CONJUGATED DI ENE POLYMER, CONJUGATED DI ENE POLYMER
COVPCSI TI ON, AND METHOD FOR PRODUCI NG CONJUGATED DI ENE
POLYMER Technical Field The present invention relates
to a conjugated diene polyner, a conjugated diene

pol ymer conposition, and a nmethod for producing a

conj ugat ed di ene polyner. Background Art In recent
years, with the grow ng concern over environnenta
probl ens the denmand forN&fod fuel econo
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conposi tion for autonobi bgy iafEs. @ pPol ynmer
conmposition conprising a conjugated di ene pol yner such
as pol ybut adi ene or a butadi ene-styrene copol yner and
a filler such as carbon black or silica, etc. is used.
Teabnicakkirldl e, a pol ymar conposi tion enpl oying as the
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pol yneri zation initiator (see e.g. JPA1-217048) is

known. Furthernore, a polyner conposition enploying
Backgtduad dahj ugated diene polymer a polyner fornmed by

nodi fy| ng with a dial kyl am no group-contai ni ng
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conj ugat ed di ene polyner a polynmer forned
autardolbilei tigeswi t As aa dpclyrkgt @ompositior Upr canltﬂmobﬂengres a polymer
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pdiionenepolyrnbefoarhed by mmaifying edth bisfdieethytamihopaathyhenylsilane one

conposi tions
terminus of a polymer formed by copolymerizing butadiene and styrene using an

alkyllithium as a polymerization initiator (see e.g. JP-A-1-217048) is known.
Furthermore, a polymer composition employing as the conjugated diene polymer a
polymer formed by modifying with a dialkylamino group-containing acrylamide one
terminus of a polymer formed by copolymerizing butadiene and styrene using an
alkyllithium as a polymerization initiator (see e.g. JP-A-1-217047), a polymer
composition employing as the conjugated diene polymer a polymer formed by
modifying with a dialkylamino group-containing alkoxysilane one terminus of a
polymer formed by polymerizing butadiene or copolymerizing butadiene and styrene,
using an alkyliithium as a polymerization initiator (see e.g. JP-A-63-186748,
JP-A-2005-290355), etc. have been proposed as polymer compositions having good




enpl oyi ng a conj ugat ed di ene pol yner are not al ways
satisfactory in terns of fuel econony. Under such
ci rcunst ances, an object of the present invention is
to provide a conjugated diene polyner that can give a
pol ynmer conposition having excellent fuel econony, a
pol ynmer conposition formed by conbining the conjugated
lymer and a filler such as silica, and a
fﬁ%ﬁ@ﬁ@ﬁ& produci ng the conjugated di ene polyner. A
first aspect of the present invention relates to a
conj ugat ed di ene polyner conprising a conjugated
Diclesarelnd dedineentioner unit and a constituent unit of
formula (1) below at E{SiaaSt one te

i nus_of the .
pol yHaweNer. ndheo dboves 0%‘*‘&0&%‘(%‘30'6‘? 08\%% aSqPRgsitions
o TR b s S o

e@onohwdrocarbyl group, or a substituted hydrocar byl

group, and at |l east one of X1, X2, and X3 is a group

of f diret aud eijcubmtancesrareohigairofhe presens,inventionyis tojpigvide a
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with the nitrogen atom a ring structure, 2 R3 R4-S
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famdizAl) below,
CH, CH
X' —si—x° D
XZ

wherein X', X2, and X2 independently denote a group of formula (la) below, a
hydrocarbyl group, or a substituted hydrocarbyl group, and at least one of X', X2, and
X3 is a group of formula (la) below or a hydroxy group,

—N (Ia)

N2

wherein R! and R? independently denote a hydrocarbyl group having 1 to 6
carbon atoms, a substituted hydrocarbyl group having 1 to 6 carbon atoms, a silyl
group, or a substituted silyl group, and R' and R? may be bonded so as to form,

together with the nitrogen atom, a ring structure,



denotes a nitrogen atomcontaining functional group. A
second aspect of the present invention relates to a
conj ugat ed di ene polymer conposition conprising the
above-nenti oned conjugated diene polyner and a
filler. Athird aspect of the present invention
relates to a nethod for producing a conjugated di ene
poI)R’ns , conprising step A and step B below. step A® a
step| of pol ynmeri zing nononmers conprising a conjugated
RYi-esie—aCHa~ Ayl conpound {dI)formula (111) belowin
a hyldrocar bon sol vent by an al kali netal catalyst,
t huggi ving a polymer having an al kali netal
originating fromthe catalyst at at |east one
term nus of a polynmer chain conprising a conjugated
di enwhbmsired denstesran integér of drtd 18, R iRSpamd Bﬁlrtdepelmny)denote
t he vi nyl ound of formula (I111) below, H2CCH (I]1),
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oot PG P BP9 Ban b B grocucn
corftlgatsd diéhe ﬁﬂyrﬁér, cbiaprgding st#p A and step B below.
step A: a step of polymerizing monomers comprising a conjugated diene and a vinyl
compound of formula (lll) below in a hydrocarbon solvent by an alkali metal catalyst,
thus giving a polymer having an alkali metal originating from the catalyst at at least
one terminus of a polymer chain comprising a conjugated diene-based monomer unit

and a monomer unit based on the vinyl compound of formula (ill) below,
HQC‘_CH

Xt §j— X (11D

X5
wherein X4, X5, and X® independently denote a group of formula (llla) below,

a hydrocarbyl group, or a substituted hydrocarbyl group, and at least one of x4 X3,

and X¢ is a group of formula (llla) below,

—N III
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wherein R® and R® independently denote a hydrocarbyl group having 1 to 6

carbon atoms, a substituted hydrocarbyl group having 1 to 6 carbon atoms, a silyl



1s wherein n denotes an integer of 1 to 10, R3, R4,

and R5 independently denote a hydrocarbyl group

having | to 4 carbon atons or a hydrocarbyl oxy group

having 1 to 4 carbon atons, at |east one of R3, R4,

and R5 is a hydrocarbyl oxy group, and A denotes a

ni trogen atom containing functional group. In
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nmet hod for producing the conjugated di ene polyner. The
(Ilpbelower conposition has excel l ent fuel econony. Mde

for Barrying Qut the Invention The conjugated diene

pol yprer of the present invention is a conjugated diene
rPoly é@gy)ni_ngAa_ conj ugat ed (@lkne- based constituent

unit}and a constituent unit of formula (1) bel ow at

| easys one term nus of the polyner being nodified by a
conpound of formula (Il1) below, -CH2-CH (1) }(1-%1

-X3 12 wherein X1, X2, and X3 independently denote a

gr ouyhafeil A'dEHbRs Ghdnte§st d?W.to 0, RY R*0xid BF PidBperiiently denote
hydr ocar byl group, or a substituted hydrocarbyl group,
a hydroedrbylgastp hdvinmé to# cdthonxdtoma od axiydresatbylpay gsouss having 1
formula (la) bel ow or
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group, or a substituted silyl group, and R and R2 nay
be bonded so as to form together with the nitrogen
at omin acdordence twithahel peesent invention, there can be provided a conjugated

diene polymer that can give a polymer composition having excellent fuel economy, a
polymer composition formed by combining the conjugated diene polymer and a filler
such as silica, and a method for producing the conjugated diene polymer. The

polymer composition has excellent fuel economy.

Mode for Carrying Out the Invention

The conjugated diene polymer of the present invention is a conjugated diene
polymer having a conjugated diene-based constituent unit and a constituent unit of
formula (I} below, at least one terminus of the polymer being modified by a

compound of formula (ll) below,

CH,—CH
X —si—3 (D
X2

wherein X', X%, and X3 independently denote a group of formula (1a) below, a

hydroxy group, a hydrocarbyl group, or a substituted hydrocarby! group, and at least



R3 | 15 wherein n denotes an integer of 1 to 10, R3,

R4, and R5 independently denote a hydrocarbyl group

having 1 to 4 carbon atons or a hydrocarbyl oxy group

having I to 4 carbon atons, at |east one of R3, R4,

and R5 is a hydrocarbyl oxy group, and A denotes a

ni trogen atom containing functional group. Exanples of
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2, 3-dt'net hyl - 1, 3- but adi ene, and 1, 3- hexadi ene, and
—ong'type thereof may be used( two or nore types may

be Used. Fromthe viewpoint of ready availability,

1, 3-bBt adi ene and isoprene are preferable. X1, X2, and
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grbsp, orad eutsstidted eiiyngroug,|amd Rt aad Rfysiagbe lproled. soRas amdorm,
R2 in fornmula (la) independently denote a hydrocar byl
togetberwithalhe migropen @atong, adnbYrUcirdns, a substit ut ed
hydmdcar byl group having 1 to 6 carbon atons, a silyl
group, or a substituted silyl group, and RL and R2 nmay
rle gondagiiso-ag to form taggyher with the nitrogen
ator1| aring structure. In the present specification,
theRhydrocar byl group denotes a hydrocarbon residue.
The "substituted hydrocarbyl group denotes a group in
which at | east one 5 hydrogen atom of the hydrocarbon

resi gHgreiron LEAGIES 8A irh%gé% ob 4§ 4D REM?; addR® independently denote
hydr ocar byl oxy group denotes a group in which the

a hydioczyeyl gadupnhavingai by drcarbon ajorms pr ashydewacyesky tlgyoup having 1
hydr ocar byl group, and the substituted hydrocarbyl oxy
to f Gbon AR, &b SRR K RO s AOGHY g Bgerand A
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group 1's replaced by a substituent. Exanples of the
butadikres dopysneg Nl Superitadieney 213-timethyi-d (Boutadienesmndeh dthewadiene,
by Rl and R2 include an al kyl group such as a naet t]yl
angr eneptypa itherenl,may heuyseder twoperopre types may be used. From the
viewpoint of ready availability, 1,3-butadiene and isoprene are preferable.

X!, X2 and X® of the constituent unit of formula (I) independently denote a
group of formula (la), a hydroxy group, a hydrocarbyl group, or a substituted
hydrocarbyl group, and at least one of X', X2, and X® is a group of formula (la) or a
hydroxy group.

R' and R? in formula (1a) independently denote a hydrocarbyt group having 1
to 6 carbon atoms, a substituted hydrocarbyl group having 1 to 6 carbon atoms, a
silyl group, or a substituted silyl group, and R' and R? may be bonded so as to form,
together with the nitrogen atom, a ring structure.

In the present specification, the hydrocarbyl group denotes a hydrocarbon

residue. The substituted hydrocarbyl group denotes a group in which at least one



group, an isopropyl group, an n-butyl group, a
sec-butyl group, a tent butyl group, an n-pentyl
group, a neopentyl group, an isopentyl group, or an
n- hexyl group; a cycloal kyl group such as a

cycl ohexyl group; and a phenyl group. Exanples of the
substituted hydrocarbyl group having 1 to 6 carbon
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preferably a group represented by - CH2CH2- NH- CH2- or a
agmethoxyetbylr geeipt eth [ejhox@rethivk -greis or Bie efpiyesbyr gfaup. and

group denoted by Rl and R2 is prefer abll}/ an_al gg/l .
ewB§ of a group having a silicon atom-containing group as a substituent include
a trialkylsilylalkyl group such as a trimethylsilyimethyl group.

Examples of the substituted silyl group denoted by R' and R? include a
trialkylsilyl group such as a trimethylsilyl group, a triethylsilyl group, or a {-
butyldimethylsilyl group.

As a group in which R' and R? are bonded, a divalent group having 1 to 12
carbon atoms, which may have at least one type of atom selected from the atomic
group consisting of a nitrogen atom, an oxygen atom, and a silicon atom, can be

cited. Examples thereof include an alkylene group such as a trimethylene group, a



nore preferably an al kyl group having 1 to 4 carbon
atons, yet nore preferably a nethyl group, an ethyl
group, an n-propyl group, or an n-butyl group, and
particularly preferably an ethyl group or an n-butyl
group. The substituted hydrocarbyl group denoted by
Rl and R2 is preferably an al koxyal kyl group, and nore
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the %rxg#n Iegfofftr?er H}Qu% of formula (la) include an acyclic amino group and a

cyclic amino group.

Examples of the acyclic amino group include a dialkylamino group such as a
dimethylamino group, a diethylamino group, a di{n-propyl)amino group, a
di(isopropyi)amino group, a di(n-butyl)amino group, a di(sec-butyl)amino group, a
di(ter-butyl)amino group, a di(neopentyl)amino group, or an ethylmethylamino group;
a di(alkoxyalkyl)amino group such as a di(methoxymethyllamino group, a
diimethoxyethyl)amino group, a di(ethoxymethyl)amino group, or a

di(ethoxyethyl)amino group; and a di(triakkylsilylJamino group such as a



(la) is preferably an acyclic am no group, nore
preferably a dial kylam no group, yet nore preferably
a di al kyl am no group substituted with an al kyl group
having 1 to 4 carbon atons, and still nore preferably
a di met hyl am no group, a diethylamno group, a

di (n-propyl)am no group, or a di(n-butyl)am no group
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pre era an a or an al koxyal kyl ~group,

caibore ateres, eamd syl anorel preferglp up dihethilamirb goup, @adiethylamino
atonms or an al koxyal kyl group having 1 to 4 carbon
graunmdl(rymopylbmwaopr@mepmﬂgin th!iamgno @eWp having 1 to
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hydroxy group, and it is nore preferable that two of
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X5, and X6 are acylic amno groups, and fromthe
prefesatplpiant allsyl graen hevioadnip Armarkan atoprse e tyeb snore Prefgradly a
mE{;&LSFoE%BL tgﬂl ?ﬁltleél dgi;&lgokzﬁlmhgpn))c% ¥I{ev sWsts?dtclac? n?dr%%ar%yl group
denoted by X' to X3 is preferably an alkoxyalkyl group, and more preferably an
alkoxyalkyl group having 1 to 4 carbon atoms.

The hydrocarbyl group or substituted hydrocarbyl group denoted by X' to X3
is preferably an alkyl group or an alkoxyalkyl group, more preferably an alkyl group
having 1 to 4 carbon atoms or an alkoxyalkyl group having 1 to 4 carbon atoms, yet
more preferably an alkyl group having 1 to 4 carbon atoms, and still more preferably

a methyl group or an ethyl group.

At least one of X', X2, and X® of formula (i) is a group of formula (la) or a
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fdﬁhsléotlagtdmd mnrm)gfenmyéna inig moieapreferhtae diobtdwo f X' u¥htand X°

unit and

atsi a;QI@IJQ nfmyla)(whamémgmmyl si | ane- based

t it f I i
COn e of ol o TB L AL G O AN SRR ghnoour
b%&% Eh{ AP b %}hﬁjlao I!N);%rﬂ%ﬂ & &é%cnb@d 48r. C MNisUsiatersbly a
I ene po ynmer, per unit polynmer, is
vij1edoRipRahy-baséd b@%ﬁu.tehanmoomimtjm(lmm highytwergf X4nx®, and X®
not nmore than 0.1 mmol/g (polyner), nore preferably

arecacylie amirochgroups, Gogd fmnDtWegVIQ\meMrdeﬂWOY andgfip properties

it o i S
i}argfepa%jm tflsgdlﬁ% émthb)m%hﬁwﬁﬁgﬂa‘ﬁga& fituent unit, a

rese I nven S a po avi ng

bi%(daethﬁéﬁno?ﬁéth?ﬁh?!sﬂ&tﬁe fsetihe mhstrf@éntrmduﬁn ed v t h Bis(di(n-
conpound of fornu (I'l') below, R3 R4-S1 -(G22 A (I1)

ptopyldmeinejmethyideylsitane-teased nt @astltuentl tonit0, 3, ®&4, bis(di(n-
and R5 independently denote drocarhb

Do by MMSHEPAEER EORREIEy o a AR B B fiom the

vigitoREorgaty kiR TE 3 Bt s tidRi e E“ee?‘”’v“"%"ane-

L Abi8{dife- ugylﬁiﬂ AHettivinyisilame-bas¥l cansttuent
bé%éqﬁﬁ?gﬁrarﬁm?‘ﬁ?)ﬁl In(oldgge ent I"?)dgnrg:e a hydrocar byl

unit areprefeaabileng 1 to 4 carbon atons or a hydrocar byl oxy
group_having 1 to 4 carbon atons, and at |ea t on f th
R3 feomthe viewnaint of fyel esonemy a8, rlp Boperties ° the

a rQu e
gfqﬁg |ﬁ of T%erlg (QH'EJ(SG g‘ﬁ’i‘?&é‘%’ dig')ie Pﬁfypeg;%edg?nt g\rl]elght of the
pSIWF%I‘ i§ b%f@vab@rrhdi'l@sfsoﬂﬁ% cmoquamo@/g (pSIgMeBHd nétrmasciR, than 0.1
anh n-butyl group, a sec-butyl group, or a tent-butyl

momaigp(polyurier)) anaover greferably not less than 0.002 mmol/g (polymer) and not
more than 0.07 mmol/g (polymer), and yet more preferably not less than 0.003

mmol/g (polymer) and not more than 0.05 mmol/g (polymer).
The conjugated diene polymer of the present invention is a polymer having at

least one terminus of the polymer modified with a compound of formula (ll) below,
R

R'—Si——(CH))—A (11)

Rs

wherein n denotes an integer of 1 to 10, R®, R?, and R® independently denote

a hydrocarbyl group having 1 to 4 carbon atoms or a hydrocarbyloxy group having 1



exanpl es of the hydrocarbyl oxy group denoted by RS,

R4, and R5 include an al koxy group such as a net hoxy
group, an ethoxy group, an n-propoxy group, an

i SOpropoxy group, an n-butoxy group, a sec-butoxy

group, or a t-butoxy group. The hydrocarbyl group

denoted by R3, R4, and R5 is preferably an alkyl
1k %g%onr%?&‘ﬁs,pétqé%t%meyofw, Rk Karla B RUP h{?tﬁbfd:drﬂﬂ&xyt grodp, and A
carbon atons, and yet nore preferably a nmethyl group
defota® a itfogen atepagonthinirighfenctional,grode  hydr ocar byl oxy

gr oup 3dqpoted ?y R3, R4, and R5 is preferably an "

al koxy’, fFomnd Rbire f?fﬂ‘éll%K‘Bbl"?e%ﬁﬂdﬁﬂ%ﬂﬁnmﬁr%tﬁ%diﬁ’&?i ¥y group
1 to 3 carbpn atons, and, yet [ r ef I

ngYiBR 3 1874 SHIbon ARERR o BUTCRPTRET affP R8P R toms,

i R 0% nGaBaaBYIbgy freap. economy it

aﬁgab%e%gygb gpfgf g?ﬁfégétgtmo o¥ gé§ Rg and R5 to be

hy dr ENpIeL S the Pytiscarbyl tyrbdp denotewiby R, ('emrdIR? inglude an

three of R3, R4, and R5 to be hydrocar byl OX}l/ %rou%?sﬁ, D ovl
alkyl groumsiech @ [a) methylogreup.can ethyldieup.cin A-PIApYl g OURy YH{SOPIOPY

the viewpoint of enhanci f uel ecaqn [ -

GFRNSH (A BIBYIYA TOUR: <& SEABHIYS TraiRy ?’r%f??’?%*y'vitgé‘%@oi furthermore,
' i e -y | 4 3 .anl alk
gBRY AP her P ovbsy) oo BeRERE Y FEDR (RHER( Iidé-arl Skoxy
iy QA EsH AENGRANERBUP] diethtCiroapadn MPmPPXY Grodp, an isopropoxy
exanpl es thereof include an am noé_group, an i socyano
guoLp. AN EbUGNEIONR, AUTBS-utgeyrdron, of R dBioXk PPper i dy |

o of e ydgogiu, Brove descr By (R) 35 peR R i BRetggeblran alky
1 R 7 i g

ooy o g 5l g dcBcq e ifobsgot more
préR b8 ettiP§rodh ofhABIEEGRabe dFfttambies thet lydracagrylaxy group

consi st i n? of a nitr ogen atom an oxygen atom and a
deinbieddy R, 6ty amb R sl prferatly avealkaxyraraup, soorgprefigrably ap alkoxy

together with the nitrogen atom a rin tr , d
gretim RavingR? ted, caskon, atomsy @gd Q'Pgm&'%BF?&%fgb‘isloa ?‘%&‘IM grétior an
nri]tr%ggq} via a double bond. As R6 and R7 of fornula

r:’(t ) "hydrocar byl group having 1 to 6 carbon

at omswif régkrath R RY A dCofamizlié viewpolpt bbenhapcibg fiael @conomy
carbon atons, a substituted sil ¥I o
it is preferable for at least two of R®, R*, and R® to be hydrocarbyloxy groups, and it is

more preferable for three of R R* and R® to be hydrocarbyloxy groups.

n in formula (ll) denotes an integer of 1 to 10. From the viewpoint of
enhancing fuel economy it is preferably not less than 3, and from the viewpoint of
improving economy it is preferably not more than 4. Itis particularly preferably 3.

A in formula (11} is a nitrogen atom-containing functional group, and examples
thereof include an amino group, an isocyano group, a cyano group, a pyridyl group, a
piperidyl group, a pyrazyl group, and a morpholino group.

A is preferably a group of formula (lia) below,

—N (I1a)
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group, etc. can be cited. Exanples of the hydrocar byl

group denoted by R6 and R7 include an al kyl group

such as a nethyl group, an ethyl group, an n-propyi

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

sec- butyl group, a tent-butyl group, an n-pentyl

group, a neopentyl group, an isopentyl group, or an

n- hexyl [ \ r S i

Cycl Sheset % and R LAYk 8B ol pung 1 10 6 carbon

atSBSivhicHUrRS) R¥GH 8€ REBY bnd hpePofdaomt sdledisd Romamé &Rdmic group
there can be cited a substituted hydrocarbyl group,

cdnaisting) ot nifroger atont, @artxygen atons and aesilicpp @tam, R gﬁ"ts‘h'g may be
sel ect ed fron1theigroup consisting of a.nitro

, en 6
bopdeshseca ai ATogaBepwiiihe Birgasatar A i piidlgand R® and

gL.QU an i i I 0 anpl es
RopaY Br 2 iasdis b Rge ot FEREE Yeadli Bond= 00, O
as aa3URS bihg UENbF forpliad@af a tyadokiibgrRp! hatingd AWPE carbon
such as a di nethyl am noethyl group or a ] )
atding & glbstituiedhydrbcarbyl gugup Havingo! st cérboh etagns, apsubatitiied silyl
an oxygen atomcontaining group as a substituent
grode) eleicaaeditRéxyal kyl group such as a met hoxynet hyl

h h ’
o sk 5 Qe A (R, 85008 oo
o B4 AR o St RO rcibopisopreyrou,

awh-batyl gioupha decbutyf groyp, pleatutyl Graupp be s-pentyl grayupo ameopentyl
having a silicon atomcontaining group as a
group.s &Nt isepantyl rgrouple of ant pihgxkyly 9roLPy BaFYSIealigl QFBUR fUGh as a

as a trinmethylsilylnmethyl group. In the present
¥yl iGEoHP: 8 qamgﬁﬂeﬂ&?%ne oxi de group denotes a
monowal gat itgheR héted by RUGAGGY Hefdlcan be
from\A?h@grﬁur?g{ 0 aﬁ%%?%ﬁ)éqrﬁwgtonpoﬁd. The
cittdka |sabstiterst dydadckityl grovpphalémpiea substitvept ableastiobsy type of
replacing at 11 |east one hydrogen atom of an al kyl
grgup Beldsiedafion thy | groep ernsistingr fum nitrgenAtan-contaiyag ‘group, an

SRR ST eyl ot C gt
the" gl%hgyhacﬂ}iﬁila Qnﬁn%pep &Bmé’cotn’taimﬂé yésrgbﬁr%shlél shbetituent Ghdlude a
and a trialkoxysi Fyl group such™as tri nethoxysilyl

dﬂleumincﬁmrrgmﬁ fiichtdica giretaylamingdatioh gRipasrda Bietiaylaminoethyl
bondedi ncl ude a divalent group having 2 to 12 carbon
graup.s Examplen ofathengrosipabavinghain oxygeny plomyeoniaipiRg group as a

sel ected fromthe atomn roup cqnsistin f a
sqpsgimagﬂntgg%anaﬁlwﬁkﬁ 'iob'H]ps‘é?ih as a ngetﬁoxymethyl group, a
methoxyethyl group, an ethoxymethyl group, or an ethoxyethyl group; an alkylene

oxide group such as an epoxy group or a tetrahydrofuranyl group; and an alkylene
oxide alkyl group such as a glycidyl group or a tetrahydrofurfuryl group. Examples
of a group having a silicon atom-containing group as a substituent include a
trialkylsilylalkyl group such as a trimethylsilylmethyl group.

In the present specification, an alkylene oxide group denotes a monovalent
group formed by removing a hydrogen atom from the ring of a cyclic ether

compound. The alkylene oxide alkyl group denotes a group formed by replacing at

11



silicon atom Exanples thereof include an al kyl ene
group such as a trinethylene group, a tetranethyl ene
group, a pentanethyl ene group, or a hexanethyl ene
group; an oxydi al kyl ene group such as an
oxydi et hyl ene group or an oxydi propyl ene group; and a
ni trogen-contai ning group such as a group represented

by - CH2CH2- NH- CH2- b
3l Sraenaion pearnpt g7 I AREE e douPe bonded
s PEREARA! AonlssAUR SHNGANY BioiGd YPRC 30 WPIRIce <

preferably a group represe CH2- or a

trigkglsilyl gropp caht ag HytrimStinAsilig- Wrili: . a Briethpkibd grbup.her a
single group denoted by R6 and R7 that is bonded to
butyldimethyisilygraumiandza tialiprysig greun such @gdrimethpysind group.

s EXBRBleR, pfcngoray f B R R 1ot BBl Shvatent

! ; : _
g@?ﬁﬂaﬁnbg to Ol2_garBbh RSS! @M?r?“r?ax lhﬁ%é’e de Rt QR R oft atom

icon om Exanpl es thereo an ethylidene

selécietPirom the BRNY Fﬁfuﬁ Ryhsiskiyeofer itpgenpatom, an oxygen atom, and a
1, 3-di net hyl butyl'i dene group, a 1-nethylethylidene
siipopuatpman BExampledl therephischide am allgdent, graugesush @isod imeathylene

aralp 4 Tt Shti.» BrRBEINISYS SR ) B RGURIRDY 9gour
: b .
ar oo/ R S0 o HF RO BBRE BRI iy plcBYlenc group

antt almttwgearceﬁﬂini@&oab isubh @BaEgropp eépresdnted By FEHIGH-NH-CH,-
group or an ethyl group. The substituted hydrocar byl

orga gropp repeesentet by -GRECiheN-€H-4 s preferably an

O oo BT A B 5 Bfpgeomarin

u ' Ikl NH-CH,-
o 0% el Sl YplnnbPIcik A OH o o ro
repredbRtedDy ) CA,CHL-REH-si Iyl group, and yet nore

preferably a trinethylsilyl group or a tri et hyl si lJ"
gr oufExahpleRofdhel sitgleagruprdsinetesioby RS and R’ that is bonded to the
ni t rogen- contai ni ng g?rou i

. .n,which and_R7 &;erb i
nigegRILHA HACWIR pong deglde & divalend goin javing 6 1g 12,7prbon atoms,
bR o5 a5 B L X350 105108 B g P s
ofcd Kitrbg& i, M oxyBkk \tehh Caria diicdH alom. Examiples! thereof include

oxi de al kyl group, or a trialkylsilyl group. Exanples
anoéthylitengrgvoyp, af 1-frethylgrepylidesg giaupl adds-dimetwjhutylidenerorayp, a

group and a cyclic am n(&dgroup. Ex | es, of the
1-mefivisthyidene grawpoand a AV Hdimsgthylag lidsNg SEP- such

aS Atphe hydrocarbyl group denoted by R® and R’ is preferably an alkyl group,
more preferably an alkyl group having 1 to 4 carbon atoms, yet more preferably a
methyt group, an ethyl group, an n-propyl group, or an n-butyl group, and still more
preferably a methyl group or an ethyl group. The substituted hydrocarbyl group
denoted by R® and R’ is preferably an alkoxyalkyl group, an alkylene oxide group, or
an alkylene oxide alkyl group. The substituted silyl group denoted by R® and R" is
preferably a trialkylsilyl group or a trialkoxysilyl group, more preferably a trialkylsilyl

group, and yet more preferably a trimethylsilyl group or a triethylsilyl group.
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di met hyl am no group, a diethylam no group, a

di (n-propyl)am no group, a di(isopropyl)am no group
a di (n-butyl)am no group, a di(sec-butyl)am no group
a di(tert-butyl)am no group, a di(neopentyl)amn no
group, or an ethylnethylam no group; a

di (al koxyal kyl ) am no group such as a

di ( ho %r?%%éf%%eﬂﬁ ;tr%#]gn-centam @'@BUBW@EW@G%JIW are

grou no grou

ﬂﬁ ubaﬁh koY KR gréuipd ah alkylene oxide group, an alkylene
(tr| aI kyI Silyl)yam no group such as a

oxltié bikyingrolyy,| 8 id subjtintedcsilgr gsayp, andamore preferably an alkyl group, an

di (t-butyldinethylsilyl)am no roup exanpl es
akylene oxide geaupgan alkylena ekide @H&xl QHRH aaimzlfsgs'[y.l 8®Psuch

3.3( ? Q{ﬁaﬁ}%%? gh@%og#?rﬁgﬂ% t(;:\l)J I[l)nciud e an a(a{c&:aﬁwyr?o %roup and a

¥lipam no group such as a di(glycidyl)am no
C%Eﬁg%g“@} Bo’ll (tetrahydrofurfuryl)am no group. Yet

furt fmfanm’ﬂiﬂtﬁe atyuic @afino group dreclede @dla}Hylmmsfﬁtﬁcﬁuch as a
group, a 1- nethyl propylideneam no gro f))—

d:_me;hyjam@ph}grm yla gdielaylamine g9reup;, dli( propyl)ammo group, a
AR A RS g sop
gfeﬁsﬁ%)aﬁﬁﬁ&giduﬁaé H&ﬁbogeh NS drslis aﬁ@t efiyiafsino group;

roup aenote oup i n which two hydrogen

adidi@koRamednii tfreupi suctyeas ahodi(arethaxypletiybamirtey graup, a
al kyl ene oxi de groups, and the di (al kyl ene oxi de

diginethioxyathyllamjnoup giwimot @ fiethpumetvbapinen \HPLh (v 2@

hydrogen at ons bonded t the it

dK%‘BPﬁ%@W BN IRy | 8 %l‘;ﬁ%ﬁﬂa&hﬁps&r Eﬁar% hgas a
Furth

ity famio’ B o%gf?t-s‘ﬁg“ﬂéﬁﬂéﬂﬁzi‘“\g“‘f"sw'}% Ty T

ed4aRpRs tﬁeréoipihﬁlaﬂe @& digalipienepoxide) lanina @mlphgﬂoé\rm di{eppxy)amino
group, a 1-heptanethylenei m no group

gioupc baaedittetrahysirefuranylaronp, graun;- a%@ﬁ@l@g%gxﬁpn@kyl)ammo
d hyl
PR AT RDeEYRT BIeuR A GrsCt iR . vet
f&l’tl‘lf Q%a% gr@l@ {2 fhefoad! hXHroeth}rdéﬁegm y|gr&!;9Upa 1-
azo |d|ny group, a 1-piperazinyl group, and

n‘iElﬁ PPbyIRne AP - grouem & he :dienetiofinitylalenéareinoe cgroomy , a 1-
long termstability of a conpound and ready

naathy|éthilidenegminorgrowp, end aﬁ-NfMﬂrmstbylemir@Peny"ﬁ?w'%ﬂ59“9
i af i iniesegt SoREGRtan. e RBHETB AN i Jraye gnotes an
aﬁ?i%'g &fbglﬁﬁg %@ﬁhy%g&ﬁro?eg%g%mgﬁdﬂ B4fe nffogén atom are replaced
by two alkylene oxide groups, and the di(alkylene oxide alkyl)amino group denotes
an amino group in which two hydrogen atoms bonded to the nitrogen atom are
replaced by two alkylene oxide alkyl groups.
Examples of the cyclic amino group include a 1-polymethyleneimino group
such as a 1-pyrrolidinyl group, a 1-piperidino group, a 1-hexamethyleneimino group,
a 1-heptamethyleneimino group, a 1-octamethyleneimino group, a 1-

decamethyleneimino group, or a 1-dodecamethyleneimino group. Furthermore,
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Exanpl es of the conpound of formula (I1) include a
conpound wherein fornmula (lla) is an acyclic am no
group such as a dial kyl am no group, a

di (al koxyal kyl )am no group, a di(al kyl ene oxi de) am no
group, a di(al kyl ene oxide alkyl)am no group, or a

di (al koxyal kyl ) am no group. Exanpl es of conpounds in

SRl TR s SH T B0y 18
1L|?mda%!ylt"%'bhi{ | 2 HliRbESIRMY| dloup et piperatinygeoup, and a morpholino

[3-(dié I am no) propyl Jtri met hoxysil ane,
gf&mp( et hyl met hyl am no) propyl ] tri met hoxysil ane, [3-(d

i[ ge t( j rlg?]T ng/,?ﬁ)vﬁ{gg A }gﬁr ietezﬁgrtl]cg%(% érligiﬁ%rﬁéabllgy] gf a compound, and

(ST KR8 R L) B AHRRANH 888te amin groun. and
nEcgr? Z:Fiefér%&%'awaﬁarwg?sw ]mﬁdwanbr&tdwémd §o8p, a di(alkylene

I et hyl am no) propyl ] net hyl di met hoxysi | ane,

okide (atkyl) ginimet gyl or acnij(pratlmsilil]rammqgnbuprret hoxysi | ane,
[3-(d i net hyl amino) propyl ] ethyl d inmethoxysil ane,

[ 3- ( Exammies ohithe)gerpeyng & Hormaula rwmmﬂs PagRmpound wherein

Ll 4 B! S0 g St B BB, . o
di(8lk kg t)ﬁmrn@ ?r%h Y b ik Odidd) et | gtoes,ha disikleRe  oxide
T4 - y

hyl am 1 nho) propyl ] met hyl d i et hoxysi [ ane,

alkiﬁr)érdmbrgﬂbtm{bamdﬂakpxyaﬂgyl)imtdmgrd.umt hoxysi | ane,
[ 3-(di et hyl am no) propyl ] et hyl di et hoxysi | ane,

[ 3- ( Exanries 19f| composngs dpywiien HommiziHakis Al QHEW'HHMP group
%I di al kyl am no) pr opyl ] di al kyl al koxysi | anes such as
"{ 1%di met hyl ami no) pr opyl ] di met hyl net hoxysi | ane,

[3-2id ISR GHEDYI M R Silahdd S&dHad met hoxysi | ane,

[3-(dimethylamino)propyljtrimethoxysilane,

-

[3-(diethylamino)propyl]trimethoxysilane,
[3-(ethylmethylamino)propyiltrimethoxysilane,
[3-(dimethylamino)propyljtriethoxysilane,
[3-(diethylamino)propylltriethoxysilane, and
[3-(ethylmethylamino)propyljtriethoxysilane;
[3-(dialkylamino)propyl]aikyldialkoxysilanes such as
[3-(dimethylamino)propyl]methyldimethoxysilane,
[3-(diethylamino)propyl]methyldimethoxysilane,
[3-(ethylmethylamino)propyllmethyldimethoxysilane,
[3-(dimethylamino)propyl]lethyidimethoxysilane,
[3-(diethylamino)propyllethyldimethoxysilane,
[3-(ethylmethylamino)propyl]ethyldimethoxysilane,
[3-(dimethylamino)propyllmethyldiethoxysilane,
[3-(diethylamino)propylmethyldiethoxysilane,
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(di nmet hyl am no) propyl ] di et hyl net hoxysi |l ane, [3-(d
t hyl am i no) propyl ]d i et hyl net hoxysi | ane,
(di met hyl am no) propyl ] di net hyl et hoxysi |l ane, [3-(d
t hyl am no) propyl ] d i nmet hyl et hoxysi | ane,

(di met hyl am no) propyl ] di et hyl et hoxysi | ane, and
(di et hyl am no) propyl ] di et hyl et hoxysi | ane. Exanpl es

[ﬁe&@fﬁﬁg gﬁﬁﬁ"f})?ro I:l]rﬁé‘thg@%uméix?ﬁ%hhgé is a

[4- %h?mga%yﬁbwwthmmekwlaml }trial koxysil anes such

[3 (dﬁhﬁamywmrhwll)emﬂd'ﬁipmﬂﬂﬂ% apd net hoxysi | ane, {
et hox msthr¥ g) %‘ trlmst oxyS|Iane {3-[d
13- g‘ﬂ@t"ﬂ@ BEHPORY! % oxyS| | ane, {3-[d
t | 3-
8 Eﬁ'@ﬂmhﬂ*‘#ﬂ@g“m&? nc???“gé’ﬁ ‘f‘?‘?‘. B hoxysiane. - 1
[32; mnﬁtdwiob .mem};mﬁawy]siemeet hoxysi | ane,

met hoxye yl ) am no] propyl }tri et hoxysi |l ane, and
-leétdylemiﬂmaprpmlldyhethwmw]qxvﬁmﬂ}t ri et hoxysil ane;

dl(alkoxyalk no I}alkyldlalkoxy3|lanes
[é'(ﬂifﬁefé%"a"{'@)[’@ipv WH%JB’M Sm noj propy! } net hyl d

i K%ftﬁﬁs%w}ea{gﬁm%%?h e, (5T

[3- Jﬁbﬁ?ﬁ%ﬁﬁ&)ﬂo})ﬁﬂﬁlﬂl@hﬂ[&%&ﬂiﬂbhw di met hoxysi | ane,
ye

et hox yl)am’i

[&(dlethylpyiridmbpyl]ddndb;rlbﬂmmnhaexe 15 {3-[d
[:}—%ﬁ met hoxynet hyl ) am nolhoropyl }ethyl d i nethoxysi | ane,

"methvkamlmmmﬂm?thyls ¥l }et hyl d

X ane, oxyet hyl ) am
ﬁa—%ﬁﬁsﬁwb@w@ﬁﬁ:@%ﬁs&&ﬂ%egney G
| (et heysiIBY lof BmpRhas aRYHiEH Rarhlidrend)omnyai digii@xyalkyl)amino
{3-[d i (rret hoxymet hyl ) am i no] propyl } met hyl di et hoxysi
greupainciuds- [ di (et hoxynet hyl ) am no] propyl } met hyl d
I et hoxysi | ane, {3-[di (nmethoxyethy])am

{3%%0@%1*3}0@'wpwwl&tﬂﬂ'bszwlawuch as
{3-[di{methoxymethyl)amino]propyi}trimethoxysilane,

[ 3-
ie
[ 3-
e
[ 3-
[ 3-

{3-[di(ethoxymethyl)amino]propyi}trimethoxysilane,
{3-{di(methoxyethyl)amino]propyl}trimethoxysilane,
{3-[di(ethoxyethyl)amino]propyl}trimethoxysilane,
{3-[di(methoxymethyl)amino]propyl}triethoxysilane,
{3-[di(ethoxymethyl)amino]propyl}triethoxysilane,
{3-[di(methoxyethyl)amino]propyl}triethoxysilane, and
{3-[di(ethoxyethylamino]propyi}triethoxysilane;
{3-[di(alkoxyalkyl)amino]propyl}alkyldialkoxysilanes such as
{3-[di{methoxymethyl)aminc]propyl}methyldimethoxysilane,
{3-[di(ethoxymethyl)amino]propyl}methyldimethoxysilane,
{3-[di{methoxyethyl)amino]propyl}methyldimethoxysilane,
{3-[di(ethoxyethyl)amino]propyl}imethyldimethoxysilane,




{3-[di (ethoxyethyl)am i no] propyl } net hyl d

i et hoxysi | ane,

{3-[di (et hoxymet hyl ) am no] pr opyl } et hyl d

i et hoxysilane, {3-[d

I (et hoxymet hyl ) am no] propyl } et hyl d i et hoxysil ane,

{3-[di (nmet hoxyet hyl ) am no] propyl } et hyl di et hoxysi | ane,

al)g methoxymethyl)amino]propyliethyldimethoxysilane,
{{g f (e)t(yhoxy%)t hyl )]%mp%%] pyrr opyl ) et hyl di et hoxysi | ane;

{aﬂdh(ethoxymethyl)ammo]propyl}ethyldmethoxysﬂane

al koxyal kyl ) am no] pr op }dl al kyl al koxysi | anes
éd@:&m@é yaminosepxleividimeinpryailaes. pr opy| } d

{lb{@qli ﬁé‘lyﬁ?/% ane }BW&%%BOW%QWI net hoxysi | ane,
{,{‘ﬁ%@’ﬂ SRRV ﬁfﬁkﬂb%ﬁ?}rﬂ%@ﬂ%ﬁiﬂxﬂlane

rret hoxysi

{B{[ﬁ(émowﬁ'temw)}aaind]mbwl}nmthﬁldielhmdﬂahéret hoxysi | ane,
é d i (met hoxymet hyl ) am no] pr opyl }
{3dditpethexyetivsminglrropylinetng Iethoxvsdane

{?g‘ﬁ g%’&ﬁnﬁ‘ﬁﬁ%@t’m@vbﬁeﬂﬁﬁétﬂ %Y | met hoxysi | ane,

{?2&'%& et hoxyﬁ yl pro %'E‘ithy'd'ﬁ?/‘l"i‘yd‘;"?%‘? hyl net hoxysi | ane,
{{3%dlEeihwmtﬁwammmwl}@mymémmuér}aj

I met hyl et hoxysi |l ane, {3-[d i(ethoxynethyl)am

{ﬁdqlﬁnﬁtpngpﬂwi)mnwﬂrepm@ﬂw|¢tamsﬂarﬁeslapdlh .
%ﬁthgéégm%gpméﬁg{hﬁ@ﬁ%%?ﬁt A g/ dat oxysi | ane,
{?gﬁ%Fégéﬂ(ﬁ‘el?)ﬂOXyhé?%%”d|alk¥1lglj<%>§yggyrre)sdsugt ﬁyl et hoxysi | ane,

{8-3di{rlethéxatnitbyhamiifalbropidabmipmithd:gsikinay | et hoxysi | ane,
3- [ di (et hoxyet hyl )am no] pr opyl } di et hyl et hoxysi | ane,

{ 'M(etl{faq{r@thy()emmlwepmw@thylmw]qw@\aye} di et hyl et hoxys
i whi ch f | ]
T T 8@@%‘? }BEB i ude Compounds
h
(it hRinBlerdpyiin %e@s%"%ﬁ%m% noxysi Py o
{s%nirﬁbthm@thﬂmmm?mbﬂwéthﬁmﬁdiwmeI ane,

{3-]di (epoxy)am i no| propyl } net hyl di net hoxysi | ane,
{3-Mdi(ethqapethy))aminotmsdpxlidehinethekysilase.hoxysi | ane,

{3-[di(methoxyethyl)amino]propyl}diethylmethoxysilane,
{3-[di(ethoxyethyl)amino]propyl}diethylmethoxysilane,
{3-[di(methoxymethyl)amino]propyl}dimethylethoxysilane,
{3-[di(ethoxymethyl)amino]propyl}dimethylethoxysilane,
{3-[di{methoxyethyl)amino]propyl}dimethylethoxysilane,
{3-[di(ethoxyethyl)amino]propyl}dimethylethoxysilane,
{3-{di(methoxymethyl)amino]propyl}diethylethoxysilane,
{3-[di(ethoxymethyl)amino]propyl}diethylethoxysilane,
{3-[di{methoxyethyl)amino]propyl}diethylethoxysilane, and
{3-[di(ethoxyethyl)amino]propyl}diethylethoxysilane.

16




I (epoxy)am i no] propyl }methyld i et hoxysil ane,
i (epoxy) am no] propyl } et hyl di et hoxysi | ane,
i (epoxy) ani no] propyl }d i met hyl met hoxysi | ane,
i (epoxy) am no] propyl }d iethyl net hoxysi |l ane,
i (epoxy) am no] propyl }di net hyl et hoxysi | ane, and
i (epoxy) am no] propyl } di et hyl et hoxysi | ane; and

COWD } id
ai (t Skrﬁgﬁlégﬂg}’i‘%@ f“;i mgc}é F%’ﬁ%uldsﬁlgﬁ is a di(alkylene oxide) amino

gl{oﬁp[lrddll.(deet rahyd rofuranyl)am
i no] propyl }trimet hoxysil ane,
cqupt{Lmd§ﬂrzaw igh Jermyia iahis|a difgpoxy)amino group such as

{dr@% %‘éﬂﬁ’l et@ ﬁ@‘i"ﬁ% |{3u Erg'tﬁéityé??éﬂe {3-d

{3 [ﬁ(ﬁéé‘)ﬁﬁf@n%mo&yl tF’Sg‘;? IIta ?/I di met hoxysil ane, {3-[d
{3-[at(epd>qrwﬁnbpfd|uyamyth)yﬁimanbwsamé } met hyl di et hoxysi

lane, {3-[d i(tetrah

{&{df(epmgan)lao&)myﬁetbw%}@hm&ar@s hoxysi |l ane, {3-[d
ik h SR PR it R e,

Ea (ﬁécf:ﬁgfﬁh%wq§§¥th}uai&%%a{aaeyl }d
i(Es5H | 1 di met hyl et h
{%ggg@xg%agﬁlha@% i(tetr ahydr of tﬁgw) }z;lml |mr:o] )p;r gpylo;)lqéSI

{3—{dt(hg¢manmn9]9rdpah¢ethmum¢m>e'sllaﬁe conpounds i n which
formula (Ila) is aq di(al ene oxi al kyl') am no
{3k erexyirmin r%%m} gf‘yﬂlﬁ% ap rrrul a(lla) is a

(Sl BRAS|Rlino PEcD o G PlehoiyilingZand, - [ € 1 (ol el dvl)am

ilaAPiFaming uth
it et st g 35 3 K

{3-[difiejrahybrbfusariy)einmolppopyiirmethdiysilamexysi | ane, {3-[d
e By RO AR B RO VBIA noxy 41 | anc,  {3-[d
(el B e B NSRRI L oxvsi 1 ane,
{i[an{eﬂiaﬁﬁdrummwi)éﬁ;mdjmbwi}éﬂw&ﬁemkmbﬁé hoxysi | ane, and
{3-[di(tetrahydrofuranyl)amino]propyl}methyldiethoxysilane,

{3-[di(tetrahydrofuranyl)amino]propyl}ethyldiethoxysilane,
{3-{di(tetrahydrofuranyl)amino]propyl}dimethylimethoxysilane,
{3-di(tetrahydrofuranyl)amino]propyl}diethylmethoxysilane,
{3-[di(tetrahydrofuranyl)amino]propyl}dimethylethoxysilane, and
{3-[di(tetrahydrofuranyl)amino)propyl}diethylethoxysilane.

Examples of compounds in which fomula (lla) is a di{alkylene oxide
alkyl)amino group include
compounds in which formula (lla) is a di(glycidyl)amino group such as
{3-[di(glycidylyamino]propyl}trimethoxysilane,
{3-[di(glycidyl)amino]propyl}triethoxysilane,
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{3-[di (gl ycidyl)am no] propyl }di et hyl et hoxysi | ane; and
conpounds in which fornula (Ila) is a

di (tetrahydrofurfuryl)am no group such as {3-[d

i (tetrahyd rofurfu ryl)amino] propyl}trinmethoxysil ane,
{3-[d i(tetrahyd
rofurfuryl)am no] propyl }triethoxysilane, {3-[d

G Wygwﬁipﬁ%ﬁ%me"“ Idimeoxyianet hoxysi | ane, {3-[d
{B-ﬁ&@Ifcﬁﬂr)ﬁmmo}propyl}ethy!dlmetho silane,

rof urfuryl)am no]propyl } et hyl di net hoxysi |l ane, {3-[d

{B{[dl@ycwyydmm]mo;ﬁyh}nﬂtbmmo}qw&wI } et hyl d
i et hoxysi | a d i(tetrahyd
WMWWDPW Fh'@}ﬂle \Histhexysilane, et hoxyS| | ane, {3-[d

RN RS ATRHRLAREE O o
{Bg&‘ Eﬂofci&y}j it PR IhEtnbjsidheTet hoxysi | ane,

(tetr ahydr of 'ur furyl ) am no] propyl } di net hyl et hoxys

{BJ[@("gﬁqcmﬂyl)dm1rbﬂ}rbnyl}ﬁtrmth¢btjldxysnane and
rof urf urﬁl ) am no] propyl } di et hyI et hoxysi | ane. Exanpl es

61[%'5;@% Aanolriomiidisthyiehexysiane PRY is a trial kylsilyl
cPaRERras Rt unig ks Rl BBy RBIRP R e

{gl([j&pl netyEﬁT'Lrﬂw? nz'a"r’r?lﬁoﬁprgl %'B‘ye"ﬁ ?Ilr?‘g?hoxyy | ane, {3-[d
{B{di¢teredhyd ebfurfeyirhind]proplyliriethoxysilane,
i no] propyl }trimethoxysil ane,
{Mdlitqﬁrqhydrqiwfwrwngpycmﬂ}m@}fwld@'pw?mmqioxys| | ane,
@E%f%é%}ggﬁﬂfr&"fr@? rquﬁ%twwlmethé’xy)s?ane

di al k |
(& ottt FP?'“*"E@BH”@.%%“;% ooy ) et iyl
{Bllm(tbwanyﬁrdfam.ﬁyl)anﬁlﬁo]btbp@l}ethyld|ethoxy3|lane

but yl di met hyl si |yl )am no] propyl } met hyl di met hoxysi | ane,
{@-:{;dl{tglrahyd rofurfuryl)amino]propyl}dimethylmethoxysilane,

{gi{y tetzahy AYorSrndran R bRy ath ks lingt hoxysi | ane,
{é-jaiFt@éréﬂyaFa@d%amhw}o%yl}mme@mém&%m At hyl di et hox
{31Ed|{tdllréﬁyﬁroi?rhwl;‘arhmb]bﬂmyl}@lbmymdxydlaabkyI al koxysi | anes

such as {3

i (triEarnples of sampavnds jrowbiply Foraiulasdiay/is eetrialks\igii groye include
Slalksh ety

(PR dsiv)RmiainsoRirakaysiianes ﬁ'ﬁn’r%st hoxysi |ane,
{é-ffdigﬁggﬁﬂg%mJ\Cﬁbllowﬁtﬁmeméi@n_&l ) di net hyl et hoxysi | an
{B(di¢tDutydishetiiyisiy)amihdbicpiitamietioxpsilahg] met hyl et hoxysi | a
ne. Anong them a

{B-di(tdinethirisihd)aming]proppijtrigthokysilans od| ane is preferable,
{g-r[]c(iji(t-butyldimethylsiIyl)amino]propyl}triethoxysilane;
{3-[di(trialkylsilyl)amino]propyl}alkyldialkoxysilanes such as
{3-[di(trimethylsilyl)amino]propyl}methyldimethoxysilane,
{3-[di{t-butyldimethytisilyl)amino]propyi}methyldimethoxysilane,
{3-[di(trimethylsilyl)amino]propyl}methyldiethoxysilane, and
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[ 3- (di et hyl am no) propyl ] tri nmet hoxysi | ane,

[ 3- (di et hyl am no) propyl ] tri net hoxysi | ane,

[ 3- (di met hyl am no) propyl Jtri et hoxysil ane, and

[ 3-(di et hyl ami no) propyl]triethoxysilane are nore
preferable. Furthernore, exanples of the conpound of
formula (I1) include a conmpound in which fornula

(e @buy Rty Sh BBl By B ae lardl Per | di no

nel mno group, a 1-im dazolyl

{3 [ditralkydsild)amidblprapyhdibkyiaikdrysilbiyés gchas, a
1- pi perazi nyl group, or a norpholino group. Exanples

i per azi nyl ¢ : _
{Bidiometbyisihaminolprpeyiidirethmethaysilanes a 1- pi peri di no
LR 5o B B Byl o1 e
S e Ll
{Bidid-bRiyRehbisRNaMMRpropyitimeinglettoxysiahane, and

3- (1-pi peridino)propyl et hyl di et hoxysi | ane. Exanpl es of
c onpamaeg themuiai [3Hidialkylaminp)gropy]trialkoxysilane is preferable, and

1- hexanet hyl enei m_no roup i ncl ude
s {ome Y REIADROPUHEMRINGEYIRBR | t r | ot hoxysi | ane,

. Lm.i ltrieth il . 3-(1
e T B e A Py L et e, 5o (1
[S-Wmhhﬁrﬁcﬁgr%rmtﬁ&hm%e‘?bhw di met hoxysi | ane,

y

3- (1- hexanet enei m no) propyl met hyl di et hoxysi | ane,
[R(dieth@adinp)propyl]triethoxysilane are more preferable.

xR0 RTIES of IAGRTBIPNE A 44 1B giude,a compound

b | vl i.nel e

'ﬁ%g&‘?@ﬁﬁ@%h(g%g‘»lu?yquglfcoé&ﬁq ﬂl]:oggzs&cg’asaﬁ d1—p|pend|no group, a 1-

hékérﬁethﬁlbﬁéiﬁﬁi@’v\irbh E,' PN %hﬂ'aloi%!fqrgéﬁ,_@ £ 5-dibyaindrh amidakolyl group, a
ich fornmula {11a)

compounds in is a
14igerazihyl draup, of andaglwlind graypoup i ncl ude

N g_é){aimr:)?éshgfxc%friplo{llngsr ﬁlp\kr/tlnc):h fAB’n?\hlgi (PIZ)dig %i 1%@3% |r|1oe Qro%B(?nclude
3-(1-piperidino)propyltrimethoxysilane,
3-(1-piperidino)propyltriethoxysilane,
3-(1-piperidinc)propylmethyldimethoxysilane,
3-(1-piperidino)propylethyldimethoxysilane,
3-(1-piperidino)propylmethyldiethoxysilane, and
3-(1-piperidino)propylethyldiethoxysilane.

Examples of compounds in which formula (lla) is a 1-hexamethyleneimino

group include
3-(1-hexamethyleneimino)propyltrimethoxysilane,
3-(1-hexamethyleneimino)propyitriethoxysilane,
3-(1-hexamethyleneimino)propylmethyldimethoxysilane,

3-(1-hexamethyleneimino)propylethyldimethoxysilane,

3-(1-hexamethyleneimino)propylmethyldiethoxysilane, and
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N-(3-triethoxysilylp ropyl)-4,5-di hyd roi midazole.
Exanpl es of conmpounds in which formula (lla) is a

1- pi perazinyl group include 3-(1

- pi perazi nyl ) propyl tri net hoxysi | ane,

3-(1-pi perazinyl)propyl triethoxysilane, 3-(1

- pi perazi nyl ) propyl net hyl d i net hoxysi | ane,

K = Ol oxysi |l ane, 3-(1
33(%%%@?2%2@%‘“’#%6% E@%ﬁ@!ﬁ 'l'&k%%bgl | ane, and 3-(1

- pi pexamipiesl of pompylinds iy Wa@ifbﬁmys (I iea 15xisapbdlgigrodp include
compounds in which formula (1l1a) is a norpholino group

M(ﬁdﬂ@é@oxﬁﬂv&bml}mlﬁﬁﬂ@iﬁawm ri met hoxysil ane, 3-nor phol

triethoxysi, | ane, 3-norphol i
”@3?%@9}%&'?{ P&lpﬁnl'félzﬂ@xysi | ane,
3- rmr 0, I )
3-norp p:k%o%: opﬁoﬁr@ta%; 'F‘é{ﬁ@{‘ ﬁg@y@? l(!i’dg% aanddlhgdﬁ)o? brwdfzolyl
grdmpmcumd et hyl di et hoxysi | ane. Anong them a conpound
in which formula (Ila) is a 1-imdazolyl group and a
Ne(@ririoathaxysilylprapyh-4t diwdraingidazeoje, iagd a

N‘R‘@?tée%%%ixffﬁbkb%?ﬁ&%%mﬂ’éﬁfd22§| G, cerapie. and
ﬁgg %éﬁ%whﬁﬁpr opym\& fEE gfﬁéﬁh glagl m daz Ferazmy]ldgroup

in%@.dél-(s triethoxysilyl propyl) -4, 5- d| hydr oi m dazol e are
nore preferable. The conjugated diene pol yner of the

31it-piperazinypeopyitionethexyslane, her conprise, in addition
to the conjugat ed di ene-based constituent unit

I(-aiverRpnvbRropyiRthoxysiane, 5 constituent unit based on
d h
3R Bra PR asniaR R Sen ™ 0, 0P 2o e an

I"C VI

34%%%ﬂmsr@?bmwmémoﬁ,®u§n@ster Exanpl es of the
n

aromatic vi i ncl ude styrene, a-nethylstyrene,
SwiﬂmﬂlwépmpylmWIMpMﬁMQemd di vi nyl benzene,
3\ piperdzinyijpropylethyidiethoxysiane, " oP Al ene:
Examples of compounds in which formula {lla) is a morpholino group include
3-morpholinopropyltrimethoxysilane,
3-morpholinopropyltriethoxysilane,
3-morpholinopropylmethyldimethoxysilane,
3-morpholinopropylethyidimethoxysilane,
3-morpholinopropylmethyldiethoxysilane, and
3-morpholinopropylethyldiethoxysilane.
Among them, a compound in which formula (lia) is a 1-imidazolyl group and
a compound in which formula (lla) is a 4,5-dihydro-1-imidazolyl group are preferable,
and
N-(3-trimethoxysilylpropyl)imidazole,
N-(3-triethoxysilylpropyl)imidazole,
N-(3-trimethoxysilylpropyl)-4,5-dihydroimidazole, and
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Exanpl es of the vinylnitrile include acrylonitrile,
and exanpl es of the unsaturated carboxylic acid ester
i nclude methyl acrylate, ethyl acrylate, methyl
nmet hacryl ate, and ethyl nethacrylate. Anmong them an
aromatic vinyl is preferable, and styrene is nore
preferable. Fromthe viewpoint of strength the
m&%@% IBH?:?&MHMV&Bmﬁ’iBaiJ@ad@rr%@Brefe'réB!@nt i on

era ains an aromatic vinyl -based
co nStTﬁeJm’ﬁjugﬂtEd diéne pofginec ofhe presenhinvgntionmday fuether comprise,
content of the aromatic vinyl unit, relative to 100 %
=rbyd¢|mrgmthefconweatedcﬂlgne-haﬁfgmonémumeurufo@pmga?tse déﬁw't) a

and the aronmatic.,vin unj t

cbRutudt i GG iy Womtion ExRTBlE 61,80 othe monomer
|&ﬂf3eu5ﬁ“a?&n§ﬁceﬂﬁ%|u%' YipPRitr e A aWn%atqu@@ c%?oo%yﬁlyamd ester.

wel ght), and nor pre erabl’'y not less than 15 %b

Exampléls Of ke caroimatic vipfl inblade ostyrepat ecmethyistyrems, t vanyltoiuene
bei ng not nore than 85 % by wei ght). Furthernore,

Vﬁwlsnphﬂieleueemmlmlbweﬂenel t@dmﬂbﬁn;.ene,he andnt &ivinydfaphthalene.
R o he eyl B SRS, b pedhbiee i s Usairated
cgmo?g rﬁdyeég%ﬁﬁﬂ%&%ﬂ}eﬁ'&l & ig?é&?"@t@&érélﬁ?@?nﬂﬁ\ﬁ ?rée(;i'r!]ace late, and

eﬂ'fyl niedh ht@gahﬁ%nﬁltﬁém @i drofRtio Winypls b@érabbaranﬂ&tﬂﬁene is
by weight). Fromthe viewpoint of strength, the Moboney

mare prafenablel M_1+4) of the conjugated di ene pol ymer of

t he present i,nventiaon i s preferabl oL |l ess than
and  FBMetEr Rl of SHSPQKB&E% cpRagdied diens; ﬂ%’?‘ﬁ’b?fet%e present

uWeR r{ E'%f %@I htginsqa{rh 9’1%8%%9\?—%&%&&&&%@@& (ia/romatlc vinyl

rmre nore pre

uﬁﬁ)" %nH hA& o%ﬁl@nt ofthe AYBMARY vinySGRE irbktitdiol 180 % By weight of the
neasured at 100C in accordance with JI'S K6300 (1994).

tétalameourd of thevgoojugatedfdiénesiinitaraitbenarornatie vimyhyhit,d® preferably not
content _of the cond;t gated 21 diene

'%Sée%ﬂoi%\mnwisht he' ponterd AtNG cﬁwgﬁeﬁﬁmn?aﬁn%ée'ﬁ%mt more
i % /oy G afapin Rotdeds Bdn 13 ARl e content

of e corﬁugéta&maheeumtf b&AY nBE more st BS %9 ToyOkéight).  Furthermore,
properties, it is preferably not less than 10 nole %
froor the viesfpeird lof fuehetoniootys thetcanteh’ ofthe @rdinatjoxtinyl wibit és preferably
preferably not less than 20 nole % and partj cul ar

B E106% S0 50h b by SKGNtHATe Aot dhe eoniigblgt (e, gifbeing not
3hET 503 s RO, B3 Aol BBEPRAROACR e oo
cBRteAPSANPEOigAteRKieRE udit BemYInoBle8s'than 55 % by weight).

From the viewpoint of strength, the Mooney viscosity (MLi.s) of the
conjugated diene polymer of the present invention is preferably not less than 10, and
more preferably not less than 20. Furthermore, from the viewpoint of processability,
it is preferably not more than 200, and more preferably not more than 150. The
Mooney viscosity (ML1.s) is measured at 100°C in accordance with JIS K6300
(1994).

From the viewpoint of fuel economy, the vinyl bond content of the conjugated




From t he vi ewpoint of fuel econony, the nol ecul ar

wei ght distribution of the conjugated diene pol yner

of the present invention is preferably 1 to 5, and

nore preferably 1 to 2. The nol ecul ar wei ght

di stribution is obtained by nmeasuring nunber-average

nmol ecul ar wei ght (M) and wei ght - average nol ecul ar
didRé %yn{é}’@‘ the? re@erﬁt%vé?ﬁb I\ﬁie?éiaﬁl@ R FHore) fmhed ﬁ'—B@ %. and
met ho and d|V|d|ng Mv by A preferred nethod f
moreopireéerably ok moenthagatlemolgi %rper 160 ynae Yo bf mbe:onp:gekadrﬂlene-
invention is a_ production nmethod conprising ste

A o
based eensituept Anltpommrmesendr%ﬁmfeypem% sﬂpnapoaemes it is

o f
oY 3 i A Rk, e EBTRY o R AT s o % v
midfe ﬁf%féihﬂﬂﬁ"nbt 1884 fHan 20AhalkYs! addOpdifiUiatySteeRANTRE less than 40
having an” al kali metal originating fromthe catal yst
mate W Theabtyl borel ¢artentisiypxhllyameabyned bydRapecinescopy fram the
conj ugat ed di ene-based noponmer ~unit and a nonaner

alaﬁqrmtloaagt@as-brrattamnmam Cﬂb wﬁmm apRbsepHeN Beak qf @)vinylLgreup.

nden S5 he Vipaglnh oLk ERRVG IS mpfea HFiehCistibpigy of the
célé?%éd) a0 QyFLO' Sl 1h9rpr3?e°tﬂbﬂénhbﬁ ?sdpréf&hﬁﬁaf B/, and more

east one and X6 is a group

peferaisly multa 2{| | Ttee) nidécutar W8ight BStribhitign i4 dbéginedh by eeasuring
R8 and R9 independently denote a hydrocarbyl group
bty egssmlecar waichb(Max and weight-ayarege malasllar wight ()

oy GE PP Lot PR ARt Lo relp G ano Mmoo
be b?@i: e?8d ethBd f18f '&odugf?@e{h@e&ou’ﬁﬁddied Rfferi¥ Eg@ﬁh%ﬂ of the

at om rong structure tepB reactlngt
preséntlitvengom i3l &/ pidduttionshethod\covmpiisidg steppAwand Bof f or mul a

(I1): RERSI-(CHZ)o A(Il) I5
step A: polymerizing monomers containing a conjugated diene and a vinyl compound
of formula (lll) below in a hydrocarbon solvent in the presence of an alkali metal
catalyst to producea polymer having an alkali metal originating from the catalyst at at
least one terminus of a polymer chain having a conjugated diene-based monomer

unit and a monomer unit based on the vinyl compound of formula (Il1):

H,C CH
O R (ILD)
XS

wherein X*, X, and X® independently denote a group of formula (llla) below,
a hydrocarbyl group, or a substituted hydrocarbyl group, and at least one of X*, X5,

and X° is a group of formula (llla) below,
RS

—N ITI
\R9 (ITIa)

wherein R® and R® independently denote a hydrocarbyl group having 1 to 6
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wherein n denotes an integer of 1 to 10, R3, R4, and
R5 i ndependently denote a hydrocarbyl group having I
to 4 carbon atons or a hydrocarbyl oxy group having 1
to 4 carbon atons, at least one of R3, R4, and R5 is a
hydr ocar byl oxy group, and A denotes a nitrogen
at om cont ai ni ng functional group. Exanples of the
I t foRafi d (Srsgh
cfibbft A, #eubihiiod Nyalopafoy (BEUBDATE, | 1476 Sk doms, a siy

gfP ek edsub@tummipé@l( gbﬂb\/\@ﬂﬂ l#nami RalIrhaybé dondedhdo as to form,
pol ar conmpound, an oligoner having an al kali netal,
tagether withite oitrogén athm, adingastiuciued. andi ncl ude it hi um
otassi um rubidi um and.cesium Ieso .
SR dpaeta e zstibhe EVES [ Rer A et cRtEPoUi PRI
n- pr pyI [ithium iso- propyllithium n-butyllithium
sec-utyllithium t-octyllithi um n-decyl it hi um
Ressy-HH(OH,)ym—2- napht hyl | i t filum
2- bufyl phenyl i thium 4-phenyl butyllithium
cycl ghexyllithium 4-cyclopentyllithium
di met hyl am nopropyl l'i t hi um
di et hyl am nopropyl i thi um
t - butwhesteinet derotad ar integer opyid 10,IR°URY, and R® lndependently denote
nor phol i nopropyl l'ithium |ithi um hexanet hyl enei m d
al hvdmoarhybgﬁquemamnlé to) 4 earbamatasmsar # hydrecarbyloxy amup "having 1

SRR i, Bl 2, B, SRR AT A B g anc
dgh&gé B¥itl dé)% a?rShq-cBRfaﬁﬁij Mﬂg@gh&gg‘, eni de. Exanpl es of

e corrp bet ween an netal and a pol ar

conpaExathplesbittie atkali pestalscatalyst thedt mady/isty odad mr(stepuﬁ)limtude an
and a potassi um di et hoxyet hane conpl ex, and exanpl e
alisali tsalo langerganoaticalii mgtah somprund, arsemplex hetwern ?ﬁé"ka" metal

S R e o AR S S S e T

alk@ii Pﬁe?él‘?ﬁtﬁl%eehthiﬂﬂ'p s@&‘luﬁg Saﬁ%lbﬁmh 'r&H”ﬂlﬁr?\”Hﬁ’dJ BekiGh. Bdamples of

or ganoso rum COfT'pOUI’] VI Nng to 20 carbon atoms is

theDr erganedikdliabinetal Tb@mbmd'fdocmhde sﬂiyumnmusmmpyllmmp iso-
A is a solvent that does not deactivate

pmhnyuaﬂwank al Tbgwthm-urno npiﬂﬂ'wtﬁlﬁhunyst t-oghrwtf@;{anm redecyllithium,
t

PheoMgRum on, 2 SRSy ci4 bt e B0ah g LB Ebiium,

cﬁ&i i fﬁﬁm% the al j Roabbntfififupe ar bon 'J}ﬁémgsrrmﬁdb?@mithium,

I'so- but ane; n- pentané, iso-pentane

drétﬁmﬂa% opyIMBRIAE, 1- but epetyldimethylsilgosypropylithium, N-
trans-2-butene, cis- 2-butene, 1-pentene, 2-pentene,

mibrphetioopropyllitiugy, h ithisime hmtmylwe@nwﬁpllé@uw pyrelidide, lithium

p%ﬁ&'@%h&p@ﬁﬂ@%&%&%‘m Inrela?ml IItREi ¥ do ecatmoeltrlujy?enn%lmég 7 Adilithio-

2-butene, sodium naphthalenide, sodium biphenylide, and potassium naphthalenide.
Examples of the complex between an alkali metal and a polar compound include a
potassium-tetrahydrofuran complex and a potassium-diethoxyethane complex, and
examples of the oligomer having an alkali metal include the sodium salt of o-
methylstyrene tetramer. Among them, an organolithium compound or an

organosodium compound is preferable, and an organolithium compound or
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speci fic exanples of the alicyclic hydrocarbon include
cycl opentane and cycl ohexane. They may be used on
their own or in a conbination of two or nore types.
Anong them a hydrocarbon having 2 to 12 carbon atons
is preferable. In step A, nononers containing a

conj ugat ed di ene and a vinyI conpound of fornula

zﬁﬁ@ ne

°@5b9%%r 3@?hﬁm§{“a. 6% ymer c éﬁﬁnﬁggﬁgﬁﬁéﬁgﬁgﬂgkall

et alTherhygrotatbongofvientuseaen atepya s sblveritdioataloke not deactivate
metal catal yst. Exanpl es of the conjugated diene
therrrgannalkali ;ajalcompenad catalyst. @nd examples thereelinelude an aliphatic

hzch_g dh&g,eth | - %.ng:biwgdl elrgfe)h \ﬁﬂgo?ﬁs hefﬁﬂwﬁmg{qogn Specifc

r 5 O} .
AHPIEE PG pRAE, B b Hiudel AR BLEHEClsBioune, n
p@itahes rigdpéntane .n-Réxand nptopéne, -uaems) liso-Hutehe, trans-2-butene, cis-

i ndependent|ly denote a group of fornula %DI ia), a
2{bytenec iapeglengs Hpentene, lahexepe: and2-bexengdr am&t;/axagmia%of the

SRR bR s e e et Sy Blnzene, an
SRS T RAS” S0 Rl an

cycldhexéne: arTpep gplﬁ uséd ofiitheil o@h ddfin aQontbiation tdf ttwb &l more
silyl group, R8 and R9 may be bonded so as to

types. mAmorcglhenea hyitogartbion having ageﬁZa:adwn atoms ispreferable.

structure npl es of the hydrocarp roup hayving 1
to 6RateRdh mwrﬂeﬂr&?@wg@ nigalaty 'R@g Pd&yyﬁ‘?{‘qund of

fo?llnmél &)I@lr eréppcﬁﬂg ; iZed ropylagéoqﬂ%gte%nd%hg%ﬂ ﬁﬁé?%vir% at a

an i1s

pé’iyrﬁéﬁ civdih YermfiiudUéh afkali %HtalQngYdatlﬁé Fideh trNabdveRBéitidhed alkali
group, a neopentyl group, an isopentyl group, or an
metah eatplysgr du@mples cﬂ’ctheycohjugathsild:ejmuguwdh’i-lautadten& isoprene,

Dt S ST PR, il o ra i sy oy o
ust l?gﬁth?ﬁ%%e% |R % coﬁﬁxbr?a[ﬁgn %?tvw‘ f ﬁo%g@& CI—‘H‘@& fﬂ{em from the

ut'ed nhydrocar group aV|ng S'a su

vigwpoifestireadiCavall@siitgf 1, %Qtﬂale’?@aﬁﬁtlsiﬁ)rérfeoéfbtpi“&e@bwp
consisting of a nltrogen atom contal ning group, an

oxyged, X1, @md oGrin Jnrmulag(l@)rlodq:peruesw dermte a group of formula (llla),
atom contai ning group, etc. npl es of a

a wwpﬁgrba H1PLP.Rfch sRsinted hll%[P'Pﬁ"Hﬂ GfpR FrdeatJeast one of X!, X°,
di al kyl am noal kyl group such as

ar?‘éjg@ #8%%#8%'{'#3'%3& oup or a diethyl anm noet hyl

gr oUR® MYFBhgsmRfa 8118) iRYEpdHIBhINDdEHBIE & )8fbcarbyl group having

at om cont ai ni ng
1 to 6 carbon atoms, a substituted hydrocarbyl group having 1 to 6 carbon atoms, a
silyl group, or a substituted silyl group, and R® and R® may be bonded so as to form,
together with the nitrogen atom, a ring structure.

Examples of the hydrocarby! group having 1 to 6 carbon atoms denoted by

R® and R® include an alkyl group such as a methyl group, an ethyl group, a n-propyl
group, an isopropyl group, an n-butyl group, a sec-butyl group, a tert-butyl group, an

n-pentyl group, a neopentyl group, an isopentyl group, or an n-hexyl group; a
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group as a substituent include an al koxyal kyl group
such as a nethoxynethyl group, a nethoxyethyl group,
an et hoxynet hyl group, or an ethoxyethyl group, and
exanpl es of a group having a silicon atom contai ning
group as a substituent include a trialkylsilylalkyl
group such as a trimethylsilylmethyl group. Exanples
and R9
R P I s G a8 Rty o
tri rreAhwessdbﬁhtungdmroca:rﬁw g&il.byﬂasndgw tog8 oarbon atoras denoted by

but yl dj met hyl si |yl group. oup in which R8 and
Riangl %‘J Hheregean be pitadca slmﬂtséecthx @ceagxd |9mpehﬁv'n99¢90% gubstituent

2 PaE tupe 5f gifteoslere on i #uP Bpampig Pl fifden atom-
égﬁ%ﬁ’g&%b o;n wﬁp rfRHhlto gﬁ? ?ﬂcﬁxﬁ QﬁEbr?éth-cdi‘Mmﬁg group,

I'es ther ude an al kyl ene

efic. omammét @fSa Grolup ihawing W Kitiégergatonpcontaiting geoupt 484 substituent
group, a pentanethyl ene group, or a hexanet hyl ene

ingludep;a @aikmmpalkklquw gpgmpagta;rﬂ@gtrylammoethyi group or a
BB h e, APPSR Picd SOURS RV o, ShaEh catefiriaytaining

r
i BB oy A R .
d méth&tyetyp! Nhh I QEERyrREtRYi 25k ga® Ugthogethyingréup, and
pre?erablfy ad‘é%ug rg%r esen?{edgb;pggﬁZCHz ?—I—CH2 orru% o

eg:amppp.s of apgrese hatg laysilicOrZEMA-cRBIRING Jiioup lagdr suhstilyent include
roup denoted by R8 and R9 is_preferably an al kyl
agv'al'sws"v'qw sr%ﬁp@ush55|a¢r@ﬁtfylsw)me&v ghu avi ng 1'to 4

car boﬁxd%ﬁlgg tﬁ%1 s'ﬂ?&t(f‘tu @[ gPA%’r Gendl&d R'graa\ﬂHpR9 fHelude a

et hyl "gro propy an n-batyl group,

tﬁé]ﬁyiﬂ@vr tgréup éHubN asa Rﬁﬁlfeﬂfyﬁmly Aupetatetdayisiy goupnor a
n- butyl ‘group. The substituted hydrocarbyl group

bolyidimethyisjlyllgroumd RO is preferably an al koxyal kyl

group, and nore prefegably an al koxyal k ,

havi nQSf GISUR o I RSB’ arRebanisst fhei &aﬂ g'fed a divalent
q? DU Eﬁﬁgolt d12bc¥art§?n g SR%V“I&I rl’ﬁsg ﬁﬁﬁ’lay idast one type of atom

i1yl ‘group, ore prere

s*e[e'cfé%ltf?% fid é’tbmlc%r%ﬂ co@stﬁ‘@d)f B%t?égéncﬁt%eéﬁbkygeﬁrhtom and a
al kyl group, al koxyal kyl "group, a substituted

silicby latgm o uBxamaples thereofoigeinde ant alkykeneg grpup Lgvich raswh itirhethylene

R8 and R9 are bonded, nore preferably an al k%m roug
%P‘élfp Adetramethylengaroup @ eerﬁwefgvlsug gFP: A3 hex@mgthylene group;

ah oxyglalkylene group such as an oxydiethylene group or an oxydipropylene group,
and a nitrogen-containing group such as a group represented by -CH>CHz-NH-CH,-
or a group represented by -CH,CH2-N=CH-.

The group in which R® and R® are bonded is preferably a nitrogen-containing
group, and more preferably a group represented by -CH2CH2-NH-CH2- or a group
represented by -CH,CH;-N=CH-.

The hydrocarbyl group denoted by R® and R® is preferably an alkyl group,
more preferably an alkyl group having 1 to 4 carbon atoms, yet more preferably a

methyl group, an ethyl group, an n-propyl group, or an n-butyl group, and particularly
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atons, and still nore preferably a nethyl group, an
ethyl group, an n-propyl group, or an n-butyl group.
As the group of fornmula (Ilia), an acyclic am no group
and a cyclic amino group can be cited. Exanples of
the acyclic am no group include a dial kyl am no group
such as a dinethylam no group, a diethylam no group,

FreBisel By G By ShHBenyParolb PP bARMNET tocartn aroup

@ériviel b Rédarld RP s prefarhblig A alkekya rglft\)up, and more preferably an
di (neopentyl)am no group, or an ethyl nethylam no

@kaalkyl group havikg Bytal & garpaniatemsyr c'ﬂmp substituted silyl group denoted

get hoxymet hyl ) am nq grou mathox eth
§u aRX%iS(rgﬁéb%m@ttw?y ﬁlvf)a@uer 80 Mase P& Gerably & Timelhyisiy
% E'?t hoxyet hyI )am no group; and a
rialkylsilyl)am no group such as a

di ('t riRTRInAYRSAreYdreRMAVRPal Ay Pgrelip an alkoxyalkyl grouP a substituted
di (t-butyl di methylsilyl)am no group. Exanples o

silyt groupaot @onitrogenpcontaihing egraugd. inp wh)dneRﬁynhdrﬁ% atenbonded more

group such as a 1-pyrrolidinyl grou ﬁ peridi no
@'p{gj?)bly analeyd GEaupy i 1y @RES RiefRsably (ﬁmpalﬁylgroup aving 1 to 4 carbon

APBSHORLRN B R ERaR LIl Bud STHAVEROYp. 30-BoBih group, o

gnﬁgﬂg@@@gbhyleneln1no group. Further exanples of the
cycli¢ am no group include a 1-imdazolyl group, a

4, 5- diAsytte @roup of thanalay(llia)ganueyclie dminoi glaap landiangyclic amino
group, a 1-piperazinyl group, and a norpholino group.
Feupcambe gitadapoi nt  of econony and ready avai | abi | i ty,

o o EapBafs of BieskyBic aming ol mRie A dalala et high =s o
ARt mnﬁﬁ&ramu)s aad'diétﬂ@férﬁﬂbn%rarpoua Sdimsrbbmaﬁﬁndw bldup, a

an aIkyI group having 1 to 4 “26 carbon atons,
di(isdpropyaminar gfoapakl di(abutylyarhing | group) oa gii(seltpbutgl)amlno group, a
di et hyl am no group, a di(n-propyl)amno group, or a

dj(ferfrbam)ynmrarw grd;unpomw}am@@ gestup; pEametYsethigmino group;

81 R GFRRITBY Blous° ny iasg o BthehoBme I Cofile. a
d'l(‘n‘i’étﬁwetlﬂp%ﬁro alyrolyS OPTLPY bi(ét etyhaftifd't YhrodpOUPor  a

a sec-butyl group,®or 'a tert- éuty gr oup.

d?(stndxgemplyam'nexgmjms antl tde diwiaikyisiylfzetndy drovparsieh as a

roup i nclude an al koxyal kyl group such as a

imethylsiDagninggreup or adl(ébmldwﬁhmlyl)gmmmm@

et ho@éat hl¥es of qﬁ eéllc aml%g grtt:lppog(rpéia de’a 1gpo?yn?ethylenelmmo group
such as a 1-pyrrolidinyl group, a 1-piperidino group, a 1-hexamethyleneimino group,
a 1-heptamethyleneimino group, a 1-octamethyleneimino group, a 1-
decamethyleneimino group, or a 1-dodecamethyleneimino group. Further examples
of the cyclic amino group include a 1-imidazolyl group, a 4,5-dihydro-1-imidazolyl
group, a 1-imidazolidinyl group, a 1-piperazinyl group, and a morpholino group.

From the viewpoint of economy and ready availability, the group of formula
(llla) is preferably an acyclic amino group, more preferably a dialkylamino group, yet

more preferably a dialkylamino group substituted with an alkyl group having 1 to 4
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The hydrocarbyl group denoted by X4 to X6 is
preferably an al kyl group, nore preferably an al kyl
group having | to 4 carbon atons, and yet nore
preferably a nethyl group or an ethyl group. The
substituted hydrocarbyl group denoted by X4 to X6 is
preferably an al koxyal kyl group and nore preferably

cﬁfbgﬁl gtS?f%ala'ﬁéil stil’ Bk gﬁén’talﬁgu ﬁ'ﬁﬂ\ﬁﬁlh@%@&&”ﬁ didth§lamino

rocar group or car byl ‘group

gdﬂmoheﬂnipyoﬁ%amm&gﬁouﬁ or arcﬁ(hemmp)aymmmmlubyl gr oup or
an al koxyal kyl group, nore preferabl €| kylg
haV| rigkamples of dhe thydrogaibirs gtrupadengt >bya}< @futprmula (1)

Chidpran Ao o] o2 qa%r‘%ﬁ%?ta%aanara?(gw&ﬁ%iar@wf’qpvﬂwap- o

p .0 r Qup s
'ﬁhﬁﬁ% Yho En "ELIKA SEOHP o0 lecPBub] Hpusl BcPa £rebiEpShroup
Fﬁﬂhéﬁvﬂo@e (é)la'rriﬂes bt thieSsubBtitefer ireeakiA igrévo ineludendrealkbxyalkyl
4, X5, and X6 are groups of fornula (llia), and it is
gmesweﬁermMeihmwmethw\xgromp xan exmxymethyk@reure aymathexyethyl
of formula (Ilia). Wth regard to the vinyl conpound
gERuPF B 37, eHOYYEINY 9TBd in step A, as conpounds in

whi 4 I ]

1o T b b TP R B B0 g broup. mre

pﬂifé’f‘éBIyQin amu@% btHEvRE N6 0ERDEN latdh® Udhd Yet MofeaPreférably a
ted a (dial kyl am no)di al kyl vi nyl sil ane, a

n(aﬂtnw groupl dfyalnsstlhw gycupi ndhelisabstipited hydlrscammlegrom denojed by X* to
di al kyl am no) di al koxyal kyl vi nyl si | ane. Exanp of
He Rrefieeabiyy pANIkeYalkil Q5D Apd s'T‘PfﬁnE’eif?TEP'Mo@ alkoxyalkyl group

di met.h di met hyl vi nyl si | ane,
h%‘é'_{]a‘jltﬂét I‘#t?llg?dl met hyl vi nyl si | ane,
(di et RydrorsY FRSUPYorvdubktitiidd@fArocarby! group2d7enoted by X* to X®

(et hyl - n-pr opyl'am no) di et hyl vi nyl si | ane

ig( prieferbblg aprakyy igeodpnaer) ati alkbkyalkyl grdupj hene preferably an alkyl group
(di (n-propyl)am no)di et hyl vi nyl si | ane,
haying 44 Aowpghamsdcprm ﬁlyp)maﬂy?/grppaﬁ@vmg 1 to 4 carbon atoms, yet

"{on bUt %’&P& aﬂf‘)\ﬁ lgja %Lnfpnrg% :c\éi'q%lnagbhg,ngnd still more preferably
a(rﬁétﬁ@tdw AHPAYIYr by, Vi nyI SI | ane,

met hyl am no) di et hyl vi nyl si | ane,

(di etAtjeasrione of XEXTY bnd K?bﬁfohanla (11 & & group-of formula (IHa). It is
| am no) di et hyl vi ny ghl ane,
p(eéelngleu tbebwow meTenof Ai.ef @nd%yargugrams of fgrpula (llla), and it is

e Bl%%{ﬁﬁ%ﬂﬁ%}ﬂw S AT SR pupof o (P .

ro d
? # (p uty ?Qdmdnglj)i%?(i yclﬁﬂp%l Iac??eformula (1) used in step A, as

compomideyih amictopaé pf Xbyd X Ry hs abydlie amino group of formula (IHa) and
(et hyl met hyl am no) di propyl vi nyl si | ane,
two thereof are a hydrocarbyl group or a substituted hydrocarbyl group there can be

cited a (dialkylamino)dialkylvinylsilane, a {di(trialkylsilylyamino}dialkylvinylsilane, and
a (dialkylamino)dialkoxyalkylvinylsilane.

Examples of the (dialkylamino)dialkylvinylsilane include
(dimethylamino)dimethylvinylsilane, (ethylmethylamino)dimethyivinylsilane,
(diethylamino)dimethylvinylsilane, (ethyl-n-propylamino)dimethylvinylsilane,
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(di et hyl am no) di pr opyl vi nyl si | ane,

(et hyl - n- propyl am no) di pr opyl vi nyl si | ane,
(et hyl i sopropyl am no) di propyl vi nyl si | ane,
(di (n-propyl)am no)di propyl vi nyl si |l ane,

(di i sopropyl am no) di propyl vi nyl si | ane,
(n-butyl - n-propyl ani no) di propyl vi nyl si | ane,

E%hﬁl@OﬂHF%&%M(ﬂﬂ%ﬁw n9|§¥$ Nyl sid@Mopyl)amino)dimethylvinylsilane,

i et vi nyl'sil ane

(diisbprbpparinofdiinethyiringlstirey i ny(fﬁbdtﬁnepropylammo)dmethylvnnyls;lane
di et hyl am no) di but yl vi nyl si | ane, (ethy
@Wtﬁ)mn@g)dqnmjhmlwlm@ng | ane, (dlmethylamlno)d|ethylvmylsﬂane

EF?%‘B%'P “Xﬁﬁﬁ'b‘%ﬁe%&l y{fiﬂlﬂn%ug?/: llgnl‘lang éth)$IV|n)$IS|Iane, (ethyl-n-
b RAR SRRl Y (Bl inc elbhbtare, (i

Vi nyl
bdipwarbwtb)duétwmﬁﬂénﬁnb ut y(dﬁsdntbﬁylérﬁhe)diéfhﬁﬂmlvlﬁﬁnef t trebutyl-n-
{di(trialkylsilyl)am no)dialkylvinylsi |ane include
pwpylaminmdietpylyinylsilanexi no) di met hy| v{(ditsitylamino)digthytvinylsilane,

Rl b RS, 50 o T BN A propupsiane,
RS BRI 10, oL VA A B St

(eﬂhmﬁu%uﬁsmmgc?bmlhﬁwmbhyl Vi (mdrﬁ;brbpmmmo)d|propymnyis:|ane,

(di met hyl am no nmet hoxyet hyl vi nyl si | ane,
(diisorwopyfamimo)diprapylvingsilamer hy | w-byﬂylsm—bmwlammo)d:propylvmyls:lane.

| am no d| et hox hyl vi nyI si |l ane ) . .
MP‘&EM%H]W?’S’P W{Wl"}ﬂ%'??et hyl vi nyl S(cﬁ@ﬁ@ylammo)d|butylwny|snlane,

(R AR HLARIRINEL 1Y dihhaibuyvinysiane,  (ethyin-

ﬁ.@pﬁbmoadsbmmyﬁumyet |('é'(h¥lls >Jmlofaylka.ﬁrﬂsﬁ)d.Eoft@mcrnlyr-:;ﬂarsza‘ (di(n-

t he conpound in whi ch two o X6 are acyclic
prepyliangino)disityhafylsilanen | a(diisopregylamidoiitetyivieylsianei s @-butyl-n-

%%Shé%?r{?%tgﬁ?&@r eared (PR bR Patre, o
o SRRty 8 e B MRl Rl potce
(trtrﬁ&hﬁslﬁv()ﬂmmo!fdﬂné [Wb,gl“g.}g Vi nyI silane incl ude {dl(t-

s(di met hyl am no) net hyl vi nyl si | ane,

Ibutglclmd’ulyylsrtyt)amlmidlmeﬂ'lybwysilmmyI si | ane,
bi s |ethlamn et hyl vi nyl si | ane, )
imathyjsi Harambi)? thviRgsiateny | vi nyl si | and@d {di(t-

BN SRRPHARPRUERIRY, 7L Pane, ™

bi s( digxampleaPy! 8fM Naneret hylankymiasdRie; xyalkylvinylsilane include
bi s(n-butyl -n-propyl am no) methyl vi'nyl sil ane,

{dins¢thylamirio)dimie}roxymetbyvipyisiland, nyl si | ane,
(dimethylamino)dimethoxyethylvinylsilane, (dimethylamino)diethoxymethylvinylsilane,
(dimethylamino)diethoxyethylvinylsilane, (diethylamino)dimethoxymethylvinylsilane,
(diethylamino)dimethoxyethylvinyisilane, (diethylamino)diethoxymethylvinylsilane,
and (diethylamino)diethoxyethylvinylsilane.

Examples of the compound in which two of X* to X® are acyclic amino groups

of formula (I!la) and one thereof is a hydrocarbyl group or a substituted hydrocarbyl
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bi s(di met hyl am no) et hyl vi nyl si | ane,

bi s( et hyl net hyl am no) et hyl vi nyl si | ane,

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

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

bi s(et hyl i sopropyl am no) et hyl vi nyl si | ane,

bi s(di (n-propyl)am no)ethylvinylsilane,

I*O‘El?d' | sophiieam no) f hyl vi nlygﬁﬁdl%lpo)alkylwrgjsﬂane a

i s(n-butyl-n-propyl am no) et hyl vi nyl si | ane
bié{di(rialyisilplyamiodlatkyivinylsiignes ia Hlﬂdelkylamano)alkoxyalkylvmyls|Iane. etc.

g: :E g{ m%g} 20 ﬁg? Sgé)\é;/|ny\hjls(lglqlaggggn@)alkylwnylmIane include
|'s§a§rg?tﬁ IEXWQSIWS@RM%%’}% Pg lpf/ : l/ Bﬁ&tlemgmlamlno)methyivinylsilane,

%Fg&g%ﬁﬁ%ﬁg@gﬁ?ﬁ?%hﬁ éiféz gwmﬁ{n )’P%Wh hFU?:?!amlno)methylvmy!s:lane,

hs&@lmwlsqnopminaméthwmhﬂﬁﬂdn\él ny big(di@+sropyl)amino)methylvinylsitane,
bi s( n-butyl - n-propyl am no) propyl vi nyl si | ane,
B'F@('%FPRFPPMWID yingsianel v bisin-butybmpropylamino)methylvinylsitane,

Bl BRI PRV vi ny1 o1 ane,

gbﬁrﬁétﬁglp%lin%z% g% ggﬁgn\é’ nylsil an%fséetrlgmethylamlno)ethylvmylsﬂane,

m no) but yl vi n

bi@liethyrarhing yutiydpinlisiaheo) but yl vi tﬂs’ﬂeﬂ'lyi ApPopylamino)ethylvinylsilane,
bi s(di (n-propyl)am no) butyl vi nyl si | ane,

bs@(ftwsmmmiha)ﬁhmmalghe,l nyl s bisédiéa-propyhamino)ethylvinylsilane,
but but | sil
G HRrORRT P RAHMRIBSH vi i PUBr-ProRSTEDetyhinyisiane.
| kyl | sil | ud
ﬂé@ﬁ%"?iﬁ’ﬁﬁé‘ﬁ@w%@” oyt byl vi nyl si 1 aner
Ih's(a{rﬁhtbﬁlammpfb?}lﬂﬁf!ﬁlé'nél Lyl) amb&@étﬁ"ﬁhﬁmyﬁnwbﬁ% ylsilane,
bi s{di (trinmethylsilyl )am no} et hyl vi nyl si I'ane,
bis(diethylamibalpyoryivintdilahs,i | y1 ) arhls(e)fwl—h-pmpyla}ﬁleo]pmuylvinylsilane,
f th
@@g@‘i%sﬁmﬁwiﬁamwwmm Wi n?isé‘i"("al?fé'PY'P%'l‘ inglpropylvinylsilane,

(?#HPH%M o%%%ﬂﬁ%ﬁ | nyS|(I¥ bUM i iglrc?pny?amiﬁ&ppopjyﬁlgn%silane,

ms(at(ﬁtbw)amirﬂmre Iﬂh siaveet hyl vi nyl si | ane,

bi s(di met hyl am no oxyet hyl vi nyl si | ane,
m(dmmgtlar;nlnarbutymmyistahexy et hy| vbisgétaylmethyamino)butylvinylsilane,
hi s(di et hyl am no) met hoxyet hyl vi nyl si | ane,
%?(Q@HW&WPEHWH)V&* ARy et hy| vikisgety AcREOPYlATno)butylvinylsilane,

thyl vi ny

%@ﬁ’?"ser?ﬁa"?%ﬁﬁﬁa@ PRbGPIThN. of  RlQ G ReoE IR G Rlnvistane

r@’y%ﬂﬁo)ﬁﬁtyfvﬁfy@ﬂhﬁe (ﬁlédnaautﬂvl%rkigﬂaﬁlmo)butylvmylsﬂane and
trl(dlalky am no)vinyl sil'ane, etc. her eo
bis{drrdetyhamind)butyVigyisianeo) vi nyl si | ane

Examples of the  bis{di(trialkylsilyl)amino}alkylvinylsilane  include
bis{di(trimethylsilyl)Jamino}methylvinylsilane, bis{di(t-
butyldimethylsilyl)amino}methylvinylsilane, bis{di(trimethylsilyl)amino}ethyivinylsilane,
and bis{di{f-butyldimethylsilyl)amino}ethylvinylsilane.

Examples of the  bis(dialkylamino)alkoxyalkylvinylsilane  include

bis(dimethylamino)methoxymethylvinylsilane,
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tri(ethyl met hyl am no)vi nyl si | ane,

tri(diethylam no)vinylsilane,
tri(ethyl propyl am no) vi nyl si | ane,

tri(di propyl am no)vinyl sil ane, and

tri(butyl propylam no)vi nylsilane. Exanples of
compounds in which two of X4 to X6 are cyclic am no

blﬁ@%ﬁg?’rﬁ&orﬂétﬁlﬂ tiyNidyliinaed one thereof is a

group or a substituted hydrocarbyl group
bisdirhetilamirdjathaxyhrettiyiagyisiahy, bis(diyrethyiamieo)ethoxyethylvinylsilane,
bi s(pi peridi no) met hyl vi nyl si | ane,

d

bls(uﬁﬂ'pydﬂrmhg)majhwmm%pe gm,(gﬁg\yiagnéo)methoxyethylvmylsnlane
bj s(hexane en t hyl vi nyl si |l ane. The vi nyl

'E@ i 'BF%Y {hg(] yisﬂenqn whi ch two of X4, X5, and 2™
X0, (I'lia) is preferablyawnyl
b'%@'e%c}ﬁa ’ﬂﬁ‘smwahyﬂ’%%’%m X5, and X6 are acyclic

ani NExgmpléRsef the @avippandd mwahichtthek 6fet teeXBmaoemacyalid amino
grip properties it is nore preferably a
gibiupg df famyla difakiosiad«k g Hﬂ(ﬁnilqvmlﬁmynvlalmeyetp nor e

bi S(dl net hyl am

r ef er abl n t hyl v
gl s( & XéF‘R{ﬁPam no)tferesl i vi nyf‘g'?"gg y { kw%muho)vmylstlane

B RBARURAE 2 o) % 1 lsyomioyison

tnfét%rbb?ahﬁirﬁ:‘)ﬂﬂiﬁfan@f avai | atmdrprbpylmﬁmbhmymmund and
bi s(di et hyl am no) met hyl vi nyl si | ane or

trithusylphiopylamirtoytinysitane) net hyl vi nyl sil ane is preferable.
(11 Fxaels.of ComRpiRis DO %f%""t‘%ﬁ?ﬂqa%m%ﬁ[mgv ggqups of
el GBS S 8 b i
groUR! /iseiddeo! MH@ﬁarphéﬂhbﬁnéIhﬂfnﬂylaﬁﬁn)é BR{piperiiind)hathyRiryRlane,

nmmoUg (pol yner) and not nore than 0.07 mol /g

blsqgcﬂ-gmdr))gmldazblyl)ﬁth|nylsﬂaee.preferabl y not less than and
0. 003 nmol / g rgq ymer) and not nore than 0.05 nmollg
b'?@é?‘@'ﬁﬁ\h)"e"?'ﬁ“ st Vinylsilangr i zati on may be carried

out gi E(?,F,?@]Hd%% n% M wd of PV kS GREBOURE groups

of f naco |on W t h anot Her

omﬂﬁﬂﬁr(ul#)fé‘ﬂﬁif@rébty@‘ iRl ébn%diﬁﬂ inadRetwd okt o€, and X° are
aromatic vinyl, a vinylnitrile, and an unsat ur at ed

acyelibamjrid groaps; dfrars tthe vieSpeit fof dudmnmrns aofl grlﬁ:epropertles it is
aromatic vinyl include srwgene - et h'yeﬁlﬁi é ferabl
morenypretaraRlyed Pisidinikdpm 'lé!ﬂ\@"y'%ﬂawny? ngeré preferably
Lvinyl be C _
L L e L G
piﬁﬂﬁ)ammo)methylwnylsﬂane, or bis(di(n-butyl)amino)methylvinylsilane. Among
them, from the viewpoint of availability of the compound,
bis(diethylamino)methylvinylsilane  or  bis(di{(n-butyllamino)methylvinylsilane is
preferable.
In step A, the amount of vinyl compound of formula (l1l) added, relative to the
total amount (number of g) of conjugated diene monomer, is preferably not less than
0.001 mmol/g (polymer) and not more than 0.1 mmol/g (polymer), more preferably

not less than 0.002 mmol/g (polymer) and not more than 0.07 mmol/g (polymer), and
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speci fic exanples of the unsaturated carboxylic acid

ester include nethyl acrylate, ethyl acrylate, nethyl

net hacryl ate, and ethyl nethacrylate. Anong them an

aromatic vinyl is preferable, and styrene is nore

preferable. The polynerization in step A may be

carried out in the presence of an agent for

i 0F AhENRY (pRIynidiEas® bt grethan 0.05

e‘%éﬁﬁg%bigﬁoggatha?%d regul {'gﬁ?gth): di stribution
mimdlg (ohamey.ugat ed di ene pol ymer chain of the

conjugated diene unit and a constltuent uni t. bas
a_nokostep Aopaymeripalion may be caliediquy usigg éferecw@%ﬁ?*gpe and

Eglsp{oglqloﬁeﬁ ab{_g Iﬁ (ﬁt? ﬁ\leg tcé)rhﬁjsét&onn d\R{‘fh aF&étr %?@orgér S gkBmples
fa%n i pthe o Lo %?I %Eﬁ] Qron%ﬁ:‘?\hﬁ*] ICa vﬁ?yﬂﬂﬂleesnafant llmsaturated

e cyc I c ethers such

cdrBdyie ¥eidodtean Spetiftt rexinyipies uf the armnaltlclyinyldndudﬁ slyrene, o-
al i phati c nonoet hers such as diethyl ether an d
mdtrwlstwén&atwtpluane pwa!!n@pmh@enﬁar@Vl@,ﬂwzsgeethW@ﬁaze"e an

dl@pwiggélﬂgélgﬁé,ggp E?rﬁﬂ"%?h% 8? r‘?ed v@lyiﬁ?ﬁlg |ﬂﬁlﬁﬁgydcrﬁ$mfe and
E’t £ xgﬂﬁ)‘é&eﬁf tth%rl%saﬂlr EH%%@%@@ estrtithINde pieltg) acrylate,

ers suc et her and

etﬁw §9Hg%te Shtryl iSetB¥cyiRtes sarefl ethyb rethtcralate. anhmeng them, an
include triethylamne, tripropylamine, tributylanne,
a!kslm\d,tlblvmyllsqatefalabtelmhésmﬂr@n%moa?mfﬁéefaNeN

di et hyl ani | i ne, pyrldln U|n Lf]

ex an‘ﬂy hegpalyymerizatiorh Mﬁﬁ’ ﬁ%ﬁ uﬂlﬂ %gﬁ&ééncs of an agent

tr LS ho t tf
o el SO ] Bdna h%bpétﬁﬁ%%“sﬁswgﬁ‘“‘?%%.”ﬂ oun o
rdgfiiafing D dk#bu8Bn O tHe Borligaldd Biehg symeFhehain of the conjugated

pol yneri zation tenperature in step Ais usuall y 25C to
dikfe @nit grdeh emabllltyelﬁamltt bamcgn arfaownerngihgr thast aqgny.lgated

GRS 08 b TR, o ool 4T i pence
f I II t t a
o5 a8t Bl Wiad a0 e o Specic

ekélﬁpl@ls k&t 'dhe”@théaI co:%‘[)bmim @Hdlm Eyauon dthersosuphn as | titstiydrofuran,
netal catalyst, preferably 0.5 to 2 nol, and npre

tewahidropialan, Gnd 1t 4dibxSnerodliphatic sroapetBers apéch assligthyl gteer and
s bt 5 oot ) s v
oy L SR B o P 8 s e
dRfydfd giycol dibutyl ether; and aromatic ethers such as diphenyl ether and
anisole. Specific examples of the tertiary amine include triethylamine,
tripropylamine, tributylamine, N,N,N'N-tetramethylethylenediamine, N,N-
diethylaniline, pyridine, and quinoline.  Specific examples of the phosphine
compound include trimethylphosphine, triethylphosphine, and triphenylphosphine.
They may be used on their own or in a combination of two or more types.

The polymerization temperature in step A is usually 25°C to 100°C,

preferably 35°C to 90°C, and yet more preferably 50°C to 80°C. The polymerization
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hours, and preferably 15 min to 1 hour. In the
production nmethod of the present invention, a coupling
agent may be added to the hydrocarbon sol ution of the
conj ugat ed di ene polyner as necessary frominitiation
of polynerization of nononer by an al kali netal
catalyst to termnation of polynerization. Exanples

of .t ﬁp*bollm' tcl ude a conpound of fornmula
tm?% @)"EE%I ow, %@ﬁ%ﬁf:u'ﬁ‘w wherein R70 denotes an ]
al kyln €iep® thexamaliktesfydonpioan of formulal (i Had sy torgactegh with the

or an aromatic residue, Mdenotes a silicon atom i
palymeraprepared inestop o i% UstialygBil toaBdRpbperymol of the alkali metal

hydr. byl . '
or s Yo 2 YohatPar AR BaSAE! atiby BSERCE il nd v
prgfeP b.'?tmiﬁoﬁ hydrogen. bonded to an aromatic ring
I's'r ved froman aromati c hydrocarbon. Exanpl es of

t he gpstphiB)ghaasnpersturd ay whith tie pdlymachregaresiit istapnA and the
tetrachloride, nmethyltrichlorosilane

catpoentlof fronlzofip are eensacted isesually 8h1Coio49Q°Gnereferably 35°C to

oiE eed yeanem bl S HEBLET Shieostachtme s vsualy 60 sec o5
j : ltrinmeth il ,

P o RS b T PR Lyt ot hoxyel I ane.

et hy id tHe'BroB@ctivh irhétRed ofltherirbsatit ivehtion, < taeupling agent may be
di et hoxydi net hyl sil ane, tetraethoxysil ane,

addledytot the d‘ty_kimcyebdnasmutioanef ﬂiB ambwytﬁdediﬁw @_p|ym«p@ aspheggssary

L
; I

o TRl i 098 Sl BlrEfafl'a b o o

(9PBeléw,st, and nore preferably not less 32 than 0.05
nol . Furthernore, fromthe viewpoint of fuel econony,
it i R'hAMfgrabl Vot nore than 0.4 nol, and nore

) W e SRk S o B a4 5 55 o
t H . . ) . .
R Tl OB S, B FSr Sk e

amfm érh mo%wbshwgrb?,%dg@dnatés% inegensfaro@ sol ution
0 |

t he conj ugated ene polymer or (2) a nmethod in
whi cHes¢ ethenaranatisdresidue deates Ayehnoyalepiogroup iniwhish adyydrogen

the conjugated di ene polynmer. The conjugated di ene
besleghia AN BFRTEANCING. B FRIOVRE T 2R AFRERURMYITAERRGR: dr yer

such s & iRandn 4T 465ing ag¥it of formula (V) include silicon tetrachioride,
methyltrichlorosilane, dimethyldichlorosilane, trimethylchlorosilane, tin tetrachloride,
methyltrichlorotin,  dimethyldichlorotin,  trimethylchlorotin, tetramethoxysilane,
methyltrimethoxysilane, dimethoxydimethylsilane, methyltriethoxysilane,
ethyltrimethoxysilane, dimethoxydiethylsilane, diethoxydimethylsilane,
tetracthoxysilane, ethyltriethoxysilane, and diethoxydiethylsilane.
From the viewpoint of processability of the conjugated diene polymer, the
amount of coupling agent added is preferably not less than 0.03 mol per mol of the

alkali metal originating from the alkali metal catalyst, and more preferably not less
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extrusion dryer. Furthernore, in the nmethod for
produci ng a conjugated di ene polyner of the present
invention, a treatnent in which a group of fornula
(la) of a polynmer is replaced by a hydroxy group by
hydrolysis, etc. may be carried out. This treatnent
may be carried out in a state in which the polyner is
[ S;
g{eégcdr @Sbﬁ’!gpl g’;ugpénﬁ gafé%rﬁj‘i’t%gitéggblglf‘gﬂnfgéfoéfoﬁom? it is prﬁferably not

moasthiah 0Ly velahd morapréferablyadt morathad @G ght ed d| ene
pol ymer conposition by conbini ng another polyne
conporléet conjuated dilQﬂ&/ polymet mayh beewppwreumltbg hydrocarbon

Sty b B Bkbaee S RIREr PrBUEw RNSEY HRLsuoh as, for
ERITE. (1Moo ER T, WER & RR0RARP etk 15 W Rarp&iion soluion of

the edrydatie digheOpdiyBBe of GRY hyfiethodaindwhith steam is added to the
et hyl ene-oct ene copol yner. These pol ynmer conponents
hydro¢asbens selutian aofc theb cwaugaiad dnene/\motymemr dheyeanjugated diene

e case where anot her onent isS co
%gi"ﬁe'iﬁ'é's ’%‘EH’(F[?&a’F‘éH%GPE ybp!oﬁ‘ Sfyef REchy ?Feégﬂ%'g ddWe’ oran
SAMER qu?b fromthe viewpoint of fuel econony, the
C

anoun onj ugat ed di ene pol yner of the present

I nventruitRelnfore Pih@he hidhod 1P brddeising ldédh #?g(%tm’bﬁe BBlymer of the
wei ght, and nore preferably not I ess than 20 parts by

presentt |npentlomoa preattrenbyn wehickhe group hd footala @@ajoofa p;cﬂymer is

conponents conbi ned_ (i ncludi ng the anpunt
%BH%QJQV éd YW@WeG’B'dH’ Prdydiolysis gisamaye eared gt ¢ |T0§ tfeci‘tme"t

R0, Al 46 B N T B B 0 o b i

wp‘@moag[gtgg g@g@gcqbaa @Rersuch as a thiazol e- based
vul cani zati on accel erator, a thi uram based

vul cafheatoniugatecicdiene zmtymera)f tbelp‘rmlmm awdy be used in a
vul cani zati on accel erator, or guani di ne- based
%W%H%?“%HO'V'&‘SE@'@PW bVaCQF“LFP'B'aﬁ RAgthEHRCIYRET GameRnent, an

gmneagtcsﬁg?e;wuﬁ acid or zinc oxide; an organic

per oxl er such as silica, carbon bl ack,

cal ci E‘thﬁlﬁfe@.‘)&aééi‘d &I?ércpolﬂhé%&ﬁporfénﬂncludﬂ B&AvaHidnal styrene-
hydr oxi de, m ca; a silane coupling agent; an

tadient momlymea rybbec epaymdadienal rukber abatadiene-isvprenancopolymer
les of the silica include dry silica

| ubri cant
reEPﬂfly&n&Butxh 1qu% &o@mples,birther inclyde natural rubber, an ethylene-

propylene copolymer, and an ethylene-octene copolymer. These polymer
components may be used in a combination of two or more types.

in the case where another polymer component is combined with the
conjugated diene polymer of the present invention, from the viewpoint of fuel
economy, the amount of conjugated diene polymer of the present invention is
preferably not less than 10 parts by weight, and more preferably not less than 20
parts by weight per 100 parts by weight of the total amount of polymer components
combined (including the amount of conjugated diene polymer combined).

As the additive, a known additive may be used, and examples thereof include




(hydrated silicic acid), colloidal silica,
precipitated silica, calciumsilicate, and al um num
silicate. One type thereof nay be used on its own, or
two or nore types thereof may be used in conbination.
The BET specific surface area of the silicais
usual ly 50 to 250 nR/g. The BET specific surface area
e
8 SRRl ol sAaF 86 SORT 2 WdeRizaRIY ol Jucf 3% thiazole

BRellS Quiranizétaet wcesletayor T a6 Cthlu&m-lbﬁﬁecﬁoimwn&hh@ﬂ accelerator, a
product nanes Zeosil 1115MP and 1165MP manuf act ured

erRﬁ@éﬂeabaséﬁ cvulegsjzatien |acseleratsramsl esgwumﬂebwdbuﬂcamzatron
e f.urnhace, bl ack, acet | ene Hlack

Rickifatob a?"'%ﬁﬂge»ect%w Sl HERta e, o Giis, oXge Ay rganic
GHOREE, PIRT Sucki 33 s, S0P Black Altfur fatbofidsite, glifiha, clay.

MQﬁlmLﬁEﬁydrSHEe dpthica A&’EblanEFcouﬁh_ng &§dnt; 81 ektbidertdies Prdcessing
carbon bl ack such as FT or MI; and acetyl ene carbon

P akatipnideat; end edubticartxanpl es. One type thereof rmy
be use

b h f
oo Exafp P?tsvgﬁgerﬁr‘pwa@@ﬁeiﬁ%wﬁéae&v@ up ileegpidn et siica

?gt%?ékh gElgf bu Zq%c'b%éﬁjséi@s p%%ﬁ %ﬁ gate and

élbmlrﬁﬁf bifeatd)| aOfke tylpé th@t‘éﬂ r|n¥y beliBed O ilRLEWH) Br tWdBr more types

ni trogen adsorption specific surface area is neasured
tharest dezmmdvm tcombiiakibiD4 SUte- BRT spedific siafddBRirea of the silica is

abSﬁ gé s Jreasured _in accordance with ASTM
A1, "af&orﬁ?er%%ﬁ PesifiscRiEtace sreRiscmeantiied in accordance

RS R, Al B ST B VR RBLER, ano

Rb-ash rﬂﬁm%amm@%hbsm&%%ﬁﬁaudnn roduef ﬁamaazeoaﬁﬂﬁmp

used. 34 Exanples of the silane coupling agent include
andﬂﬂ&ﬁMFbmaomfesturanHy Rhodian elta. maqtwasgdl I ane

Vi nyl 43- net ethoxy)3|lane
epoxykg;em lﬁg qtplgq@pppgq?ymgweblack acetylene black, thermal

lMé gﬁér y%ié%lg%l? %é?/ltg?éré@é?hoxylréﬁﬁ éo the carbon black, channel carbon

tmac{k( Suchmad'EPCHhWIPC Yor @01 APRI@PYArboN BRICK B 'alsaslﬁF ISAF, HAF,
N- ((1- am noet hyI )-y ani nopr opyl met hyl di met hoxysi I'ane,

MAbhléEE/ISISlF 4B oI RA, 1OF, BEF) ok ESFL theamal carbon black such as FT

hI or prop | trimethoxysilane, ty
-EaB'E' ﬁP%ﬁ‘zSE}P? rGaRABIAGK icplallp@ cifed as examples. One type thereof

"%‘?‘?B%Pﬁ 5;@% k’bﬁ%%ﬁ?“ anttenn?qyotée‘ used in combination.

bi s( 3Thé hitRigBR4SpYEN BPEIME durfaRE A4 (NJSHS of Yhie carbon black is
usually 5 to 200 m%/g, and the dibutyl phthalate (DBP) absorption of the carbon black
is usually 5 to 300 mL/100g. The nitrogen adsorption specific surface area is
measured in accordance with ASTM D4820-93, and the DBP absorption is measured
in accordance with ASTM D2414-93. As a commercial product, product names
SEAST 6, SEAST 7HM, and SEAST KH manufactured by Tokai Carbon Co., Ltd.,
product names CK 3 and Special Black 4A manufactured by Degussa, Inc., etc. may

be used.
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tri met hoxysi | yl propyl di met hyl t hi ocar banyl

tetrasul fide, and y- trinethoxysilyl propyl benzot hi azyl

tetrasul fide. One type thereof may be used or two or

nore types thereof may be used in conbination. As a

commerci al product, product nanmes Si 69 and Si 75

manuf act ured by Degussa, Inc., etc. nmay be used.

Exa fs tdye fxt IQ%' lUhihd CLHER aRclade Maihyiichiorosilane,

m ng‘%s%g%s (Qi éﬁ%s?ly-gr%vdlpt'yd] cgnst ant (V.G Sé
viH@iri'éﬁ%onsi@QQ, to 1. 049)inyrisigpittimeyethory)sitarel oi | p-(3.4-

(V.G C "value 0.850 to 0.899), and a paraffinic .
epoxyeydioheayljetiiytriGethoxysilane, 0. 79glycisosyrsepyitrimethoxysilane,  v-

pol ycyclic aromatic, content of the extender \gil, L: .
methaceiagspippylrmaethpxysiianey, py wej ght , and rroreNo(IB anhifioethyl)-y

refer abl ' VT N4 mindbRphietitdinethoxysilane,
a&'l"’_t?ﬁ_ﬁ%y@]"}é%th_? %ﬁspérﬁ% %%éﬁﬁo(?@rquargg‘opdggce Wt h

£ Hehkﬁﬁah%bic?xﬁrﬁnélﬁoﬁ@ﬂér@. eum pelhlbaprépybrivgthoxysilane, Y-

urt her nore, e aromatic conpound content (CA) of )
micheaptorepylieimetiioxysimner ef er alytaminopropyitsiethonysilaps. o by Pis(3-

o & TS eSS, B0 TR -

accel erator jincl ude thj - base ni zat i Gfhd -
trgr&tE@gF@\(IQ;pgylngbqihviiglog%\%ﬁ{g gpt obeﬁ%téét( |lfg§bl e, !
' hRBYibenZdtiav ich@sulfidél  One type thereof may be used or two
trﬂt‘%@%@e&yﬂf%enz%ﬁi azyl sul f enam de; thiuram based
o Wheraniyped tieteofamay| iy ased sn souibination ot Asraecomencial pieduct,
nmonosul fide and tetranethylthjiuram disulfi

o

psaslubbnamesISiEn and BiTR mapvastrachy Begussar !9ty FEC- gy e yised-

N- cycl ohexyl - 2- benzaqt hj. f i de. o s . .

N R oo RIS RERFE h BRAEAIc et of (acosigravey
LAy ' ic mineral oil (V.G.C. value 0.850

RN SECkERY 2008, 010 ntappeic mrre A3, e 025

16l 0igORramBYE paraffiaizraineral o (Y GIC ealueri0R90 tarli849). The polycyclic

guani di ne-based vul cani zati on accel eratqrs such as
atorpalisnangert o herexternsies of o PEIG/RBM JeAS AR Soft Y Willaft and more

orthotol yl bi guapi di ne. The a . i .
arSbcots P S ip 3 BBl B3y pygourd
| §ftishOinsf hondasroe Furth , the
B I SR goBane i g Futherr
FOMbasrasbuidestntare (GAESf the epienden aihisipsefetableaptigss than 20 %

conbining a filler with the conjugated diene lt)).olt)(mar
byfwetight. pilws enmdre:types ichextendas olFBayibegsseliin pRrpbination.

conbined, relative to 100.parts b aht . hey.: !
conj u&é@@a'eai e ‘ESI y qanb%?l?ﬂ e acéﬁlggéét%{q Im%I/ug%t : tghazole based

\{%Ecgngﬁ(gim '(a):?ﬁ#ér‘éf&ré Y shéh t Qs18nefddptobenzemiagble; bibenzothiazyl

VI abrasion resistance and strength,
dif\ A TRmAt NeEBhagH2 ibenpsthiaeyisiifenamide; 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, N—oxyethylene-z-benzothiazolesulfenamide, and N,N-
diisopropyl-2-benzothiazolesulfenamide; and guanidine-based vulcanization

accelerators such as diphenylguanidine, diorthotolylguanidine and
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| ess than 20 parts by weight, and nore preferably not

| ess than 30 parts by weight. Fromthe viewoint of

rei nforcenent being enhanced, it is preferably not

nore than 120 parts by weight, and nore preferably

not nore than 100 parts by wei ght. Wen a conjugated

di ene pol yner conposition in which a filler is

. . h , , ;

oRABBl A anil, 198, ERGeRly LB e ALY O11 0, pare o
weRhi esltivei tb 100 pafts bg walide of Pubbee comporisht, ahdanbdrel gréferably 0.2

The anount of silica conbined is preferably not |ess
ta Baartsby weight by wei ght relative to 100 parts by

or & Wt & SySae dRDRSPWRRT PSS IgTIE B Eomaiing a
ﬁﬁ’er'm{hhﬂgicfgﬁfuggfeg %e?%lﬂa&o& tﬁ% %‘@s@n in@@ﬁioﬂohﬁnﬁ‘ﬁﬁt{r}t of filler

conposi ano rpol ymer conpone

combmed, fdlatve 61100 pdrishby WRigh aif e Eetjugkited QlienROpolyrRér of the
of the present invention, a known nethod such as, for
pessenbliryentiormebmmbihedn is wisually t1Betoc d6) qrastst by aweiglitne dderd the
V%nﬁans of a known m xer such as a roll or. Banbu

( . ¢ 'y
eint ekaprasion, wsistangpand stigagth. the amruaticorpbipedh i RretsFRblY not

48 Hrf 20 B by Wit S0 DAY o ey RBEeSs tbr A B by Beignt.
FIGWRRS Kewbint 8f lehiiGiobiiembeind enfdfecd isjl%.@fe%ap In¥t #fdfe than

to 190C, and the kneading tinme is usually 30 sec to
120 pats\byaweight, ahd nadvé preferably nbomadte thian 100\parts by weight.

vul cani zi ng agent or a vul cani zation accelerator is .
conbi¥¥Ben atgepiugated fliens PelymperatResiionsn yhich a illerde combined

re than 100C .and preferably room,t ratur
B e O i PR T ¥ RN, BIRGIRL Fobf gom e
visWpSIAE bP ffel BBorMME littis Hreferdble 103Gse 8B A6 G filfer USTIR bdhount of
used after carrying out a vul canization treatnent such
silisa porebised isyreferabhanotdess thae 50 pacta by maight melatveter 0 pags by
is usually 120C to 200C, and %ﬁreferably 140C to 180C.
weight ebihedoiat amorntafdillae| sombinad, and meore prefatRivetpt dessntban 70
. conmposition of the present invention have
pg%cwgﬁpefuel econony. The grip properties are also

o ene el e B SRS SR U PYREr chiposiion by
cambining ezhothar polyes  conipoeest) lan additive oetcngitmites corjlgated diene
polymer of the present invention, a known method such as, for example, a method 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 a
vulcanizing agent or a vulcanization accelerator is combined, the kneading
temperature is usually 50°C to 200°C and preferably 80°C to 190°C, and the
kneading time is usually 30 sec to 30 min and preferably 1 min to 30 min. When a
vulcanizing agent or a vulcanization accelerator is combined, 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 vulcanization accelerator is
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vi bration-proofing materials, etc., and are
particularly suitably used for tires. EXAMPLES The
present invention is explained below by reference to
Exanpl es. Physical properties were eval uated by the
foll ow ng nmethods. 1. Money viscosity (M1+4) The
Mooney viscosity of a polynmer was neasured at 100C in

c%BBEQ@E%aIIWuEQd Jher ERRARY 6&9a94ﬂlcarﬁzatl\6h ribéatrﬁ@rﬁltﬁﬁh as press

% proportion of conjugated di ene-based
vlicanizatidnt | Oihe Quloarizatioantemperaturellie usualy 1267E etot 208°Ca and
pol yner was determ ned by IR spectroscopy fromthe
Pﬁi@ébbﬂr“@?ﬁiq’ﬂ%}@rty at around 910 cm 1, which is an

?Sﬁfé i (eiech; 4 PRl TR <1 ROKIGRRE Bbde, potmer

{
gor{(i}mnce oo R raperuhactuel soomsing e oo

pfbp‘éﬂl’dsb#éaﬁﬁ goblly M) Wi ght - aver age nol ecul ar wei ght
(Mr) and nunber - average nol ecul ar wei ght (!l\éhﬂ) wer e
nmeasufhed comjugatesordiene opelymes aad (the bqﬂnmsa digrg polymer

RBPBLS! e PHSENCIPEETHOR AYS 5760 ot i Shie Sbies, IPoring materiais,
vW?/aﬁl?ggpgﬁ&f@gr}ﬁé{en &)eté: né@ci %l%fﬂl\%ﬂcuﬂm‘ s%ﬂglq forfifesr ed

rporati'on epar ati on ourm: GVvH XL
(2 colums in tandem) nanufactured by Tosoh
Corporation (3) Measurenent tenperature: 40C (4)
EXAMPRIFS tetrahydrofuran (5) Flowrate: 0.6 nmin (6)
Amount injected: 5 pL (7). Dete |ffer i al
r ef r abtecRrEsRNt th'%ﬁ@&efamed %{w ermnc B Empie o

pol ysﬁWsﬁ:ngrogemgy Wereegﬁmd by the following methods.
1. Mooney viscosity (ML1.+4)

The Mooney viscosity of a polymer was measured at 100°C in accordance
with JIS K6300 (1994).

2. Vinyl content (units: mole %, proportion of conjugated diene-based 1,2-addition
constituent unit)

The vinyl content of a polymer was determined by IR spectroscopy from the
absorption intensity at around 910 cm™, 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 in
accordance with JIS K6383 (1985).

4. Molecular weight distribution (Mw/Mn)

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

(1) Instrument: HLC-8020 manufactured by Tosoh Corporation
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A strip-shaped test piece having a wwdth of 1 or 2 mMm
and a length of 40 rm was stanped out from a
sheet - shaped vul cani zed nol di ng and used for testing.
The | oss tangent (tans (70C)) at 70C of the test piece
was measured using a viscoel astoneter (Ueshim
Sei sakusho Co., Ltd.) under conditions of a strain of
9 ; e 0 e i ,
@) orpigtoR SaRE O &L BoayimniLIE (& hahfafuled b Toson
Compoeatiohy st ai nl ess pol yneri zati on reactor was washed,
dried, flushed wth dry nitrogen, and charged with
(3) Yeaswgment tempgrtures ABE fic gravity 0.68 g/cnB), 547

f.1,.3:-butadi ene, 173 g of styrene, 6.1 nlL of
(gggfrﬂ)}av%yﬁ’?%ma"and 5.0 nL of ~ethyl ene glycol
(@FW&&@tqwlﬁumﬁubsequentIy, 11.1 mol of
y

bi s(di et hyl am no) net hyl vi nyl sil ane and 13.1 nmol of

(6) Amaupit injecteidusuber e poured in as a cycl ohexane
solution and an n-hexane sol ution respectively, and

(7p Delactar] ditiereniial refractameter ed. Copol yneri zati on of

- but adi ene _and styrepne was carried out while
S MiaSHi elapt sBRdard: Sare PRRRBRERs Lo t he
S.Wg}’é‘&{nio tion reactor at a stirring speed of 130 rpm
a polynerization reactor internal tenperature of

an
65C. ATdiap-skapeditbstQieck Ravitigl 2aidt6f §UPR e dnd arlemdth oh80 mm
entire polynerization was 821 g, and the anmount of

was glasinedsoyplréoda \sheetzd@pgd vatsahized molding sand: hised for testing.

T@é’}c}égﬁ%@&e"ré gtgbgn@bhﬁ@??@ﬁ#nqeﬁ‘%hwgﬁéég sv%sar%egsured using a
vi%@ia@*ﬂét@ﬁ@%gﬁwgéigﬂﬁhg %Y,Sﬂth.g'i‘.ﬁd nﬂﬁ’i?é@ of §§%rain of 1%
thereto, and stirring was carried out tor m nut es.

art(a flbquiincRoNFXARE FiRd sthhlfd thi€ 0AIL& the Bettdl the fudlecdnomy.
nmet hanol was added to the polymer solution, and the

Exampletr solution was stirred for a further 5 mnutes.

T I [.uti 1. f
Z?t ;HSZ[gﬁp%gaecgtys(’sgaigltgg g%%ﬁgaiigg?gactorswgs \?vashed, dried, flushed

wil 8 ioder BhA ChaleBfanty {0 R0 DX naRE (spBERS BOMRY 0.68 g/om.
542n@ ot ¢ Bbutadiend;1103)g ofSiPrePe6a ML db esttMgadFITaN tAfld 5.0 mL of

tetraki s(3-laurylthiopropi onate) (product nane:
etiylena i zglycalP- Dfietnwhuf etheur ed bySubSequentiyo Chért cainmol  of

oigGityfarmidineliy NYoH SN el 2 Tobor E Pub RS e Bngred in as
a EWI&I{&Eng rs;L.)ElﬂorlrI %ﬂﬁranvﬂﬁll&gﬁeatsolﬁﬁ& t'é)gpeét?veiy, and polymerization
was started.

Copolymerization of 13-butadiene and styrene was carried out while
continuously supplying the monomers to the polymerization reactor at a stirring
speed of 130 rpm and a polymerization reactor internal temperature of 65°C. The
amount of 1,3-butadiene supplied during the entire polymerization was 821 g, and
the amount of styrene supplied was 259 g.

Following this, the polymer solution thus obtained was stirred at a stirring

speed of 130 rpm, 11.1 mmol of 3-diethylaminopropyitriethoxysilane was added
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hours, thus giving a polyner. The results of

eval uation of the polyner are given in Table 1. 100
parts by wei ght of the polyner thus obtained, 78.4
parts by weight of silica (product nane: Utrasil
VN3- G, manufactured by Degussa, Inc.), 6.4 parts by
wei ght of a silane coupling agent (product nane: Si69,

f ; -hinufs? par Ya HSiaBB soluti
OB 51 B SN (47 g, B0 Mt e

coalhihg Ot54 mU df yndtharmolivas laidd €t enfheglolyboersojution,7arél tharpolymer
by weight of an extender oil (product name: X-140,
sqhetionfveas dimed forya fatbecd BUtSs:), 1.5 parts by wei ght of

o uTstar et ST fordiatfied A8 B350 5-Siputyle-43-tortbuy2-
_ Qb ey oA
RS i MlrEiE 8k ity SO Bt St It Gl

manRcfatiarestt @y Gpritdmet Chental x| rad.),Cand ndl8ufaot pesthenghrityl
Sumi tomo Chemical Co., Ltd.), 1 part by vve%ght of a
tetrakis@nunyithiopropiopatel r(atasiuct nemed (Rumilizare TPEhx mapyfagiured by

R e
SR DA ) e s 8 56 or 12

hélfs, tABSBRirR a %ollyﬁlbﬂ Phislegid bf dvaluationaf theapgiphynane given in
conmposi tion. The polynmer conposition thus obtained
Talds 1ol ded into a sheet using a 6 inch roll, and the

heet | cani zed by heati t 160 4 .
i 88, Pare iy WPGhgY the,ephaaet Jua Qord. 76 eanady yesht of
. Lon. I ' [ t
sifin (YL R Sl B PR ABFEY (5800, 1RE), 6.8 s by
wEigRIBI & slarf® BolpligRiyeht thrédut AbMes SiBY, yieufaohired by Degussa,
react or was washed, dried, flushed wth dry nitrogen,
Inend 6ch apagtsd by weight 56 éegbarf Hiaskakprodugienamec YABLAEK N339,
on ST bitp g s S 5 s 6w o b BBRder o

| ycol di eth q | . - iaht of

GRS rafted < o, halEecs el WSERTSHG el By gsipnt of an
antitRIdahD {pPod R HamBPAhtgeNe! G ihanufadturedoyPSimibas €raftlcal Co.,

styrene was carried out for 2.5 hours. During
Lidg| 2ryarisziay weight oheteatic racidn@ partse ty weeight k8 incpexide,he part by

pol ynmeri zation reactor internal tenperature was 65C,
waight pha vulegRiBaten agealeraton dpodket w-im|¢?%ﬂlﬁ%ﬁmﬂ by
Ser%tgr%rbﬁgr%fcgp Crc:.e,"’lf_:ttdﬂ,r "1 EQS Wri]éhtoéf a vulcanization accelerator
(product name: Soxinol D, manufactured by Sumitomo Chemical Co., Ltd.), 1.5 parts
by weight of a wax (product 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 polymer composition. The polymer
composition thus obtained was molded into a sheet using a 6 inch roll, and the sheet
was vuicanized 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.
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1, 3- but adi ene supplied was 342 g, and the anount of
styrene supplied was 108 g. After the polynerization

had been carried out for the 2.5 hours, a solution of

2.8 muol of bis(diethylam no)nethylvinylsilane as a

cycl ohexane solution was charged into the

pol yneri zati on reactor under conditions of a stirring
@i?ﬂﬁ;ﬁat% Eldfhpld M and a pol yneri zati on reactor

n ernal‘féﬁ%%?éture of 65C, and stirring was carried
out fAB B@apamﬁytséan!e@m belqnpeamtioyu redctonmvas fwashbed xdried, flushed
sol uti on containing O. of pet hanol was char

ed
w'thtctsv OB washaza@q wﬁh ?e’a‘tlssbpf hexsge(prReGHIR 9ravhY ' 068 glem),

D Biacie, 4208 of Bhrers, TR etk ¥AF1.2 L o

eEHJﬂéHe gﬁycohbli@f K¥ther. mgLB!fé(iL@ﬂﬂy |3 AhERreYdRBA Y 3.6 mmol of n-

acryl a (pro uct nane: Sumlizer GM manufactured by

bStytithiamoweb echiacgdd @eereintd, dand, capalyiefzadionf of 1,3-butadiene and
taerythrityl tetrakis(3-1aurylthiopropionate)

g'mnsmm cafaﬁde 0uts‘9h245| hawrs. TRuNg mWUfeaé@%&eoghmng speed was

130l e PRDITS ol Lo e TR s 38 Ge qg the
rﬁcg\rbrr%fls ﬁﬁl‘oéL s:ugpﬁ&ﬁcgdﬁﬁbafsr Qrth@goﬁﬁféﬁiat CrHékEfbrat Tﬁégmount of

us givi g a pol yner e results of

1e3/pltadiehesuppiied vas 34 yrand theeargdunt of styrend 3bpslied wakO@8 g.
parts by weight of the polynmer thus obtained, 78.4
par t SAftay th@pgimmeazatlogmaddwen agiadcaut ferrhe 25 bous,a solution of

uf us I nc 4 S
2L el G s @Ry e%ﬁ?% iene "5, Aeehiane” sdlfion was
cfE0K G € Rolphenzptichy @actof Hnddt conditbnd ob B fi&{spega of 130
rpvaraddaat polyrder2atidh tréadors interkilcleimpetatirer of. $5°C4 farfd Whh@ was
by wei ght of an extender oil (product name: X-140
Cmdmbbuﬁ@miwe?&yodo Sekiyu), 1.5 parts by wei ght of
tioxid rod ct nane: ene._3C,
U SHAEBAURT Ty 2050k P et pelifon SBntaing,p.J4 b o metnano
f
OXIcﬁ"aﬁ‘g@?tlrllot:g?lrtrt1eS @%\l}gzl ot h‘i’e d'forpﬁﬁc? o%%t‘ﬁ%@utﬁﬁ was irred for
s5aninateer at or (product nane: Soxi nol CZ manufactured by

Sum tonp Chem cal Co., Ltd. art ght of a
vul cakf thet polumec @eluamtwﬁfe a(dgeddﬁ&tg nﬁﬁdedmml fidB-tepf-butyl-2-

ey S nghiibenshy 2omelRen roiata, Giakue! SafisocSHizer GM,
mROCRrdd SQM‘IIWICh%m &f%Co., Ltd), and 0.9 g of pentaerythrityl

tetrakis(3-laurylthiopropionate) (procduct name: Sumilizer TP-D, manufactured by

Sumitomo Chemical Co., Ltd.). Subsequently, the polymer solution was evaporated
at normal 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 (product name: Ultrasil VN3-G, manufactured by Degussa, Inc.}, 6.4 parits by

weight of a silane coupling agent (product name: Si69, manufactured by Degussa,
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Chem cal Industrial Co., Ltd.), and 1.4 parts by
wei ght of sul fur were kneaded by neans of a Labo
Plastom || to prepare a polyner conposition. The
pol ymer conposition thus obtained was nolded into a
sheet using a 6 inch roll, and the sheet was
vul cani zed by heating at 160C for 45 m nutes, thus
Ingf)V g rféu bg E\Pélgﬁld of"Gffbon blA& (;ﬁé&hd’t Sndthe € MBBACRN N339,
the physi roperties of the vul canized sheet are

mahufabturedbyl Biitbubishi Chehlieal Qorgn7.6 parts byl wiight af arvextesger oil
Viscosity - 45 38 Vinyl content %59 59 Styrene unit
(reedhick mamm Xo4405 nEmufagiired yaikyassi Seliyw). 1.52parts by, weight of an

ot tiyadics BT BrISmecRG e ees by Sumale (il co.
L{d§2§ ;‘amcﬂ weﬂlhy) Flgzc\c-ﬁhQ(ﬁ{kf ﬁﬁ‘ﬁ'e‘ﬁh& go‘FPz nc omde 1 part by

st tue orrru e po yrrers

w@i@hﬁbnadluldanﬁammb@celerm (Sro80& InameT8 dxino{ 10, yw@riufactured by
and the content of the constituent unit of fornula

Symitoinn €hemicel Coer Ltddt di pad By weighb 20fad i wicapiealipn cacgelerator
00622 | /
RGeS, &%grgﬁﬁﬁmnw & CRSRICAL G e ). 1.5 parts

o 5y BB Rl S, RTINS O S
cgg.:nxg\%ﬁ rnd_astnag cBRditd ) eshdy.42p&RTBY Wefibmfof fs@ifiivare( kndaded by
means of a Labo Plastomill to prepare a polymer composition. The polymer
composition thus obtained was molded into a sheet using a 6 inch roll, 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.

(Table 1)
Comp.
Ex. 1 Ex. 1
Moaney Viscosity - 45 38
Vinyl content % 59 59
Styrene unit content wt % 25 25
Molecular weight ) 123 114

distribution

Content of the constituent mmol/g

0.00617 | 0.00622
unit of formula (1) (polymer)

Fuel economy

tans (70°C) - 0.119 0.197

The content of the constituent unit of formula (i) in all of the polymers
obtained in Example 1 was 0.00617 mmol/g (polymer), and the content of the
constituent unit of formula (1) in the polymer obtained in Comparative Example 1 was

0.00622 mmol/g (polymer).
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(1) 12 wherein X1, X2, and X3 independently denote a
group of formula (la) below, a hydroxy group, a
hydr ocar byl group, or a substituted hydrocarbyl group,
and at least one of X1, X2, and X3 is a group of
formula (la) below or a hydroxy group, RL N (la) R2
wherein R and R2 independently denote a hydrocar byl

M having | to 6 carbon atons, a substituted
hydr ocar byl group having 1 to 6 carbon atons, a silyl
19r oupy conjugatatb sdienelt pdlymieryborgpnmnm andofjugated KRneehased
be bonded so as to for together with the nitrogen

censytuentunit ard graopstituent unpgg)f famgjia (1) pelow) at lgagh ene grmyinus of

el BN B S Al 0N Baptap pavi ng. 1

to 4 Eargyh atons or a hydrocarbyl oxy group having 1
0

to 4 carbon atons, at least one of R3, R4, and R5 is a
hydr gcar byl oxy, group, and A {fhenotes a nitrogen

at omtcont&ini-hg functional group. 2. The pol ymer
accordlnglto Caiml, wherein RL and R2 in formula

([a) are X’ hydr ocar byl groups having 1 to 6 carbon

atons. 42 3. The polyner according to Claim1l or 2,

wher avhereimiX’ 0f%, x0d XXihdepentexsy dénotéargmﬂ:mof(fbym'da ¢la) below, a
groups of fornula (Ia or hydroxy

hYSBPEPURCE Bvquﬁgb SRy °b asubstiteditd ouPOfa&ba' @foqu%r}de?trleast

ot bXe3" B abeo b b o LR bR Fhefcor e

a gr having 1 to 6 carbon atons, which may have at
Jeagt one type of atom sel ectpé)) fromthe atonic group

R2

wherein R' and R? independently denote a hydrocarbyl group having 1 to 6
carbon atoms, a substituted hydrocarbyl group having 1 to 6 carbon atoms, a silyl
group, or a substituted silyl group, and R' and R*> may be bonded so as to form,
together with the nitrogen atom, a ring structure,

R3
R'—Si——(CH,)m—A (Im

R5

wherein n denotes an integer of 1 to 10, R?, R*, and R® independently denote
a hydrocarbyl group having 1 to 4 carbon atoms or a hydrocarbyloxy group having 1

to 4 carbon atoms, at least one of R®, R*, and R® is a hydrocarbyloxy group, and A

denotes a nitrogen atom-containing functional group.

2. The polymer according to Claim 1, wherein R' and R? in formula (ia) are

hydrocarbyl groups having 1 to 6 carbon atoms.




consisting of a nitrogen atom an oxygen atom and a
silicon atom R6 and R7 may be bonded so as to form
together with the nitrogen atom a ring structure, and

R6 and R7 may be a single group bonded to the

nitrogen via a double bond. 5. The polynmer according

to any one of Clains 1 to 4, wherein the vinyl bond

cont " Ml ' 1 lyes 3
3 han 05 ArhoGaERRingR Wall T EUAGTER o, G, T gna X o
fomui Ppz0é gidips epftirmgRt(RY of hpdrexpgreaps.const i t uent unit.

6. A conjugated di ene polyner conposition conprising

t he conjugated di ene polyner according to any one of

d ai 1to5and a filler. 7. The copposition, .
4acco:ﬁ19rf§’t'¥’ﬁefd°3Pﬁ“‘@, tovﬁﬁ'é’r%\erf)ftc:ﬂr%'mén%l?ré)' vgierein 4 igformula (Ii)
; ' ' t O parts by weight per 100 parts
|sgé;&j\%gﬁ% ‘i°"§'§'a3;(g‘#j%éa ‘ed di ene polynmer. B. A nethod for

pr od ng a conjugated di ene polynmer, conprising steps
-A—and B: step A: pol ynerizi ggrgpnoners conprising a

conj gat ed di ene and a vinyl conmpound of formnula

(1'11) *bel ow in a hydrocarbon solvent in the presence

o A A S S R 325508 BT g coron
oG4l 935 gt P RHTFS B WP G

CONBIEING lof & Mitfoglen 6din Gih dygeN bityh, amdrEdsIlcof 26mf RY add R” may be
(rrr)y: HC CH (111)  X4-Si X6 |5 wherein X4, X5, and
bomiedrateps tadform| togatheowish dhey niviogen fatdnur arting strudting) and R® and

bel ow, a drocar byl group, or a_substitute

RO die B9 Graprbondag e tsiengind dpose Bo%E,  and X6
is a group of formula (Ilia) below, R8 N (I I la)

RO wherein R8 and R9 i ndependently denote a

5hydr amergomér s¢Brdiry toahylokddofiClaims 1 to 4, wherein the vinyl bond
content of the conjugated diene polymer is not less than 20 mole % and not more

than 70 mole % per 100 mole % of the conjugated diene-based constituent unit.

6. A conjugated diene polymer composition comprising the conjugated diene

polymer according to any one of Claims 1 to 5 and a filler.

7. The composition according to Claim 6, wherein the amount of filler combined

is 10 to 150 parts by weight per 100 parts by weight of conjugated diene polymer.

8. A method for producing a conjugated diene polymer, comprising steps A and
B:

step A: polymerizing monomers comprising a conjugated diene and a vinyl
compound of formula (lll) below in a hydrocarbon solvent in the presence of an alkali
metal catalyst to produce a polymer having an alkali metal originating from the

catalyst at at least one terminus of a polymer chain comprising a conjugated diene-
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carbon atons, a substituted hydrocarbyl group having |
to 6 carbon atons, a silyl group, or a substituted
silyl group, and R8 and RO nmy be bonded so as to
form together with the nitrogen atom a ring
structure; and step B: reacting the resulting polyner
in step Awith a conpound of formula (11): R3
bﬁ@d%or(cﬂf@) d’mt_:ﬁﬁd(é 'rr)onoh@r AR bRak&d Bn 4k Qﬁ\?ﬁccﬂﬁbdlfhﬁftﬂ%rmula
R4, and R5 independently denote a
(Hlpydrocar byI group having 1 to 4 carbon atons or a
troefitbyl oxy group having 1 to 4 carbon atons, at
east dne of R3, R4, and R5 is a hydrocarbyl oxy group,
and A |denotes a nitrogen g[]t]ﬂ cont ai ni ng functi onal
grokp—sB—Tfe net hod accor di é;nto Claim8, wherein RS
and RO|in fornmula (Ilia) are hydrocarbyl groups
havingx® to 6 carbon atonms. 10. The nmet hod according
to Cdaim8 or 9, wherein two of X4, X5, and X6 of 44

f OrMylhdrdid kt Jxa GFg %° maeﬁéen%g egf&a Al br fofhuialiifs) pelow.

met hod accor 0 an 4 ;
a AyddcaByingro (drla) substitubeddhyitecaRby land (at ledst baé ofvx®, X°,
Rg W@*(@p la) R V\herew R6 gr?géur\i.;i?l i ndependent |y
armth%Sa giogp ofifprrhuda (IHg) elews, 6 carbon atons, which may
have a® | east one type of atom sel ected fromthe

atqm¥c group consisting of a nitrogen atom an oxygen
"ato and a silicon atom ®8lahd R7 may be bonded so

as togform together with the nitrogen atom a ring
structure, and R6 and R7 may be a single group bonded
to therdin R3g@E RA indépetduhllyeddératsla hyBrocarbyl group having 1 to 6

carbon atoms, a substituted hydrocarbyl group having 1 to 6 carbon atoms, a silyl
group, or a substituted silyl group, and R® and R® may be bonded so as to form,
together with the nitrogen atom, a ring structure; and

step B: reacting the resulting polymer in step A with a compound of formula (1):,
tE

R*—Si——(CH)—A (1D)

RS

wherein n denotes an integer of 1 to 10, R®, R*, and R® independently denote
a hydrocarbyl group having 1 to 4 carbon atoms or a hydrocarbyloxy group having 1
to 4 carbon atoms, at least one of R%, R*, and R® is a hydrocarbyloxy group, and A

denotes a nitrogen atom-containing functional group.

9. The method according to Claim 8, wherein R® and R? in formula (lila) are

hydrocarbyl groups having 1 to 6 carbon atoms.

10. The method according to Claim 8 or 9, wherein two of X*, X5, and X° of
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formula (1) are groups of formula (lila).

11. The method according to any one of Claims 8 to 10, wherein A in formula (11)
is a group of formula (lla) below,
RG
/
—N (I1Ia)
\R7

wherein R® and R’ independently denote a group having 1 to 6 carbon
atoms, which may have at least one type of atom selected from the atomic group
consisting of a nitrogen atom, an oxygen atom, and a silicon atom, R® and R” may be
bonded so as to form, together with the nitrogen atom, a ring structure, and R® and

R’ may be a single group bonded to the nitrogen via a double bond.
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