CONJUGATED DI ENE POLYMER, CONJUGATED DI ENE POLYMER
COVPCSI TI ON, AND METHOD FOR PRODUCI NG CONJUGATED DI ENE
POLYMER Technical Field The present invention relates

to a conjugated diene polyner, a conjugated diene

pol ymer conposition, and a nmethod for producing a

conj ugat ed di ene polyner. Background Art In recent

years, with the growi ng concern over environmenta

probl enms the demand for good fuel econony for

aut oreNIGSATED DIERE POLY CUNSUGATED DIENE FTRIMER

al so a demand for excellent fuel econony for polyner

c onEOMROIUMEON,SAND ME THADFDR PRODUC NG CONJUS ATE DY DHENE
conposition for autonobile tires, a pol yner

conposi tion conprising a EOkMRR ed di ene pol ymer such

as pol ybut adi ene or a butadi ene-styrene copol yner and

a filler such as carbon black or silica, etc. is used.
ThnRsARHe. a pol ymer conposition enploying as the

- conjugated diene polynmer a polynmer formed by

nmodi f Thepredenbinvestiah ratdtby taa comjugateaydiend pblyreans conjegated
term nus of a polynmer formed by copol ynmerizing
dieneaRRIVREr compositipn cand a iethpddar pradusing picaniyasted digne polymer.
pol yneri zation initiator (see e.g. JPA1-217048) is

known. Furthernore, a polyner conposition enploying
Iﬁﬁﬁ?kﬁn&%ﬂ ugat ed di ene polynmer a polyner forned by
nmodlffyirng with a dial kyl am no group-contai ni ng

acryl Bfﬁdéénwars.t\ﬁﬂmtﬂugfoﬁfngacméw@krfe(hbmﬁnéntal problems the
copol yneri zi ng butadi ene and styrene using an

demand| for gpodnfugl ecopany fen avtamobilesi has beerobegansiog strgnger, and

PA1-217047), a, pol r . conpositiqn enploying as. the

t gﬁj |§Ja§péog%r%;}ge1%bg¥ﬁlgjt fgg oyﬂ@y?@r q@ag%:spngposﬁlons used for
bile dred! | folyierd igh- o 8 9ti

SRR s 12 € R BoSHG o ADAAGHgs, o pobmer
dRAPEERIOA Zdoﬁﬂqribmbaéildbﬁ%gﬂfedcéipﬁé YoRimeti Suhbal paiybidrng or a
styrene, using an alkyllithiumas a polynerization
Hutadiensrsiyrepie sepalymer arrls Bller 8671 85 carbpPnRBOK op SHGE BJG. is used.
etc. Fave been prﬁ@osed as BQL ner oqﬁgsit'ons havi ng ..
good Fof exaBPlec AopRIKST EPWRPRLCH EMplovinde a7 fe oniigated” diene
polymer a polymer formed by modifying with bis(dimethylamino)methylvinylsilane one
terminus of a polymer formed by copolymerizing butadiene and styrene using an
alkyllithium as a polymerization initiator (see e.g. JP-A-1-217048) is known.
Furthermore, a polymer composition employing as the conjugated diene polymer a
polymer formed by modifying with a dialkylamino group-containing acrylamide one
terminus of a polymer formed by copolymerizing butadiene and styrene using an
alkyllithium as a polymerization initiator (see e.g. JP-A-1-217047), a polymer
composition employing as the conjugated diene polymer a polymer formed by
modifying with a dialkylamino group-containing alkoxysilane one terminus of a
polymer formed by polymerizing butadiene or copolymerizing butadiene and styrene,

using an alkyllithium as a polymerization initiator (see e.g. JP-A-63-186748,

JP-A-2005-290355), etc. have been proposed as polymer compositions having good




However, the above-nentioned conventional polyner

conpositions enploying a conjugated di ene polyner are

not al ways satisfactory in terns of fuel econony.

Under such circunstances, an object of the present

invention is to provide a conjugated di ene pol yner

that can give a pol yner conposition having excell ent

fugpéoongﬁ,gnorry, a polymer conposition forned by

conmbi ni ng the conjugated di ene polynmer and a filler

such as silica, and a nethod for producing the

conj ugated di ene polyner. A first aspect of the

B\S@g@l’f?oifﬂ'\?éﬁﬁrﬁ'ﬁ"rel ates to a conjugated diene

pol y conpr,j sing_a conjugat ed di ene-base .

consti v UENT urﬂ‘? 5%8"%{"@8#\%%%( ugveqtima ofp°i]3|’f'l?rr meghpositions

oy $"Yortat P Sion® RvEr A 4Dt Bhvaby Sl in Bl el

ddopomy 1-sl X3 12 wherein X1, X2, and X3 independently

denote a group of formula (la) below, a hydroxy

gr oupYndersughsiraugtanggsoap object of the lpsesentitngention is to provide a

%dro {fﬁ I groug, apnd at | east one of X1, X2, and X3
1”33@ %‘eo olyrgeiihat can giye gRANNe comRestipn haviga sxeellent fuel

'- ' d | v, denot e
oo 2 Boier ARl On oy o RS B G Pl e8NS pBymer

andisfillet sdckCad $iba0aRd 8 etiidOdPploaUEiRg the domjudafeddigiE polymer.

atons, a silyl group, or a substituted silyl group,
and RA fisst@spectiadyhepprelsemtdeeension aslates t6 arconjughtegatidves polymer
with the nitrogsegg ato a ring structure, -2 HC CR3

cgmp@;ig\_g_ a (‘EP&'P @ippg- ased constituent unit and a constifuent unit of
formula (l) below, at least one terminus of the polymer being modified by a

compound of formula (Il) below,
O

CH,—CH
X2

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

—N (Ia)

g2

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

together with the nitrogen atom, a ring structure,




O wherein n denotes an integer of 1 to 10, R3 denotes
a hydrogen atom a hydrocarbyl group having 1 to 6
carbon atons, or a substituted hydrocarbyl group
having | to 6 carbon atons, A denotes an oxygen atom
or an -NR4- group, wherein R4 denotes a hydrogen atom
or a hy g@carbyl group having 1 to 10 carbon atons,
notes a nitrogen atom and/or oxygen
aton}coﬁlalnlng functional group. A second aspect of

t he prefentai-ny@pi-enat el at es ¢ld)a conj ugat ed di ene
pol y conposition conprising the conjugated diene
pol yﬁ)er and a fi I ler. Athird aspect of the present

LQX?UE*L@?E%*E\!@ FoR9 PR arp e ngfés ptEb.8 yrogen stom, =

RSty RROUTREVIAY 130T BARER WGRERY 3 s g?t@;tsgﬂyu&%% group
authigot & b earbonlatems, A'ndéntespircon@en atdm an apl-KRP- group, wherein

nptal catalyst to produce a polymer having an al kali
Redenotes iadwnlmgengat@mmna hydrocarbyll greup having 1l teatft carhen atoms,

t : S8 A B B A I cB A G ASTBTFP TG S group-
g( 6e(}“0)n¥éc[°gﬁ\?\£%égg )t&é %;éﬁén? que&g& leé%\eé'nt Ccfdﬂjlé%te% diene

plyraércomp@sRYR cOin ﬁﬁﬁgrtﬂeacchlu\éaledtﬁémolyrﬂew@ﬁtﬁa’rbyI

group, or a substltuted hydr ocar byl group, and
| east Aothird @spett, of Xbe pre,aedt eentivnareates o afmétbodrfbra)roducing a

é%ﬁ@ﬁ be| oW, RS -N R9 (lIVa) wherein R8 and RO
QQDHE%)F%’“B”ﬂS}QJIF'GBﬁI‘\kﬁH Bir oup having 1 to 6
ro ar ving 1 ..

8 % gBlyng HeRBiehy' el 30IcaN o Re BB b o iy
compound bﬂfmnuﬁr‘(ﬂl)%%lcﬂﬁﬁ\ i-Rﬂydi‘BUarb&l BOVERGh e fEsdree of an alkali
form together with the nitrogen atom a ring

retal catalyst taupdoduce a polymer having an alkali metal originating from the
catalyst at at least one terminus of a polymer chain comprising a conjugated diene-
based monomer unit and a monomer unit based on the vinyl compound of formula

(IV) below,
H,c——CH

X4—S|i—X6 (Iv)

xS
wherein X*, X%, and X® independently denote a group of formula (IVa) below,
a hydrocarbyl group, or a substituted hydrocarbyl group, and at least one of X*, X5,
and X° is a group of formula (fVa) below,
R®
/
—N (Iva)

Ngs

wherein R? and R® independently denote a hydrocarbyl group having 1 to 6

carbon atoms, a substituted hydrocarbyl group having 1 to 6 carbon atoms, a silyl
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step B: reacting the resulting polynmer in step Awth
a conpound of fornmula (Il1) below, H2C CR3 C
-Al-(CH2)n A2 (I1) wherein n denotes an integer of 1
to 10, R3 denotes a hydrogen atom a hydrocar byl
group having 1 to 6 carbon atons, or a substituted
hydr ocar byl group having 1 to 6 carbon atons, A
dewpt o6 aasubstitytpansilgt groupy and R® NiRd- RY rziybe Whsdedd 8o aB4o form,
%%2 tes _a hydrogen atom or a hydrocarbyl group having
ef Witk thehptioganaiem, asing sisoctdenands a ni trogen at om

| Qr ep_atom.contai ning functi gnal group.. In
SR oA el eRlsng hebier H ieR A R 2 pemeolighobtormuia a1
pélewi ded a conjugated diene polyner that can give a

‘#;m;e,r_cﬁmn'positi on having excellent fuel econony, a
E‘g ynmer jconposition formed by m xi ng the conjugated

di ene pgolyner and a filler such as silica, and a

net hod For—plodtitdrg-ahe conj udaded di ene pol ymer. The
pol y conposi tion has excellent fuel econony, and
al so™has good grip properties. Mde for Carrying Qut

he | | Th j. [ | f th
e R o S BBLES T BE l lSom atom o
I S, RV 936 WlodtbG S1a I o A0k AP Rordirbu aroup
havingt £t carbonfatérhs A ddenbis d@ﬁi@erﬁ@fb{ﬂ:ﬁlé’n EBIIR‘B gj{?!.lf_. é\iherein

cponpound of formula (11) below, -CH2 )
R3danofesa dyydragex atonxor aahysirorbyl gequpnbaving § td diotaeban atoms,

f fornula (l.a) below, a -4 hydroxy group, a
%{/dgdr‘agd@ P58 ’5&8%‘ at8$" and/phepeen atam-RorRiabing Tugtiopalareup.
and at least one of X1, X2, and X3 is a group of
formula (la) below or a hydroxy group, R MNRZ (la)

In accordance with the present invention, there can be provided a conjugated

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

composition has excellent fuel economy, and also has good grip properties.

Mode for Carrying Out the Invention

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

compound of formula (If) below,

CH,—CH
X' —8i—x> Q)
X2

wherein X', X%, and X® independently denote a group of formula (la) below, a




wherein R1L and R2 i ndependently denote a hydrocar byl
group having 1 to 6 carbon atons, a substituted

hydr ocar byl group having 1 to 6 carbon atons, a silyl
group, or a substituted silyl group, and Rl and R2 nay
be bonded so as to form together with the nitrogen

atom a ring structure, H2G CR3 ~I -A --(CH2 AZ (I1)
e
A0S ol S L 8 bl oy A0 it s

oray tfot], X1, camd X e a grouiplas fortrudzedla) betbwo oea hydrogy gropp,

haV|ngR1 to 6 carbon atons, A denotes an oxygen atom

or an/-NR4- group (R4 denotes a hydrogen atom or a

hydmbcar byl group having 1 to(fi&® carbon atons), and

A2 dergtes a nitrogen atom and/or oxygen

atom contai ning functional group. Exanples of the

conj UgABbRGh K eRE-FFIREEpeTABAY darié aiydfocaitid BRfiplhating 1 to 6

but adi ene, isoprene, 1, 3-pentadiene,

cmﬁDMEmﬂmhphmm$EMhmkhﬂh@ﬂﬂbwqmduﬂh@wh@ﬂabubnadmnandns a silyl

one type thereof my be used or nnr%gﬁrpes may

HaUR ¥ A SFtPféﬁﬁlt?%é"Vl\Hf@%oﬁWt R ﬁnﬁ é&dmaa\hﬂ bengded; 3/ as %o form,
di and I, SOprene ar referable. X, X2, and

Gt URCE IR At ARG BBy i e (1

Hierepen %ntly denote a group of formula (la), a

hydr oxy{group, a hydrocarbyl group, or a substituted

hydroc by@Qnggg._aqg at |eaqfIpne of X1, X2, and X3

is a oup of nula (la) or a hydroxy group. Rl and

R2 i formula (Ia) i ndependent|ly denote a hydrocar byl

group haV|ng to 6 carbon atons, a, substituted

hydr oWhemin ngdengeshany mﬁgger. af! & d8r B3 deapiessa hydrogen atom, a

aRisBmabarde Mg, o Breiond gt g Bibsthied Farsgafil aroue
r%WuEH qo 6l BatbSh dGrha!! &t déﬁbt&?%npﬁﬁgéﬁtat e&* & Cﬂh* -Ogroup (R*

t he hydrocar byl group denotes a rocar

deasies uehydfbgersatbmt ortaihgdtodur byl Wﬁ)b(dmrw ) lttp 1d eaﬂioﬂsat@ns), and
roup in which at | east one é)drogen atom of the

Me Agdifogensatene and/or exydee @ wodammun@@entgrOMe

nyar ogemHES o e PiiaRy” dsedssed. sahstilledt) upfipotude 13-
] é?feafs%}en@r P Ythentifiere 9, SuitH- LI'tS%th’ E5 RGPV A8 Nadiene,

grou
and one type thereof may be used or two or more types may be used. From the

viewpoint of ready availability, 1,3-butadiene and isoprene are preferable.

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

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

In the present specification, the hydrocarbyl group denotes a hydrocarbon
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denotes a group in which at | east one hydrogen atom of

a hydrocarbyl oxy group is replaced by a substituent.

The substituted silyl group denotes a group in which

at | east one hydrogen atomof a silyl group is

repl aced by a substituent. Exanples of the hydrocar byl
group having 1 to 6 carbon atons denoted by Rl and R2
restduede Taa sabititited MytiRcSbyhgREp HelBleBd gidUBUR wHth at least one
et hyl group, an n-propyl group, an isopropyl group,
Bydragentaem gefothe, hedreearbonitresidug dsipeplaced: iby- b usupktituent. The

8B PPy i Sk & v WeBbe g st a nyarory
Hlehs MR = BYROEIB o BBl P ora Sy BBy rove

tlendles ardsoup it whieh atl &2t 66k BydrBderrBONREF A HYHHESHY i
substi tuted hydrocar byl grou% Eéo\?/i ng as amﬁsubsib?toﬁ‘éﬁtm"p IS

gﬁplqceggy a)ﬁ@bqtiy.@_t.oﬂ' f@r&ubptits@ldaﬂylegi'o_ﬂp alendtee aggroup in which at
B38EArR Diheen sleriioh A Graus remees by A subsHuaRG

boi ; -
N SR T —
Rhahdi B irtiudieainaikyd Gioupadukl s erﬁé'tﬁyl%;tll‘&hb. an ethy! I%r/cfup, an n-propyl

di met hyl am noet hyl group or a diethyl'am noet
gouRpAN isgprepyldgsour, an rgbatvipgrbe i anspcabiutyareiRy) a fert-butyl group, an
at omx cont ai ni n group as a substituent include an
%‘PEB‘X%[W& %Pgﬂf:ﬁ'@(&cﬁoa@, an eaneoky raseun;| orgpe Uphexyh group; a
thoxymet hyl ,qrou or an
RICAY G0 bl S oy ST ol oy 0
si |'i cenamplRBYet ¥hé SubKtilled hfdtBeatBylFrotP hhbihy'ao & RarbdH Bitoms
a trlalkyl§|lylalkyl group such as” a
demnotast iy Bl | aridrit*hinclugeoapsubistiamed ¢ydaicattye group having as a
Suﬁbéftltua&fd ?I| | group denoted by R and R2 include a
TUPPUPRRN AL fqa5t ong: Yo ok greHp selested fofrthryareyn sansistiogipf a aitrogen
€ LSl Y OLD, t- butyldi nmethylsilyl group.
Wonefteid trod. 8 90 At eiaing gin, and s Higa atom-
doatuiitng §up deErarfihiy r i -déntSi
o B o8 910 8 Ring i Hirrtaloh cetéifing Poup as
assyhsiituent include ehdialikylemiroatkyogroup sosh a8 iangimethyfaminoethyl group
n atom an oxygen atom and a -6 silicon atom

%&iﬁ%ﬂﬁgwﬁs}h@&mm&xaw@mf & HGureheving @ pxygeotaters-cantaining
T e L ——
agﬁg%?gtyg a?/tlnl.g{.] g&gregﬁ%gn%‘fhﬁrbreﬁﬂ,d bP LN | Gy S Brdllp, and
examples of a group having a silicon atom-containing group as a substituent include
a trialkylsilytalkyl group such as a trimethylsilylmethy! group.

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

Examples of the group in which R' and R? are bondedinclude a divalent

group having 1 to 12 carbon atoms, which may have at least one type of atom

selected from the atomic group consisting of a nitrogen atom, an oxygen atom, and a




and a nitrogen-containing group such as a group
represented by -CH2CH2- NH- CH2- or a group represented
by -CH2CH2-N=CH. The group in which R and R2 are
bonded is preferably a nitrogen-containing group, and
nore preferably a group represented by - CH2CH2- NH CH2-
or a group represented by -CH2CH2- N=CH . The

BisbrosRDY [ExarPIE] Heret fitItdE 4R aﬁipﬂngﬁz&ﬁp BhcH 8¢ %bllr%ethylene

an al kyl group, nore preferably an al group havin

group, atetammjhylena)gmupyapemammylafeegrahﬂ) Yoraa héreh-iatthylene group;
% oup,..an et hyl group, an n- proP group, or an

n gxydjaikylens group §chyas an exvdiethylens geausr eian oxydinsemyjene group;

SRR bt s b B EREE N o,
erekgﬁéﬂlﬁ réprbsEH Y By (g.q]z@ fpreferably an al koxyal kyl

group having 1 to car bon atoms. The substituted

silyl Tglecgnqmp:llanmtlﬂdR' byid R? are\Bofkiedi is ppsfefablyadhiffogen-containing
trial kylsilyl rouB and nore preferably a

PUReR Mere prefeigbly m greup eeptesRptesr by pﬁldf@ﬂzarsmﬁldm or a group

up al koxyal kyl group, a substituted
}’F%sle %P%H'C@Hﬁh'mbgen contai ning group in which
R1 an r ,
2, i Sy B YRRl W,
mar&mfera&lwlm,afm@r@lp hi\vuﬁ@ﬂetoptf eabba kitoms, fE?trﬁbe preferably a

rouF an ethx group, an n-propyl group, or
'newu grpurgraml ylfgmrm laBg-propyltgeoe, onanat- bdtplrgmlum a(nuau)amculany

F e an lic am no ou|p and_a cyclic amn
ﬂ%’ °leﬁ of AR %E@txh grouBni e gvisiiited, @vqreearavl group
&ln%ielﬁy 1:@@ rH?\dgﬁD %Dpl%lf&gbl?shn alkﬂ%y%n%{) o"i':EP ?Rd g‘ﬁgfgppre%rably an

di et hyl'am no group,
aikC(WSRWEWW hﬁ'ﬂh@q t8140¢EboR afbintd)- h%b%ub@ﬁfhié@ Siy04HBup Aenoted
é sec- blity| am no group, a di(tert-butyl)am no
upnd &°dk (pneferablyt g Ithalkylsilyl grooppandmare preferably a trimethylsilyl
et@;l met hyl ami no group; a di(al koxyal kyl)am no group
as a di (net hoxynet hyl )am no group, a

01 { e RNGHY Re"abe R ABNEE P iRy dholh (] BRENIRI Yol AT Wibstituted
silyl(groLg| &y & SiitrddenadBniginiag Yroups HEWHhRR R' and R? are bonded, more
di (trinmethylsilyl)am no group or a

pieferablyuary ialkyheroup) getl mbieapreferalily anpalkyl group having 1 to 4 carbon
atoms, and still more preferably a methyl group, an ethyi group, an n-propyl group, or
an n-butyl group.

Examples of the group of formula (la) include an acyclic amino group and a
cyclic amino group.

Examples of the acyclic amino group include a dialkylamino group such as a
dimethylamino group, a diethylamino group, a di(n-propyl)amino group, a
di(isopropyl)amino group, a di(n-butyl)amino group, a di(sec-butyl)amino group, a
di(tert-butyl)amino group, a di(neopentyl)amino group, or an ethyimethylamino group;
a di(alkoxyalkyl)amino group such as a di{methoxymethyl)amino group, a

di(methoxyethyl)amino  group, a di(ethoxymethyl)lamino group, or a




Exanpl es of the cyclic am no group include a

1- pol ynet hyl enei m no group such as a 1-pyrrolidinyl

group, a 1-piperidino group, a 1-hexamethyl enei m no

group, a 1-heptanethyl eneim no group, a

1- oct anet hyl enei m no group, a 1- decanet hyl enei m no

group, or a 1l-dodecanethyl enei m no group. Further
ai{atnokethyamindie gryp| | andimanadighigikdsilyamitde group such as a
1-imdazaol yl group, a 4,5-dihydro-1-im dazolyl group,
é"@Wﬁ?’i‘ﬂ%l'ié?mtﬂlprgywmr@@i(t-mtyldimeﬂylsa'izi)amyiho graspp, and a
nmor phokino group. From the vi ewpoint of econony and .

r eady )\(?Q?RI%JPFB‘F)/?Y "h@"ﬂﬂ%ﬂ@“ﬂf'"‘f"ﬂé‘ﬁﬂl 1ipolymethylegeimino group
e B B P ARG EOLE o el Poul 3 FRidihéhBheinho group,
di afliheptametioyigieivinos Ugmiup! Uteed 1bdtimatyreh&idindd" gffkﬂ.lp, a 1-
having 1 to 4 carbon atons, and still nore preferably
Qe%m%m?m%lmmrgmlm,a ‘adellacamethyleneining goayp, Burther examples

gt( - QI B{‘%'am no gropp, or a di(n-butyl)amno group. .
b, Pl et Gl 1 1- BB A 5 Stwdi | Kaidazoty
1 i h .
GhouplF Temiseroilir P Giohfiva 1Bbeledi) ot B H grBniPo grpur.
| sopr ¢y the ievpodit o eBsfidthy SRE Véhdyaav%ﬁébillil*r',t e oGHBF formula
or a test butyl group. Furthernore, exanples of the
dabistrrefgrably aly acyalia@pyino growppmione prederably sadiatyianiing group, yet
&rpou ucﬁlgas a et hoxgmst hyl aroup,. an et hoxynet hyl
6%556 2R dRiKiamno StpuB RYbsBted with ARt afpup hieving. 1 to 4
[ o X o to X3 | . .
ST RS o RS, BRI, < igethBrih . 4 dipthviamino
groopa digypropyliarhifio Groipy; BOA dith-BURN)aRM gfSip. 0T €
preferably a nethyl group or an ethyl™ group.
Fur t h&xpmiples of e bydbstartyl geiprdesiotecibyoy togCafformula (1) include
en thé‘?% X1 .to X3 is preferably an al koxyal kyl
%?83% Ot BUFhe a8 2 math) group, anetiasl AR amyroRrgPYl group, an
Hand ) byl
SOREOPH, 1ol rarE LB, SIS o b BB or 8, ey arou.
Furtheenare) ybx@«ﬂrléh lof lthe) 6 @bKBiNRED APBLABYYGroliy |inc9i5tfé“£’% alkoxyalkyl

nore preferably an al kyl group™ having 1 to 4 carbon
HeeRnsush asnaamRtheyehétyyl groopp ahasthoxyndethy) grossr Hanethoxyethyl

GOt o ShabEviaRaR 1 11 Yore preferably. a meriyl
g;gu%ﬁ‘% P?ﬂg?ﬁlﬁﬁ?lggrﬂ%w&isot%c? %‘f%htf’?’gf’ts (5)?& S@ﬁ&ﬂ)%éltﬁ %o%)r more
preferably an alkyl group having 1 to 4 carbon atoms, and yet more preferably a
methyl group or an ethyl group. Furthermore, the substituted hydrocarbyl group
denoted by X' to X3 is preferably an alkoxyalkyl group, and more preferably an
alkoxyalkyl group having 1 to 4 carbon atoms.

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

a methyi group or an ethyl group.




hydroxy group(s). It is preferable that two or nore of

X1, X2, and X3 are a group(s) of formula (la) or a
hydroxy group(s), and it is nore preferable that two

of X1, X2, and X3 are a group(s) of fornula (la) or a
hydr oxy group(s). Exanples of the constituent unit of
formula (I) include a vinyl conpound- based

COnS ik gl ot xSt QRATKS Bt folia (1 b @PEFEIREM (1a) or 2

| at er. ér ab

mms)ty grueps(e) um rs paéfefauemhlaatvéd M) mbfe wnxb IX2! v n? apéda group(s)

and X6 are acylic am no groups, and from the )
Qf femp;da fla) ofa huda‘bxxewnpisj' anddt igmiqre prefprable that twosofgr ¥2, and

bﬁ{%é"rﬁhﬁé@a pRTa ) Gt MOBACTOMBLY Ably 8
it EREmBlegc, BE) RN, Bt B KRR B Fon8i2 iyt €Bhnpouna-

l@éﬂé&tctdnldﬁtﬂéntulﬁhrl of RoruR( @V Which is described later. It is preferably a
propyl ) am no) nmet hyl vi nyl sil ane-based constituent unit,

inyl zompe@nid-basedoeangtifuant wri) offoimydla (VY irswhigh dwb @f &4, X°, and X®
constjtuent unit. Anmpng them fromthe viewpoint of
@rsawhcavampa%wnsﬁ ?”%f ’°Fh'€ed’dﬁ¥ﬁ%9m&f fygl economy and grip properties

;Q'rﬁérg (ﬁ%lh }(;ab‘?yn% rl‘a?s)(gglkﬂgrln\l/n'o[)yll(ﬁwnﬁ %ne-l% %S&i cSR&%JenE lﬂ%lt and yet
b PrdfBrabiyt Wl b%(ﬂlﬂ@ﬁﬁm%)ﬁ'leﬂwv?ﬂ)lﬁlﬁﬁéﬁﬁw constltuent unit, a

constituent unit are’preferabl’e. 'From the vi ewpoi nt
lwié(dietie/larsioo)metiyldinylsitainefbased per torestituenhe comit,ent aof  bis(di(n-
the constituent unit of formula (1) in the conjugated

RIPB lamigeXnethyivimdsilaperbaseki girengituamie '-thtlrymﬂf i&  bis(di(n-

Rl PAmet ey siRe-RaER, ootiufEP drit {PRIGTE! dndtfi! srom  the
Mpd' ’ém‘ﬂ"% BFiHe/ &n‘lﬁﬂh&l R bis(hdfly IQﬁﬁno)lﬂth Ivmylsﬂane—

than 0.07 mmol /g (polyner), 'and yet nore preferably
basbd lcoastitadm onid afd a blstdwm-bgwbmlnplrﬂemylandlsﬂmte ivased constituent
than 0.05 nmmol /g (polymer). The conjugated diene
W%fﬁﬁfe@f?blehe present inventi on is a pol yner having

ast .one. ter f t he rrer nodi
cormob T 4 Fishiaith Of el ecpobin Gad i pigertassdhe boftent of the
tfo'nbﬁtuen’lt dﬁledf%ﬁhlfh ﬂ?ﬂ%@%ﬁﬂﬁbt&& &fl yrhet Beﬁﬁmt @:ght of the

denotes a hydrogen atom a rocarbyl’ group havi ng

nodyrﬁerpwmmraﬁlpnat less tlears0.091 |nﬁmbltyi(ﬂw5dma):andtyxbt gfowman 0.1
mmollg (polymer), more preferably not less than 0.002 mmol/g (polymer) and not
more than 0.07 mmol/g (polymer), and yet more preferably not less than 0.003

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

least one terminus of the polymer modified by a compound of formula (Il}:
H,C CR?

/C—Al—{CHz)n Az (ID)
&
wherein n denotes an integer of 1 to 10, R® denotes a hydrogen atom, a

hydrocarbyl group having 1 to 6 carbon atoms, or a substituted hydrocarby! group




having | to 6 carbon atons, A denotes an oxygen atom

or an -NR- group, wherein R4 denotes a hydrogen atom

or a hydrocarbyl group having 1 to 10 carbon atonms,

and A2 denotes a nitrogen atom and/or oxygen

atom contai ni ng functional group. "n" denotes an

integer of 1 to 10. Fromthe viewpoint of enhancing

hawing 1 de Graarhyoni atomns, At drteddry oXyfen! 6 of QQUNE:L q?fgl?% wherein

n%mthe vi ewpoi nt of inproving econony at the TI

E‘f EP%tfHﬁ@t'i‘V&ﬁogen ﬁfltgmpcglea év@rb%rb_yl@r?um ha\llih@c(”:llrtlt);lftodéérbit)ﬁ atoms,
3 <orefera : in formula enot es

B 5 81160 o isB6E, Sl abel Gvoen e cRBiing fubetonataroup.

car born"aliénties 8h iftegaiOSE § iyt r byl oup .

having 1 to 6 car'bgréw a?’f)?rtsta ﬁdag}é%\ngﬁgé'\‘e\é‘fpﬁgﬁ of enhancing fuel

PRAIPTY alk by | preflecably dentdssdihan F3ahd Frand aheidldoit & i

such as ﬁ1m?t hyl group, an ethyl group, anln-prr{cgp‘y%l Wovmg

FPOBBY 24 ihg pp b pindugiasuipis Rraferablp nbymogr hup 4. ait is partcularty

e

g raii:}ﬂ{ | group, or a t-butyl group. Exanples of t
p;ru%s | %’t ed hydrocarbyl group denoted by R3 include a

subst RE i Rfnm i_n s, a substituent
at | east oneb'tﬁ_\(/tg’é%&%%%ﬁ[é%gee'{p%@('b% $¥d6?ﬁﬂ"ﬂ& gfupaving 1 to
Geniborsatoms, ofa substituteaIRyiredamby! Qﬂft‘:b@iamnpg_ 8'6%&borfitoms.
oxygen atom containing group, and a sTlicon

at om EGHPRIEHof ghey hpdrpearbylagrolie slenbtetihisy B aniudenan i ang Yroup

group as a substituent

. ) fain
<fied F%ggng %%%&%‘%B Qup; an grivvopy| graum, ae isspropyl group, an n-

I NC

bdty'giolpy| 254 roun, di_et hyl am noet hyl group.
Exanpl gs %%j&tﬂﬂ?{%l# dﬁgggé’%@%ﬂ- oxygen

at omantpdésn ioh gheg sabgtitRed q\y@k&‘ét‘ﬂg!( &?ﬁ(ﬂ{ph 9?&%@#@ ﬁbaaﬂ; include a

ﬁlé{}.ox al k%/{I group such as a met h

$ 'Hﬁé@@v fpa@vburpygxahaw?t am%/mtiwbngaﬁmgt Bhe 3be of group
roup. anpl es of a group having a

s@%ﬁgﬂ‘ﬁ’wﬁ\%&?% FPRHHINGP # Bilfpoer atore-aprtainingegroup, an oxygen

Fco
atoRttdHifnifg thF yLﬁ:J, EMJIQ] }5{:éiliév:lr)@hg%-ggr{tgﬁ%gsgurgyp. asExgmples of the group

htri nmet hyl Si et

avingad kittogieh \atamrahtsing a6 a5 BstitBehf i i i
e logoh el IIyI Qxyr?e?ﬁg? ki titgﬁrtg include a dialkylaminoalkyl
gropp aqugs;,gi ipethylaminagthyl grosmp ain aodiethylaminoethyl group. Examples

oy oxysi |yl propyl group. The hydrocarbyl group
°fa’é%:§?é‘g° ﬁé""ﬁ@,g‘ s°’%’8%rf é‘?%mntawm 9RPLP @soa substibuent include an
QAR a .9 having 1 to 4 carbon atons,
? y;t? Ifr%lr g'@é’? e?léc?'la%ya a&%@ﬁvﬁe%ﬁfr §ifiPora JMEtRexYethYL asoyp. an

e st e b giuB? | BXamElel F = Jp REATEA Siicon
atgp@pgtag@g,gmup@&em@lstﬂyéntghdupe dTiatkylsilylalkyl group such as a
trimethylsilylmethy! group; a trialkylsilyloxyalkylgroup such as a £
butyldimethylsilyloxymethy group; and a trialkoxysilylalkyl group such as a
trimethoxysilylpropyl group.

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

group or an ethyl group, and still more preferably a methyl group. Furthermore, the

substituted hydrocarbyl group denoted by R3 is preferably an alkoxyalkyl group, more

- 10 -




- 10 preferably an al koxyal kyl group having 1 to 4
carbon atons, yet nore preferably a nethoxynethyl
group or an ethoxyethyl group, and still nore
preferably a nethoxynmethyl group. Fromthe viewpoint
of cost and fuel econony being enhanced, R3 is
preferably a hydrogen atom an al kyl group, or an

preferatiiy bk \eIkeSy SR . qréY Ravihg f 0P kirboR JlWrHé,qga? rl‘récﬁ'é Yldferably a

an al kyl group having 1 to 4 carbon atons, or
methoxyraethyll geoupur havethgxyethyd groupr bami astih norey epreferably a

nore preferably a hydrogen atom a nethyl group, or a
'H%{"ﬂﬁgw&'ﬂwuf’group, and still nore preferably a

hyd . hyl A _in f I |
D 8 SO b g B 50 s,
sl 4 St QB Sty B by

hysiipgesheatome dn lalkyRfroim bhving 130 4adaktydn gtb@sPor F@koxyalke) group

net hyl group, an ethyl group, an n-propyl group, an

havisgr1dpyA %g%ngnyﬂm%meethtwmatbm almeghygooup, or
t- | _group; aryl gro uch as a phenyl

Lehohmthtardie 4B sl pRta preMasblt ayionen plort peametay arou.

a napjt ; u S

pengyl IomANL YR seRdie 3R oo dibn o AN GRGB a RS denotes

aphyefagealzitom an adylpcadyyrbup Ravieg 1106 &0 eadbh vtetrs.al kyl

group_having 1 to 4 carbon atons, and yet nore

pr ef PxamBles of tha hydrogarbyipgroup aienetedyby &* dogluderani atkyl group

s §e$erablt 2 hydr ogen atom or an al kyl group, nore

UetE oS p Rty BrodR, AR S SEAUSN A0 -RIAPAIGKSHP: 81 SRSPTORY ey an n-

r t a d en

DA G SHH A rolff tor TPE U SoBb T 4o orclS 807 s @ pheny

groupe apmefhytphbhyl drouplyah e@fipheh@ngralp 2ofBtdaphttyl Qrdup; AAd an

in formula (11) denotes a nitrogen atom and/ or “oxygen

alyhooynstrnps g benzvhgraupnal group. Exanpl es of the

LS k51 2 el SR s v
pleYéraEl arh gkl el e 4 HBR midh A B, by =
methyhgoapionanietiy! §reapt i onal group include an al koxy

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

n- pr dpoisypgfesably amyidegenoatorayor an alkyl group, more preferably a
hydrogen atom or an alky! group having 1 to 4 carbon atoms, yet more preferably a
hydrogen atom, a methyl group, or an ethyl group, and still more preferably a
hydrogen atom or a methy! group.

A2 in formula (Il) denotes a nitrogen atom- and/or oxygen atom-containing
functional group. Examples of the nitrogen atom-containing functional group include
an amino group, an isocyano group, a cyano group, a pyridyl group, a piperidyl
group, a piperazinyl group, and a morpholino group.

Examples of the oxygen atom-containing functional group include an alkoxy
group such as a methoxy group, an ethoxy group, an n-propoxy group, an iSopropoxy

group, an n-butoxy group, an sec-butoxy group, or a t-butoxy group; an alkoxyalkyl

- 11 -




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

t - but oxy group; an al koxyal kyl - 11 group such as a

nmet hoxynet hyl group, a methoxyet hyl group, an

et hoxynmet hyl group, or an ethoxyethyl group; an

al koxyaryl group such as a net hoxyphenyl group or an

et hoxyphenyl group; and an al kyl ene oxi de group such

geoupnsughoay =y nutioxgmethy! tg@édpa_fa/@iétlﬁwath?ﬂ gBiupURn ethoxymethyl

Furt her exanples include a trialkylsilyloxy group su:%

geoup. of an gibprxathyl Braupx an Gikeryarylgroun eudinvassa metivoxyphenyl group
r t-but vl di.met hyl si |yl ox roup. Ais

o 8 Bl Rab P 5H T allishe 168 ot RRiassap Fppyy oroup ora

wiahgdrbfubin 6 Eheep of & vin

R TR IRUE? o er ERARPep IncElech iRy BN g1Bt0 Sfep as o

imenyisiyloay gmiupda tristhyidilpiexpg@ih Cora! OhiRyldiRfRIIRISyIoRE gRiup.

a nitrogen atom an oxygen atom and a silicon atom

R5 and\ iRErefaipblya grpuneg rogladl)t o form together wth

the ni Rr"ogen atom a ring structure, and R5 and R5

may . a single group bonded éﬁ the nitrogen via a

doubl bond. Exanples of R5 & IR6 of formula (111)

i ncl ud®%a hydrocarbyl group having 1 to 6 carbon

atons, a substituted hydrocarbyl group having 1 to 6

car bowheteimR® and Ribinteperidentlys dbydte 3 Qegup Ahving 1 to 6 carbon

I%xarrp{yg,s of the hydrocarbyl group denoted by R5 and R6
F'ATELWRIcH may have alyleasihons, biwenf alomemaigated;frompthe atomic group
. n-Rrropyl gro an. i sopropyl qgroup,

%Q%{l%%@#‘ﬁé@@%ﬁto \ gﬁ 6”‘1’)%&/#{8@5 goga sglg?rég%l)nb g}"’ﬁnd R® may be
IndEd so R 16-ferpAt i

Sres oo 38 5 gt 13 AFSRATH, 394 uchls ana R am
Rjroapbe asnglesgraup bpndeattexiyé nigbgetpviaardbudletypay! gr oup.
Exarrplzes of the,substituted hydrocarbyl group denoted

by R5EXAMPIRS of R &K’ of fanma (IHLinelude pchydeacaty gupuaving 1

v sybstituent at | east one type, of group
QY e S, =Lt o reho bkt tp sArbon atoms, 2
sabstte@ B igilupJe@r OUP, an oxygen at om contai ni ng
group, and a silicon atomcontaining group. Exanples
of t hexaynplep of ey hydyocarbyl tgrowre Gemdtednby R aMdIRAGndAidRUEN aliy!
as a sEbst ituent include a dial kyl am noal kyl group

SEHPSUSh ag aymetbyharrupy ancetbyl @roup, @nw-propd group, an isopropyl group,
aqin@tm}yllg%ﬂd? %eéegﬂutﬂa%%; a Ii:rc;(rf-lglf:)tlylegsmup, an n-pentyl group, a neopenty|
group, an isopentyl group, or an n-hexyl group; a cycloalkyl group such as a
cyclohexyl group; and a phenyl group.

Examples of the substituted hydrocarby! group denoted by R® and R® include
a substituted hydrocarbyl group having as a substituent at least one type of group
selected from the group consisting of a nitrogen atom-containing group, an oxygen
atom-containing group, and a silicon atom-containing group. Examples of the group
having a nitrogen atom-containing group as a substituent include a dialkylaminoalkyl
group such as a dimethylaminoethyl group or a diethylaminoethyl group. Examples
of the group having an oxygen atom-containing group as a substituent include an

alkoxyalkyl group such as a methoxymethyl group, a methoxyethyl group, an

-12 -




of the group having an oxygen atom contai ning group as
a substituent include an al koxyal kyl group such as a
nmet hoxynet hyl group, a mnethoxyethyl group, an - 12

et hoxynet hyl group, or an ethoxyethyl group; an

al kyl ene oxi de group such as an epoxy group or a

t et rahydr of uranyl group; and an al kyl ene oxi de al kyl

etHoXyie P afl| ot ¥ty D5 3UB: '
t eﬁah%ﬁgg‘%ﬁ Sr )?I ar o’%p. yEérgﬁ 1 g‘é agwegegorx(')duepgwgeiS#QChaas an

epoky goup caadetraloarafuranplogronm Whdash slkpeds bxidelalkyl group such as
include a trial kylsilylalkyl group such as a

& glycidy ggaupi onya t?&ﬁhmmérfuwbgrwn- t heamples ofia group having a silicon

Shaeblle 31a35 # kel Pulite A e kykiiRbd ardun sen as 2
tfﬁlﬁi‘g}&%&h?%r%q.a cyclic ether conpound. The

al ene oxide al kyl group denotes a group fornmed by

r epl deithe pedsent epedification, andaliegéne axiae\gdup deriéd/h monovalent
group by an al kyl ene oxi de group. Exanples of the
98 formgde iy siempvingr aubyciegrit atorhyfrets thed rimg ofnal opldic aether

o] e B o e R e g
AR Il e by RUBu8 by an ol TR T

bondeBkanpldslOe tife SulstiAed silgr §ralp noRA By tF8 dd R®iRA0de a
atons, which may have at | east one type of atom

triadaylsilyle araupo sucth easamo rirsethylsilyb growsi at trieghydsilyl group, or a
b lalrirtEis b 6a; anc HEKO s IVERTRYP S B Rk AIYbGToHP.
tri t.hyl . .
pent SneypRACor. ielbifup T WHIEES bl R0 SiechSliRg foiude 2 divalent

grexip chapingy 2 &6 €120 eamBn SatéMs AwhdR 4y Ha0b Nt 1888 SHePHPBeObF atom
an oxydi propyl ene group; and a nitrogen-contai ni ng

sgjecied fromche atorsic grauppcaneistirgsefrd pittopen atohil GRbxidrerCatdm, and a
iPLon2a L OUR [ epr es nted by -CH2CH2-N=CH-. The group in

SiffoncAomS ExamRSdheresh indlide; ap plkeleae gopup such as a trimethylene
LT = [ Nj re preferably.a

ot SRR, 4R MR PR grovm

an ogydes rou s@bﬁ%nl&’é?'bth IB%é (%Un SHiyRipké :
group enn(ﬁjged %y R5 and 't hgt igﬁib%edn t)@@{pﬁ%ﬁ}%f@ group:

ang & ndrpgencontainingpgioup suoh dsiangroup eepresénted ent-CHEOMPNH-CH,-
havi ng 2 to 12 carbon atons, which nay have at | east

OGOHD frPrefenitbhy <dAttdNFGilom t he at omic group

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

Examples of the single group denoted by R® and R® that is bonded to the
nitrogen via a double bond include a divalent group having 2 to 12 carbon atoms,
which may have at least one type of atom selected from the atomic group consisting
of a nitrogen atom, an oxygen atom, and a silicon atom. Examples thereof include
an ethylidene group, a 1-methylpropylidene group, a 1,3-dimethylbutylidene group, a
1-methylethylidene group, and a 4-N,N-dimethylaminobenzylidene group.
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of a nitrogen atom an oxygen atom and a silicon

atom Exanples thereof include an ethylidene group, a

1- met hyl propyl i dene group, a 1, 3-di net hyl butyl i dene

group, a 1-nethylethylidene group, and a

4- N, N-di met hyl am nobenzyl i dene group. -13 | The

hydr ocar byl group denoted by R5 and R6 is preferably

an al kKThe gydrogarbylrgrowp deedted alpl ° amd &F Ky brejerably mélkvggmup
to 4 carbon atons, yet nore preferably a nethyl

sﬁ'?% |[5)refg|ﬁ1 blyt a1y alkyk gfggp hauing - btq)mpprl:@noajpmsoyetanore preferably a

t bl
e i 4 Ay 1
PreterdblyCe MRy dhsuilor aéhde I %w%uﬂr dﬁé é%éﬁnﬁQd hydrocarbyt group
al koxyal kyl group, an al ky e oxi group
dergted by RdandeR%as brdfergblyum. alRdgakyisoig, lﬁ\@kﬁédeyéxide group, or

gr%mo denoted by R5 and R6 is preferably a
Riatiylenegxde aligy l@mpper Tbetﬁub%ﬂtk@d)sdvllwbumdmw hpRE and R® is

Bib ] Yiaobh Ry S Sl orthamore atslgmupig ity
GfcRbPand et itfle BRoiéaBy RIBHEIARIN ol S LBERVE ke Gy, o

group in whi c R5 an up,

an al Raral Ryaregrefemablypa nﬂidgﬁh-%ﬁﬂamﬁgdﬁogﬁ Qﬂﬂhlcﬁ'Rs and R® are
al kyl ene oxide al kyl group, or a substituted silyl
’Hig’ﬁ ap kyharodppae Rlkoxyalkyl groupl lapalkylenepoxidengroup, an alkylene

B g T P ot SH v, o
éll?il@?etl Bxidd %IIO]JpI é}%i“ﬂ E0xidé ¥k Ig‘??l.ﬂiéf]opgtr%%lgﬁ#}ﬁgﬁ

cyclic amho group. arrp es acyc
gr oup Examblegef ahel gmiuls\df #6Fmita gNPMBIugelah ad§clR amino group and a
di met hyl am no group, a diethylam no group, a

%Mcg%?rﬁm;gw?r;am no group a di(i sopLopyI )am no group,
a di n sec- bu am no group
a di ?(‘% e Lﬂ? %ﬁ% a mL%DU%'"atueﬁ@dﬁ@?sﬂ?m)nera%ﬁ@ such as a
cﬂh@ﬂﬂlanﬂﬁoa ro;?lg.')hyé ”ﬁiew;:a?}ﬂ‘ngg gﬂ&ug)wa di{n-propyl)amino group, a

di (al koxyal am no group

difigopedpydaminet Grolup A& dig-Bitglgming gréid, e GiSELBEtYAMAGT dt8up, a
rou a di (et hoxynet hyl )am no group, or a
ttfrégpm&%pn)grgmrﬂngpmw)aanm group, or an ethylmethylamino group;
oup such as

irl aI I ) am no
Ky}f ?” ?léﬂ“pn %590@5 & dd(methoxymethyl)amlno group, a

ethdkybinlammbhY | M GsaEP! es

ereof | kﬁ’?rﬂ@e aggéluz%l ky ene(egﬁ&gﬁset%%'d] gro %uch"“r a
ch(etmfelm)ajﬁlmn Qfoupd @HA @  ditrialkylsilyl)aming group such as a

di (tetrahydrofuranyl)am no group;” and a di (al kyl ene
difiringrthylsi aming igooup or a di(f-butyldimethylsilyllamino group.  Further
examples thereof include a di(alkylene oxide) amino group such as di(epoxy)amino
group or a di(tetrahydrofuranyl)amino group; and a di(alkylene oxide alkyl)amino
group such as a di(glycidyl)amino group or a di(tetrahydrofurfuryl)amino group. Yet
further examples thereof include an ethylideneamino group, a 1-
methylpropylideneamino group, a 1,3-dimethylbutylideneamino group, a 1-
methylethylideneamino group, and a 4-N,N-dimethylaminobenzylideneaminc group.

In the present specification, the di(alkylene oxide) amino group denotes an




group such as a di(glycidyl)am no group or a

di (tetrahydrofurfuryl)am no group. Yet further
exanpl es thereof include an ethylideneam no group, a
1- nethyl propyl i deneam no group, a

1, 3-di net hyl butyl i deneam no group, a 1-

met hyl et hyl i deneam no group, and a

anfindghtughl iIFHH e HyaRiyea dtdiHe BeRdad e tBé aitidgeh Atdrhare replaced
present specifi cat| on, the di(al kyl ene oxi de) am no

bygtwoualkylenreo bxide ginoups, and teniliadersu pxitle alifyl}aminoygroup denotes
hydr ogen atons bonded to the nitro ato
ary awmce@upw whigh atWRyfrv@ﬁ@e@x?fe@SgP%@&Q g pilfggen atom are
) o group denotes an am no
reglroupw%mﬂkﬁ%‘%d&@%g%{‘g? atons bonded to the
ni t r pggfiples ANtke %ycilbeéihlﬂs ol incidledd HydolmietReiEimino group

al kyl groups. Exanples of the cyclic am no group
suchtalsmjﬂa-parrdlmo,ll graeph gl tepipendimo gopupup 1-isexamethyleneimino group,

pyrrolidinyl group, a 1-piperidino grou
a 1 1h ethylebaiging n&r@ll’lbupa o Yg‘?ﬁﬁ'“ﬁ&’/‘PenET%‘Pno a 1

h
detaBayiRsmif: SR, St &8 #%ﬂit%é‘i%asﬁéﬁ&t%% B o Yithemore,
ex8hPWL: of ke Eﬂﬁi& ERdifo gr&lbad’ﬁﬂ i‘?n?:!u@é al 11fni8¥ £ Grédlp, 8%, 5-dihydro-

group also 1nclude a 1-imdazolyl group, a

1-niGazdlyhgrbup; a H-imidsalidihyl igrewpo apl-pipedazinyl graap) ardi ayiorpholino
group, a 1-piperazinyl group, and a norpholino group.
grevtbm t he vi ewpoi nt of fuel econorTy, | ong term

ook e SN Ao LA . o
B, LT, o s o

ma‘elﬁféf)amm dalglamin® groaipda gi(alkglehey beidé)ydmiagignupg adi(alkylene
Wth regard to conpounds of formula (I1), as conpounds
oxde alkueming QFDQPGPI' adidoaladsilyamined@rgwdup there can be

eSS B O B d AR ESSHA I e o
sk SO0 AT AL iy | aht. <
méthacrplaniddsdmpating| étcm i de,

N- ( 3-di met hyl am nopr opyl ) acryl am de, )
Examples of acrylamide compounds in which A% is a nitrogen atom-

containing group include
N-(2-dimethylaminoethyl)acrylamide,
N-(2-diethylaminoethyl)acrylamide,
N-(3-dimethylaminopropyl)acrylamide,
N-(3-diethylaminopropyl)acrylamide,
N-(4-dimethylaminobutyl)acrylamide,
N-(4-diethylaminobutyl}acrylamide,
N-(3-morpholinopropyl)acrylamide, and
N-(3-cyanopropyl)acrylamide.

Examples of methacrylamide compounds in which A? is a nitrogen atom-
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N-(3-d iethylam nopropyl)acrylamide, N (4-d

i met hyl am nobutyl )acrylam de, N (4-d iethylam

i nobutyl )acryl am i de,

N- ( 3- mor phol i nopropyl )acryl am de, and

N- ( 3-cyanopropyl ) acryl am de. Exanpl es of

nmet hacryl am de conpounds in which A2 is a nitrogen

Footaining grbup ineidai ni ng group include N-(2-d
i met hyI am noet hgw) met hacryl am de,

N-{(2dimetiaminent )meimqmemmcrw anide, N (3-d

"E@L&%‘Ei‘ A noHrg%%ﬂy acryl amde, N (3-d iethylam
TR a e, (i
N—(@Eduethylphﬂidpmmnmwiahwnha@r yl ani de, and

N-(3- cyanopropyl ) met hacryl am i de. Exanpl es of
hylamirnhodyl)methacrylathideh A2 is an oxygen atom

ﬁf@?ﬁﬁ:{lﬁ%@b fipefachipnite.de.

M‘? &ngmhﬁw#%@r%%l maée%%fil- (but oxynet hyl ) acryl am

Ne(@;cyahbrgbpydinibthaenahael de, and
N-tetrahydrofurfurylacrylamide. Exanples of

met hacﬁxslh‘QIﬂSdef cenyiaaides compounds hinAvhich a3 iexufetkygen atom-
rgm cont ai_.ni ng group include

RRYANRE SHRYRFIR ) net hacr yl am de,

it o L R
N-(3-ethoxypropyl)acrylamide,
N-(propoxymethyl)acrylamide
N-{butoxymethyl)acrylamide,
N-glycidylacrylamide, and
N-tetrahydrofurfurylacrytamide.

Examples of methacrylamide compounds in which A? is an oxygen atom-
containing group include
N-(3-methoxypropyl)methacrylamide,
N—(3-ethoxypropyl)metha_crylamide,
N-(propoxymethyl)methacrylamide,
N-(butoxymethyymethacrylamide,
N-glycidylmethacrylamide, and
N-tetrahydrofurfuryimethacrylamide.

Examples of acrylamide compounds in which A? is a nitrogen atom- and
oxygen atom-containing group inciude
N-(3-di(glycidyl)aminopropyl)acrylamide and
N-(3-di(tetrahydrofurfuryl)aminopropyl)acrylamide.
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N- (but oxynet hyl ) met hacryl am i de,

N-gl yci dyl net hacryl am de, and N-tetrahyd

rof urfuryl met hacryl am de. Exanpl es of acryl am de
conpounds in which A2 is a nitrogen atom and oxygen
atom cont ai ni ng group i ncl ude

N-(3-di (gl yci dyl)am nopropyl )acrylam de and N-(3-d

i (t et Bxdmysles of methatrylahiide berapsunds)imahichafiisla.nitrogehtatom- and
Exanpl es of methacryl am de conpounds in which A2 is a

oMygarcyem-eantainingawup dgiutien at om cont ai ni ng gr oup
AR LA 3B gPY! ) met hacr i ami de

\ i ; ' | th | am de.
N ke Bl RV ImaR SRR ) T e T o A

i s arExatyges ofithenddmpdunde offorbrilyy (1Btie wiieFAl gl an @xygen atom
_nethacryl ate conpound, etc. Exanples of acrylate
incligecaansylate ophipolnd\a inethacrylate ograpourdostccont ai ni ng

i ncl ude_ 2-di met hyl am t hyl | at e, -~
2. di ORISR ROETHBTE SeTRRUCa In wileh Aishd PifRORB A yeniaining

3-di et hyl am nopropyl acryl ate,
9@8?"}&@{‘%y| am nobutyl acrylate, and

24 BiyiaisoBtne Btvyiate acr yl ate. Exanpl es of nethacrylate
conpounds in which A2 is a nitrogen atom containing

2¢iethyaminoethybadyldtepet hyl ami noet hyl net hacryl at e,
2-di ﬁl&h |, am noet hyl nethacryl ate,
SAmetEmmopeRYb aF¥INA. net hacryl at e,

TR MGPIREEIRY o hacr i SS ane
4-dimethylaminobutyl acrylate, and
4-diethylamincbutyl acrylate.
Examples of methacrylate compounds in which A% is a nitrogen atom-
containing group include
2-dimethylaminoethyl methacrylate,
2-diethylaminoethyl methacrylate,
3-dimethylaminopropyl methacrylate,
3-diethylaminopropyl methacrylate,
4-dimethylaminobutyl methacrylate, and
4-diethylaminobutyl methacrylate.
Examples of the acrylate compounds in which A? is an oxygen atom-
containing group include
2-ethoxyethyl acrylate,
2-propoxyethyl acrylate,
2-butoxyethyl acrylate,
3-methoxypropyl acrylate,
3-ethoxypropyl acrylate,
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4-di et hyl am nobutyl nethacryl ate. Exanples of the
acryl ate conpounds in which A2 is an oxygen atom
cont ai ni ng group include 2-ethoxyethyl acrylate,

2- propoxyet hyl acrylate, 2-butoxyethyl acrylate,

3- et hoxypropyl acrylate, 3-ethoxypropyl acrylate, -
17 glycidyl acrylate, and tetrahydrofurfuryl

gtycydylaaoeylatExaﬂ:pl es of the nethacrylate conpounds in
which A2 is an oxygen atom containing group include

Setahydrefustury peviatehacr yl at e,  2- proopoxyet hyl

3 ot (AT 91 PRdDPRE IR Bompeutierit it % i an oxygen atom

eBhtaR &b yci dyl methacryl ate, and
tetrafwh)r‘(/%jrofFﬁ’F1 H%I nmet hacryl ate. Exanpl es of the

2athdgewylonethacpte,i n which A2 is a nitrogen atom and
oxygen at om cont ai ni ng group incl ude

2-niprayystbylagethagrviatepr opyl acryl ate and

rahydrof ur furyl)am nopropyl acrylate. Exanples
g#“k‘?&ﬂﬁ‘b&'r@%ﬁ?@"@[ﬁmounds in which A2 is a nitrogen
\ m cont ai ni ng group include
g g :oﬂf}ﬂa &p'fié %E)ér)opyl nmet hacryl ate and
deylﬁbbﬁhﬁféihéﬁrylafburyl yam nopropyl nethacrylate. From
the viewpoint of fuel econony and grip properties

glecidy resthaordate, anhe
tetrahydrofurfuryl methacrylate.

Examples of the acrylate compounds in which A? is a nitrogen atom- and
oxygen atom-containing group include
3-di(glycidyl)aminopropyl acrylate and
3-di(tetrahydrofurfuryl)aminopropyl acrylate.

Examples of methacrylate compounds in which A? is a nitrogen atom- and
oxygen atom-containing group include
3-di(glycidyl)aminopropy! methacrylate and
3-di(tetrahydrofurfuryl)aminopropy! methacrylate.

From the viewpoint of fuel economy and grip properties being enhanced, the
compound of formula (I} is preferably a compound in which A? is a group of formula
(1), more preferably a compound in which A’ is an amino group and A? is a group of
formula (lif), and yet more preferably a compound in which A’ is a secondary amino
group (-NH-) and A? is a group of formula (H1).

The compound in which A' is a secondary amino group and A? is a group of
formula (Ill) is preferably
an N-(3-dialkylaminopropyl)acrylamide or
an N-(3-dialkylaminopropyl)methacrylamide, and more preferably

N-(3-dimethylaminopropylacrylamide,
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compound of formula (I1) is preferably a conpound in
which A2 is a group of formula (I11), nore preferably
a compound in which A is an amino group and A2 is a
group of formula (111), and yet nore preferably a
conmpound in which A is a secondary am no group
(-NH) and A2 is a group of fornula (111). The

NE@hempemidbprépybBcramide,@ secondary amino group and A2
is a group of formula (111) is preferably an

m@n\etwldny?mmp'@mc:rvlwldﬁlam :Jle o(r]I an .
Ns ey BIINoPRoRY BT BIREIATER aont ooyl S abr ol am de. - 18
N { 5 The EligaRR diaRPAdiNed Sihd bl iiyention may further comprise,

irMaddtioH t%ﬂhé!'oéﬁ'b?@t@& UBH BEREH 2Bh¥ At Uit (E&lﬁug”eﬁéu H%&%n) a

di ene pol yner the present invention may f
cengtifuent einit baseddah tanothet ondrivenesonfExgaples ofi ﬁﬂt&dﬂwedonomer

constituent unit (conjugated diene unit),
'@Bﬂetart AEqmRatiGryinylha dtyinstile randnhan upsatbraied casbanﬂqce@cld;fester

ESRhGER] P e angiRto, i oo heRe Ry busfothvisisined vinyitoluene,
Viﬁ thﬁhthaIEPfé\n'md !ﬁgentl arﬁm éﬁB’ | bR&! U8Rinyinaphthalene.

styrene, a- rret styrene uene

Examples ajfthé aﬁrqmnledinwaylatwmm dndi asampliése bE @iee unsetdrated
di vi nyI napht hal ene. Exanples of the vinylnitrile
carhexylie acideasiar dnglude; methvbmyletpaaﬁbvbacrﬂatet methyhmethaceylate, and

e{,ﬁnall; boﬁ{a‘g' ac;fgmests |p§'I1 g{rjcgmantgc;g%yl eratﬁe ancr slyrene is

ng?é&@fgr&l,]gte Anong them an aromatic vinyl is
preferable and styrene is nore preferable. Fromthe

Vi ewroomtthe vieWpomin of Btréryth ecorj@jaRet diens Polyfrier B8 thedpresent

the present invention preferably contains an aromatic
Inwntgﬂn nsefeeableandaing an @romalia vn(uelﬂ:@m ponatrtueynt uniti taromnatic vinyl

o ab St SBitET e e atpmali i So. ke dBois by Btant af dhs el
aMggrgt cﬁt awm%\éwg{%?%( h#éﬁrérgﬁ léwﬁﬁl%ﬁrﬁyré’fe%%y not less

than MPUg by vbight €the cunteht dfehé Borjadaté®dRné AR be8iAg nYt Mivre than 90
and nore preferably not | ess than 15 % by

Yoev ggng?'\m and more pieferably tnotless than 15 % by weight (the content of the

conjugated diene unit being not more than 85 % by weight). Furthermore, from the
viewpoint of fuel economy, the content of the aromatic vinyl unit is preferably not
more than 50 % by weight (the content of the conjugated diene unit being not less
than 50 % by weight), and more preferably not more than 45 % by weight (the
content of the conjugated diene unit being not less than 55 % by weight).

From the viewpoint of strength, the Mooney viscosity (MLi.s) of the
conjugated diene polymer of the present invention is preferably not less than 10, and
more preferably not less than 20. Furthermore, from the viewpoint of processability,
it is preferably not more than 200, and more preferably not more than 150. The

Mooney viscosity (MLi.s) is measured at 100°C in accordance with JIS K6300
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conj ugat ed di ene unit being not nore than 85 % by

wei ght). Furthernore, fromthe viewpoint of fuel

econony, the content of the aromatic vinyl unit is
preferably not nore than 50 % by wei ght (the content

of the conjugated diene unit being not less than 50 %

by weight), and nore preferably not nore than 45 % by
weaght (the content of the conjugated diene unit

bei ng not less than 55 % by weight). Fromthe

Vi ewpdin tbé viswpeing bhiuel dudnbingibig viysbesd dontdrvielthd)confugated
the conjugated di ene pol yner of the present invention
dieng nojvEiel i jhe, Breseridavantian, is wrefarally mofmeors thdreBAiole %, and

I 20, & , | he vi int of
Bithe plR3eabY My Fore B, A e, e, PRl i rosgrted dienc
| P
an# Wrﬁeﬁﬁ&%,‘ifriﬂ)q thle NEWpSTR{ & (#r@?d?(i%eg@esl :]n—rl‘sggrgor g@ﬁ%‘ugt less than

viscosity (M1+4) is neasure

WP tnolg 1% rii6@0treferathp nol 89 Man 15 Adld Be 9/!"( MORP preffer@bly not less
fuel econony, the_vinyl bond content of the conjugayed
112870 mele Pheandgrartiqulary peeferablyi not iass ithan 40 mofer%f eThdvinyl bond

t.hgan 80 nole % d f bl t
PRef Syl ompadliad vni67 ShesrBpooperam e gbemien ensiy at
_ s Bt _
e P SR o ANEIRA PRE PR Rl o o o 04

nor e [Frerh dhebiewpoint of fiébeddhadyl he'MbRcdfar Weigh@E@ibution of the
preferably not less than 20 nole % and particularly

fRNaatech igna qrolinss softtha presentrinvention Ehpreferably btmn8, and more
t is typigcally nmeasured by | R spectrosco from
oREraH of i3 e mEHipT dyeiont; GieiBuBD & @biane) h messuring
' ; ' r romith .
e aertos o REAS AEioBt MR and ARSI R lrdfespter weignt (v
ki = peii fenheationadhréigtog PRI (GEE) Ribtitide BRd BRI wly Nie

present invention is preferably 1 to 5, and noré

pr ef er‘\é_bﬁ prefered methndfsfmmlrwg:ir@r theecopivgattidsdiend polymer of the

e e BT el s ekt Sk bagte.

) ' . nmet hgd. and ,

0 B o B MR A AR i v

dohpoand pfipanald (IV)&fow il & ARdro€drbbm Solvétt By SN alkali metal catalyst,

i nvention, a production nethod having stéps A and B

this giving apelgmer having ag taliali Anetal erigimatio§ frool theeedtalystaat at least
omers inclydi ng a.conjugated diene and a vinyl

°E'§R%®UH% e ?%Y’Hﬁﬁg%t‘_am Wlftgg? Gonivgatad Hipaedesed menomer unit and

aTAONGTEr (Wt HRedbK Hd vifi bBinpSMPoA B imula (IV) below,

H,C=———CH

XS5 (I
XS
wherein X*, X®, and X® independently denote a group of formula (IVa) below,
a hydrocarbyl group, or a substituted hydrocarbyl group, and at least one of X*, X5,

and X® is a group of formula (IVa) below,
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thus giving a polynmer having an al kali netal

originating fromthe catal yst at at |east one

term nus of a polymer chain having a conjugated

di ene- based nmononer unit and a nononer unit based on

the vinyl conpound of formula (IV) below, HZCi H

X4-Si X6 (1V) |15 wherein X4, X5, and X6 i ndependently

denote* a group of fornmula (1Va) below, a hydrocar byl
p, or a substituted hyggg?arbyl group, and at

| eas™\_gne of X4, X5, and s a group of formula

(1Va) Below, - 20 RS MNR9 (IVa) wherein R8 and R9

car DIRSERIL e 2rd X RaeRenabely gt e P f to o

catrﬁ’?rﬁ?&gé%%gsﬁsﬂgfﬁ%ﬁ% géa\@yl gﬁ%ﬂagﬂ% Jatgsg'%égtigwétSHS a silyl
grogp,nor a tsupstitited st grotpeani RP %emﬁm beAbbhdi@ so as to form,

structure. step B: a step of reacting the polymer
togethet withithernitsegep atoranalring siowgberend of fornul a (||)

below, HZG i R3 -A (CH2k AZ (I in n t
step, B fﬁlt%‘tj’e‘?9 rgcting;the eely&asc’@eweﬂé@s%p\r@w §§RWPHH$°§*%”““'3
("23%5 carbyl group having 1 to 6 carbon atons, or
‘t:ﬁ; ed hydrocarbyl group having 1 to 6 car bon
denot es an oxygen atom or an -NR4- group,
V\/nerel R4 denotes a hydrogen atom or a hydrocar byl
gr oup OawvAlg—cHg—tar bon dil@ys, and A2 denotes a
nitrggen atom and/or oxygen atom contai ni ng
fun&ional group. Exanples of the alkali netal
cat al ¥|St that may be used in step A,include an alKkali

et aWhersin §r denoten Rainteger: off 1 & Ffo i Aengtassaniydsegen atom, a

nSFRHBRE oPleChaid, A B B Sdn® 4 sCREFRRH BuaibPartyt oroup
haﬁﬁr{gﬂ to 6'ehdoniatérhs!| &' dénbesUa"ﬁ o%@h wkdm RPBASARWGroup, wherein

ru i dium and cesium Exanpl es of
R* denotes a hydrogen atom or a hydrocarbyl group having 1 to 10 carbon atoms,

and A? denotes a nitrogen atom- and/or oxygen atom-containing functional group.
Examples of the alkali metal catalyst that may be used in step A include an
alkali metal, an organoalkali metal compound, a complex 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 organocalkali metal compound include ethyllithium, n-propyllithium, iso-
propyllithium,  n-butyllithium,  sec-butyllithium, toctyllithium, n-decyllithium,
phenyllithium,  2-naphthyllithium,  2-butylphenyllithium,  4-phenylbutyllithium,
cyclohexyllithium, 4-cyclopentyllithium, dimethylaminopropyillithium,
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.

Examples of the complex between an alkali metal and a polar compound include a
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t he organoal kali netal conpound include ethyllithi um
n-propyllithium iso- propyllithium n-butyllithiu
sec-butyllithium t-octyllithium n-decyllithium

phenyl lithium 2-naphthyllithium

2- butyl phenyl l'ithium 4-phenyl butyllithium

cycl ohexyl lithium 4-cyclopentyl!lithium

%tﬁ@éuﬁlﬁltétmlﬂafb”f&% |doh$pﬁlé)61§ﬂld a potassium-diethoxyethane complex, and
di et hyl am nopropyl i thi um

examples ok tthy | digbyeohaging par Ialldahlmatal Mclude the sodium salt of a-

nor phol i nopropyl lithium 1ithium hexanet hyI enei m de,

Methy(shirens, r telipingl- de, Amengsi them, papeprqainati ium t¢argpaund or an

GYEhaNERIA | SOHRAToE i, b G A AR, CGprapguna o
?fﬁﬁﬁ@é@ﬂidnﬁj@omﬁém\d%ﬁtﬁsz turno%%mabﬁe iiore ,ﬁém@s of

e conpl ex between an al kali metal and a pol ar
conpoUid hydoicaden olventiisedin stepA Isma $aver thyal doés netdeactivate
conpl ex and a potassi um di et hoxyet hane conpl ex, and
T@ﬁémﬂf@é"‘éh metal compgune: eatalyst, agd skamples thereeftinglude an aliphatic

eqpte Eﬁ% }ﬁgrla%&aﬁgq!rtp{:ﬂpa Eﬂﬂ%ﬁgc e edFo%Earrb%rr{er ‘Specific
Bfl it MafsHaRe Llf}@lrdc%rﬂ?fnefn%fuﬁgl 85)3?}@ AButane, diso-butane, n-

organol i thiumconp d or organosodi um conpoun

pentaney iso-pentatiz, ma’rdiaﬁe Jiropene, 9-tutérie, ohLrered) tans-BHfitene, cis-
gdrocar bon sol vent used in step Ais a solvent that
beienact-rentace.idpaniens, Hehexeparandl kbexenget Specifingrampdes of the

t I th | ud I
i gﬁxﬁ néfw@zﬁé%?k&i@%‘éo%vﬁa%ﬁaﬁﬁ'%Fﬁtewpe. and
ﬂié@?r@ c %&Eﬁ’sﬁ} ffoé c ahc‘gé Egrbtw CinRlub@h %&bl‘égentane and
ydrocar bo |nc ane, utane I So- butane, n-

gyelhaxane. i S'ﬂepmﬁyaméusdﬂ- mmwmbﬁnﬁﬂ%onﬁtrhubﬂ@etwo or more
i so- butene, trans-2-butene, cis- 2-butene, 1-pentene,

typese nﬁ@mg themes Bydrocathen havieg @ te 12 spybon Atamnsois mfezable

of th <18 rratl C hgeh ar.bon incl u% cFenzen II

xyl en S’ﬁ ning 3 conjligated:qi P’E‘! ‘Eﬂmpm‘“d of
fbrh%lé‘l(l\ﬁ)ya%' #Q{ZQHQB du&cla %ﬁ ¥fehotﬂ§ﬁg ggﬁnﬁ?ql\aving at a

cycl ohexane. ey nay used e|r own

ptymernahiairoterafnuk i slkaletal di‘“ﬁ@lﬁﬁng fromNBie tdaboUR-nfentioned alkali
hydrocar bon having 2 to 12 carbon atons is preferable.

metak t:a,talvﬂ Frsaropies of thencenjugated diepe inciuster ha-hutadieneainpprene,
fr Bntibeeic Bttt artufichs it TarRybaE. and they’may be

LI%QHW F | 5
B 5530 78 e, Ll r B o A, fom o
V@vqmnitesreaﬂytabﬁlamwy HRbRadighé BRd isbplendare preferable.
bu} adl ene, i soprene,
5. and X in formula (IV) independently denote a group of formula (IVa),
a hydrocarbyl group, or a substituted hydrocarbyl group, and at least one of X*, X5,
and X® is a group of formula (IVa).
R® and R® in formula (IVa) independently denote a hydrocarbyl group having
1 to 6 carbon atoms, a substituted hydrocarbyl group having 1 to 6 carbon atoms, a
silyl group, or a substituted silyl group, and R® and R® may be bonded so as to form,

together with the nitrogen atom, a ring structure.
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1, 3- pent adi ene, 2, 3-di net hyl -1, 3- but adi ene, and

1, 3-hexadi ene, and they nay be wused on their own or
in a conbination of two or nore types. Anbng them
fromthe viewoint of ready availability,

1, 3-but adi ene and i soprene are preferable. X4, X5, and
X6 in formula (1V) independently denote a group of

f or mulExafnp)é’) of the hbmemgr ?l'bhp HadiHg 1 '6 eamuh%tmﬁmgueﬁoted by
ydrocarbyl group, and ast one of X4, X5, and X6

RSand & ingudsf arf alkyhgraug suxzb) as &enedimd grRUP, nnfetﬂlyri‘grca,!p. a n-propyl

é Va) inde |pendently denpote a hydrocar bly grou havi ng
’°{~'B Y EIPPBA LPYREN MPUlyLEPLP- A S2F-PYMy FedR %’fgt?%ﬂpg oup, an

BRI, ) S o8 e e
&loakyl grolipsieh ad Qﬁ I&Wéxymrbﬁp,td?ﬂ dpH nzggiaugtom a

ring structure. - Exanpl es of the hydrocar byl
gr oup Exampleg of the sﬁbsmutbdrlnydltooamykjgrmp daving 1 86 avacbdROatoms

|nclude an gal Kyl group such as a nmethyl group, an
danols rssy MR pinshide agsubglitutegh h sg\écpﬁa%wgrgw@ulpaw% as a

ghr?@{ftkg e% tl%“s? BP% BJS S%gb u%&g&{c)ﬂd&m JP:? grgH;k:) %’Xﬁﬁ%ﬁp)ﬂ? B nitrogen
ﬁbﬂ%nté?ﬁm%@r&mh %ﬁ%xyﬁér? H&m-@ontﬁ%%oﬁbﬁﬂ la gﬁl@dipat%HP-Bontalnlng

as a cycl ohexyl group; and phen group. Exanples of

drbap,setiost Exarhplds lof dr groupbiydvirgy augitrbgen atni-cottalingagioop as a

atons denoted by R8 and R9 include a substituted

Wp’é@ﬁtr'l‘}'ud‘g a&ﬁ!kmqnﬁglkﬂsgraup sughsas a gimethyaminogthyl group or
Eleéhﬁrﬁlpgétg grg )@Bmtl %%%.itpgﬁ% rggﬁ gcmonsggttomngontalmng
b

sgr %B?%&@bﬂlé%g r'rg‘fl Qlkﬁ dl@&@b%ﬁ%ﬁ?ﬂg&&]methyl group,

atroethoxyethyl ngrogp, ghnuetmwmethglu laedupl Usntni athbxgkthyd group, and
di al kyl am noal kyl group such as a di nmet hyl am noet hyl

%mﬂ#%@f a grogp épnryg sl atym Q@MRAINING asoaR HSeR; suhstuguent include

LR eBRk i St 353 Brelui e BBue s och as a
met hoﬂéﬁ&ﬂ?'of%@%bstltﬁtéaeghﬁ éﬁﬁén&é@ Rmrhng R? include a

et hoxynet group, or an et group,

tﬂalhyl;‘.llyESgrOIﬁp asUghoHy hatfmwstngll Igrcmpn attrsthgisyl agdupg or a t-
group as a substituent include a trialkylsilylalkyl

kytddimethyisitylgsoup.t r i net hyI silyl methyl group. Exanples
ioLdt Bﬁésrﬁ;? et{squt %Sqr(i.iql iﬁ w&cﬁj% grﬂfﬂ%tgede g)yonﬁgd mcﬁiutfég a divalent
drodpTREANG STt 129 hbh afbrid, | BN Invdy Khved o Whst Shedybe of atom
selected from the atomic group consisting of a nitrogen atom, an oxygen atom, and a
silicon atom. Examples thereof include an alkylene group such as a trimethylene
group, a tetramethylene group, a pentamethylene group, or a hexamethylene group;
an oxydialkylene group such as an oxydiethylene group or an oxydipropylene group;
and a nitrogen-containing group such as a group represented by -CH,CH.-NH-CH-
or a group represented by -CH,CHz-N=CH-.

The group in which R® and R® are bonded is preferably a nitrogen-containing

group, and more preferably a group represented by -CH,CH,-NH-CH- or a group
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but yl di met hyl silyl group. Exanples of the group in

which R8 and R9 are bonded include a divalent group
having 1 to 12 carbon atons, which nay have at | east

one type of atom selected fromthe atom c group
consisting of a nitrogen atom an oxygen atom and a
silicon atom Exanples thereof include an al kyl ene
rélresiMSHIG LCABCM,INSarRt hyl ene  group, a tetranethyl ene
group, a ‘pentanethyl ene group, or a hexanethyl ene

gr oupThe hydrooarblyl ajrényl deroted by R%anchRAds areferably an alkyl group,
oxydi et hyl ene group or an oxydi prapyl ene group; an

mare mjewi/)tyoan alc‘lnli ¢1gupravipg s1u{°n4 &arbonAtems, Y%ﬁ%@%eef?fﬁgedaab'v a

by,..- - N - 0 e ;
i) SIS} B By Gitue n, oWl Bl B RORCRGR) GHuo, and particulary
e | e .
Piéteb! &f 8ityY afuf dr RORTAGPRIGED Tho DIbSMMed HATARA! group

dehotep by- R3ane [R°cis gnéfecablyy an GiKaRy#lkyN-gBhup, dfidemore preferably an
hydr ocar byl group denoted by R8 and R9 is preferably
aliioxyaliy oraypdiaying his & caremeitamsy  Hie aqltr@ytutgq Silyp OFPYp; Rgoted

bér%aa%r’f'd gﬁﬁ{g%&ggwﬂjg%ﬁ%ﬁﬂﬁ Egg?%%n%gﬁg%?égerrgﬁi I%ydrimethylsilyl

ofs utyl group, and particularly preferably an ethyl
group or an n-butyl group. The substituted hydrocar byl
gr oupr® e R aek prefdrBbigram &Ryt igtoup:, ahallaxyalkylgroup, a substituted

al koxyal kyl group, and nore pr_efer_abl(lf_é{3 an _al koxyalggl
silyl carpum 20ri & @ittogea-cantainingy graapcfewhigh & sansk Yy 1are dignded, more

o AR A58 S B S DG A0 oo 4 caron
e T R Y L

anir-bitylgréuR, or a nitrogen-contai ning group in which
R8 and R9 are bonded, nore preferably an al kyl group,

. s .9
yet nioxamplesekthaigraup=ef farmula (Yabinglude an agydlicamino group and a
ca‘rbon atons, and still nore preferably a nethyl
G ANAATYPHY] group, an n-propyl group, or

an
n- but xarfPIE8 B the” e GiniRd IgH“u% iAE104a AlalfyRiniiHb @rdup\sikh as a

i nclu acyclic am no grfoup and a cyclic amno
dihétiplamineangtbas, of dibtyReyied i groapi ne di(oppodyhaminde group, a

di al kyl am no group such as a .
di(isopropyl)amino group, a di(n-butyl)amino group, a di(sec-butyl)amino group, a
di(tert-butyl)amino group, a di(neopentyljamino group, or an ethylmethylamine group;
a di(alkoxyalkylamino group such as a di(methoxymethyl)amino group, a
di(methoxyethyl)amino  group, a di(ethoxymethyl)amino group, or a
di(ethoxyethyl)amino group; and a di(trialkylsilylamino group such as a
di(trimethylsilylyamino group or a di(t-butyldimethyisilyl)amino group.

Examples of the cyclic amino group include a 1-polymethyleneimino group
such as a 1-pyrrolidiny! group, a 1-piperidino group, a 1-hexamethyleneimino group,
a 1-heptamethyleneimino group, a 1-octamethyleneimino group, a 1-

decamethyleneimino group, or a 1-dodecamethyleneimino group. Further examples

of the cyclic amino group include a 1-imidazolyl group, a 4,5-dihydro-1-imidazolyl
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di met hyl am no group, a diethylam no group, a

di (n-propyl)am no group, a di(isopropyl)am no group,

a di (n-butyl)am no group, a di(sec-butyl)am no group,

a di(ten -butyl)am no group, a di(neopentyl)amn no

group, or an ethylnethylam no group; a

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

diclipea hamidarbiitiny groupOa 9! iptRaziyl gfbupTBAD QMR HRYIIND b
group, a di (et hoxynethyl)am no group, or a

di ( et Hogpehe wiewneint of gcongmy and ready availability, the group of formula

(trialkylsilyl)amno, group such as_a . )
ﬂ*l%)( I8 p@fysqrr ?%»CEIWWH‘ rgHRy rgprepreferably a dialkylamino group, yet
intd T [ e ' , h
ok PRGSO By shlin bRl s LA A EBretp g 1 10 4
carbop atovis,Nand shll Imener priférEbIPYA difBtianiind grdiETd didtRylamino
group, a 1-hexanethyl eneinin0d group;  a
grokpA difrepropyarainoignaupg ooa di(n-dutid)asirengrbiyy.| enei mi no
group,_a 1- decanethyl enei m no grou

1 dod EXamelety Pl hrdiecaby grour deanelsd B piocX’ oftformda (V)
Gk B S i 8t 1o,
i%oﬂ)rghﬁagﬂidpgiéw | n-BUitPM Ryroud, 1a PRkl '@Yc%upgr&u% t@rg-ﬁgﬁl group.

nmor phol rno group. Fromthe viewpol nt “of "econony
Futheymareaielaiples tof the isabstitutag hylirocarbyligrup (ihdléde bA alkoxyalkyl
&referably an acyclic am no group, nore preferably a

PUP ISMFR A8 Hetioxymeidy! graype abr ethexymethylagroup, a methoxyethyl

' L.ani bstituted with | kyl
St s 10 W 0 e ol roup
a_di myhEnyarstaBy o4 defotd BY Ry ke Efﬁr?/tlgg ibiPan Qlk¥l roup, more

di (n-propyl)am no group, or a di(n- no g
pErtenatilye an cikyl yeodpy Havieg ribiel 4 garbdp slens! afd et ibré preférably a
i nclude an al kyl group such as a

f f I I
f_ﬁ%ﬂ’ﬁ'&{f&u@? S@% ;%M' FouR:  Thecrubstitutedrhygrasartiyl giognsienated by X* to
X7 RLbRRteo) ) PrgPiflt Bhodt ey e Brefihit el iy orove
Havihgt1 oW @Fpdl SoRfsar byl group include an al koxyal kyl

group such as a net hoxynet hyl group, an ethoxynet hyl
gr oupThe hydrbbarbylejrbyp or gulsstifuted hydicatbyi Goies Bonoted By!IX* to X6

.The hydrocarbyl group denoted by X4 to X6 is

ipPeaferablyian alkylareyn oban@koxyalng greume mara iprefecablyadrk alkyl group
Y B3 ok b o 3 SR 53 S atoms, e
Sl 140 KUY, s i ey
aametal kgraypokan etbyiagioup.

At least one of X*, X°, and X°® of formula (IV) is a group of formula (IVa). Itis
preferable that two or more of X*, X®, and X® are groups of formula (IVa), and it is
more preferable that two of X*, X°, and X°® are groups of formula (IVa).

Examples of the vinyl compound of formula (IV) that may be used in step A in
which one of X* to X® is an acyclic amino group of formula (IVa) and two thereof are a
hydrocarbyl group or a substituted hydrocarbyl group include a

(dialkylaminc)dialkylvinylsilane, a {di(trialkylsilyl)amino}dialkylvinyisilane, and a
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having 1 to 4 carbon atons. The hydrocarbyl group or
substituted hydrocarbyl group denoted by X4 to X6 is
preferably an al kyl group or an al koxyal kyl group,

nore preferably an al kyl group having 1 to 4 carbon

atons or an al koxyal kyl group having 1 to 4 carbon

atons, yet nore preferably an alkyl group having | to
dialgyldronopliakkoyallayldingisiidne. more preferably a nethyl

group or an et hyI grou At | east one of X4, X5, and

X6 of EB@MmRsa (1 9f tgegroufsilajkvlarnmidl@lkxlwmagnlanet i sinclude

I O A8
(et IéMlhoRf‘mé%ylv ?lsnlé'}ﬂad X6 aregég%)gu oﬁ?lar&ﬁ’lﬁ)%@th(llvwisﬂane,

(IV Exanpl es of the vinyl
teﬂaﬂlsamqpﬂmnnemdnemylsihetpnla@ua n V(bi(ﬁ-br E)arﬂfno}@mémy%ylsnane,

{dﬂ an acyclic anmino group of fornula (IVa) and

RepEnylamisoidimetpyiviorisitangl  gr(odytyy- mosijmpid;maﬂjyivmylsnane

@K bﬂ@%&!ﬂo&% H’&f i 4}%!?@% ; | ane, gldimethylamino)diethylvinylsilane,
((emy(rﬁéthﬂhrlﬁlﬂ .émb:m%med' al Wﬁ @H| gﬂ(ﬁuy?sﬁgné‘ " (ethyl-n-

I'al kyl'am i no |arko
mw@hm)dvéthﬂheyléuwnel kyl @mywec)ﬁbw:xmlnmdmhﬁwhﬂ@iﬁne (di(n-
i ncl ude édl nmet hyl am no) di net hyl vi nyl si | ane,
Rrepy)anting) 'ﬂh?(hﬁﬂy jlanaret Heisporopysmiso)diethylvinylsilane, (n-butyl-n-

%&ﬁ%%ﬂ%@ﬁ%} qtqggl lj?/ Imr;%/ L; : l”aﬂ; (di(n- gHgl)amlno)dlethwanyisnane
(ﬂ ﬁﬁéiﬁ@’lérﬁ ﬁ’n%ﬁ})ﬁéﬁm}g]g%ﬂb met hyl vi {lﬁlrhémﬁamlno)dlpropyMnyISIIane

(n-prop I met hyl vi nyI ane
(déthymnmnmuﬁpkwwsﬂm@t hyl vi nykéthﬁl@ﬁ;ﬁorylamlno)dlpropylvmylsﬂane

(n-butyl - n-propyl am no) di et hyl vi nyl si
(?@'VQWPWM'WWMIW*WM nyl s(di(a-pmpyl)amlno)d|propylwnylsﬂane

égst H& Pféf’ﬁ@r?f)aﬁf P f %/flgﬁnzl ﬁl,dﬂ qt)gwé?mpylamlno)d|propylvmylsﬂane,

(ﬂl@i—Sﬁ Uérﬁﬂbgbg) ﬂg)ﬁ\t Mélié'n yl'silane, ((ﬁfn@fllujlé}ﬁino)dibutylvinylsilane,

propyl am no | ny | ane,

(melmhmﬁnomdwmmpa;ﬁhst hyl(metnylbmudot)aisutywyrsnane (ethyl-n-
yl ) am no) di et hyl vi nyl si | ane,

P(QRYF%@‘PEWWMM?U& et hy(lemyhgdpmpyiamno)@rbuhdmryylsuane (di(n-
?t%)y%mg{c}}ngp% e Igi | \éle? %l;qsl%}Jﬁ;;e)glpqnw|butylvmylsﬂane (n-butyl-n-
pfdﬁyl??ﬁﬁ%ﬁﬁw Il%gpro by, l)&(y{)&ﬂ%b}glbutylwnylsﬂane

(et hyl met vin

(di etEKdnﬂmsﬂO) @&F pr aRy | V'{Elb(ir§lkk@ﬂ§ﬂ)amano}dlalkylvmylsﬁane include
c{et hyl - n- propyl am no) di propyl vi nyl si | ane,

'@mm?thbwﬁm}d}dlmaﬂgdmmlargl Vi InyI lSI | ane, {di(t-
Dbl R eI Bt | s | anc.
{difirhsthyisiyahti rfb‘?éﬁle@&ﬂvfhﬁ}?sﬁé.?eﬁ"py' vinylsilang, {di(t-

butyldimethylsilyl)amino)diethylvinylsilane.

Examples of the (dialkylamino)dialkoxyalkylvinylsilane include
(dimethylamino)dimethoxymethylvinylsilane,
(dimethylamino)dimethoxyethylvinylsilane, (dimethylamino)diethoxymethylvinylsilane,

(dimethylamino)diethoxyethyivinylsilane, (diethylamino)dimethoxymethylvinylsilane,
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(di (n-butyl)am no)di propyl vi nyl si |l ane,
(di met hyl am no) di but yl vi nyl si | ane,

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

(di et hyl am no) di butyl vi nyl sil ane, (ethyl-n-

propyl am no) di butyl vi nyl si | ane,

(et hyl i sopropyl am no) di butyl vi nyl silane, (di(n-
(ietbylanmb)dinpthokystiivinyidilahe] angdiethylamino)diethoxymethylvinylsilane,
(di i sopropyl am no) di butyl vi nyl silane, (n-butyl-n-
andishathiiamispitiethoxyethyiwnyisilasene, and

di ( n-Jbut am no) di butyl vinyl sil ane, EX | es of the
% di E t gg‘aﬂ%!ﬁ)ss‘fq}“ﬁ %%/’d'i' a’h)@ﬂvpr?&?@ tq éﬁg% 3RyFlisRmino groups

: : Lyl . . : S it
b TRl 3 A R e £tk hjrocaro
grouptri met nelugliel Y1) amigno} di etdiybisigieniind)aRgvingRiarddi (t 3
butyld imethylsilyl)amino}diethylvinylsilane:
his{ditisialialsiyl)amino}alitylsinkigllane, adjstdialkidamrad)dkbxyatkylviiylsiaee, etc.
i ncl u%ﬁ gdi met hy] am no) d i net hoxynet hyl vi nyl sil ane,

( di mretXIMRISSno) dPfret hdhE et hisidialviamingalkylvinylsilane include

ér%ﬁ@t@%@ﬁoﬂﬁ}@&@@mﬁ%@r{g L S ?/ l/:/ L@géeﬁy![ﬁgt’%ylam ino)methylvinyisilane,
His(dRARWArRRO YOt R NTRY ISR TET NY | Wisiathyild-gdBylamincifethyivinylsilane,
(di et hyl am no) di net hoxyet hyl vi nyl s1 | ane,
Kis(ethylisopsonylemido)atetiopyingsilane Vi nyis@i(hgpnepyl)amind)methylvinylsilane,
(.di et hyl am no) di et hoxyet hyl vi nyl si | ane. Exanpl es of
bis{diisoprrprylamaine)melimhinyisiane o bistn-tutylxeprapyaainpimpthyivinyisilane,
] rmula (1Va) and one thereof is a
‘ﬂ%@’%%g&@%ﬁ‘&@%‘{};@%"%%st i tuted hydrocarbyl group
bi ' j 1 no) al kyl yi ' ; nvlsi
oS, 0] | Yoy mymeyiiane
tis(diethytankipd)athyivinyisilax y al kyl vi myd(sthllempropglamindisthgRingRilane,

of the bis(dialkylam no)alkylvinylsilane include
%@'&’M‘i’%ﬁ’equlaa?wwgsfwtwwlmmy| si | bigdi(n-propyl)amino)ethylvinylsilane,

;(éi%gﬁmfﬁﬁwlﬁt@ng?ﬁ&ﬁwgrgF%Qﬁ%@t@lpgbmpylamino)ethylvinylsiIane,
(o] &E’ﬁbm?ammgféﬁ@fJiﬂEiﬁﬁé,”et hyl vi nyl si | ane,

bi(s_ et hyl'i sopropyl am no) net hyl vi nyl si | ane,
biis(di(ret{ytarginojpydpydvinylsiiangt hy| vi nyikgthyifiethylamino)propylvinylsilane,

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

o
t{&%(iiéwyl?m"gmpwpwmswlm, no) met ipa(sthilyr-eropyiaaino)propylinyisitane,
blgﬁ&%b@#hé{*@ﬁgﬂq? El?ﬁtgwjgr;%{ﬂ%{ﬁs IS: ?&g@’i(n-propyl)amino)propylvinylsilane,
b@(&&ﬁbr‘&}ﬁkﬁﬁﬁﬂ&bﬁ?@?ﬂil?ﬁ%{ vi HiFg‘ﬁljédtﬂ-r}?-propylamino)propylvinylsilane,

bi s(di et hyl am no Vi nyl si

bis(di(nebutyl)aminp)peapitviriisienst hyl vi nyl si | ane,

bis(dimethylamino)butylvinylsilane, bis(ethylmethylamino)butylvinylisilane,
bis(diethylamino)butylvinylsilane, bis(ethyl-n-propylamino)butylvinylsilane,
bis(ethylisopropylamino)butylvinylsilane, bis(di(n-propyl)amino}butylvinylsilane,

bis(diisopropylamino)butylvinylsilane, bis(n-butyl-n-propylamino)butylvinylsilane, and
bis(di(n-butyl)amino)butylvinylsilane.
Examples of the  bis{di{trialkylsily)amino}alkyivinylsilane  include

bis{di(trimethylsilyl)amino}methylvinylsilane, bis{di(t-
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bi s(et hyl i sopropyl am no) et hyl vi nyl si | ane,

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

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

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

I (n-butyl)am no)ethylvinyl sil ane,

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

dukyididlethylsTRjdmh R IVMyRI%hY | B¥{dRtdnaeiByisilyl)amino)ethylvinyisilane,
bi's(di et hyl am no) propylvi nyl si | ane,
andisddifitiutyidimethylsilgljamingjethypiriylsitand.si | ane,

bi s(et hyl i sopropyl am no) propyl vi nyl sil ane, )

bi s( dﬁﬁmiﬂﬁ%pqu anithe) prQjﬁy|aﬁqymlgq:)pgﬁgalkylvmylsnlane include

QR SR AR GRUMIBRFAEY Vi nyl <1 1 ane,
Hﬁ(ﬁiﬁ@tﬂﬂbrﬁ%))ﬂéﬂ%’%ygﬁ%mnggﬂﬁe'nyl si | ane,

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

His(difrethyjd mind JeyHoxymethylvinkls|lane) blsgdimathylamino)ethoxyethylvinylsilane,
bi s(di et hyl am no) but yl vi nyl si | ane, ] o
big(diethylamingnmethesymeihyivipylsiiang, bistsetbylpapine)methoxyethylvinylsilane,
bi t hyl.i sopr opyl.am.no).but yl vi nyl si | ane,
bbﬁ@%@ﬂ@ﬁ"@%@ﬁf’éﬂﬁﬂ%’?@% aAMCvi nyl si | ane, and
i Sib i i vi nyl si | ane,
bﬁ@%ﬁwﬁﬁﬁ'ﬁ)%xwmﬁr#fﬁg 'butzl vinyl silane, and bis(d
i (n- bBtarhpliesnof i) bothpdutids Nl whittatitee bR dftbes’ afe 4dyelic amino
bi s(di (trial kylsilyl)amn no)al kyl vinyl silane include
grrupsif EQTNUMV\%/)IIMNICW 3 tidiaksylamineyvinyisilans, etene,
bi s{diL(t -27 . - N
but yI %’Far%‘?lﬁi/l si | yIPERA no) metMHYSi ny| sitigimethylaminojvinyisilane,

' | j i am no} et hyl vi nyl sj. Vﬁ%zﬂl ;
t@?@?ﬁ%&%’ﬁ?‘%%@ﬁé? silyl ;)larri %o} et Kyl f\;llkc%\ﬁglla an .lnylsﬂane,
tisthyipksiylaphind Winylsilane, tri(dipropylamino)vinylsilane, and

bi s(di al kyl am no) al koxyal kyl vi nyl si | ane i ncl ude
ti{butytprenylaminelviniisiangt hoxynet hyl vi nyl si | ane,

g: gg ,fr%m%/%l g | no ﬁhg%%ﬁ%ﬂ%& :oﬂﬁ‘ i‘? }(g%%faéyclic amino groups of

S 5 M TAGHEA A 50, it

ghiup( dineluby | as(Meiprelint)metiyiviHyisiiane, s i Hipperidino)methylvinylsilane,
bi s%di et hyl am no) et hoxynet hyl vi nyl si | ane, and

bisi{4 b-¢ihydrejmigazely)reethplvipyisiianieyi nyl si | ane. Exanpl es of  and
t he conpounds in which thyee of X4 to X6 are acyclic

Dl et MR T PGy i nel ude e

Cri (o . . Cl iy _ ¢

el T B REN U 6 i S EPK 51 T R0k roup
of forfn@iahi/ateis ireRAEDNOA Wirlyy témpai®s in which two of X4, X°, and X® are

tri(diethyl am no)vinylsil ane,

acyclic amino groups; from the viewpoint of fuel economy and grip properties it is
more preferably a bis{dialkylamino)alkylvinylsilane, and yet more preferably
bis(dimethylamino)methylvinylsilane, bis(diethylamino)methylvinylsilane, bis(di(n-
propyl)amino}methylvinylsilane, or bis{di{n-butyl)amino)methylvinylsilane. Among
them,  from the viewpoint of availability of the compound,
bis(diethylamino)methylvinylsilane  or  bis(di(n-butyl}amino)methylvinyisilane is

preferable.
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tri(ethyl propyl am no)vi nyl si | ane,

tri(dipropylam no)vinylsilane, and tri (butyl propyl am
i no)vinyl sil ane. Exanpl es of conpounds in which two of
X4 to X6 are cyclic amno groups of formula (IVa) and
one thereof is a hydrocarbyl group or a substituted
hydr ocar byl group include

bi s mpy fBe A H@Jﬁ&ﬁﬁy oV {iRyilcd ! Hp%[lﬁd offormltla ([V) pdded, relative to the

bls(plperldlno met hyl vin ane
tolaydmoumtl(dambéwd:f)gyef bcyrijugawd dieh@rfonomied is preferably at least 0.001

r‘;ré‘é])examet hgl enei m no) et hyl vi nlyl sil ane. The vi nyl
(Aedyresr) put i greater tharn @}1 virmelrg toplymestr), xacre yeferably at least

@@%ﬁﬂfgoﬁg&mﬂb@%mé'fea ha 067 RS Bahingd, e yet more

FEfeRbld R UBSst D'opa m[ﬁo%é}ﬁ K ﬁ&'e%reﬁ‘épr{ﬂm 365 mmolig

grip properties it iIs er abl

(polgtheial kyl ani no) al kyl vi nyl si | ane, and yet nore

preferably bis(dinmethylam no)nethyl vinylsilane,

bi s( dlﬂe&thb}/l‘\anpfm)ermtmlmamw sarlrlad@ut sing the( eonjugated diene and

e senipoutd yﬁ%&%h&j%' FROTTTRIoG Mt AOtheFgRROmMSe Examples
Jfrsgp d&thut@rh?ﬂoﬁmei ut‘aEy Vgﬁohfakﬂhl\f Y aOBmWEmsOER@ YAYinsaturated

bi s am no vinyl's F1'a

caitskglic( ac.btastdr) agpeuHioTBLdMiples BF te hmtks’mwmw@%ﬁene a-
- 28 In step A the amount of vinyl conpound of

methyfstyeene) vtpymnm. virgiraphthalene, divinylbeozene, atrmuylbenzene and
nunber .0 nJ ugat ed di ene nononer
d&‘@‘ﬂf@rﬂ&ﬂ]ﬂlﬂﬂ% %85@ c@xwm'esano#hﬁgvmﬂ'at%mud@uacm@mm'e and

58 S8 e PP BV alPh el e At i

et | dcpyldtB 0 InydTRY) metagry¥Ré, BRE Sethl’ MbMaghiate 2t AbRAG! th
0. OO??WmmI/g (pol yrrersyyegut no gr)gater tﬁllaneo 05 nmol egr}n an

a(qmat;qmﬂ is prefesabie ahd shoeneismaretpreferalobley be carri ed
out uf g t he conhugated di ene and a vinyl conpound
of folMPUYTERARLIPR it stepishmay bhe %"ﬁﬁ’ QR Ff@r PiRgRsecH! an agent

h romatic
AR 4 S S, R e
rétful#ling the 'distdiioh fin Qhe?é@rﬁj’@éﬁéd Qﬁenb%lﬁﬁmdlﬁ of tH¥ tonjugated
i nclude styrene, a- methylstyrene, vinyltoluene,
digneyunitagnitt Batopstifuenti wiin phseeinae memonomer otheb enarethe, canjubated

di vi nyl napht hal ene. Specific exanples of the
d\?Pﬁ;ﬂP%P?’?é)f | genefally raded segularsy etce, Exaraples of such agents include

an ether compound, a tertiary amine, and a phosphine compound. Specific
examples of the ether compound include cyclic ethers such as tetrahydrofuran,
tetrahydropyran, and 1,4-dioxane; aliphatic monoethers such as diethyl ether and
dibutyl ether; aliphatic diethers such as ethylene glycol dimethyl ether, ethylene
glycol diethyl ether, ethylene glycol dibutyl ether, diethylene glycol disthyl ether, and
diethylene glycol dibutyl ether; and aromatic ethers such as diphenyl ether and
anisole, Specific examples of the tertiary amine include triethylamine,
tripropylamine, tributylamine, N,N,N’ N'-tetramethylethylenediamine, N,N-

diethylaniline, pyridine, and quinoline.  Specific examples of the phosphine
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speci fic exanples of the unsaturated carboxylic acid
ester include nethyl acrylate, ethyl acrylate, nethyl
net hacryl ate, and ethyl nethacrylate. Anong them an
aromatic vinyl is preferable, and styrene is nore
preferable. The polynerization in step A may be
carried out in the presence of an agent for

reogwornd rigclodee timetityiphesptineo niiethyipedsphive, epa) tipAbSdbhosphine.

Lene unit, an agent for regulating the distribution

i IReY MY BSrHsed Andbeitipwn er I sarebinatioaiof twd or mere types.

conju ' .uni.t and . a consgityent unit based on

a n{)ngﬁ‘eere%c?bﬁﬂéesﬁs“%{h tPHRSABER | DA SieR i'%ﬁ@”?ﬁkrzéggtﬁ},mmc-
grsTerablyl 36°Cab bot, 'dna el Aol ﬁfpe}era %o"c,Eg:a@‘besTﬂéﬁpﬁgfrférizaﬁon

agents include an ether ound, a tertiary a

sime is upladiy Rintisutes kpB hadrs. Speci fic  exanpl es of the

et her conpound i nclude cyclic ethers such as

t et r aH Bitesr Br g, amqust of Rompeyngk efrformauial (H), thatdis woataeted with the

BoIRIED sl 5 i Ao Gt chb e L imeh ne€ raoingh theeatkall meta
' frérR LRy | : I i

S8 oo ol S SHUART % B Al s v

piederably Oct foer.5 mohd  di et hyl ene gl ycol dibutyl ether;

and aromatic ethers such as di phenyl ether and
ani soll@ stepRB.cihe itemparatupe @t whichtthe polymier arepazed inestep A and the

RO 4o PR S Engpbe BRARTRIS 6 e i
O e 38t nbRpre @b G I T ot yRTE bty 60 sec to 5
boursEndydrefecshiyht S1min for1 KUry | phosphi ne, and

tri phen#ﬁphosphj ne. They may be used on their own or
in a ¢Bs pradudionsnethog obthenpresentymestior, eecoupling agent may be

rhzati,on tenperature in step Ais usually 25Cto
%ﬁ’éﬂﬁ ‘b? Q?VQF‘!EB‘FRP"S'%%’ 5 <fothe conlvapted digne peivates aspnepessary
irti [ ' ' i I 0 N
it GG St Y e e ol by o Bl bt a3 targination
offpolyenerizatior(. | |Exabripiis ¢fthe @ahﬂmgeabeﬂ IntIudB & cARbIURR' of formula
repared in step Ais usually 0.1 to 3 nol per nol of
&h@e‘QWkal i nmetal originating fromthe organoal kal i

net al jeag,al yst, eferably 0.5 to 2 nol, and nore
prefeﬁaB 0.7 t¥’1.5 nol. In step B, the tenperature

o Gl R I o %56 o A6 e egpemror.
dranlfiofatipresidueal dendhls 4 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
bonded to an aromatic ring is removed from an aromatic hydrocarbon.

Examples of the coupling agent of formula (V) include silicon tetrachloride,
methyltrichlorosilane, dimethyldichlorosilane, trimethylchlorosilane, tin tetrachloride,
methyltrichlorotin,  dimethyldichlorotin, trimethylchlorotin,  tetramethoxysilane,
methyitrimethoxysilane, dimethoxydimethylsilane, methyiltriethoxysilane,

ethyltrimethoxysilane, dimethoxydiethylsilane, diethoxydimethylsilane,
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90C, and yet nore preferably 50C to 80C. The contact

time is usually 60 sec to 5 hours, and preferably 15
mnto 1 hour. In the production nethod of the present

i nvention, a coupling agent may be added to the

hydr ocar bon sol uti on of the conjugated di ene pol yner

as necessary frominitiation of polynerization of
teRaStABysIdhed Btrilthicthbxysidr, afdbRtnoxydib@ylkrdar®, nat i on  of

pol yneri zation. Exanples of the coupling agent include

a compoumdhe vielwpoind lof precdssatsiity\of tiRd Ganugated dignsr polgmer, the
R10 de?ot es, an al kzclid roup,, an alk

PRI & RRYRINI RS addegh is aﬁefawewamqtﬁg‘ﬁysle@%gﬁf?ﬁ moLBSomLO the
Sl Jngfra?griﬁbgtﬁﬂggg?@y:ﬁg%}@a‘g%tahéi ggg%gd %{:}gsﬂgﬁé?absy not less

atom roup, an eno

thah 6B mall  Puitiferford @fofn tHelfevioMteSs fisel @egﬁagy-: itie prdfeébly not
onae

a nmonoval ent group in which a hydrogen d to an
raorthan 0.4rmolgandsmopenpretertabily oot raoregham@3imolhy dr ocar bon.

Exanples of the coupling agent of forrmula Minclude
si | i cOhe teonjugaiadofiene Polyremnay  be Heeavgead fpm the hydrocarbon

ﬁ%l(!}[@ég :ﬂgé %?&aqab%(ﬁﬁcﬁy%ﬁy% :kﬁg\;vr? rré)csoivleﬂﬂ%ethtoid "Such as, for
Skafipid1 Y104 Ohivihich 5%@5?@%‘&‘2? Lased id‘tlhe hydrocarbon solution of

tetranet’hoxysilane, nethyTtrinethoxysil ane,

te nonjugatedi diehé \pobynherner, (2yed péthod dh hehighs istemane is added to the
et hyl tri met hoxysi | ane, di net hoxydi et hyl silane, | )
Befd peletion; 10§ j the neonjugatest diengt palBbx y Ehe foajugated diene

hydeaca

et hyl t.riethoxysil ane nd, di et.hoxydi et hyl si | ane, EFrom
Bl TRV ioke 06 PY AR e ST s Baoe G o an
drBSien BRleyer, the anount of coupling agent added is
preferably not |ess than 0.03 nol per nol of the

al kal Fumthegraorentin ¢Henatthod foir proddtidieg aldonjugatedtdiéne polymer of the
catal yst, and nore preferably not less than 0.05 not.
Rresant drvepkian. arteatmert i whishi H9rep of dormida flenef 3 polyger is

f bl t t 0.4 I d fer.abl
Rbges Postwlie srcey Atalss, FR gupl e el iy il Hedtment
t | 44t & :
TR PR ARERUALDN & L ACWREE (P IMRer 36 o O N8 in
corpositional fsite, adduspritsed lafey. a met hod in which a

coagul ant is added to the hydrocarbon solution of the
conj ufbe sanjygated dirne pelymer of the prasenhisentipnwmey tbe used in a
steangis.addeclitothe - -

conjugated diene polymer composition by combining 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. These polymer
components may be used in a combination of two or more types.

In the case where ancther polymer component is combined with the
conjugated diene polymer of the present invention, from the viewpoint of fuel

economy, the amount of conjugated diene polymer of the present invention
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hydr ocar bon sol ution of the conjugated di ene pol yner.
The conjugated diene polyner thus recovered may be
dried by a known dryer such as a band dryer or an
extrusion dryer. Furthernore, in the nmethod for
produci ng a conjugated diene polyner of the present
invention, a treatnent in which a group of fornula

combined, i8 mefeybly notSless GRS Baly b? Tﬂ'ﬁ,oéﬂd %t‘{?ﬁ@ﬁ%%rably not

hydrol ysis, etc. may be carried ou IS trea
[pay than 2Qpantsby weight pen16Q parts byywelght bf theatofabhmoant dfpolymer

nits own or,.is ir _conposi tional state, as
ORYMSPLY gombiped 1@5?%567% CfEat amoyntref sonygated odienae polymer
BERIREA). invention may be used in a conjugated diene

pol ymer” conposi tion by combini ng another polymer
conpomarthe additived dknbiwk @ddBivE malybR" Rk dhg &%ﬁé@tﬁe%fof include
a

sai d ot her pol yner conponent include convention
8 (Wilcaniging (ageat| sesteas spifiiry aeuulcanizbtion apsdlerbior adileas a thiazole-

r ubher, but atdi ene-iso&rene copol ymer  rubber, and
'Eﬁﬁ%al viligapizationc agesierators @ tthivram-hasest evulcanization radoblerator, a

- copal r, and an. . N

SMeliRe e N ABHEBNG RESeHIT. op ot \avenicinedhisetiianizaton
aveglehator SOELI¢AMiAi6R BBl i4ci i YBGR: ;
the case wher eI anlot heg%lé}ﬁggsc%én\%}ggée%@? ?ntgo [ hghrbrgamc
Rérexide; lcfillec snghugs sitica, ciaehon Ilatky eBkivet carbendte 8GR hlumina, clay,
invention, fromthe viewpoint of fuel econony, the
AWPITH Rydroxids. o6 Miedl asilane qeuplingsagent; anrextendes eilta processing
L: I . nbined, is preferably not |ess than
éidg\ég'gr#lgﬂg?ntmgﬁdgﬁﬁ’%r' “nmore preferably not |ess than

20 pagksmplés WP it Gilie£ inchYe &F' difal ' i il
t ot al arr_qent of poll Iym!.\r; coan)gogrll@r?t n}ggdnr‘gggng@&c JE%)' wet silica
(hydrated dilicic t éid)anelinidabfsilican jpreiiatedlisaies, RAICKNE silicate, and
?orr.bi neeﬁ(g’zf.a As the additive, a known additive may be

Aagum B ainedyPe thereafimaynee uskd om ity oWwpaok twangr more types

RS 50 0 T L B S R Sl 3 S

Ay SRR, SRS BET ARROPSORLS Ay sugd o

With a6 M RI98398d Aslacmnimertiabprodastc ploduétiminesa/N3, AQ, ER, and
ul cani zation activator such as stearic acid or zinc

R&z% ,mangagyué%pn by Tosoh Silica Corporation, product 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: funace carbon biack 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 type thereof
may be used or two or more types thereof may be used in combination.

The nitrogen adsorption specific surface area (N2SA) of the carbon black is
usually 5 to 200 m?%g, and the dibutyl phthalate (DBP) absorption of the carbon black

is usually 5 to 300 mL/100g. The nitrogen adsorption specific surface area is
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peroxide; a filler such as silica, carbon bl ack,

cal ci um carbonate, talc, alumna, clay, alum num

hydr oxi de, or mca; a silane coupling agent; an

extender oil; a processing aid; an antioxidant; and a

| ubricant. Exanples of the silica include dry silica
(anhydrous silicic acid), wet silica (hydrated

meadued infddcBidan6@WitR IAGAIM Bi4B26:83, dHdaRid DIBFeAKYSrptiohii€ Pheasured
calciumsilicate, and alumnumssilicate. One type
mlmceufanngymtmeABé'w D2A14-88. oA, a commecialr produel, promiast names

SEEEEY, D Bl 5SS R L GBirat 06 THSES i . L

ABBESA B o BB BATAR S, Ay, n. ot may

by @gdact , product nanmes VN3, AQ ER, and RS-150

manuf actured by Tosoh Silica Corporation, product

nanes EXamples Dbi 1T sitame 1cbaphig nagent adnauded vigyltrichlorosilane,
Rhodi a, etc. may be used. Exanples of the carbon bl ack
\inwdiriethexysilantice bl ack, ViRWiis(R-aethoxyethexy)siaenal B~(3.4-

B BB S8 O Do bbb v
rﬁéthgﬁgof,:&ﬁrg%‘i@‘ infeidkgSildpback such as SAF, | SAFN ([Eléﬁnn?ethyl)-y—

GPF, "APF,  FF, CF, SCF, or

ansinbpropyitriadthoxysitanes I\F(B-arninoMﬁyl)-@rad't|mmbmhra6myld&hémﬁxysﬂane,
bl ack can be cited as exanples. One type thereof may

’S‘B %‘W"QW%W%‘?B@S thefrcér&ﬁompv!%@aﬂs@«sﬁame Y-
" tne mtrogen adsorPtl on Eﬁéﬁ @asurface bis(3-
'a?fgap bBRtoeltimathonBidrar Don b BeRMoRORYEGRNYSaTS bog  bis
d h
(FRtfoxyiflorop) ¢, e BRY ?‘Qﬁet“%@ﬁé%@p“ ablfice, v
&Qd

tmmemmnylpmrdmemwtmmémﬁ sur f aefradiitfide,i s -
measured i n accordance with ASTM D4820-93, and t he DBP

tarbgtlspmﬂwnrqpylbﬁewnraad tetrasulfide or One type/theteofmayIbe used or two

BN o g S e T gﬁﬁ%r%karoduct
prédUP Rarkes Sigoldhd: SlT@Q‘%&HfaBe g#ﬁ.us%aaﬁ‘l@ ehe Fﬁ bebused.
gussa, e

Bl ack 4A manuf acture

used. Examapips eSthefextdindeISolI ihBldée an ﬁ:lrd;rngncagmtal o Wlstﬂ:Sity-gravity
vinyltrichlorosilane, vinyltriethoxysilane,

conﬁynft(w @@pxﬁbehaﬂpetm @%9)5 ial lmbtheonc(rama:al oil (V.G.C. value 0.850
1§ O RO  Bovgte et OBy L o pelS 95790 to 0.848).  The polyoyeli

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. Two or more types of extender oils may be used in combination.
Examples of the wulcanization accelerator include thiazole-based
vuicanization accelerators such as 2-mercaptobenzothiazole, dibenzothiazyl
disulfide, and N-cyclohexyl-2-benzothiazylsulfenamide; thiuram-based vulcanization

accelerators such as tetramethylthiuram monosuifide and tetramethylthiuram
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nmet hacryl oxypr opyftri met hoxysi |l ane,

N- ((3-am noet hyl ) -y- am nopropyl trinmethoxysil ane,

N- ( p- am noet hyl ) -y-am nopr opyl net hyl di met hoxysi | ane,

N- phenyl - y-am nopropyl tri met hoxysi | ane,

y-chl or opropyttrinet hoxysil ane, y-

mer capt opr opyftri met hoxysil ane,

Jisuaifidle; o pultapmmide-lesied x yulcdriuion bacdeferators such as N-cyclohexyi-2-
étri thoF¥sinl)prop | ) disulfide,

FrepsiazoEsyifenamide. (riinitdR/renzothiazalesifenseids;- N-oxyethylene-2-

1o v A L h banv] |
BRI aE) N B b St 201 M-
di&bmelLi-b&%otlﬁh%lést%atrﬁmé;eogarﬂiay iy -b%énedt Evuallgarnization

nore types thereof may be used In combination.
anselemtaisal pudductas  piptasyigumitgise, S 68ioﬂﬁ&ol§lgg5nidine and

n faic,ture_d_ by Degussa, Inc., etc. may be used.
%@suwdmﬁe Ehe amaunt dhereofnuseddés arefemblyal.iicto 5 parts by

LT Ihl  (Vviscosiiy-gravit constant (V.G C
‘9%{5"3*&?4'o’?’?o??‘%sobvl%'ab%fgrgghﬁr&ﬂrmeet, AAdPere Reelerably 0.2 to 3

darts Gyweight! ue 0.850 to 0.899), and a paraffinic

mneral oil (V.GC value 0.790 to 0.849). The

pol ycWhenca canjogated aliernpeigineP CoinpBsifiort & fife@iby édmbining a
referably | ess than 3 % by weight, and nore

f@?’é‘ﬂ’@? e §oniugated digne polymiey ofithegitesent linveptidn diye hinount of fitler

accordance with

GBHRRL S BB, oo EEHL ok 5759 SoeBi e poymar
. th i f .
ISR ol (BT 5 (TN HOBACTrd Sl fpgone o

t he extender ol

abesisirint resiSiance andretengtly, 1S aMbuRbdoRibitd i9 peferdBly ndicds 8thn 20

i n conmbi nation. Exanples of the vul canization

Patts Oy veights andh enare drefarabhonet- loss thdn 3Qipadsiby awéight.  From the
capt obenzot hi azol e,

t h, as 2-
"%ﬁ"@glﬁ’g%ﬁﬁ?@?ﬁ%at E%rlg iegga’rncgﬁdit is preferably not more than 120 parts
bNweskht = 2 i f i de: thiuram based
vul caﬁ@gﬁ%rﬁ%r%g%éﬁ}e@é oré%&cﬁj&?g@@’r‘%ﬁ@&hyl thi uram
nonosdéthén deconfudatedt diewepdlyinbhisthgdBition id3vhicH &8 Yliér € ombined
sul f enam de-based vul cani zati on accel erators such as

WRD e eaniugated dienen polymien | the upresentrindention is used, from the

Vi ehéjgtj hﬁy @?Epg&rhzré))}e %%Zq%%fg?a%llef o 3sr2 giﬁéa ’z\al_s%XXlleetr.hy'}'l?en Sr-n%ant of
. . S0 i | f i d N .
SO S ST L ST e oo

ofghe totali amoura 9€ flllers! borABNEA drrMmorCsrelePAkl RbtSesihlln 99 parts by
di phenyl guani di ne, di orthotol yl guani di ne and
weiBbhot ol yI bi guani di ne. The anpunt thereof used is

et AP BIMPORRCP GBRENIIne, Cningeial dieppepaivmel gompasiian by
co?nbining another polymer component, an additive, etc. with the conjugated diene
polymer of the present invention, a known method such as, for example, a method in
which the components are kneaded by means of a known mixer such as a roll or
Banbury mixer can be used.

With regard to kneading conditions, when an additive other than a

vulcanizing agent or a wvulcanization accelerator is combined, the kneading
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parts by weight. Wen a conjugated di ene pol yner
conposition is formed by conbining a filler with the
conj ugat ed di ene polyner of the present invention, the
amount of filler that may be conbined, per 100 parts
by wei ght of the conjugated di ene polyner of the
present invention, is usually 10 to 150 parts by

taRpBRiure FEOMRUANG 50°6RP2DD° G’fandaBFe?eﬁthID 86”%‘ %6 31@@% aBHd the
strength, the anmount conbined is preferably not |ess

Itl'lleamngmlmqo:amssailyysmeecgm 30 anivdant preferablly eir bl $ 30min. eWhen a

than 30 parts by vvelg Fromthe viewpoint of
vulGanizing. agent PePnyy ﬁh‘éﬂl%‘d ,acpelefatorp it f eamiringd, nthe  kneading

tﬁ%@%&f o AeReRob et v I8 G, 2N igteralR et denerature o

@neAWﬁloﬁ ghid %cé:ﬁ H\é;'aggntaor Lul@énlia%on accelerator is
combined with 't conj ugat e ne po ymer t he

qonddresak :smsuellyt used after garying fwbmmlmamzmlcmmmbnbﬁum press

econo is preferable to use silica as a filler.
Vplféna%mt bhe wicanizatiorotemnperature isr usualiyb130°Goto [2895C, and

th 0 i ght per 100 parts by weight of
p[rﬁtgra[b&ﬁbaé JH%‘%\? fillers conbined, and nore

prefe I S§iolpa a

nmet hogﬁ? ¥°’Be%aé%‘§i Elghg @o;?%l?gat eg EN i ene %%ﬁed 1Giefle polymer
coATIvSItioA | efntHay pr&@ﬁbllﬂeﬁﬂo@ﬁiﬁvbeéxd&lémﬁﬂrel CSUsRemeNt ,The grip
an additive, etc. with the conjugated diene polyner

R§¢P€tﬂiﬁ§¢rﬁ@é€@rﬂ00dnventl on, a known nethod such as, for

exanp a method i.n  which the onent s ar kneaded
by ML TEAIBY e VOLGR L e GoTROnEnLS a1 2f08 y Polymer

m&l&.n&ﬁef @E tplr'v SRt n%l‘itibnraerg %gd & tllf&e gﬁbélgol&? %Hu]bf Riaterials,

an ad e o her T han vul ¢

vibrhtiorprasfiigonaeeiae] steakad arépa?rﬂd:'ma utablbeuswﬁﬁtﬂurésg -
34 tenperature is usually 50C to 200C and preferably

80C to 190C, and the kneading time is usually 30 sec
E@%n and preferably 1 mn to 30 mn. \Wen a
i ng agent or a vuI cani zation accelerator is
combi fygd
nore t ha%re%%ewé A %l' pr 2P ye%rwbéﬁr%fgrr?%gérjgc{ %%[aéﬂ? &
80C. Phyaiappobbities were éﬁhl@.ﬂe@by tHeCralldwihg eheiiRidl or a
vul cani zati on accelerator is conbined s usually used
1ahftoene¥:'as¢qsntmg\nbut) a vul cani zation treatnent such as
res
P The Mooney viscosity of a polymer was measured at 100°C in accordance
with JIS KE6300 (1994).
2. Vinyl bond content (units: mole %, proportion of conjugated diene-based 1,2-
addition constituent unit)

The vinyl content of a polymer was determined by IR spectroscopy from the
absorption intensity at around 910 cm™, which is an absorption peak of a vinyl group.
3. Styrene unit content (units: % by weight)

The styrene unit content of a polymer was determined from refractive index in
accordance with JIS K6383 (1995).

4. Molecular weight distribution (Mw/Mn)
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vul cani zation. The vul cani zation tenperature is

usual ly 120C to 200C, and preferably 140C to 180C

The conjugated di ene pol yner and the conjugated diene

pol ymer conposition of the present invention have

excel | ent fuel econony. The grip properties are also

good. The conj ugated di ene pol yner and the conj ugated

di ene vpgihmERerage Mtisdular OWeight t(RRY) PBARS SlimBbeiavBiageé "molecular

are used for tires, shoe soles, flooring material s,

weighb(Nimrwerecvéasugedrandari caingitiors (1), togBbelow by a gel permeation
uitably used for tires.

i I I
g’ﬁr@’t@é%’%ﬁ'véﬁ@dﬂeﬁh@deﬂm thenegleseiap yeight %’ﬁ@iﬁmlﬂ%@m of a

sj cal properties were evaluated by the
F&gﬁﬂg{lmﬁﬁsgd%gﬁgég_ 1. Mooney viscosity (M.1+4) The

Hx@umehe HRB-8020chamufB@ling TRSh DRAFdratRm at 100C in
da\‘fzcordance with JIS KGSOOHE(b}’994). 2. Vinyl bond

(2 r@aparation néalgnn:n6MH-X4. @r cpdambs om tadeoyninagufactured by Tosoh
di ene-pbased 1,2- addition constituent unit) The vinyl
ComeEtienof a pol ynmer was deternined by | R spectroscopy

ti.on.i nsity at around 910 cmi,
{%%&ﬁgmgﬁpt}ﬁ{sp%ﬁ&%oﬁ%ak of a vinyl group. 3.
@) Cafie?: tihhRydrtiiagnt (units: % by weight) The styrene
unit content” of a polyner was determ ned from
{5 Floswcriater .6 milfmini N accordance with JI'S K6383 (1995).
4. Mol ecul ar weight distribution (Mv W) - 35
@ AgrountipiectedeS Wbl ecul ar wei ght (My) and

r:average,. nolecul ar,  wei ght (M) were neasured

Gxﬁgfec&o(ghtﬁff?rggﬁor?flﬂcyqn&et?%) bel ow by a gel perneation
RIvRIERLRY WaRiht Stehdars RhARHd palystyfdh@ ol ecul ar wei ght

di stribution (Mv M) of a polymer was determ ned. (1)
§. el ecomoty HLC- 8020 manuf act ured by Tosoh Corporation
(2) Separation colum: GV XL (2 columms in tanden?l
manuf Acatiip-shaned tegiqigpe 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.
6. Grip properties

The loss tangent (tand (0°C)) at 0°C of the vulcanized sheet was measured
using a viscoelastometer (Ueshima Seisakusho Co., Ltd.) under conditions of a strain
of 0.25% and a frequency of 10 Hz. The greater this value, the better the grip
properties.
Example 1

A 20 L capacity stainless polymerization reactor was washed, dried, flushed
with dry nitrogen, and charged with 10.2 kg of hexane (specific gravity 0.68 g/cm?),

547 g of 1,3-butadiene, 173 g of styrene, 6.1 mL of tetrahydrofuran, and 5.0 mL of

ethylene  glycol diethyl ether. Subsequently, 105 mmol of




Corporation (3) Measurenent tenperature: 40C (4)
Carrier: tetrahydrofuran (5 Flowrate: 0.6 nUnn (6)
Amount injected: 5 pL (7) Detector: differential
refractometer (8) Ml ecul ar wei ght standard: standard
pol ystyrene 5. Fuel econony A strip-shaped test piece
having a wwdth of 1 or 2 nmand a |length of 40 mm was

I5i$(@ERRALrAHG)rdtRYNiRYISi RAS tan8 NAE MM bE ABUEAthiM | wire poard in as
used for testing. The loss tangent (tans (70C)) at

¥ ololiexahe sogdion @indcan wehexapa solutidn uespegtively, and polymerization
vi scoel astoneter (Ueshi ma Sei sakusho Co., Ltd.) under
wandAtehns of a strain of 1 % and a frequency of 10

Hz. T | l.er,. t hi I .t he bet h uel .
econo#&?gtg.ﬁ'ebﬁtghpf)gpﬁ?'tbﬁgg 'etPEe aﬁgséﬁ{egtﬁggﬁ% F‘li'%r\'ﬁg out while
donflowdly StppNing e \Worortrs &g hBepdlyMBSzaliBATea&or at a stirring
usi ng a vi scoel astonmeter (Ueshima Sei sakusho Co.,

dpeedd )of UBHepmcantda tpolynericétion sactor intemil nEvataredofa65°C. The
frequency of 10 Hz. The greater this value, the better
ameunyof ,3-pytggiene jsuppliedy ethe entip pplypgpzationywas 821 g, and

t?’t ainl e?:‘?’f\ﬁ%?rl ereri ﬁaéi on ;ﬁsact or was vvash_ed, dri ed,
f gg1eKa RN PUPRIRY WB32RY 9and charged with 10.2 kg
of heggngyikg ﬂﬁ&,ilt‘;\%%cﬁfr?dﬂ EutidbnOhug/ dbtsided wad stitreBfat a stirring

1, 3- but adi ene, g of styrene, 6.1 nL of
spetd adf yiB0ofpur, a10.5 awrmlolSofON#(B-difiethgaminoprapyt)agrglamide was added

di ethyl ether. Subsequently, 10.5 mmol of - 36 .
theretali andhstirang wes marmied outrfer 95| raingtesn d 29 nlg ofphexgne solution
SR S MR BEeE Sl e Rtk AL e e potmer
STy SRS Shien Co00) 1T 150 O

cont i Mocths | pohgnerpsolition woee sddeiTe(6s gt of 2-fet-butyl-6-(3-ferf-butyl-2-
h%%lrg/xr;%r-rlré?htyllb%gzgl)?i(r:rfe%ylggen?fl Satcllyrla{tlen?product name: Sumilizer GM,
manufactured by Sumitomo Chemical Co., Lid) and 0.9 g of pentaerythrityl
tetrakis(3-lauryithiopropionate) (product name: Sumilizer TP-D, manufactured by
Sumitomo Chemical Co., Ltd.). Subsequently, the polymer solution was evaporated
at normal temperature for 24 hours, and further dried under vacuum at 55°C for 12
hours, thus giving a polymer. The results of evaluation of the polymer are given in
Table 1.

100 parts by weight of the polymer thus obtained, 78.4 parts by weight of
silica (product name: Ultrasil VN3-G, manufactured by Degussa, inc.), 6.4 parts by
weight of a silane coupling agent (product name: Si69, manufactured by Degussa,
inc.), 6.4 parts by weight of carbon black (product name: DIABLACK N338,
manufactured by Mitsubishi Chemical Corp.), 47.6 parts by weight of an extender oil
(product name: X-140, manufactured by Kyodo Sekiyu), 1.5 parts by weight of an
antioxidant (product 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




speed of 130 rpm and a polyneri zation reactor interna
tenperature of 65C. The anount of 1, 3-butadiene
supplied during the entire polymerization was 821 g,
and the anmount of styrene supplied was 259 g.
Followi ng this, the polynmer solution thus obtained was
stirred at a stirring speed of 130 rpm 10.5 mmol of

Welght @f meviiydrading) @psalmatoraprodueimhamegexiaolded, manufactured by
thereto, and stirring was carried out for 15 m nutes.

SomitpmefChentieal Sive ldd).ut parhby wmh&pha Myicanigng accelgrator (product
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L S N R NI ETART - A

g@h(a-at'irégf| ‘r60§§:I }?ﬁrgﬁr’éjnaﬁﬂﬁ{té{s t@é&%nﬁﬂé%lc@?eﬁéé&%&t V\’Eﬁ:g results of
éwmehi%h oﬁmeqaayymﬂmroyaﬁwm tAé vEieanized shbét afdYeh intTabR 1.

giving a polymer. The results of evaluation of the
2 are given in Table 1. 100 parts by wei ght of

the pol yper thus obtained, 78.4 parts b ht . of .
Sili CM Fsaneety A esalpplvasqﬂlzatweaco s mashed. &tiiefly flushed
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(product nane: DI ABLACK K339, manufactured by

efhyleod glyhol dizkthylietisr. CSutp;se)qpenltW 62 Paning! ﬁw-bﬂ'yltgﬁhtunbmapoured
extender, oil (product nanme: X-140, nmanufactured
fghiene was

RAAD Bhiexang solmﬂ@ FRdrcopplymgdzation o1 Srhutadiene 3o

%Fi&fj Uﬁ‘f foggrg% h@{}% %ﬁt’ﬂ'@gﬁ&l){@%ﬁl%tﬂi% Br&’; s?gglrj W30 pm,

thel pblyrierRatidrd rdtittorinteiHal Rmpdratirdowas €5°C, ARY thehﬁonom&l were
wei ght of a vul cani zi ng accel erator (product nane:

Smpiled)bormﬂuomai)nwfthepulymdenbgtuonSaactonrm Chem cal Co.,
Ltd.), art by weight of a vul cani zi nq accel erat or

(proqd\ftﬁf mymwﬂ%ma@)beﬁaﬁamt%&f B OSiARQUs#ro! 0.5 mmol
TR moctene i, et 1 8 iondhioth popetor o
#h§bbhékane solution under conditions of a stirring speed of 130 rpm and a
polymerization reactor internal temperature of 65°C.

Subsequently, the monomers were continucusly supplied to the
polymerization reactor, thus carrying out copolymerization of 1,3-butadiene and
styrene for 1.67 hours. During polymerization, the stirring speed was 130 rpm and
the polymerization reactor internal temperature was 65°C. The amount of 1,3-
butadiene supplied during the entire polymerization was 821 g, and the amount of
styrene supplied was 259 g.

Following this, the polymer solution thus obtained was stirred at a stirring
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I ndustrial Co., Ltd.), and 1.4 parts by wei ght of

sul fur were kneaded by neans of a Labo Plastom || to
prepare a pol yner conposition. The pol ymer conposition
thus obtained was nolded into a sheet using a 6 inch
roll, and the sheet was vul canized by heating at 160C
for 45 mnutes, thus giving a vul cani zed sheet. The

850t 330f rpE VIl 81RO At-(3- B dtiSh B Da .lnﬁfé Whs ad
s’tbhe vul canlpzed sheet are él ven M Tab ro%& anpl e S added
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hydrdxy-Spoéthpibenzd)t4-methyiphin@- aotylate efpeoduct! reinye: e Semileer GM,
carried out for 0.83 hours. During polynerization, the
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abnerutil derpératare ¢grmmt hcyllryl and firthan@rieth Bnddia/agas iatts6°C for 12
t he Fh ol ynmerization reactor as a cycl ohexane sol ution
howige thus iNing RRPlymisr. aTke resuits gf eyaleationfof 1he pelymeaate given in
T%ﬁ yJreri zation reactor internal tenperature of 65C.
sequently, the nononmers were continuously supplied

to thmo pat H? ioT '?réé Eaf?ﬁ%f' 'thJshbftai‘ﬁ@H ryg, H%)aﬂét by weight of

copol ymeri zat I ene and styrere

sﬂncaﬁ?prbdmtS\anﬁJrUﬂr@:lmﬂsl-lB?rmﬂﬁlfaMedtH@eDﬁgu&él Ing.)Se4eshrts by
was 130 rpmand the pol ynerization reactor internal
weighb of atsilpee wauplpg@genh (oraduad mamst SI6B-manufactireddy Degussa,

R P e b A et DABLARK e,
miaRl fairéPby mréublgm%m Wrﬁgpﬂé % 39*1& ?ggve(i)gg« dF ?ﬁ%gmaer oil

stirred at”a stirring

(prodhiict ofams: (G140, rR&MUFAENed Y Ripodo samyu)amsipan@byaﬁ&i@ﬂ of an

thereto, and stirring was carried out for 15 m nutes.
am@xw@nbfpr@dMnam AotigenecdC, mantfactuiedgoy0Semitorno dthemical Co.,

L@‘ér gré]qﬂs l‘:’\{(a%ve? e%ng ha%IJJ 9 ggr?sr b{? %\llelfér{too? zma}:ngxrdeh 1 part by
weight of a vulcanizing accelerator (product name: Soxinol CZ, manufactured by
Sumitomo Chemical Co., Ltd.), 1 part by weight of a vulcanizing accelerator (product
name: Soxinol D, manufactured by Sumitomo Chemical Co., Ltd.), 1.5 parts by
weight of a wax (product name: Sunnoc N, manufactured by QOuchi 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.
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solution was stirred for a further 5 mnutes. To the
pol ynmer solution were added 1.8 g of
2-tent-butyl-6-(3-tert-butyl -

hydr oxy- 5- met hyl benzyl ) - 4- net hyl phenyl acryl ate
(product nane: Sumlizer GM manufactured by Sum tono
Chem cal Co., Ltd.) and 0.9 g of pentaerythrityl

Eﬁm?gbs(s-l auryl t hi opropi onate) (product narne:
Sum 1 zer TP-D, manufactured by Sum tono Cheni cal

Co., AL, cammtyeajaiehss pplymbézqibhyamtoswamwashedwdsied flushed
Borat ed at nornal erature for 24 hours,
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&RKB'Le& ne %ﬂ'&“‘q" agd an ﬂdﬁxé%y‘i@m'gfﬂs%‘?ﬂvéb(r e c@p%“enzatlon

M M S
8dedOivas 130" R Clhe FHRmensabidy reﬁ&ufn?éiﬁélrl%ﬂ'np@/ature was
Kyo o Sekiyu), 1.5 parts by wei ght of an anti oxi dant

QﬁdCodmd:ﬁmenmrmma@mWeg.empBéd cordinubasty torthe pblymirirationmeactor.
Chemi cal d.), parts by weight of stearic
aci d, Aﬂ%ﬁﬁ gofwew@ﬂgrhh%fbesn w@rrm fonthgat oy 10.5 mmol of

5B 5 S0 Bl R ?%reactor as 2

, d?%ﬁ:héxanla B8Itior YuntBt Tohdiflbne of W Gty RPedf B! £3 and a

roduct nane: Soxinol D, manufactured by Sumt o

pahenerizatiorO®actor inferhal témperature of 65°C.wei ght of a wax
(product nane: Sunnoc N, manufactured by Quchi Shinko

Chenri SHPsequaptist rthe negnomers d Were amsvnnntmusbtr teuppjed to the

i Wl A IS8 b e

d?;ﬁéblér?dr E9'HeaR. t mﬂng [bgppeﬂ% g&bé@diwaet@o%m the

eet using a 6 inc an the S

polyineerizatiercreablypr Imnalrtgmaéraﬂtﬁ@@aétﬁﬁ@S m nut es, thus
gi vi ngﬂa vul cani zed sheet. The results of eval uati on

of t haftgrihe ipeb(meﬂrz@ibmrhqde@e@fcarm quiiferdhe Pduhaine ct0.Hmenol of

R Bl ieBunalBeviinvisiine was i infa. P RNER Zalior fpzctor as

dytiHA&&Me solution under conditions of a stirring speed of 130 rpm and a

polymerization reactor internal temperature of 65°C.

Subsequently, the monomers were continuously supplied to the
polymerization reactor, thus carrying out copolymerization of 1,3-butadiene and
styrene for 1.5 hours. During polymerization, the stirring speed was 130 rpm, the
polymerization reactor internal temperature was 65°C. The amount of 1,3-butadiene
supplied during the entire polymerization was 821 g, and the amount of styrene
supplied was 259 g.

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




with dry nitrogen, and charged with 10.2 kg of hexane
(specific gravity 0.68 glcm, 547 g of 1, 3-butadi ene,

173 g of styrene, 6.1 nL of tetrahydrofuran, and 5.0

nmL of ethylene glycol diethyl ether. Subsequently,

10.5 mmol of bis(diethylam no)net hyl vinyl sil ane and

13.4 mmol of n-butyllithiumwere poured in as a
SPEEdOBE X3 fprfi Oh 0161 AOR B Aﬁ(:l_—dlm@%%ﬁn&&bwsl}aemamide was added
respectively, and copolynerization of 1,°3-butadi ene
thedetst gmd stirring svasacarried! oatiforf 14 mintesir .200mtiofga hexane solution
pol yneri zation, the stirring speed was 130 rpm the

BNFIREEi 3 mbrofrestbangl wastasidrd to thenprlymen salutipasands e polymer

. lied i | h
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hydroxyes-ymathyizerizyipd-methglbhenyh sa@ylatey (prelastanan@o| Surhilirer GM,
under conditions of a stirring speed of 130 rpmand a

panyhaetureds thyo Pumitanioo Chentieal nep. t ktdpered 0.8 gf o pentaerythrityl
BRRR ST neloPpaRO BRI 1 el by
ﬁﬁrﬂ%ﬁﬁg‘?ﬂfeﬁﬁ&ll% Qi . %l@é&ﬁ@é@ﬂ?hg | Pn?ér%%ﬁlﬂ@n gﬁ\%vaegaéorated

ours. During pol'ynmefi zatl on, ring spee
at3fbrmaimenipesatureofoy 128rhouad, ismd fuliReridiiedi uiider Raduum at 55°C for 12
tenperature was 65C. After the polynerization had been
ketrs.i thds givingr @ polymer.0. Ehehresults ofievalliatinnjof Hfe polymer are given in
ﬂ*@égl et hyl am no) net hyl vi nyl si | ane was charged into
ol yneri zation reactor as a cycl ohexane sol ution

under 199;%#1)@?’8@&} gfr ﬁ\ltein[{)cg?rﬂgr ﬁﬁg%ﬂﬁ?dl%.i ?%@9 Weight of

pol yner | nal “tenperature o _
SHidas@aodritt hime! DRradD VNBRGS maRURCEREd by Digukya, SHOP!6.£arts by

to the polynerization reactor, thus carrying out
weiphl 9fna silang ceupling agedt (predudt bamea B9, mapufasturéd by Deyussa,

YT B, Py B S bt Bl BiAa B o
ERISEA 5, BT EEHT] 01 drk B0 GEn prencer i
(@ratiueh AaMBED X400 mahulicited byURidoeSerial, 25%dis by weight of an
Foll owi ng this, the polyner solution thus obtai ned was

antioxidaot (prodsict namei Agtigene AT, rsgredattwd H§(Sumitomd Chemical Co.,
IHHRl 2 %farty- b SﬁvgiigﬂFgfh tleg'[iré ggi%,r %pgalgsat% %'e%?ft %? z%%lacsox?ddeq e‘Idpart by
weight of a vulcanizing accelerator (product name: Soxinol CZ, manufactured by
Sumitomo Chemical Co., Ltd.), 1 part by weight of a vulcanizing accelerator (product
name: Soxinol D, manufactured by Sumitomo Chemical Co., Ltd.), 1.5 parts by
weight of a wax (product name: Sunnoc N, manufactured by Ouchi Shinko Chemical
Industrial Co., Ltd.), and 1.4 parts by weight of sulfur were kneaded by means of a
Labo Plastomill to prepare a polymer composition. The polymer composition thus
obtained was molded into a sheet using a 6 inch roll, and the sheet was 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.
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thereto, and stirring was carried out for 15 m nutes.

20 m - of a hexane solution containing 0.54 nL of

nmet hanol was added to the polymer solution, and the

pol ymer solution was stirred for a further 5 m nutes.

To the polynmer solution were added 1.8 g of 2-ter-

butyl -6-(3-tertbutyl -

pvainpre) 5- net hyl benzyl ) - 4- met hyl phenyl acryl ate

(proguct name: Sumlizer GM manufactured by Sum tono
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putyareinonethygvingsilane antat3.4 mimoll60n-patytlithiloy were gimuremf in as a
the pol ynmer thus obtained, 78.4 parts by wei ght of
qulqr@aa-@s@!um ansbae n-hgmrieagalutloumsmgctmel\mrwcmlyreenz@yon was
[}e&u sa, Inc.), 6.4 parts by weight of a silane

o) |ng agent (product nane: Si 69, manufactured by

Degus i i~ O F i ' f
o0 Shpopeby 4t T U gl b
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extender oi |l (product nane: X-140, manufactured b
S sy an amqhmergam}n mcgiﬁtmtemaétemmtu@(o iC. The

é!ﬁ c°3| S ecieng. pupbiest fiing eyl BRBmerZaPBves 521 9. and
ﬁ@'dﬁwo&t?ﬁé&én \otu;\ﬁmegmas@‘ nc oxi de 1 part by

wei ght of a vu I ZIng accel erator (product nane:

Soxi n@loliéwing nnusutrﬁecw{a] e Byluticrl vk Cbtaikée Wagdtinel - at a stirring
Ltd.), 1 part b t of a vul cani zi ng accel erator

mﬁeédtafci?:o e %c;mnnbof &(3Memwammma?ummas added
|_
e A | i e Sub B 1B Birwtess B0 eion 2 Eiang solution
|
%ﬁg@@&gfms@ﬁf%zr‘éene%aggg%d 1338 2605, he potmer

$dlationavad stired eI £fther Simifitegrer conposi tion. The
pol ynmer conposition thus obtained was nolded into a

sheet Tasthagnalyraen selutiorowere added He8 ghefe-tarhbutyl-6-(3-fert-butyl-2-

PRe-Geduehar e auBtenh Ry e, (et nava SiRizer GM.
@?g@ﬁ&u%y%gcébqﬂ&ﬂgebhbr%fta?f cd.NL Y SR8 Y S BhnBERthrityl
tetrakis(3-laurylthiopropionate) {(product name: Sumilizer TP-D, manufactured by
Sumitomo Chemical Co., Ltd.). Subsequently, the polymer solution was evaporated
at normal temperature for 24 hours, and further dried under vacuum at 55°C for 12
hours, thus giving a polymer. The results of evaluation of the polymer are given in
Table 1.

100 parts by weight of the polymer thus obtained, 78.4 parts by weight of
silica (product name: Ultrasil VN3-G, manufactured by Degussa, Inc.), 6.4 parts by

weight of a silane coupling agent (product name: Si69, manufactured by Degussa,
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Exanple 4 A 20 L capacity stainless polynerization

reactor was washed, dried, flushed wth dry nitrogen,

and charged with 10.2 kg of hexane (specific gravity

0.68 g/cnB), 547 g of 1, 3-butadiene, 173 g of

styrene, 6.1 nL of tetrahydrofuran, and 5.0 nmL of

et hyl ene glycol diethyl ether. Subsequently, 10.5 mmmol
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thereto stirring was carrie m nut es.

IRQusttial Go. aLtdg x ane 1810paits BNwelyhn bBsulfun vebe keadedBy means of a
nmet hanol was added to the polynmer solution, and the
lp?@pyl?ﬂeﬁtonwbtmprueaaramgowmar rcotnposition, {Thet mivmer pempesiion thus

o}?z-lll f’ng % téhggtbq\/\ﬂeége %_mgr? ro]ll ang the sheet was vulcanized
byt ekimaratinep o BRAKarPEEhE, oo ot o

dvakaitionbf the physital proprmtibsbf thepviitanp@dtsheeyaraigivierlin Table 1.
tetrakis(3-laurylthiopropionate) (product name:
1manuf act ured by Sum t oo Chemi cal

Subse nt | nmer sol ution
v apofich LiEanatt, detEss; 3 eagtorvps washec afigd. fushed
e
il il WG St o b i Ao
mlg/man wma@er«@ma § of saPkse, 11 smpopeertfaayammmt EHd P2 mL of
t he pol yner thus obtained, 78.4 parts by wei ght of

adhylensaglygsl digthyl ethene: Subisegaently, HN8- I-@xarmmlﬂm ofr 26 mimol of n-
nc of a sil ane

cOBIT et Bareg Gl conmiRRerzaerb o dariiadens aod siyrene was

cARfdSA for 2.5 hours.  During polymerization, the stirring speed was 130 rpm, the
polymerization reactor internal temperature was 65°C, and the monomers were
supplied continuously to the polymerization reactor. The amount of 1,3-butadiene
supplied was 342 g, and the amount of styrene supplied was 108 g.

After the polymerization had been carried out for the 2.5 hours, 2.8 mmol of
bis(diethylamino)methylvinylsilane as a cyclohexane solution was charged into the
polymerization reactor under conditions of a stirring speed of 130 rpm and a
polymerization reactor internal temperature of 65°C, and stirring was carried out for

30 minutes.
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- 42 Inc.), 6.4 parts by weight of carbon bl ack

(product name: DI ABLACK N339, manufactured by
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(produrs thenpsipieSeBution were rRIBEd 2C8 ' 8 21h¥rt-BUR-6 P88ert-butyl-2-
Chemi cal Co.pd,jWLtd.), 1.5 parts by \L/Q\Jr/ei ght of 1!aﬁa/ax r-butyl-2
hydroxuemetbyieenzgindrroethphenyh udagiater éprobyctOnainie: SBumikizer GM,
merr%#?l Indystrial Co., Ltd.), and 1.46)arts by )
manyiactuged &y Aymitprioe Ghertigat dCoy HEANandh0.8 g | ef gentaerythrityl

' . lyner ¢ osi tion.. The
AR BoRHFRRET A TaeE SRRk PR, Tapyogtred by
Sb@Rémb Thehidal o, N4d)." i
vul cani zed by ﬁegtq@%g(%l{m‘f%%ﬂ?gﬁ ei:%@ﬁeﬁ‘é’t@@g?n}u agvaporated
gl normgl temperatare foe @4 Hoees, .and ferther slvieti Under vavwaihuat 557C for 12
of the physical properties of the vul canized sheet are
B‘i"!f%'nthllgg'mﬂ %pglymeGOMrggpltseof@ygwgp@n of thespglymer are given in
$4haqi ty stainless polynerization reactor was washed,
driéd, flushed wth dry nitrogen, and charged wth
2. 55 WKooQfars 0 Inf ' ,
of 1, 3D e REighERE ey B L phifRe, T barts by welpht of
silitar @nycdihcb hamenUltasitl VNG vmangfactuedd by ©rgusday 46d.), 6.4 parts by
diethyl ether. Subsequently, an n-hexane solution of
weigh sfianencoupling rpentpradushsapeubiel. manutagtured by Degussa,

80" S TealE b, Weidl ot Fatbrplach oo e, PUELAGHS Naso
hhdfactlRdTERAsUMhi ERBmMIRAMColpE 47.@2&@%‘3{% d\ﬁ%ﬁhto& an extender oil

reactor internal tenperature was € nononers
(peduct same! XeldOc aranufactunsd by tKyotlb eSgkiyuy, e | pantsi t@nweight of an
reactor. The anmount of 1, 3-butadi ene supplied was 342

@tloasiﬁa'rtt(ﬁ@d&ﬁb@awe:c%nt?pge 8fe nﬁmtﬂcg@eld B Lmuj@rr]rg:. Chémigal Co.,
i zat i . ' t t 5

(15, £ BTy NP ABRis A e Broy R G el 4rker by
vidight aIY8 vaRkaxeng §&!el€rét8ﬂ é%&u&@n%ds&{iﬁc? éi]emamgflaﬁtgred by

pol yneri zation feactor under conditions of a’stir
SymeiteeinaChérdizal O, &fud), a papByyWweEighiZeftd Wicaniag Sécelerator ngoduct

internal tenperature of 65C, and stirring was carrie

nane: f¥pxinol D, manufactured by Sumitomo Chemical Co., Ltd.), 1.5 parts by
weight of a wax (product name: Sunnoc N, manufactured by Ouchi Shinko Chemical
Industrial Co., Ltd.), and 1.4 parts by weight of sulfur were kneaded by means of a
Labo Plastomill to prepare a polymer composition. The polymer composition thus
“obtained was molded into a sheet using a 6 inch roll, and the sheet was 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.
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30 mnutes. - 43 Subsequently, 20 nL of a hexane

sol ution containing 0.14 nL of nethanol was charged
into the polynerization reactor, and the pol yner
solution was stirred for 5 mnutes. To the polyner
solution were added 1.8 g of 2-ter- butyl-6-(3-tent
butyl - 2- hydr oxy-5-net hyl benzyl ) - 4- met hyl phenyl

b Bt e (product nanme: Sumlizer GM manufactured by

Sum tono Chem cal Co. | g 04, E%rMe | Example | C
pentaerythrityl tetrdlf‘:xslvs- aury twi opgg%ep o’r‘%‘% e) ome-

, Ex. 1
(RfQeuc _Tamer TSum 1 zer, JP- nufacturegd—b
E)R,?IOQI.QL!JIY‘S Yeti-¢at—Co: ; L#% ) \_)d%se roetit H Y t||7€ 38
noIYHRPte o) Lt i o s evapdrat ed®® at | nofdral |t efthe
f@[yregg uRP LRt An mur 1 hepg dr | ed ynd=r cul 55C 4
flor 12 hours, !tweightgi vi ng alpolyner *ﬁ res?‘"fts of
evlalecmarw@mhtof t he poI yner,  ar iyen apl e % 100
partisutiby wei gh{ of the p1o1|5ym=rg't Orbllt1él ned,*%7g. 4 114

pabitént By theei ght of silica (pr oduct nane: U trasi|
Bﬁusﬁ?ﬂenﬁﬁfﬂlﬁfac‘ UPBRISDY [IREHAS 5 B,00843C | bookba?| RAb4sS DY, 2% 00622

(

mo a si | tragmepupl i ng agent (product| nane:

T actor red 'U_ Degussa, —t Nt )5 64 partsrby—weight
of "carbol black (prodiict nane: DI ABLACK N3B9
ranuft-ac2RAEUChE M tsubi-8A99 Cheli18,1 | 81 )| 0908 5 91%
b?”'&v@i"@?ﬂesof ah extender oil| (product nanme: X-140,
manuf acendr(@@) by K\fodo SéQM/u 1.04% pat.0e8 bV heg7ght @879
an L OXi ant t C,
manuf j’b? u(i’oé'ge QEHF'E'%? fj@%" ip pll thchgymers

blaiked QhExQﬁpIE%QQBWWQﬁ'Oq}O 83 hith @aﬁz\b fer accg‘f’e ZbAent of the

oxi de, 1 part a vu erat or

q‘qnstltdentturﬁt&ﬂﬁmﬁm((mlﬁlth@olyﬁ%ﬂ gbtairied!i® ComparstiveiEb@nple 1 was
Chem cal ., Ltd.), | part by weight of a vulcanizing

%@Q@%ﬂ@?ﬁ@(ﬂ%"@ﬁfﬂct name: Soxi nol D, manufactured by
Sum tonmo Chem cal Co., Ltd.), 1.5 parts by weight of
a wax (product nanme: Sunnoc N, manufactured by Quch
Shinko Chemi cal Industrial Co., Ltd.), and 1.4 parts
by wei ght of sulfur were kneaded by neans of a Labo
Plastom || to prepare a polyner conposition. The

pol ymer conposition thus obtained was nolded into a
sheet using a 6 inch roll, and the sheet was

vul cani zed by heating at 160C for 45 m nutes, thus
giving a vul cani zed sheet. The results of
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eval uati on of the physical properties of the

vul cani zed sheet are given in Table 1. -44 (Table 1)

Exanpl e Exanpl e Exanpl e Exanple Conp. 1 2 3 4 Ex. 1

Mooney viscosity - 43 45 40 47 38 Vinyl content k 59

60 58 59 59 Styrene unit content % by 25 24 24 25 25

wei ght Mol ecular weight 1.15 1.13 1.11 1.27 1.14

§LAIMSbuti on Content of the constituent unit of mmoVg
.005%@ 0. Q0583 0.00583 0.00583 0.00622 formula I

?pol yier forigated cdigheny pelxmsr 7oampriging 08 @obju§ated1 izne-based

[ operties  tan C.- 1.054 1.045
Sorgigelit gt et BrBiRBR it BT (hbelosit jessibane temminus of
thie gotyiiet baingmodi obtained in
Bea-n@H@e——lcﬁb-o_A ﬁv%ao?‘}oa %@%%ﬁr?#g :f%(rgﬁza;%p'yrrer) , and the
content of|l the <constituent unit of forrmula (1) in the
pol ymer olgtained in Conparative Exanple 1 was 0.00622
moVgglcpokynery. - 45 CLAI MXI)1. A conjugated diene
pol ymer cqnprising a conjugated di ene-based
constitue unit and a constituent unit of fornmula (I)
bel ow, at 1east one term nus of the polymer being

modi fj ed b 0 d of formula (11): -CH2-CH
Whérein X"rj,l )@ £ﬂ°d° %ﬁ“ independently denoge a)group of formula (la) below, a
hydroxy group, a hydrocarby! group, or a substituted hydrocarby! group, and at least

one of X', )1(2. and X® is a group of formula (1a) below or a hydroxy group,

R

/
—N (Ia)

Ng2

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

together with the nitrogen atom, a ring structure,
H,c——CR’

C—A'—~(CHp)—A? (ID

V4

O

wherein n denotes an integer of 1 to 10, R® denotes a hydrogen atom, a
hydrocarbyl group having 1 to 6 carbon atoms, or a substituted hydrocarbyl group
having 1 to 6 carbon atoms, A’ denotes an oxygen atom or an -NR*- group (R*
denotes a hydrogen atom or a hydrocarbyl group having 1 to 10 carbon atoms), and

2 .
A” denotes a nitrogen atom- and/or oxygen atom-containing functional group.

2. The polymer according to Claim 1, wherein R' and R2 in formula (la) are

hydrocarbyl groups having 1 to 6 carbon atoms.
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X1- [i-X3 (1) 12 wherein X, X2, and X3 independently
denote a group of formula (la) below, a hydroxy
group, a hydrocarbyl group, or a substituted

hydr ocar byl group, and at |east one of X1, X2, and X3
is a group of formula (la) below or a hydroxy group,
Rl -N(la) mherein R and R2 independently denote a

@ydrocmékbddy Ritt B0 Claim01 @r 22 iibeid tt@BTof X, X2, and X° of
substitute hydrocar byl group having 1 to 6 car bon’

fatrouls (1) aresgrioyups offoronda (lef oshwindytgrougised si |l yl  group,
and R1 and R2 may be bonded so as to form together
with the nitrogen atom a ring structure, H2CG i R3

ff g' %Tﬁ%%%neﬁ%gé&r@g%?ég 8ﬁe g%ﬂ% ?ﬁ%égwi&%\%ﬁgﬁ inFbrmiula (n
i9aQ}toupIaMbtuld (1Pb&low dF BPRdREG GFoupQr @ substitut ed

hy rocilsbyl group having'l to 6 carbon atons, A

denot an oxygen atomor an -NR4- group (R4 denotes
a—hgmizgen atom or a hydrocar{qill) group having 1 to 10
carbonh_atons), and A2 denotes a nitrogen atom and/or
oxygenTat om contai ni ng functional group. 2. The

pOI anhe%‘frg HsdL g F{:Oia;g&d@érm fly WERGE! thgt}lf 'ﬂgxiﬁg 1 20 6 carbon

nmula ) are groups

aambowmhm h4¥e at |e’ébteo|m@ f R6MOslédied \‘r@rrﬂh%l élbrihlc group
or 2, wherein two of X1, XZ, and X3 of formula (I)

mmgmg)qm nitrbgér aton, an(dxggematohy dndnysug:on ap:tm R arthR® may be
ol yrrer according to ang}_| one of C ajns , Whereing
ded spasntgl farm, ItP$ethf-‘%W Heonifrogan F*@f'hlﬂ rang( th'-!qU’SeP'Eﬂ/vR and

by S BenR Mt g SRR,

atons, which may have at | east one type of atom
sel ected fromthe atom c group
5. The polymer according to any one of Claims 1 to 4, wherein the vinyl bond

content of the conjugated diene polymer is not less than 20 mole % and not more

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

6. A conjugated diene polymer composition comprising the conjugated diene

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

7. The composition according to Claim 6, wherein the content of the filler is 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 steps A and
B:

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

catalyst at at ieast one terminus of the polymer chain comprising a conjugated diene-
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consisting of a nitrogen atom an oxygen atom and a
silicon atom R5 and R6 may be bonded so as to form
together with the nitrogen atom a ring structure, and
R5 and Rs may be a single group bonded to the
nitrogen via a double bond. 5. The polynmer according
to any one of Clains 1 to 4, wherein the vinyl bond
hasad snenostertung andr mpabeer dnit asexb by rtiee vingl compdued of formula
an 20 nole % and not nore than 70 nole % per 100
te % t he conjugated di ene-based constituent unit.
gflﬁ—ccﬁ gated di ene pol yner conposition conprising
t he conjlugated di ene polyner according to any one of
d aqjsns to 2 and a filler.(1%) The conposition
accor di §_F§ Claim®6, wherein the content of the
filler d 10 to 150 parts by weight per 100 parts by
wei ght &f the conjugated di ene polyner. 8. A nethod
for producing a conj ugat ed di ene pol yner, conpri sing
st epswheraimdX®, B®, antd=X® iddepenidently denote amoupsfisrmula (IVa) below,
conprising a conjugated diene and a vinyl conpound of
& byl |9(gums 8F g\SUbRtititedyhydircaraybarougl sechat least ene of X, X5,
al kali, . metal catalyst to produce a
a@@ﬁ?ﬁ%§§5°a€i°ﬁg°’aw¥aa4%@n metal originating fromthe
catal y&t at at |east one termnus of the pol ynmer chain
£onp{¥sing a conj ugat ed diﬁff' -47 based nononer unit
and anpnoner unit based o %@ vi nyl conpound of
formulB (1V): H2C CH X4-Si X6 (1V) 15 wherein X4,

X5, and X6 inde dently denote a group of formula
(1Va) W%%PW aﬁﬁygmd@eamnﬂvgpaefﬁ,a Bydrgcarhy arpyn having 1 to 6

’ . of d X6
R385 1654 e e W K o, 8 o
gRupaiafl aRSUDsHUGRPSINE BEdup, ARA Hieari RY MACBE BBhded 85 Ris to form,

having 1 to 6 carbon atons, a substituted hydrocar byl
togethap with thengitrogeratdny arringrstrattoress and si |yl

step B: reacti:;g the resulting polymer in step A with a compound of formula (l1):
H,C—=CR

C—A!—(CH,);—A? (11)

/

O

wherein n denotes an integer of 1 to 10, R® denotes a hydrogen atom, a
hydrocarbyl group having 1 to 6 carbon atoms, or a substituted hydrocarbyl group
having 1 to 6 carbon atoms, A" denotes an oxygen atom or an -NR*- group, wherein
R? denotes a hydrogen atom or a hydrocarbyl group having 1 to 10 carbon atoms,

and A? denotes a nitrogen atom- and/or oxygen atom-containing functional group.
9. The method for producing a conjugated diene polymer according to Claim 8,

wherein R® and R® in formula (IVa) are hydrocarbyl groups having 1 to 6 carbon

atoms.
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group, or a substituted silyl group, and R6 and RO nmay

be bonded so as to form together with the nitrogen

atom a ring structure; and step B: reacting the
resulting polyner in step Awth a conpound of fornula
(I1)y: H2CG i R3 C-AL--(CH2)n AZ (I1) wherein n

denotes an integer of 1 to 10, R3 denotes a hydrogen

0l OM TRe nibt i1 i r .
o SR bRl 2 o afaing Bofirieh eGSRl Weiim &

a & wbereirt wosof XA Xt and dé of fonmalay(oaré hrips lof RmuliRiva).
group, wherein R4 denotes a hydrogen atomor a

hydr ocar byl group having 1 to 10 carbon atonms, and A2
enot |t n atom and/ o xygen at om contai nin

et 1 et B BRGILAs GRTUedlod LR Polivel ageeiting T afl one

of Oifg & 1§k ofl| i A i i

et o 56 T CRIPR, MIImER IR oSy IBuTla araup of formue

(#:oups having 1 to 6 carbon atoms. - 48 10. The

met hodr¥ or produci ng a conjugated di ene pol yner

according to Claim8 or 9, wherein two of X4, X5, and

X6 Dk formula (1V) are groupSIbE) fornula (1Vva). 11.

The thod for producing a conjugated diene pol yner
according to any one of Cains 8 to 10, wherein A2 in

f or muMseréihl RS i h Phind 9"

(111 e R e lR| [eREHISH Porhe 3 SiaBB ing 108} Garton

atemo which may bavéhaMieast dnetigpebotcatolnaselettaBom whe Eh:tﬁ&ibnsisting
Eave at |east one type of atom selected fromthe group

Ok Mdragep flomoan gxygendemn and @rsilican atemgBhand &hmaynbie sonded

=9 o5 16 S R e B ieh Ay 2B, S8 AR e ARG may
b&a siryfe floupBrnddiftodhe inﬁr%hgn 9%8:“&@@9&%. to the

nitrogen via a double bo
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