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 di ene pol ymer
conposition, and a nethod for producing a conjugated di ene pol yner.
Background Art In recent years, with the growi ng concern over

envi ronnent al problens the demand for good fuel econony for autonopbiles has
been beconi GYNHIGATED, DHENE theL eMER, aC ool Gleneh dDFENE exoeY @R  f uel
econony faor_ polyner conpositions used for autonobile tires. As a pol yner
composi t i #PYBP AU UNoAND METHAD EOFo RRRPUEIMNBoSONBHEABREr DEENG a

conj ugat ed di ene pol yner such as qghgﬁw%ggiene or a but adi ene-styrene
copolynmer and a reinforcing agent 's carbon bl ack or silica, etc. is
used. For exanple, as a conjugated di ene polymer, polyner
conposition enploying a conjugated diene polyner formed by nodifying with a
di al kyl anTexhnigaddijeldont ai ni ng al koxyl si |l ane one term nus of a pol yner
formed by copoI%nerizin but adi ene and styrene using an alkyllithiumas a
pol yrreri zat i onThAi Pregesf ipsertian gelajes 4063 re6uRt¢d Hignelepolyeera alapanese

unexam ned paten | ication publication as _a, copjugated dj ene pol yner,
a pol ymer®S gﬁgt?% eeﬁﬁfyg’ﬁrnﬁog‘p&?ﬁioﬂga%%(& i g‘r‘?éh‘ifglf'é?repmﬂb'ﬂ?@d By

nodi fyi ngcdﬂjﬁgihté‘d qg@,lel%,mpo group-contai ning 1, 1-di phenyl et hyl ene one
termnus of "a polyner forned by copol ynerizing butadi ene and styrene using
an alkyllithiumas a polynerization initiator (see e.g. JP.A 2003-160603),
etc. have been proposed as pol yner conpositions having good fuel econony.
Di scl osurRackgropRg Altnyent i on

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

For example, as a conjugated diene polymer, polymer composition
employing a conjugated diene polymer formed by modifying with a
dialkylamino group-containing alkoxylsilane one terminus of a polymer formed
by copolymerizing butadiene and styrene using an alkyllithium as a
polymerization initiator (see e.g. JP-A-63-186748 (JP-A denotes a Japanese
unexamined patent application publication)), as a conjugated diene polymer,
a polymer composition employing a conjugated diene polymer formed by
modifying with a dialkylamino group-containing 1,1-diphenylethylene one
terminus of a polymer formed by copolymerizing butadiene and styrene using
an alkyllithium as a polymerization initiator (see e.g. JP-A-2003-160603), etc.

have been proposed as polymer compositions having good fuel economy.



However, the above-nentioned conventional polynmer conpositions enploying a
conj ugat ed di ene polyner are not always satisfactory in terns of abrasion
resi st ance. Under such circunmstances, an object of the present
invention is to provide a conjugated di ene polyner that can give a
conj ugat ed di ene pol ymer conposition having excell ent abrasion resistance,
a conjugated di ene pol yner conposition containing the conjugated diene
pol yner abisclesurebhthenmienioragent such as silica, and a nmethod for producing
t he conjugated di ene pol yner. _ A first aspect of the present
i nvention rel atlewever, atheoapayertantignedecpoionptienak eopmei sgMeosdignagat ed
di ene- based [Tonomer uni t %ncﬂ a noponer unit l’])ased onfa corrPound r epr esent ed
by For mul'RI?YNE& SANUGREIHENDBPYRG" HEVING URYS aaliagRY elerna nodi fi ed
by a compgynd.kepdiesgpted by Formula (2) below / -\ H2C( 1) / \ 2/ R
wherein r is 8 or %% % denotes a hydrocarbyl group containing 1 to 10
carbon atons oUnd@ergB0tH chelmdtdriceg, ah bEj@st odNke airesemein@ehersh fis ag t he
atom c group consisting of a nitrogen atom an oxygen atom and a sul fur
atom andreddgéenenndsgated igie polvmer nhaigcant give aseojngatad shiernebelytred from t he
m r istin f nitr n n n n | fur
:t gm 49 c%%o%ﬂl%snl !‘?atJingqe)?ceIPentla raosgoen reastlsc%gr]\cg a ggr%ggategtd%?}e gol?/maersu .
composition containing the conjugated diene polymer and a reinforcing agent
such as silica, and a method for producing the conjugated diene polymer.
A first aspect of the present invention relates to a conjugated diene
polymer comprising a conjugated diene-based monomer unit and a monomer
unit based on a compound represented by Formula (1) below, and the
polymer having at least one terminus modified by a compound represented by

Formuia (2) below.
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wherein ris 0 or 1, R" denotes a hydrocarbyl group containing 1 to 10 carbon
atoms or a group containing at least one atom selected from the atomic group
consisting of a nitrogen atom, an oxygen atom, and a sulfur atom, and R?
denotes a group containing at least one atom selected from the atomic group

consisting of a nitrogen atom, an oxygen atom, and a sulfur atom.
R3
|
R*—Si—{CHy}—R® (2)
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wherein n denotes an integer of 1 to 10, R®, R*, and R® independently denote

a hydrocarbyl group having 1 to 10 carbon atoms or a hydrocarbyloxy group



R3 1 R4 SICH2ZR6( 2 ) n wherein n denotes an integer of 1 to 10, R3, R4, and
R5 i ndependently denote a hydrocarbyl group having 1 to 10 carbon atons or
a hydrocar byl oxy group having 1 to 10 carbon atonms, at |east one of RS,
R4, and R5 is a hydrocarbyl oxy group, and R6 denotes a group containing at
| east one atom selected fromthe atom c group consisting of a nitrogen
atom an oxygen atom and a sul fur atom A second aspect of the

es, to conj

present AL S04t SIESRe0R BoBR) 4EThe0 BHEBIBYTE SRR Worci g
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selected from the atomic group consisting of a nitrogen atom, an oxygen
atom, and a sulfur atom.
A second aspect of the present invention relates to a conjugated diene
polymer composition comprising the above described conjugated diene
polymer and a reinforcing agent.
A third aspect of the present invention relates to a method for
producing a conjugated diene polymer, comprising the steps of
(A) polymerizing monomer components comprising a conjugated diene and a
compound represented by Formula (1) below in a hydrocarbon solvent using
an alkali metal catalyst, the polymer having an alkali metal catalyst-derived
alkali metal in at least one terminus of a polymer chain, and

(B) reacting the polymer obtained in step A and a compound represented by

Formula (2) below

J \/\(Rbr
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wherein r is 0 or 1, R" denotes a hydrocarbyl group having 1 to 10 carbon
atoms or containing at least one atom selected from the atomic group
consisting of a nitrogen atom, an oxygen atom, and a sulfur atom, and R?
denotes a group containing at least one atom selected from the atomic group

consisting of a nitrogen atom, an oxygen atom, and a sulfur atom
RS
|

R*—Si—{CH}—R® (2)
AN

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



(A) polynerizing nononer conponents conprising a conjugated diene and a
conpound represented by Fornmula (1) below in a hydrocarbon solvent using an
al kali metal catalyst, the polymer having an alkali netal catalyst-derived
alkali metal in at |east one term nus of a polynmer chain, and (B) reacting
the pol yner obtained in step A and a conpound represented by Fornmula (2)
below )\"-(R1l)r whereinr is 0 or 1, Rl denotes a hydrocarbyl group

having 1 & aydfcamybgrowt BN t6 0Nt Hrbbmatcths beastydpitareyiony gdgct ed from
the atom c group consisting of a nitrogen atom an oxygen atom and a

sul fur atladinafdo k2 adehon etonas, qtdeastcoetafiRT, IRj, abd Réask one at om sel ect ed

fromthe atom c group consi st of a nitrogen ato an oxygen atom and a
sul fur atl?%ﬂrgaa@?b(y %H%FEB@”? qu(geqc@tes a groupgcontammg]at least o}lwgeJ atom

selected from the atomic group consisting of a nitrogen atom, an oxygen
atom, and a sulfur atom. A mixture of two or more compounds represented

by Formula (2) may be used.

In accordance with the present invention, there can be provided a
conjugated diene polymer that can give a conjugated diene polymer
composition having excellent abrasion resistance, a polymer composition
formed by combining the conjugated diene polymer and a reinforcing agent

such as silica, and a method for producing the conjugated diene polymer.

Mode for Carrying Out the Invention

The conjugated diene polymer of the present invention is a conjugated
diene polymer containing a conjugated diene-based monomer unit and a
monomer unit based on a monomer represented by Formula (1) above, the
polymer having at least one terminus modified by a compound represented by
Formula (2) above.

Examples of the conjugated diene include 1,3-butadiene, isoprene,
1,3-pentadiene, 2,3-dimethyl-1,3-butadiene, and 1,3-hexadiene, and one or
more types thereof may be used. The conjugated diene is preferably 1,3-
butadiene or isoprene.

In Formula (1), ris 0 or 1.

In Formula (1), R' and R? are substituents on the benzene rings, and
the substitution position may be any of the 2-position, 3-position, 4-position,
5-position, and 6-position; it is preferably the 3-position, 4-position, or 5-
position, and more preferably the 4-position.

With regard to the substitution position of R', the position of the



wherein n denotes an integer of 1 to 10, R3, R4, and R5 independently
denote a hydrocarbyl group having 1 to 10 carbon atons or a hydrocar byl oxy
group having 1 to 10 carbon atons, at |east one of R3, R4, and R6 is a

hydr ocar byl oxy group, and R6 denotes a group containing at |east one atom
selected fromthe atom c group consisting of a nitrogen atom an oxygen
atom and a sulfur atom A mxture of two or nore conpounds represented by
Formul a ( may he used, . I n accordance with the. present invention,
t here cang%)'ézeﬁ\%owgéa Whichnihggallowing SFRUm & &r?@wegh‘atd%f dgia§etth§ ¢onj ugat ed

di ene pol M&‘%gioﬁ.o”’Pﬁ’%b&%@%!&ﬁ%bﬁ@mﬁ’f&ﬁleh@t% ASth@offRghddage. a polymer

conposi tion tornmnmed I'ng the conjugat'ed di ene polyner and a

rei nforci ng agept such as silica, and a nethod for producing the conjugated
di ene pol Hs€—=Mode for Carrying Qut the Invention The conj ugat ed
di ene polyner o he present invention is a conjugated di ene pol yner

contai ning a coyj ugat ed di ene-based nononer unit and a nononer unit based
on a nonomer r res\\ted by Forrmula (1) above, the polynmer having at | east
one term nus nodit d#%y a conpound represented by Formula (2) above.
Exanpl es of the conjugated diene include 1, 3-butadi ene, isoprene,

1, 3-pent adi ene, 2, 3-di nethyl -1, 3- but adi ene, and 1, 3-hexadi ene, and one or
nmore types theVéT raggrdpto tbedsubpiitutiosnpagdicadotiifendhpspesiierrefbhe 1, 3-

but adi ene_or_isoprene. In Fornula (1), r is or, 1.. . In Fornmula (1),
RL and. RPSRen 3 BAE 6 uhiEe BR T8 inch pesie Ty PpSuediia deinesasciveut on
position ; £ TRAE -~ EY 7 iddiQp, 5-position,
Bnd 6 posi T (T B o BB g g e e, 5t
position, and ré(gféﬁerably the 4-position.

H,C
*

In Formula (1), R' denotes a hydrocarbyl group or a group containing
at least one atom selected from the atomic group consisting of a nitrogen
atom, an oxygen atom, and a sulfur atom, and R? denotes a group containing
at least one atom selected from the atomic group consisting of a nitrogen
atom, an oxygen atom, and a sulfur atom. R? is preferably an aliphatic or
cyclic group having 0 to 6 carbon atoms in which a nitrogen atom, oxygen
atom, or sulfur atom is directly bonded to the phenyl group.

In the present specification, a hydrocarbyl group denotes a
hydrocarbon residue, and a hydrocarbyloxy group denotes a group in which
the hydrogen atom of a hydroxyl group is replaced with a hydrocarbyl group.

With regard to the group, denoted by R' and R? containing at least
one atom selected from the atomic group consisting of a nitrogen atom, an
oxygen atom, and a sulfur atom, examples of the nitrogen atom-containing
group include an amino group, a dimethylamino group, a diethylamino group,
an isocyano group, a 1-aziridinyl group, a 1-pyrrolidinyl group, a 1-piperidiny

group, a hexamethyleneimino group, a 1-imidazolyl group, a 4,5-dihydro-1-



Wth regard to the substitution position of RL, the position of the

benzene ring to which the following group is bonded is defined as the 1-
position. The position of bonding is denoted by * in the fornula bel ow. H2C
Wth regard to the substitution position of R2, the position of the benzene
ring to which the followi ng group is bonded is defined as the 1- position.
The position of bonding is denoted by * in the fornula below. />R 1)r H2C

| n For mulimidazZolyl Rrode@nod esiridaydiidiegdr Bydupgr aup-piserazigyoypo@®nbabinkng at
| east one atom selected fromthe atom c group consisting of a nitrogen
atom an BRPHERNALLGMP-anturshefuamplgs dntludade RYadermoer. a Zpyuplidynt ai ni ng
2tom - an SRJe 220 BRTTENGOBury SPvaRbnprore ro By EPdaBEY A BV IpMat | ¢ or
Y o SRU M 1S Brkagh gaghon, 2L |1 wch o i trogen atom owgen
present speci fWitat iegard ao hiyergeeas byén@e®wy Rénpider? acdwmdindapabandiesi due,
and a hydrocar byl oxy group denotes a group in which the hydrogen atom of a
hydr oxyl 9feoatem selestrdafieth e Btaminyatoop arangistiggoefpa nitrogen atom, an

oxygen atom, and a sulfur atom, examples of the oxygen atom-containing

group include a hydrocarbyloxy group such as an alkoxy group, an aryloxy

group, or an aralkyloxy group; a substituted hydrocarbyl group containing a

hydrocarbyloxy group as a substituent such as an alkoxyalkyl group or an

alkoxyaryl group; a heterocyclic group containing an oxygen atom as a ring-

constituting heteroatom; a trihydrocarbylisilyloxy group such as a

trialkylsilyloxy group; and a trihydrocarbyloxysilyl group such as a

trialkoxysilyl group.

Examples of the alkoxy group include a methoxy group, an ethoxy
group, an n-propoxy group, an isopropoxy group, an n-butoxy group, a sec-
butoxy group, and a t-butoxy group.
Examples of the aryloxy group include a phenoxy group. Examples of

the aralkyloxy group include a benzyloxy group. Examples of the alkoxyalky!

group include a methoxymethyl group, a methoxyethyl group, an ethoxymethyl

group, and an ethoxyethyl group. Examples of the alkoxyaryl group include

a methoxyphenyl group and an ethoxyphenyl group. Examples of the

heterocyclic group containing an oxygen atom as a ring-constituting

heteroatom include an oxiranyl group, a tetrahydrofuranyl group, and a

dioxolanyl group. Examples of the trialkylsilyloxy group include a

trimethyisilyioxy group, a triethyisilyloxy group, a triisopropyisilyioxy group,

and a t-butyldimethylsilyloxy group. Examples of the trialkoxysilyl group

include a trimethoxysilyl group, a triethoxysilyl group, and a tri-n-propoxysilyl

group.



Wth regard to the group, denoted by Rl and R2, containing at |east one
atom selected fromthe atom c group consisting of a nitrogen atom an
oxygen atom and a sul fur atom exanples of the nitrogen atontcontaining
group include an am no group, a dinethylam no group, a diethylam no group,
an isocyano group, a l-aziridinyl group, a 1l-pyrrolidinyl group, a

1- pi peridinyl group, a hexanethyl enei mno group, a 1-im dazolyl group, a

4, 5-di hydro-1- ,,i.m dazql yl  group 1-imdazglidinyl grou a 1- pi perazinyl
group, and a ol 6?9‘“@ tér%‘%pgroﬁargﬁg?te xt%éﬁ’qegn(% E%r &889%’98961%0'98?&@ a
2-pyrroli - L dj : 2 ! : - oyridyl

2 Dler oL 81, A ieded (RHEL Bl OFQRGo R BIRYE! WhnGRH o, BP0V,

t he groupoxydenaitesh, Byid Bls@fid aRen, exdarhpliesicigh@kulf@asionpbentatrong gedwgct ed from

the atom c group consisting of a nitrogen atom an oxygen atom and a
sul fur atigmudexéamsreaptofirede oxygen at om contai ni ng group include a

hyd byl h | K , I ,

aral kyl oxy or ofe BOWRGERteiTieEat FRpaT BRarkyM SsiGind Lom teriegngorote °
hydr ocar bc}’dr%@fing_rd?%o B @n%‘t‘@vﬁ? bﬁléex‘g erP U 2Sn 29 PRI Ky hredE AR, OF an
al koxyaryl group; a het «grocyc ic group containing an oxygen atom as a

ri ng- consd inftudgengatoet-evorliting grolip,i Aydlmomar pfsiabiyl 8xarogp auprediedleds a
trialkylsilgloxy group; and a trihydrocarbyl oxysilyl group such as a

trial koxye Fgimyadgpbelow Exanpl es of the al koxy group include a
met hoxy group, ®{ ethoxy group, an n-propoxy group, an i SOpropoxy group, an
n- but oxy ,gr_mKD,/ a secbt(t3o;<y group, and a t-butoxy group. Exanpl es

of the aryl oxy\RBoup i ncl'ude a phenoxy group. Exanples of the aral kyl oxy
group include a benzyl oxy group. Exanples of the al koxyal kyl group include
a nmet hoxymet hyl group, a nethoxyethyl group, an ethoxynethyl group, and an
et hoxyet hyhergimuR’ BxdnmResndépértentlyk aepatey| a ghpdipcaril udew et koxyphenyl
group and an et hoxyphenyl group. Exapples of the heterocyclic group

cont ai ni HHNYHO6R5AY, 'ybsmpa@zﬁgrawbRc@f%ppﬂéW kR eRek othpitd ferotade an

oxi ranyl tetrahydrof uranyl group, .and a _dioxol anyl_ group. Exanples
of the tHaIARREDE G B b TRERRAED 4 ifels ko Ry arofeYSer

triethyl sitbywl £y h@tQEBion?t 4d + 88R5RRW %rldfh?bﬁs@i‘bﬁup, and a _
t-butyl di met hyl silyl oxy group. Exanples of the trial koxysilyl group include
a trimethoxysi Thé gydroparbylt giceiphateysitdd/| bgr RUpanan&k®aig rpreferablypexysi |yl
group. Wth regard to the group, denoted by Rl and R2, contai ning
at | east YHEOGBYh SEPeRt Bavingorh tthe 18 cidreonyr alansonskxamplgsofof athsi t r ogen

st om 2 LS Gl e e B A AT b BB P8 DS o i g
o oS 0 R0 LRGSR SO0, SOl a ooer
at om contisopmopy @roapp anamndutyd rgeo P eh esegkl utylag @UpPU Eankep e enit@dyovip For nul a
(3) bel OV&XEanIes of the aryl group include a phenyl group. The hydrocarbyl group is

preferably an alkyl group, and more preferably an alkyl group having 1 to 4

carbon atoms.

As the trihydrocarbylsilyl group denoted by R’ and R®, a trialkylsilyt

group, etc. can be cited. Examples of the trialkylsilyl group include a

trimethylsilyl group, a triethylsilyl group, a triisopropylsilyl group, and a tert-

butyldimethylsilyl group. It is preferably a trialkylsilyl group having 3 to 9

carbon atoms, and more preferably a trialkylsilyl group in which the alkyl

group bonded to the silicon atom is an alkyl group having 1 to 3 carbon

atoms.



/' NR8 wherein, R7 and R8 independently denote a hydrocarbyl group or a
trihydrocarbylsilyl group, or R7 and R8 are bonded to each other and denote
a hydrocarbyl ene group that may contain a nitrogen atom and/ or an oxygen
atom as a heteroatom and * denotes a bondi ng position. The

hydr ocar byl group denoted by R7 and R8 is preferably a hydrocarbyl group
having 1 to 10 carbon atons. Exanples of the hydrocarbyl group include an
al kyl group andxampssybf §rditlentEy@up! igSwigith tRTeamd IR argrssHicidnegkde a net hyl
group, an ethyl group, an n-propyl group, an isopropyl group, an n-butyl
group, a 8rcalkyiené gnogppsucmdasa aneethirereylgrgupup. tifratiplee grotmeaar yl
group include a phenyl group. The hydrocarbyl group is preferably an al kyl
group, an@URBIENYERE SraHR. A BRNEAMEINYIgNe GpPuPa\Ar iy hexamsethyieaergvuat 8ms.

As the trj; vl sil.yi R , trialkylsilyl
group, et'l(‘:'mS é’ﬁ%g%rgc‘%of‘ gd%”%%ﬁb?%aggglfg E?%Q%{? iséfﬁy%%s%?@pgrr%nurﬁs?%@ﬁude a
trinethyligj l.eH,GHOWNH-GH LT ielghylsireples@h@ied bya -t HLEBQN=ERYI si | ybygroup, and
a tertbutyldinmethylsilyl group. It 1s preferably a trialkylsilyl group
havi ng 3 reprédentachdy atidrEH-MAGHADLE Proedep abbresanted dlykyTIdiChii-Ngt-oup in
whi ch the ﬁl(ﬁ}{l _m%roug bonded to the silicon atomis an al kyl group having 1
to 3 car HoRe&ipm@nd an oxygen migmntudaining, hydrpsperiens 8iRHA §Uahiadhar? and RS
are bond i ch as an ethyl ene group, a

e e Se Aty R S G

trimet hyl¥ene” grioup, group, a pentamnethyl ene group, or a
hexanet hyl ene gr QH®; preseht rHERMiALOAT GRBT A dYoRErBYYEHLOGRBEY | BRR&NEGr QUP such
as a group represented by -CH2CH2- NH- CH2-, a group represented by

- CH2CH2- NGHeNt ydgocarpon epsidsenthedchyllyocaEhiyi€hle NrQlip cootairdngraouy at@pr esent ed
by - CH2CH2- NHCH2CH2-; and an oxygen at om cont ai ni ng hydrocar byl ene group
such as &Sgf Q\Ferrafnedeednsgafolegentaio pgcHstgture In which g Rygmegepr esent

speci ficatiaon h | ene grpu ns a dival ent hydrocarbon

resi due; aa?#?]@ %@%Egga%{%%?gﬁégér 8{]6 %o(ﬁ_?g?rﬁ?% ea%roﬂpdforﬁpgasceﬁ %tagrgat om
Means a GhOMP EQBERIdY H0a dyaFddaFbHERe igfoib6tathify & RE8ReAlREMmadLOr a
carbon atom of a hydrocarbyl ene group’is replaced by an™X atom Exanpl es of

a hydr oc&ebyrbetven ginolyplec ant@bap ngomtaining ogesntrattare ais avHiet eCBatodnmai ncl ude a
group containing a structure in which CH of a hydrocarbyl ene group is

r epl aced "ygraQariyens Beirgs raplegad dydY by Fsaaplgsaifp RyHesamylRpeasosRygen at om
as a heteroatominclude a group containi a structure in which CH2 is

repl aced By FVERD oMk aF i Mg et n doEkES % AVR PV RaRogen
atoms ar eleRraqednith Br, X AdRLes 8 @ YN gwopbaérﬁam qUrfeRiteah ! N9 a
silicon atomas a heteroatominclu a group containing a structure in

whi ch C iigreptvacetdybiogdhn. atoms areAsrephecedr opyp Bpr esgaimpledyofornmul a (3)
above, an acyclic amno group and a cyclic am no group can be cited.

Exanpl eshpdrochebyiene greurageawinineud silimeinud®na asi al ketedtom gebude such as a

di et hyl anm no_qgr.ou a diethylamn r.ou a di (n-propyl)am no group, a
di(isopr%%Hp)%‘ﬁ%tﬂ'SP'bgr%&g}‘c "diin W-hb%tgl'iéi%?'%e%?% - a di (sec-butyl)anino
group, a di (te(d yutyrh) APepR IR byOFoARuG! MY GBS ! &M nod
di aryl am no group sﬁ%{% %s g (fiq}[r)]henylyamonougr p; and a 2yl Hhktno
bi s(tri agroulpsand/ b)gBlitangi®dpoglchn 88 dteldl S @xanipédpt tHd y¥tyoNsiangingr oup, a
bis(triethylsilyl)am no.ﬁﬁqryoup_, a bis(tbutyldinmethylsilyl)amno group, or a
bis(tri ig@pupomqlgqiep yd) @i tangingugroup such as a dimethylamino group, a
diethylamino group, a di(n-propyl)amino group, a di(isopropyl)amino group, a
di(n-butyl)amino group, a di(sec-butyl)amino group, a di(tert-butyl)amino
group, or an ethylmethylamino group; a diarylamino group such as a
diphenylamino group; and a bis(trialkylsilyl)amino group such as a
bis(trimethylsilyl)amino group, a bis(triethylsilyl)amino group, a bis(t-

butyldimethylsilyl)amino group, or a bis(triisopropylsilyl)amino group.



Exanpl es of the cyclic am no group include a 1-aziridinyl group, a 1-
pyrrolidinyl group, a 1-piperidinyl group, a 1-hexanethyl eneimno group, a
1- hept anmet hyl enei m no group, a 1-octanethyl eneimno group, a 1-
decanet hyl enei m no group, a 1-dodecanet hyl enei mi no group, a 1-imdazolyl
group, a 4,5-di hydro-1-imdazolyl group, a 1-im dazolidinyl group, a 1-

pi perazinyl group, and a norpholino group. The group represented by

Formula (3) is referabl cyclic am nq up, and re prefer bI

di al kyl ani no gF a@p s of the'cy Ct%'”ﬁﬁPHEér“gyg G S Rt HQUBy @

al kyl gr r I f | kyl group
i ncl ude m%'ﬁ&ﬁg aoqﬁ”pﬁ]ypylg@% B a?nhﬁgaprp%g Srﬁﬁwg grténﬁﬁi got)ropyl

group, arhdm@mtemyregrewmo a g6Gp,butay| 196aHMetMehamies t -drotiy] o oup.

Exanpl es of the aryl group include a phenyl group. The hydrocarbyl group is
prefer ablc&e&am@tblrlecembw gg@tmrrﬁ Hadndﬂgamettby!melnam@@mom ond -imidazolyl  The
conpound reﬁresen E mJI a é% is prefe ablgy CS:orrpound in ichr =0
or a conpBHd it ydrro -Midago 9reul, 1 dHyeiseslidigyly HOUror®e breferably
a conpou ' : &, preferably a conpound in which r =
0 and RZrbqpérgzwsA g%urrpespgs?eﬁtggﬁ%gko@e il a (3) above. Exanpl es of

the conpound repéesely eshre¥emetndy &ofriial (f$(§|rsldﬁefbréb§ly Mn acyclic amino
N- di et hyl am nophenyl) - 1- phenyl et hyl ene, 1-(4-N

N- di et hylg@aimopteemply p&afpta@rrwa@haiwemo mm(uqx N

N di | Sobt opyl o5 NG HEHFERDA AR HERFIGH GHOR . E1Y 8K aroup, an aryl group,
N-di butyl qgn %Pﬁgg?{enyl) Weny?%bﬁr}’ﬁ%e&rogé iNelude a methyl group, an

N-dii sobutyl am

1- (4- N, Nt tbtip bbb Y-p rspyn yah) isb stipyhemeputyl , ;
1 (4-N, l\l—dr{)hggny?am no%@y%%phe%ypwﬁene@ Hiy grotip, & see

1- (4- (1- duityli ghionp] ppHemteit-bltyhgroppet fxaempdes of the aryl group include a
1-(4-(1- %%2%3(?!' igg(i)una(l ) ?ﬂgn%/ylc?re%e%gle@rcl)% hr)s/I grre?erably a hydrocarbyl group
having 1 to 10 carbon atoms.
The compound represented by Formula (1) is preferably a compound
in which r = 0 or a compound in which r = 1 and R'is a hydrocarbyl group,
more preferably a compound in which r = 0, and yet more preferably a
compound in which r = 0 and R? is a group represented by Formula (3) above.
Examples of the compound represented by Formula (1) include
1-(4-N,N-dimethylaminophenyl)-1-phenylethylene,
1-(4-N,N-diethylaminophenyl)-1-phenylethylene,
1-(4-N,N-dipropylaminophenyl)-1-phenylethylene,
1-(4-N,N-diisopropylaminophenyl)-1-phenylethylene,
1-(4-N,N-dibutylaminophenyl)-1-phenylethylene,
1-(4-N,N-diisobutylaminophenyl)-1-phenylethylene,
1-(4-N,N-di(tert-butyl)aminophenyl)-1-phenylethylene,
1-(4-N,N-diphenylaminophenyl)-1-phenylethylene,
1-(4-(1-aziridinyl)phenyl)-1-phenylethylene,
1-(4-(1-pyrrolidinyl)phenyl)-1-phenylethylene,



1- (4- (1- pi peridinyl)phenyl)-1-phenyl et hyl ene,

1- (4- hexanet hyl enei m nophenyl) - 1- phenyl et hyl ene,

1- (4- mor phol i nophenyl) - 1- phenyl et hyl ene,

1- (4- (N, N-bi s(trimethylsilyl)am no)phenyl)-1-phenyl et hyl ene,

1- (4- (N, N-bi s(tert-butyl di nethyl silyl)am no)phenyl)-1-phenyl et hyl ene, and
1-(4- (N, N-bistriisopropyl silylam no)phenyl)-1-phenyl et hyl ene.

1- (4- N, N-Daret-ByledidinypBhemyibr -phiely ity ek &yl ene is preferabl e. I'n

Formula (2), n denotes an integer ‘of 1 to 10. In order to inprove fuel
econony, T(4-sexareétbykeibeiminophémds 1igheny2thydeke,i n order to i nprove econon c
efficienc nis preferably not nore than 4. nis preferably 3. I n
Formul a (2§4-mrsohqunophery!RE-nheaulssindent.| y denote a hydrocarbyl group having

| 10 N5 . h byl i 1 10 b .
Bcanpl es or h RIRF Bt b BRE Gy PERE <P B el ana”rs i nel ude an
al kyl gr qUPl-@NHthi§§eﬁ—ﬂ[ﬁ%lﬁ%etﬁ?@ﬂﬂ)arﬁﬂo‘%Myl)gf-EHQnyléﬁyna'rfér, @Ryl group, an

i sopropyl group, an n-butyl group, a sec-butyl group, or a tert-butyl

group. FurtdeN,Mebistriisogaopylesylamirtd)phérydy-o@hehylethgyergg.oup denoted by R3, R4,
and R5 include an al koxy group such as a nethoxy group, an ethoxy group, an
npr opoxy group1,'(%rﬁ‘,Ns@ﬂﬁgﬂﬁm”@ﬁ%\?@yl)aﬂnphﬁbﬁ?@x ngrig ppefesaldec- but oxy group,
or a t-butoxy group. The hydrocarbyl.group i referably ap al kyl group
having 1 to 3 @a’?%’g'hu'%pg)r‘rs'?/g%%lte %vfb”ﬂ?%?fe?"'a’zﬁg @‘mi? t%ﬁ!erg{]ool%o%yean et hyl
group.  fuel ecén P! BSisOhrdrBrarly HACRISBYIHNY 29T QP idledlabpdoPimfRBve R4, and
R5 i nclude an al koxy group such” as a net hoxy group, an ethoxy group, a

npr opoxy egooarpic efficienop o Eoprefgmblypmotanorebiitaoxy gr Bypefeaablgcs.but oxy gr oup,

or a tert-butoxy_group; and.,an aryloxy group such as a phenoxy group. It is
preferably an 8 koxulgr@ipRhalRi ngnd Ro inderansentintdsnnote endyaacarinf ef er abl y

nyar ocar BT Y RgRG .50 T RaMAP R php bESTaBNCxE aroi, et el B Ber abi e

for at |eatjontaenRf R3, R4, and R5 to be hydrocarbyl oxy groups, and it is
nore preferable for three of R3, R4, and R5 to be hydrocarbyl oxy groups.
Examples of the hydrocarbyl group denoted by R®, R* and R?® include

an alkyl group such as a methyl group, an ethyl group, an n-propyl group, an
isopropyl group, an n-butyl group, a sec-butyl group, or a tert-butyl group.
Furthermore, examples of the hydrocarbyloxy group denoted by R® R* and
R® include an alkoxy group such as a methoxy group, an ethoxy group, an n-
propoxy group, an isopropoxy group, an n-butoxy group, a sec-butoxy group,
or a t-butoxy group. The hydrocarbyl group is preferably an alkyl group
having 1 to 3 carbon atoms, and more preferably a methyl group or an ethyl
group. _
Examples of the hydrocarbyloxy group denoted by R, R% and R®
include an alkoxy group such as a methoxy group, an ethoxy group, a n-
propoxy group, an isopropoxy group, a n-butoxy group, a sec-butoxy group, or
a tert-butoxy group; and an aryloxy group such as a phenoxy group. It is
preferably an alkoxy group having 1 to 3 carbon atoms, and more preferably a
methoxy group or an ethoxy group.

At least one of R®, R* and R®is a hydrocarbyloxy group; in order to
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In Formula (2), R6 denotes a group containing at |east one atom sel ected
fromthe atom c group consisting of a nitrogen atom an oxygen atom and a
sul fur atom Wth regard to the group denoted by R6 containing at

| east one atom selected fromthe atom c group consisting of a nitrogen
atom an oxygen atom and a sul fur atom exanples of the nitrogen

at om cont ai ni ng group i nclude an am no group and a substituted am no group.

Exanpl es ;of e i tuted am no 0 i,ncl yde a dihydrocaryl am no group
such as 6{9' {ér{sét Ru%wa%%g%%m_&r'oﬁpprg erﬁg[?l @tﬂ}pﬁ?ﬁqﬂgog?fg%p;'g‘;r‘?d‘daacﬁlblec am no
group suatydescalbyioRZ bFdublsN¥hd 3 RURerep rbid¥ub ol @Y of O 1P, afid }'{5 to

pi peridi nyl group, a 1l-hexanethyleneimno group, a 1-imdazolyl group, a
4, 5- di hyxtrhydrecarbgmzolgydumy.oup, a 1-im dazolidinyl group, a 1-piperazinyl
group, or a norpholino ?r oulg6 Exanpl es of the group containing a
ni trogen atom iMéPiaelaalfetRr slepetasc agemup saptpiniag 2atplgasd| onyylatgmoup, a

- pi peri ¢ @ 20 pyridyl . a 3-pyridyl . a 4-pyridyl
o oup, . ant 0o R ogPe st Eringof o Hitadhm SheaprotigBhenot ed by

R6 cont aigtbdand al A%t afis. atom sel ected fromthe atom c group consisting
of a nitrogen atom an oxygen atom and a sulfur atom exanples of the
oxygen at om coWitairegagl gr dupgrouy ddeotedyyd RO xankyihidyyatgieaspossclioms an

al koxy group, an aryl oxy group, or an aral kyl oxy group; a substituted
hydr ocar S§IE638A diasughe idlemie aiAuR seasisdingoRl, agniiggenaatbra het eneeycl i c
group co |, Ni n n_atomas _a heteroatom Exanpl es of the
al koxy g%&)ﬁb’ iaﬁgl %dseuq@?r%f)%x?(aé?@ﬁﬁ,Or}aﬂ‘eef‘ﬁwng?&%’,COHW‘W-”Br%’ﬁH?y group,
an i sopr gRrMYe 8h Ao Jfodl BHG HERHBd afhiE GPAMIPXY group, and a
tert-butoxy group. Exgrrlerbes o?x%the ary‘I’Joxyl g%ouprp i nclude a phenoxy
group. Exanpl esExafmplee ofitied kiybstkytedrtipol groLp dieciad & andibiy drs¥a @yfitlino
Exanpl es of the al koxyal koxy group include a net hoxynmet hoxy group, a
met hoxyeSHHE/ SHEH@s, a éﬁﬁ“@thhéwlﬁﬁtgféxp grautethylaching gsotpixged ogycligr oup.
Exampl es _pf. _t he heterocyclic group.containin n oxygen atomas a
het er oat Sﬁn{"i“?lc 'GHR ZHCHXFS a%y?'aévgiw,? %’%Ué?trghiﬂwwﬁa%mwem i
di oxol anglpe@iatiyP gréilf! £1hekaRRWVIENEGHRRE XY uB P YBmidazolyl group, a 4,5-
dihydro-1-imidazolyl group, a 1-imidazolidinyl group, a 1-piperaziny! group, or
a morpholino group.

Examples of the group containing a nitrogen atom include a
heterocyclic group such as 2-pyrrolidyl group, a 2-piperidinyl group, a 2-
pyridyl group, a 3-pyridyl group, a 4-pyridyl group, and a 2-pyrazinyl group.

With regard to the group denoted by R® containing at least one atom
selected from the atomic group consisting of a nitrogen atom, an oxygen
atom, and a sulfur atom, examples of the oxygen atom-containing group
include a hydrocarbyloxy group such as an alkoxy group, an aryloxy group, or
an aralkyloxy group; a substituted hydrocarbyloxy group such as an
alkoxyalkoxy group; and a heterocyclic group containing an oxygen atom as a
heteroatom.

Examples of the alkoxy group include a methoxy group, an ethoxy

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

butoxy group, and a tert-butoxy group. Examples of the aryloxy group
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Furt hernore, exanples of the oxygen atom containing group include an

acryl oxy group and a net hacryl oxy group. Wth regard to the group
denoted by R6 containing at | east one atom sel ected fromthe atom c group
consisting of a nitrogen atom an oxygen atom and a sulfur atom exanples
of the sulfur atom containing group include a nercapto group. R6 is
preferably a nitrogen atomcontaining group, nore preferably an optionally

substit ut gdjuaei BOpPE ,gadlg).yersxém RsPoeftababtakydo %u@u;_f aReRgenhed by
Formula (4) below *N 7R7 N8 R ( 4 wherein R9 an 19 i ndependent |y

denot e a bgrhybmgergratpm a hydrocar byl group having 1 to 10 carbon atons, or
a group containing 1 to 10 carbon atons and containing at | east one atom

sel ected from FABMatasneicthgrdpxvatiexy grovryinsiude aimetbgernetneny 9aroxygen
2 hyer ocad eyPuisei el Fhub L) oG 800 5nt° sl BBV BRRAE " om e
At om and BoP and BB ey e B A A e 2t om vi a
a doubl e Hmabatom include an oxiranyl group, a tetrahydrofurany! group, a dioxolanyl
group, and a 3,4-epoxycyclohexyl group.
Furthermore, examples of the oxygen atom-containing group include
an acryloxy group and a methacryloxy group.
With regard to the group denoted by R® containing at least one atom
selected from the atomic group consisting of a nitrogen atom, an oxygen
atom, and a sulfur atom, examples of the sulfur atom-containing group include
a mercapto group.
R® is preferably a nitrogen atom-containing group, more preferably an

optionally substituted amino group, and yet more preferably a group

represented by Formula (4) below

PN (4)
wherein R® and R'® independently denote a hydrogen atom, a hydrocarbyl
group having 1 to 10 carbon atoms, or a group containing 1 to 10 carbon
atoms and containing at least one atom selected from the atomic group
consisting of a nitrogen atom, an oxygen atom, and a silicon atom, or R® and
R'® are bonded to each other and denote a hydrocarbylene group that may
contain at least one atom selected from the atomic group consisting of a
nitrogen atom, an oxygen atom, and a silicon atom, and R® and R'® may be a
single group bonded to the nitrogen atom via a double bond.

Examples of the hydrocarbyl group denoted by R® and R'" include a
alkyl group, a aryl group. Examples of the alkyl group include hydrocarbyl

group having 1 to 10 carbon atoms. Examples of the hydrocarbyl group
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Exanpl es of the hydrocarbyl group denoted by RO and R19 include a al kyl
group, a aryl group. Exanples of the al kyl group include hydrocarbyl group
having 1 to 10 carbon atonms. Exanpl es of the hydrocarbyl group include an
al kyl group and an aryl group. Exanples of the alkyl group include a nethyl
group, an ethyl group, an n-propyl group, an isopropyl group, an n-butyl
group, a sec-butyl group, and a tert-butyl group. Exanples of the aryl
group include a phenyl group. The hydrocarbyl group is preferably an al kyl
group, anfckgeaprakdr aMup aRdadk\arylgBERHP- halkxagpriest 8f Ahe ABdnd®iens and

yet nore preferabl met hyl oup or an _ethyl, group, . t he

ni trogen 'Ef@ﬁgcaoﬁtegﬁyzigﬁ%&pgra U%F%I .r8.{”8d %Q'wxyiln%o&go?n z‘f%f%ﬁ“k‘ " noal kyl
group, a AehedRRYSbLE, 85CEbuEANYBLP A% 8 tBHLIEAPEE 0BbOMEREMBles of the
ring-constituting heteroatom  etc. can be cited. Exanples of the

di al kyl ammbgtdopl inghuigpa i prainydgraupdi Matehipy dnocadat lyydbupgisoppefarably an

di et hyl am noet hyl group. Exanples of the heterocyclic group containing a
ni t r ogen AKYra"a4P aand meRreorisferably aiy ahed SFreiR HaViInacl dRié s2PopyRPRIS dyl
group, a 2-pineridin u -pyridyl ar , 3-pyridyl group, a

4- pyri dyIanéfﬁé&pr?oraenpd%gerg[)@ﬁgf’mIgr ‘i‘%g%?n%tﬁﬁ%m&ﬁ\s t he oxygen

at om cont ai ni ngs OfHRURtARRA! BEbMYXoRiRNg &blp aBnalekoryaRkyingroap, a

het erocycl i c group containing an oxygen atomas a ring-constituting

het er oat afialketamineakyllgoopt adetdwaypicegroap donéaiainkox pétdgen afooupsiancl ude a
met hoxynet hyl group, a nethoxyethyl group, an ethoxynethyl group, and an
et hoxyet H{N9-gRMsifLtingk ahplesaatam. t 1REC hedt 0b§clGitedgr oup*@BRtesi nPingthen oxygen

cuen co RPN, Sst8, TRURR AR GG oA o
di oxacyclfahkimigsoup FHlb. ase sk iey Ayl h8fP8& clic group cMaiiey Eor e,

exanpl es of the oxygén~ atom contali ning group include an al kyl group

substi t utritdogdrt Atoan e ROOXGECY s taatiky hetaroatons irchudesa 2-gyrydidyy hraypowp or a
tetrahydrofurfuryl group. The oxygen atomcontaining group is preferably a
het er ocy@&-PiReHEBYb 6V a7 A-RY it TRYBed AtRYRIARS JEPUR. rAy-AcRidyl tdioking

het eroat om, or an_al kyl group substituted with a nonooxacycl oal kyl group
such as a?naliléip(ﬁ?z'a%cﬁfﬁg%r a tetrahydrofurfuryl group. In the

present speci fAahb OBy ddh® IRRABKAANIHLO8IIY d@rBidl BYaRS Andri@up dn whi ch

one CH2 of a cycloal kyl” group is replacéd by an oxygén atom The

di oxacyclatikaxkslkyDyauyp, neladteracyglio gpoum cobhiatting W &Henodtoan aya oagkyl group

are repl aced bé oxygen at ons. As the silicon atom contai ning group
hdl

denot ed Ispndtu tgroagony; j efckyaagi Pgl cidedup Exampiesalof obops plkpkyglkplup, a
trialkylsilylal ro etc an be cited. ampl es of the trial kylsilyl
or oup. | ndrie s ataifeomenvEitus: adefRavai LRI §haiSolney
tert-but yldigretiy! sh! YihoSyop ABHp2 tiidr3OREOBY!tAL! Kbtcdb QM npl es of
the tria Loxd;‘sai Pyl group ?ncpuagg ap'tri met @xys??/yﬁ group. Exan% es of the
trial kyl sohpisihgyhngoouen nedbmdesa at ringeddngkifitingl metdrnphtgn oeiudehe silicon
at om cont ai ni ng grouE is preferably a trial kylsilyl group.

monooxacycloalkyl group such as an oxiranyl group or a tetrahydrofuranyl

group; and a dioxacycloalkyl group such as a dioxolanyl group.

Furthermore, examples of the oxygen atom-containing group include

an alkyl group substituted with a monooxacycloalkyl group such as a glycidyl

group or a tetrahydrofurfuryl group. The oxygen atom-containing group is

preferably a heterocyclic group containing an oxygen atom as a ring-

constituting heteroatom; or an alkyl group substituted with a

monooxacycloalkyl group such as a glycidyl group or a tetrahydrofurfuryl

group.
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Exanpl es of a divalent group in which RO and Rl are bonded include an

al kyl ene group such as a trinethylene group, a tetranethylene group, a

pent anet hyl ene group, or a hexanet hyl ene group; a nitrogen atontcontaining
hydr ocar byl ene group such as a group represented by -CH2CH2- NH- CH2-, a
group represented by -CH2CH2- N=CH, a group represented by - CH=CHN=CH-, or
a group represented by - CH2CH2- NH- CH2CH2-; and an oxygen at om cont ai ni ng
hydr ocar byl enelmtioaipresiait ssedfigitionp thephessskaedcbyiky! GrElGHn&xfsHaCH2- .
Exanpl es of the single group denoted by RO and Rl that is bonded to the

ni t r ogen HPHMIYMIEh aw%ﬂ@ don@ytiaalkybgroan ietraplaceemy ajr oxygeraatonopyl i dene
group, a ut}gl i.den %Bolugr, a 1-nethyl et hyl i dene g{r oﬁgg, a 1-

net hyl pro y‘hé’é‘ﬁ&y“g? B, 9RUR BEATTET RPUBUDYWRIAR WOy Besh OF &neiycdoalky!

4- N, Ndi ”EérBM{)%rr@ Fﬁpg&zcyh denss FLR The groups denoted by R9 and R1
are preferably hydrocar %/I oups, Oxygen atom contai ni ng groups, or
silicon atom cast tienisiigogr atdscoatdnifgr grdupeidenalldy B IR?l agaords; 4

het erocyclic groups containing an oxygen atomas a ring-constituting

het er oat dﬁﬁ'kéig!dy’ll grgueupstrieikexysityhitgrdum 2 Hrialkpisityebkat yoiupaleiyl car bap such as

2’ he gl ERe el o b EIHATAI @ige AREIAEG A RimaRhp G and &
the groffp ré R ARG
el ude Ao oERE g P R (o, S1F AR i

bi s(trial IExasipied ) aiithe gradexysiyRNGoap Gicltde di afifktrXysityIgigesiip.i ncl ude a
di met hyl am no group, a diethylam no group, a di(n-propyl)am no group, a
di (i sopr épEMrdes 6 toe duiplkytsildiafid royp )inslude ayrtompthydsifinisty! lgoeyd.) ami no

, i (t.ert-butyl ‘ X [ ntyl).am , d
o P rer e bR AR BESDE AR ohy T RKATGTSES o’ ar s cncl ude
bi th ' , i h 1 '
i o1 hoxynat IISMBEE B RERR o fuPie LR RXURL N ) AR GOBLGR ) o

of the bias(alkilehkydraupWucanadia girestpyicne! §1depa abiesahidtApERY | gbliy! ham no
group and a bis(t-butyldi nethylsilyl {am no group. Fur t her nor e,
exanpl es pentamethulepeldreupndma hgrkaupthyieiaugeug; dinivrgemaidn-aontoniggoup, a

di (tetrahydrof uranyl)am no group, a di(glycidyl)amno group, and a

di (tet raﬁég?o&ﬁa?ﬁ?ﬁ%/lgf%ﬂﬁ ABCyAsuP.9roup represﬁ/ﬁé@omér,o e&b‘ R-Chsf, Bhe
acyclic gmne i ncl yde t hyld deneam no group. . a _

1- net hyl gfgo y!rlg%%lr%gg{.n%%nlgvg%%ﬁﬁm%bg’ ?ﬁ ﬁgg%’lﬁ&lr%afiﬁ%n&eg%ebgm’%g-gﬁéup, a
1-met hy| ai=OH-| deNgagionp pPeent8dtha -&H,BHNN T o AMaRabsnZuyydrnean no
group. Exanpl es of the cyclic am no group include a 1-aziridinyl
group, aaftom{ppntaohingi hydrogadiyfenea giteyp peichdasyd goop prepaedenadredynyl enei m no

group, a_ l1- imdazolyl group, a 4,5-dihydro-1-imdazolyl group, a
1-im dazgl}'\ﬁi"h;@‘cgﬁ "~ a 1-pi perazinyl group, and a norpholino group.

The group repr, For mul 4) is..prefecabl p.acyclic am.no group,

and nore pref eﬁﬁ(}mggogi}/% Wﬁaeﬁﬁou%?%qjoﬁ,gdiy i(SQ%{_ngnyl‘?ta'ﬁibr%’dS%Bp, a

di (tetramedrifrogamyhtoail 8 ar bl sHdO!ieLdy! haMetR 18EREPgrdip, a

di (tetrahydrofurfuryl)am no group, or a di(trialkylsi’lyl)amno group.
propylidene group, a butylidene group, a 1-methylethylidene group, a 1-
methylpropylidene group, a 1,3-dimethylbutylidene group, and a 4-N,N-
dimethylaminobenzylidene group.

The groups denoted by R® and R' are preferably hydrocarbyl groups,

oxygen atom-containing groups, or silicon atom-containing groups, and more
preferably alkyl groups; heterocyclic groups containing an oxygen atom as a

ring-constituting heteroatom; alkyl groups substituted  with a

monooxacycloalkyl group such as a glycidyl group or a tetrahydrofurfuryl
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Wth regard to the conpound represented by Formula (2), as a conpound in
which Fornmula (4) is an acyclic am no group, the follow ng conpounds can be
cited as exanpl es. Exanples of conpounds in which Forrmula (4) is a

di al kyl am no group include [3-(dinethylam no)propyl]trinethoxysilane,

[ 3- (di et hyl am no) propyl ]Jtri net hoxysil ane,

- (et hyl met hyl am no) propyl ] tri net hoxysi | ane,

-(dineth | am no. triethoxysil ane,

vl |
- (di et Y] é{Pn Aoy %ﬁ‘dg{)) igrro Y&fhoxysi | ane, and
- (di al kyl am R@)RE Qpyld t& r@gg%)ﬁsﬂyj ﬁ&ﬁﬁul%‘{ﬁp #racyclic amino group and

- (et hyl met hyl am no) propyl Jtri et hoxysil ane;
- (di metayyais @)ips arylp neinhpe diitet h@gesigienef the acyclic amino group
i et hyl am no) pro yl ] met hyl di met hoxysi | ane,

t hy|if@ES| 2m Aig){ytaspipP] rasoup darr@ua{@bkysva!&wéammo group, and a

I gftwhgérﬂnkgoﬁﬁg%@%fe&hg%dl rrg%]g) p’f él?.'ee d:alkylammo group include a
hyl JTRicy) |§'“mn'?30)0; Yé]ﬁgmmh éacﬂfn propyl)amino group, a

[
: th
i met hyl ami no) pr i et oxysliTan
i et il lamrnpwwrﬁmy)l ]glﬁm;iwladlde(hl?mnyﬁadn&nﬁ group a di(sec-butyl)amino
t hyl met hyl am no) propyl ] met hyl di et hoxysi | ane,

i netmyu@mam:(@mﬁyxwlémmpdgeQerXysﬂl(aﬂ@penty!)ammo group, and an
|eth ethyld et hoxysi l,ane

o AR BRGR 48Ryl SrRaRedanes ERfatkagyalkyamine group

t hyl 5
i arkwggngn%%%@t’f@%ﬁﬁ%{ i g?&ﬁfﬁglssﬁggiéﬂ?xgethyl)ammo group, a
[ rretﬂ’ﬂs'(leﬁmx'?m)epﬂi}ﬂml]\dl mgtdug, rrEtahoxyal | BREethoxyethyl)amino  group.

i et hyl am no) pr opyl ] di net hyl nmet hoxysi | ane,
[ net%@l"&?‘rﬁﬁ@)‘ the égsKt]rlaii@iwyl)mmmwm imehide a bis(trimethylsilyl)amino

ieth Iamn y i,e | et hoxysi | ane,

| ey TR e e St Ple,

-(di et hyl am ] di et et o il : ; :

- (di et hyl amﬁ%é%@%%d ]él et ﬁbé% o%él laggﬁzc aarllrgmo group include a
- (di et kiyloairamg)dmiopy | ]gmtphyl ef how(setlraryarofﬁx@ﬁmjaemab group, a
npoundsi nwhi chFormul a(4)i sa bi s(al koxyal kyl )am no group i ncl ude
- [ bi s( aﬂll(lbowl)lammamm mr@pqld}(tertrashvvdooéy@‘unémngmhums

[ b1 (et hogumeLoul) ot hol o0 e TR SLLaNe. o it

-[bis ropyl Lt
BERE: e’&%ﬁ? R P ooe t e IBI G Rafino group, @ 13-
- [ bi s( aehsexwmryitidntamin®gpoopy b} 1-Mehiemisidbaéemino group, and a 4-
- [ bi s(et hoxynet hyl ) am no] propyl }tri et hoxysil ane,

- [ bi s( MeNHEmedh Hyinjreabienay pteneain}ine igeokmxysi | ane, and

- [ bi s(et hox ) am no] propyl }triethoxysil ane;

hyl
-[bi s(al koxﬁﬁwarﬁfﬁafﬁr Bwa}nanmrapauww@.a arRArdigehgredp, a 1-

- bi
S B RO MR A SRR e o -
- [ bi s( lFﬁId'éQQSMEEhjUp) and BOJiRy @y JimRidwl H&Bﬁ]@(ysmxd’éﬁ)hdmyl group, a
- [ bi s(et hoxyet hyl ) am no] propyl } net hyl rret hoxysi | ane,

- [ bi s( fretipesazityt bydYrarandad p“romplydﬂ}rwt @r;olum net hoxysi | ane,
- [ bi s(et hoxynet hyl ) am no] propyl } et hyl di met hoxysi | ane
- [ bi s( et hox%ﬂfﬂ}ip) ERARY PO FaEtHg @ de r%%%?‘P'érﬂé“ acyclic amino

-{bi t |

o o RO P Y R A LI B Py amin grou, o

- [ bi s( elharanyaidivtamMaRth®r ORyblLpt hyldi ethgkdtiyi@i®no  group, a

-[ bi s( et hoxyet hyl ) am no] propyl } et hyl di et hoxysi'l ane, and

- [ bi s( di(tedrepet rofLifarilyao]ipo apylg,edriey Hidtretihosilyd)anaine group

-[ bi s(al koxwl kyl ) am no] propyl } di al kyl al koxysi | anes such as
ith"regard to the compound "represented by Formula (2), as a

(
(di
(e
(di
(di
(e
(di
(di
(e
_(d
_(d
(di
(e
(di
(di
(di
(di
(di
(di
(

Lt Vet e Y Y Y e Y e Y e et T Y Y e Y e e Y e Y et Tt Vet Ve Vo Vo Ve ¥ e W o M L Lo L s e e i L L L o o s L L L L Ll L Lo L L
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{3-[ bi s(met hoxynet hyl ) am no] propyl } di net hyl net hoxysi | ane,

{3-[ bi s(et hoxynet hyl ) am no] propyl } di net hyl net hoxysi | ane,

{3-[ bi s( et hoxyet hyl ) am no] pr opyl } di et hyl et hoxysi | ane,

{3-[ bi s(et hoxyet hyl ) am no] pr opyl } di et hyl net hoxysi | ane,

{3-[ bi s( et hoxynet hyl ) am no] propyl } di et hyl net hoxysi | ane,

{3-[ bi s(et hoxynet hyl ) am no] pr opyl } di et hyl net hoxysi | ane,

{ 31bi s( meddmepoyeidhitparmicto]RoreRd Y4 ¢4 by ﬁ@%&l@%mlrk@rg@oup the following
{31bi s(et hoxyet hypam no] pr opyl } di et hyl met hoxysi | ane

{3-[ bi s( rAITHEW tqaymitﬁﬂ]iﬁ@whpl&ﬁrret hyl et hoxysi | ane,

{3-[ bi s(ethoxy ropyl } di met hyl et hoxysi | ane

{3-[ bi s( met hoxy¥ é' F&%‘Hﬁﬁ}‘dﬁ”ﬁ’é‘ﬁ r’fﬂf@w?o@gﬁ |aa%'é'kylamm° group
{3-[bis(ef ‘gﬁgé(et hyI ) am no] propyl | di net hyl et hoxysi | ane,

{ 3- [ bi s(nethoxymet hyl ) am no] propyl } di et hyl et hoxysi | ane,

{ 3- [ bi s( ¢8hexysteyiBmin )] Mrﬁ@ﬁhlo}( iRihRy! et hoxysi | ane,

{34bi s( ngtﬂoxyet hyl )aﬁﬁtldg]ypr opyl } d?éet hy?let hoxysi | ane, and

{ 34bi s( e rdstiptttigmime) probplitoipydthokysilhge et hoxysi | ane. Exanpl es of
corrpound is a di(oxiranyl)am no group include

{g-[g@ (ol} K%WWF”!)%R/'HH] B?)Bg?m@'i"ﬁmﬁrm%ﬁ' lq ane,
(5 T (oF A Bl R b BT ot by 1 ane,

{3-[di (ox3 (@@Wy)aﬁrﬁinaﬂilr@bﬂl{wle}fﬁixw:|lé11é7%tnhoxys' | ane,
{3-[di (oxiranyl)am no] propyl } net hyl di et hoxysi | ane,
{3716 (o rany) )it 0oL or gowl 1l et Dl et hoxysi | ahe,
{3-[di( ﬁ é%ﬁi’h"geiﬂ;{' B%}/%\'}]H'%PH@?/%f‘ﬁoxy)s/l | ane,
3-[d I d
(>-Tdi (o iRy %@%ﬂ%}%@%ﬁeﬁ%ﬁ@f SHBIE ! ane. Exampl esof

{corrpoundga -(bihg %ﬂhﬂ}ﬂr@fv? méth%d:rﬂb{ﬁo@(%&@é]@r of uranyl )ani no group include

3-[di (tetrahydrofuranyl’)am no] propyl I'tri met hoxysil ane,

{3-[di(tE feahyld“recblhyjammd)pmpyﬁio]qmlnyipmhéthoxmﬂaoays| | ane,
{3-[di (tetrahydrofuranyl)am no]cg%ggyj: | met hyl di net hoxysi | ane,

LG o ot ol e Tl oyt | ane
-[di(t (ﬁ%%g %ﬁ?&’ﬁéﬁ’% gﬁ%‘ﬂﬁ}"ﬁ?tﬁgg é’f’ﬁy%/dl et hoxygl | ane,
[ di (tg;t_(eq Q{&ﬁﬂéﬁ%)}%yng]@ﬁd}% f}cgg | met hoxysi | ane,
{3- % Vet
[
C

i (tB-(camng thytdminaiyyriopailine o yibdiopiixy il ares, hyI et hoxysi | ane, and
i(tet rah}/‘drof uranyl ) am no%d&; propyl } di et hyl et hoxysi | ane. Exanpl es

onpol?n@%e wlapHn e rer e thyldigthpxysdlage (gl yci dyl ) ami no group i ncl ude

{3aci é? R R eT RS DLt R AL
3-[d I
{51 di ( 435‘?.'@% o Bl G e hey i | anc,

{ 3. 4di ( dBy(clietirl parino)pf@syolRyhyidRtodydil@td)andsi | ane,
{3-[di(glycidyl)am no]pr Opi)/qy} et hyl di et hoxysi | ane,

{3-[di (g[|3y<@|lai ylai@mqialcmvdip dalkexysjlames sogh Sl ane,
3-[d | t hoxysi |
13 Lai ( geE e R AR Sy el LR BEYBPe 1 ane. and
3-[di (qby@mw%;)aﬁmaeldyyﬂamﬂéa%%@heeéméh'aéne Exanpl esof conpoundsin

V\/m chFornul a( 4
[3-(dimethyiamino)propyildimethyimethoxysilane,

di
di
di (t et rahydr of'uranyl’) am nol propyl } ‘met hoxysi | ane,
di
di

[3-(diethylamino)propyl]dimethylmethoxysilane,
[3-(dimethylamino)propyl]diethylmethoxysilane,
[3-(diethylamino)propyl]ldiethylethoxysilane,
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di (tetrahydrofurfuryl)am no group include

{3-[di (tetrahydrofurfuryl)am no] propyl }trinmet hoxysil ane,
{3-[di (tetrahydrofurfuryl)am no] propyl }triethoxysil ane,
{3-[di (tetrahydrofurfuryl)am no] propyl } net hyl di met hoxysi | ane,
{34di (tetrahydrofurfuryl)am no] propyl } et hyl di met hoxysi | ane,
{3-[di (tetrahydrofurfuryl)am no] propyl } nmet hyl di et hoxysi | ane,

3-[di(tetr hdour.fu I 1. N Idiethox si | ane,
EB %dl Eteﬁ3 @I’]’éﬁ%&l%’?'ﬁﬁ P%QH'WS]@ %Béﬁs&a t hyl met hgxya | ane,
3-[di (tefs t hyl net hoxysi | ane,
E3 %dl gte[tsrg%gglg?ﬁﬁ)ﬁ%ﬂmgn@%ﬁ%%&%ﬁ%\eﬁet %yl et hox§5| | ane, and
{3- [ di (t e3r(@imyethgfamihoyyrbp@idietay letiamxykishatdnd et hoxysi | ane. Exanpl es
of conpounds in which Fornula (4) is a di(trialkylsilyl)am no group include

{3-[di(t rh3a(ldl@>ﬁht|?m9)afﬁmﬂ}itﬂ*@ﬂ?ﬂhpﬁwllﬂnleoxys| | anes such as

3-[di(t t hyl I t t hox ,
St ! TSR I WP, 0 o
3-[di(t t th I d
RIS BT o o, e,

{3- [ di (tr{safbleyaizokydikdyaniablpropylittialkoxyslianekaxigridsanes such as
{3-[di (trinethylsilyl)am no] propyl}nethyl di net hoxysi |l ane,
3-[di(t {ﬁdbgﬁ(meﬁmxwmeéhylgﬁn)laﬂinﬁ@mﬂ}tﬁpwtmmﬂym@u met hoxyS| | ane,

3 TSR AR 2 e
i(t r{?rré%éhélbsmgla hg{ﬁcﬂé %ﬂq}'}gl rmﬂh%lx Qmﬁééxyy | ane,

di

di(t {bL{b§sl(@thmé“tyyl%mwO);aﬂppl@ﬂrmaﬁyk;}sﬂuaﬁet hyl met hoxysi | ane,

di (trinethylsilyl)am nojpropyl}dinethyl et hoxysil ane, and

-[di (t {BdbssK'ﬂEWé’tXMmeéhW)ﬂn)laﬁiprﬁ@mﬂ}tﬁﬁmo}’(mlmehyI et hoxysi | ane. Among them
- d| trlalko ane . is preferable, and

Lt oty PSR ROP R PV RoiBraRaLY tkmnanep

di et

ai et iyl S aeRar et ph "@HW 08silang. and

[ 3- (di et Hg![biglatadpyeanylhdrmopsropylyictitigsaame;nor e pref erabl e.
Furt hernore, exanples of the conpound represented by Formula (2) include a

corrpound{Bfﬁbh&,{ﬁlbwwadifmman()]@yomg}aékwq.emwya,mm QIebIAs such as a
- h hol 1-
imphgg(r): 3{5?%;;&05#. Bymgﬁw%%m Wneltwy@ﬁgrou%lﬂa mor phol i no group, a

{3-[bis(ethoxymethyl)amino]propyl}methyldimethoxysilane,

{

{3-
{3-1
{ 34di
{3-1
{3-1
{3-[
{3-1
a3
[ 3-(
[ 3-(
[ 3-(

{3-[bis(methoxyethyl)amino]propyl}methyldimethoxysilane,
{3-[bis(ethoxyethyl)amino]propyl}methyldimethoxysilane,
{3-[bis(methoxymethyl)amino]propyi}ethyldimethoxysilane,
{3-[bis(ethoxymethyl)amino]propyl}ethyldimethoxysilane,
{3-[bis(methoxymethyl)amino]propyl}methyldiethoxysilane,
{3-[bis(ethoxymethyl)amino]propyl}methyldiethoxysilane,
{3-[bis(methoxymethyl)amino]propyl}ethyldiethoxysilane,
{3-[bis(ethoxymethyl)amino]propyl}ethyldiethoxysilane,

[
[
{3-[bis(methoxyethyl)amino]propyl}ethyldiethoxysilane, and
{3-[bis(ethoxyethyl)amino]propyl}ethyldiethoxysilane;

[bi

{3-[bis(alkoxyalkyl)amino]propyl}dialkylalkoxysilanes such as
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anpl es of conpounds in which Fornula (4) is a 1-piperidino group include
- (1- pi peridino)propyl trinmet hoxysil ane,

- (1- pi peri di no) propyl tri et hoxysil ane,

- (1- pi peri di no) propyl met hyl di met hoxysi | ane,

- (1- pi peridino) propyl et hyl di met hoxysi | ane,

- (1- pi peridi no) propyl met hyl di et hoxysi | ane, and
-(1-

ch

1-

1-

1-

1-

1-

pi pewL dls@ﬂbﬁd&@ﬁeﬂiﬂ)@nﬂh@%@ﬁ%ﬁ' itha{Mimethoxysilangxanpl es of conpounds in

For (4) is a 1I-" hexanethyl eneimino group include
hex dAeblsy¢tbarymetiy)) pmimpylbtapyljeinhetkyisidtaoeysilane,

hex t hyl enei m no) propyl tri et hoxysil an
hex ﬁépﬁiﬂnsmxwmi)ﬁ Pmﬁggwmtﬁmﬁmﬁqﬂaﬁ@
h | et hyl
o e Ryr SRR AR B BBy PR RN RBR AR, anc
1- heXqeffbRY%@%&%@@W&W&WM!}Qihe%i?l?d@fﬁbi Aline Exanpl es of conmpounds in

ich Formula (4) 1S a norpholino group inclu
3- nor phoI{Bﬂblp(eﬁpykymehwt)hmnwjpd@lyed1eﬂay‘rmep+uxlysnrlmm,Opyl tri et hoxysil ane,

{3-[bis(methoxyethyl)amino]propyl}diethyimethoxysilane,

-
-
-
-
-
- (

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

Examples of compounds in which Formula (4) is a di(oxiranyl)amino
group include
{3-[di(oxiranyl)amino]propyli}trimethoxysilane,
{3-[di(oxiranyl)amino]propyl}triethoxysilane,
{3-[di(oxiranyl)amino]propyl}methyldimethoxysilane,
{3-[di(oxiranylyamino]propyl}ethyldimethoxysilane,
{3-[di(oxiranyl)amino]propyl}methyldiethoxysilane,
{3-[di(oxiranyl)amino]propyl}ethyldiethoxysilane,
{3-[di(oxiranyl)amino]propyl}dimethylmethoxysilane,
{3-[di(oxiranyl)amino]propyl}diethylmethoxysilane,
{3-[di(oxiranyl)amino]propyl}dimethylethoxysilane, and
{3-[di(oxiranyl)amino]propyl}diethylethoxysilane.

Examples of compounds in which Formula (4) is a
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3- nor phol i nopr opyl net hyl di met hoxysi | ane,

3- nor phol i nopr opyl et hyl di met hoxysi | ane,

3- nor phol i nopr opyl net hyl di et hoxysi | ane, and

3- nor phol i nopr opyl et hyl di et hoxysi | ane. Exanpl es of conpounds in which
Formula (4) is a 1-im dazolyl group

incIudeN—(3 trinethoxysiIyIpropyI)inidazoIe andN- ( 3-

triethox dazol e. Exanpl es of conpounds in which
For nul a {‘i feﬁéé)f&}'%%w iNG-9f ouR IRAISH1 y1 group i ncl ude

N-(3-tri and

N-g3 tri g@hoﬁ@s{aH)yl)glbér}([)’ng%?%%(ﬁa%ﬁ%rﬁ%mgg%ﬁn% Anmong them a
conmpound {Isqdwtﬁtféhyﬁmftrwr@t)(a%né ybtiigtheaznkyd, group and a conpound in

whi ch Fornula (11a) is a 4,5-di Ey ro-1-imdazolyl group are preferable, and

N-(3-trintl Hdi@imhyyqufucawl))ammdamﬂyémetwl_dGnethpémi@nys| | yl propyl )i m dazol e,

mgm @HQQ@ r{yﬁb& %&LW?@%BFME&? ' ; Zo’lﬁ(gﬂ?'gen’(rjmre preferabl e.
{3-[di(tetrahydrofuranyl)amino]propyl}methyldiethoxysilane,
{3-[di(tetrahydrofuranyl)amino]propyl}ethyldiethoxysilane,
{3-[di(tetrahydrofuranyl)amino]propyl}dimethylmethoxysilane,
{3-[di(tetrahydrofuranyl)amino]propyl}diethylmethoxysilane,
{3-[di(tetrahydrofuranyl)amino]propyl}dimethylethoxysilane, and
{3-[di(tetrahydrofuranyl)amino]propyl}diethylethoxysilane.

Examples of compounds in which Formula (4) is a di(glycidyl)amino
group include
{3-[di(glycidyl)amino]propyl}trimethoxysilane,
{3-[di(glycidyl)amino]propyl}triethoxysilane,
{3-[di(glycidyl)amino]propyl}methyldimethoxysilane,
{3-[di(glycidyl)amino]propyl}ethyldimethoxysilane,
{3-[di(glycidyl)amino]propyl}methyldiethoxysilane,
{3-[di(glycidyl)amino]propyl}ethyldiethoxysilane,
{3-[di(glycidyl)amino]propyl}dimethylmethoxysilane,
{3-[di(glycidyl)amino]propyl}diethylmethoxysilane,
{3-[di(glycidyl)amino]propyl}dimethylethoxysilane and
{3-[di(glycidyl)amino]propyl}diethylethoxysilane.

Examples of compounds in which Formula (4) is a
di(tetrahydrofurfuryl)amino group include
{3-[di(tetrahydrofurfuryl)amino]propyli}trimethoxysilane,
{3-[di(tetrahydrofurfuryl)amino]propyl}triethoxysilane,
{3-[di(tetrahydrofurfuryl)amino]propyl}methyldimethoxysilane,
{3-[di(tetrahydrofurfuryl)amino]propyl}ethyldimethoxysilane,
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In order to inprove abrasion resistance, the conjugated di ene pol yner of
the present invention preferably contains a nononer unit based on a nononer
represented by Fornmula (1) between a conjugated di ene-based nononer
unit-containing partial chain (not containing a nonomer unit based on a
conpound represented by Fornula (1)) and a conjugated di ene-based nononer
unit-containing partial chain (not containing a nononer unit based on a
conpound {Bgr(esentecbfbyulydamih@pfoby)imethyldiethoxyBilaigler to increase
strength, the conjugated diene polymer of the present invention preferably
cont ai ns {&-[di(ieyrahyd mierfuy)aydralpronydathyidethoxysilroser unit (vinyl aromatic

hydr ocar it). anpl es of the yinyl aromatic_hydrocarbon include
styrene, Qggﬂ‘z{]@ﬁrfﬂ"wS%}ﬂérg‘gﬂyﬁémﬁ‘ﬁ]?Eﬂplyéﬂ@/em)’lﬁiﬁth%’ﬁ‘rﬂ‘ﬁé?'ene, di vi nyl benzene,
trivinyl Qer ie : i erably styrene.

Fr omthet{\gl?é&%&ag?&%{wﬁﬂy%é{&ﬂﬂp@ﬁ"c}g%?w&'g{eéﬂﬁdl%ﬁxee’poI ymer of the present
I nvent i o3 {jdiefedadpldof Gy BamSn APropyREmidtay LB ysAReGngonst i tuent unit
(aromatic vinyl unit), and the content of the aromatic vinyl unit, relative
to 100 %BUYi(iabtiagpdrodirfaiybamdiadpropyiidiethydéthokesieorj ugat ed di ene unit and
the aromatic Vl%% unit, is preferably at least 10 % by wei ght (the content
of the conjuga pies CGHIH"“BQM’Q"W&)‘;*@F%%‘Q? (fhisn? gdtraly)siydiaghng, and
nore pref ‘?&gpln%lﬁfe | east 15 % by wei ght (the content of the conjugated

di ene unigt el ng no greater than 85 % by weight). Furthernore, fromthe

Vi ewpoi nt{sxpcﬁi(tﬁuﬁéylsaqpammb]pwgegﬁmﬁ&@%ixmeéélechaé@rmti c vinyl unit is
preferably no greater than 50 % by weight (the content of the conjugated
di ene unf{3-[¢é&rimpthatisiymminspropWjtrimetgnysilarnd nore preferably no greater

than 45 9 A i ght he content of the conjugated diene unit being at

| east 55{%/i%g\%?'gl{?étﬁ"y's"y‘)am‘WWWVHH'W‘?tQW"ﬁPeOf strength, the Money
Vi SCOSi t yq | - . . j 0 ol r of the present invention
is pref e?%_ﬁ)%agiarl]@%Qﬁﬁ%w@ﬁ%ﬁ%@%g%ﬂ%bFéggt | east 20. Furthernore,
fromthe{y{(ﬂ(/tlﬁmjtgﬂir@éthprsﬂﬂ?érﬁﬁ@];Bﬂobylitr!etthd@spéﬁ‘é;er ably no greater than 200,
and nore preferably no greater than 150. The Mdoney viscosity (M1+4) is
measur e 1t09RYisHy & el yidialk & yi<830€s §1G049 . Fromt he

d{&{dittoakyisilyxamorad [}adky dialk $ 43 h

Vi ewpoi n%ﬁ ?C{ fuel econony, the vinyl bond content of the conjugated diene
pol yner ot l4HEMsiRds) amivelrropiimelhydimathoxysitad® of the conj ugat ed di ene
unit as 9% i S.preferabl o greater than 80 % by nol, and nore
preferab der%g‘bS‘?(\é'gﬁé?‘hY%ﬁﬁ‘s%"Wj%’;?gxﬁﬁ“?gﬁﬁ%?é?%ﬁﬂ?”?»rom t he vi ewpoi nt of
gri p properdijtehetyisilyd)artiRbBrAR) Mn&hyldfagbxRap b¥ndol . nore preferably at
| east 15?%}0 bg/ m?l ,Wsﬂ/'ey?)arm'r e]%p(?ée%{‘}se{? amy at )I(yésagt ’20n%by nol, and

parti cul &8-[di(tfnefidinadthyisayl)drems]préfy imeyhyaibthokisilanenyihdbond content may be
obt ai ned b&j | R spectroscopy fromthe absorption intensity at around 910

cm 1, whikidiitdalsnsdyianipoirrplair kyfalkoxysignegysutipas The content of
e e R AN
e O, LR B B ERoflnpapSRb gl ere pol v end
i mprove Eepindrimetrsidilydaancy]prdpyiglimetfytstabkysilant, amd e t han 2 % by

{3-[di(t-butyldimethylsilyl)amino]propyl}dimethylethoxysilane.

Among them, a [3-(dialkylamino)propyljtrialkoxysilane is preferable,

and

[3-(dimethyiamino)propyl]trimethoxysilane,

[3-(diethylamino)propyl]trimethoxysilane,

[3-(dimethylamino)propyl]triethoxysilane, and

[3-(diethylamino)propyl]triethoxysilane are more preferable.
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wei ght, and nore preferably not nore than 1 % by wei ght. From t he
vi ewpoi nt of fuel econony, the nol ecul ar weight distribution of the

conj ugat ed di ene polyner of the present invention is preferably 1 to 5, and
nore preferably 1 to 2. The nol ecul ar weight distribution is obtained by
measuri ng nunber-average nol ecul ar wei ght (M) and wei ght-average nol ecul ar
wei ght (Mwv) by a gel perneation chromatograph (GPC) nethod, and dividing Mv

by M. f d nmethod f duci th ' ted di

6l ymer of t he' BRBERtre YERPIONS! e ROBREENUHEREERBE < REIFGATWF SOkps A and
B bel : j ten A): ; ; 0 7] t
O T R B LA TN e

above in aplpalidacaghap, solwerRbmyhydenaked gratt al moasiediyet groupys ¢ ving a
polymer having an alkali netal catal yst-derived alkali netal in at |east
one t er miinigazsilylgrpep yorex 4 Shaihpd (oSt -epidBrolyhgsawm of reacting the pol yner

bt ai ned i t A and d t by, E | . b
As. tho al kal i FERRPIRERLPGRPOGRIIN PRSP ERARL An B CRINIORIRal kal

netal , an,organoal kali metal conpound, a conplex between an alkali metal
and a pol ar conpound, an oligoner having an al kali metal, etc. Exanples of

t he al kal37.§ﬁptp@lridimb%@nhh@m%n@%ﬂj um potassium rubidium and cesium
Exanpl es of the organoal kali netal conpound include ethyllithium

npr opyl | i3-k1-piperidew) progyittieihokysimnen- but yl i t hi um sec-butyl i thium
t-octyllithium n-decyllithium phenyllithium 2-naphthyllithium

2-but yl ph%ﬁyplH%'HFWPSP%EY'%%MVI”BEEWP‘%'{arﬂeum cycl ohexyl i t hi um

4-cycl opepty | LA . .

di et hyl ZGWEL‘*FE*E@ R T A PR RO opy i thiumt-
but yl di mes-mchpiek ity yRip9éthiylandtHoxfilame paed i nopropyl it hium lithium

hexanmet hyl enei m de, I'i t hi unpyrrolidide,lithiunpiperidide,lithium

hept anet B¢ eppiendd®)pioply ety @tteyait@tdyl enei m de, 1, 4-dilithio-2-butene,

sodium naphthag o o SOf! ompdundey' IS wiidl Peanta U ay 2Pt Ng! et de-
hexamethyleneimino group include
3-(1-hexamethyleneimino)propyltrimethoxysilane,
3-(1-hexamethyleneimino)propyltriethoxysilane,
3-(1-hexamethyleneimino)propylmethyldimethoxysilane,
3-(1-hexamethyleneimino)propylethyldimethoxysilane,
3-(1-hexamethyleneimino)propylmethyldiethoxysilane, and
3-(1-hexamethyleneimino)propylethyldiethoxysilane.

Examples of compounds in which Formula (4) is a morpholino group

include
3-morpholinopropyltrimethoxysilane,
3-morpholinopropyltriethoxysilane,
3-morpholinopropylmethyldimethoxysilane,
3-morpholinopropylethyldimethoxysilane,
3-morpholinopropylmethyldiethoxysilane, and

3-morpholinopropylethyldiethoxysilane.

Examples of compounds in which Formula (4) is a 1-imidazolyl group
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Exanpl es of the conpl ex between an al kali netal and a pol ar conpound

i ncl ude a potassi umtetrahydrofuran conplex and a potassi un di et hoxyet hane
conpl ex, and exanpl es of the oligoner having an al kali metal include the
sodium salt of a-nethylstyrene tetraner. An organolithium conpound or an
or ganosodi um conpound is preferable, and an organolithium conpound having 2
to 20 carbon atons or an organosodi um conpound having 2 to 20 carbon atons
i's nmore phefugeabl e. N-(3-trimethbgydiybropalibaiuzem, vent usgd in st¢\p(36_\ is a
sol vent that does not deactivate the organoal kali netal conpound catal yst,
and an al trig@xysilyopylimidarglean aromatic hydrocarbon, an alicyclic

hydr ocar bon, eEc. can be cited. Exanples of the aliphatic hydrocarbon

i ncl ude propan ?‘a'ﬁp%&t Sﬁé’,on?%od'(’i'GFaWe,‘”hr‘ﬁ’bé:rﬂr@H@ (f5ds perft artdhydionlexane,
propene, :l- SR ene, trans-2-butene, cis-2-butene, 1-pentene,

2- pentené%'%@ﬂgﬁ%@sgﬁ - hexene. Exanples of the aromatic hydrocarbon

i ncl ude beqzem@etHoxlsigmeropyly!eneinyanrsingliivibesnzene, and exanpl es of the

al i cyclic hydrocarbon incFude cycl opent ane and cycl ohexane. One or nore
types t heV-€dfriethpxysélylpsepy!)-FPedihydradmatazote. sol vent may be a mi xture of
various types of conponents, as in industrial hexane. The hydrocarbon
solvent is prefBPIBItIeR, AVPMRAEIIA WHE hgrpulad 4l s 8 dripyAazalyhgrouand nore

pr ef er ably a i i r y car i 5 to 8 ,carbon atons.
In step R}‘dn%nowtgn%o%kt%s%ﬁgwgdﬁ%g 'g %gh%j'gg'§9g%1apé?ﬁaezoéﬁogrgueorrpound
repr esentzed phyfeFEvAm (1) above are pol ynerized in a hydrocarbon sol vent
by an al kali netal catalyst, thus producing a polynmer having an al kal i

met al deN-(&trimethoxy$iylmapeal)ipsdaialeat | east one termi nus of a polyner chain
cont ai ni n (}ﬂ COE u)%gt ed di ene-based nononer unit and a nononer unit based
on a conﬁg' LY {b’f EIRFRRY WPidegPIful a (1) above. Exanpl es of the conj ugat ed
di ene i ngl_pde.; - .adi i rene, .1.3- pentadi ene,
2, 3-di mﬂ]%ﬁﬁ%@ggﬁa@ﬂe@gﬁ)gh%g%,ng?{r&%acﬁoée”egndtme or nore types thereof
may be use-trldthésyshyBtasyol 6-dingd iith RGIz8REa R mbROPESable. The
anount of conpound represented by Forrmula (1) used relative to 100 % by

wei ght of the lhatrdér anmprovefabnasiomeesistampentet sonjsgated niigrod powmiezati on i s,
i n order %lo ii%ﬂr;%)rove abrasj on resistance, preferably not |ess than 0.01 % by
vei ght, 2hdNBoP’EsphlefBeAbP) Pisienabls coRtain® MepIRemEnyaseduenhar nore, in
order to_jlmprove nom fficiency, it .is preferably not. nore than 2 % by
wei ght,  SITRBREE BROMRG By MU 1) Rt efcf ofruadted “dienPibasedp

pol ymer i ZffnioRferiit-B6naffifid %grtpali'tchtégn EUDL N A in A HBGHES Sinit WaGeGON ugat ed
di ene and the conpound represented by Fornula ( wth a vinyl aromatic
hydr ocar borg canghoerdmebesseoted g Formlia gnpnatd & bygugsdboansnelude
styrene, a-nethylstyrene, vinyltoluene, vinylnaphthal ene, divinylbenzene,
trivi nyl BOR2ERE undhePpining PAEShtchaire ot gantaisingr afrepriingr soi hased

The am)unﬁ of vin aromat | ocarb used relative to 100 % by wei ght

I c. h
of the tof& “HHRHd ﬁpr%%ﬂt565¥$§rm“é%gﬂénd vinyl aromatic hydrocarbon used
is not |ess than,BeothYinkRight a j ' d being
not nore than 100 (?A)by '\'/\]/e\efég t@) ?&%@hi EP%FLI e”?jgcag‘g@ndé?@éﬁ%s'%gﬂg’mﬁ?t is
pr ef er abpseseat ihesgionhareféta®ty yoriginghs (ihhie asorant Hofdrectpogatedddi ene
used being not nore than 90 % by weight), and nore preferably not |ess than
15 % by WeNgREer (ume AHolimrostaticonydipsegpdiwtie. use@mueneintdte nong t han 85

% b ight).,. Furth A der ,to i f yel ) h t of
Vi ny1 "ar BRI hPGEATSh (RS < S BREr BT SHMS AT E. RISy wel oht
(the amoyRyIn@bnGRMHI t’xﬁﬂyl%ﬁt éJ,%ﬁginyﬁ;'eﬂgeﬁé{tarloe?tﬁmﬂg{}ﬁoh%@al%/ﬁ y weight),

and nore preferably not nore an %0 by wel ght unt of conjugated
di ene used beiltig preferhigigstyrean. 55 % by wei ght). The pol yneri zation
in step A may be carried out in the Rresence_ of an agent for regulating the
vinyl bond cohfemt thef viempodtnpfugtaerathdineneoningatedagieageprlymer of dbel ati ng

he distribution in th ' d_di . hain of 1. ' d
i ene. ot eSantTYehEROAE S| CBaBier Bf SoRghbwvirned PraiiBAEEhn S boat ed
di ene (hereahiieNinydanRY addiHedldnt @Rl AbRISRicvinfltnit, relative to 100
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Exanpl es of such regul ators include an ether conpound, a tertiary am ne,
and a phosphi ne conpound. Specific exanples of the ether conpound include
cyclic ethers such as tetrahydrofuran, tetrahydropyran, and 1,4- dioxane;
al i phatic nonoethers such as diethyl ether and dibutyl ether; aliphatic
di et hers such as ethylene glycol dinmethyl ether, ethylene glycol diethyl
et her, ethylene egcoI dibutyl et her, diethylene glycol diethyl et her, and
dlethylene et her; aromat i c, et hers suc d| henyl et her
and ani so‘f/0 @@t Pf ?hee AABLUYo ttﬁ% CPBJr“tgiagei'cﬁ/g‘ﬁﬁled’é‘ 1§ ?ﬂ:‘{] 18Nyl ani ne,
tripropyl o

Yé‘”%'. it, & i b%&é’égﬁ’;ﬁ‘aﬂféas{\%\' Nb '\belgﬁ{ {épem PVJn%?YA&@SH'JuQEHt?:ﬁe

N, Ndi et h pyridine d qui n I ¢ exanples

phosphi nedfeﬁemumémgﬁﬁb geeattF thamt dy php sy Mg .anidr i etdylapdrasphatneasand

tri phenyl phosphine. One or nore types thereof may be used. The

pol yneri zH i"/orbyt waigdt dther eomtnnépéphea oiosjugeted [§erfer gnit 28Ma ¢o19GEter
preferabl m 35C to 90C, _a ref.erablé {] om50C to %OC. The
pol yneri z ?P l/ %We@ﬁ%uaﬁqu‘erf G’fﬁ 6P ARG (ERVRYNEOH G §CORPTY,

pref erabl y, o6l H96S 2566B8c Yny! aﬁn s@@%&%ﬁt‘)@ﬂ@ eétg Barek0 % %g%@&hpf

pol ymeri zing a nononmer conponent onj ugated diene 1n”a

hydr ocar hewe sehteanbf e ashjaabidia®s ahitGlimd ¥sleast BOs%Uy ivegyH), ey ugat ed
di ene pol yner having an alkali metal derived fromthe catalyst in a polyner

chain termvmmr(z@trelpiyaap geeatereghaff éﬁldi’/ngYa woghoutite reqntesterof etheby
Formula (1) .to a hydr ocar bon sol uti ?f t he canj ugat ed di ene pol yner

havi ng arfeRiygated 51 UHEPE 08 @t 1§35 byl WeisPUnet al cat al yst in a polyner
chain term nusgfQ, LhUS,;LGAGH: tolf'est%'ng}’ t%%”ﬂ%ﬁﬂ%%é&s 8%& L Y& yghai n

term nus, thus giving a con| havin pol ymer chain

t er m nus @nfildatéd dighd aowe@fbfttlﬂe Srlekaht .rwehabn dermye(aamycambaet abkal i
metal catalyst is bonded to a nonomer unit based on the conpound

r epr esentad lyorBopnefesal{ly) af Seag 23) Budhemat, dddinnghen viewpoit conponent
i ncluding a conéulated diene to hydroc rbon aolutlon of the conjugated

di ene polRfReEsSRAlhgt il péef%%@'yrm} 9EgRiPh thalt mPAudnd BerRerefeElin ehi ch t he
al kal i g‘éggéteﬁ‘? LY E&&f f%Wgt M%oﬂék%), co%ﬁ%?'\lp_. Gay ;é’%%ei s?.ur?ﬁréqequt“@ fy monomer

unit ba on t e compoun repre us pol yneri zi ng
t he nononREofRIMRENEMH JIBL KEHED pfggw)r_er chain term nus

From the viewpoint of fuel economy, the vinyl bond content of the
conjugated diene polymer of the present invention, with the content of the
conjugated diene unit as 100 % by mol, is preferably no greater than 80 % by
mol, and more preferably no greater than 70 % by mol. Furthermore, from
the viewpoint of grip properties, it is preferably at least 10 % by mol, more
preferably at least 15 % by mol, yet more preferably at least 20 % by mol, and
particularly preferably at least 40 % by mol. The vinyl bond content may be
obtained by IR spectroscopy from the absorption intensity at around 910 cm-
1, which is an absorption peak of a vinyl group.

The content of the monomer unit based on a compound represented
by Formula (1) is, in order to improve abrasion resistance, preferably not less
than 0.01 % by weight relative to 100 % by weight of the conjugated diene
polymer, and more preferably not less than 0.02 % by weight. Furthermore,

in order to improve economic efficiency it is preferably not more than 2 % by
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In step B, the anount of conpound represented by Fornmula (2) that is
reacted wth the polyner prepared in step A per nole of alkali netal
derived froman organic alkali metal catalyst is usually fromO0.1 to 3
nole, preferably from0.5 to 2 nole, and nore preferably from0.7 to 1.5
nol e. The tenperature at which the polyner prepared in step A and a
conpound represented by Fornula (2) are reacted in step Bis usually from

25C to mfoé:ghpra@nfd%am Yrefd@Bly 3RS rhSreIm 19‘%%%%1 pre preferably from 50C
to 80C. The time for the reaction is usuallyf rom 60 sec to 5 hours,

preferably fr OﬁTcBn thawieepdint df fuelecormardy nhieempleetipir addiyh distriblBioRi nutes to
1 hour. | n the production nmethod of the present invention, a
coupl i ng Cﬁd@ﬁtcoﬁﬁwaﬁﬁd dieedralymenef HWP%&ﬂbUWeﬁbP'ﬂuﬁ areferabing tednj ugat ed

di ene pol S ary, f |n|t h.on aof rizati on of nonomer by
an al kal Ié’anE;tngF‘ 85& Sﬁs@f t84errﬂ %fwﬂghﬁﬁ‘é%@ﬂf’wﬁo HARDIPEs of the
coupl i ng ragggurmgnq{m@eraa\fe%@@u%@&%e%sbﬁp n)FOerJl\ﬁe&rw) at,)@#agw
RllaM.4-a(7) wherein Rl1 denotes an al kyl grou an al kenyl group,
cycl oal kengllecgllaowpelgm (Mw) dryosredel Cparasiative, cHVbd'@lfkﬁrj,resh JGHAE) awth@d,om or a

tin atom L denotes a hal ogen atomor a hydrocarbyl oxy group, and a denotes
an i nt egé@"dgdivigingoMp by Mn. Here, the aromatic residue denotes a

nonoval ent gr rogen at om bonded t n.aromatic ring is
removed from aﬁgﬁ %rr?ih”%d H’fd%‘g Brr‘?duc'”g B %9?8?@9'%’?8 PRYM&E W i ng
agent reprepeeRd itentigh my! r

met hyl tri chl%or osi | ang di rrep?m)(/ %mhr}ﬁ%{}ﬁggi ﬁgkgﬁgﬁt%ﬁ%t ﬁﬂy ﬁlﬂoe?(gglclaane tin
tetrachl deiaded. net hyl trichlorotin, dinmethyldichlorotin,
trinmethylchlorotin,tetranmethoxysi I ane, net hyl tri net hoxyS| | ane,

di met hoxf&iaref kA stepa{eakenerzing ineemgiseerapenattaynalvdingtehoxyuvatade,

diene and a compound represented by Formula (1) above in a hydrocarbon
solvent by an alkali metal catalyst, thus giving a polymer having an alkali
metal catalyst-derived alkali metal in at least one terminus of a polymer chain
(Step B): a step of reacting the polymer obtained in step A and a compound
represented by Formula (2) above

As the alkali metal catalyst used in step A there can be cited an alkali
metal, an organoalkali metal compound, a compliex between an alkali metal
and a polar compound, an oligomer having an alkali metal, etc. Examples of
the alkali metal include lithium, sodium, potassium, rubidium, and cesium.
Examples of the organoalkali metal compound include ethyllithium, n-
propyllithium, iso-propyllithium, n-butyllithium, sec-butyllithium, t-octyllithium,
n-decyllithium, phenyllithium, 2-naphthyllithium, 2-butylphenyllithium, 4-

phenylbutyllithium, cyclohexyllithium, 4-cyclopentyllithium,
dimethylaminopropyllithium, diethylaminopropyllithium, t-
butyldimethylsilyloxypropyllithium, N-morpholinopropyllithium, lithium
hexamethyleneimide, lithium pyrrolidide, lithium  piperidide, lithium

heptamethyleneimide, lithium dodecamethyleneimide, 1,4-dilithio-2-butene,

sodium naphthalenide, sodium biphenylide, and potassium naphthalenide.
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di mret hoxydi et hyl si | ane, di et hoxydi net hyl si | ane, t et r aet hoxysi |l ane,
ethyltriethoxysilane, and di et hoxydi et hyl sil ane. In order to

i nprove the processability of the conjugated diene polyner, the anmount of
coupling agent added is preferably not less than 0.03 nol per nol of the
al kali metal originating fromthe al kali netal catalyst, and nore
preferably not |l ess than 0.05 nol. Furthernore, in order to inprove fuel

cconony, Elyhdgk 5 2l BBy TRt TRy ARCATRS BN 1o,
from the iHMI@HQ%&QﬁsiE@'—t‘é?HaWdr%ffuFaheco%?dll%ak'gﬁﬁe%?%%gggﬁnpé’i!emye%n% known

recovery nethod suc , for exanple, whi ch a coagul ant is
added t o ddmeplbydang axdaaipleoloftthenoclzgforidrehang ugatddlidnens ipolugeetheor (2) a
met hod in which steamis added to the hydrocarbon solution of the

conj ugat ePdilirarf@ltpef grmgthyiFheere tptiryaeed A ORgaNsHiItiner CRRPIUNEEH\AEr ed Mmay

be dried b K d h dd i d .
b 1 0 SRR COHSD S, e RS S, e L SR,
conj ugat ed, g £h&o ¥5ﬁfqntcﬁt'5pr%5b¥ 'aﬂ”o@éngé % ?&gﬁ&%d Rl nges tGamponent,

an additive, 'etc. therew anples o al d ot her “pol yner

conponentcarienh etens 3vierd p@fé@labsd.yr ene- but adi ene copol ymer rubber,

pol ybut adi ene rubber, butadi ene-i soprene copol ymer rubber, and butyl

rubber. Exanpl &Be fhydrogarbemsiolnsnt nigedr il stapbbels, aasrledrylhahelgesopgl ene

copol yner agd an eth Iene-@%hene copol or, nore t pgﬁ of . these
: n

.. On .
pol yner c({?r?ﬁ ¥etht e 95808 : metal Co_"yﬂrgﬁ’r”fjh&aiao{%%t’ whRY e2 MAti%ol yner
conponentwd%@aqg%q 5,9amﬁaﬁ&ﬂza&%a%n@'aeﬁs”axaw%r&{aﬁsm De38R e

invention, in order to Inmprove abrasion resista e content of the

conj ugat estedi eEgapples®fthefaliphatiphgdsstarbaty ittddenpropahb, hibkitédmd dsocont ent

of polynmer conponents (including the conj ugated di ene polyner content) as
100 part Pugnewengentanes igpafentams,y nrieixanespropent, 10-bpiens isp-hwiegdt, and
nore preferab ot |ess . than 20 rts hy i ght the additive, a
noan” adi ek iR en SR S - BRRDEe S RAIEF o1 T-NRETARIET GUIeSERF zer Such
as sul foExﬁm?%i%@'tﬁb”%oﬂ?ﬁ%‘ ﬁf/é’rto%rb%ﬁcﬂnc@éd Hefz8%0! ts1Bas€dxyibh&ani zi ng
accel erator, t hi uram based vul cani zi ng accel erator, a sulfenam de-based
vul cani ziang age@bensdres, anl @xgupdgi gfe-thas afcydlicC aydzd @b e CRIcRIGRE or ; a
vul cani zi ng activator such as stearic acid or zinc oxide;, an organic

per oxi de:cyalopentener anthrysiphexasechOas ei hara typesdhewmefbnarkbe asedl | er such
e, talc, alu or, mca;, a

271 ane ool MiaosgERD: SA¥F i ande SaniTE of W MeSealgemEonss.
anti oxi dagt ;;,anty &¢iMPTH&EARE:  The hydrocarbon solvent is preferably a
hydrocarbon having 2 to 12 carbon atoms, and more preferably an aliphatic

saturated hydrocarbon having 5 to 8 carbon atoms.
In step A, monomer components including a conjugated diene and a
compound represented by Formula (1) above are polymerized in a
hydrocarbon solvent by an alkali metal catalyst, thus producing a polymer
having an alkali metal derived from the catalyst in at least one terminus of a
polymer chain containing a conjugated diene-based monomer unit and a
monomer unit based on a compound represented by Formula (1) above.
Examples of the conjugated diene include 1,3-butadiene, isoprene, 1,3-
pentadiene, 2,3-dimethyl-1,3-butadiene, and 1,3-hexadiene. One or more

types thereof may be used. It is preferably 1,3-butadiene or isoprene.
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Exanpl es of the silica include dry silica (anhydrous silicic acid), wet
silica (hydrated silicic acid), colloidal silica, precipitated silica,
calciumsilicate, and aluminumsilicate. One or nore type thereof may be
used. The BET specific surface area of the silica is preferably 50 to 250
n2/g. The BET specific surface area is nmeasured in accordance with ASTM
D1993-03. As a commercial product, trade nanme U trasil VN3-G manufactured

by Degussa, |nThe ahicte ohaBRPoVYNG.refseFRd %doﬁﬁmlmgmeufrérawéqg by Tosoh
Silica Corporation, trade nanmes Zeosil 1115MP and 1165MP manuf actured by

Rhodi a, €td). %y beeigistedf the total aBbcampl&s namohte cambomertsaoked rigl ude
furnace bl ack, acetylene black, thermal black, channel black, and graphite.
Wth regd?¥Perizaliondar Bofrdsr &2 kmpPraygratapsienrpeistancacrRrefa@bagoEees MPC, or

CC, furn o) I S SAF,. | SAF F F, E, . SRF,. F, APF,
FF, CF, g@‘ %gépé‘g&p ﬁé?tnéﬁgcﬁgbeoﬁréﬁ?r K gﬁt?@sgstwéﬁ'oo&zl\ﬁr?yavﬁ%lgg etyl ene
car bon blRghegRBrd)n Fdédodm pPRABESOMIPE I GEndPitEs pYeR rddIF ePdray be
used. The nitrogen adsorption specific surface area FNZSA of the
car bon blthak2i% byrve¢ightalaing [GefeoaR9hotrPiae thad 1t%edydivdighy| pht hal at e (DBP)
absorption of the carbon black is preferably 5 to 300 mi/1 00g. The
nitrogen adsor!pt SEP dhedrhimergatipacdayr &g icarmpshutelyi porabindidanse with

ASTM D4820- ng t he DBP, absorptiaon is nmeasured in agcordance with ASTM
D2414- 93.?‘Q‘i{f&%e'?oﬂ%%?%?laﬁaﬁ??o‘%e?,a”tdr t&&%‘é&%“’tﬁ?éﬂmﬁﬁéﬁa‘pnﬁw%a ured by
Mt subi shi) (e CahyCofohatict hp#RcRAITRS arte SarfpleSEOSThe’ VN Iaa'?gmg ST KH
manuf act ured by Tokai Carbon ., Ltd., and trade nanes CIX 3 an peci al

Bl ack 4Ahydrghdsiruinet:deystpegies samethytstyreatec vingylubee ugiadinaphthalene, Exanpl es
of the silane coupling agent include vinyltrichlorosilane,

vi nyl t ri S{vioubRIZeRse, Tyinhanzese p-anst KoWDWPARRYRIANEanelt is preferably
epoxycyclsgp&(é(l )et hyl tri met hoxysi | ane, y-glycidoxypropyltrinethoxysil ane,

y- met haCryl'oXypropyl tri net hoxysil ane, N- (13- am noet hyl)-y-

am nopropyl triyrt Bevyist bRty NalrdRa@narRidaYban Yised relative to 100 % by .

am nopr opyl met hyl di net hoxysi'l ane, N phenyl -y-am nopr opy?t rimet hox¥15| | ane,

y- chl or opredgiy| tof i et hiwtylsi dradenty -dfercoapigapsdpiiehei reidhowiydi laasmallc
hydrocarbon used is not less than 0 % by weight (the amount of conjugated
diene used being not more than 100 % by weight), and in order to improve
strength it is preferably not less than 10 % by weight (the amount of
conjugated diene used being not more than 90 % by weight), and more
preferably not less than 15 % by weight (the amount of conjugated diene used
being not more than 85 % by weight). Furthermore, in order to improve fuel
economy, the amount of vinyl aromatic hydrocarbon used is preferably not
more than 50 % by weight (the amount of conjugated diene used being not
less than 50 % by weight), and more preferably not more than 45 % by weight
(the amount of conjugated diene used being not less than 55 % by weight).

The polymerization in step A may be carried out in the presence of an
agent for regulating the vinyl bond content of the conjugated diene unit, an
agent for regulating the distribution in the conjugated diene polymer chain of
the conjugated diene unit and a monomer unit based on a monomer other

than the conjugated diene (hereafter, generally called 'regulators'), etc.
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am nopropyl triethoxysilane, bis(3-(triethoxysilyl)propyl) disulfide, bis(3-
(triethoxysilyl)propyl) tetrasulfide,

y-trimet hoxysilyl propyl di met hyl t hi ocarbanyl tetrasul fide, and

y-trimet hoxysilyl propyl benzot hi azyl tetrasulfide. One or nore type thereof
may be used. As a commercial product, trade nanes Si 69 and Si 75
nanufactured by Degussa Inc., etc. may be used. Exanpl es of the

ext ender i nc u n aro t| C. m nera il (viscosit raV| ty const ant
e By §heuRh Sailaly oAREhahe FoRBRLRof S i e
0.850 to 9 ) iC I e

0. 849). T%Qgpgl ph&@q:% gr%o t| g co tég:ﬁgcagf(gt (Iaésef?eﬁ er%{;Hoe%|I C?'?ngrééeram y
| ess than.r&l%éoxcymm ghthersardchosae tetrahedblican| eesrahp@mplrdh, byngei ght . The

pol ycyclic aromatic content is neasured in accordance with British
| nsti t ut edigixapet radipbatie nphoethsss/9xh Rgr dirthworeghert Iﬁi@dalddmﬁvﬁ ethempound

content ( f the extender oil fera | ess n 20 % by
wei ght . C@grbaﬁ'cnﬂfe hergpauchfas; ﬁg‘%‘?&% o‘?I‘yﬁ%}a ?)té’e[rsé 3 of the

vul cani za I I

accel er at g,rem%gﬁ&ag{ s glggét)'o enzot ﬁ%g’zﬁﬁgﬁﬁ%b%%%f Hh%?’s |?I de, and
N-cycl ohemelhﬂed&e@wohlmnylswhfeenana daomialic UstABrL 3G ET a\sua@aahwaéth@n

accel erators such as tetranethylthiuram nonosul fide and tetranethylthiuram
di sul fi dean@mnﬂmm deeditic edavwlesnf 2be iteriasae eaine dnelude stiethysamine,

N-cycl ohe benzot QHEEQ’ esul fe

1- n . N-t but
benzot hi a é %%XI‘I“F‘&W;A R§et Il?cﬂ]e'ﬁg\l Ael g@‘ﬁ?@ﬂﬁ@é’tﬁ@'@ﬁam"ﬁ@
Noxyet hyl S A 0 I I de, S
benzot hi aggﬁﬁﬁﬁﬁawﬁgaﬁﬁ&l {Jgﬁ}ﬁene Sﬁgeqﬁ%%}%gfﬁ%zgﬁl{%ﬁgég%% &fat or s
such as deghpoydguanirdiveg  di Qrmémp@mbgmag; di nerigahgpaoéprahe] yl bagaani di ne.
The anpbunt thereof used is preferably 0.1 to 5 parts by weight, and nore
pr ef er abl yipbepylpbosphiaet sObg oxengiettypes thargef may b@ouges-t s by wei ght of the
total anount otrw IB%/Irrer co onents conbi.ned (i ncl udi ng”yt e anpunt . of

conj ugated die VWI?I”ZE tﬁ@lﬂ’)efﬁﬂb‘:er'”c%t oftelft usu romwray 40
conj ugat eﬂo i 'ﬁg'b‘?efé%l%gef?cgﬁgﬁgﬁslotb %ol Snd yﬁvgorgypr%%[}@ RohCEHORG! ng

agent wit conj ugat ne po yrr‘er 0 present I'nventI on,

amount ofgg-lme reiepaySiehgaBeeNinediddRdally Bloat 1Uenihatekd PAbLS. by Wwei ght of
t he conjugated diene polynmer of the present invention added, is preferably
10 to 150 part SteyyAveetghablylinclodeestaps a h2owedas belown resi st ance and

strength, the anount addcg iS nore referabl not | ess than 20 parts by
wei ght , a‘ﬁtﬂe@/e? mof e SHFef ré’BW“?fdﬁ' egsniW%"O coFaneny RElUi9 2n or der

h f b
i gt - S ee ETEM i biaispaloR SORaNY P g ARG BORN SREE hE ™Y |y

a conj ugadigielgth o8| RRtydRiiefOMRBFhér RAViING ahiaMalRne@anbonedd grongeRt is
added to the conjugated diene polyner of the present invention is used, in

or der t o dat@ysivie a‘ueIIyn@mmhanytermInuss preferable to use silica as a

reinforcin Rz/i\%% The anopunt of silica added is preferably not |ess than
50 parts ( §§9€ érhf" ttepadh gdding aoePrpReYRd tﬁ?Pf\ﬁéP@Wp BY korediat@d) tandunt of

el nf or ol 95055 BR, oP RS %&rﬁfféﬁg@%ﬁ{e GhEJ R AR Raihs P,

wei ght an erabl not

a conj ugaweeldealuem el Iam%n ﬁm@[ﬂ)O@thIy@f\ ih Sa fpRlyrRer euamdfisrngn@s % ltaD§
coupling agent to the conjugated diene polyner of the present invention,

t he cont eeactofhet Ivmy$|dmmmowwm:imgh@gnﬂymperchhﬁo teamnings pyhweigiVingod silica
is preferably from 1 to 20 parts by weig nore preferably from2 to 15
parts by CRBIUgRIS difrneyBeIYST hayied é'? ébP?'Yf‘Ieérﬁ”@”I dermnpard §“’B9tU\I\%|'@ht

As a met U n d. di.ene Si ti addi ng
to anoth rq?or{)?@err% ‘?aq ﬁi%%eﬁ r'veadn!rlrggb ?\%ka' ce?al\/\fn%ﬁ'yt ﬁg?% ;Pe di ene
pol yner moﬁda@ermrﬁfssaéed BN & bempo@nmgms@ﬁwbogy#Hﬁhuﬁasmfor exarmle a
nmet hod in which the conponents are kneaded by neans of known m xer such
as a rol Step Banbarsfepriofesddiagn dHenarseder component IncIudlng a conjugated

diene to a hydrocarbon solution of the conjugated diene polymer having in a
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Wth regard to kneading conditions, when an additive other than a

vul cani zi ng agent or a vul cani zation accel erator is added, the kneadi ng
tenperature is preferably 50C to 200C and nore preferably 80C to 190C, and
the kneading tine is preferably 30 sec to 30 mn and nore preferably 1 mn
to 30 mn. When a vul cani zi ng agent or a vul cani zati on accel erator is
added, the kneading tenperature is preferably not nore than 100C, and nore

pr ef er abl yolymemcheifpeialiuses t0udte ir\WbROS A1k 8N nidlamié Bl dafryml ¢ani zi ng
agent or a vul canization accelerator is added is usually used after

carryi ng aleli anetal catslysitis drondedaonemonaér asitprased anltbamiorgtduod. The

vul cani zation t rature i s preferably 120C to 200C, and nore preferably
140C to 1Egeesented gv?:?H@U@oﬂwaaﬁé’&'vm%rﬁénq)mengﬁoaﬁacm@oesm glgteed di ene

pol ymer c Ly ; present invention have excel |l ent abrasion
resistanc@gaﬁﬁéb¢%gﬁ8£@hggny is al so good. The conj ugat ed di ene

pol ymer and t he s@pj BIOREE6IRE M PLRY r‘é?lra%%iéd ey F@mef(z@rtﬁétei@t

invention are used for tires, shoe soles, ooring materials,

vi br at i orrepriedf Wity theapelyinedrsprepared, inastdp ak @epardlé afiladkdlymetaltaddivedused f or

tires. MPLES The gﬁ esent invention is explained bel ow by reference to
Exanpl es."PRAE AN S5 Bé‘r‘ medal qriplysbigavenalyd o @ -hdofomoksnikigfarabiods. 1.
Mooney Vi i +4 ey -viscpesity of a polynmer was
measur ed fgctﬁﬂ?o%é ?%8@%’?%3‘#&% p\?\?f Efbj%%ﬁbégoto(ﬁgﬁ(ilg' 2. Vinyl bond content
(units: mol %The tempeldt@re/idlylhRANEhe PRiyRRdr @fearB@! MMBlepas GGt g7 m ned by

| R spectroscopy fromthe absorption intensity at around 910 cm 1, which is
an absor pompeupdalepofsentad byl Fagmalgp (2) are reacted in step B is usually from
25°C to 100°C, preferably from 35°C to 90°C, and yet more preferably from
50°C to 80°C. The time for the reaction is usually from 60 sec to 5 hours,
preferably from 5§ minutes to 1 hour, and more preferably from 15 minutes to 1
hour.

In the production method of the present invention, a coupling agent
may be added to the hydrocarbon solution of the conjugated diene polymer as
necessary from initiation of polymerization of monomer by an alkali metal
catalyst to termination of polymerization. Examples of the coupling agent
include a compound represented by Formula (7) below.

R".MLa. (7)
wherein Ry1 denotes an alkyl group, an alkenyl group, a cycloalkenyl group,
or an aromatic residue, M denotes a silicon atom or a tin atom, L denotes a
halogen atom or a hydrocarbyloxy group, and a denotes an integer of 0 to 2.

Here, the aromatic residue denotes a monovalent group in which a
hydrogen atom bonded to an aromatic ring is removed from an aromatic
hydrocarbon.

Examples of the coupling agent represented by Formula (7) include
silicon tetrachloride, methyltrichiorosilane, dimethyldichlorosilane,

trimethylchlorosilane, tin tetrachloride, methyltrichlorotin, dimethyldichlorotin,
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3. Styrene unit content (units: % by weight) The styrene unit
content of a polyner was determ ned fromrefractive index in accordance
with JI'S K6383 (1995). 4. Ml ecul ar weight distribution (Mwv M)

Wi ght - aver age nol ecul ar wei ght (My) and nunber-average nol ecul ar wei ght
(M) were neasured under conditions (1) to (8) below by a gel perneation
chromat ograph (GPC) net hod, and the nol ecul ar wei ght distribution (Mwv Vh)
of a pol yineretdshldettier m ned. tetfah)ethostsilanent : HLCr8220rimetubgsiiamed by
Tosoh Corporation (2) Separation colum: HWH (2 colums in tanden
manuf act WHEGRXYTRSRYIedHor at inesthyrigthraesdlanement ethulip@ethawetanpc  (4)

E‘Er rier: c}i%tefh%r}()ég{e%y"l'sri%rﬁe, (5) Fc&igt\ﬁo&%i%etgylgilaﬂ‘e/,m n {e@aet r{)‘%(lflrslutlargen,j ected: 5
ethyltriethoxysilane, and diethoxydiethylsilane.

In order to improve the 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 than 0.05 mol. Furthermore, in order to improve fuel
economy, it is preferably not more than 0.4 mol, and more preferably not
more than 0.3 mol.

The conjugated diene polymer may be recovered from the
hydrocarbon solution of the conjugated diene polymer by a known recovery
method such as, for example, (1) a method in which a coagulant is added to
the hydrocarbon solution of the conjugated diene polymer or (2) a method in
which steam is added to the hydrocarbon solution of the conjugated diene
polymer. The conjugated diene polymer thus recovered may be dried by a
known dryer such as a band dryer or an extrusion dryer.

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

Examples of said other polymer component include conventional
styrene-butadiene copolymer rubber, polybutadiene rubber, butadiene-
isoprene copolymer rubber, and butyl rubber. Examples further include
natural rubber, an ethylene-propylene copolymer, and an ethylene-octene
copolymer. One or more types of these polymer components may be used.

In the case where another polymer component is added to the
conjugated diene polymer of the present invention, in order to improve
abrasion resistance, the content of the conjugated diene polymer of the

present invention, with the total content of polymer components (including the
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(7) Detector: differential refractometer (8) Mol ecul ar weight standard:
standard pol ystyrene 5. Abrasion resistance A ring-shaped vul cani zed nol ded
body was used as a test piece; the anount s abraded under conditions of a
| oad of 10 pounds and a test piece rotational speed of 300 rpmfor 500 to
1,500 rotations, 1,500 to 2,500 rotations, and 2,500 to 3,500 rotations
wer e nmeasured using an Akron abrasion tester (Ueshinma Sei sakusho Co.,

Ltd.), ansbrijiuatey elie@epyighiés doResRphs Wam Bé‘rltél%kakﬁght,-ﬁb%réﬂ@éﬂ)@rnotth' s
val ue, the better the abrasion resistance. 6. Fuel econony A

st ri p- shdpesl thass i 0 asisebhaweiighy, andirdere pfefdrably @otniesanilaa 20epaytdbef 40 mm
was stanped out from a sheet-shaped vul cani zed nol ding and used for
testing. We8ht oss tangent (tand (70C)) at 70C of the test piece was

measur ed usi ng i | as r shima Sei sakushp Co., Ltd. nder
condi ti ons of éést%(ér %Iﬁﬁﬁl(k)lg’ %%&1@ %O(W‘éeqme%c?/e 47907 _examglegntgp} this

val ue, thgcibes tervuldimidereludre QROSYIfurDRAMM&nkzing accelerdtofOsddht 65 §apaci ty
stai nl ess pol ynerization reactor equipped with a stirrer was washed, dried,
and fl usHhei@dzolethasddy wmilcrogéry Scbslecatent | y, tHierapobyset | aatidamizingact or was

charged with 10.2 kg of industrial hexane (density 680 kg/nB), 608 g of
1, 3- but adiERlEratefoagsyfenarmdarhased. Mulpaniging: acsalPipieTof Ur anguamiding- 12 nlL of

GRS N e I e e sl PR
pol yrmer i za{d eX1décas or@anivasersti@él §deinforcing agent such as silica or carbon
black; a filler such as calcium carbonate, talc, alumina, clay, aluminum
hydroxide, or mica; a silane coupling agent; an extender oil; a processing
coagent; an antioxidant; and a lubricant.

Examples of the silica include dry silica (anhydrous silicic acid), wet
silica (hydrated silicic acid), colloidal silica, precipitated silica, calcium
silicate, and aluminum silicate. One or more type thereof may be used.
The BET specific surface area of the silica is preferably 50 to 250 m2/g. The
BET specific surface area is measured in accordance with ASTM D1993-03.
As a commercial product, trade name Ultrasil VN3-G manufactured by
Degussa, Inc., trade names VN3, AQ, ER, and RS-150 manufactured by
Tosoh Silica Corporation, trade names Zeosil 1115MP and 1165MP
manufactured by Rhodia, etc. may be used.

Examples of the carbon black include furnace black, acetylene black,
thermal black, channel black, and graphite. With regard to the carbon black,
channel carbon black such as EPC, MPC, or CC; furnace carbon black such
as SAF, ISAF, HAF, MAF, FEF, SRF, GPF, APF, FF, CF, SCF, or ECF:
thermal carbon black such as FT or MT,; and acetylene carbon black can be
cited as examples. One or more type thereof may be used.

The nitrogen adsorption specific surface area (N2SA) of the carbon

black is preferably 5 to 200 m?/g, and the dibutyl phthalate (DBP) absorption
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Copol yneri zation of 1, 3-butadiene and styrene was carried out at a stirring
speed of 130 rpmand a polynerization reactor internal tenperature of 65C
for 45 m nutes while continuously supplying the nononers to the

pol yneri zation reactor. The anount of 1, 3-butadiene supplied was 304 g, and
t he amount of styrene supplied was 96 g. Wien 60 minutes had passed
after the addition of n-butyllithium the polynerization reactor was

char ged wot theacarisoh ohevkaizepredriibly to@B0b BP0 rgT0l THZ B geh &isorption
1- (4- N, N-di net hyl am nophenyl ) - 1- phenyl et hyl ene, and the pol yner sol ution
was stirr@Rpodfic sudace ﬁi?ﬁg'%ﬁ@@@ucﬁd m@qurmance with ASTWVe 48208 hares had

d af ddi t f t hyl h | et hyl
D S mol B! DBP Rt hlar [ earuredah ShsomA TR STy AR 48R A4 o oot
for 130 %&Hﬁ@c.m&eu&umhw&%&Bﬂ&@ﬁégt@%@@ﬁ?g@%ﬁ%ﬁﬁ p@@uﬁﬁﬁﬁ or.

Buring pol ynerization the stirrin

pol yner i zahémical e@eipor tiateehaaiest SEXS R SHEST 680, Thed a9BABY &M
1, 3- but adi ene supplied was 608 g, and the anount of styrene suppl i ed was

192 g. O‘mﬁh@fa@hﬂeﬁ@yam@aﬁbomr@mn’etds ahdtipdd raTdes GipBiad Spetiak

| t
EO(ZWEI” ?H@{rﬁ%ﬁ Sﬁh’éﬁg/ﬁyadp%ﬁéﬁyﬁ”& RIFeM8Y Of¥Fdd was 0. 14 % by wei ght .

Subsequent | y, EQSm?g-:lsy%?rthEOL ;Ejif?ghﬂ@?%%?% niﬁgluwgsvﬁ‘&' g%ﬁ‘lg &tﬂﬁﬁeSt irring

speed of 130 rpm yl am nopr opy oxysi | ane

was addediitytridieoyeilyn@r sol ut vRitrigmdmstrdxybidxyasiagar ried oy for a
further 15 m nutes. Subsequently, 20 nL of a hexane sol ution cont aining 0.8

m. of thMPYQAQ@eH@@WW lmetth@-xxsdlayaery glgtidokypropwltiimetiexgsilamegr ysol ut i on

was stirred, for t? ultes To the R|O| nmer solution were
added 8. dﬂathgfiryloxypmpy tnmethoxys itane, (A aminoethyl)-y-

2-tert- b%ﬁ(ﬁuoﬁr %th't%rett!g}i@#ﬂrar?e hydr oxy- 5- nmet hyl benzylg %g& méﬁﬁ Nyl

acrylate (trade zér GM manuf actured by caI Co.,

Ltd.) anchntﬂmepg:pcyfm@mptdaaéwolamaﬁet&Lpﬁéﬁﬁ(y%rhmbydwmrmwm@kmah@) (trade
nane: Sum lizer TP-D, manufactured by Sum tono Chem cal Co., Ltd

Subsequemqfvorolph@)'pbf@lnwfbox)@dauel on Warsxeea@p@prapeldnmethwyamw errpeyature for
24 hours, and f f under vacuum at 55C for 12 hours, thus giving a

pol yner . aT'HB"P@@M tf"%th(?f‘y%(?&leuat Pisk3-GiriethRxypbyhRrePYlar edigiulfide. i nbisadi e 1.
100 part g ght of
silica (Sr}aéz(i% ?}QISpr%h( :)ggfrﬁgwiggdtt%%ﬁ%g Qggmﬁf ﬁﬁééfﬁﬁ{h;ocalr f 6.4
parts by tsweadiMid®f andshltanetieayRiIvIpeRAsEHzot ik A e tetpdRilfd. 69 oﬂi@n&f act ured
by Degussa, Inc.), 6.4 parts by weight of carbon black (trade nane:
DI ABLACKNNg8dypertimereat mayd byedV tAsibicimmEheali pratiu@otiade, natle SSiHx t s by
and Si75 manufactured by Degussa, Inc., etc. may be used.
Examples of the extender oil include an aromatic mineral oil (viscosity-
gravity constant (V.G.C. value) 0.900 to 1.049), a naphthenic mineral oil
(V.G.C. value 0.850 to 0.899), and a paraffinic mineral oil (V.G.C. value 0.790
to 0.849). The polycyclic aromatic content of the extender oil is preferably
less than 3 % by weight, and more preferably less than 1 % by weight. The
polycyclic aromatic content is measured in accordance with British Institute of
Petroleum method 346/92. Furthermore, the aromatic compound content
(CA) of the extender oil is preferably not less than 20 % by weight. One or

more types of the extender oil may be used.

Examples of the vulcanization accelerator include thiazole-based
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wei ght of an extender oil (trade nane: JOMO PROCESS NC- 140, manufactured by
Japan Energy Corp.), 1.5 parts by weight of an antioxidant (trade nane:
Anti gene 3C, manufactured by Sum tonmpo Chemical Co., Ltd.), 2 parts by

wei ght of stearic acid, 2 parts by weight of zinc oxide, 1 part by weight
of a vul cani zation accel erator (trade name: Soxinol CZ, manufactured by
Sum tonmo Chemi cal Co., Ltd.), 1 part by weight of a vulcanization

accel er atwncdrizah aas@eratosi §@ih Bs TRUEARbBERLthMzSMdismogRj cal Co. ,
Ltd.), 1.5 parts by weight of a wax (trade name: Sunnoc N, nanuf actured by
Quchi Shidikefidhen amd | Nevystatiealy!-GhenzbththZyjsufedamide; parthisirdy-bagieght  of

sul fur vver kneaded by nmeans of a Labo Plastonil|l to prepare a pol yner

conposi t i BhcaniFRiogo| 3fceleraignhosiah oS t efembine@mamonspdédei mnd a sheet

i h | t 160C for 45
mnures, ehaERuM A" it ShredRipt Bt SEGaRE D o dERgR ot the
physi cal gucapertisgs of N—Bﬁ‘ol&ﬁ’éﬁ@@@&ﬁoﬁhE%le@&l%r@W@@ I hablRih:o-

Conpar ati ve Exanpl e liter capacity stainless polynherization
react or émmzptbmtdwmhfeaasnde r eN ogetivwdshed;bahzotdazdeslifdnastied, WN-h dry

ni trogen. ently, the merization reactor was charged with 2.55 kg
of mdusthiyﬁ r?gséa%@eoa%tﬁ@ % eNREI4B) , 1372"g of 1MNeNbdiisediremd:2-43 g of

cther . SUEnZS R HENERNET BhYt BRansBG Tt ThRaiBln BB RS ne
pol yneri zath 04 r&&%rﬂ/‘lg@&%lcﬁﬁe nat&m&y@%%m an"i‘!ngrtﬁo%‘?&}l%gﬁéh?d%é on

reacti on was started Copol yneri zati on of ut adi ene and styrene
was carriTée smbuat thersbi usedds gpefedalnf 0.30tor prpaatydbq webhityearidzatdren react or
internal tenperature of 65C for 2 hours while continuously supplying the

mononer s PIefefaRly 9of fersrhastst waet@ﬁd?tﬂ’fwe'ﬂﬁé Gbnpanse byfweight efuthadiotate

supplled 05,0,..and the anmount of s S was 65

Subsequen%q@?O ,n%t ﬁ)é 88? r cso(;n%qqe&tg tﬁag1 H%‘ﬂﬁ&a gf‘?rrae"ﬁ%{ﬁ #fstirring

speed of c3dRfghRIM didné YolyheXatpinal mol (0.64 g) of 1-

(4-N, I\I—dlcrrethjﬁyl am'ngp)ﬁg’nyl) 1- ph'eny# lﬂylglrggov\rg%tchar ged into the polyner

sol ution, and Whenrd ognjugstedadiehedobuherf esmpoditioh heforbdrbypdamg 40 nL of a

hexane sol ution containing 0.2 m of methanol was added to the poI yner

sol uti onfe‘a??dc'f‘ﬁé‘q&@lty\ﬁ’é\rt ¢anjvartedatiens pphyeterfafrthe Hrasemdnventmmut es.

O the eptir naoners char d.su d to the onrrerlzatlon

react or, W%S%QHB”EHFE%% rﬁ”%ﬁc'ﬂlgﬂgcﬁ” ﬂ?g Fﬁqﬂ%‘@ngﬁy}é@pﬁrtsﬁkm‘? il ene

ihgrgeg WasS cohjddatitie N b8imer of the predéhtliffe MR iFedS ¥ HFéfBFéb\f\FHS added

2-tert - btd y30 pa(t8-byawsight. y InDrbydicompbrbvéerab didre rsaisthnde art Rylepgany!

acrylate (trade nane: Sumlizer GV manufactured by Sum tonmo Chem cal Co.,

Ltd.) anthepamognibgdgnshisaneie preifenablyt eotriaks Q(anwoagtbtbmwgbmamatee) (trade
nuf actured by Sum tonp Chem cal ., Ltd.)

S |
gﬁggequgf&n‘tolrélzﬁgﬁ%gl pgrgﬂeg%ﬁhﬁn \BéétseQép‘ﬁ?'QPéd Ht %%?rn'éq’ Q"@@ﬁé?ature f or
24 hoursren%ﬁcéﬁéﬁth(ﬁrlsd lle%jraﬂgﬂﬁgt Kw%?é"{Héﬁltul%Sﬁerfthb JxﬁeBRWénd F’npégl gi \{' ng a

pol ymer. The results of evaludtion o Ye grven in

100 par t preiyrabBi gitt mefe tHz@ 100 pams bthigmbt ai ned 78.4 parts by weight of
silica (trade nane: Utrasil VN3-G manufactured by Degussa, Inc.), 6.4
parts by wei ghVhest aaC@JUQmeddbape|n®@'ragren©m(m$lade inawich 3 GOnfoneingf act ur ed
by Degussa, .lnc. arts ht of car bon bl ack (trade narme:

DI ABLAG@SP@B‘QS Lﬁé&”b@ym\,‘i\eg esRPIYEIREn?IcHIe REiSENY inventiengart s by

wei ght ofsan r A&, REE 0 factured by
Japan Energy 6@%?%619@r82%tfgg )?QV\BI %tﬂlgggn antglﬁom é"% sif {:Hraggegname:

Ant i genered@ordivgabaat. uretk bmo‘ﬁurrlot@macat&jédcnal prefarablyt @bt)lesetw kg by

wei ght of stearic acid, 2 parts by weight of zinc oxide, 1 part by weight
of a vuI@%ﬁfﬁ At iverighaic cellativat tor 100r aaetSnIaVrewefs@kuWolth@ztotmaamfoaot wfed by
Sum

1 t b t
accel er ateH‘r (ct"?%(fegeﬁ‘é%@dl%g)(l parrenﬁfv‘ﬁj?z?@ah '8§S éﬁ ¢Tﬂ’a | Opﬁ/cal Co. ,
Ltd.), o %ﬁgﬁéﬁé n%’st% k| fno"ii tggﬁa}gﬁ JHHEB t()jy ?é[%ﬂgc N manuf act ured by

Quchi em cal ndus ri a arts by weight of
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sul fur were kneaded by neans of a Labo Plastom || to prepare a pol yner
conposition. The pol ynmer conposition thus obtained was nol ded into a sheet
using a 6 inch roll, and the sheet was vul cani zed by heating at 160C for 45
m nutes, thus giving a vul cani zed sheet. The results of evaluation of the
physi cal properties of the vul cani zed sheet are given in Table 1.
Conparative Exanple 2 A 20 liter capacity stainless polynerization
react or equi pp eWi th a.stir gr was Ivvashed dri.ed,. afnd fl i’She%dW th dry
nitrogen. Subs que”n?l%?,nj%gr%e({) 8NP Y REN GRMPERULID! IS\ IREMEH DY 2P P h 10, 2 kg
of industgjizake Rexpngy (Armsi 0 -du [ 92 g of
styrene, 6.1 nL ofg{r@et rahyd%ftﬁéaﬁ@gg%g. ?Q%Legoégl)é%ﬁildgngﬁ%l @%gfnﬁi et hyl

et her. Subsetfientthy codfen3df tmokilaie vedpling dgdritipem MEspaisabgeadeight of t he

pol ymeri zation reactor as an n-hexane solution, and a polynerization

react i on Sikga istRrefergbly from 1 to 29 parigriey weigthit.omoed prefgrabli H@meRAdoadd st yrene
was carried, out at stirring speed 30 m, and _a poly. i zation reactor
i nt ernal Qaéfﬁ)t%x &’F{ﬁh » B %%td“g@r 8???%(8513'5&9\%480 &@Hﬁftﬁﬁdﬁ%@ﬁgupm yi ng the
nmononers to th ' ( d t O ~ I

suppl i ed was 9?3%3'{“%%’ ft%ﬁtgrgérpoctrﬂn so(%n%%gﬁﬁng%%?‘%gﬁﬁ?%gggggw

Fol | owi ngadding to tahethes| potpnhes obuipooant, kars additiae nett. waith &id coedigated
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Table 1 Exanpl e 1 Conparative Exanple 1 Conparative Exanple 2 Money
Vi scosity

EXAMPLES
The present invention is explained below by reference to Examples.
Physical properties were evaluated by the following methods.

1. Mooney viscosity (ML1+4)

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

2. Vinyl bond content (units: mol %)

The vinyl bond 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 (1995).

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-8220 manufactured by Tosoh Corporation

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

(3) Measurement temperature: 40°C

(4) Carrier: tetrahydrofuran

(5) Flow rate: 0.6 mL/min

(6) Amount injected: 5 uL

(7) Detector: differential refractometer

(8) Molecular weight standard: standard polystyrene

5. Abrasion resistance

A ring-shaped vulcanized molded body was used as a test piece; the
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- 48.2 33.4 49.4 Vinyl bond content % by nole 57.0 58.0 57.6 Styrene unit
cont ent

amounts abraded under conditions of a load of 10 pounds and a test piece
rotational speed of 300 rpm for 500 to 1,500 rotations, 1,500 to 2,500
rotations, and 2,500 to 3,500 rotations were measured using an Akron
abrasion tester (Ueshima Seisakusho Co., Ltd.), and the average value
thereof was calculated. The smaller this value, the better the abrasion
resistance.
6. Fuel economy

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

A 20 liter capacity stainless polymerization reactor equipped with a
stirrer was washed, dried, and flushed with dry nitrogen. Subsequently, the
polymerization reactor was charged with 10.2 kg of industrial hexane (density
680 kg/m3), 608 g of 1,3-butadiene, 192 g of styrene, 6.1 mL of
tetrahydrofuran, and 4.12 mL of ethylene glycol diethyl ether. Subsequently,
15.21 mmol of n-butyllithium was charged into the polymerization reactor as
an n-hexane solution, and a polymerization reaction was started.

Copolymerization of 1,3-butadiene and styrene was carried out at a
stirring speed of 130 rpm and a polymerization reactor internal temperature of
65°C for 45 minutes while continuously supplying the monomers to the
polymerization reactor. The amount of 1,3-butadiene supplied was 304 g,
and the amount of styrene supplied was 96 g.

When 60 minutes had passed after the addition of n-butyllithium, the
polymerization reactor was charged with a cyclohexane solution of 12.80

mmol (2.86 g) of 1-(4-N,N-dimethylaminophenyl)-1-phenyiethylene, and the
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% by weight 24.8 23.7 24.8 Mol ecul ar weight distribution - 1.21 1.06 1.17
Abr asi on resi stance

polymer solution was stirred at a stirring speed of 130 rpm.

When 65 minutes had passed after the addition of 1-(4-N,N-
dimethylaminophenyl)-1-phenylethylene, a copolymerization reaction of 1,3-
butadiene and styrene was carried out for 130 minutes while supplying
monomers to the polymerization reactor. During polymerization, the stirring
speed was 130 rpm and the polymerization reactor internal temperature was
65°C. The amount of 1,3-butadiene supplied was 608 g, and the amount of
styrene supplied was 192 g. Of the entire amount of monomers charged and
supplied to the polymerization reactor, the amount of 1-(4-N,N-
dimethylaminophenyl)-1-phenylethylene charged was 0.14 % by weight.

Subsequently, the polymer solution thus obtained was stirred at a
stirring speed of 130 rom, 12.8 mmol of N-(3-
dimethylaminopropyl)trimethoxysilane was added to the polymer solution, and
stirring was carried out for a further 15 minutes. Subsequently, 20 mL of a
hexane solution containing 0.8 mL of methanol was added to the polymer
solution, and the polymer solution was stirred for a further 5 minutes.

To the polymer solution were added 8.0 g of 2-tert-butyl-6-(3-tert-
butyl-2-hydroxy-5-methylbenzyl)-4-methylphenyl  acrylate (trade name:
Sumilizer GM, manufactured by Sumitomo Chemical Co., Ltd.) and 4.0 g of
pentaerythrityl tetrakis(3-laurylthiopropionate) (trade 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 (trade name: Ultrasil VN3-G, manufactured by Degussa, Inc.), 6.4
parts by weight of a silane coupling agent (trade name: Si69, manufactured
by Degussa, Inc.), 6.4 parts by weight of carbon black (trade name:

DIABLACK N339, manufactured by Mitsubishi Chemical Corp.), 47.6 parts by

36



ng 240 390 350 Fuel econony tan 8 (70C) 0.149 0.214 0.135

weight of an extender oil (frade name: JOMO PROCESS NC-140,
manufactured by Japan Energy Corp.), 1.5 parts by weight of an antioxidant
(trade name: Antigene 3C, manufactured by Sumitomo Chemical Co., Ltd.), 2
parts by weight of stearic acid, 2 parts by weight of zinc oxide, 1 part by
weight of a vulcanization accelerator (trade name: Soxinol CZ, manufactured
by Sumitomo Chemical Co., Ltd.), 1 part by weight of a vulcanization
accelerator (trade name: Soxinol D, manufactured by Sumitomo Chemical
Co., Ltd.), 1.5 parts by weight of a wax (trade name: Sunnoc N, manufactured
by Ouchi Shinko Chemical Industrial Co., Ltd.), and 1.4 parts by weight of
sulfur were kneaded by means of a Labo Plastomill to prepare a 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.
Comparative Example 1

A 5 liter capacity stainless polymerization reactor equipped with a
stirrer was washed, dried, and flushed with dry nitrogen. Subsequently, the
polymerization reactor was charged with 2.55 kg of industrial hexane (density
680 kg/m3), 137 g of 1,3-butadiene, 43 g of styrene, 1.51 mL of
tetrahydrofuran, and 1.09 mL of ethylene glycol diethyl ether. Subsequently,
3.54 mmol of n-butyllithium was charged into the polymerization reactor as an
n-hexane solution, and a polymerization reaction was started.

Copolymerization of 1,3-butadiene and styrene was carried out at a
stirring speed of 130 rpm and a polymerization reactor internal temperature of
65°C for 2 hours while continuously supplying the monomers to the
polymerization reactor. The amount of 1,3-butadiene supplied was 205 g,
and the amount of styrene supplied was 65 g.

Subsequently, the polymer solution thus obtained was stirred at a

stirring speed of 130 rpm, a cyclohexane solution of 2.88 mmol (0.64 g) of 1-
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Clainms 1. A conjugated di ene polynmer conprising a conjugated di ene-based
nononmer unit and a nononer unit based on a nononer represented by Fornul a
(1) below, the polynmer having at | east one term nus nodified by a conpound
represented by Fornmula (2) below / (RL)r "\ [\

(4-N,N-dimethylaminophenyl)-1-phenylethylene was charged into the polymer
solution, and stirring was carried out for a further 90 minutes. 10 mL of a
hexane solution containing 0.2 mL of methanol was added to the polymer
solution, and the polymer solution was stirred for a further 5 minutes.

Of the entire amount of monomers charged and supplied to the
polymerization reactor, the amount of 1-(4-N,N-dimethylaminophenyl)-1-
phenylethylene charged was 0.14 % by weight.

To the polymer solution were added 1.8 g of 2-tert-butyl-6-(3-tert-
butyl-2-hydroxy-5-methylbenzyl)-4-methylphenyl  acrylate (trade name:
Sumilizer GM, manufactured by Sumitomo Chemical Co., Ltd.) and 0.9 g of
pentaerythrityl tetrakis(3-laurylthiopropionate) (trade 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 (trade name: Ultrasil VN3-G, manufactured by Degussa, Inc.), 6.4
parts by weight of a silane coupling agent (trade name: Si69, manufactured
by Degussa, Inc.), 6.4 parts by weight of carbon black (trade name:
DIABLACK N339, manufactured by Mitsubishi Chemical Corp.), 47.6 parts by
weight of an extender oil (trade name: JOMO PROCESS NC-140,
manufactured by Japan Energy Corp.), 1.5 parts by weight of an antioxidant
(trade name: Antigene 3C, manufactured by Sumitomo Chemical Co., Ltd.), 2
parts by weight of stearic acid, 2 parts by weight of zinc oxide, 1 part by
weight of a vulcanization accelerator (trade name: Soxinol CZ, manufactured
by Sumitomo Chemical Co., Ltd.), 1 part by weight of a vulcanization
accelerator (trade name: Soxinol D, manufactured by Sumitomo Chemical
Co., Ltd.), 1.5 parts by weight of a wax (trade name: Sunnoc N, manufactured

by Ouchi Shinko Chemical Industrial Co., Ltd.), and 1.4 parts by weight of
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2/ Rwhereinr is 0 or 1, Rl denotes a group containing at |east one atom
sel ected fromthe atom c group consisting of a nitrogen atom an oxygen
atom and a sulfur atom or a hydrocarbyl group having 1 to 10 carbon atons
and R2 denotes a group containing at | east one atom sel ected fromthe
atom c group consisting of a nitrogen atom an oxygen atom and a sul fur
atomR3 1 RASICH2ZR6( 2 ) In R5 wherein n denotes an integer of 1 to 10, R3,
R4, and R5 | ndependent|y denote a hydrocar nyI roup having 1 to 10 carbon
atoms or $H! rd’?’%@a“'b%%gybér’ﬁﬁ%”%é\‘;i%éaﬁot%a%’g@gr‘goﬂreé’tab ! PRIYT®ast one
of R3, R4 5 is [ r . qr , n aroup

cont ai ni ncgorgﬁ&%'téagns't E‘?\%r%ot 'ﬁﬁggé;??ﬁggég'ogrom t ﬁggg?%ﬁi“gﬁg%ﬁ%e@dﬁ{sq sléti ng of a
ni trogen gHeusHy 9YBRA @Bt0Hhd ARE shestWhYrviddaiize L by MRl Yateregrecor di ng

to Claim1, wherein the polyner conprises a
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.
Comparative Example 2

A 20 liter capacity stainless polymerization reactor equipped with a
stirrer was washed, dried, and flushed with dry nitrogen. Subsequently, the
polymerization reactor was charged with 10.2 kg of industrial hexane (density
680 kg/m3), 608 g of 1,3-butadiene, 192 g of styrene, 6.1 mL of
tetrahydrofuran, and 4.7 mL of ethylene glycol diethyl ether. Subsequently,
15.38 mmol of n-butyllithium was charged into the polymerization reactor as
an n-hexane solution, and a polymerization reaction was started.

Copolymerization of 1,3-butadiene and styrene was carried out at a
stirring speed of 130 rpm and a polymerization reactor internal temperature of
65°C for 3 hours while continuously supplying the monomers to the
polymerization reactor. The amount of 1,3-butadiene supplied was 912 g,
and the amount of styrene supplied was 288 g.

Following this, the polymer solution thus obtained was stirred at a
stirring speed of 130 rpm, 12.80 mmol of N-(3-
diethylaminopropyl)trimethoxysilane was added thereto, and stirring was
carried out for 15 minutes. 20 mL of a hexane solution containing 0.8 mL of
methanol was added to the polymer solution, and the polymer solution was
stirred for a further 5 minutes.

To the polymer solution were added 8.0 g of 2-tert-butyl-6-(3-tert-
butyl-2-hydroxy-5-methylbenzyl)-4-methylphenyl  acrylate (trade name:
Sumilizer GM, manufactured by Sumitomo Chemical Co., Ltd.) and 4.0 g of
pentaerythrityl tetrakis(3-laurylthiopropionate) (trade name: Sumilizer TP-D,

manufactured by Sumitomo Chemical Co., Ltd.). Subsequently, the polymer
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nononer unit based a nononer represented by Formula (1) between a

conj ugat ed di ene-based nononer unit-containing partial polyner chain and
anot her conj ugated di ene-based nononer unit-containing partial polyner
chain. 3.The polynmer according to Caim1 or 2, wherein RL and R2 of
Formula (1) independently denote a group represented by Formula (3) bel ow,
a hydrocarbyl group, or a hydrogen atom group represented by Formula (3)

bel ow R7 ¢5ution 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 (trade name: Ultrasil VN3-G, manufactured by Degussa, Inc.), 6.4
parts by weight of a silane coupling agent (trade name: Si69, manufactured
by Degussa, Inc.), 6.4 parts by weight of carbon black (trade name:
DIABLACK N339, manufactured by Mitsubishi Chemical Corp.), 47.6 parts by
weight of an extender oil (trade name: JOMO PROCESS NC-140,
manufactured by Japan Energy Corp.), 1.5 parts by weight of an antioxidant
(trade name: Antigene 3C, manufactured by Sumitomo Chemical Co., Ltd.), 2
parts by weight of stearic acid, 2 parts by weight of zinc oxide, 1 part by
weight of a vulcanization accelerator (trade name: Soxinol CZ, manufactured
by Sumitomo Chemical Co., Ltd.), 1 part by weight of a vulcanization
accelerator (trade name: Soxinol D, manufactured by Sumitomo Chemical
Co., Ltd.), 1.5 parts by weight of a wax (trade name: Sunnoc N, manufactured
by Ouchi Shinko Chemical Industrial Co., Ltd.), and 1.4 parts by weight of
sulfur were kneaded by means of a Labo Plastomill to prepare a 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)

Example | Comparative | Comparative

1 Example 1 Example 2

Mooney viscosity - 48.2 33.4 49.4
Vinyl bond content % by mole 57.0 58.0 57.6
Styrene unit content % by weight 24.8 23.7 24.8
Molecular weight
distribution - 1.21 1.06 1.17
Abrasion resistance mg 240 390 350
Fuel economy
tan 8 (70°C) - 0.149 0.214 0.135
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/ *N, R8 wherein R7 and R8 independently denote a hydrocarbyl group or a
trihydrocarbylsilyl group, or R7 and R8 are bonded to each other and denote
a hydrocarbyl ene group that may contain a nitrogen atom and/ or an oxygen
atom as a heteroatom and * denotes a bonding position. 4. The pol yner
according to any one of Clainms 1 to 3, wherein in Fornmula (2) R6 is an
optionally substituted am no group. 5. The polynmer according to any one of
Clainms 1 to 4, wherein the vinyl bond content of the conjugated di ene

pol ymer, WaMsthe content of the conjugated di ene-based nonomer unit as 100

% by nol,, is nqt less than.20 % nol._and not % . 6. A
conj ugat eh di e_%eCBB’Iugﬁ%ﬂ @berPSongfb?{ 88%83?@?%8”%1@ué%%!auégetngd@%?ee e

pol ymer  ageR6Mendrit0aRdYa M6 GheCuditTBaded @nd a2Rdndnfe?! RppESdMEd agent . 7.
The conposition according to Caim6, wherein the reinforcing agent has a
content of orhrudan(10 betowl SBepaolymebyhawriggat lgaet obeOtepairtius pdifeidghy =of the
conj ugat ed diene polyner. 8. A nethod for producing a conjugated diene

pol yner, WmRRYNS iegreésented bydopnula (2) below

/ \/\<F<1)r
HoC (1)
/ \
—\RZ

wherein ris 0 or 1, R" denotes a group containing at least one atom selected
from the atomic group consisting of a nitrogen atom, an oxygen atom, and a
sulfur atom, or a hydrocarbyl group having 1 to 10 carbon atoms and R?
denotes a group containing at least one atom selected from the atomic group

consisting of a nitrogen atom, an oxygen atom, and a sulfur atom
RS
l

R*—Si—CHy—R® (2)
b

wherein n denotes an integer of 1 to 10, R, R*, and R® independently denote
a hydrocarbyl group having 1 to 10 carbon atoms or a hydrocarbyloxy group
having 1 to 10 carbon atoms, at least one of R® R* and R® is a
hydrocarbyloxy group, and R® denotes a group containing at least one atom
selected from the atomic group consisting of a nitrogen atom, an oxygen
atom, and a sulfur atom.

2. The polymer according to Claim 1, wherein the polymer comprises a
monomer unit based a monomer represented by Formula (1) between a
conjugated diene-based monomer unit-containing partial polymer chain and

another conjugated diene-based monomer unit-containing partial polymer
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(A) polynerizing nononer conponents conprising a conjugated diene and a
conpound represented by Fornmula (1) below in a hydrocarbon solvent by an

al kali metal catalyst, thus giving a polyner having an al kali netal

catal yst-derived alkali nmetal in at |east one term nus of a polynmer chain;
and (B) reacting the polyner obtained in step A and a conpound represented
by whereinr is 0 or 1, Rl denotes a hydrocarbyl group or a group

cont ai ni At least one atomsel ected fromthe atonic group consisting of a
nitrogen atom an oxygen atom and a sulfur atom and R2 denotes a group

contai ni ng at irpagpbolydne Adcdmiinglteatigrh firem tlkeRiPRI andrRUBf FeRsuat i ng of a
nitrogen atom an oxygen atom and a sulfur atomR3 Al RS (CH2R6( 2 ) In

R5 wher ei () nndependentigndembtegar gofupl represbnted3 byRAprramd BH bndnrpeladently
denote a hydrocar byl group having 1 to 10 carbon atons or rTl§procar byl oxy
group havMi§ee@rpy 4ieuBaPhsnN¥i'easn &P, sk ablsashrnrPf @43”3 Bais a

group represented by Formula (3) below

x —N (3)

wherein R” and R® independently denote a hydrocarbyl group or a
trihydrocarbylsilyl group, or R and R® are bonded to each other and denote a
hydrocarbylene group that may contain a nitrogen atom and/or an oxygen
atom as a heteroatom and * denotes a bonding position.

4. The polymer according to any one of Claims 1 to 3, wherein in
Formula (2) R® is an optionally substituted amino group.

5. The polymer according to any one of Claims 1 to 4, wherein the vinyl
bond content of the conjugated diene polymer, with the content of the
conjugated diene-based monomer unit as 100 % by mol, is not less than 20 %
by mol and not more than 70 % by mol.

6. A conjugated diene polymer composition comprising the conjugated
diene polymer according to any one of Claims 1 to 5 and a reinforcing agent.
7. The composition according to Claim 6, wherein the reinforcing agent
has a content of from 10 to 150 parts by weight per 100 parts by weight of the
conjugated diene polymer.

8. A method for producing a conjugated diene polymer, comprising the
steps of:

(A) polymerizing monomer components comprising a conjugated diene and a
compound represented by Formula (1) below in a hydrocarbon solvent by an
alkali metal catalyst, thus giving a polymer having an alkali metal catalyst-
derived alkali metal in at least one terminus of a polymer chain; and

(B) reacting the polymer obtained in step A and a compound represented by
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hydr ocar byl oxy group, and R6 denotes a group containing at |east one atom
sel ected fromthe atom c group consisting of a nitrogen atom an oxygen
atom and a sulfur atom 9. The method according to Claima8, wherein Rl and
R2 of Fornula (1) independently denote a group represented by Fornula (3)
bel ow, a hydrocarbyl group, or a hydrogen atom and at |east one of Rl and
I;F% isda grgup represent ed by Fornmula (3) below * NNR 8 VWwherein R7 and
in epe ent enote a hydrocarbyl group or a trihydrocarbylsilyl group,
or R7 and %“Lé{?éZ)oB‘% to each other and denote a hg;dr ocar bgl eneygrgup P
that may cont ai a\ (Rr)egen atom and/ or an oxygen atom as a het eroat om and
* denotes a boddi ng® p03|t| on. 10. The nethod according to Claim8 or 9,
wherein in For 2) R6 is an optionally substituted am no group.

HyC (1)

wherein r is 0 or 1, R' denotes a hydrocarbyl group or a group containing at
least one atom selected from the atomic group consisting of a nitrogen atom,
an oxygen atom, and a sulfur atom, and R? denotes a group containing at
least one atom selected from the atomic group consisting of a nitrogen atom,

an oxygen atom, and a sulfur atom
3
R

R4~ei—QCH2}—R6 (2)

n

wherein n denotes an integer of 1 to 10, R®, R*, and R® independently denote
a hydrocarbyl group having 1 to 10 carbon atoms or a hydrocarbyloxy group
having 1 to 10 carbon atoms, at least one of R?, R*, and R® is a
hydrocarbyloxy group, and R® denotes a group containing at least one atom
selected from the atomic group consisting of a nitrogen atom, an oxygen

atom, and a sulfur atom.

9. The method according to Claim 8, wherein R' and R? of Formula (1)
independently denote a group represented by Formula (3) below, a

hydrocarbyl group, or a hydrogen atom, and at least one of R'and R?is a

group represented by Formula (3) below

*—N 3
S

wherein R” and R® independently denote a hydrocarbyl group or a

trihnydrocarbylsilyl group, or R” and R® are bonded to each other and denote a
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hydrocarbylene group that may contain a nitrogen atom and/or an oxygen

atom as a heteroatom and * denotes a bonding position.

10. The method according to Claim 8 or 9, wherein in Formula (2) R® is an

optionally substituted amino group.
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