

2- (1- decan®et hyl enei m no) et hyl di net hyl vijpyl si | ane,
3-(1-decanet hyl enei m no) - n- pr opyl di net hyl vi nyl si | ane,

1- decanet hyl enei mi nonet hyl di et hyl vi nyl si | ane,

1- decanet hyl enei m nonet hyl di - n- propyl vi nyl si | ane,

2- (1- decanet hyl enei m no) et hyl di et hyl vi nyl si | ane,

T - . o

-azeridi %FQ@% E§+g&ﬁ1tdgwl}%@i¥%e?ﬁr%}nﬁgf [nanneé(:( and subsequent paragraphs.



NORPOWNRPWANLFRFQLWNFPWAN

di

NN EFRPEFRPWNEFEW

NHEOOOOWANAROWRALWWNNREREWNEWWNN

- (1- hexanet hyl enei m no) et hyl di - n- pr opy

-aziridinyl)ethyldiethylallylsilane,
-aziridinyl)ethyldi-n-propylallylsilane,
-aziridinyl)-n-propyldiethylallylsilane,

NN N
B R e

-(1l-aziridinyl)-n-propyldi-n-propylallylsilane,
-azeridi nyl met hyl di et hyl al | yl si | ane,
-(1-azeridinyl)ethyldinmethylallylsilane,

-(1- i di - L ' | sil :
Szer i di TSRV PRBEARI SR g o1 Ane
-azeri di nyine® mtﬂbiréﬁdn’fyleWyﬂrHyﬂiléri\é,aHE,
-(1-azeridinyl)ethy

- ( 1- azer idinatpy ) 2{ hyibelidimd)pr-propy ainyigliane, ane,

-(1l-azeridipyl)-n-propyl diethylallylsilane,
- (1- azer i‘ﬁ?‘ﬁxh1y9'ﬂefgwg%}/?tm'¥*ﬁy'ﬁ'}%‘ﬁy| al | yl sil ane,

di ethyl al l yl sil ane,

oty 2 PR B TR IR ST e

- di et hy|2—.(11pi,§)éﬂdﬁ@i)'émy|méﬂ)y1m|gﬁy,| al lylsil ane,

et hyl - 1- pyrrolidinyl nethyl al'l yl silane,

- pyrr ol i &@ypiperidingl)etihyldi-ppopylvalylsjiérss, | ane,

ethy1-2-§1-pyrroLidjnyI)ethyIaIIyIsiIane,

- ( 1- pyr r SYSteN I RRERIngD-PrRIEPBYNYIEIANG! si | ane,
i et hyl - 3-( - | i\di -N- | vl sil ,
e T BB A S e

met hy 1- h-fdxafietiieméniiBéivthakinvatay isSiane,

i met hyl-2-(1-piperidinyl)ethylallylsilane,
i met hy 1- 2-((dhepapethynaiyirno)ethpidopsthdlihylsisineane,

et hyl - 1- pi peri di nyl net hyl al | yl si | ane

- pi peri di3r‘@Tr}%lﬁ'}‘??’{hdfenﬁiﬂmqgwprlgpyllgingqtfp)’gl\ﬁ@{lsilane,
- 1- [ | i i ol .. o V)
(3 e RIS B B,

et hyl - 34 (HexamBeHylehbmYAdmEthPaoRB Dy WMHyBHAR) e,

-(1-pi peridinyl)-n-propyl di-n-propyl all yl silane,
- hexanet Wigthehdi(hihesareethyledeimind)gthglvinylsiareane,

- (1- hexanet hyl enei mi no) et hyl di met hyl al | yl si | ane,
- ( 1- hexart{ hiprameihrensimnR)aihyigyn-areryiv Y

Rexarret AOTURE T GRE Ry PR o Ry ERE,

siarS1 si | ane,

et hyl - 23((1—'h@§é<fﬁ8_ﬁ§/l_@bféiﬁﬁ}ﬁj)m-&@bﬁ8ihry-bﬂulp}/bﬂn?ishaﬂ'l@,

al Tyl sil ane,

et hyl - 34{heptamaimpeteihipnmiethyidimethylymgisyarad, | yl si | ane,

- (1- hexanet hyl enei m no) - n- propyl di - n- propyl al | yl si | ane,
- hept arre?ﬂ%héﬁ@mﬁthﬁP@!fﬁ'?P&m@

(1" nopt SRy BRSNS R TR VST ST ane,

mgthalvinylsdaiene,

et hyl- lypepl-amblnanmdaimaskithyhalsnbsd,| ane,

- hept anet hyl'enei m nonet hyl di - n- propyl al | yl si | ane,

et hyl - 24 heplreptiaie@tdiyinemethyldia)ediyNiayisikahse) | ane,

- (1- hept anet enei m no) et i -n-propylallylsilane,
(1-h hél i m no) et hyl di opyl al |yl sil

et hy 1- 3digthyhé#1-aaptemgtyiesetmine)etyMimesianal | vl si | ane,

- (1- hept hyl enei m no).- n- pr | di - n-.pr.opyl allyl silane,
B H s T B e

i met hy1- 2eflr 9G4 (el | hshd ane,

et by L T O d B ) RIS et 1 ane.

i et hyl - 13.@thepatieytysneinthopmptdpyldadhlprdmiNiangiane,

-oct anet hyl enei m nonet hyl di - n- propyl al | yl si | ane,

i ethyl- 2di(“§-thylé*t1eqmmﬁlh)éﬁ@rim?ﬂgm%h%\w)éﬂlayrlsi : anle,

L . = i o | ! |
St s e AR Rl T B Baet y ! Fane,

- 1_ - I 1 - - d I - N- : | | | ,
oot THeRiL ORI R AMY Hlyiiflafe. V1 o1 | ane

- (1- decanet hyl enei m no) et hyl di et hyl al | yl si | ane,

- (1- decanet hyl enei m no) - n- propy! di net h§l al | yl si | ane,
- decanet hyl enei mi nonet hyl di et hyl al | yl si | ane,

- decanet hyl enei m nonet hyl di - n- propyl al | yl si | ane,

- (1- decanet hyl enei mi no) et hyl di et hyl al | yl si | ane,

- (1- decanet hyl enei m no) et hyl di - n- propyl al | yl si | ane,



1 - hexanet hyl enei m nonet hyl di net hy1- 1- pr openyl si | ane,

2- (1- hexanet hyl enei mi no) et hyl di net hyl1- 1- propenyl si | ane,

3- (1- hexanet hyl enei m no) - n- propyl di et hyl - 1- pr openyl si | ane,

di et hyl - 1- hexamet hyl enei mi nomet hy1- 1- propenyl sil ane, 1

- hexanet hyl enei m nonet hyl di - n- propy1l- 1- propenyl sil ane, diethyl-2-(1
- hexanet hyl enei m no) et hy1- 1- propenyl si |l ane, 241

- hexamet hyl enei m no) et hyl di - n- propy1- 1- pr openyl si | ane,

di et hyl - 3d(eihwrémt?@nqiwlwwpﬁ@)hyﬁ/w SgPNeL- 1- pr openyl si | ane, 341
- hexanet hyl enei ;i no) -n- propyl di - n- propyl-1- propenyl si |l ane,

1- hept ane%ﬁh%ﬁtaéﬂ%]’ﬂ‘?a]e W@PH&?M‘%%@{%@M%?"SB%M si | ane,

2- (1- hept angiyiyl ReiafA&ichingjcifivikidndr openyl si | ane,

3- (1- hept anet’hyl enel m no) - n- pr opyl'di net hyl- 1- pr openyl si | ane,

di et hyl - 12hepictamettiyd rerainojetiominyrbpdvipyisiaeay| si | ane,

1- hept anet hyl enei m nonet hyl di - n- propy1- 1- propenyl si | ane,

. ylar :
di et hyl - 2d{ethyddi-efemefyisneiminaby-srapyvinylspansheny ! si | ane,
2- (1- hept t hyl enei mi no) et hyl di ; p- propyl- 1-propenyl sil ane,
di et hyl - 33( :qqémeﬁn@%'}?w@ﬁ}g?%{??gj@ﬁ:%?@%%ﬁﬂ'? ?)?’openyl si | ane,
3-(1- hept ar I F},{;,qg > b sJiksi py1l- 1- propenyl sil ane,
di met hy1- ?%?éh@?ﬁb |ene|mmé}ﬂg§r@ﬁr§/@mf{%g?g%enyI si | ane,
di met hy1- 2-({ beoarhathpibhyiminéthyidioetiiynidyisitape.openyl si | ane,
di met hy1- 3- él- oct anet hyl enei m no) - n- propyl - 1- propenyl si | ane,
di et hyl - 13dddgpametpyleneiminaydneepyldimetyVopeionsi | ane,
1- oct anet hy] enei m nonet hyl dj - n- pr -1- propenyl si | ane,
di et hyl - 2-zdf%@?@%@f‘ﬂm'@%%M'H'S%WPE-"&@‘%r openyl si | ane,
2- (1- oct age AL lidi <R =propenyl si |l ane,
di et hyl - 3%%’5:’?@%5%’%@%%'%‘0@ Brr?ggl?@)é%?é]nf pr openyl si | ane,
3- (1- oct ap®tkgt&nehennind)gthppietidivinyisiangy 1- 1- propenyl si | ane,
1- decanet hyl enei m nomet hyl di net hy1- 1- propenyl si | ane,
2- ( 1- decaRdidgramethyereinndsthddeerapylvinyisiaigenyl si | ane,
3-(1-deca hyl enei m nq) - n- propyl di hy| - 1- propenyl si |l ane, 1
- decanet hgﬁiﬁé?‘?ﬁ"?f‘b%?ﬂ 'W)inéqrﬁéﬂ&f{rhgé’ﬁ%gﬂiﬂegi | ane,
1- decanet I 17 : In= D N ~do1Di | sil ane,
2-(1- deca%#ﬁgﬁéeﬂéetﬁﬂ]gﬁ% er{toﬂ?f‘gf)&@%gﬂfgj g?’gggﬁﬁé’si | ane,
2- ( 1- decanmoliytanghyiemsmpiomstitlidimethyykildngdr openyl si | ane,
(1-decanet hyl enei m no) - n- propyl di et hyl - 1- propenyl si | ane,
( 1- dec aRéi-Hptesanativier)eimingjadpydionethylvivisigne. 1- pr openyl si | ane,
dodecangt hyl enei m nonet hyl di met hy1-1-pro | sil ane,
(1- dodg‘vg'é?wﬁf)ﬁ?ﬁa&}?éﬁ‘ W?HT%‘P%QTP&?F?}@WT%‘-“%EE yl si | ane,
(1- dodeg: i, - | 1- 1- propenyl si | ane,
odecantt o o A R Bl e
dodecanmpidoyéenedthydvasimindyethyid-npsropyhlindisipihepenyl si | ane,
(1- dodecanet hyl enei m no) et hyl di et hy1- 1- propenyl si | ane,
( 1- dodez4trdotigdapredivieneinisolaihddiethylingisianel - pr openyl si | ane,
(
(
p

1-dod t hyl im - n- )yl di et hyl-1- | sil : d
1~ dodeeAapsRRBRamRTRY MRIGG T BPOHABSITE. 1 pr openy! <1 | ane. (10
| ¢ ) " ! e _
B B SR B oA appE Lo
(1- azi riugj -B¥da@hiayh ik e Bl -h PesyRRamtbsylianSiane.
(1-aziridinyl)-n-propyl di net hylisopropenyl sil ane,
azi ri di @yNrmetiymdtyletdipirnoatyiditiotallyisildrene,

aziridinyl net hyl di -n-propylisopropenyl sil ane,
(1- azi r'i'GF’HQ'I”)’%IW’%W@W{%”V'§%}%penyI si | ane,
(1-aziridjnyl).ethyl di-n-nr l. L sopropenyl sil ane,
(1-azi r?‘ﬁ'ﬁ%}lf‘é'f‘ IP%'?‘&%W%M@&W?@OW openyl si | ane,
3-(1-azi _r3-@'1-Qiihaihfly-ﬁprMmineﬂfyl%n@leu/Ade,s_Opr openyl si | ane,
1-azeri di nyl met hyl di met'hyl i sopropenyl si | ane,

2- ( 1- azer1-dringinyletetiylidiethglaliyisilanepr openyl si | ane,
3-(1l-azeridinyl)-n-propyl dinethylisopropenyl sil ane,

1- azeri di hpERginWNethditypiosyaldHeAs! si | ane,

1-azeridi nyl met hyl di - n- propyl i sopr openyl si | ane,
2-(1-azeridinyl)ethyldiethylisopropenylgil ane,
2-(1-azeridinyl)ethyldi-n-propylisopropenylsilane,
3-(1l-azeridinyl)-n-propyldiethylisopropenylsilane,
3-(1-azeridinyl)-n-propyldi-n-propylisopropenyl sil ane,
di met hy1- 1- pyrrolidi nyl met hyl i sopropenyl sil ane,

3-
3-
1-
2-
3-
1-
1-
2-
2-
3-
3-
1-
1-
2-
3-
1-
1-
2-
2-
3-



di et hyl- 1- pyrrolidinyl net hyl i sopropenyl sil ane,
1-pyrrolidinyl methyl di-n-propylisopropenylsilane,

di et hyl - 2- (1-pyrrolidinyl)ethylisopropenylsilane,
2-(1-pyrrolidinyl)ethyldi-n-propylisopropenylsilane,

di et hyl - 3- (1- pyrrolidi nyl)-n-propylisopropenyl sil ane,
3-(1-pyrrolidinyl)-n-propyl di-n-propylisopropenyl silane,

di met hy1- 1; pi per . dinyl met hyl i r openyl si | ane,

di met hy1- %waﬁ) ri' @'Pfﬁ]_y%ﬂ)%?lh%ﬁ?%eom openyl si | ane,

di met hy 1- 3 (1laMdagfethy LA orébyRiIgR¥neS opr openyl si | ane,

di et hyl - 1- pt peri di'nyl et hyl i sopr openyl si | ane,

1- pi peri di Jl-aaridingli)eh-proppldizthytaligisiEmepenyl si | ane,
2-(1-piperidiny[_ethyldiethylisoFropenyIsiIane,

2- (1- pi perd-dradndrdnyprydi-rmpylaideisrdpenyl si | ane,

di et hyl - 3-(1-piperidi nyl)-n:propyl i sopropenyl sil ane,

3-(1-pi per1i %ﬁeﬁQF‘Y'{'he?’M%WhéﬂaﬁH@BafSpy| i sopropenyl si | ane,

1- hexamet @{1%&%%%@»&%@%9%@OPF openyl si | ane,

2- (1- hexanet hyl enei m no) et hyl di met hyl i sopr openyl si | ane,

3- ( 1- hexargetrazeddiayrnpogpyidineibpiallydsiaee hyl | sopr openyl si | ane,
di et hyl- 1- hexanet hyl enei mi nonet hyl i sopr openyl si | ane,

1- hexannet'3aeediayirmetfofdethypiilsiangr opyl i sopr openyl si | ane,

di et hyl - 2-( 1- hexanet hyl.enei mi t hyl i sopropenyl si | ane,
2-(1- hexar?é?zﬁ{)&'gﬁmeﬁq%%)néqrﬂ‘\}w%&sﬁ@'b%opyI i sopropenyl si | ane,
di et hyl - 3o(A-HeXARBIIMNIGERIIGLRE- Propyl i sopropenyl si | ane,
3-(1- hexarre(t hyl englwm' n)Jo(?- nyprﬁypdi -n- propyl i sopropenyl sil ane, 1
- hept anet [2y(n exzeridinylyamidiyi-stopgallysitasgpr openyl si | ane,

2- (1- hept anet hyl enei mi no) et hyl di met hyl i sopr openyl si | ane,

3- (1- hept érfét%?'ﬁ@mé)-mpmﬂyldiﬁtév@w|@ﬁ'3net hyl i sopropenyl si | ane,
di et hyl- 1-heptanet hyl enei m. nonet hyl i sopr openyl si | ane,

1- hept anegﬁ%aéﬁg‘ﬁ#%@ﬁé?% "_Hl'p_-r?ﬁyb%f%lﬁ?ﬁrfésopr openyl si | ane,

di et hy 1- 24(Jsth@RLATRAIGH] BTGy ”g@ﬂaq,tehyl i sopropenyl si | ane,

2- (1- hept anet hyl enei m no) et Kyl di - n- propyl i sopr openyl si | ane,
di et hy1- 3d{nethygt@rmilolidiey atmilaigsianepr opyl i sopr openyl si | ane,
3- (1- hept anet hyl enei m no) - n- propyl di - n-propyl i sopropenyl si | ane,
di met hy1- 3-dijpefanel! Hyrehdnyh-rormaylyisiessr openyl si | ane,

di met hyl- 2- (1- oct anet.hyl epnej mi np) et hyl i sopr openyl si | ane,

di met hy1- '—eiwl'g@tyﬁﬁﬁ'ngﬁgamlﬂ%%- propyl i sopropenyl si | ane,
di et hyl - 140Gt arEMEEYRI-RiAVRIIPKAdrROPr openy! si | ane,

1- oct armet hyl' enel m nonmet hyl di - n- propyl i sopr openyl si | ane,

di et hyl - 2diethyb2{ tppirblidiramethylanggirinby | i sopr openyl si | ane,

2- (1-oct anet hyl enei m no) et hyl di - n- propyl i sopropenyl si | ane,
di et hy1- 32((1-pyeelisini)atyshaipemillylsianeopyl i sopr openyl si | ane,

3-(1-octaneth i m - N- i.- N- i | sil :
1 decane: RETRLe HOHGHET)PPoBlHINIEERT openyl o1 | ane, - o
2- (1- decangi 1y di i ropenyl si |l ane,

3- E 1- decagﬁ Eg’:@@yﬂ:mnggo%ﬂa%é g{)‘iﬁ%‘m‘%‘t@%ﬂ sgprgpzlnyl si | ane,

1- decanet fiyletiyei rpigeaiaetyiyétayiatignbhs opr openyl si | ane,

1- decanet hyl enei m nomet hyl di - n- propyl i sopr openyl si | ane,
( 1- dec adigetiyi-riipimenidingbethyldilysilape.i sopr openyl si | ane,

1- decanet hyl i m na) et hyl di - n- propyl i sopropenyl sil ane,

1- decaﬂ’gle%ﬂ'ggi‘lpl’ﬁeﬁ'g;r'yﬁlinp?rewaﬁrsé?’%I i sopropenyl si | ane,

1- decag eneli.mi di - n- propyl i sopropenyl si |l ane,
odecan@?ﬁ??tﬁ@%ﬁ%@%}@}@ggﬁ%ehyI i sopropenyl si | ane,

1- dOdeﬁ@lﬁéii@iﬁ}/lmmmﬁ)r@bh&"@iIaﬁé,_hy| i sopropenyl si | ane,

1- dodecanet hyl enei m no) - n- propyl di net hyl i sopr openyl si | ane,
odecan2{hyipendinyhatyidiethylatylstahg) i sopr openyl si | ane,

(

(

(

d

(

((]I

dodecanget hyl enei mi nonet hyl di - n- propyl i sopr openyl si | ane,
(1- dode%‘é?%‘?ﬁ '@H)ﬁtwmdyépﬁvml%ﬁﬂ | i sopr openyl si | ane,

(
(
(
p
a

1- dode thyd enel.m nop) ¢ L= ropyl i sopropenyl si | ane,
1-dodé@%ﬁ§fﬂélgﬁgbﬁbﬂ8§?ﬁgé%@gﬁﬁﬁ?%thyIisopropenylsiIane, and
1- dodecanet hyl enei m no) - n- propyl di - n- propyl i sopropenyl si | ane.
ol ymet hyl enei m noal kyl di al kyl crotyl 8¢ | ane:

zi ridi nyl net hyl di net hyl crotyl sil ane,
(1-aziridinyl)ethyldinmethylcrotyl sil ane,
3-(1-aziridinyl)-n-propyl di nethyl crotyl sil ane,

1-aziridi nyl met hyl di et hyl crotyl sil ane,

2-
2-
3-
3-
1-
2-
3-
1-
1-
2-
2-
3-
3-
1-
1-
2-
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2-(1-azeridinyl)ethyldinethylcrotylsil ane,
3-(1-azeridinyl)-n-propyl di net hyl crotyl sil ane,
1-azeridi nyl met hyl di et hyl crotyl si | ane,
1-azeridi nyl met hyl di - n- propyl crotyl sil ane,
2-(1-azeridinyl)ethyldiethylcrotylsilane,
2-(1-azeridinyl)ethyldi-n- propylcrotylsilane,

3-(1l-azerid |eth Icr Isilane,

3-(1-azer |3od1rfi)lﬁ’%”dfp—ys'5ﬂ%i’ﬂ?' PYJBW BB%y! si | ane,

di met hy1 di met hyl1l-2-(1-pyrrolidinyl)ethylc
rotyIS|Iaﬁe H%*H&?%ykw?ﬁ 9§&Q%%@§k n propyl crotyl sil ane,

di et hyl - 12py rHexhndihyiehemiify)b@ianydtaylaiaistane,
1-pyrrolidinyl methyl di-n-propylcrotylsil ane,

di et hyl - 23¢(1- Wam@th\/@hﬁmir)ce)trhgn‘pgvld)mtwla“ahéane,

2-(1-pyrrolidinyl)eth e | si |l ane,

di et hyl - d(elhyba h‘%ﬁmﬁ T?'”H %ﬁﬂ?'@&ﬁ%?f‘?m | ane,

3-(1-pyrral | si |l ane,

di met hy1- ?’%%EQ¥I Fﬂ? @ﬁéﬂgrote ?P% ﬁ&e®¥nethyl 2-(1-piperidinyl)ethylcro
tylsil anedle‘thymt(h‘éhbxé’méthﬁlléh@ﬁfndﬁétﬁyléﬂyiﬁlaﬁé opylcrotylsilane,

di et hyl- 1- pi peridi nyl net nyl crotyl sil ane,

1- pi peri dRr§hesamgihdieneinmaeiyidropydpylaivsi@ne,

2= (L= piper Y G S oY e byia ilane,
3-(1-hexamethyleneimino)-n-propyldi-n-propylallylsilane,
1-heptamethyleneiminomethyldimethylallylsilane,
2-(1-heptamethyleneimino)ethyldimethylallylsilane,
3-(1-heptamethyleneimino)-n-propyldimethylallylsilane,
diethyl-1-heptamethyleneiminomethylallylsilane,
1-heptamethyleneiminomethyldi-n-propylallylsilane,
diethyl-2-(1-heptamethyleneimino)ethylallylsilane,
2-(1-heptamethyleneimino)ethyldi-n-propylallylsilane,
diethyl-3-(1-heptamethyleneimino)-n-propylallylsilane,
3-(1-heptamethyleneimino)-n-propyldi-n-propylallyisilane,
dimethyl-1-octamethyleneiminomethylallylsilane,
dimethyl-2-(1-octamethyleneimino)ethylallylsilane,
dimethyl-3-(1-octamethyleneimino)-n-propylallylsilane,
diethyl-1-octamethyleneiminomethylallylsilane,
1-octamethyleneiminomethyldi-n-propylallylsilane,
diethyl-2-(1-octamethyleneimino)ethylallylsilane,
2-(1-octamethyleneimino)ethyldi-n-propylallylsilane,
diethyl-3-(1-octamethyleneimino)-n-propylallylsilane,
3-(1-octamethyleneimino)-n-propyldi-n-propylallylsilane,
1-decamethyleneiminomethyldimethylallylsilane,

2-(1-decamethyleneimino)ethyldimethylallylsilane,
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2- (1- pi peridi nypet hyl di - n-propyl crotyl sil ane;

di et hyl - 3- (1- pi peri di nyl) - n-propyl crotyl sil ane,
3-(1-pi peridinyl)-n-propyl di-n-propyl crotyl sil ane,

1- hexanet hyl enei mi nonet hyl di net hyl crot yl si | ane,

2- (1- hexanet hyl enei m no) et hyl di et hyl cr ot yl si | ane,
3-(1- hexanet hyl enei m no) - n- pr opyl di net hyl crotyl si | ane,
di et hyl Xfg ggﬁ% e,

1- hexanethyﬁenelﬁ@ﬁ%%@§ﬁ§+ E opiﬁ@mgﬁk|5| 'ane,

di et hyl - 2- 1(dedame&wnhmh:memwa@)r@mduylbm@t yl si | ane,

2- (1- hexanet hyl enei m no) et hyl di - n- propyl crotyl si | ane,
di et hy1- 3-cdecametiviankipieenaethyido)-prenyledylsilaoeot yi si | ane,

1. hept anory FERETEIWBRBTR B MBI | ane.  ©

2- (1- hept t si | ane,
3-(1- heptgggfﬁ%kﬁggpﬁ$%ol- gm&gkg%énﬁémﬂgjc%otyIS|Iane
di et hyl - 1-3@picaambinyleasiaiing) roppbidietyRilykigneane,

1- hept anet hyl enei m nonet hyl di - n- propyl crotyl si | ane,
di et hyl - 2-3¢(- deépmamlenymrmfnwrnpyléttmmoovl@tlml@ne ane,

2-(1- hept n no) et h i,.- N crotyl silane,

di et hyl - %ﬁﬂ?ﬂ?“@?@?%ﬁ%?eﬂgkﬁ@% "€r ot yl si |l ane,
3-(1- hept t | crotyl sil ane,
di met hyl- ?ﬁc({&g%rga{t?ﬁétﬁ] '%rgél'%mﬁgé&gﬁ %h\%‘thjk{l Ig‘%ﬂﬂ?éane

di met hy1l- 2- (11:10@@&a&imhmmﬂmoyrhrm@ﬂd?mleﬁiyrauwénfalnbane

di met hy1l- 3- (1- oct anet hyl enei m no) - n- propyl crotyl si | ane,

di et hyl - -1dtauamﬁyvlemmmonmﬂmlmyﬂhwaHulgxllase| ane,

1-oct anet enelnl oneth Id| | cr | sil ane,
di et hyl - le 8&%% Yﬁ?ﬁ' F%PYJ?' 5 /RS | ane,

2- (1-oct agqi%hg&% ?aenel n}g@slmdﬂg R%é-%rhgtyl si | ane,

di et hyl- 3-('1-octa crotyl sil ane,

3-(1-oct amnwb@mmﬁ@ammmmw&m propfaBmiIkas ot yI si | ane,
1- decanethylenelnlnonethyldlnethylcrotyIS|Iane
2- ( 1- decard({ HdpHecaniethyieneiming)-diprenvidietbylaliyydilene,ame,

1. decanst Hy gﬁé?é‘a%"hﬂ#ﬁyﬂwﬁi PrRjeAbroepaliisfane. ="
(1° docand e ARt cRl BB R LAl e, T

1- decanﬁzhwlr@mﬁétﬁyl@ﬁﬂeﬂiwylﬁ%pdﬁry@ﬂw| crotylsil ane,
1- decamet hyl enei m no) - n- pr opyl di et hyl crotyl si | ane,

1- decaﬁéﬂﬁyllrlémi)ﬁhyi@l)naﬂ:y;bﬁmwwylsﬂarm opyl crotyl si | ane,
odeca thyle nonet hyl | sil ane,

1- dode éﬁ@FW§W¥&bﬂﬁ?WWﬁ y@@¥Fﬁy15|lane

1- dode r |nethylcrotyIS|Iane
odecanggﬁﬁﬁn%b%%ﬁ%%%@? Pé$ ﬁﬂ&kgrbtyIS|lane
odecarrmalzmhm@mhémmrmpﬂawxdi ?r@péﬁmhéhér otyl sil ane,

1- dodecanet hyl enei m no) et hyl di et'hyl crotyl sil ane,

1- dode2dtratinginghehytilinthyet-pydpenylsilgmeopyl cr ot yl si | ane,

1- dodecarnet hyl enei m no) - n- propyldlethylcrotyIS|Iane and
1- dode@éﬁ@FWQWéW%FHWﬂbWDHWQVBEV?GYQHmﬁropyIcrotyIS|Iane. (12)

B N A L S
1-azirj L@ylha.ﬁpswlﬁbm.w;k Hﬁ&lhaérbﬁéﬁﬂléllﬁﬁg

1-aziridinyl)-n-propyl di met hyl met hal'l yl'si’| ane,

ziridi myalzarﬁilrhwmelihgkimyéthm1hpxbbgm)83|Ilaaee
ziridi pyl met hyl n- propyl met hal | yl si | ane,

di -
1- azi r £l ﬁWf) Yl'??ﬂ‘dldéﬂﬁ Y'rﬂeP'I‘?ﬁPMH“@PPane
1-azir yl met hal | yl si | ane,
oot vl BTN s PPt e REmREt ane.
1- azi rqgké}w,awﬂemg@pﬂyﬂﬁm JlopdroRyAmet hal [yl si | ane,
zeri di nyl net hyl di et hyl met hal 'yl si I'ane,
2-(1-azeridinyl)ethyldi nethyl net hal | yl sil ane,
3-(1-azeridinyl)-n-propyl di net hyl net hak? yl si | ane,
1-azeridi nyl net hyl di et hyl net hal | yl si | ane,
1-azeridi nyl met hyl di - n- propyl net hal | yl si | ane,
2-(1-azeridinyl)ethyldiethyl methallylsilane,
2 (1 azerldlnyl)ethyldl n- propylnethaIIyI5|Iane

1
2-
2-
3-
3-
1-
2-
3-
1-
1-
2-
2-
3-
3-
1-
1-
2-
3-
1-
1-
2-
2-
3-
3-
1-



di et hyl - 2- ( 1- hexanet hyl enei m no) et hyl net hal | yl si | ane,

2- (1- hexanet hyl enei m no) et hyl di - n- propyl net hal | yl si | ane,

di et hyl - 3- ( 1- hexanet hyl enei m no) - n- propyl net hal | yl si | ane,

3- (1- hexanet hyl enei m no) - n- pr opyl di - n- propyl net hal | yl si | ane,
1- hept anet hyl enei m nonet hyl di net hyl net hal | yl si | ane,

2- (1- hept anet hyl enei m no) et hyl di net hyl net hal | yl si | ane,

3- (1- hept anet hy| enei m no) - n- pr opyl di net hyl met hal | yl si | ane,
di et hyl - 1- hagardiinsiMadiet-PRoRYneR RS IKIARE | yI si | ane,

1- hept anet.hy| L . i - N- t hal | yl si | ane,

di et hy1- 2-5(1‘ @%ﬁf’@k@%ﬁ%'%&ﬁ”% é?%ékgn’gt hal | yl si | ane,

2- (1- hept agetipekiginghsthn@ebplidi-pldpeiysheet hal |yl si | ane,

di et hyl - 3-851(1?- hept ar?r%t h@l engi )r‘}lynos)- R pﬁpsglpyl met hal | yl si | ane,
3- ( 1- hept airét-dueridingl)-mpmop vidietpylebgilodenyisilpnepy| net hal | yl si | ane,

di net hyl- 1- oct anet br;lélpenei m_nonet hyl net hal | yl si | ane,
di met hy 1- 22-(11aZ568IaKR-PHRFPRIEITRTABY S ROPSTNSHANS v | si | ane,

di met hy1- 3. (1-0cC t,. i m - = RF | met hal | yl si | ane,
di et hyl - 1-"6’@?@%‘&#@{?" @@ﬁ*ﬁ‘ﬁ’&f?&ﬁ%%@ﬂ%ﬁw si | ane,
1- oct anet Lant syrRiBm| s tn-1Psrepartysabhal |yl si | ane,
di et hyl - Z[B({rl‘l]-gtggltzg{net hylleng?ém ﬂo)p%t %Iﬁt hal | yl si | ane,
2- ( 1- oct argedimgthyhéli-pyrididiiayihvptplopyi- pragelytsdareal | yl si | ane,
di et hyl - 3- (1- oct anet hyl enei m no) - n-lgr opyl net hal | yl si | ane,
3- ( 1- oct arfiathyH1envaiohidingmethybi BysAcaySIANSs opy| met hal | yI si | ane,
1- decanet hyl enei.m no | di et hyl et | si |l ane,
2-(1-deca%ﬁ¥ﬁ '@H@Hﬁ&#‘i‘f‘?{w |1h‘éf’%‘§ﬂy%@]i’+%| Iyl sil ane,
3-(1-deca enejFolfihv . IWRhdnd met hal | yl si | ane,
1- decanet H’mﬁt%é@(%‘d@’oﬁe@%}g a%?ﬁyyél)%en?ﬁal |yl sil ane,
decanet ly{1esyerondindyathydiindbropylrpyénpisilhed,| vyl si | ane,

1- decanet hyl enei m no) et hyl di et hyl net hal | yl si | ane,

1- dec ardiathigH3A@yrrldnd-rrprapyl-irpfrspyisiasehal | yl si | ane,

1-d hyl enei mi no) - n- | di. et hyl | 1yl sil ane,
b e B RS IR SR ORI VLt 20 e
Odecaﬁ%mathﬁnebiabrﬁmﬁwﬁqemwﬂ -W%l%n@m lyl'silane,

(

(

(

(

d )
(1- dodecanet hyl enei mno) et hy hyl et hal | yl si | ane,
(

d

d

(

(

1- dodecianehyyd-@rsperidig))ethyp i -ppodedyisianiey | net hal | yl si | ane,
odecanet hyl enei m nonet hyl di et Lthyl met hal | yl si | ane,

odecanmgimsthdriel Tmriperidinhyn-aiopyl- bPpenYieiars! | vl si | ane,

1- dodecanet hyl.enel m n thyl di et hyl et hal | yl si | ane,

1- dode8&%@'5gﬂ'%%{@f'm’ﬂ%i@fﬂéﬁOB?'JXE'%PS’py| met hal | yl si | ane,

3- (1- dodege p R aTo) R R o T lf yieidmel met hal | yl sil ane, and

3-(1- dodeﬁ?@ﬁﬁyﬁﬁi‘!‘%ﬂﬁ rapye g%eguw-gﬁnd?%fopw met hal |yl si | ane. As

t he conpornd-pimpidegdatheldicthyl-Foropdrais(dnie, conpounds, in which Rl is a group
represented by Formula (2), m= 2 and Ais an acyclic am no group
r epr esent @d 1pypeFdinvletayldBy-prawh 1 peorenylédaneExanpl es of the conpounds i ncl ude

bi s(di al ky| ani Lkyl al kyl vi nyl si | |
bi SE di al k%ﬁ@?ﬁ"ﬁ'ﬁ%ﬂ%‘f’%‘# TRV GPOPRMIY P Gne,

bi s(di al kyl ani | 1 i d

bi ZEdE iy kéﬁiﬁf’%@%’%ﬁ% ‘Z{F@Y}H %8??8'8@' ﬁ%ﬁ'g@?’ §Beci fic compounds will be

exenpl i fi etheikamBegwlenaiftinsribseduesthylpRrgesyMiane( 13)
bi s(di al kyl am no) al kyl al kyl vi nyl si | ane: .
bi s(di net By(ll-dekaropimglehgimine)atnyldimethyli1-piepenylsilane,
bi s(di et hyl am no) net hyl net hyl vi nyl si | ane, .
bi s(di - n- ﬁ&-ﬁw%lﬁ?%beﬁeww)rﬁwmnﬂﬁ}ﬁgi1|'%{HB?”Y'S"a“e’
bi s(di net i j Vi Sj | .
bi s(di et h?/i\égh %&%%%%%W%ﬁé’yﬂf?“b?‘ﬁa%ﬂ gﬁ%,%”y's"a”e’
bi s(di - n- @%Q&h@{!ﬁ&@ﬁbmﬁMélﬁ%i&}lh%ﬂrW-?ﬂdrmwsiIane,
2- bi s(di et hyl am no) et hyl net hyl vi nyl'si | ane,
2- bi s(di etlietfya#H( hberarhgthgienaiying)athyki-peapenylsilane,
2-bi s(di -n-propyl am no) et hyl net hyl vi nyl si | ane, .
2- bi s( di mehyesMHBYenayIRVRIVE-RAraRy-dmeopenylsilane,
2- bi s(di et hyl am no) et hyl et hyl vi nyl si | ane,
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3-
1-
1-
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WWWWWWN

b

- bi s(di - n- propyl am no) et hyl et hyl vi nyl si | ane,

- bi s(di met hyl am no) - n- propyl net hyl vi nyl si | ane,

- bi s(di et hyl am no) - n- pr opyl net hyl vi nyl si | ane,

- bi s(di - n- propyl am no) - n- pr opyl net hyl vi nyl si | ane,
- bi s(di met hyl am no) - n- pr opyl et hyl vi nyl si | ane,

- bi s(di et hyl am no) - n- propyl et hyl vi nyl si | ane,

bi s(di - n-propyl am no) - n- prop

s(di al kyqi%rhwr{%&dyq@mgmygﬂngumix%j':})%t-;%héi15‘ opemighe, (14)

bi s(di net ' ] Si .
bi SE di et h;“?/‘ Qﬁ‘%ﬁ?ﬁe‘@?ﬁe&%@ﬁw é‘?’l"b 'é'ﬂ"lé’ﬁgﬁ'p’°pe“yis”a”e’
bi s(di - n- pi_pepthasthpeh&RittyitBidinball 1 bripkayisiane,

bi s(di met hyl am no) net hyl et hyl al | yl si | ane,

bi s( di et hy3-@rtieptgmethyighemmp)ethyidiethyaheropenylsilane,
bis(di-n-propylanino)nethylethylal, I%il ne, .

- bi s(di merfyiepAmIhEersmme-Rpreny %@i V'aﬁef,openV'S"ane,

hierg e ! U] : _
bioCa AT R BRSO T iane,
- bi s(di mtﬁéﬁt&ﬁétﬁglbﬁéiHMoﬂiéﬂWmJanble1%ﬂ@penylsilane,

WWWWWWNNNDNDNDN

b

- bi s(di et hyl'am no

et hyl et hylal | yl sil ane,

- bi s( di - ntigihyRy(1 dreptematbyisreiningjettiyl-fHsopenyisilane,

-bis(dinethylanino%-n-pro
- bi s( di et?hythaptanestoy

) | met hyl al | yl si |l an

ergﬁ"aﬁ?%mmppm1sﬁ>rpaﬁry?8’"anei

S R B P i e

- bi s(di etz Lifamt | tnﬁery@%kﬁlp'??ﬁyﬁdi-hwréwIﬁf&op@%uarzei 5)

bi s(di - n-propyl am no) - n-propyl et hyl allyl silane.
s(di al kyirasthylol)-adtiapethlylepdininqesipdriypropérapadiane,

bi s(di met hyl am no) net hyl met hy1- 1- pr openyl si | ane

bi s(di et hyingihyicy W%v'ﬁwmiﬂoeﬁptbﬂénefpe?m%@?é,

bi s(di - n- gronyl.am.no | -1- i

pi o i ot AUV Gy RGLAT BV R Re s B GH b SlyeRafe
bi s(di et hyleaiAERE &)1k diniboATeRiyR ROy lstdi,

bi s(di - n- propyl am no) net hyl et hyl-1- propenyl si | ane,
- bi s( di netdeydraethyiepamimohratityidi-h-dropyldpanpésildilane,

- bi s(di et hyl am no) et hyl net hy1- 1- pr openyl si | ane,

WWWWWWNNDNDNDNDN

bi s(di et

- bi s( di - HiYEB

1-stamstadenaimpelaf-1-5eRpWINERS | ane,

d
b s( i ottt e ERU eI LBl OB o yine,
- bi s(di - eremy@@xh%@iaﬂ@tméﬁéirﬁmhyﬂ@%@[@wnﬁshm,

- bi s(di met hyl ami no) - n- pr opyl met hy1-

propenyl si | ane,

- bi s(di eBhylcatanmhylengimivpy-hipeedyidi-niprppyddemrppsivisiaee,
- bi s(di -n-propyl am no) - n-propyl net hyl- 1- propenyl si | ane,
- bi s( di mdtdegamaiyieneiniperapipyidimainy-1-RsPRYWRIPRE:| ane,

bt s < ARG Ey R SR SOy A BRSO ane
bi s(di al kg-';?—%E&%@ﬂhWéhgilhﬁr)/d)ilﬁ;l?r_@bﬂl?iw}ﬁﬁhllﬁa;?‘e'nylsilane,

am no) et hyl nmet' hyl i sopropenyl'sil ane,

bi s( di et hyldagamehyrhbiminahdtilidiethyl-opespdnyisiianes,
bis(di-n-propylanino)nethylnethylisogropenylsilane,

bi s(di met hylesamatyleseinynasnetpyifisdpropy

hprapenysiane,

bi s(di et hyl ami no t hyl et hyl i sgpr.openyl si | ane
bi s(di - n- %‘K@Sﬁ?%[ﬁ?n‘ﬁés‘fﬁ%' ﬁ%‘ﬂ“ﬁ@%ﬁ@@ﬁ’%&%ﬂ%ﬂ?ﬁ‘%ne,
- bi s(di ng! ' ; LS. el '
“bi o( i ety Pea e B R YL S BRBE Ry e,
- bi s( di - a(pyepathathiiengigiinvyinmbpyltiesgpn-pesenlysiidrane,
- bi s(di net hyl am no) et hyl et hyl i sopropenyl si |l ane,
- bi s( di e3{dasametheengimindiyiprepydigperepysi-Peapenylsilane,
- bi s(di -n-propyl gm no).et hyl et hyl i sopropenyl si,| ane,
- bi s(di @Fﬁg’?%‘%ﬁ;ﬂ?rﬁé'@f’@é&ﬂ?%%ﬁ‘ﬁﬁlygw(%‘i%’ﬁfﬂ'%ﬁ’ ane,
- bi s(di et hyl am no) - n- pr opyl net hyl i sopr openyl si | ane,
- bi s(di - n- propyl am no) - n- pr opyl net hyl iegopr openyl si | ane,
- bi s(di met hyl am no) - n- propyl et hyl i sopr openyl si | ane,
- bi s(di et hyl am no) - n- propyl et hyl i sopropenyl si | ane, and
- bi s(di - n-propyl am no) - n- propyl et hyl i sopr openyl si | ane.

WWWWWWNNNDNDNDN



As the conpound represented by Fornmula (1), conpounds, in which Rl is the
group represented by Fornmula (2), m= 2 and Ais a cyclic amno group
represented by Fornmula (3), can be cited. Exanples of the conpounds include
di (1- pol ynet hyl enei m no) al kyl al kyl vi nyl si | ane,

di (1- pol ynet hyl enei m no) al kyl al kyl al | yl si | ane,

di (1- pol ymet hyl enei m no) al kyl al ky1- 1-propeny|si|ane and

be. exbrpl 1 IR RR Ikt e b e %'-a”(el%’ec'f'c Fompounds wl

di (1- pol |
61 ol ymityignna plabi) S| pery

2,2 -di (1-1p:;ddteodamdﬂwylyhe)umﬁrmyﬂdimdﬁyﬂhywhydo@tehymene
3,3 -di(1- p%/qrolldlnyl) n- propyl met hyl vi nyl si | ane,
2-di (1- pyrr dﬁeamWyleﬂﬁmpwmmIﬁymrgpylaﬂ reropenylsilane,

S AT A NE

LD e A SR Wbt
3-(1-dodecamethyleneimino)-n-propyldiethyl-1-propenylsilane, and
3-(1-dodecamethyleneimino)-n-propyldi-n-propyl-1-propenylsilane.
(10) 1-polymethyleneiminoalkyldialkylisopropenylsilane:
1-aziridinylmethyldimethylisopropenylsilane,
2-(1-aziridinyl)ethyldimethylisopropenyisilane,
3-(1-aziridinyl)-n-propyldimethylisopropenylsilane,
1-aziridinylmethyldiethylisopropenylsilane,
1-aziridinylmethyldi-n-propylisopropenylsilane,
2-(1-aziridinyl)ethyldiethylisopropenylsilane,
2-(1-aziridinyl)ethyldi-n-propylisopropenylsilane,
3-(1-aziridinyl)-n-propyldiethylisopropenylsilane,
3-(1-aziridinyl)-n-propyldi-n-propylisopropenylsilane,
1-azeridinylmethyldimethylisopropenylsilane,
2-(1-azeridinyl)ethyldimethylisopropenylsilane,
3-(1-azeridinyl)-n-propyldimethylisopropenylsilane,
1-azeridinylmethyldiethylisopropenylsilane,
1-azeridinylmethyldi-n-propylisopropenylsilane,
2-(1-azeridinyl)ethyldiethylisopropenylsilane,
2-(1-azeridinyl)ethyldi-n-propylisopropenylsilane,
3-(1-azeridinyl)-n-propyldiethylisopropenylsilane,
3-(1-azeridinyl)-n-propyldi-n-propylisopropenylsilane,
dimethyl-1-pyrrolidinylmethylisopropenylsilane,
dimethyl-2-(1-pyrrolidinyl)ethylisopropenylsilane,
3-dimethyi-(1-pyrrolidinyl)-n-propylisopropenylsilane,
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di (1- pi peridinyl)ethyl methyl vi nyl sil ane,

di (1- pi peridinyl)-n-propyl net hyl vi nyl si | ane,
1-

1-

pi peri di nyl) et hyl et hyl vi nyl si | ane,
pi peri di nyl) et hyl - n- propyl vi nyl si | ane,
1- pi peridi nyl)-n-propyl et hyl vi nyl si | ane,
1- plperldlnyl) n- propyl - n- propyIV|nyIS|Iane

(e DR e vy 1 ane
-di (1-f mnamme@rwmm@aw@omwlsmﬁéwl vi nyl si | ane,

(1- hexarret hyl enei m no) et hyl et hyl vi nyl si | ane,

(1- hem’eyl%ﬂym&yemhmm@)e&tyhgdpmpqmwbﬂme/l nyl si | ane,
(1- hexanet hyl enei mi no) - n- pr opyl et h%’* vi nyl si | ane,

|
|
T he R R B - BHSD PSSR vi myi o1 ] ane,
1-

a1 R PR AR R kS, <11 e

- di (1-3b@pdyaBdifvt)- %Rﬂp%dﬂﬁ)prdbyﬁééb@&déﬁ?lswr{ew nyl si | ane,

(1- hept arret hyI enei m no) et hyl et hyl vi nyl si | ane,

( 1- hepliraetbylypiparddimiimethelisopiopenysiGpg| vi nyl si | ane,
(1- hept anet hyl enei m no) - n- pr opyl et hyI vi nyl si | ane,
(1- he@!fﬁ%ylﬁi]/

Lo Y SRS A R b BR o PlepbhililaRE®

di ( 1Ry qLdlﬁérﬂWﬁﬁQWIE&Srt}?féﬁv&l)éhé' | ane,
di (1-pyrrolidinyl)-n-propyl nethylallylsilane,

1- py rirpperidiinyjrhetayltiyi-ptobylisaptopesylsitane,
(1- pyrrolldlnylﬁethyl n- propyl al | yl si |l ane,
1- py Pr(dtriRgriginy ethylslﬁﬁwcwmnmla}n%l | ane,

oi per et Ra R RSBl Bt = 2"

di (1yRige fsl(‘i'lpfbé'n)jﬁ?l‘)ﬁﬁkﬁ@ﬁﬁ)ﬁ&&bbéﬂy‘%l bﬁé‘e
di (1-pi peridinyl)-n-propyl methy lal Iyl silane,

(
(
(
i 1- pi penipibenidinyBniprbmtidiyi- pxbbyllssprloaaeylsnane
(
(
(

(
(
(
(

1

i
i (1-piperidin t hyl ropyIaIIyIS|Iane

1( 1- pi aé\ewamﬁf}/\vgenﬁmpmqsw wemataylisgrrepenyidane,
[

1 hexanatnyiarerHeRB YR PRt AR P e Rede.
- di ( 131163)&%%9%}/@!9&}7{“&9&&59%8xWFé&HWEé’drbb(érﬁfléuI@rﬁhe

-di (1- hexanet hyl enei m no) - n-propyl'nethyl al'l yl si | ane,

i (1- herietigl-hyneearaetiyleogietiiophethylisbplobyhysilbaee,  2-d
hexanet hyl enei mi no) et hyl - n- propyl al | yl si | ane,

i (1- hetdwxemgihuieasiminumetiyidrbpiapyiseproagenylsianeane,

diethyl-2-(1-hexamethyleneimino)ethylisopropenylsilane,

OO_NOOI\)Q.CDOOI\)I\JOOI\)Q.OOOOI\)I\)OOND.Q.OOOOI\)I\)(DND.CD(DNI\)CDI\JD.OOCDI\JNCOI\)

2!
, 3
- di
- di
- di
- di
i (
2
3
di
- di
- di
-d
i (
2!
3
di
- di
- di
- di
I (
i (
2!
3
di
- di
- di
- di
(
2!
3'
di
- di
-d
- di
i (
2
, 3
di
1-
di

I~ 1

2-(1-hexamethyleneimino)ethyldi-n-propylisopropenylsilane,
diethyl-3-(1-hexamethyleneimino)-n-propylisopropenyisilane,
3-(1-hexamethyleneimino)-n-propyldi-n-propylisopropenylsilane,
1-heptamethyleneiminomethyldimethylisopropenyisilane,
2-(1-heptamethyleneimino)ethyldimethylisopropenylsilane,
3-(1-heptamethyleneimino)-n-propyldimethylisopropenyisilane,
diethyl-1-heptamethyleneiminomethylisopropenylsilane,
1-heptamethyleneiminomethyldi-n-propylisopropenylsilane,

diethyl-2-(1-heptamethyleneimino)ethylisopropenylsilane,
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11eﬁié¢rfﬁ'fi¥8?thﬁ“ﬁ9p6m?ﬂ¥ﬁ &¥opyl vi nyl si | ane.

(18)



3-d i (1-hexanet hyl enei m no) - n- propyl - n-propyl al | yl si tane,

di ( 1- hept anet hyl enei m no) net hyl net hyl al | yl si | ane,

2,2 -di (1- hept anet hyl enei m no) et hyl et hyl al | yl si | ane,

3, 3" -di (1- hept anet hyl enei mi no) - n- propyl net hyl al | yl si | ane,

2-di (1- hept anmet hyl enei m no) et hyl et hyl al | yl sil ane, 2-d

1( 1- hept anet hyl enei m no) et hyl - n-propyl al | yl si | ane,

3-di (1- heptanethylenelnlno) n- pr.opyl et hy Iallxlsllane and 3-d

o hep][ arfetTHYARGTRR Y ARSy Mol By Wowlﬁﬁvpﬁ?l%ﬁlgpqa ane. (19)
G (1 pyrr oA M (b BipEReaRe) b

, 2" -di (1- :apmtﬁéﬁtdrﬁétn%{mrhmbﬂﬁldawoﬂ,nmrm@yﬂrspé@rwané
3 -di (1-pyrrolidinyl)-n-propyl methyl-1-propenyl sil ane

2- d| (1- pyrdlrodethylrhg()temblylVbnﬂyﬂnmqjhwpembswl&a‘aee
1(1-pyrrolidinypethyl -n-propyl-1-pr P | si | ane,
i (1- pyrdl”B?tf‘ﬂra‘ié1901?m%tPYJBW'6‘ﬂ’}9}ﬂth31'SBP8 &n¢.ane,
(

EZ’ R e e L e e

- di (LopitRgnishawanyiendimmiomelndisarananikliisid, ane, 3,
-di (1-pi perl nyl) - ﬁ} propyl et hylcml pr openyl si |l ane, 2-d

( 1 pi per itebatymethyighainmpinethyidiopmopylisoprapenylsilane,
(1-pi peridi nypet hyl - n-propyl-1- propenyIS|Iane

:dl( 1- pi ety -Prianisthgiainenmatvlisenreprivalang ane,
LD e L R B B gRaTuLS an
, 2" - di (1< ié%%ﬂft’- al&{aﬁr&w@m&ﬁbwp@m&p@éﬁ Ry ! si | ane,

, 3" -di (1- hexarret hyl enei’'m no) - n- propyl net hy1l- 1- propenyl si | ane,

- di ( 1- heaaictaphetimaéndiminpphipyomidindprapylisomrepsriyisilbaae,
-di (1- hexanet hyl enei m no) et hyl - n- propy1- 1- pr openyl si | ane,

- di ( 1- hel#insamethyieapimininethylgingiyliseriorenylsiadpeny| si | ane,

-d1(1-h I | sil
(1" nept SeRoT ROy FrvOT R Py R ROl BR RO P  Tane,
, 2" - di (13*1?%@5?%&1’“%%@&%&8)rﬂpar%bmi'nf&ﬁm&prépa{wmsﬁw |'silane,
, 3" -d1(1- hept amet hyl enei mi'no) - n- propyl met hy1-'1- propenyl si | ane,

-di (1- heptcmrmmhghlybnelmmmneteylbmthyumlepbnplsd@myI si | ane,
-di ( 1- hept anet hyl enei m no) et hyl - n- propy1- 1- pr openyl si | ane,
-di (1- heﬁtd@ﬁ@mn yieneimngiegthvidipi-sapyEsoRoReYsiaSeny| si | ane, and

(1 pol y R Rer e HERE s FublePaeloBiaRfas | hnero o' ane (20)
(2 1- pyr rol %ea/rhéméham)gmmﬁwdwﬁéw@é Rffane,

di (1- pyrro i di nyl)ethyl methyl'i sopropenyl si | ane,

, 3" -d1( 1apzerdeoémeﬁwydyﬂsyrrﬁnqormmbymrbhyhsmmempbnqda| | ane,
-di (1-pyrrolidinyl)ethyl ethylisopropenylsilane,

-di (1- pyaﬂwﬁmmgthylewmmq)er@pxwlrrse@pw@ﬁmp@nvla'ﬂ@e
di (1- pyrrolldln

i (1 by e e A N e B ST o ane,
R D3 B dedd AR NG CtR AR %‘%’Zﬁﬁ@?“%’hee

, 3' - di (-134pi-Hedécinisttylentipmopyipresyidimethylisoppepenlyisildrane,
-di (1-pi peridinyl)ethyl ethylisopropenylsilane,

- di (1-pi mpdmamtnmwmmmm@ehhsmpwenylslﬁnleane
-di (1- d | et hyl i | si l
o D P A BB UL SRR

1-h I
, (2 d??aﬁrﬁtgéér%{%ﬁ%ﬁ% nelenrﬁﬁﬁgy I'Fﬂ& P%\g %%Fé sogrg?}(')’épne%lny?glel ane,
, 3" -di (1z. bﬁ&@d@famétwéﬁm@?] ﬁvywxrrp bm&bbwpeamram@senyl si | ane,
-di (1- hexanet hyl enei m no) et hyl et hy sopr openyl si | ane,

-di (1- he?xa‘rréodigdamwnmm)wmphwprvpyﬂn‘leipyliaopmemdellﬁppsam@ne
-di (1-hexaneth Ienelmn% n- prog éath ﬁ g Fllane
3-(1-dodecamethyleneimino)-h-pr ;yyl B/ropy ISOpro enySIa

wmgwwm

wMmwNgwwNMwmqummwpggwwmmwmqummwmgwwm—
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3-di (1- hexanet hyl enei m no) - n- propyl - n- propyl i sopropenyl si | ane,
di (1- hept anet hyl enei m no) net hyl met hyl i sopr openyl si | ane,

2,2 -di (1- hept anmet hyl enei mi no) et hyl met hyl i sopr openyl si | ane,

3, 3" -di (1- hept anet hyl enei m no) - n- propyl nmet hyl i sopr openyl si | ane,
2-di (1- hept anet hyl enei m no) et hyl et hyl i sopropenyl si | ane,

2-di (1- hept anet hyl enei m no) et hyl - n- propyl i sopr openyl si | ane,

3-di (1-hep ] L.nLno) - n- r yl i.sopropenyl sil ane,
3-di (1- he&ggﬁ’ﬁ%’}“gﬁg‘ﬁ%‘%’%@&k@ﬁ ogy‘{r&w—g%érngpyl i sopropenyl si | ane. As
t he conpoungdzifigipyi@etyidatethyicloidibhé (1), conpounds, in which Rl is a group
represented by Fornula (2), m= 3 and Ais a substituted am no group

r epr esent e byzilktinyhethyldiragthylcmtylsilenei 3@ eazirdinyhpl-eropyfiimetkylerotyisdaneds i ncl ude

tri(dial ky] anmi.no)al ky] vi nyl si] ane, and
tri El- pol )3; it f'H‘i)P?é’H@fh df?é'j%‘?@?ls Myl silane. (21)

H: Eg: 2![ Eﬁ_gﬁ@n@ﬁ%{f%bm%éﬂ%\s%nﬁg%gng| (di met hyl am no) net hyl vi nyl si | ane,
2,2",2"-t rg_?dézmrtwbﬂhmdmhﬁérbwls}léﬁé(I sil ane, and
2,2',2"-tri(di et hyl am no) et hyl vi nyl sil ane.
2-(1-aziridinyl)ethyldi-n-propylcrotylsilane,
3-(1-aziridinyl)-n-propyldiethylcrotylsilane,
3-(1-aziridinyl)-n-propyldi-n-propylcrotylsilane,
1-azeridinylmethyldimethylcrotylsilane,
2-(1-azeridinyl)ethyldimethylcrotylsilane, 3-(1-azeridinyl)-n-propyldimethylcrotyisilane,
1-azeridinylmethyldiethylcrotylsilane,
1-azeridinylmethyldi-n-propylcrotylsilane,
2-(1-azeridinyl)ethyldiethylcrotylsilane,
2-(1-azeridinyl)ethyldi-n-propyicrotylsilane,
3-(1-azeridinyl)-n-propyldiethylcrotylsilane,
3-(1-azeridinyl)-n-propyldi-n-propylcrotylisilane,
dimethyl-1-pyrrolidinylmethylcrotylsilane, dimethyl-2-(1-pyrrolidinyl)ethylcrotylsilane,
3-dimethyl-(1-pyrrolidinyl)-n-propylcrotylsilane,
diethyl-1-pyrrolidinylmethylcrotylsilane,
1-pyrrolidinylmethyldi-n-propyicrotylsilane,
diethyl-2-(1-pyrrolidinyl)ethylcrotylsilane,
2-(1-pyrrolidinyl)ethyldi-n-propylcrotylsilane,
diethyl-3-(1-pyrrolidinyl)-n-propylcrotylsilane,
3-(1-pyrrolidinyl)-n-propyldi-n-propylcrotylisilane,
dimethyl-1-piperidinylmethylcrotylsilane, dimethyl-2-(1-piperidinyl)ethylcrotylsilane,
dimethyl-3-(1-piperidinyl)-n-propyicrotylsilane,
diethyl-1-piperidinylmethylcrotylsilane,
1-piperidinylmethyldi-n-propylcrotylsilane,
2-(1-piperidinyl)ethyldiethylcrotylsilane,
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(22) tri(1-polymethyl enei m no)al kyl vinyl sil ane:
tri(1-pyrrolidinyl)nmethylvinylsilane, tri(1-pyrrolidinyl)ethylvinylsilane,
2,2",2"-tri(1-pyrrolidinyl)nethylvinylsilane, and
2,2",2"-tri(1-pyrrolidinyl)ethylvinylsilane. As the conpound
represented by Fornmula (1), conmpounds in which m= 1, RL is a group
represented by Fornula (2), R2 is an al kyl ene group and R3 is an al kyl

group are pyr.ef. o] Ln.which m= 1, Rl is a group represented
by For nul a2°{12;§|?é@yﬁgth&ﬁ?ﬁ%ﬁ%@ibﬁéetﬂaﬁéﬁp1 R3 is an alkyl group and Ais a
group reprgsentrd-giver y[)m_,gfof)iaq\,rpg,qsqa,ﬁ@rg preferable, and

(di al kyl am no) al kyl di al kyl vi nyl si 'ane an

1- pol ynet B (Tepiperidinydeal-krpbddiat-kidpyicropfisiananear eyet nor epref erabl e. As _

& kYl A P ametyienemindmetntimethyarotyaians, 7 ¢ 4! et hyl am nonethyl)vinyl st
2-(1-hexamethyleneimino)ethyldimethylcrotyisilane,
3-(1-hexamethyleneimino)-n-propyldimethylcrotylsilane,
diethyl-1-hexamethyleneiminomethylcrotylsilane,
1-hexamethyleneiminomethyldi-n-propylcrotylsilane,
diethyl-2-(1-hexamethyleneimino)ethylcrotylsilane,
2-(1-hexamethyleneimino)ethyldi-n-propylcrotylsilane,
diethyl-3-(1-hexamethyleneimino)-n-propylcrotylsilane,
3-(1-hexamethyleneimino)-n-propyldi-n-propylcrotylsilane,
1-heptamethyleneiminomethyldimethylcrotylsilane,
2-(1-heptamethyleneimino)ethyldimethyicrotylsilane,
3-(1-heptamethyleneimino)-n-propyldimethylicrotylsilane,
diethyl-1-heptamethyleneiminomethylcrotylsilane,
1-heptamethyleneiminomethyldi-n-propylcrotylsilane,
diethyl-2-(1-heptamethyleneimino)ethylcrotylsilane,
2-(1-heptamethyleneimino)ethyldi-n-propylcrotylsilane,
diethyl-3-(1-heptamethyleneimino)-n-propylcrotylsilane,
3-(1-heptamethyleneimino)-n-propyldi-n-propylcrotylsilane,
dimethyl-1-octamethyleneiminomethylcrotylsilane,
dimethyl-2-(1-octamethyleneimino)ethylcrotylsilane,
dimethyl-3-(1-octamethyleneimino)-n-propylcrotylsilane,
diethyl-1-octamethyleneiminomethylcrotylsilane,
1-octamethyleneiminomethyldi-n-propyicrotylsilane,
diethyl-2-(1-octamethyleneimino)ethylcrotylsilane,
2-(1-octamethyleneimino)ethyldi-n-propylcrotylsilane,
diethyl-3-(1-octamethyleneimino)-n-propylcrotylsilane,

3-(1-octamethyleneimino)-n-propyldi-n-propylcrotylsilane,
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pr ef er abl e, andas1- pol ynet hyl enei m noal kyl di al kyl vi nyl si | ane,

di met hyl- 1- pi peridi nyl met hyl vinyl silane i s preferable.

Ast heconpoundr epr esent edbyFor mul a( 1),

1- pol ynet hyl enei m noal kyl di al kyl vinyl silane is particularly preferable.
The content of a nononer unit based on the nonomer represented by Formul a
(1) in the conjugated diene polynmer conponent is preferably not |ess than

0. 001 nmol ol r per unit weight of the polyner, nore preferably not
| ess than 16‘9?5'%5‘ ”FE”'B@P?%'F',meé%dcr?iyhlﬂ%er’rmr e preferably not |ess than
0. 003 mljﬁ@_mg%@{ Ieniefﬂwi%)gf?&ldﬁ%%ﬁ*l&%f}‘fs@aﬁé]e abrasion resistance. And, it

is preferably not re than 0.1 /g polymer, nore preferably not nore
t han 0. 07 3rtaddegmpthyleneimin@ndprpeyidimatie/lgotyfséarshl y not nore than 0. 05 mmol /g
pol ymer. In order to increase the strength, the conjugated diene
pol yrer hdsdgseatedvianeiminomethyisthyighetylstai®ed on an aromatic vinyl nononer.

The conte td of tﬂg aromatic in nl¥l unkt isiI nreferabl y not |ess than 10% by
wei ght (t Hedqe8metyianetniBeartYIaR-ProRyitUNE A" not nore t han 90% by wei ght )

relative tZQ1J&Qg""@ﬁx‘ﬁg9’“50@{“5"},’%%‘3“5@'3“&@“”t of the conjugated diene unit

and the aromatic vi uni t nore preferably not |ess than 15% by

wei ght (t l2e(1cdeehmgtiyRaeithied)ethyidi-b-pespyicestyisilamenot nore t han 85% by wei ght).
Moreover, in order to increase the fuel econony, the content of the
aromat i ¢ Briylecamethyleseisring)drpiopyldigtiyicheylsilangan 50% by wei ght (t he

conj ugat e iene content is not |ess tha % by weight), and nore

pr ef er abl “(ﬂfﬁacﬁ'ﬁ‘P y Hﬁﬂ“@%ﬂﬁp 'F'ZjHEOPé'{gFPZaﬁ%HF‘ugat ed diene content is not
| ess t han 4559 ( ) ; i ond content (proportion of
conj ugat e(] Ié’gﬁ%@%@g%ﬂé%r&n&%w?|Imgn ygc(% Itgﬁnuegi onal unity of the conjugated
di ene pol pn@rdddecdméethgeadininoahyldiicthyidiatyisBatée, by nol relative to 100% by
nol of the conjugated diene content, and nore preferably not nore than 70%
by nol, i B-(Grdddecarethyipneimino)-nerroppdimetivlesotylsilanss eover, it is preferably
not less t nor. e fer not | ess than 15% by nol,

h 10% |, l.

furt her rmr1é?°g’f38?'8? ﬁ'ﬁgr{gﬁmoweégﬂé%ﬁéﬁf%%aﬁﬁ mol , and particularly _

pr ef er abl M-d&%cérﬁéﬁ Rt difﬂ?;!m) wgr R}'lé?l%ﬁet O inprove grip properties.
bon é t mp eé) by

The vi nyl content can be deter IR spectroscopy fromthe
absor pt i on-(rfcaBearhsthAenéimtiolsthAdiethgrxdtylsimech is an absorption peak of a
vinyl or C)gg)@-dodecamethy!eneimino)e’chyldi-n-propylcrotylsilane,
3-(1-dodecamethyleneimino)-n-propyldiethylcrotylsilane, and
3-(1-dodecamethyleneimino)-n-propyldi-n-propylcrotylsilane.
(12) 1-polymethyleneiminoalkyldialkylmethallylsilane:
1-aziridinylmethyldimethylmethallylsilane,
2-(1-aziridinyl)ethyldimethylmethallylsilane,
3-(1-aziridinyl)-n-propyldimethylmethallyisilane,
1-aziridinylmethyldiethylmethallylsilane,
1-aziridinylmethyldi-n-propylmethallyisilane,
2-(1-aziridinyl)ethyldiethylmethallylsilane,
2-(1-aziridinyl)ethyldi-n-propylmethallylsilane,
3-(1-aziridinyl)-n-propyldiethylmethallylsilane,
3-(1-aziridinyl)-n-propyldi-n-propyimethallylsilane,
1-azeridinylmethyldimethylmethallyisilane,

2-(1-azeridinyl)ethyldimethyimethallylsilane,
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The Mboney viscosity (M1+4) of the conjugated diene polynmer is preferably
not |ess than 10, and nore preferably not |ess than 20, in order to

i ncrease the strength. Mreover, it is preferably not nore than 200, and
nore preferably not nore than 150, in order to inprove the processability.
The Money viscosity (M1,4) is neasured at 100C according to JI'S K6300
(1994). The nol ecul ar wei ght distribution of the conjugated diene

pol ymer i 53_prefebRb)-K-dré@MihetiQinothARLiay e preferably from1 to 3, in
order to |rrgrovet prﬁe%e‘cgng . Tﬁe]rm l'ecul ar wei ght distribution is

obt ai ned blyazmndwhmeﬂglldléteylnwmwsmr age nol ecul ar wei ght (M) and the
wei ght average nol ecul ar wei (My) by gel perneation chromatography (GPC)
and di vi di n@zaudinginetividione '@]'efrts’;‘ﬂylfﬂaﬁﬁum ng conj ugat ed di ene pol yner)

A favor abl uci.n he conjugated diene polymer of the
present i nz\e/ 1”%%”%'9}'26%&)'@%@ '81?”6?(?' quI’I’EI’I zi ng nononers contai ni ng

conj ugat ed_-dLeRAdiANALHAV] e gent ed by Fornmula (1) in the
presence of(qan al lkg?b @tngﬁsggt a91>?s|?9i|[aﬁl a hydr ocar bon sol vent. For exanpl e,
met hod A, 3n@tdreddiBylpngropytdistolylebaligsianan be cited. <Method A> Method A

i ncludes steps al and a2 below. (Step aI : a step of contacting an al kal i
metal cat &r(;}satzewilﬂw)apm%umow ?’@@Ml geby Formula (1) in a hydrocarbon

dth
iglrrggmldt % rﬁetﬁﬁa’lr yrrohdlny me hylmgtﬁilol(f]ylflscflgngf the alkali netal catalyst an ©

dimethyl-2-(1-pyrrolidinyl)ethylmethallylsilane,
3-dimethyl-(1-pyrrolidinyl)-n-propylmethallylsilane,
diethyl-1-pyrrolidinylmethylmethallylsilane,
1-pyrrolidinylmethyldi-n-propylmethallylsilane,
diethyl-2-(1-pyrrolidinyl)ethylmethallylsilane,
2-(1-pyrrolidinyl)ethyldi-n-propylmethallylsilane,
diethyl-3-(1-pyrrolidinyl)-n-propylmethallylsilane,
3-(1-pyrrolidinyl)-n-propyldi-n-propylmethallyisilane,
dimethyl-1-piperidinylmethylmethallylsilane,
dimethyl-2-(1-piperidinyl)ethylmethallylsilane,
dimethyl-3-(1-piperidinyl)-n-propylmethallylsilane,
diethyl-1-piperidinylmethylmethallylsilane,
1-piperidinylmethyldi-n-propylmethallylsilane,
2-(1-piperidinyl)ethyldiethylmethallylsilane,
2-(1-piperidinyl)ethyldi-n-propylmethallylsilane,
diethyl-3-(1-piperidinyl)-n-propylmethallylsilane,
3-(1-piperidinyl)-n-propyldi-n-propylmethallyisilane,
1-hexamethyleneiminomethyldimethylmethallylsilane,
2-(1-hexamethyleneimino)ethyldimethylmethallylsilane,
3-(1-hexamethyleneimino)-n-propyldimethylmethallylsilane,
diethyl-1-hexamethyleneiminomethylmethallylsilane,

1-hexamethyleneiminomethyldi-n-propylmethallylsilane,
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(Step a2): a step of polynerizing a nononer containing conjugated di ene
using the reaction product prepared in step al as a polynerization
initiator in a hydrocarbon solvent. <Method B> Method B includes step b
below. (Step bl): a step of copolynerizi ng nononers contai ni ng conj ugat ed
di ene and the conpound represented by Fornula (1) in a hydrocarbon sol vent
in the presence of an alkali netal catalyst. <Method C Method C incl udes

steps ¢l apd c2 below. (Step.cl): a st of polynerizing a nononer
cont ai ni ndj"?fBszc@é’teéam@fhéW@e'P‘H”éeW 'Q'B@Wesol vent in the presence of an

e A SRS AR PRI 2 | et cerl e o

based on tdth@anjU@akRethgiedsithino)-n-propylmethallylsilane,
3-(1-hexamethyleneimino)-n-propyldi-n-propylmethallylsilane,
1-heptamethyleneiminomethyldimethylmethallylsilane,
2-(1-heptamethyleneimino)ethyldimethylmethallylsilane,
3-(1-heptamethyleneimino)-n-propyldimethylimethallylsilane,
diethyl-1-heptamethyleneiminomethylmethallylsilane,
1-heptamethyleneiminomethyldi-n-propylmethallylsilane,
diethyl-2-(1-heptamethyleneimino)ethylmethallylsilane,
2-(1-heptamethyleneimino)ethyldi-n-propylmethallylsilane,
diethyl-3-(1-heptamethyleneimino)-n-propylmethallylsilane,
3-(1-heptamethyleneimino)-n-propyldi-n-propyimethallylsilane,
dimethyl-1-octamethyleneiminomethylmethallylsilane,
dimethyl-2-(1-octamethyleneimino)ethylmethallylsilane,
dimethyl-3-(1-octamethyleneimino)-n-propylmethallylsilane,
diethyi-1-octamethyleneiminomethylmethallylsilane,
1-octamethyleneiminomethyldi-n-propylmethallylsilane,
diethyl-2-(1-octamethyleneimino)ethylmethallylsilane,
2-(1-octamethyleneimino)ethyldi-n-propylmethallylsilane,
diethyl-3-(1-octamethyleneimino)-n-propylmethallyisilane,
3-(1-octamethyleneimino)-n-propyldi-n-propylmethallylsilane,
1-decamethyleneiminomethyldimethylmethallyisilane,
2-(1-decamethyleneimino)ethyldimethylmethallylsilane,
3-(1-decamethyleneimino)-n-propyldimethylmethallylsilane,
1-decamethyleneiminomethyldiethylmethallylsilane,
1-decamethyleneiminomethyldi-n-propylmethallylsilane,
2-(1-decamethyleneimino)ethyldiethylmethallylsilane,
2-(1-decamethyleneimino)ethyldi-n-propylmethallylsilane,

3-(1-decamethyleneimino)-n-propyldiethylmethallylsilane,
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(Step c2): a step of reacting a conpound represented by Formula (1) to the
pol ymer end having an alkali netal, the polynmer having been obtained in
step cl. As the nmononer in step a2 of method A, a conpound
represented by Fornula (1) nay be used, or another nononmer to be described
| ater may be used in addition to the conjugated di ene. Mreover, step a3
may be included for reacting the polyner end having an alkali netal, the
pol ymer h ng. bee btained in step a2, ., with the conpound represented by
For i o ( 15" Secafy 3 g EB Ry kM S0, op b1, Aot her
mononer 1 o1-8&dedametiyRAdiniAbREthIRIMAIGyIMEREIYISIaAEdI tion to the conj ugated

di ene and the conpound represented by Fornula (1). Myreover, step b2 may be
i ncl uded fa¢1-decamathyteheinpod)gigidinesthlylinathaligsimneal kal i nmetal , the pol yner
havi ng been obtained in step bl, with a conpound represented by Formul a
(1). 3-(1-qqdegampthylencimigo)meropydigtahyimathatdsiasa, a compound represent ed
by For nmul be used. or anaqther ner to be described | ater may be
used in a?dﬁgﬁ%rﬂ%@yﬁ?&'@BW%‘B&@@@“VBP%H%%”Q As the alkali netal

catal yst, BhdRlchmBRyRhaimiRsEaRlRi-AbkpyimdBiiglsispounds, conpl exes of an

al kali metal and a pol ar conpound, and oligoners having an al kali nmetal can
be cited. 2Ad-dduecahethlyienatind)ethlidictivimethaitybilang, pot assi um rubi dium and
cesium can be cited. Exanpl es of the organic alkali metal conpounds
i ncl ude et2h(ylrqqdpﬁaruﬁghyleneimino)ethyldl-n-propylmethalIyISIIane,

-1 0Dy i Bl il 5 QB SRY LAY oy By b AR G Ut y1 11 i um t-octyl ¢

3-(1-dodecamethyleneimino)-n-propyldi-n-propylmethallyisilane.

As the compound represented by Formula (1), compounds, in which R! is a
group represented by Formula (2), m = 2 and A is an acyclic amino group represented by
Formula (3), can be cited. Examples of the compounds include
bis(dialkylamino)alkylalkylvinylsilane,
bis(dialkylamino)alkyldialkylallylvinyisilane,
bis(dialkylamino)alkylalkyl-1-propenylsilane, and
bis(dialkylamino)alkylalkylisopropenylsilane. Specific compounds will be exemplified in
next and subsequent paragraphs.

(13) bis(dialkylamino)alkylalkylvinylsilane:
bis(dimethylamino)methylmethylvinylsilane,
bis(diethylamino)methylmethylvinylsilane,
bis(di-n-propylamino)methylmethylvinylsilane,
bis(dimethylamino)methylethylvinylsilane,
bis(diethylamino)methylethylvinylsilane,
bis(di-n-propylamino)methylethylvinylsilane,
2-bis(dimethylamino)ethylmethylvinylsilane,
2-bis(diethylamino)ethylmethylvinylsilane,
2-bis(di-n-propylamino)ethyimethylvinylsilane,
2-bis(dimethylamino)ethylethylvinylsilane,
2-bis(diethylamino)ethylethylvinylsilane,
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n-decyl l'i thi um phenyl |ithi um 2-naphthyl lithi um 2-butyl phenyl|lithium

4- phenyl butyl l'ithium cycl ohexyllithium 4-cyclopentyllithium

di et hyl am nopropyl |'i t hi um

di et hyl am nopropyl l'ithiumt-butyl di met hyl silyl oxypropyllithium

N- nmor phol i nopropyl it hium |ithi umhexanet hyl enei mi de, I'ithiunpyrrolidide,
|'ithiunpiperidide, l|ithiumheptanethyleneimde, |ithiundodecanethyl enei m de,
1,4-dilithio-2-butene, sodium paphthal eni de, sodi um bi phenylide and

pot assi umABH-RRrFYiaranolethyl ethylVindsiiang. conpl ex of an alkali metal and a

20 1 oo T im Sl iiagap coml or on

pot assi umdre I"ex e cited. As the ol igoner
havi ng an Rbik@idthyrhiab)-n-pespykiiBtedibylsifang; met hyl styrene tetramer can be

ment i oned.
3-bis(di-n-propylamino)-n-propylmethylvinylsilane,
3-bis(dimethylamino)-n-propylethylvinylsilane,
3-bis(diethylamino)-n-propylethylvinylsilane,
3-bis(di-n-propylamino)-n-propylethylvinylsilane.
(14) bis(dialkylamino)alkylalkylallylsilane:
bis(dimethylamino)methylmethylallylsilane,
bis(diethylamino)methylmethylallylsilane,
bis(di-n-propylamino)methylmethylallylsilane,
bis(dimethylamino)methylethylallylsilane,
bis(diethylamino)methylethylallylsilane,
bis(di-n-propylamino)methylethylallyisilane,
2-bis(dimethylamino)ethylmethylallylsilane,
2-bis(diethylamino)ethylmethylallylsilane,
2-bis(di-n-propylamino)ethylmethylallylsilane,
2-bis(dimethylamino)ethylethylallylsilane,
2-bis(diethylamino)ethylethylallylsilane,
2-bis(di-n-propylamino)ethylethylallylsilane,
3-bis(dimethylamino)-n-propylmethylallylsilane,
3-bis(diethylamino)-n-propylmethylallylsilane,
3-bis(di-n-propylamino)-n-propylmethylallylsilane,
3-bis(dimethylamino)-n-propylethylallylsilane,
3-bis(diethylamino)-n-propylethylallylsilane, and
3-bis(di-n-propylamino)-n-propylethylallylsilane.
(15) bis(dialkylamino)alkylalkyl-1-propenyisilane:
bis(dimethylamino)methylmethyl-1-propenylsilane,
bis(diethylamino)methylmethyl-1-propenylsilane,

bis(di-n-propylamino)methylmethyl-1-propenylsilane,
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The al kali netal catalyst is preferably an organic |ithium conpound or an
organi ¢ sodi um conpound, and nore preferably an organic |ithium conpound or
an organi ¢ sodi um conmpound having 2 to 20 carbon atons. The

hydr ocar bon sol vent used in the production nmethod is a solvent that does
not deactivate the organic alkali netal conpound catal yst, and aliphatic
hydr ocar bons, aromati c hydrocarbons, and alicyclic hydrocarbons can be

cited. Exanpl.es.of the ali ti.c hydrocarbons include propane, n-butane,

i sobut ane%ﬁq'ﬂgmym?g)ﬁ?gﬁgaﬁﬂﬂéqm @ngaﬂ%, propene, 1-butene, isobutene,

t rans- 2- byt emeihyBhinAmBHY RBRA-1 brdh Rikhe, 2- PENt ene, 1-hexene, and 2-hexene.
Exanpl es of the aromatic hydrocarbons i nclude benzene, tol uene, xylene, and
et hyl benz éisgdi-rEprapypbemoihetaliethy 1 -peogeydisiter@r bons i ncl ude cycl opent ane and

cycl ohexane. These sol vents may be used singly or in a conbination of two
or nore, ZrRisEivethylanbemthdnehyt-eipperdsiane. a mi xture of various conponents

such as industri.al hexane, T hydr ocar.bon solvent is preferably a

hydr ocar b%ﬁ"ﬂﬁk‘?ﬁw&@“?)SG‘ﬁ“%gﬁﬂ OB I,an?mre preferably an aliphatic

hydr ocar ben,Qgi-a [HoLehY L1ha¥bdRisAate® 12 carbon atons, and nost
preferably altgsltrgi&%b?s?at ufggfthgﬁ{h dr rc}g‘a'!r)%gn ﬁav’i ng 5 to 8 carbons. As
t he conj ugadigdinttteyiaminedhyilgthylieprapewasilene@duct i on met hods, 1, 3- but adi ene,

i soprene, 1, 3-pentadiene, 2,3-dinethrl-l,S-butadiene, and 1, 3- hexadi ene can
be cited. 2itidethyiasnae)ettuietiyd-1wpserenyisiteng; or in a conbination of two or

nore. The _conjugated diene is ferably. 1, 3-but adi ene or i soprene.

As the ot ﬁé}l&hbﬂ-aﬁpylaagrécﬁeghﬁlegﬁgg-gr%pf,ny%ia%d cl, an aromatic vinyl, a
vinyl nitrid:gq NS ca i: cid ester can be cited. As
the ar omatsi Béaeﬁ"ﬁ&ywégk”wﬁﬁ%w@%ﬂ¥'ﬁ'§? rksaP ée()lelér{%?g’vi nyl t ol uene,

vi nyl naphhmd(eiaehylahikdy vy bRepEeAey-1tigropenyilbes zene, and di vi nyl napht hal ene
can be cited. As the vinyl nitrile, acrylonitrile can be nentioned, and, as
t he unsat grtis(didn-peapylaryna)a-propdmettyei -propenizilanesr yl at e, et hyl acryl ate,

met hyl methacrylate, and eth t hacryl ate can be cited. Anmong them an
aromati c %ﬁﬂppé?eghﬁ?’ﬁ'f‘@“ﬁﬂ‘@%’\%%%qr?‘P E”f"%e’rmre preferabl e. The
pol ynmeri zatd: QR of t roduet | d y be carried out in the
presence gf&%ﬁ'eaéentlﬁé)oé B&@g'&ﬁgﬁ%ﬂéﬁgﬁﬁlﬁyﬁﬁgond content of the

conj ugat eqd-uiké(@ieptoplylamids)h-gropABthflgeBiopeayisitadgul ati ng the distribution of

the conjugated diene unit and the constitutional units based on nononers
ot her t hak1® tis(disiylaginogalkdalsylisoprapemdsileoej ugat ed di ene pol ymer chain

(hereinafter,. neral | ited as "regulators”). As the regulator, ether
corrpoundstb'sfct‘é'i“gﬁ‘é(%’/”' Wﬁ}?@yﬁm tﬁ@'sﬁﬂ??? RYH&"€onpounds can be cited. Exanpl es

of the et ggfdi&ﬂg{g@%ﬁg@?{gg@l}%gﬁisﬁﬁghé&,sqltangrs such as tetrahydrofuran,

t et rahydr opyran a at’i c nonoet hers such as diethyl ether

and di but wls(cﬁinhﬁbf)ylaﬂnid@b}ﬁéﬁgln@tmib@f@pa@@ﬂaﬁ@ et hyl ene gl ycol dimet hyl

et her, ethylene glycol diethyl ether, ethylene glycol dibutyl ether,

di et hyl enéis{diypethyladiiee)mgthyéathdispprapenydsilenéy | ene gl ycol di butyl ether; and
such as et her and ani sol e. Exanpl es of the

aromatic et her dj phenyl
tertiary Eﬁf‘ﬁ%t ylpmqﬁ),r@gthy‘eﬁy{l%r%ﬁrw@laqer,i propyl am ne, tributyl am ne,

N, NN, N I3 i A i ethylaniline, pyridine, and
qui nol i ne?’E@é’f?%ﬁ@@X"‘S?‘%?ﬁée‘ﬂg‘%?gﬁpﬂ%eé‘g‘ﬁ@%%nds i ncl ude trinmethyl phosphi ne,
triethyl pmei}ﬁ&hwﬁﬁﬂoﬂﬁmgﬂﬂylk%bﬂﬁ)@hwgiﬁméfheSe regul ators may be used
singly or in a conbination of two or nore. The pol yneri zation

t enper at uldis(diethynpod)ethwimeathylisopropemyisi@het he producti on nethod is
preferably 25 to 100C, and nore preferably 35 to 90C. It is nost preferably
50 to 80C2-PiHd-yBlopaminaethyimetisorrepeivisiar@bl y 10 ninutes to 5 hours.

In the prgduct.io f the.conjugated diene polymner, a coupling agent may be
added to ?%és(iﬂw?ﬁw'88%@8?%?1?8%’08?”%'?{%“8onj ugat ed di ene pol ynmer as
necessar y ofyiQaetnidnind et icplyiBR ¥ P&y \sfiahd, on of nononer using an al kal i
netal catalyst to term nation of polynerization. Exanples of the coupling
agent i ncRbiktdien-pappautich)etbplkeastisipechdnylsilane,
3-bis(dimethylamino)-n-propylmethylisopropenylsilane,

3-bis(diethylamino)-n-propylmethylisopropenylsilane,
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Formula (X) below. RlOanlL4 a(X) wherein Rl represents an al kyl group, an

al kenyl group, a cycl oal kenyl group or an aryl group, Mrepresents a
silicon atomor atin atom L represents a hal ogen atom or a hydrocar byl oxy
group, and a represents an integer of 0 to 2. Exanpl es of the
coupling agents represented by Fornula (X) include silicon tetrachl oride,
met hyl trichl orosil ane, dinmethyldichlorosilane, trinethylchlorosilane, tin
tetrachl orj de, . nmet hy| t orotin jchlorotin, trimethylchlorotin

t et r amet hox§/SEXRE r'rlgﬁg'th"lr“?rﬁ_%¥"ﬁ‘8§€9’gslrﬂ%g‘#§(‘léﬁg%ﬂehoxydi met hyl si | ane,
0ot howy AP DY ot ane-and
di et hoxydi3ehitidleshylaamieo)-n-propylethylisopropenylsilane, and
3-bis(di-n-propylamino)-n-propylethylisopropenylsilane.
As the compound represented by Formula (1), compounds, in which R' is the
group represented by Formula (2), m = 2 and A is a cyclic amino group represented by
Formula (3), can be cited. Examples of the compounds include
di(1-polymethyleneimino)alkylalkylvinylsilane,
di(1-polymethyleneimino)alkylalkylallylsilane,
di(1-polymethyleneimino)alkylalkyl-1-propenylsilane, and
di(1-polymethyleneimino)alkylalkylisopropenylsilane. Specific compounds will be
exemplified in next and subsequent paragraphs.
(17) di(1-polymethyleneimino)alkylalkylvinylsilane:
di(1-pyrrolidinyl)methylmethylvinyisilane,
2,2'-di(1-pyrrolidinyl)ethylmethylvinylsilane,
3,3'-di(1-pyrrolidinyl)-n-propylmethylvinylsilane,
2-di(1-pyrrolidinyl)ethylethylvinylsilane,
2-di(1-pyrrolidinyl)ethyl-n-propylvinylsilane,
3-di(1-pyrrolidinyl)-n-propylethylvinylsilane,
3-di(1-pyrrolidinyl)-n-propyl-n-propylvinylsilane,
di(1-piperidinylymethylmethylvinylsilane,
2,2'-di(1-piperidinyl)ethyimethylvinylsilane,
3,3"-di(1-piperidinyl)-n-propylmethylvinylsilane,
2-di(1-piperidinyl)ethylethylvinylsilane,
2-di(1-piperidinyl)ethyl-n-propylvinylsilane,
3-di(1-piperidinyl)-n-propylethylvinylsilane,
3-di(1-piperidinyl)-n-propyl-n-propylvinylsilane,
di(1-hexamethyleneimino)methylmethyivinyisilane,
2,2'-di(1-hexamethyleneimino)ethylmethylvinylsilane,

3,3'-di(1-hexamethyleneimino)-n-propylmethylvinylsilane,

36



In order to inprove the processability of the conjugated di ene polyner, the
anount of the coupling agent added is preferably not |ess than 0.03 nol per
nol of the alkali netal originating fromthe alkali netal catalyst, and
nore preferably not |less than 0.05 nol. Furthernore, in order to inprove
fuel econony, it is preferably not nore than 0.4 nol, and nore preferably
not nore than 0.3 nol. The conjugat ed di ene pol yner nmay be recovered

[ om e DU OE3ARaR AR, ey Rl o0, € ene polyrer by o know

'a method in which a coagulant is

added to tzhﬁmmé%meﬁﬁry#aﬁ@mﬁr%gathympR:fpym@lsm, ugated diene pol ymer or (2) a
met hod in which steamis added to thée hydrocarbon solution of the

conj ugat e8-dii1drezampethykeeimiid)e-popylathgvingistarene pol ymer t hus recovered nay
be dried by a known dryer such as a band dryer or an extrusion dryer.

( Conj ugat édfidihexampibyieheimindriperepylinoprppylvinylSilanghe conj ugat ed di ene pol ymer
of the pr t lnvention. e used in conj ugat ed di ene pol yner

conposi ti §ﬁ%§9pt3@ﬁ§\y%f‘ﬁ'8“g%§}aﬂgw tﬁylyn l?ﬁacpgnponent, an additive, etc.

t her ew thp o gj(1-hepthhe{fpleR8infifio) el fhadhyMihyidiahy mer conponent include
conventional styrene-butadi ene copol yner, polybutadi ene rubber,

but adi ene3j3sdipT-bastamopleyiantino)btipppyimetiydinyistx@erpl es further include

natural rubber, an ethyl ene-propyl ene copol yner, and an ethyl ene-octane
copol yner 2-ditheptameienejpiag)estylethdvipgsigier conponents may be used.

In the case.wherg another po r conmponent is conmbined with the conjugated
di ene pol ?%%P%F}?@‘Y r@g@ﬁp}q‘(@nﬁgm@&ﬂ\{mﬁwa%,der to i mprove fuel econony,
the amoung o eARLMIRSRiHhENE- gergﬁq- isilkR€ Present invention is

pr ef erablydﬁot Pess thﬁ%’ 1'0 gapf@y y \A\//el%ﬂt ‘and nore preferably not |ess

than 20 paddi(s-heptanitigidneieinoll@rapyl-b-prdpyiviisgate.of the total anount of
pol ymer conponents conbined (including the amount of conjugated di ene
pol ymer C()‘I%EﬁK.bgylymethyleneimino)alkylalkylallylsilane:

di(1-pyrrolidinylymethyimethylallylsilane,
2,2'-di(1-pyrrolidinyl)ethylmethylallylsilane,
3,3'-di(1-pyrrolidinyl)-n-propylmethylallylsilane,
2-di(1-pyrrolidinyl)ethylethylallylsilane,
2-di(1-pyrrolidinyl)ethyl-n-propylallylsilane,
3-di(1-pyrrolidinyl)-n-propylethylallylsilane,
3-di(1-pyrrolidinyl)-n-propyl-n-propylallylsilane,
di(1-piperidinyl)methylmethylallylsilane,
2,2'-di(1-piperidinyl)ethyimethylallylsilane,
3,3-di(1-piperidinyl)-n-propylmethylallylsilane,
2-di(1-piperidinyl)ethylethylallylsilane,
2-di(1-piperidinyl)ethyl-n-propylallylsilane,
3-di(1-piperidinyl)-n-propylethylallylsilane,
3-di(1-piperidinyl)-n-propyl-n-propylallylsilane,
di(1-hexamethyleneimino)methylmethylallylsilane,
2,2'-di(1-hexamethyleneimino)ethylmethylallylsilane,
3,3'-di(1-hexamethyleneimino)-n-propylmethylallyisilane,

2-di(1-hexamethyleneimino)ethylethylallylsilane,
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As the additive, a known additive may be used, and exanpl es thereof include
a vul cani zi ng agent such as sul fur or an organic peroxide; a vulcanizing
accel erator such as a thiazol e-based vul cani zi ng accel erator, a

t hi uram based vul cani zi ng accel erator, a sul fenam de-based vul cani zi ng
accel erator, a guani di ne-based vul cani zi ng accel erator; a vul cani zi ng
activator such as stearic acid or zinc oxide; a reinforcing agent such as
silica or ¢ on black: a filler such as cal cium carbonate, talc, alum na,
clay, alurfi®l %&ﬁ{‘ e giojgihyln- péc’pé'ﬁﬂgﬁ' "Coupl i ng agent; an extender oil;
a processi i cant . Exanpl es of the
sul fur i ncslq%dﬁh%g ered gﬁm?}jﬁmoﬁ%gﬂ,mwg% sul fur, colloidal sulfur,

i nsol ubl e it - wa,arrwﬂ'dlléhe@lhmd) -Speopyl-opropylafiylsilangéhe amount of sulfur to be
mxed is preferably 0.1 to 15 parts b wei ght relative to 100 parts by

wei ght of @(ﬁé’eptﬂwewmﬂ@m Y'mﬁﬁ‘ry@ )dﬁ'lﬂnér ably 0.3 to 10 parts by wei ght,

yet nore

f to.5. t Ex | f th
vul cani zat4 % %3%88%816593’(5‘?”%"3'85% Tﬁtﬁ%{vﬁg'lsgag%sed vul cani 22Fi gf] gccel :r ators
such as Zg@ragql ﬁgﬁ{&mé}{eﬁm{)ﬁ%ﬁgj %WIQ!M%@@ di sul fide, and

N-cycl ohexyl- zot hiazyl sul T t hruram based vul cani zati on

accel er at @r@(18h5ﬂfarﬁ§th?léhénﬁf@étwl‘eﬂhylunmrré,nosuI fide and tetramethylthiuram
di sul fide; sul fenam de-based vul cani zation accel erators such as
N-cycl ohe>2ch12hetpéam©thma@mlr@ethvléh@mpﬂ@lIylsﬂane

N-t - but yl |
N- oxygt %yl ‘H@ %IEFQ%O g{]ﬂarf’%ﬁ%fm'?ilg Isilgpgy and

N, N1-di i s%pglﬂp%%}:%?e BAGRL; m"ﬁ’ggﬁéw"ﬁgﬁ@#@ﬁs”w guani di ne- based

vul cani zati o tors suc guanldlne di ort hot ol yl guani di ne

and or t hot(od)\dihigguamdtiliesimihoRaligmynt -prbesgrflanesed is preferably 0.1 to 5
parts by weight, and nore preferably 0.2 to 3 parts by weight relative to

100 part s diy- weolgﬁnyl)metmmmwe‘aproammtan@f pol ymer conponents.

Exanpl es qf silica.i Si | anhydrous silicic acid), wet

silica (h%o% Riayg?llqlryl)gphgkn%r}ylﬂé%p ifi? él lica, precipitated silica,

cal ci um si I ?‘5%6 silicas may be used singly
in a cgn:i)eﬁ rré\f&ﬂ}yﬂ rir‘,\g? gylmr%}wy enéé specific surface area of the

SI | i ca i s2pdigtmiabdisyhiethyS0pisBétyisidhe BET specific surface area is

measured according to ASTM D1993-03. As a commerci al product, a trade nane
ULTRASI L \2?43@1@mwnﬂ)ﬁtwﬂwrbmlnsggmlsﬂam trade names VN3, AQ ER, and

RS- 150 ma ctu Toso Silica Co oratl on, trade nanes Zeosil 1115 MP
and 1165 ﬂﬂdpﬁﬁf‘%&wwﬁd ptoPeisTany e used. Exanpl es of

t he carbo such as EPC, MPC, and CC

f urnace cgrcﬁ ?fﬁlﬁlog&(}ﬁyl ?h&@?‘ﬂ%‘?épﬁﬁ‘gpﬁié Eklﬁf&{%MAF FEF, SRF, GPF, APE, FF,

CF, SCF, andplpehdinyihaetipimetay-hgiopdratilarsgich as FT and MI; acetyl ene carbon
bl ack; and graphite. These carbons may be used singly or in a conbination

of two or 2/0dil- Plpe“d'nW)em)émﬂth bgeapeadsitangt i on specific surface area (N2
SA) of the . ¢ on hl ac 5 ta 200 n2/g, and the dibutyl

pht hal at e%(%%‘f’i)pﬁﬁ%'f‘ﬂh‘ ¥I'€'B|%88?lylﬂ|a§8k is preferably 5 to 300

m_/ 100g. c surface area i s neasured

accordi ng“t “ZHWEQQS@‘Q%W r?g ezﬁggﬁﬁgl absorption is neasured according to

ASTM D2414-f3- p.w.dmyg@mﬁﬁ.gr@lﬂ pbﬂqjéﬁy|s||a@et rade nane DI ABLACK N339
manuf act ured by M tsubi shi Chem cal Corporation, trade nanes SEAST 6, SEAST

7HM and SENSPiparddinghut-propyletagl-bpropekysilaBer bon Co., Ltd., trade nanmes CK 3
and Speci aI Bl ack, 4A manuf actured by Degussa Inc., etc. may be used.
3-di(1-piperidinyl)-n-propyl-n-propyl-1- prope ylsilane,
di(1-hexamethyleneimino)methylmethyl-1-propenylsilane,
2,2'-di(1-hexamethyleneimino)ethylmethyl-1-propenyisilane,
3,3'-di(1-hexamethyleneimino)-n-propylmethyl-1-propenylsilane,
2-di(1-hexamethyleneimino)ethylethyl-1-propenylsilane,

2-di(1-hexamethyleneimino)ethyl-n-propyl-1-propenylsilane,
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When the conjugated diene polynmer is mxed with the reinforcing agent, the
anount of the reinforcing agent is preferably 10 to 150 parts by wei ght
relative to 100 parts by weight of the conjugated di ene polynmer. The
content is nore preferably not |l ess than 20 parts by weight, and yet nore
preferably not |l ess than 30 parts by weight, in order to inprove abrasion
resi stance and strength. And, it is nore preferably not nore than 120 parts

by wei ght, d yet nore preferabl ot .nore than 100 parts by weight, in
order to i3@@5@%@&%%%‘*@8‘%??fﬁ@ﬂ‘yﬁ'ﬂﬁf%ﬂyggﬂ%d di ene polyner is m xed

Wi th the raedinf Qdehih#siRithino]-R-pRIpIES-prdodi-I BRSRYGsidNe, f uel econony, the
£| [ 8a. Th no

reinforcing agent is preferably nt of silica added is

pr ef er abl Wi(ndteptaassthyldrasimbio) pethyismethyl-vprgdenylsidrat i ve to 100 parts by wei ght
of the total content of the reinforcing agent, and nore preferably not |ess
than 70 p#4-si(byepiamsitylermiminpletyinethyiepoprayigilaeeupl i ng agents i ncl ude

Vi nyItric@Ih r iihl a{%e . 1 i

Vinyl £ 11 eCHbR LT PR R e Pi e 8RR BRSPS Pre,

13-(3,4-e o - ' OX WS =0 | yci doxypropyl tri net hoxysi
| ane, y- m@ﬁlgcyﬁtﬁﬁ%*gﬁW’@%@?ﬁ%ﬁ%ﬁpﬁgﬁyg%e’

N- (13- am Redit1Rydprarsietagienaimiraathyimi-prepyloxysbbayisiane,

N- (13- am noet hyl ) - y- am nopr opyl net hyl di met hoxysi | ane,
3-di(1-heptamethyleneimino)-n-propylethyl-1-propenyisilane, and
3-di(1-heptamethyleneimino)-n-propyl-n-propyl-1-propenylsilane.
(20) di(1-polymethyleneimino)alkylalkylisopropenylsilane:
di(1-pyrrolidinyl)methylmethylisopropenylsilane,
2,2'-di(1-pyrrolidinyl)ethylmethylisopropenyisilane,
3,3"-di(1-pyrrolidinyl)-n-propylmethylisopropenylsilane,
2-di(1-pyrrolidinyl)ethylethylisopropenylsilane,
2-di(1-pyrrolidinyl)ethyl-n-propylisopropenylsilane,
3-di(1-pyrrolidinyl)-n-propylethylisopropenyisilane,
3-di(1-pyrrolidinyl)-n-propyl-n-propylisopropenylsilane,
di(1-piperidinyl)methylmethylisopropenylsilane,
2,2'-di(1-piperidinyl)ethylmethylisopropenylsilane,
3,3"-di(1-piperidinyl)-n-propylmethylisopropenylsilane,
2-di(1-piperidinyl)ethylethylisopropenylsilane,
2-di(1-piperidinyl)ethyl-n-propylisopropenylsilane,
3-di(1-piperidinyl)-n-propylethylisopropenylsilane,
3-di(1-piperidinyl)-n-propyl-n-propylisopropenylsilane,
di(1-hexamethyleneimino)methylmethylisopropenylsilane,
2,2'-di(1-hexamethyleneimino)ethylmethylisopropenylsilane,
3,3'-di(1-hexamethyleneimino)-n-propylmethylisopropenylsilane,
2-di(1-hexamethyleneimino)ethylethylisopropenylsilane,
2-di(1-hexamethyleneimino)ethyl-n-propylisopropenylsilane,

3-di(1-hexamethyleneimino)-n-propylethylisopropenylsilane,
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N- phenyl - y- am nopr opyl tri met hoxysi | ane, y-chl or opr opyl tri nmet hoxysi | ane,

y- mer capt opr opyl tri met hoxysi | ane, y- am nopropyl tri et hoxysi |l ane,

bi s(3-(triethoxysilyl)propyl)disulfide,bis(3-(triethoxysilyl)propyl)tetrasu
| fide, y-trinmethoxysilylpropyldinethylthiocarbanyltetrasulfide, and

y-trimet hoxysilyl propyl benzot hi azyl tetrasul fi de. These agents may be used
singly or in a conbination of two or nore. As a comercial product, trade

nanes Si 69 and S175 manufactured b ussa, Inc., K etc. may be used.
Waen t he @oﬁ’ﬂh@%ﬁ@@lfﬂﬁ"%}%‘“'ﬁ@r’yﬁﬁpyhpfﬂ%%?ﬁi’pwp@ﬁy'f'l?é‘em | ane coupl i ng agent,
t he contery] a{ﬁ‘?eﬁ% ’}ﬁm %Lg“ylﬂgthgﬁfdb}?ﬂeﬁy@ﬁa%feer ably 1 to 20 parts by

wei ght rela par Ica, nore preferably 2 to 15

parts by \QEZQif(ﬁvheM%?nelﬁWl&eﬂﬁxﬂi))@frﬁ}'bhé’thﬁlsbﬁroﬂ;@nmahé by wei ght.
Exanpl es of the extender oil include an aromatic mneral oil
(vi scosi t \3;3di(Iiheptapmtinieneimioe)-Gopymgtdisoop@uisilane.. 049), a napht heni c

mneral oil (V.G C value 0.850 to 0.899), d a paraffinic mneral oil
(V.G C. va&rdig hﬁpf%etbwebe'@meth%@vlﬁapmev/'?@ N&r omatic content of the

extender of i s SLABRL I SSRARoAtpfbatipight, and Tore prefer ably

| ess t han Ic content is neasured in
accor dance. cm1tﬁb&éméth§|enéxmﬁfobh%@pwéthﬁ@bp;@b@w@uaﬁé hod 346/92. Furthernore,

the aromatic conpound content (CA) of the extender oil is preferably not
| ess t han 320(19%bdpfamethyganeim@ognepropybneprogylespropenytsdaret ender oil may be

ggﬁgom tion byA'% %%Q%égkp%ggﬁéib@gﬁmj %ta'??g%%iﬂ’i%? ?Wg’%l%?%{ IS@th the
conj ugat e%rcﬂ] %&e@%t&%{/ Foffula (2), m = 3 and A is a substituted amino group represented
by Formula (3), can be cited. Examples of the compounds include
tri(dialkylamino)alkylvinylsilane, and
tri(1-polymethyleneimino)alkylvinylsilane.
(21) tri(dialkylamino)alkylvinylsilane:
tri(dimethylamino)methylvinylsilane,
tri(diethylamino)methylvinylsilane,
2,2'2"-tri({dimethylamino)ethylvinylsilane, and
2,2',2"-tri(diethylamino)ethylvinylsilane.
(22) tri(1-polymethyleneimino)alkylvinylsilane:
tri(1-pyrrolidinyl)methylvinylsilane,
tri(1-pyrrolidinyl)ethylvinylsilane,
2,2',2"-tri(1-pyrrolidinyl)methylvinylsilane, and
2,2',2"-tri(1-pyrrolidinyl)ethylvinylsilane.
As the compound represented by Formula (1), compounds in which m = 1, R'is
a group represented by Formula (2), R? is an alkylene group and R® is an alkyl group are
preferable, compounds in which m = 1, R' is a group represented by Formula (2), R?is

an alkylene group, R® is an alkyl group and A is a group represented by Formula (3) are

more preferable, and (dialkylamino)alkyldialkylvinylsilane and
1-polymethyleneiminoalkyldialkylvinylsilane are yet more preferable. As
(dialkylamino)alkyldialkylvinylsilane, dimethyl(dimethylaminomethyl)vinylsilane is

40



known met hod such as a nethod, for exanple, in which the conponents are
kneaded by neans of a known m xer such as a roll or Banbury m xer can be
used. Wth regard to kneadi ng conditions, when an additive other

t han the vul cani zi ng agent or the vul cani zing accel erator is mxed, the
kneadi ng tenperature is usually 50C to 200C and preferably 80C to 190C, and
the kneading tinme is preferably 30 seconds to 30 m nutes and nore

preferably 1 mnute to 30, m nutes. Wien the v ani.zin ent or the

DUl cant 21 HICERE er at or 1% "t xed ¢ he. Kidai iy IEERAARERRAHUEIT) nor
nor e than JgQ@fayI- ApPeRdiffIRERYMAYIHHE it prRELsiur e to 80C. A conposition in
whi ch a vul cani zi ng agent of a“vul cani zing accelerator is mxed is usually
used after carrgsng othe a vuobmpourziat i onepresaiteent shych asFgmats 1M,

vul cani zation. The vul cani zation tenperature is preferably 120C to 200C,
and nore preelepathyipnaimieatkyldipgtylyinylsilane is ppriculzgn plriereb§- di ene pol yner
conposi tion of }pe qor%ge?t | nventi onbhasd exg}el | ent abr asi on rgsigst ance. The
conj ugat ed di ent pETYHEPT 8 SHPOGIT B PREE FoBF UL LBRIERT GhEY ERIRY'F ent
grip propefjihgse conjugated diéts E&ﬂh&%n@hﬁ@%r@%ﬁlﬁot RBS tHdn. 6P NinHBAY ed

di ene pol yner conposition of the present Invention are used for tires, shoe
sol es, fl @olynmey peatuaitivadight ofithe ablyater,pmoef preeratsly et &ss,than ©.Q02amecholige used

particularly suitably for tires. EXAMPLES Hereinafter, the present
i nvent i on PalyMerbendefusthainte nogferablyeretnigss thane-80p nusol/gppgiynealin BFdsidet i es

were eval ue% aer(ljcet%et Qt()aragigrl'nlrg)s’\lﬁstg cerTEt/t\]rg)dq Slf islbrelygrgglsyno Inﬁgr%slhta% 6.I¥Ilm%n%_llg )
polymer, more preferably not more than 0.07 mmol/g polymer, and yet more preferably
not more than 0.05 mmol/g polymer.

In order to increase the strength, the conjugated diene polymer has preferably a
monomer unit based on an aromatic vinyl monomer. The content of the aromatic vinyl
unit is preferably not less than 10% by weight (the conjugated diene unit content is not
more than 90% by weight) relative to 100% by weight of the total amount of the
conjugated diene unit and the aromatic vinyl unit, and more preferably not less than 15%
by weight (the conjugated diene unit content is not more than 85% by weight).
Moreover, in order to increase the fuel economy, the content of the aromatic vinyl unit is
preferably not more than 50% by weight (the conjugated diene content is not less than
50% by weight), and more preferably not more than 45% by weight (the conjugated
diene content is not less than 55% by weight).

The vinyl bond content (proportion of conjugated diene-based 1,2-addition
constitutional unit) of the conjugated diene polymer is preferably not more than 80% by
mol relative to 100% by mol of the conjugated diene content, and more preferably not
more than 70% by mol, in order to improve the fuel economy. Moreover, it is preferably
not less than 10% by mol, more preferably not less than 15% by mol, furthermore
preferably not less than 20% by mol, and particularly preferably not less than 40% by
mol, in order to improve grip properties. The vinyl bond content can be determined by
IR spectroscopy from the absorption intensity at around 910 cm™, which is an absorption

peak of a vinyl group.
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The Mboney viscosity of a polyner was neasured at 100C according to JIS
K6300 (1994). 2. Vinyl bond content (unit: % by nol) The vinyl bond
content of a polynmer was determ ned fromthe absorption intensity at around
910 cm 1 by IR spectroscopy, which is an absorption peak of a vinyl group.
3. Styrene Unit Content (units: % by weight) The styrene unit content of a
pol ymer was determ ned fromrefractive index according to JI'S K6383

1995). 4. Mol ecul ar weight distribution (Mv .
( ) he Mooney viscosity (ML144) o} the cogjugatlc\e/g)diene polymer is preferably not

less than 10, and more preferably not less than 20, in order to increase the strength.
Moreover, it is preferably not more than 200, and more preferably not more than 150, in
order to improve the processability. The Mooney viscosity (MLi.4) is measured at
100°C according to JIS K6300 (1994).

The molecular weight distribution of the conjugated diene polymer is preferably
from 1 to 5, and more preferably from 1 to 3, in order to improve the fuel economy. The
molecular weight distribution is obtained by measuring the number average molecular
weight (Mn) and the weight average molecular weight (Mw) by gel permeation

chromatography (GPC) and dividing Mw by Mn.

(Method for producing conjugated diene polymer)

A favorable method for producing the conjugated diene polymer of the present
invention is a method of polymerizing monomers containing conjugated diene and the
compound represented by Formula (1) in the presence of an alkali metal catalyst in a
hydrocarbon solvent. For example, method A, method B and method C below can be
cited.
<Method A>

Method A includes steps a1 and a2 below.

(Step a1): a step of contacting an alkali metal catalyst with a compound represented by
Formula (1) in a hydrocarbon solvent to prepare a reaction product of the alkali metal
catalyst and the compound,

(Step a2): a step of polymerizing a monomer containing conjugated diene using the
reaction product prepared in step a1 as a polymerization initiator in a hydrocarbon
solvent.

<Method B>

Method B includes step b1 below.

(Step b1): a step of copolymerizing monomers containing conjugated diene and the
compound represented by Formula (1) in a hydrocarbon solvent in the presence of an

alkali metal catalyst.
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Wi ght - aver age nol ecul ar wei ght (My) and nunber-average nol ecul ar wei ght
(Mn) were neasured by a gel perneation chromatograph (GPC) net hod under
conditions (1) to (8) below, and the nol ecul ar weight distribution (Mv M)
of the polymer was determned. (1) Instrument: HLC 8220 manufactured by
Tosoh Corporation (2) Separation colum: HVWH (2 colums in tandem
manuf act ured by Tosoh Corporation (3) Measurenent tenperature: 40C (4)
Carrier: tetrahydrofuran (5) Flowrate: 0.6 nnn (6) Arount injected:
51AL (7) ?f@egé? differential refractoneter

Method C includes steps ¢1 and c2 below.

(Step c1): a step of polymerizing a monomer containing conjugated diene in a
hydrocarbon solvent in the presence of an alkali metal catalyst to give a polymer having
an alkali metal derived from the catalyst at least at one end of a polymer chain having a
monomer unit based on the conjugated diene,

(Step c2): a step of reacting a compound represented by Formula (1) to the polymer end
having an alkali metal, the polymer having been obtained in step c1.

As the monomer in step a2 of method A, a compound represented by Formula
(1) may be used, or another monomer to be described later may be used in addition to
the conjugated diene. Moreover, step a3 may be included for reacting the polymer end
having an alkali metal, the polymer having been obtained in step a2, with the compound
represented by Formula (1).

In method B, as the monomer in step b1, another monomer to be described later
may be used in addition to the conjugated diene and the compound represented by
Formula (1). Moreover, step b2 may be included for reacting the polymer end having
an alkali metal, the polymer having been obtained in step. b1, with a compound
represented by Formula (1).

In method C, as the monomer in step ¢1, a compound represented by Formula
(1) may be used, or another monomer to be described later may be used in addition to
the conjugated diene.

As the alkali metal catalyst, alkali metals, organic alkali metal compounds,
complexes of an alkali metal and a polar compound, and oligomers having an alkali
metal can be cited.

As the alkali metal, lithium, sodium, potassium, rubidium, and cesium can be
cited.

Examples of the organic alkali metal compounds include ethyllithium,
n-propyllithium, isopropyilithium, n-butyllithium, sec-butyllithium, t-octyllithium,
n-decyllithium, phenyllithium, 2-naphthyllithium, 2-butylphenyllithium,
4-phenylbutyllithium, cyclohexyllithium, 4-cyclopentyllithium, dimethylaminopropyllithium,
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(8) Mol ecular wei ght standard: standard pol ystyrene 5. Abrasion resistance
(unit: ng/ 1000 rotation) A vul cani zed nol ded body in a ring shape
was used as a test piece, and an abrasion anmount of 500 rotations to 1,500
rotations, an abrasion amount of 1,500 rotations to 2,500 rotations, and an
abrasi on amount of 2,500 rotations to 3,500 rotations were neasured using
Akron Abrasion Tester (Ueshima Sei sakusho Co., Ltd.) under the condition of

a load of 10 pounds and a test piece rotation nunper of 300 r .and the
aver age th@%&'@m}mr%ﬂ@wat ed. The smaller tﬁibg%f‘%tg}'ls'g'?f’é‘y%’g’g{/'&%'%e
abrasi on rgsj i econ t 14 p- shaped: Lece
havi ng a wﬁ%ﬁb@ﬁgp%’?ylgﬁm’and amﬂé%]teﬁarg? thﬁ@“ﬁ%ﬂﬁs stgﬁtggmh? p‘%@%m a
sheet - shapgsiumplpeaaidged muhdinit@gpntbtisatbiriae, t estitmgndddeeaetylehaingedst
(tan8 (70C)) at 70C of the test piece was nmeasured using a viscoel astoneter
(Ueshi ma Sk#shlithisReoutne, sediuy oapkihaleoidei tsogim oblpaefydlg%ti ANGf PARSHWE a
frequency of lhO Hz, The smaller this value, the better the fuel econony.
Exanpl e 1 napht alenidep 20 | ter capacity stainless steel polynerization

reactior was m’aﬁgedthedri:%\gol??n%ff | phega tgule 1Y dHdt " ?ge oIanSUQ:%@%BGHJ,l y the

vessel was charged wth kg of I ndustri exane (dehsity: 0 Kg/ nB),

608 g of %&aé%ﬂh@@@t@ﬁ?dro&% GoRblext M tasGiut¥digthogfethaier abiyidleaf carameand
4.00 m of ethylene glycol diethyl ether. Subsequently, the vessel was

charged widited12. 70 nmol of di methyl-1-piperidinyl nethylvinylsilane and
rl;la(S:tg i (r)ranD l,\,agf Stn ég kl%(l?lgglognglr Hgiﬁs ag1 aﬂéﬁ%e%&?sg |l|1r}11tsiaﬁrc]>f g—rr]r(wjetﬁyl C)rle g?étirazrﬁéri on
can be mentioned.

The alkali metal catalyst is preferably an organic lithium compound or an organic
sodium compound, and more preferably an organic lithium compound or an organic
sodium compound having 2 to 20 carbon atoms.

The hydrocarbon solvent used in the production method is a solvent that does
not deactivate the organic alkali metal compound catalyst, and aliphatic hydrocarbons,
aromatic hydrocarbons, and alicyclic hydrocarbons can be cited. Examples of the
aliphatic hydrocarbons include propane, n-butane, isobutane, n-pentane, isopentane,
n-hexane, propene, 1-butene, isobutene, trans-2-butene, cis-2-butene, 1-pentene,
2-pentene, 1-hexene, and 2-hexene. Examples of the aromatic hydrocarbons include
benzene, toluene, xylene, and ethylbenzene. Examples of alicyclic hydrocarbons
include cyclopentane and cyclohexane. These solvents may be used singly or in a
combination of two or more, and the hydrocarbon solvent may be a mixture of various
components such as industrial hexane. The hydrocarbon solvent is preferably a
hydrocarbon having 2 to 12 carbon atoms, more preferably an aliphatic hydrocarbon or a
cyclohydrocarbon having 2 to 12 carbon atoms, and most preferably a strait saturated
hydrocarbon having 5 to 8 carbons.

As the conjugated diene used in the above production methods, 1,3-butadiene,
isoprene, 1,3-pentadiene, 2,3-dimethyl-1,3-butadiene, and 1,3-hexadiene can be cited.

These dienes may be used singly or in a combination of two or more. The conjugated

diene is preferably 1,3-butadiene or isoprene.

44



Copol yneri zation of 1, 3-butadi ene, styrene and di net hyl-1-pi peridinyl

nmet hyl vi nyl sil ane was carried out for 3.0 hours at a stirring speed of 130
rpmand the interior tenperature of the polynerization reaction vessel of
65C, while continuously supplying the nononers to the polynerization
reactor. The anount of 1, 3-butadi ene supplied was 912 g, and the anmount of
styrene supplied was 288 g in the whole polynmerization reaction.

Subsequent |y, bt ai ned pol rizati feactjon sol ut.ion of a
hexane sol ut i ongﬁg ?‘ Qnﬁm%'p #J%fSt?\%st g:})ol '\"/ég adoed ;ﬁd"’{yhea vily

pol ymeri zajgien aﬁ@%ﬁhr&@tﬁﬁb&”ch%x%sa@& bEfefdah Ok @te&ur/&@ﬂ’fe grofidiic vinyl, To
t he pol ymerization reaction sol ution were added 2 g of

2-tert - butspyrese, ( 3- t-endthyisiyrghe,2- hyudylt:o(uert?& net\}rrryyldwhm]bhe4 meliviryllijEnzayé,
acrylate (trade nanme: Sumli zer manuf act ur ed b¥ Sum tono Chem cal Co.

Ltd.), andf'Bnléb%j‘ZSFe PRIk @wnyﬂﬂwhtwenq 68N &Riclied- | A% led\ampuaew&néwe(t r ade

. S I f
SubsequontP) LSRRI, 6 CishU Fekitien st 810 Rber cvapbgbhde 2t oom
tenper at Urnfige, r%éthIQPMFaﬁ]a@r‘}%’te féHdté}ﬁ\}l rﬁéthﬁ lRdedn NaekdN HmARHER! ah2
hours, thus ‘giving a polymer. The results of evaluation of the polymer are

gi ven i n Eatrhaticlvinyl is preferdbll) apdistyserityis weirg iptefedablehe pol ymer thus obt ai ned,
78.4 parts by weight of silica (trade nane: Utrasil VN3-G nanufactured by
Degussa, Inc.),TH® nO'pJ'éJﬁt'éat'l@p aﬁ@q gﬁth%produgtqnaﬁ@tf@éumy R Ce’f’@@?ﬁ opt inathe narre:

51 69, f b | k
L P are mamsSenrh B o R RuAtE b B Bal R ety S Sudted e Rat) 2
47.6 part%nagervaw ggs@nt%r u%ﬁgqﬁ&rdgghéut.shrmﬁelrtgﬂru aeédlé&Qme RRLACKYr ed by

Kyodo Seki parts by we an anti ox (trade nanme: Antigene

3C, nmanuf aohstitetibnbly ubliridaes® dEr'leniarmierQOOthed_mhn) the? cpa;ugstebydme ght thef
stearic acid, 2 parts by weight of zinc oxide, 1 part by weight of a
vul cani zi @gmag%t@ﬂ glieneopolymerachaim dreseinglisei aeneral, citpdnas Hegunteom by ASuiiet ono

. © Soiatlats; Sk sPaBRiidsy ST ehhcaine camPOids Sar hSisikd FO%
wei ght  of E@c ?és( b ﬁgeﬂﬁf‘%&nﬁ}b@ﬂeg |N3Iﬂ prb:;’f:lﬂzcle’t”e?éj s'a h gécmtraﬁy&%man,

Chem cal trlal and ts by weight of ur were

kneaded byetmampprfanaﬂ@dn@xdﬂbaahmnblmbﬁbepm@paerueh aasr diber etheraadidibyl. The
r ubber conP05| tion thus obtained was nol ded into a sheet using 6-inch
rolls, ané hehea@h@@ digkhersysiahaas etbileng diveat ﬁmyﬂaﬂ etheoccthdeneglyaelrrietey, t hus

or opert | B, SRAS R SR Pul Sihe bt b it e o feRitge el
S 11ter CaRAR bihoh Pl A AR ECLoRak YEREhARtIP AN SHELR! easmbRs BFtle

dried, ed Wt ry nitrogen. sequent | e reactor was charged
with 2.55tdtiargf i adhisdsr | alindigdeane {ridehyiintiie, 68Qr|;Kgb)"T8|)1mel37 gibafylamine,

1, 3-butadi ene, 43 g of styrene, 1.52 ml of tetrahydrofuran and 1.12 m of
et hyl ene BLN.&GN tﬁtr@mﬂhylethﬁ@ediesuﬁbsequéhﬂiewlatnﬁ@eveswlmanmnd h&ug@ineyi t h
8.70 mol _of d

SRR Ay R B R SRR W N e
started. and tnphenylphosphme. These regulators may be used singly or in a combination of
two or more.
The polymerization temperature in the polymerization step of the production
method is preferably 25 to 100°C, and more preferably 35 to 80°C. It is most preferably
50 to 80°C. The polymerization time is preferably 10 minutes to 5 hours.
In the production of the conjugated diene polymer, a coupling agent may be
added to the hydrocarbon solution of the conjugated diene polymer as necessary from
initiation of polymerization of monomer using an alkali metal catalyst to termination of

polymerization. Examples of the coupling agent include a compound represented by
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While setting the stirring rate to be 130 rpmand the interior tenperature
of the polynerization reaction vessel to be 65C, nononers were continuously
fed into the polynerization reaction vessel, and the 1, 3-butadi ene, styrene
and di met hy1- 1- pi peri di nyl met hyl vi nyl si | ane were copolinerized for 2.5
hours. The anount of 1,3-butadiene fed in the whole polynerization reaction
was 205 g, and the amount of styrene fed was 65 g. The pol yneri zation
conversion_ratio s,_approxi mately 100% To the polynerization
reaction socfrﬁ‘f‘lao(ﬁ( l8%added 10 m  of a hexane sol ution containing 0.20
met hanol, and tRe gp) ymerigation reaction solution was stirred for a
further 5 mnute. (To t he pol yneri zation reaction solution thus

obt ai ned wetieeiad’i®ckptes8nty avfalkyl group, an alkenyi group, a cycloalkenyl group or an aryl
2-tert-butyl-6-(3-tert-butyl -2-hydroxy-5-nmethyl benzyl) - 4- met hyl phenyl

acryl ate (dreurieM fepresentti @i silicearatagy ormatinfadenul sePB§e e @ hYPLTCAOM eaf Co. ,
Ltd.), an . 9 f .

pent aer yt ﬂ?yg{%?ﬁﬁ’é{[‘)’ﬁ%ﬁf"é’(’s@’?da%F’Sﬂr‘?ﬁﬁ”&p%'ﬁfe@ﬁé?feg t(°t2r adenane: Sum | i zer TP- D,
manuf act ured by )?}HT% o SHaIM | il

pol ymeri zati on Irzeactliééc))gpgﬁgﬂpgﬁévsggmgv'lae%g%sg?tggﬁtspr oorln toé)rryg&g?usrngo?or 24
hour s and,tefrashidniee nonethyldichletbsilage r dwathildiviadrositef arimbthylblorssilbhels tigi vi ng
a polymer. The results of evaluation of the polyner are given in Table 1.

100 part s teijachidright of meldylihipietin, t hus dibethyldiedlorofis, 4 patrimetiychigspiyht of
silica (trade me: U trasil VN3-G. mgnufactured by ssa,. lnc 6.4
parts by \kg[f'?jﬂ%}ﬁ%’fysﬁar?r | ane cgggmx%ﬁﬁ%éﬁﬁ"a(‘?’r ade naﬁ%%%@eﬂy%?%tured
by Deguss : ; arts by i q on bl aclg; : ;

DI ABLACK ﬁg%tgﬂﬁlgﬁvgg%gé?ﬁr ed by sffRbeBlsigion P! &k 'S.(%ﬂﬁ@%?'? FoTane: by

wei ght of daheytiardesiand, téirdanexysine, eiyilrithoxpsing 2ot distitbXyyietiyiziane.
Sekiyu), 1.5 parts by weight of an antioxidant (trade name: Antigene 3C,
manuf act ur ed bylnSyder nim@heerithe lpraagssatlility of the coajugated\diorg galymef. tSeeari c

ccel er at Gt S e Rind soRhF1eR8LS PraraPRinet Réa Wy St Be BulATbAl "o
D, ahu aci ) AP B e o (R BT AbaRE iathole (IR AR BN

wax (trad®.omme. Bunisrmold, inmarel acitipr@@ fos doaadrny, it pkeder@bigmiot alord thelist ri al
Co., Ltd.), and 1.4 parts by weight of sulfur were kneaded by neans of a
Labo Pl astOdhinpl, and mereprefesally ook thamA.3 Mple conposi tion thus obtai ned was

nol ded into a sheet usi -inch rolls, and the shee s,_vul.cani zed by
neating at 160cHEsenEgeli it ey BAKPE FeeV AR IS L DRSS R ER L 1 s
of eval uaiy &%jupaédwmq@fapmavﬁ?re%vér%qéfmopé\mhzza%gf&@gﬁwp@f f1ygi ven
in Table I. nparative a e I

a method in which a coagulant is added to the hydrocarbon solution of the conjugated

diene polymer or (2) a method in which steam is added to the hydrocarbon solution of

the conjugated diene polymer. The conjugated diene polymer thus recovered may be

dried by a known dryer such as a band dryer or an extrusion dryer.

(Conjugated diene polymer composition)

The conjugated diene polymer of the present invention may be used in a
conjugated diene polymer composition by combining another polymer component, an
additive, etc. therewith.

Examples of said other polymer component include conventional
styrene-butadiene copolymer, polybutadiene rubber, butadiene-isoprene copolymer,

butyl rubber. Examples further include natural rubber, an ethylene-propylene copolymer,
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A 20L stainless steel polynerization reactor was washed, dried, and flushed
with dry nitrogen. Subsequently, the reactor was charged with 10.2 kg of

i ndustrial hexane (density: 680 Kg/nB), 547 g of 1, 3-butadiene, 173 g of
styrene, 6.07 m of tetrahydrofuran and 4.00 m of ethylene glycol diethyl
et her. Subsequently, the reactor was charged with 14.46 nmol of
n-butyllithiumas a n-hexane solution and a pol ynerization reaction was
started. At a stirring speed of 130 rpm and a pol ynerizati on reactor
i nternal te@AFASY aﬂhuleee@ptaeg@op%m@ﬁe@w B0 fitPieh LS UBe ;P0¥‘I/€tfr|q<i>fft9<>ﬂﬁrés

pol yneri zat i qn ctor, and the 1, 3-butadiene and styrene were

co- pol yrrerma)'q%? "3 hours The am)unt of 1, 3-butadi ene supplied was 821 g,
and the amount lﬁfthééé@eexﬁﬁerélé%ﬂhbﬁﬂol 8r @omibdhehiis tdBmbMeal vatPRk BR ﬁbét@&' 0“
reaction. he pol ynerization reaction solution was added 10

of a hexatd@nsqio(ymemrmf tt@rnrasemt inyeftiorh imbrdef torimp fuwa dliel @edndring ttp@bmnemndatl on
reaction solution was stirred for additional 5 m nutes. t he

pol yner i z&pnibgatee diene Grlyswr gi themresensinyention ﬁfeawéa*éb'aaa@esqsthendo@ﬁrts by

ol ui 2“5*? ot A e ey, ot e a2 S BY Rl e T s AR o,

Ltd. ), anghefhofh lengpntp&mfﬁ?éftclaﬁilpgﬁéﬁ@t&ﬁﬁin% Ity Itﬁ@hﬂeu@mf%@h?gte&t rade

name: Sumliz actu Sum tono Chein cal
Subsequentieyetpbiynzecymemnednt i on reaction sol uti on was evaporated at room
tenperature for 24 hours and, furthernore, dried under vacuum at 55C for 12
hours thus gl viAsgthe %ddltlym knowmadcbtyelm@y gt usathland Examples t'ﬂf?f@Ofﬂbq:'Wﬁa? are
given in T

b ht f th | b d,
76. 4 part ﬁfﬁmw gEnt ok 6 Ot or SR By 2 oaDREBEe R AL ed by
Degussa, ?% thiaz8 %a@%ﬁlc%m‘ﬁ\&'agg@?@ Oé,aa ﬁildrgl'?leo%@li%lc@ﬁlzﬁ\g%kel(a%art&d name.

Si 69, manu acture ussa arts by wel ght car ack

(trade nag@lfenBhiid-pésedNIFinizrnadcariatoe d dl)énM:ﬁéb&BeﬂNul@h&ﬁﬂg:@dce@@ditbr ),

47.6 parts by weight of an extender oil (trade nanme: X-140, manufactured by
Kyodo SekpRyujcanizing aeiivator Bychwes gieariefacignorazing @wd@mte'ofprcawea@mﬁéucmﬁsu gene
3C, manuf agct ured Chem cal rts ht of
stearic acle? 05201555&1 g %”F%WCB@S??H&%W@@@% il By Raeghel G

vul cani zi r r € f y t ono
Chem cal @gj raﬁﬁgﬁ )ﬁ‘ﬂc% aaglga%% ﬁ%qﬁ%t ’a vuﬁégcri\%?ﬁggﬁg%&glrngt%?u?}t‘rade
name: SoXamxidant; rmalaﬂa@idahed by Sumtom) Chem cal Co., Ltd.), 1.5 parts by

wei ght of a wax (trade name: Sunnoc N, manufactured by Quchi Shinko
Cheni cal | ndustExaaiplesoof thet sulfur iagledel pawgeried ssubiyr, wesegiRtated selfur wellaigal e

e BRI AR L b Pl TR SRR ™
s o PR o gt S BERS 108 el 6P A ey 1o
properti e&rﬁ;ﬁoﬁé’r\ﬁ nvore @reTeZd GBESY 0 paks By weilht, lyetTmbieepreferably 0.5 to 5 parts

by weight.

Examples of the vulcanization accelerator include thiazole-based vulcanization
accelerators such as 2-mercaptobenzothiazole, dibenzothiazyl disulfide, and
N-cyclohexyl-2-benzothiazylsulfenamide; thiuram-based vulcanization accelerators such
as tetramethylthiuram monosulfide and tetramethylthiuram disulfide; sulfenamide-based
vulcanization accelerators such as  N-cyclohexyl-2-benzothiazolesulfenamide,
N-t-butyl-2-benzothiazolesulfenamide, N-oxyethylene-2-benzothiazolesulfenamide, and
N,N-diisopropyl-2-benzothiazolesulfenamide; and guanidine-based vulcanization

accelerators such as diphenylguanidine, diorthotolylguanidine and orthotolylbiguanidine.

The amount thereof used is preferably 0.1 to 5 parts by weight, and more preferably 0.2
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1. Table 1 Exanpl e 1 Exanpl e

to 3 parts by weight relative to 100 parts by weight of the total amount of polymer
components.

Examples of the silica include dry silica (anhydrous silicic acid), wet silica
(hydrated silicic acid), colloidal silica, precipitated silica, calcium silicate, and aluminum
silicate. These silicas may be used singly or in a combination of two or more. The
BET specific surface area of the silica is preferably 50 to 250 m%g. The BET specific
surface area is measured according to ASTM D1993-03. As a commercial product, a
trade name ULTRASIL VN3-G manufactured by Degussa, Inc., trade names VN3, AQ,
ER, and RS-150 manufactured by Tosoh Silica Corporation, trade names Zeosil 1115 MP
and 1165 MP manufactured by Rhodia, etc. may be used.

Examples of the carbon black include channel carbon black such as EPC, MPC,
and CC; furnace carbon black such as SAF, ISAF, HAF, MAF, FEF, SRF, GPF, APF, FF,
CF, SCF, and ECF; thermal carbon black such as FT and MT; acetylene carbon black;
and graphite. These carbons may be used singly or in a combination of two or more.

The nitrogen adsorption specific surface area (N2 SA) of the carbon black is
preferably 5 to 200 m?g, and the dibutyl phthalate (DBP) absorption of the carbon black
is preferably 5 to 300 mL/100g. The nitrogen adsorption specific surface area is
measured according to ASTM D4820-93, and the DBP absorption is measured
according to ASTM D2414-93. As a commercial product, a trade name DIABLACK
N339 manufactured by Mitsubishi Chemical Corporation, trade names SEAST 6, SEAST
7HM, and SEAST KH manufactured by Tokai Carbon Co., Ltd., trade names CK 3 and
Special Black 4A manufactured by Degussa, Inc., etc. may be used.

When the conjugated diene polymer is mixed with the reinforcing agent, the
amount of the reinforcing agent is preferably 10 to 150 parts by weight relative to 100
parts by weight of the conjugated diene polymer. The content is more preferably not
less than 20 parts by weight, and yet more preferably not less than 30 parts by weight, in
order to improve abrasion resistance and strength. And, it is more preferably not more
than 120 parts by weight, and yet more preferably not more than 100 parts by weight, in
order to improve reinforcement.

When the conjugated diene polymer is mixed with the reinforcing agent, in order
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2 Conp. Exam 1 Mooney viscosity - 36 51 39

to improve the fuel economy, the reinforcing agent is preferably silica. The amount of
silica added is preferably not less than 50 parts by weight relative to 100 parts by weight
of the total content of the reinforcing agent, and more preferably not less than 70 parts by
weight.

Examples of the silane coupling agents include vinyltrichlorosilane,
vinyltriethoxysilane, vinyltris(B-methoxyethoxy)silane,
p3-(3,4-epoxycyclohexyl)ethyltrimethoxysilane, v-glycidoxypropyltrimethoxysilane,
y-methacryloxypropyltrimethoxysilane, N-(B-aminoethyl)-y-aminopropyltrimethoxysilane,

N-(B-aminoethyl)-y-aminopropylmethyldimethoxysilane,

N-phenyl-y-aminopropyltrimethoxysilane, y-chloropropyltrimethoxysilane,
y-mercaptopropyltrimethoxysilane, y-aminopropyltriethoxysilane,
bis(3-(triethoxysilyl)propyl)disulfide, bis(3-(triethoxysilyl)propyl)tetrasulfide,
y-trimethoxysilylpropyldimethylthiocarbamyltetrasulfide, and

y-trimethoxysilylpropylbenzothiazyltetrasulfide. These agents may be used singly or in
a combination of two or more. As a commercial product, trade names Si69 and Si75
manufactured by Degussa, Inc., etc. may be used.

When the conjugated diene polymer is mixed with the silane coupling agent, the
content of the silane coupling agent is preferably 1 to 20 parts by weight relative to 100
parts by weight of silica, more preferably 2 to 15 parts by weight, yet more preferably 5 to
10 parts by weight.

Examples of the extender oil include an aromatic mineral oil (viscosity-gravity
constant (V.G.C. value) 0.900 to 1.049), a naphthenic mineral oil (V.G.C. value 0.850 to
0.899), and a paraffinic mineral oil (V.G.C. value 0.790 to 0.849). The polycyclic
aromatic content of the extender oil is preferably less than 3 % by weight, and more
preferably less than 1 % by weight. The polycyclic aromatic content is measured in
accordance with British Institute of Petroleum method 346/92. Furthermore, the
aromatic compound content (CA) of the extender oil is preferably not less than 20 % by
weight. One or more types of the extender oil may be used.

As a method for producing a conjugated diene polymer composition by mixing

another polymer component, an additive, etc. with the conjugated diene polymer, a
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bond content % 57 56 57 Content of styrene unit % by weight 25

known method such as a method, for example, in which the components are kneaded by
means of a known mixer such as a roll or Banbury mixer can be used.

With regard to kneading conditions, when an additive other than the vulcanizing
agent or the vulcanizing accelerator is mixed, the kneading temperature is usually 50°C
to 200°C and preferably 80°C to 190°C, and the kneading time is preferably 30 seconds
to 30 minutes and more preferably 1 minute to 30 minutes. When the vulcanizing agent
or the vulcanizing accelerator is mixed, the kneading temperature is usually not more
than 100°C, and preferably room temperature to 80°C. A composition in which a
vulcanizing agent or a vulcanizing accelerator is mixed is usually used after carrying out
a vulcanization treatment such as press vulcanization. The vulcanization temperature
is preferably 120°C to 200°C, and more preferably 140°C to 180°C.

The conjugated diene polymer composition of the present invention has
excellent abrasion resistance. The conjugated diene polymer composition has good
fuel economy and excellent grip properties.

The conjugated diene polymer and the conjugated diene polymer composition of
the present invention are used for tires, shoe soles, flooring materials, vibration-proofing

materials, etc., and are used particularly suitably for tires.

EXAMPLES
Hereinafter, the present invention will be explained by reference to Examples.
Physical properties were evaluated by the following methods.

1. Mooney Viscosity (ML1.4)

The Mooney viscosity of a polymer was measured at 100°C according to JIS
K6300 (1994).

2. Vinyl bond content (unit: % by mol)

The vinyl bond content of a polymer was determined from the absorption
intensity at around 910 cm™ by IR spectroscopy, which is an absorption peak of a vinyl
group.

3. Styrene Unit Content (units: % by weight)

The styrene unit content of a polymer was determined from refractive index
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according to JIS K6383 (1995).
4. Molecular weight distribution (Mw/Mn)

Weight-average molecular weight (Mw) and number-average molecular weight
(Mn) were measured by a gel permeation chromatograph (GPC) method under
conditions (1) to (8) below, and the molecular weight distribution (Mw/Mn) of the polymer
was determined.

(1) Instrument: HLC-8220 manufactured by Tosoh Corporation

(2) Separation column: HM-H (2 columns in tandem) manufactured by Tosoh
Corporation

(3) Measurement temperature: 40°C

(4) Carrier: tetrahydrofuran

(5) Flow rate: 0.6 mL/min

(6) Amount injected: 5 pL

(7) Detector; differential refractometer

(8) Molecular weight standard: standard polystyrene

5. Abrasion resistance (unit: mg/1000 rotation)

A vulcanized molded body in a ring shape was used as a test piece, and an
abrasion amount of 500 rotations to 1,500 rotations, an abrasion amount of 1,500
rotations to 2,500 rotations, and an abrasion amount of 2,500 rotations to 3,500 rotations
were measured using Akron Abrasion Tester (Ueshima Seisakusho Co., Ltd.) under the
condition of a load of 10 pounds and a test piece rotation number of 300 rpm, and the
average thereof was calculated. The smaller this value, the better the abrasion
resistance.

6. Fuel economy

A strip-shaped test piece having a width of 1 or 2 mm and a length of 40 mm was
stamped out from a sheet-shaped vulcanized molding and used for testing. The loss
tangent (tand (70°C)) at 70°C of the test piece was measured using a viscoelastometer
(Ueshima Seisakusho Co., Ltd.) under conditions of a strain of 1% and a frequency of 10
Hz. The smaller this value, the better the fuel economy.

Example 1
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A 20 liter capacity stainless steel polymerization reactior was washed, dried, and
flushed with dry nitrogen. Subsequently the vessel was charged with 10.2 kg of
industrial hexane (density: 680 Kg/m®), 608 g of 1,3-butadiene, 192 g of styrene, 6.07 ml
of tetrahydrofuran and 4.00 mi of ethylene glycol diethyl ether. Subsequently, the
vessel was charged with 12.70 mmol of dimethyl-1-piperidinyl methylvinylsilane and
14.59 mmol of n-butyllithium as a n-hexane solution and a polymerization reaction was
started.

Copolymerization of 1,3-butadiene, styrene and dimethyl-1-piperidinyl
methylvinylsilane was carried out for 3.0 hours at a stirring speed of 130 rpm and the
interior temperature of the polymerization reaction vessel of 65°C, while continuously
supplying the monomers to the polymerization reactor. The amount of 1,3-butadiene
supplied was 912 g, and the amount of styrene supplied was 288 g in the whole
polymerization reaction.

Subsequently, to the obtained polymerization reaction solution, 20 ml of a
hexane solution containing 0.77 ml of methanol was added, and the polymerization
reaction solution was stirred for a further 5 min.

To the polymerization reaction solution were added 7.2 g of
2-tert-butyl-6-(3-tert-butyl-2-hydroxy-5-methylbenzyl)-4-methylphenyl  acrylate (trade
name: Sumilizer GM, manufactured by Sumitomo Chemical Co., Ltd.), and 3.6 g of
pentaerythrityl  tetrakis(3-lauryithiopropionate) (trade name: Sumilizer TP-D,
manufactured by Sumitomo Chemical Co., Ltd.). Subsequently the polymerization
reaction solution was evaporated at room temperature for 24 hours and, further dried
under vacuum at 55°C for 12 hours, thus giving a polymer. The results of evaluation of
the polymer are given in Table 1.

100 parts by weight of the polymer thus obtained, 78.4 parts by weight of silica
(frade name: Ultrasil VN3-G, manufactured by Degussa, Inc.), 6.4 parts by weight of a
silane coupling agent (trade name: Si69, manufactured by Degussa, Inc.), 6.4 parts by
weight of carbon black (trade name: DIABLACK N339, manufactured by Mitsubishi
Chemical Corp.), 47.6 parts by weight of an extender oil (trade name: X-140,

manufactured by Kyodo Sekiyu), 1.5 parts by weight of an antioxidant (trade name:
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0.165 0.218 CLAIMS What is clained is 1. Conjugated di ene pol yner
conprising a constitutional unit based on a conjugated di ene and a
constitutional unit based on a conmpound represented by Fornula (1) bel ow
R1Si (- R2-A)nR33, (1) wherein mrepresents an integer of 1 to 3; Rl
represents a hydrocarbyl group having a pol ynerizabl e carbon - carbon
doubl e bond; R2 represents a hydrocarbyl ene group, and, when there are
plural R2s, R2s each may be the sanme or different; A represents a

subst i t ut édtigaITéCymanpiachiad txhawmitaree Chermical ¢t al-da: @, PRIS LY NGRS be
the same %Feaqilcfafcx%f g Irﬂtags &B’%@B{ gfsz?rg:t %ﬁq%ng%%b%&yé?%'ﬁ ﬁE&Hgﬁni?iﬂé%géélélla%rEd

hydr ocar byl group uted . re-are plural
R3s, R3s g@&de RBYeDSokRS S2MMaRiifabtufddehye Bumitoro GhenieANCEgatey dpshdy

pol ymer according to claiml, wherein m= 1, RL is a group represented by
For mul a ( eidht lobw,vuRAnizing accelblaydr dinadegnang, Saard! R3 magutctuaddhy Sgmdamo

Chemical Co., Ltd.), 1.5 parts by weight of a wax (trade name: Sunnoc N, manufactured
by Ouchi Shinko Chemical Industrial Co., Ltd.), and 1.4 parts by weight of suifur were
kneaded by means of a Labo Plastomill to prepare a rubber composition. The rubber
composition thus obtained was molded into a sheet using 6-inch rolls, and the sheet was
vulcanized by heating at 160°C for 45 minutes, thus giving a vulcanized sheet. The
results of evaluation of the physical properties of the vulcanized sheet are given in Table
1.
Example 2

A5 liter capacity a stainless steel polymerization reactor was washed, dried, and
flushed with dry nitrogen. Subsequently the reactor was charged with 2.55 kg of
industrial hexane (density: 680 Kg/m®), 137 g of 1,3-butadiene, 43 g of styrene, 1.52 ml
of tetrahydrofuran and 1.12 ml of ethylene glycol diethyl ether. Subsequently, the
vessel was charged with 8.70 mmol of dimethyl-1-piperidinylmethylvinylsilane and 3.37
mmol of n-butyllithium as a n-hexane solution and a polymerization reaction was started.

While setting the stirring rate to be 130 rpm and the interior temperature of the
polymerization reaction vessel to be 65°C, monomers were continuously fed into the
polymerization  reaction vessel, and the 1,3-butadiene, styrene and
dimethyl-1-piperidinylmethylvinylsilane were copolimerized for 2.5 hours. The amount
of 1,3-butadiene fed in the whole polymerization reaction was 205 g, and the amount of
styrene fed was 65 g. The polymerization conversion ratio was approximately 100%.

To the polymerization reaction solution was added 10 ml of a hexane solution
containing 0.20 ml methanol, and the polymerization reaction solution was stirred for a
further 5 minute.

To the polymerization reaction solution thus obtained were added 1.8 g of
2-tert-butyl-6-(3-tert-butyl-2-hydroxy-5-methylbenzyl)-4-methylphenyl acrylate (trade

name: Sumilizer GM, manufactured by Sumitomo Chemical Co., Ltd.), and 0.9 g of
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R21 ( CH2C=C/ 22 \( 2 ) R23 R nl wherein n represents an integer of 0 to
2, R21, R22 and R23 each independently represents a hydrogen atomor a
hydr ocar byl group and * represents a bonding position. 3. The conjugated
di ene pol yner according to claim2, wherein R21, R22 and R23 are hydrogen
atons, and n = 0. 4. The conjugated diene pol yner according to any of
clains 1 to 3, wherein the nolecular distribution represented by the ratio

of a wei ght average nol ecul ar wei ght and a nunber a | |
wei ght (%AW”(W'I\VRyﬂeﬁ@kii(&laurgl_thioprgpiongtw (rade”  name: dimiizer TTRD, o

manufactured by Sumitomo Chemical Co., Lid.). Subsequently the polymerization
reaction solution was evaporated at room temperature for 24 hours and, furthermore,
dried under vacuum at 55°C for 12 hours thus giving a polymer. The results of
evaluation of the polymer are given in Table 1.

100 parts by weight of the polymer thus obtained, 78.4 parts by weight of silica
(trade name: Ultrasil VN3-G, manufactured by Degussa, Inc.), 6.4 parts by weight of a
silane coupling agent (trade name: Si69, manufactured by Degussa, Inc.), 6.4 parts by
weight of carbon black (trade name: DIABLACK N339, manufactured by Mitsubishi
Chemical Corp.), 47.6 parts by weight of an extender oil (trade name: X-140,
manufactured by Kyodo Sekiyu), 1.5 parts by weight of an antioxidant (trade name:
Antigene 3C, manufactured by Sumitomo Chemical Co., Ltd.), 2 parts by weight of
stearic acid, 2 parts by weight of zinc oxide, 1 part by weight of a vulcanizing accelerator
(trade name: Soxinol CZ, manufactured by Sumitomo Chemical Co., Ltd.), 1 part by
weight of a vulcanizing accelerator (trade name: Soxinol D, manufactured by Sumitomo
Chemical Co., Ltd.), 1.5 parts by weight of a wax (trade name: Sunnoc N, manufactured
by Ouchi Shinko Chemical Industrial Co., Ltd.), and 1.4 parts by weight of sulfur were
kneaded by means of a Labo Plastomill to prepare a composition. The composition
thus obtained was molded into a sheet using 6-inch rolls, and the sheet was vulcanized
by heating at 160°C for 45 minutes to prepare a vulcanized sheet. The results of
evaluation of the physical properties of the vulcanized sheet are given in Table 1.
Comparative Example 1

A 20L stainless steel polymerization reactor was washed, dried, and flushed with
dry nitrogen. Subsequently, the reactor was charged with 10.2 kg of industrial hexane
(density: 680 Kg/m?®), 547 g of 1,3-butadiene, 173 g of styrene, 6.07 ml of tetrahydrofuran
and 4.00 ml of ethylene glycol diethyl ether. Subsequently, the reactor was charged
with 14.46 mmol of n-butyllithium as a n-hexane solution and a polymerization reaction
was started.

At a stirring speed of 130 rpm and a polymerization reactor internal temperature

of 65°C, monomers were continuously fed into the polymerization reactor, and the
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5. The conjugated di ene polyner according to any of clains 1 to 4, wherein
the vinyl bond anmount of the conjugated diene polyner is fromnot |ess than
20% by nole and not nore than 70% by nole relative to 100% by nole of the
content of the constitutional unit based on the conjugated diene. 6. A
conj ugat ed di ene pol yner conposition conprising the conjugated diene

pol ynmer described in any of clains 1 to 5 and a reinforcing agent wher ei n
t he content  of the reinforcing agent is 10 to_ 15 rts we Iatlve
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hydr ocar bQ'v’ho%)d)Mﬁﬁénzbﬁo@Féa@h&ﬂ i nmetal catal yst R1Si (-R2-A),,R33_,, (1)
wherein mrepresents an integer of 1 to 3; Rl represents a hydrocar byl
group havi ng a Jothgrmlymertzatior radstion salutiemwas @btied BB mo: of@hewﬁe@étmos a

hydr ocar byl ene . gr d, when there | ur al ach t he
sane or dlcPf‘@F@'?ﬂ 895\'?'692%% and %E‘?’YT‘G 72401 et o:arsg%ﬁon 4Ad St'(ﬂ%‘%%’rt her e
are plural, Aus, 1A rﬁmﬁ%ﬁh may be the sane or different; R3 represents a

hydrocarbald group, a substituted hydrocarbyl group or a substituted am no
group, and, wher thepslyefiz@tlon" Adackisi$ soltssn &AGd Jiindiveré eadeiedes.or g of

different. 2-tert-butyl-6-(3-tert-butyl-2-hydroxy-5-methylbenzyl)-4-methylphenyl  acrylate (trade
name: Sumilizer GM, manufactured by Sumitomo Chemical Co., Ltd.), and 4.0 g of
pentaerythrityltetrakis(3-laurylthiopropionate)  (trade  name: Sumilizer  TP-D,
manufactured by Sumitomo Chemical Co., Ltd.). Subsequently the polymerization
reaction solution was evaporated at room temperature for 24 hours and, furthermore,
dried under vacuum at 55°C for 12 hours thus giving a polymer. The results of
evaluation of the polymer are given in Table 1.
100 parts by weight of the polymer thus obtained, 78.4 parts by weight of silica
(trade name: Ultrasil VN3-G, manufactured by Degussa, Inc.), 6.4 parts by weight of a
silane coupling agent (trade name: Si69, manufactured by Degussa, Inc.), 6.4 parts by
weight of carbon black (trade name: DIABLACK N339, manufactured by Mitsubishi
Chemical Corp.), 47.6 parts by weight of an extender oil (trade name: X-140,
manufactured by Kyodo Sekiyu), 1.5 parts by weight of an antioxidant (trade name:
Antigene 3C, manufactured by Sumitomo Chemical Co., Ltd.), 2 parts by weight of
stearic acid, 2 parts by weight of zinc oxide, 1 part by weight of a vulcanizing accelerator
(trade name: Soxinol CZ, manufactured by Sumitomo Chemical Co., Ltd.), 1 part by
weight of a vulcanizing accelerator (trade name: Soxinol D, manufactured by Sumitomo
Chemical Co., Ltd.), 1.5 parts by weight of a wax (trade name: Sunnoc N, manufactured
by Ouchi Shinko Chemical Industrial Co., Ltd.), and 1.4 parts by weight of sulfur were
kneaded by means of a Labo Plastomill to prepare a rubber composition. The rubber
composition thus obtained was molded into a sheet using 6-inch rolls, and the sheet was
vulcanized by heating at 160°C for 45 minutes to prepare a vulcanized sheet. The

results of evaluation of the physical properties of the vuicanized sheet are given in Table
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(Table 1)

Example Example Comp. Exam.
1 2 1
Mooney viscosity - 36 51 39
Vinyl bond content % 57 56 57
Content of styrene unit % by weight 25 24 25
Molecular weight - 1.08 2.81 1.06
distribution
Abrasion resistance mg/1000 330 310 440
lost amount rotation
- 0.208 0.165 0.218

Fuel economy

tand (70°C)
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CLAIMS

What is claimed is

1. Conjugated diene polymer comprising a constitutional unit based on a conjugated
diene and a constitutional unit based on a compound represented by Formula (1) below:

R'Si(-R*A)mR%m (1)

wherein m represents an integer of 1 to 3; R' represents a hydrocarbyl group having a
polymerizable carbon - carbon double bond; R? represents a hydrocarbylene group, and,
when there are plural R%, R%s each may be the same or different; A represents a
substituted amino group, and, when there are plural A's, A's each may be the same or
different; R® represents a hydrocarbyl group, a substituted hydrocarbyl group or a
substituted amino group, and, when there are plural R®, Rs each may be the same or
different.

2. The conjugated diene polymer according to claim 1, wherein m = 1, R' is a group

represented by Formula (2) below, R? is an alkylene group, and R® is an alkyl group:
21

4
¥ AQCH?_):('::C\ ,  (2)
r2s R

wherein n represents an integer of 0 to 2, R?', R? and R® each independently
represents a hydrogen atom or a hydrocarbyl group and * represents a bonding position.
3. The conjugated diene polymer according to claim 2, wherein R*', R* and R?® are
hydrogen atoms, and n = 0.

4. The conjugated diene polymer according to any of claims 1 to 3, wherein the
molecular distribution represented by the ratio of a weight average molecular weight
(Mw) and a number average molecular weight (Mn) (Mw/Mn) is 1 to 3.

5. The conjugated diene polymer according to any of claims 1 to 4, wherein the vinyl
bond amount of the conjugated diene polymer is from not less than 20% by mole and not
more than 70% by mole relative to 100% by mole of the content of the constitutional unit
based on the conjugated diene.

6. A conjugated diene polymer composition comprising the conjugated diene polymer

described in any of claims 1 to 5 and a reinforcing agent, wherein the content of the
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reinforcing agent is 10 to 150 parts by weight relative to 100 parts by weight of the
conjugated diene polymer.

7. A method for producing a conjugated diene polymer by polymerizing monomers
comprising a conjugated diene and a compound represented by Formula (1) below in a
hydrocarbon solvent by an alkali metal catalyst:

R'Si(-R%-A)mR%m (1)

wherein m represents an integer of 1 to 3; R! represents a hydrocarbyl group having a
polymerizable carbon-carbon double bond; R? represents a hydrocarbylene group, and,
when there are plural R%, R? each may be the same or different; A represents a
substituted amino group, and, when there are plural A's, A's each may be the same or
different, R® represents a hydrocarbyl group, a substituted hydrocarbyl group or a
substituted amino group, and, when there are plural R%, R’s each may be the same or

different.
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