AND METHOD FOR PRODUCI NG VULCANI ZED POLYMER

BACKGROUND OF THE I NVENTION 5 Field of the Invention [ 0001]

The present invention relates to a nethod for producing a nodified
conj ugat ed di ene-based pol yner, and a nethod for producing a

vul cani zed pol yner. 10 Description of the Related Art [0002]

Wth the increased interest in endrommental problens, requirenehts
fer fuel saving of autonpbiles have recent 15 increased nd it has
been T eqlELHRl ToF 15 HUPHRK LORRLLED! SRt E S hEE RSN o S KR OB 7o
tire to be superior in. fuel econog% A rubber conposition

contai ning a conftijat'ed"dPeneRbasSed péNynEP LCSHER s FeoITYBit adi ene or

styrenc-bat adi ene copo vner, and a reinforcing agent is used as a
rubber conposition.. for an 20 autonobiletire,

andaconi ugat eddi ene- bapol virert ) beused as a rubber: cbnponent has been
studied ices to inprcy peAforRaAtesOds Takr ubeéNTaoNposition for a
tire- [0003 For exan:le, JP-A-1-217047 proposes a conjugated

nodi ti edwiehd: anh ahedéneen)yionr4201.11-1Chthere in J3 dial ky 1 am
no group SW th ant 0:11 en at: 031:1 of acryisanitie via an

ai kyi . erheogtoup, 32--2005-344039 proposes a conjugated di ene-based
Vtle t inthb:L cic a butaniene-styrene copol.Vnernodif.led with an

i socyanur at e coORpostngswherieivera: i di iral kexysicbve @ oupd i s gvhdhed ng
with a nitrogen atom of an iscoyanurate group via. an al kyl ene group.

However, aamorubber eORPAShtEanJcentabnisag. pbh?m@lzovgln@o@l He@thod for
conj ugat ed daene-based polynmer was still unsa |sfactory in fuel
econony, sUMVARY Ok yﬁchNyggalﬁulymer.
10
Description of the Related Art
[0002]
With the increased interest in environmental problems,
requirements for fuel saving of automobiles have recently
15 increased, and it has been requested for a rubber composition
to be used in an automobile tire to be superior in fuel economy.
Arubber compositioncontainingaconjugateddiene-basedpolymer
such as polybutadiene or styrene-butadiene copolymer, and a
reinforcing agent is used as a rubber composition for an
20 automobile tire, and a conjugated diene-based polymer to be used
as a rubber component has been studied so as to improve
performances as a rubber composition for a tire.
[0003]

For example, JP-A-1-217047 proposes a conjugated

25 diene-based polymer in which a butadiene-styrene copolymer is



15Under these circunstances, an otiect to be achiesed by the present
invention is to provide a nmethod for producing a nodified conjugated
di ene- based pol yner suitable for a raw material of a rubber
conposition which is superior in fuel. econony, 2 0fn e:jaard:aL:a
es:P:;t:aala.,...ai a tsdif.ied coniucatedens-bsedthe tet:rhd.
acttptlses S isst step cr:: prs.tiSe2lhr. :Tu.e:=!.. ed.

pIeNn LC 25by pulynerizio opxco n &me r5|5|rtg at kn S.yu na to
d. itit n@oeééb?ﬂw&tn an iyt At Yo e ﬁp@ﬁouglélwf\%eén 2 g higy ApmLino group
ce.-gancal..k.d.li ritert.a.l. conmpound éy second step. el

, di ddi nql%lqoml%lre%ﬁ wiitdogi P et r havh i & © B@ﬁyﬂaméﬁﬁc‘i’é@ an adindlene
subbt|tuted am no gdonp .i2C. 2- lama cm)nluga.aiaci. 0(Cl-12)1 R1
R2-$1-10gFEHP---JE*H§2Q¢§V34¢D39 O @HOR Si a -R1bu@Rited diene-based

polymer in which a butadiene-styrene copolymer is modified with
5 an isocyanurate compound wherein a trialkoxysilyl group is
combined with a nitrogen atom of an isocyanurate group via an
alkylene group.
[0005]
However, a rubber composition containing the above
10 modified conjugated diene-based polymer was still

unsatisfactory in fuel economy.

SUMMARY OF THE INVENTION
[0006]

15 Under these circumstances, an object to be achieved by
the present invention is to provide a method for producing a
modified conjugated diene-based polymer suitable for a raw
material of a rubber composition which is superior in fuel
economy.

20 [0007]

The present invention relates to a method for producing
a modified conjugated diene-based polymer, wherein the method
comprises:

a first stepof producing a conjugated diene-based polymer

25 Dbypolymerizing monomers comprising a conjugated diene compound



FO3 and R12 {Il)aCdtqc.;(7.(21, a.cintaaning (1.1-A) Wenfl.5 k I.
end mdre each an integer of 1 to.I-1" 7 RL.2., A RR' :are. edsh

I n&oeiw entiy a cy croup at a yd:cocartqgl aroup;
at. least d.o.e group :selectee jaconR-land Ets' is a
hydrscartd. ", icnmy gronp? :Least one QalUp se loot::1 (2311 atrnOn.
Cl; FIRL2 and .eu Is a. hyddcocar. byl oxy grosp;lea..dt one group
selected trama IP etc" 1-R3:5 dnd ri,: 15 is a hverocarhyl ozy group:
[OCOH in a hydrecanterseondcaspectnot e rasseml kanentsiton celmatesid o
a nmethod for producing a voicani zabi e pol yner, the nethed.
ssnmp.r.ignfingding it; 11:1,)caely; U (:;:a.Lede ri -basc::(:; polyner
of fromO0.1 to IS parts by weight per 100 parts by weight of the

nodi fied o. Logateddi enepbaseddpohyner). af 0009cund having len dar$drhilr d
aspect,. the present invention relates to a

met hodf og pooduehngavulicani zededchymes, tthenet hadcompyi sLaombeaticng a
vul cani zabl e pol yner obtai ned by the above nethod, C

Accordi ngep et Bet presentrrinvent i on) tbl i Rossihlesb 0vprOVER A ning
nodi fied con j Lno tedc:clyner suitable for

the conjugated diene-based polymer:
R11
0 (CHz)l_sl‘i_‘Ru
/
Ii?1 >—N R13
Rz_sl'i'“(CHz)k—N >:o (I1-A)

R3 N R|14
\
(o (CH2)m-S|i—R15
R16

wherein k, 1 and m are each an integer of 1 to 8; R', R?, R%
rR'1, R'?, R'?, R'%, R'® and R'® are each independently a

10 hydrocarbyloxy group or a hydrocarbyl group; at least one group
selected from among R', R? and R® is a hydrocarbyloxy group; at
least one group selected from among R, R and R' is a
hydrocarbyloxy group; and at least one group selected from among
R, RY and R'® is a hydrocarbyloxy group.
[0008]

In its second aspect, the present invention relates to

a method for producing a vulcanizable polymer, the method
comprising kneading a modified conjugated diene-based polymer

produced by the above method and a vulcanizing agent in an amount



10 a raw material of a rubber conposition, which is superior in fuel

econony, DET.I:ILED O::::K RIPTlej.c: O THE PREE: HREED

EMC. CMEI TS [ 0011: In the present specification, a.

Sydr opexbvl group represents a nonoval ent yroup hnorLng a. stiuctexe
i n which one hydrogen atom hi Ei a been renoved from a hydrocarbon, A

nfl. structure in which tv,,,mhydrogen atomm have been renoved from
oc.,:hrb(-)n "hydracart::y.|x:e<dr, croep

.-, L) UPWE. f1gn10 16nto 119 Iparoc3nCne Igh ey 4001 barg spittvh van.ght of

Cr:.y,-,:on atom A substitnted am no group rep):Hsl"mata a group In
whi ch onehermpotéihgdrogencatensdicon-aasani nolgmeop are substituted
w.tti a. sebstitnent. LO00121 The present. invention Provides

a net hod[P009probuci ng a

nodi fi edcenj ugat e. t bt O ai es- basedpel ynmer, , Aii chconpri sesafirst step
of -reducing arepntadatied diserethased pokyart byvpotyserigifiges to a
nmononers conprising a. conjugated ddene conpound in a hydro:op:l:bon

sol vent wustRgd @t Ofoganifadld kal tin et al 0eMRAYNthe m@hbod & ZBGONG ng
step of adding. (I' a conpound having a carbonvl group and a

substi t uhedt apng Gk 08P NG (& 1o B/ oMU ned by the above method.
r ept esept edbyFor npl a. t oahydr ocar bonsol vent eent ai ni ng the conj ugat ed

di enp -baggdgpol yner: Ri (CH2)-S1---R12 .\ o RI3(WA) Nr.R14
(C1126-31---R16 10R16 wherein rj | and. p are each an Integer nf I to

0, RI, RI1 R3¢ ﬁg%gggf)R@H8”8E8988g‘9g%g§&%ﬁﬁ i;t}srig' bos <A to

crne grout sel ect rom nonp . .
g?’br Sﬁgr %EQ%&eg& 91%%1 1ted1éé§ja§&at8§edi%rnoeu asseelfcfoto ?;mfeﬁzoé‘?;‘l%%lg' %dr
10 a raw material of a rubber composition, which is superior in

fuel economy.

DETAILED DESCRIPTICON OF THE PREFERRED EMBODIMENTS
(0011}

15 In the present specification, a hydrocarbyl group
represents a monovalent group having a structure in which one
hydrogen atom has been removed from a hydrocarbon. A
hydrocarbylene group represents a divalent group having a
structure in which two hydrogen atoms have been removed from

20  a hydrocarbon. A hydrocarbyloxy group represents a monovalent
group having a structure inwhich a hydrocarbyl group is combined
with an oxygen atom. A substituted amino group represents a
group in which one or more hydrogen atoms on an amino group are
substituted with a substituent.

25 (0012]



hyor obant, ;; oxy group; and atCae:: Rs PI"' andis a. hvorecarbviczy

group, [0013] <First Step> conj ugat ed di ene-based

pol yner is obtadned by pol ynerizing nondners conprising a conjugated

di ebb conpound in. a hyfUn: barbonzoi vent, using an ol al nnoai kel

Efl etal conptnr-2: as a polynerization initiator, rfln The con ucated

daene conpound includes 1, bbtadiene, isoprene, 1.3-pentadiehe,

2, 3-dinethyl -1, 3- but adi ene and bexabi ene, and is _orefetably

1, 3- but adagne bhe i Riphi e, L IENBION ProvidesTReNfbhefef T et @rabhy 2

ccbtalns in addition to the conjugated di ene conponna, aronmatic
loy], BeApEuAESOSO s tes! Gbtat Toas poPyAERe Ravig i QRo ¥ ensFlaefirst

strength The aromatic

vanyi cot 2%epundi pchbddesstyrenbndmeehiglbotveehe bearyi toilyawe, by

vi nyi napht nal ene, thvinyl benzeney triva | benzene, it

di vi nvi naphthairéniapdnotbeekskeomanidsisg pr eferablatest ydiene ¢a0d6lnd

The anpunt of the aromatic vinyl conpound. to be used. in

| ymer§ zat hom hiysirpreefrércabbyi veeight i n@ranmorganand kabd endt €f erahbyudd %

by wei ght or nore based on 10Es by wei ght of the total. ampont ct

noKof ef saha besoseddi aréheo pohyaeiilzatj of nediprdernd o ephancertd

goba. :..nany" the anmount of Lne aromatic dtw . conpound is hrbferably

50, * by webaht 2ah. al @&%sti'ﬂ@t@@r erRhef gﬁ:@@lpy an®dX Thy weidpQind ess.
olyrm .:iyiza flan is .pre. era, 0 bvweight: or nore " and nore

preferabké?%eb@ﬁ%bhﬂ%?é?ﬁ&ia@@?eﬂ Q@é%%@@g¥a¥659gbl@%ﬂﬁﬁbﬁi@&nlng

at xxn-Lt of nononers to be used in the. poi.yner The anount of the
obnj ugat u s f 90@6by melght ot. less;
and nnregggeF§§§B§3€§§A?gﬁn&ePgﬁ % %¢§§%% 0.H The
nydr ocar bon solvent is a sElvent which es not deactlvate an.
organoal kali netal .conpound. Ezanbl es jof the hydtbcarbon
s:mtsl7X-.. include akipi-latic_ hydrodarbons, such as 10 propane,
but ane, isobutane, pent&he, isoffe ﬁneSdTRlexane atomatl c

gﬁgLoggrgggfoﬁgﬁPaﬁz ben ne,|&©luene £é3y|ene and af, d. drocasbons
R2—Si—(CHy) N >:o (11-A)
I, P
o) }CHZ)m-S:i—R"’
10 R1®

wherein k, 1 and m are each an integer of 1 to 8; R, R?, R?,
rR'', R'2?, R'3, R, R!® and R!'® are each independently a
hydrocarbyloxy group or a hydrocarbyl group; at least one group
selected from among R}, R? and R?® is a hydrocarbyloxy group; at
15 least one group selected from among R'!, R'? and R is a
hydrocarbyloxy group; and at least one group selected from among
R', R™ and R!® is a hydrocarbyloxy group.
[0013]

<First Step>



a n cicolohax :reOne or nore kifILN3 O If t he-SC h ch: ooa on

sol vent s axe used, 15[00-19] The organoal kali netal conpound
is a coxmxxst,d which has: a direct bond between a cal: -on atom and
an. alkal '; nmetal atom Ez.anples of the organoal kali netal conpound

i ncl ude an orga. nolithium conpound, an organocodi um conpound, an

or oanopot assi um conpound, an. organorubl di um conpound, an
organocesi um conpound and the |ike. Ezanple nibs organolitnium
conmpound - mici GdeCaIRYdE6eefhyhierbaicam eeilnpeund sapdtained by

hydt ocar byl ene. dilithium conmpound Exanples of the c.lajf an

osi odi xi PPeamEryming NABCTArE demsodbAM 4.Jom) pjdteaiddene xednpound
codi axt. im phede- Exanples of th' C C COWOQOUNd . 1171cl ucie

ppt asm uAmmaphtdralenikde; sp0020:t, using dExampkesadkafhendydt ocanmyund
i thi wnm conpound I nclude an. al kyllithium CO2TOUnd scph as

met hyl | i &hi ampoethylliizbhiivm ipriepyltcrt.hi cm i sopropyn-hutyllithium

i sobutyllithium sec-butyllithium tert-butyllithium
t:ertsoctiybhthi umpi -depyllilhium an atyllithium conmpound such as
phenyl lithium 2-nephtnyliithiumor 2-buhium an arvialkyllitbium
conmpound such asel@bnitBWIgand edeCyClnpalnel liind1thicuminamspemedne,
s,uc...h as cyclopentyll'sLflumor oval c.hexyllithium The

hydr dpar bybbi-thiumiconpaund ¢iis Hpr, eferably, am Al kyld i i 4m sompound,
and nore preferably n-butyll'thiumor sec-hutyllithium 1500211

Exanpi esgt tneropar byi.enediy t; LThy mugmny A -
1, 3-bi s(1-Ti t hde- 1, 3-di ?‘F‘g‘tdht;}% {ﬂ) genzen r?;nldjtrr%’gj.t%\%ﬁkeéfe Or LSO
anount CﬁobEB organcal kal | netal conpound. to be used in
paiynsficatloA. of nmonomers is preferably fromO0.01 mol to 1.5 :amo

D G A0 EaSr s TR SRy tnenel W TR A28 G
conjugated diene compound, aromatic vinyl compounds so as to
obtain a polymer having high tensile strength. The aromatic
vinyl compound includes styrene, a-methylstyrene, vinyltoluene,
vinylnaphthalene, divinylbenzene, trivinylbenzene,

15 divinylnaphthalene and the like, and is preferably styrene.
[0016]

The amount of the aromatic vinyl compound to be used in
polymerization is preferably 10% by weight or more, and more
preferably 15% by weight or more, based on 100% by weight of

20  the total amount of monomers to be used in the polymerization.
In order to enhance fuel economy, the amount of the aromatic
vinyl compound is preferably 50% by weight or less, and more
preferably 45% by weight or less.

[0017]

25 The amount of the conjugated diene compound to be used



25r Pr adjusting thebond. content. ca a. nononmer unit. derived froma
co ugated di ene conpound, and. an agent for an.F.g..lstino

di stribution of : a nononer unit derived froma

conj ugat e di ehe conpound and a nonmmer unit derived from corsounds
other than the .,-jugated di me conpound in the conjugated

di ene- Igased g 3Dol vrrer chain (hereinafter dollectivelv referred to
as an 'adjustin agent'). npl es or tno adjusting agent include an
et her. céﬁp%%ﬂﬁne%l%%‘?%?%rlf a§?ﬁ8ra§lﬁh%%pﬁyn‘éeéﬁgF;ﬂi’uﬁ‘ﬂ’reananélrk%ﬁf
metal aik.oxide and_an al kal i m nEi tal pherKui dde. Exa-.(2TibEis of the
et her coRp6iRdaLhyr éPRdesECcYeiPetepherosachbased oor et Qv drofieamht of
tetrah ropyran Or 1,4 -dioxan; an aiipnatip nonoether anok: as
diettril toE. tE4F wrowntl cGlndnether; taralA¢7Matilce dicdtherr suct ta@s.
et hyl ene gl ycol . ether, ethyinh-1egly2 diethyl ether or ethviene.

gl ycol di'bet ghoehherf tare aldrphatated tiehkercospohndsidietaieeael gl yeodl
diethyl Erti;Sr.die-Uviene glynol dibutyl ether; and an aromatic

et her5 subly asidhphehyle®et hetndmoani sekeerErangpbeh bf, theghtesti Beys.
am ne include triethvlam ne,tributyl am ne,

1,1, 2, 2-tjeprammt h, 1edi nagi ne, ES5N-di et hyl. aniline, pyridine,

qui uoline and the |ike. Exanples of the phosphine 20 conpound insl ude

tri met hyl phohphiheenyhrbetRypbphesphiche, ifd ial pheiiye RIQicrzWddhe and
t heof al koxi de include sudiumtert-butondde potassi umtertebutoxide,

sol | um t get-bentexi de and polassiiumiert- peptoxide- Exampiles of &he

al kali metal phenomni de inodude sodi um phenoxide and potassium

h d d

(00241 ST ASA Seet 2ne 1 ub bt BOLVG monome Sy e app o tota 2o
pol yyrer }El)?r%&)a%%é::?ﬁctt Qe a&% bm%a %”t pe%t%%%“'yso“p&r&éde L e Yaie;

upp ectT esp ive r: l'onor

aromatic hydrocarbons such as benzene, toluene, xylene and
ethylbenzene; and alicyclic hydrocarbons such as cyclopentane
andcyclohexane. Oneormore kindsof thesehydrocarbon solvents
are used.

15 [0019]

The organoalkali metal compound is a compound which has

a direct bond between a carbon atom and an alkali metal atom.
Examples of the organcalkali metal compound include an
organolithium compound, an organosodium compound, an

20 organopotassium compound, an organorubidium compound, an
organocesium compound and the like. Examples of the
organolithium compound include a hydrocarbyllithium compound
and a hydrocarbylenedilithium compound. Examples of the
organosodium compound include sodium naphthalenide and sodium

25 biphenylide. Examples of the organopotassium compound include



may re supplied to a polynerizat I On :eactor Stt: stage, or supplied
shmul t aneonsl vy, zing non e: CS, thSpoi yThe:
rlzaz 'l on zsaftera IS usually -cr."" or higlef, pref.ers'fily
35.--t or niczt, andniore preferaaiy50% :ornibta:d7.

Al so,thpoly-Eu:riztQiontenperatare i s usually 100ct or | ower,
pieferably 9C 'C or lower, and nore preferably or |ower. The
polynmerization tinme is usuali.y from1l0 mnt S tor S 1500261

poky: r ef PotahBehmi saphghailpedderi pol ynerigind MC,' SSMBrS in a

hydr ocar bon sod. gent. using an orgsoat:al kall xretal co3iT,culzd as
a polyicgf0R2lintion initn, Ator, is ssually a conl spated diens
-basiul p(1, lymefi.i.-.;:ii..ch at: |east one 20 end of polyner cnain
ends under goestabkal esmetathzatyomcdhai ] isecontsiep>d include an
-In the g:.ethod for producing a nodified cc..jugatea di ene -hosed

pol yner. aokyt hetpreseabmbpviedt soah afkt ektoltiaiiriingng5 i 1conj wgatk ed
di ene -based pol yner by the above nethod, the conpound (1) having a.

carbqnylp@bggmlaﬂalamsqubp&@b9d1a%ha@mgr%a@u%QQ1hQ%19@npound (1)
represented by For nul a LEI-A) arc added to a hydrocarbon sol vent .

Conta'n'@@obﬁ%y@@@kHQ@heds@b -ghe 119t%1%nﬁtté?%ﬂwd% 1raﬂﬂﬁuﬁun
araodif : I ecic: onaF.it.ed a.sed. polymer: 1l e. R 4

LS(C t\" e&tio§¥91&&th&umR%r H—deg§§l{%hlum, an arylllthlum compound

such as phenyllithium, 2-naphthyllithium or
2-butylphenyllithium; an arylalkyllithium compound such as

10 4-phenylbutyllithium; and a cycloalkyllithium compound such as
cyclopentyllithium or cyclohexyllithium. The
hydrocarbyllithium compound is preferably an alkyllithium
compound, and more preferably n-butyllithium or
sec-butyllithium.

15 [0021]

Examples of the hydrocarbylenedilithium compound include
1l,4-dilithio-2-butene,
1,3-bis(1l-1ithio-1,3-dimethylpentyl)benzene and the like.
[0022]

20 The amount of the organoalkali metal compound to be used
in polymerization of monomers is preferably from 0.01 mmol to
15mmol basedon 100 gofmonomers tobeusedinthepolymerization.
[0023]

Monomers may be polymerized in the presence of an agent

25 for adjusting the vinyl bond content of a monomer unit derived



A,V RN i-lci-12)k ti,, 01 ,\ R)., , ,.N\ \ eN

1/ 4d( CHAT-SF---R15 , A wherein k. 1 and m are each an integer of 1 to
8; Ry Rii pl2; y RNe eacn. hydrocahbyl oxy group or hydrocar byl
group; at |east one group 10 selected fromanong R, R2 and R? is a
hydr ocar byl oxv grtaip; at. |east one group selecved from anong R11,
P:2 and R11 is a N.group; N N. N gicour., eieCte:dis a

hydr ocar bvi ozY grouP. - , , ,
from a Conjugated diene compound, and an agent for adjusting

distribution of a monomer unit derived from a conjugated diene
compound and a monomer unit derived from compounds other than
the conjugated diene compound in the conjugated diene-based
5 polymer chain (hereinafter collectively referred to as an
“adjusting agent”). Examples of the adjusting agent include
an ether compound, a tertiary amine, a phosphine compound, an
alkali metal alkoxide and an alkali metal phenoxide. Examples
of the ether compound include a cyclic ether such as
10 tetrahydrofuran, tetrahydropyran or 1,4-dioxane; an aliphatic
monoether such as diethyl ether or dibutyl ether; an aliphatic
diether such as ethylene glycol dimethyl ether, ethylene glycol
diethyl ether or ethylene glycol dibutyl ether; an aliphatic
triether such as diethylene glycol diethyl ether or diethylene
15 glycol dibutyl ether; and an aromatic ether such as diphenyl
ether or anisole. Examples of the tertiary amine include
triethylamine, tripropylamine, tributylamine,
1,1,2,2-tetramethylethylenediamine, N,N-diethylaniline,
pyridine, quinoline and the like. Examples of the phosphine
20 compound include trimethylphosphine, triethylphosphine,
triphenylphosphine and the like. Examples of the alkali metal
alkoxide include sodium-tert-butoxide,
potassium~-tert-butoxide, sodium-tert-pentoxide and
potassium-tert-pentoxide. Examples of the alkali metal

25 phenoxide include sodium phenoxide and potassium phenoxide.



i Tee2S1 Exanpl es:. of the hydrocarbon sO01,?ni e ee ee: the h

hydrocerton. srilvet in the second Step :nay b,s the hydrocarbon.

scslvent u.ised in the first step. Nans.,1l.y, after obtaining a N .0

di ene-based pgiyner oy '.ON nononers conprising 8. cOnjugsted Ci ene

col : T: 8208nd it. a hy-c-frocarbon sol vent using an. organbal kal

nmetal conpound in the first step, the cbmpounds ( ) and. (I | )y he

581-35 e 8intcl y added. t bsolvent , . After separating the

cbni ugag8diPén8Cpas &dNAgorynier eait aicaed Hinct ReFitEstCast &F firomit he

sol vent, the conjugated dl enn-based polynmer' nay be added. to a

hybi ocar B8R24dl vent w-1i Ce gs different. fromthe solvent. used in

the first. step. In this case, the solvent used in the first step and

t he bydro(far Pén sedvivent 7 1o nwhicote shetobrirg s t & dicamestrased be

pfaynme.r is addeNU 10 : my be the sane or dif terent.

Exanpl espuspltikel sulspot uhediaat hongreoup: @f athe tdme,acpaund: {hjously

Lacii)de a dialit:ylam no group such. as an N4dcr-di ne: croup, an

N, N- di et sybamira , g5 oup;: camiN:Nnail ( Hraps Opvd) ameoebbdctive monomers

Li z,sopropvil': amno n.-butgroup; a.n.88Cbilty ) affilfriti014), an

N, N-di testy bduty)l iaM 86 Hpeupmean zBt iNn-+éact Heepent Yy ramcno: §§€,

up or an N-ethyl-Nnetirylam no group; an al kyl aral kyl am no group

such as @rig@@ﬁﬁib@ngqhhuygﬁg@h§$§;1 ai kylary. 1. 381. 180 gr 08p 58Ch

20 as an N-nethyl - N-phenvl ag:.ino croup.; a diarviamnb group such as

an N, N-dijphenryi adno group; an al k-1ideneanirho group such as an

1/4. Cgroup, a. 1-mathylethyliden. eam nol/4. 1/4. a

2- 7at byl propyl i ] np. gl ) JER - h).

no G I ol ar PP AL Rl clegie ol ohe -t BUL: B L AifeFAELre
10 is usually 25°C or higher, preferably 35°C or higher, and more

preferably50°Corhigher. Also,thepolymerizationtemperature
is usually 100°C or lower, preferably 90°C or lower, and more
preferably 80°C or lower. The polymerization time is usually
from 10 minutes to 5 hours.

15 [0026]

The conjugated diene-based polymer, which is obtained by
polymerizing monomers in a hydrocarbon solvent using an
organoalkali metal compound as a polymerization initiator, is
usually a conjugated diene-based polymer in which at least one

20 end of polymer chain ends undergoes alkali metalization.
[0027]
<Second step>

In the method for producing a modified conjugated

diene-based polymer of the present invention, after obtaining

25 the conjugated diene-based polymer by the above method, the

10



25as a. l-aziridinyl gir:i4-), al -s.z(i)tC Ca 1-p'..i.rrolliiinui
group, a. 1-piperidinyi group, a. 1-hexanmeth7leneimno group, a.

1- hept anet hyl eneim n group, a 1l-pyr plyl. group, a

- group, a 1l-imdazolyl grot:p" a 4,5-di hyaro-1-im dazolyl group, a
1-pyrazolidinyi group, a 1-pyrazolylgroup, a

1- ol peraci nyi ti roupor anor phbl i nognal .). [0030] The cond. (1)
is preferably a conpound reptre:seraed by Fornul ashown Pel ovh R4

\ N& - R7 FPIOOrOwWHéTelAVIRE Rscahbobpti dharPya’dibstd e et hyedr oent byl
group, a h7drocarbyle re group which may. have a nitrogen atom

and/ or agrezxypgendatom wiereuRl (IS ecEpitepeneddvovhEREnube 4T di-dal ene
group where R4 is conbined with R7; 5 is an optionally substituted.
hyar ocar byldegr dup 2. hord ra daydircoc arcbyicerte aymoua nitticc i s ZTdraveg at 48
nitrogen atom and/ or: an ozygen atom whete Ris conbined with Rs'; Ri
33E11bpt idorald-ysusest p ¢ Upredt itvwdslocat biyighneSps@dhoyithngbgen @tone-pbasad
divalent. group where S7 is conbined with. R4, R5 ia. a divalent
group; amdblgmes:0 or 1;ii: :1)In FotJlati-c3ptior:all).. sabstituttsg
hydrta: nRrbyl group oi tl, R5 ana R7 is a 1-13. 13ocathvi. grouK) or
3. substitoate.d hydroorhyl gro,.3p, cR1 tbe suibstitotd

hydroc. a. t hyl group include a substi tugd hydr oear byl group in which

a substitnment is a hydrggoar byl rogd, ahfh a. substituted
hOrocarbyl g anp in wi p)'i a s[@ﬁﬂgtu ﬁg a.

t -substitutl.ed am ns

/
T1 N A13
R2—S|i—(CH2)k—N >:o (II-A)
R3 N\ T14
o (CHz)m-STi——R“
R16

wherein k, 1 and m are each an integer of 1 to 8; RY, R?, R3,
R'"', rR'?, R'?, R', R!® and R!® are each independently
hydrocarbyloxy group or hydrocarbyl group; at least one group

10 selected from among R', R? and R® is a hydrocarbyloxy group;
at least one group selected from among R'?', R'? and R!? is a
hydrocarbyloxy group; and at least one group selected from among
R'*, R'S and R!® is a hydrocarbyloxy group.

[0028]

15 Examples of the hydrocarbon solvent include compounds
described as the hydrocarbon solvent in the <first step>. The
hydrocarbon solvent in the second step may be the hydrocarbon
solvent used in the first step. Namely, after obtaining a

conjugated diene-based polymer by polymerizing monomers

11



gr ohp, Ex.anpies of t..(m O o a .)sb y roupinial udeanai Kyl gl bup
sucb. :S :k nmethyl group, an sth.group, an n-propyi cti-.(Lh,,. an
i . 3spropyl. group or an n-butyl qrsup4 ah al kenyj group such as a
snyl grpnp, an. ailyi ( cup or an. isopropenyi grc.-)::::12; and an
(-J.roup such as a phenyl group, Ezatiples of the 3:ml)st:it:at:et;
hyrscarbvi group which a substituent is a hydrocarbyl szy gnmonpi
. cludesaf rvui rschrbvi oxyal kvi e oupsuct asast hoxynet hyi
etitiorl CPPRERY 19 {6 VoR tad @tShB Corr‘lpéﬁnq_w a 5Y66603E¥28ﬁp$%%v%?t
the subs tit ntiad hydrocarlayl roup in whic.h a s ubs thUamerc is
a substi UGLEd am wp IGrSdg adn (ORI ditk vilenifos)s lal Ky gr bup
sucin as( a. 2- (N, ? stnya :7.11p , a 2-
( FgN- di ettleyieamindst ) &) eady (81) gmulpge SAoEEZuIN LY REldEfetchyhai $ dhpynt .
.propyl grgnp or a 3- (N, Ndishhyl am no)prouyi sronp: a
(N,N—dialkyIanﬂﬁ@ﬁabwbp@m@mpnsu¢hea90@j&ga@dedmﬁﬁEﬁhd%ﬂduﬁoﬁmmmmyi
grbnmp, a 3- (N, N-di net hyl am no) pbenyi group: a. 4-
C, <LN f | ioétthvinalchiimo )tthiee hilr.s tQEQE ;f ram a2 30 NN ditétehviormimabted
phenyl nronp; a - NN- dimethy I ami no )rne thyl ph el 1. group pb
a 4 (N, Nadiemet-hylsani pbj ehbyinchenyi agliotpo a roytddc aameogfedupwhich
c(an.t aa 1"'N "7sapy xt.1 idinopropviC C , .25 apiperidi nopropy

grt, up Ni's3dimrdazakyt psepyic @oQuRintauseYCh hCe @ MR G ewppcontal Ahng
aryl group such as a 4-pyrr'lidi nophonyi group, aperldinorThenyi

group 4. v, dagzoisyl paen\ ikear QHpthéngiﬁstC¥€é{>Ca§d 144 0y €hE 2 0L 4)-
Con :al ning aikyla-21 : Troup such as a. wpvrroliddnoet hyl'phen

gr oup. so%e%octoimpém%%tehxbh?ﬁ%gxed%p&p Oafedridl Hzolixladded,
yl phenvi grCa2p, 10032 fled, w 14 is a AN oca rbyl'ene group
10 may be the same or different.
[0029]
Examples of the substituted amino group of the compound
(I) include a dialkylamino group such as an N,N-dimethylamino
group, an N,N-diethylamino group, an N,N-di(n-propyl)amino
15 group, an N,N-di(isopropyl)amino group, an
N,N-di (n-butyl)amino group, an N,N-di (sec-butyl)amino group,
an N,N-di (tert-butyl)amino group, an N,N-di(neopentyl)amino
group or an N-ethyl-N-methylamino group; an alkylaralkylamino
group such as a benzylamino group; an alkylarylamino group such
20 as an N-methyl-N-phenylamino group; a diarylamino group such
as an N,N-diphenylamino group; an alkylideneamino group such
as an ethylideneamino group, a l-methylethylideneamino group,
a 2-methylpropylideneamino group or a

1,3-dimethylbutylideneamino group; andacyclicaminogroup such

25 as al-aziridinyl group, a l-azetidinyl group, a 1-pyrrolidinyl

12



which PPy .have a nitrogn atom nd/or an oxygeii atom ifThere 10 Rs
is conbined with R4ic a. hydrocarbyl ene gTO00 ,",:hich may have a

ni trogen atom and/ or an. ozygen atop. Exanples of the -"yd roca y
e egroinc:ind,st an alroup” ar:e rle group and an. aryl ene group-
Exanpl es of the aikanediyi group inc.:Ludo a pal ynethyl ene croup such
as a trineth7lene group, a tetrazaetnylene gr:yi.p, at

p4. -entanetn.ylene group O a hexanetnyl ene grouna; and a 2, 2,

i :1.--thAirPtehntthiredkesdndionyl Drygreups, 1 Exanpheshyleneihinakkanedi t 2|
ou.p inoi.ude a penmiane-2-en:E. :---i, ?.A group, Exanples of the
aryi ene groeptienelthge cacinigqophemyirene grovprolne ydrgcarbyl ene
group haying nit.rogen tt omandlor arl xyge.n atomis a ;

hydr Ocpr Bylieheagodup ihavi ngoapni tr Ggemiatomlyd grdNG, G group havi ng
an oxygOn a tam O.r. a. hydx7coarbyl ehe group having nitrpgen at om
and an oxygeniat/ont-Exanplbes cofy 1t ke oublydr acaythylarie Gl G k) har 7a
rng a nitrogen atcNn inod.ude g ?CO Up represented by

- C. 0.5 N ClpyiaColyi-gadisl, aal gbOoudrsepheseet bY a morpholino group.
25-CH N-CH2-Cri.:2-. Ezenpie.3 of the hvdroOarbyi ene group having an
oxygen atjomzincl ude: a group represent.:)el by- ---(C'(Gi2) t ( St
each independentli. represent. an integer of .1 or nore: , modd: We
lr:C .R4dis c (I iy = 1= 2 : ival

O Lipwhere 1o 19 5¢mT . bl nad w Eh FE R & di val eact o ape Ify. P
is a cligglﬁpﬁagqlggg shE%aMp8s,,,.yr. title olvalent grouq:: include
a hydrocargy . ene group, a yéﬁocdrbylene group having a nitrogen
atom a 3¥grocaxbyiene group havi ng an oxygen atom a group in which
a hydroc yl ene group i coretd,:nd with an oxygen artmu and a. 10
group In. a_hyr o] t ylepesgpnour:rrmvoined w.:th a. group
represented;§$%?8T52¥EE?%TBa; hydzgﬁésbyl group or a hydrogen

at om) Exaripb es of the ' C yjene group include an al..kanextry.t.
(4n:110.p ea il:en 'ad) y]. ("OLip and. an aryqgroup , Esfruaples of

t he al karun%LtodypT. i ncl ude aC C group
10 wher2in R" is an optionally substituted hydrocarbyl group, a

hydrocarbylene group which may have a nitrogen atom and/or an
oxygen atom where R? is combined with R®, or a divalent group

where R? is combined with R7; R®

is an optionally substituted
hydrocarbyl group, or a hydrocarbylene group which may have a

15 nitrogen atom and/or an oxygen atom where R’ is combined with
R'; R” isan optionally substitutedhydrocarbyl group, a hydrogen
atom, or a divalent group where R’ is combined with R*. R® is
a divalent group, and p is 0 or 1.
[0031]

20 In Formula (I-A), the optionally substituted hydrocarbyl
group of R, R‘5 and R’ is a hydrocarbyl group or a substituted

hydrocarbyl group. Examples of the substituted hydrocarbyl

group include a substituted hydrocarbyl group in which a

13



155" ,:ieh as a triT,etrlylene group, a teixanethylene group, a
pent anet hyl ene group or a hexanet hyl ene group; and a

4--trinmethyl hexane-1, 6 -diyl. group, Exanples of the

al ka"):)&d.i.group And do a pentane -2dlyi group, Exanples of the
aryl ene group include a 1, 4-phenyiene group, 2t) Exanples of. the
hydr ocar byl en. e group hailing a nitrogen aton1inc|ude a group
represented by -CH N 00.=-Cr:- and a yroup C '"-Chby

aCH N-C; ff@ﬁ%éntéaﬁmteswoﬁ M@rﬁf@rr@dé@emlgéf@élpgr G r@a\ﬁwligstamt@&%en
atomincludec group represenred id)/ t each independently represent.
an 25 i ntegercerbyl orowprie) whigkanphestéfuehé gr cupubAtwhiickdaamino
hydr ocar byl ene group i s conbined with an oxygen atom include a group
repr esentdg@uprby E(@FR) ¢s-oC- tii¢ hyecresentys ancumtiegendefan alannogspup
|':;Xaril Thl _e8 OE the Qroub In which a. hydrobarbvier grOOp 5

conbi ned swictthaa grouiphy epresent ech by h+NR§ro(R3 repneseapglagroup, an
hydr ocar byl dr ounor a) Ly(j rodaat om) i nch3deagr oupr epr esent ed

r epr esentiscamopgtiegebupf ok of rrore)R8 drourr efrenakkyva bydupcanbyl as
group having 1. to b carbon. a.ons, cr a hydrogen atom .

a vinyl group, an allyl group or an isopropenyl group; and an
aryl group such as a phenyl group. Examples of the substituted
hydrocarbyl group in which a substituent is a hydrocarbyloxy
group includeahydrocarbyloxyalkyl group suchasamethoxymethyl

10 group, an ethoxymethyl group or an ethoxyethyl group. Examples
of the substituted hydrocarbyl group in which a substituent is
a substituted amino group include an (N,N-dialkylamino)alkyl
group such as a 2-(N,N-dimethylamino)ethyl group, a
2-(N,N-diethylamino)ethyl group, a

15 3-(N,N-dimethylamino)propyl group or a
3-(N,N-diethylamino)propyl group; a (N,N-dialkylamino)aryl
group such as a 4-(N,N-dimethylamino)phenyl group, a
3-(N,N-dimethylamino)phenyl group, a
4- (N,N-diethylamino)phenyl group or a

20 3-(N,N-diethylamino)phenyl group; a
(N,N-dialkylamino)alkylaryl group such as a
4-(N,N-dimethylamino)methylphenyl group or a
4-(N,N-dimethylamino)ethylphenyl group; a cyclic amino
group-containingalkyl group suchasa 3~-pyrrolidinopropyl group,

25 a 3-piperidinopropyl group or a 3-imidazolylpropyl group; a

14



The conpound represented by Forrmula Lr-A) is pnnmH, rrably a b ;;; M
Qund ).2 epreSentey R4’ a hydt beaxbyl eno dbobp whicn nmay nave a
nitrogen atomand/or 13 r: TatWr,; optipoal ;;; y t:Thisay r Cal r(11
ICOii"Ca hy:ilr Or: arbylellai grCap W. may have anitin)geb, at
omand/ or a rb-rz yo ena' rsoonbi nsd wi tnan..1lb.."dn
b,,,-,)-Choirrhi.ly :3 CL) al. ;1: hyLltu"sarby.i. ciro.:4) 20 or a
hydrogen atom [0035j Description and exanplns of the optionally
subst i r uted 1 1&n 2MGpE GZAINPT COuB SNt tde d. T YRV RIFGear ACgrisud i n
Forrunla scrii.)ti on and egrsrpl.ot the ihydrocat.t.ry.1 Eisae rt up
W Tl CM otlay YRapds daineirbgen latogrmuand/fort -an pehi-istiyeroheratlord o Pop  al a
ana the sane ‘as those of a. hydrocarbyl ehe group which may have a

ni t r ogan 4atiovndandilorl carer@gy genuat omd m foriupaaiine ALoyp-OmonBFining
()! :a.s preterably a hyct.nOCarby.i. haring. 1 to 10 carbon atons,

or a hydredéarlbylyéne rgrugup ulid amsudg 43-ctyeHioYdal imicea hry lattomsy L. group, a
cscr.ribined. hIflf: I, or a hydr ace rby |ane group hasing 2 to 10
car bon atlens pwhiichinokas ya phicrrvagenr catromrand ahinciiid 2 oo metome il
01, More. preferably, P41 is an. alkyi Tr:TA:1lp to 10 carbon. atons
ot. an amplougr.oup .n.avin Etm::.M;::;, or a poi woe tegroup
ria"Tiricl 3 to 10 etn).:001) atons which is cbnbined with. R51, a
group reprnesent ed by whi.ohcoffrdned with Rs , CO a group
rrspdes, : hped

Where R* is combined with R® , R is a hydrocarbylene group
which may have a nitrogen atom and/or an oxygen atom. Where
10 R® is combined with R*, R® is a hydrocarbylene group which may
have a nitrogen atom and/or an oxygen atom. Examples of the
hydrocarbylene group include an alkanediyl group, an alkenediyl
group and an arylene group. Examples of the alkanediyl group
include a polymethylene group such as a trimethylene group, a
15 tetramethylene group, a pentamethylene group or a hexamethylene
group; and a 2,2,4-trimethylhexane-1, 6-diyl group. Examples
of the alkenediyl group include a pentane-2-ene-1, 5-diyl group.
Examples of the arylene group include a 1,4-phenylene group.
The hydrocarbylene group having a nitrogen atom and/or an oxygen
20 atom is a hydrocarbylene group having a nitrogen atom, a
hydrocarbylene group having an oxygen atom, or a hydrocarbylene
group having a nitrogen atom and an oxygen atom. Examples of
the hydrocarbylene group having a nitrogen atom include a group
represented by -CH=N-CH=CH- and a group represented by

25 -CH=N-CH; -CH; -. Examples of the hydrocarbylene group having

1'S



byC. H2 -CFH which. is conbined with R. Still noro prfera.hly, 01 is
an al kyl gro - havnno 1 to carbon atons. Partr3.1lc:=nr.E. ca.l vy,is a
dist hy 1 gNO ethyl 20100381 haNing I. to 10 carbon atons, or a
17wdi d) carbyiene group 'r 3 to IQbor at MXCi")conmbined with R4 le
Ora nyorooarlLi.,,,iehe group haying 3 to 1C; at bmh which has a nitrogn
atom and. which is conbi ned want nMore preferably', R't is an al kyl
group hav g 1 to 10 carbn atons Cfl". an aryl group ddvii,ad 6 to 10
cer hon a@@n@xggemlt@namﬁw@ma group UrRAkaREI8-4DPY0- CHEbom At 6FE: )
which is oc.-nb:Lre dwi. h , a group represented by which is

conbi hi RAE, aod tacaghoupdepyndeltlyserpsyadnt 25 hyte@E=NC102xCnb2e) .
which. is conbined with R41 , Still nmere preferably,|S an al kyd.
group haviomg3l no cc, carbon atpne. Particularlyt.sterand, 1/4 Rs'

i sanet hyJgrospor: Eni et hyl gtonp. [003Sri Formfol a. (1:-P,1)is prre
ba. hyd ¢ a rbyiwherkeofpiidQoaibiaddhyd: i agemra: & arginrerpyebepabl wyydeC
rb y.1 group .having 1 to 10 carbon atons or a ?c: totjan atom still

mor eps ef er’abk woamﬂlnedwlth group Naaly a0kt 131:}31,@"1 arl:i OvBal vki1ent
yd. group nay inn 2t 5rbCh ahydregaz-1 at :it-, ,

an: | c:artge)s. Qxémﬂﬂe@r@f Ehéaepl\yalaerhy%'i‘ggﬁnln@ﬁu@éna Ry &EL byl 1ene
group; an ethyl group or vinyl rcR3 p Exanpl es of the

Conpounddﬂau da léﬂ@” %pﬁhﬂﬁf nitrogen atom, a
.)31l.ci. . pc:un .representec)Fre.r.nuk:.a)l/ 4ude

g' [Jzyg' ] agc%c(‘a'r)ﬂ 13 ;%’e}tolu'ﬁc'h%vﬁ_‘ﬂ@ 235 fkggﬁﬁ' Q'tMnt hx;sgghgﬂawg_eggych

a hydrocarbylene group is combined with an oxygen atom, and a

10 group in which a hydrocarbylene group is combined with a group
represented by -NR®- (R® represents a hydrocarbyl group or a
hydrogen atom). Examples of the hydrocarbylene group include
an alkanediyl group, an alkenediyl group and an arylene group.
Examples of the alkanediyl group include a polymethylene group

15 such as a trimethylene group, a tetramethylene group, a
pentamethylene group or a hexamethylene group; and a
2,2,4-trimethylhexane-1,6-diyl group. Examples of the
alkenediyl group include a pentane-2-ene-1,5-diyl group.
Examples of the arylene group include a 1,4-phenylene group.

20 Examples of the hydrocarbylene group having a nitrogen atom
include a group represented by -CH=N-CH=CH- and a group
represented by -CH=N-CH, -CH, -. Examples of the hydrocarbylene
group having an oxygen atom include a group represented by

~(CH2)s-0-(CHz )t~ (s and t each independently represent an

25 integer of 1 or more). Examples of the group in which a
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N, Nadi hydr ocaxbyl a yl am de such. as 1,:hNdinetnyl acryl am de

N, N-dl et hvl acrvl am de ot N-nethyl-N-ethylant_ jam de;

)9, 10-di hyer Ocar hvi net hacyl am d such as

| h-ad. i met hyl net kaoryl am de. N, Nadi et nyl nst hacr: | am de or

N- et kyl - N- et hyl nt hacryl am de, [0041: Exahr,lilles of the

compoinid in which R71 is a hydro.clan atom anong the conpounds

represented by Formula. (1.-Al) include N, N-di hydrocarbylfornmam de

such. as NNINEERFREERVIREoPRENPX W NORCHDEEhyLEbr #ar e geepraton include

N- net hyd. - Neet hyl f or mam de, [00421 The conpownd represent ed

by For nulkagdg¢PAp FePpeeethantthy y- &feonpoind v eppesentéd by rites2y RO
------- 1.) /heroin Fis an optionally substituted hydrogarbvi

group, 1 or mors) .a group in which a hydrocarbylene group is

cordined with. 10 a group represented. by -NE!''"m or a hydrocahbyl eno

roopo and TS: . 8xiesipdebydf ocar bylougr dupvlotcla.a hydrogembatieme group is

Descri ption and exanples of the optionally substituted hydroparbyd

groups i n deaiiuled. WithA2) q@ared hemanemasd hoseof® -15(”n opitosahty a

substituted hyorpcarbyl group in Fornula Exanples of the group cif R9

in wh Chhyaﬂwﬂﬁb@ﬂhﬁbJ@ME@@Mﬁfﬁ@@@ah%m@%ﬂﬁl&ﬁb&@E@d@réﬁ@é@ented

represented by - I n Formul a: i ncl ude a group represented by.
--(Cl 2HNI - Ten( 9, ERRF esent:s an L01 1Y @gek nok gk rOb FMDIE) 1drQ045] R
11..n. the grouégra p. reggntégn%ymhe reRlEs 9r€Vdrocarb3} group; tﬁg
nurber Ofpr('e%reli%'%lyataomzaf:oga;?byf’ﬁ @fsusrhgm 1 rox 61ctc1Eb%n bR or
group: represen. ted. -- I s”orref anf .. : yl group,
. uu- 30’aE%%%H%%%nC%t Qp hydrbcarbylbne groupgnc tude an
10 [0034]

The compound represented by Formula (I-A) is preferably

a compound represented by (I-Al):
RY
/N—ICI—R” (1-A1)
51
D O
wherein R*! is an optionally substituted hydrocarbyl group, or
15 a hydrocarbylene group which may have a nitrogen atom and/or
an oxygen atomwhere R*! is combinedwithR>'; R®! is anoptionally
substituted hydrocarbyl group, or a hydrocarbylene group which
may haveanitrogenatomand/oranoxygenatomwhereR’? is combined
withR*?; andR71jjsanoptionallysubstitutedhydrocarbylgroup
20 or a hydrogen atom.
[0035]

Description and examples of the optionally substituted

hydrocarbyl group in Formula (I-Al) are the same as those of

17



al kanbdgyi group, an. al kenadiyi group anb an aryl enke group. E
nroles ot. the. alk.a.nediyi. g.roup ingluge a po--stnylege group".
such as a ttiethylenb group, a tetranethyl ene group,- a 10
porranet hyl ene gscoup or a. hexangthyl ene group; and a.

atri nmet hyl hexang-1, 6 group, Exanpleg of the al kenbdiyi group include
a. pentane -2 -enel.kqrnup, 1-1,za.nples of the arylene group

i ncl udeapnbnyl ene group. L.0047-: Fornula (1:1:--A2.1" R51pr et oral;
y a h.yd@@o@pbwn@gbupsukmtx/iwt:@d hydraaeriy lcarbon apodnerMwpre(I-A) .
prefiErcal:).1s/ z'ngliouPll-laving .1. to 10 carbon atons or an
1rgroup Havilgé; ED to 1.0 carbon arrans, still Tabre pi:bre:cab:1ly an
al kyl group .naging IL to carport atonms or a. pn.enya. group, and
particul arly . peetnspabby aretdxyngtoubt tare e dr ycrioypeoe ga cphrenyi ch
group. preterabl v

hydr ocar bylemnergroupt rhayh g on ad10rcat baggehl 4t oC.inMBoofua agr bupl )
whi ch a hyd. rocarbygene group haying 1. to 10 carbon. arona is

conbi medawiet hha Gupisl2bepr esentreth y- MR el pfiese. HhScad may have
hydrocarb--' group or a hydrC' en. atoEN nbre prefs?rably a

pol ynet eyi ene rgheup athavisdg /e 6rcarhen atoms, an aGhoum represent ed
by Y: Th represents a hyrocarbyl group, and N:. reldrc?..sents hn

i njuder qfHhp2sto S), and still nore preferably a trimethylene group, a
tetrapet hyden. e group, a. pentanethyl enb group, or a group

o e gretp | nAn enaLT kY ArDY el & THORC obel Ra W EhC YA SUrER
BB ks SIELEES cornon LB DEPLORSLS 2 eYdLeeal byl WTgDP,g"

a hyebnog, . €. e ‘ebnpbun epresen

Ll.---1) | hcl ude di hydr ocar hyd-2-i m pdi di nghe, such_as
51 e O RRPaR AT N T8 CaMEL P e aag 1 tPRgiaatoSd B ene
151, 3-di vi nyi - 2- 1Esi dazol i di none or , ,
1- mer hy 393°6Pnhy1valy &é’zé&%‘?ﬂg%%f} ArEHY Y HESe BB odidggen atom and
-di et hyl-2-.imdazolidinbne is pre:ferabie. 050%) i1 .

which is combined with R>". More preferably, R is an alkyl

group having 1 to 10 carbon atoms or an aryl group having 6 to
10 carbon atoms, or a polymethylene group having 3 to 10 carbon
15 atoms which is combined with R°!', a group represented by
-CH=N-CH=CH- which is combined with R°!, or a group represented
by -CH=N-CH; -CH, - which is combined with R°'. Still more
preferably, R*' is an alkyl group having 1 to 6 carbon atoms.

Particularlypreferably,R41

is amethyl group or an ethyl group.
20 [0038]

In Formula (I-Al), R°! is preferably a hydrocarbyl group

having 1 to 10 carbon atoms, or a hydrocarbylene group having

3tolOcarbonatomswhichiscombinedwithR41,orahydrocarbylene

group having 3 to 10 carbon atoms which has a nitrogen atom and

25 which is combined with R?*!'. More preferably, R°! is an alkyl
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Exanp) ds of the conpound in whrchis a hydroearbyl ehe group anong- the
conpounds represented by Fornmul ai ncrude

N- hydr ocar bvi -! 3-prol | urpl actam such as h-rahrti---propi |actam br
N-phny. 1-1.':-propdol adtam N- hydrocarbU. - pyrrolidcde such as

N-net hvl-2- rrolidbine, rrbl.).done, h-phenyl-2-pyrrolidone,
)))-tert-botvl-2-pyrrolidone or 25 Nenethyl-5-nethyl -pyrroildone'

N- hydr ocar byl-2-bi e. eri dboe such. as N-nethyl-2-..i: beridone,

pi peri doA&°8P hﬁﬁlﬂ%n¥1¥2ﬂotﬁéFPHBn%tOWPH?ﬂFHb§FHQIg§°€§p?6V&@@3§1to
such as N-net hyl -s-caprol actam or N-ohenyl --caprol abtanr artd

N- hydr océpbwrhz@n |2 ruPact arn Isiiet: rast NBERYR- Ae Y 409 14 6lPac Pans Bpon
N-vinyi-c::-lauriloisortam Anonci. these conpouns,
N—phenylazomvrwbhpﬂoné @@@bm@ﬁétWykécRcapr@l@@pwmznapqﬂﬁﬂﬁﬁQﬁﬂbw rir
1 The conpound represented b¥ I'formula (I-A) Is

pr ef er ab-gH=N6aH=Conpoundh riepresented Wiyt i RIZAS)r'a ReYp(h-12di@sedted
wherein R' is an optic:daily substrtuted bydroparbyd. cp:-oupe

hydr dear byl EpHe-gH, -¢dp -WhS'ich ii.sclcaylimave vwa tol Aldacnsniaflomore

.,..ntNicer a.n o Xyge atOa W3 ts CO:1th lilacj. ; P.5 3 12i; an
IS WS pliredablygi ROET byi a@Nel igf OUR-dTRY hbiNmgl 1eta B tériiganatoan
sum i eranoxyge '37, at cra where. RS " s conb ined with A ; .i.san

yd. a tbpalterue agnoupie a1 IR aNrOPL: o Adting drosybst bh 'étt$1(§/l group.
hydr ocar byl . group, [0: 3521 10Description and ezanples or.

optional I;yg3sybstituted hydrecarbyl group in Formula Cl. --AB) are t he
sane as L hose of an opt|onally subsNItuted hydr ocabbyl ou.p: in

Eormia" tarK i, f74 )€ 3@r4¥g ﬂyQPH§d¥BcQE¥§ﬂFg?bu

and/ Or arl oxygen a.t.ora in ornula % are t a sar

ﬁi gméﬁcﬁébg'@%ﬁ%?- R S §aPe % @w%%%@eq‘bﬁfl:%;%p"ﬂv%a
ydrocarl.o ncl ude a

A kanod Vi G oo i %IH?E%%&IFS? DR Shd Ao e G Bugac L erabLy
E)S(agpl (I?I ?31] O%}l%}?fgﬁl kaq&# qrtooug clanr%oundaetomgmayn afk‘e’hf} E r%&éjga%g%g
2to6carbonatomsor ahydrogenatom, andparticularlypreferably
a hydrogen atom, a methyl group, an ethyl group or a vinyl group.

15 [0040]

Examples of the compound in which R’! is a hydrocarbyl
group among the compounds represented by Formula (I-Al) include
N,N-dihydrocarbylacetamide such as N,N-dimethylacetamide,
N,N-diethylacetamide or N-methyl-N-ethylacetamide;

20 N,N-dihydrocarbylacrylamide such as N,N-dimethylacrylamide,
N,N-diethylacrylamide or N-methyl-N-ethylacrylamide; and
N,N~-dihydrocarbylmethacrylamide such as
N,N-dimethylmethacrylamide, N,N-diethylmethacrylamide or

N-methyl-N-ethylmethacrylamide.

25 [0041]
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td:trtranetnyl.ene c;fr crap,. a pentamethysene group or a.
hexa3-aathy group; and a 2, 2,4-trifleth7lha.z.ane-1, 6-.diy.1 group.
F..:c=pi @ of the aliceneci.-3.LI:C 1.U Ce a pentana-2-ene-1
5¢-r0:11. D, Foganples of the: arylene orouP include a 1, 4-1nhkntl ena
group., [001):33 F(-.ncroo.la ;as pre torab.1y a in

vd. r(Tioar3ovliene r-nop :flatten3 0 It,al5,p.iteter::::0.1.y an
a.l.l....arladiy.3. grout::: hagang | to 10 CaThG P atOVS or an a r
yl ene group6 t&XEPPréarbeoh Aomemestind ippvleliphdt er a5l § avAePaghepagom
group, a --iynethylene group hay 30. 2 to 6 carbon atons or a

phenyi energnguRhcandrpariideulramring sprafesr &lyT3 oxrran set Ji-yllenel rgr bupe a.
tr inmp= ylene groop or a |, 43-phenylemgr cop [60561 iPN.'-A3),Is
p-.: -. 3- NeNabliy val roydrbedlfrdrmamjalegnbom as N, N-dimethylf@mamnide
carbon at.mMms or a subs Ilinat..ed hydrotmart73. group 2' 6hairingl
to 10 Canh@VdiatthOWb3 miamivhi ehr al-anathyat-N-eanty lifmnaiade Kyl am
group, nore prefer ably an al hyl group having 1 to t, Carbon an aryl
groups t w.wiolaiznp. to 0 Ca rt)On aLans an al kyl group havinn I to 6
carbon atons which has a diai kyianmeno gronp as a snbatituehtor an
aryl group havirfg 6ckhBodnd £&FPON: @t O, Whicthia has-a)dial kybagi-pey
group as a substituent, and still nore preferablv a nmethyn. group,
an. et' ngr onp,RheRy | G QuR. & B 18di eyl .am nbet hyl gTonp or a
edi et hyl af fi nOphe , - group. In Fornul apreferablyg nydrocarbyl. group.
10 having | to 10 corbon atons, or a hydrocarbyl ene group having
3t ol Ccar bo nyfﬁqﬁts Wls orloin e di13:5 3 " orany dr ¢ a rb |l ene
group navi ng g/t 10 carbon atons which has a nitrogen atomer an

nd

oxygen atom ichi5 co Lwey)mjth R3-:"" nore preferal an.
al kyd. groupNrawvinQ. WC.: a rbOnO'El.'E anarV C.ir 011'0 t6 tc 10
carbon :,.. /tans, dip an al kanediyl cnnsup ni:ozing 3 to 16 Ca rbOn

at ons V%fRﬁzis conbi fed with k57). a group represented by

wherein R°? is an optionally substituted hydrocarbyl group;

R? is a group in which a hydrocarbylene group is combined with
10 a group represented by -NR®-, or a hydrocarbylene group; and

R® is a hydrocarbyl group or a hydrogen atom.

[0043]

Description and examples of the optionally substituted
hydrocarbyl group in Formula (I-A2) are the same as those of

15 an optionally substituted hydrocarbyl group in Formula (I-A).
[0044]

Examples of the group of R’ in which a hydrocarbylene group
is combined with a group represented by -NR®- in Formula (I-A2)
include a group represented by —(CHz)q—NRS— (g represents an

20 integer of 1 or more).

[0045]
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eN -CH -CH which is conbined. with P.53" a. group rebrepented. by
-OMNC. .1.*%:.---CH2.- which is conbined with RS'"'' or a group
repreaented by -(CH2)2 -0- COM2')2 - which is eonbined with 2 0sl
"N NrrrerferahU. v an al.\, N reup haying 11.6 GCa rbOn: 1) 16.:3 or a.
pdl ynmpt hyl ene group having 3 to 6 carbon atons whith is conbined with
f-z.53, a group fepresehted by -CHN.-CHCH wnicn is comined w thor
a grc.up represe i s _gonbined with

nted. by -Ch-CH2 - i gh
13"-' and part %&%leagl??%é?mﬁsﬁgtﬁg@dp_w._’gﬂhﬁfﬁﬁ 1 HApY Brogarbyl
t et ranet hyl ene grou ichis ont ai ned wi th, a hexanet hyl.en.e grou
whi ch i s9E8HBI n ﬁ%’%@@% 6 TROgr L r pries ent EaeS9ra@{|¥Nfeﬂmcgptop

which ia,conbined n ormii (3 is tireterabis. i a H ocarbyl group

havi ng 1%t 0 2ME&r BORUALISHE S S5 tehydrdarby Reres g6l thaivhg B=tlov) .
GW...a rtKni atons which ig conb Laeotw -MR" " or sivydr ocarby.|ene
croup haPFAgPIto 10 carbon atons which has a nitrogen atom or ad.
oxyci on atom ano which is conb.ined with. R43" nore oref (stably

1. 0ar’ al k§P4§foup ti-aving | to 10 carbon. atons or an aryl group ha.
V.i.nq 6 to 10 carbon atons, or an al Eaned.tyl group b.aviaig 3 to
10 carlooli atensmwheshofcohei hytedctirbRleBeaggpapporepr efentlatidyan
-CH-CHCH which is conbined wwith RE a group tepresented by

- - C. Hrsi gikan€diCH2grwhpchahs acarheneg IWgtrbuRl a3 00k na 2@AWh e group.
15represeht ed by -) 2 -a-MCW ? 2 - which. i conbinod with 1-3.1 3
, still meaeplpeet®.chabbykanecal kylg€oup Jricadeid el sh indt 0y BB group
rbOriatonis, or a pclynethylene group having 3 to 6 carbon atons '
whi ch i oscenbkped witheRhy18nEOUROLEPT eSeBted Mt 1 Wi %‘}o'usp_, a.
conlalded. with RA or a qgtoup represented by -CN-C-j*; 20w hicn is
comy ced MWhBaR4:ByiecBendrobdr bl 6 delaFeP 1k 8: nfe?Eg%O &,n%tnrai Yo Cup an
c.:2.-th.y.1 group, (.nTte t ranmetouponcom xeg W E hexanet nyi ene
group whbch ks iLth_R4 0180 rop -s311. - N
T PN S S e e S A s S L

R73 is 'Qlﬁéégéajcf?ib%i:oup include a pentane-2-ene-1,5-diyl group.
Examples of the arylene group include a 1,4-phenylene group.
[0047]
15 In Formula (I-A2), R°? is preferably a hydrocarbyl group

having 1l to 10 carbon atoms, more preferably an alkyl group having
1 to 10 carbon atoms or an aryl group having 6 to 10 carbon atoms,
still more preferably an alkyl group having 1 to 6 carbon atoms
or a phenyl group, and particularly preferably a methyl group,
20 an ethyl group or a phenyl group.

[0048]

In Formula (I-A2), R® is preferably a hydrocarbylene group
having 1 to 10 carbon atoms, or a group in which a hydrocarbylene
group having 1 to 10 carbon atoms is combined with a group

25 represented by -NR®- (R® represents a hydrocarbyl group or a
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2 atbap:anm | erheccnucundsreor esent Ki by _onaul a Jl--A. 3) include

| aN, Nadi hydr ocar byl am noscet oenenene such as

4- (N, Nedi met byJam nl scct opgnona, 4- Nanet hyl - Neet hyl am nct ophenone or
5 4-N, N-di et hyl am noacet ophenene; and a 4cycitc am ncacet opnenone
conpbu: Ld auth as 4'-(imdazoll-I|eyl)acetcphebone or:

4- pyraccl yl acet ophenone, Amd these conpounds: a 4-cyclic
aninoace%oghenoge ctr)Tdund is(gfef rabl e, and havi

4f - (trni 48201275 y1)4ebr optiehdte i %fﬁﬁﬁixﬁﬁﬁﬁﬁﬁ%ael%ﬁﬁﬁp Sy ag
Exan: pi ss of the conmpound in. whicb R? is a substituted hydrocarbvi
group a ﬂﬁjF%EaégﬁﬁoﬁﬁagsﬁﬁbﬁbgéﬁPerBQr?B?ﬁﬁﬁa ?YIT“%é)HﬁHN%%é (R°
bi s(di hydr ocar byl am ncal k71) ket ene such as 15 .
1,7-bis(ﬁ%Pﬁ?F%%E§FhﬁWﬁ6P§@iﬁéﬁtgﬁ@HEfoﬁnd q represents an integer of
bi s(di phenyl andr aa) - 2- pgopanone; .
:ocarbyl%ngﬁeﬁébzé@ﬁeéghé stiehcasraferafinaet hyianthobensophenegne,a
4-N, N-di -t abutyl am f | oben. zophenone or 20

4- N, MadMehehRvinam nobenzophenone; pentamethylene group, or a group

bi s(di hy(:rocar byl am no) benzophenone such. as

4, 4" abi s{dpneshytadi np) befigoplenofig; ) - .

4, Vabi scril et byl am ne) ben. zophenon or 4, 4" - bi s(di pheny

rdno) benzophehone, Anong these au: pc: Ends, 25

4, 47- bi s(dl hydr ocar bvi am o) benzcbherldn is |arferable, and

4, 47?- hi s(di et hykanb ne} bonhzoephenopeuins: moreh prefeEr abl @, gfolp 06 kiflich
The copounn represented by. Formula (T-A) is preferab a conpound

represent ed,daycfHosyd@) o(binAbsBom) L)edherel B. o R4dpi so @ opt - LANS,
]y substituted hydrocarbyl cpaospi or a hydracar%ylene grb. up which

may .1 chavena® ni {£0ges, & om and/0f 4 @2 AXygen at,om Wienejs- Lenbined,)
01 th R ; y0'as an opt 1.0na.1l.y
among the compounds represented by Formula (I-A2) include
1,3-dihydrocarbyl-2-imidazolidinone such as
1,3-dimethyl-2-imidazolidinone,
1,3-diethyl-2-imidazolidinone,

15 1,3-divinyl-2-imidazolidinone or
l-methyl-3-ethyl-2-imidazolidinone. Among these compounds,
1l,3-dimethyl-2-imidazolidinone is preferable.

[0050]
Examples of the compound in which R® is a hydrocarbylene

20 group among the compounds represented by Formula (I-A2) include
N-hydrocarbyl-pf~propiolactam such as N-methyl-B-propiolactam
or N-phenyl-B-propiolactam; N-hydrocarbyl-2-pyrrolidone such
as N-methyl-2-pyrrolidone, N-vinyl-2-pyrrolidone,
N-phenyl-2-pyrrolidone, N-tert-butyl-2-pyrrolidone or

25 N-methyl-5-methyl-2-pyrrolidone; N-hydrocarbyl-2-piperidone
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hydrocar' oyl croup, or a hydrtcarbyl ehe group which i ma .h a v e a.
nitrogen at cman d GatTIOXy (.1f erl a tomwhere .Rs s o.onb e d
with R44; P.64 is a hydrocarbylene droup; Ais an oxygehi atomC r a
group represented nv N; is a h7Srbc:arbYl greuP or a Iry dintgen
atom arid EZ-14 is ahi otct.: lona y sunsim.tanted . hydroparby I
group,, 15[0062.] Description and e2anples of the optionally
suhstitsted hydrocarnya, orocp in Formulaare the sane as those of. an
oca: bamadi'ty ﬁb@“f‘?‘&ﬁi’%:‘?rph%Fééapﬁz | YouplYai LrB2PSEL9208: P Psr mul a
(1-M, Ais an._oxygen atom or a group represetted by- I: ch:oc:arb
| . aroupNoPlahydfogereridone; N-pEdrpRargyéup-22ELOprESEAt By aN
Rs -; where Rs "Mah yO O rby.l. g the nu.nber of carbon a ILCMO of
Ris p elrmafFbyy-frcepso8eetgnoor) NrehBsiigrs-eagroRecsapreafet ab |y
a byd rp gen atom 0065 :, Axnaula, A is p-referebly an ozygen atga,
0 T. a. YroupreepreséenvedabyilNHactandsmeneapreferably a group
represented. by 0066] Narnula" exanples of ;11--ce brydrocarbylen;:.
group 0 F-me)hiyhebudeuanloabckanedirvii-gioyp;-oanaakrkeénedicylargr oapoar. :
dryl ene group, Xxanples cf. the al kane:dlyi. group incipcie a

pol ymat hyhene goeupusdeh Bsphehiplretbyleneigradpzna t et rM 1 e
grcup, a pen tenetnylene group or a nexanethyl ene

N-methyl-e-caprolactam are preferable.
[0051]
The compound represented by Formula (I-A) is preferably
10 a compound represented by (I-A3):
Rﬁ3
N—R®—C—R?  (I-A3)
RS3 |
wherein R*3 is an optionally substituted hydrocarbyl group, or
a hydrocarbylene group which may have a nitrogen atom and/or
anoxygenatomwhereR43iscombinedwithR53;R&3isanoptionally
15 substituted hydrocarbyl group, or a hydrocarbylene group which
mayhaveanitrogenatomand/or anoxygenatomwhereR®? iscombined
withR*?; R®? is a hydrocarbylene group; and R’® is an optionally
substituted hydrocarbyl group.
[0052]
20 Description and examples of the optionally substituted
hydrocarbyl group in Formula (I-A3) are the same as those of
an optionally substituted hydrocarbyl group in Formula (I-A).

[0053]
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cfr o0 1/4d. a2 " 2 ,C"Ngra 1/4,x anp ichs ot ft: e
anUKenel/ 4gi finclude a. pens ane-2-am-J-1, i-dxyl group , Exanples
of the aryiene group include. a 1,4 -phanyiene | rL EO1JMJ I a C 1I)
R74 is preferably a hyd 1/4lcrd p having | to 10 carbon atc)nms, nore
preferably an alken y 1. group baying 2 to .5 ca.r.bon. atoms"stil
more pr eferablya vinyl group or an isopropenyi group, and

perticularly p eferab% n Pj referably a
hydrocartyl cro Ssﬁ5§P éoﬁa %&W@i Bﬁt@%hﬁéf ?ﬁ#@¥¥ﬁ£ EFSH%W%;Ch
pelyneth%le e e.p hadti ne. tb 6carborl a -toms s | 1 Incubi: p3de f
ra h y a"@Yxie%t ﬁyme%o%?%ﬁ‘ﬁoﬁ‘ra%d{?ifrﬁrbf’ﬁyg@nea"gﬁ%&ﬁ‘ Fepgala (1-A3)
particularly preferably a. 5 tr|netgglene group [ 00691 in
Por m u. bare Raa FE D ref EPQEPyOg a r@@é{w %Gﬁot’@y?"hgchdﬂﬁb have
cerbon atbns, or a hydroearbyd.e.e gqr. DU : having 3 tCho:: Kt) oh a
t cxm{ bWA. Ni6ROPSNoeRBINNeRE/PLr13N54 X5 Jena altorObin dalrewe. 210 Igrioup
having 3 to 10 carbon atons which has a nitrogen atom ora.n oxygen
at n- nn andO0wWhdoch is collandied wi.bh R nore prefeubably alk'11
"01. 1P having 1IN. N.carbon at.bnms or- an havi.ng 5 -53 10 oar: 0On
atons, or angrE&pmpaysngf3theam@@noaanm§lmhec@r®5pO@ﬁbmﬁ%duuww@fm&%a
grbup represented by- 15 -CH N Ch-CR- which ie ccnbined with rib 4
a group ﬂépAés.inaiedeehyaiﬁHaBd€§3bg£bbp,whi@hmehedQQHDQBGGEMhhheﬁs'
" or a group represented. by- .(C (1.2 ) 2 - c--) 2 - ptdir."'nis
som . .iiaedlwhthgsbubl. NMDrempresi &fecrabai yaapday1lgrblipligeaupe a
ha.vind .to .0 carbon a tomb. 0O ICarl.ylene group ha-vincr 3 to 6
car bon ab@ﬁ?m’é@h‘}mehé group such as a trimethylene group, a
10 tetramethylene group, a pentamethylene group or a hexamethylene
group; and a 2,2,4-trimethylhexane-1, 6-diyl group. Examples
of the alkenediyl group include a pentane-2-ene-1, 5-diyl group.
Examples of the arylene group include a 1,4-phenylene group.
[0055]
15 InFormula (I-A3), R®% is preferablyahydrocarbylene group
having 1 to 10 carbon atoms, more preferably an alkanediyl group
having 1 to 10 carbon atoms or an arylene group having 6 to 10
carbon atoms, still more preferably a methylene group, a
polymethylene group having 2 to 6 carbon atoms or a phenylene
20 group, and particularly preferably an ethylene group, a
trimethylene group or a 1,4-phenylene group.
[0056]
In Formula (I-A3), R’? is preferably a hydrocarbyl group

having 1 to 10 carbon atoms, or a substituted hydrocarbyl group

25 havingltolOcarbonatomsinwhichasubstituentisadialkylamino
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conbined with R54, a group repfebented by Qdi e-N-C-EG\N- which is
cbdthined pf.tn. ¢3...5 4 or a oronp rero.cn,nented by which as
cumi ned withand particularly PreablY a nettril grouN. an
et:b....l.:pc-cup:. or a. t e amegrc:up which is ().1.ned with R', a.
he.xanethylene group which is conbined wath ]:.)." or .25a group
representecl :by -CHNC1-3.-CH WI105 is 2:00 111512)RS"

fen: Ably a. hn| rocirh-c haV|n 1. to 10 carbon._ atoms,
aydrocar@§P§ﬁeIﬁ%%%ﬁrﬁ£$¥ﬁ81yéniﬁ yléﬁ?ﬁﬁhhévfaﬁﬁ-RBébCP§Ef§ﬁ%&WmSI
neC Wtt, P.4 :311 a hyttrocaraylene .rotro having 3 to 10 oarbon
tonts ', AMabyt gﬁé’élpaham’fl%%@ﬁ Ja(%/ GHTROR AROB3y gEh 2at YAV BREPVIA 1119
Ch s C Ca|d5 1. M:td with R44: nore preferably an a::1 IttQp having
to 1Q carb&f & COREOSr AATEN yPigrhbpsi 2t €3.31kyiaaiore P cat bon. a
tog:a or an 3.1"kenedlyl. group ha.vinc: :3 to 10 carbon tonms which
is conblﬁyésﬁﬂtheRibraagr@hplw%@waséﬁﬂedmbﬁ mn Lehcasbennbi ped withh

R4, a group tepresented by -C 11.,,,NCel-..;:-CP:2- which. is
conbi nedhwist b Riﬁl&wlamgnocgmpupepseaeBMbstit@em¢,(Ghﬂzéﬁ&l& (G &2
) 2- whichconmbined with still. nmore .;:yret erai-il aXlto6ca rb on a

te or a prefgmebhyl enpdtgydutxpuhavingeSht 0 Hreap pon @EitoONEl Wi 6hipj Sa 4
15 COMb i nednda grc,up repre3canted by- -CE-N-CE-Ch- which is

conbi ned 3wiltihehhyoBranoeehyp LEPLES en @d 4 oy, 01N G2 pbi o ronant i ped
with P.:1 .1 and Part:Lc:aiLay pre i3,=.? rably neth,"11 gr se :no

, et hyl gqooquCratetra ethYt n e group mhlch is conb nsO
-; R 1 /1, a hexamatny.1l;:nte grout) which is conbined with R44 o.r.

20 a group .rnpresentesd tw@tl Ch L5 conhingd i f b &érocarb%aﬁi%uﬁs

at the conpoond in which 1'i's an oxygen aton1annng the co

omesantad b Sl vtk gl de sl rlon o e
’d'ethy'§Qkﬁﬂ?EQ¥bonatomswhlchlscomb1nedw1thR5 , orahydrocarbylene
group having 3 to 10 carbon atoms which has a nitrogen atom or
an oxygen atom and which is combined with R, more preferably
an alkyl group having 1 to 10 carbon atoms or an aryl group having
15 6 to 10 carbon atoms, or an alkanediyl group having 3 to 10 carbon
atoms which is combined with R%3, a group represented by
-CH=N-CH=CH- which is combined with R®?, a group represented
by -CH=N-CH,;-CH,- which is combined with R°® or a group
represented by - (CH, ), -0~ (CHy), - which is combined with R%3
20 still more preferably an alkyl group having 1 to 6 carbon atoms,
or a polymethylene group having 3 to 6 carbon atoms which is
combined with R°?, a group represented by -CH=N-CH=CH- which
is combined with R®? or a group represented by -CH=N-CH,-CH, -

whichiscombinedwithR53,andparticularlypreferablyanethyl

25 group or an ethyl group, or a tetramethylene group which is
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scrylate; 3-1S, N-di hydtocsrbyl am noerotn/1 acrviate such as 25-N
N-di nur Thvi nndt K) ropyl act ylat al; 2-N, N-di hydrccar byl am npet hyl
met hactyl ate such as 2-N, N-di net hyl am noet hyl . nethactyl ate or

N-dl et hvi am noet hyl nethanrvlate; and SIiCh

3- N, Nedi net hyl am nopr opyl nethAcryl atu, Anmong these conpounds,

3- N, Nedl hydr Qcar byl am nopr pyi adnyl ate as preferable and

3- N, N-di net hyl am nopr opyi yl ate is re IU prefetaple, [00721 ,
Exanpl es c(?P%%&%‘ﬁh%%&?KV FOSROH A S EQGPBL‘WEHF 5. tefPLeet. whyh
-NWa cre;is a hydindcarbyl utcup or a h7drogen ateta) anpng the
conmpounds' r efFegented? B?pﬁ%?%m’ée‘élbmcﬂﬂT&ﬁc,Hiwthh is combined
N, Nedi hvdr ocat byl aml noet hy] such as N, N-di mat hyl nnl neet hyl an2yl am de
or NpNedWéttﬁleam-hoet hyl acryl a: rnde; N, N-di hydt ocar byl am nopr Anvi
nnyl am de such as N, Nedi net hvi sal i ht prt pyl acryl aml de or 20

N, Naddet tlyI0&fanopr opyl aor yl ami de

N. , Nedi hydr ocat byl am not ut yl sotyl am de such as

N | edi net hyl aniLnofutiyh et (- )deROr N K fettar Isnknobt ybae riplyani deup
N, K- di hydt ocar byl am hoet hyl net hacryl am de such aa 25

N, Nadi nethylian hoat hyl netfaer vitaaisl,deros hiNirocarbylene group having
N. - di et hyl am noet hyl net hacryl am de4 N, N di hv drocarbyl am n opr

opyl net ha ter1 ytapbde asueh asi i Ns doreti hylbani . Pt opyiametdass yiap dee
or N, N-di et hyl am nopr opyanet hacryl am de; and 6 N,

N-di hydr gsanbyhant ngbutyd met hdepydant 88s suehc@sas a nitrogen atom or
N, N- di net hvi am nol cut yl met haoryi anl de cr.

N, N- di et Ayl @ﬁ'g ehut ybpothacylami de-APRgqt Hese e, b P& r}ﬁaiﬁ%f%aﬂa\lly

-dihyd r ocarb ylam hop rcdovlia YS amde is Preferable:. \

N-di et hylan WP@QB&E@?&Vi—@l h$ é%k?orp'él%.ofn eofr g(plpagr elgélogpdh%gggg

r; Oixpund (1) "is puosfeo:o.bly a conr, oui

For ! 2 oo GRS ERGe B S BBLYso R, ERTRRUNEL 01 25ETLf-Bror

For L Bpobal il 3 RSP I chactsle A b Loy e b ©

P-" LineRe L 8%h-cH- which is combined with R*3 , a group represented
by -CH=N-CH,-CH;- which is combined with R*® or a group

15 represented by = (CHy),-0-(CH; )5~ which is combined with R*3 :
still more preferably an alkyl group having 1 to 6 carbon atoms,
or a polymethylene group having 3 to 6 carbon atoms which is
combined with R?3, a group represented by -CH=N-CH=CH- which
is combined with R*3 or a group represented by -CH=N-CH, -CH, -

20 which is combinedwith R*?, and particularly preferably a methyl
group, anethyl group, oratetramethylene groupwhichis combined
with R*?, a hexamethylene group which is combined with R*? or
a group represented by ~CH=N-CH=CH- which is combined with R*3.

[0059]

25 Examples of the compound in which R’® is a hydrocarbyl
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gn 6 carbon at odo.: pol ynethyl ene gropp having 1 to 6 :-..r)Con
atodis;is an. oxygen atomm or a orpop reprN-sented. by. -N11.-;N Nan
al ' oenyi groop baying 2 to g& .h.c.c. ato.;;l:ah.ignxiglaend nore
pret,::::a.bi.:.!co:npounC which. 1:4 4 and. Rs 4 is a nethyl group
or an et hvd drouc is an ethylenc group or a trlroth.ylene 2roup;is 8
T:CR repre8 ented bya.nrivinyl group C.: 1r 8. 3.1IN.N. group in

For ol o, The conmp

NN d refhy nlno°””3F3%w€§tt' SE TR S L E RV

N5SN- di met n yl ackyl am de or

L R R R e T 02 e 2t ohrgene Such A% compound 11L1)
|s a co o%nd represented by thb above-nentioned Tormula 10 I n
For mul a. NJNIdlwetpyéﬁ@lﬁpé@€e§8@ﬁe§ﬁnﬁnteger of 1 LO) a).
Preferably | and mate each. an integet of 1 to 5, and nore
pref et ab|4 ﬁletﬁtfégélreéwltaaumoape@wmlen@el ®Fornula KI1-A),Rz, R,R
andar e each i ndependent |y a hydrocarbyl oxy group or a. -|drocarbmnt

| east® oné 5&Buﬁl§éh§éﬁ@dnpﬁ@@¢@@b@@ORE/ Rnd gr d—cyclic

P."a. A - :0Carbyl.0Xy; Cit:();ap

aminoacetophenone compound such as

4’ -(imidazol-1-yl)acetophenone or 4-pyrazolylacetophenone.

Among these compounds, a 4-cyclic aminoacetophenone compound

is preferable, and 4’-(imidazol-1-yl)acetophenone is more
10 preferable.

[0060]

Examples of the compound in which R’? is a substituted
hydrocarbyl group among the compounds represented by Formula
(I-A3) include bis(dihydrocarbylaminoalkyl) ketone such as

15 1l,7-bis(methylethylamino)-4-heptanone or
1,3-bis(diphenylamino)-2-propanone;
4-(dihydrocarbylamino)benzophenone such as
4-N,N-dimethylaminobenzophenone,
4-N,N-di-t-butylaminobenzophenone or

20  4-N,N-diphenylaminobenzophenone;

4,4’ -bis(dihydrocarbylamino)benzophenone such as
4,4'-bis(dimethylamino)benzophenone,

4,4’ -bis(diethylamino)benzophenone or

4,4’ -bis (diphenylamino)benzophenone. Among these compounds,

25 4,4’ -bis(dihydrocarbylamino)benzophenone is preferable, and
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a. tlyr..5.31T)Calrbill()Xy (-Jr 01.1p ; I1YiC at |east. one
groin:,etect.edal::(LongltCE P,s hydrocarbyTony group, The nuntr of
carbon. atomor each. ot Pr, ,E ":1). froml1l to 5 and still nore
preferably. 1 or 2, [OU Exa.npl.es of -the 1.21 yd.:::Cyl.oxy group
inclu.de a a.l ko>y", group such as a nethoxy G rouo an ete.oz'y,
group; a nepropozy gr oup or a n- but oxy grohp; a lid an arydory group

such as phanoxy group | es of the hvdrocarbyl grou.p
.ncl u. dé é}n Qllléwdlgﬁauéageeﬁ ReTZOPRSNNEENYIS §I6ED P rart ety -
g our: -propyl grou.p, an isopropyl. group or n-buryi grou.p;

an keny i Oéﬂdup such ais a vinyl _ an allyl group or an | sopropenyi
group; and an aryl group such. a a 3c73.:hen0J | group, .1. 0 The
nydr ocar byl oxy Tgecaoppefed attyre santadkdwy Fgroupa (I-A) is prefeably
carbon atons e nore preter<libly a.n a.liroxy grc-axp having 1 t.o 5
car bon aghpmepoand stiplrksportedpbghirerahlly: a.I-md)et | argui group or an
et hoxy group, 15[00823 Preferably, at | east two groups

sel ected.p44omanong RI. R2 and 13-' are a hygrocarbyl oxy group; at
tea st tmo\groups sel ect od Iron1annng , and Rl a.re a

hyd.rocarbyr}b*—i{%#g&p—{EeaﬂR 4 wo g(bun4)selected fromanong., R15
and RI 6 &é a irrsearb” || n,-. group, R 1:r:der2en,.3entiy a

nyc, car byroxy CCb6543 th sanme ar different
o

wherein R*? is an optionally substituted hydrocarbyl group, or
a hydrocarbylene group which may have a nitrogen atom and/or

anoxygen atomwhere R** is combinedwithR>%; R®*

isanoptionally
substituted hydrocarbyl group, or a hydrocarbylene group which
10 mayhaveanitrogenatomand/or anoxygenatomwhereR®* iscombined
with R*?; R®? is a hydrocarbylene group; A is an oxygen atom
or a group represented by -NR®-; R® is a hydrocarbyl group or
ahydrogenatom;andR74isanoptionallysubstitutedhydrocarbyl
group.
15 [0062]
Description and examples of the optionally substituted
hydrocarbyl group in Formula (I-A4) are the same as those of
an optionally substituted hydrocarbyl group in Formula (I-A).
[0063]
20 In Formula (I-A4), A is an oxygen atom, or a group
represented by -NR®- (R® is a hydrocarbyl group or a hydrogen

atom) .

[0064]
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Looa51 Exanpl es of the conmpound (I1) inaludn
.2"S-trls(3-ttinethoxysilyipropyi isoeyansrate, 1,3,5 -tris(5
-triethozys yl propyi'. isooyanutate,
1,3,5-rnts(3-triproposysilylptapvi) iscoyansrate and i socyenu rate
The Conpoundpreferably 3,trinethozysilvi propi socyanut are.
Thesnbstofti se(nosl pr)nd (1) t..ahaddedtmnah)y. oiroc. arbon sol vent.

is preferably i"O mel or nore, nore prefer abI% 0.02 nmol or nore,
and stall nore-pr 9%&W9r896§568F68 XHN% p¥ eﬁﬁﬁzo%sﬁmyQﬁﬁﬁﬁ¥bb¥
t he ot ganaal kal | netal conasnd used In. the [K)I)hteriszatnb-in. or

PV) | | ORI &FCUst the EEhpd) suld CampPans 2pPef ‘éfafbl y-S0preifesap lof flress 1 to
nor epi mWerably 0.6 nol ar | essy and st|gl npre p...ser er ab 1.y
0,2 Jto.§- On[éssirpur rapFesrnt e tamoiint ~ oR tifeo oF f &} alnbakKay i Fogen
met al conposnd used. in the polynerizetion of nononers. roo871 The

ameunt ofthe comsount:) to 1) added ro a li./dt ocairlser, solvent:
is pretera ol.y 0, 0.1. nal rn( 2:e, nore 1-.:refer9.rily 0,1 ma.1 or
no)..)" andoéstlill nmore co:nfer.i:ady 0 .2 no | at ns:e:ey per :I1X: |

of the anount of the organoalkall met al conpound used an the noof
nononers, The anbBotmudf theacpppound o(delflk ras ypre o&@génbit@mQ ael b.
or less, nore prefer &i y 0,/)l o orle33; still nior,..:3

p: oer ali Y@5udl0ehbreisckhess, per-nml, ehd e ampounte efy the Qj’ﬂ@unﬁal kal i
metal comt-.)oird used. in the polynerlzatlon of nononers, [00381
The anvum@preg%nkgg cempaund: :: (1) anass anpunt::: which satlofy t he
value X 3)., defined by the bel ow nenti oned. Fornula 'Y-eferably | or
ncrf:” nqb@6gqeferably 10 or nore, anh still nore DKC :er&J.v 20 O
nore, ,:haounts or the horai:nounds (1.) and () are anounts hi oh

satisfy the VaEHS“ u9f prefi ﬂ%ﬁ%l}% %fcghgtﬁy%gyg§9(9isnfeegéghg

4S oe | ess, nmere prefera ess

L5 i (L), 8800 5, LR L GEA00 oLt SN AL i 1

amount oL L% SOTpANnY (He)aonlt oo on.t g, b gt e

Contalheb In et% q%ne gro&é such as a trimethylene group, a
tetramethylene group, a pentamethylene group or a hexamethylene

15 group; and a 2,2,4-trimethylhexane-1,6-diyl group. Examples
of the alkenediyl group include a pentane-2-ene-1, 5-diyl group.

Examples of the arylene group include a 1,4-phenylene
group.
[0067]

20 In Formula (I-A4), R’? is preferably a hydrocarbyl group
having 1 to 10 carbon atoms, more preferably an alkenyl group
having 2 to 5 carbon atoms, still more preferably a vinyl group
or an isopropenyl group, and particularly preferably a vinyl
group.

25 [0068]
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[ hoe After addition of the conpounds (I) and (T.1) in the
hydrocarbon :folv:Jeit., the conmponnhs (1) and (Il) are .reactuEml
with the ai kaJ.rnmetai used polyner chain ehd.:)2_ The reaction
tefmme rat:ure ss usually from2SCC to 1.00"(2, preferably)/ room
Sc) 90C, and nore preferably from50C to 80C The reaction 23tine is
risual.11.." from60 second::: to 5 hours; ant preferably from 5
mnutes to |. reterred in wWhich, first,
t he corrpound (B)r}%oré“%(fdéﬁ Af‘ﬁ Ra Hfd?%%é?%‘iqf &?P%(}J’%lr‘?ene group’
conmpound . isa reacted with the alkall-netalllzed pol ynmer chain
end, and elﬁlgt HetEOth) RATAPT M PYSi SNABAEH F P HY ahd> Y henebhpennd.
(I'l') iSreactedw thtlhsalical)mAetaillim polynmarchai mend. AD-Aetnoc
in. whi cHIEOPecohts! 6 SChbbrsaapier saddiliiore pfefhsabopounthylene
conpound (I'l) is added in. the solvent is prwferable, 10!..00911

<j . :ourddmmep or a tripathliéenet hodupf the me‘secnltllanimnpr@ﬁgrahéy a
aIkaI|-nEtaII|zed pol ymer chain end may be reacted with a cC upling
agent > t hérébye tthy Jgeref @mmurcoupl i ng of pol ymer chains ih until the

bel ow -nmenti onedri el ynercliainend Macti Yati onofthe nodified

conj ugat €d 0di°dne - based polyner frominitiation. of the

pol ymeri zation of nononers. Coupling is usually serried out by

addi noL in a hydrpcanboa soinent rRE6nt aimidge aiconjugatiedcdi-ena obasgd
pol ymer, a co-q agent represented by the 20 bel ow nentioned. Fornul a
(111): aanm®inly 1acyvib ereanho abrad kKWr ar ouRroafral kenyi gg6QUPHLaRing
cycl oal kenyi group or an aryl. group; Mis a silicon atomor a tin

atL ma a 3rL30TD@@Br%Bﬁ@thmsawﬁW&’IQEQ G iR \bl@ﬁ(w’ gr ouf, hyér&&arb lene
az-).teg:nc N. 0 to 2. [009 1., anpl e’ of the conpli

agenior el%ﬁ%%%”h@@lggeﬁ he, qtlg\éeol %%?Lt Lepgd vmfgﬁc}?anegah ol ro'ﬁ%q lé(E%lma

silicon tetrachlori met hyi ttdcni crosi | ane | or os

tin. an oxygen atom and which is combined with R®*, more preferably

alkyl group having 1 to 10 carbon atoms or an aryl group having
6 to 10 carbon atoms, or an alkanediyl group having 3 to 10 carbon
atoms which is combined with R>?, a group represented by

15 ~CH=N-CH=CH- which is combined with R°%, a group represented
by -CH=N-CH, -CH,- which is combined with R®*, or a group
represented by - (CH;),-0-(CHy),~ which is combined with R®?,
still more preferably an alkyl group having 1 to 6 carbon atoms,
or a polymethylene group having 3 to 6 carbon atoms which is

20 combined with R®*?, a group represented by -CH=N-CH=CH- which
is combined with R*?, or a group represented by -CH=N-CH; -CH, -
which is combined with R°*, and particularly preferably a methyl
group, anethyl group, ora tetramethylene groupwhich is combined
with R*?, a hexamethylene group which is combined with R*? or

25 a group represented by -CH=N-CH=CH- which is conbined with R>%.

30



5. tetrachloride, nethylthchl brotin, dinethyldichlorotin,

t et ranmet hoxysi |l ane, nethyl trinmethozysilanm di met hoxydi net hyl si | ane,
met hyl tri et hoxysi | ane, et hyltadt et hoxysil ane,

di mret hoxydi et hyl si | ane, di et doxydi net hyl ail ane, tetraethoxysilaney 10
ethy. -triethoxysilane, di.ethoxydlethylsilanmand the |ike. [5093-J
The anmbghit O the coupling zm"1l.e.n.t to hte atthtleci is
preferably 0.03 npl or ntore, atm nore pzstiferand,y 0.05 nol or

nb, te, péQQﬁ&] of the otganoalkall metal conpound to be used. the 15
poi ct, nterization, amount of th.t nmout -2".4 a.gent: pre fertnzly
0.4 Imai or |eds F@ﬁﬂuhﬁréloﬁﬁkeﬁh0|v@)E¢¢ﬁﬂr%blYésbgdrSQﬁrﬁml gyofp
t he orgahoal kadi netal conmpound to be gsed in the :at lIce [0094: 20
<Pbl ymer hehaing Endo 1©aaaimqmianpmmndcﬁe@ohgdyogﬁrNMaEﬁEedreuplbdaﬂed
[ Mena - Eased Pol yner >. in the nethod for producing. a

conj ugat edt dil ensrbased pol yirech af ddné ipreesenth Rf hy entd lopglr pobyhei ene
chain ends may. be inactivated by addi ng an al cohol suct.: as

nmet hahol ,grnwgphepying?25 @b cidhela réionl aabutantl ch mas hy driecareon asolnv ent
after ddin the corapounds (I) and (ED in a hydrocarbon sol vbnt

cont ai ni igh @xygen atom and which is combined with R**, more preferably
conj uget eddi al e- basedpol ynert oobt oi n. am odi f| i edccnj ugat ed

di ene- hasedbolymerangdbet or egriecovier yotbbehel ow senti aned gwdif hedin

conj ugat ed dlene based pol yner, 5pl h-)95) A known net hod can be useg
as the weé*aeq(péafssgvaecrdn{sg gk%r{@m{ﬁ@alw&@@ Agvangodtbi€d Crpon

nnugat ed di ens -based pol ymer. exanpl es thereof include a

met hod | %t"éﬁlsc%?lcﬁol@gﬂcg}ﬁdédﬂ%dl ged s é"ﬁ?ﬁ&aé] é;{i]ﬁ%é?ﬁﬁgﬂt byr e

method in which steami e sol ve

e o e et A %;nﬁg P et BraR ?é%%%a ars

0036] | f d Di d, Pol
%DdlfgedQ)gzﬁggﬁ{%gbdl qgr E ene(ﬁ@?%§?% y%E%ald%ﬂ %ygfﬁgpabove

get h?g Cl %Orgegenog Eg%l f I ed Ct ICng Izgaw F?Chlf’s ecoerﬁblneg) lth R4 4an

still more preferably an alkyl group having 1 to 6 carbon atoms,
or a polymethylene group having 3 to 6 carbon atoms which is
15 combined with R*?, a group represented by -CH=N-CH=CH- which
is combined with R*? or a group represented by -CH=N-CH,-CH, -
which is combined with R*?, and particularly preferably a methyl
group, anethyl group, oratetramethylene groupwhich is combined
with R*?, a hexamethylene group which is combined with R*? or
20 a group represented by ~CH=N-CH=CH- which is combined with R**
[0071]
Examples of the compound in which A is an oxygen atom among
the compounds represented by Formula (I-A4) include
2-N,N-dihydrocarbylaminoethyl acrylate such as

25 2-N,N-dimethylaminocethyl acrylate or 2-N,N-diethylaminoethyl

31



KtainC':.:n oeoc, :e as.tvofabsiynmer"Moneyviscesity f f1 1f: 0 0 O;
flap, V1, The '11C.C)8 it VU- ed '"!-1.(F> CCO 1Cd riCe. Wth [00081
thef :Led con.] usat ed ene -Se seC p O1l. yrSe ; the nmunt of the
nmono. nen:' nn.it nedylyed ,trOMt:h e conjuga.ted diene co.nbound Is
prefeibly 50% by wei ght or note, and. nore pref erably 55%e chit 0
nore; teased CO 0Ji cvbt: of. ,t;h:e. enttre 'pol. yrrer The anount

cif the nmononer n.njt ;demlye:1 L the:1:01;1i" :16e 121,0
conpch, mii <% 'cgir_gﬂj"\ﬁ Jnh%&/\%ﬁacr Jé"s‘ﬂoroﬁ'bﬂ]rrﬁ%@f]e‘?%? abr§"85% by
w ight O Iess baed on 100% by wei ght of the: entire pol yner,

1. 010099j> thé' r?d&l?&kby&rﬂnﬁdﬁ%@w]erﬂ?%’pol ymer proferbly .Sl 0O
037,e. :2 O 1:1 dece O, ait OOfp nd so, as to enhancethe
tensile &ﬁbﬁbﬁ%fmdra@w%mra@w §15Fha ey ot ot el vihy |

conmponnh incindo the above -mentioned 15arorcatio:vinylc. evupounds.
ThoanountZotht,Aerrei ] i aaninaaderi v e fhraom ake e orat i ¢ vinyl . conponnd
contained in the nodified conjugated dienb -based polyner is

pr ef eEabI%rNj,@%dijmimemle megtrich avoy ke ipr efareabdy  15% by wei ght .
or nore based on 100% b'. (wei oneoffjiecdrtlremmoiyned,

Itierdcf .%N,wmwdmmmmg&omr tidien anbpind t ©f st dle anoner
unit derivvedtrfimconpocd;cl is nreferably 50% 1 dy weight cm |ess,

and nor o cdnst-etiatd yh AS% o pves pghtmeorhd ©sgl a hasednom 1 Q0% 4y wei ght .
of the entire polyner. 1.01001 The vinyl bond content in the

modi fi ed.cee@rduigat ed-dienerbased- poo Né@fnéﬁr&ﬁdﬁi escapl y£ 801 5ol % or
| eaa, and nore preferably 70 xndA or |ess, based on 100 mi ck, of the
anount oy mE:dVidn e ds o rom el £ conPag: Wo,ede, 66 poynd: cont ained
10 preferable.
[0072]

Examples of the compound in which A is a group represented
by -NR®- (R® is a hydrocarbyl group or a hydrogen atom) among
the compounds represented by Formula (I-2A4) include

15 N,N-dihydrocarbylaminoethylacrylamide such as
N,N-dimethylaminoethylacrylamide or
N,N-diethylaminoethylacrylamide;
N,N-dihydrocarbylaminopropylacrylamide such as
N, N-dimethylaminopropylacrylamide or

20 N,N-diethylaminopropylacrylamide;
N,N-dihydrocarbylaminobutylacrylamide such as
N,N-dimethylaminobutylacrylamide or
N,N-diethylaminobutylacrylamide;
N,N-dihydrocarbylaminoethylmethacrylamide such as

25 N,N-dimethylaminoethylmethacrylamide or
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in the nodif.ted conjugated di ens-based pc:Lyn:E :Yr 50 as to enhance
tuel eCOiOnlyC).11C er t10 arthanCeenrformance " the vinyl bond
content S p.o 1 rancy U nmai%or nores nore prem,..t.rably 15 n01%
or nore, still nore preferably. 20 nolt sr nore, and partionlarly
preferably 40 nol % on nore, based. on 100 nol % of the amount: of.
MO fl OMer unit derived framthe conjddated diene 10 conpound
contained in the nodified conlugated di ene -based polvner. The vinyl
bpp cont &nt'~ ﬁ%eH@VéPWﬁﬁ@&thﬁ}mﬁ%PP§F§&am§H§ttnophotone ticy from an
abso.r.pt.ilLonaliouh, 9.10 cs.-(1 which is an absorption peel< of a
vinyl grdup:- d[lbyd@s?}?amyépalllm@ﬁowﬁcp@@mcwiamlde suchTie Mod i fi ed
c.crntganeci di eh b a s exi p o1 yne oou.a.rned by the nethod. of:

t he presé&nti-dimetvénninvezopydaw the cayddrigiened wi t h ot her pol ymer
conpepentuc and. additives and thp m xture can be used ae a pol yner
conposi t Neh-diethylaBxewplree ydfetthe catylemipel;ymerd dbnponent i ni nde a
styrene -batadi ene copol yner, a pol yQutadi ene, a

| aut . @adi &, si-diihgdppr2ebe 1 apd pployitiyé men hatryl] anarddexsucn as adYJr a
rad- Med., an et hyl ene-pnopyl enp copol yner and. an. eth.yiene-octene
25 copol ynErdi@aehgnaensokiuntds nefhaldigsenfeleymar conpanente atp

-S,n case of mxing the nodified conjugated di ene -b-D. S8d

pol i gi mx, n-ak ttnpobbenplXl'yiIRILCE tHdnBRt0. , Among these com ounds,
t. heanmountoftt Lenodified conjugated i ene -based pol ymer. %
m . xed i g, Rrefierably iRy, iwel la dmem iand @r&éﬁ&ﬁﬁéf@ YaRQ%

by weignt or nore, based on 100% hy me|ght or the total. or

tnent bi f iyed _corji-ugat e DopTo YAATE lamide is more prefera?
di ene- tasetlpn net an I'Tyrer conponent nspi‘ast xi et 1 nari ce
fuely 10N1041 Exanblen of the addative incinde a.

th|sn n |Z|n agent, a vul cani zation accbl erator, yul cani zati bn

i f LI fill
2o Ygégrcoggl AR R B s P se ot L S IRrp B BhorRneticdPhy
- 1 h the d
A S v e %Qﬁsggpeg??ﬁefﬂﬁerﬁﬁégd?naoap%a?fJf%lar%ia%pﬁaﬁt By,

dj ene -based. _pol wi th. a vnicaul zing agent Ezanpi es of the
vulcan|2|ﬁ§m§&ént% ﬁélude 20 sul fur, Exanples of the sulfur include
pomdered[%%qur precipl:alLed sui. tur, coiloidsil salt ursp.' tin

15 The compound represented by Formula (I-A4) is preferably
a compound in which R** and R°? are an alkyl group having 1 to
6carbonatoms,orR44iscombinedwithR54tofOHnapolymethylene
group having 3 to 6 carbon atoms; R®* is a polymethylene group
having 1 to 6 carbon atoms; A is an oxygen atom, or a group

20 represented by -NH-; and R’? is an alkenyl group having 2 to
5 carbon atoms in Formula (I-A4), and more preferably a compound
in which R** and R®*? is a methyl group or an ethyl group; R®*
is an ethylene group or a trimethylene group; A is a group
represented by -NH-; and R’? is a vinyl group or an isopropenyl

25 group in Formula (I-A4).
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di spersible guitur and the |ike. The anmount, bt the vul cani zi ng agent
to be kneaded wth the .c..-,blfa.ed conjugated di ene-beoed pol yner
is preferably fromO0,1 part. by weignt to 1.5 barts by 25 wei ght |,
nore preferably from 0,3 part by weight to 10 parts by weiaht, and
still. nore preferably froo 0,5 part by weight tC 5 parts bhy.

wei ght, based bb 100 patts wei abt of the total

anoi ni tof t honof 1i fi ed. coni ; ugst eddi enc- bade. ol schyi nmer ancl ot her

pol yrer dipobont - [01061 Exanpl es of the voi candzati on
accel erator include a thiazole -based. vul dbnization. accel erator
such as 2 - mer CAPt 6PER2GTRI dZ0l é SoPaditBenZetHivadirsdieriade:Y a t hi ur am
- based vul cani zation accel erator su.c. as. 10 retrunethyl nbhosuifide
bt t et r akethyliThitéydmrdineth vildetr va aguldeenan ci ewbaseci vul cani zati on
accel ferater sofis as N-cycloh < -2 -benzot hi azol esul fenatul do, N
wert - bt yl-disemyZetrthinazdleswldretamidles, N - oxyet nyi ene -2
wbensot hdazel essi feham oe or 15 N, N -diiscpropyi -2

- benzot hiNazlolce amitfheiamidop rand la.c muahiidlena = based. vul cani zati on
accel erator soch as di pn yiguani di ne, diohthotolyl auahi di ne or

ort hot ol W, bi-clivamniydiang nothe pamunty1 0fi ddhe vul cani zati on accel erat or
to be bneaded with the nodified conjugated 20 dl enewhased. polyner is
preferablpyofregm 0,1 part by weight to 5 parts by .sand nore
preterahly fromO0.2 part by weight to d p.art ¢ by-.0it" badnad on
1.00 pa tt s bynweicghtobhft Xidyners GOdmenents RO Land&E.B@NPLE: !
of the suinnabi eat ion activator ihclode. stearic acid, zinc oxide
and the Like. Examles Ofrdne,10r pfa:1ijc peroxide include dacha:\

perazide, da.-tertebutyi peroxide and the |ike, [010a]

10 [0077]

In Formula (II-A), k, 1 and m are each an integer of 1
to 8. Preferably, k, 1 and m are each an integer of 1 to 5,
and more preferably an integer of 2 to 4.
[0078]

15 In Formula (II-A), R', R*, R’, R'', R'?, R'?, R'%, R'®
and R'® are each independently a hydrocarbyloxy group or a
hydrocarbyl group; at least one group selected from among R!,
R? and R® is a hydrocarbyloxy group; at least one group selected
from among R*!, R'? and R!® is a hydrocarbyloxy group; and at

20 least one group selected from among R'“, R!® and R'® is a
hydrocarbyloxy group.

[0079]
The number of carbon atom of each of Rl, R2, R3, Rll, Rlz,

R'?, R, R'® and R!® is preferably from 1 to 8, more preferably

25 from 1 to 5, and still more preferably 1 or 2.

34



Exanpl es at the reinforanz-v; scent Inci.gd:, a silica-Based
rednforci ng agent and carbon bl ack, [0109; Exanpl es of the
silica-based reinforcing agent. include dry silica Csilicic
anhydride), wet silica (hydrated silicic acid). silica; precipitated
silica, calciumsilicatle id and alumnumsilicate , One or nore

ki nds: of these silica-based. reinforcing agents can Cu? used. BET
specific surface area pf the silica-based reinforpj -c agent is
preferabl 9%18 Pem 50 ne/g , to 250 m/g The BET spc ific surface area
is neasured in _accordasce with. ASTB1 D1993-03, It is. possible to
ose 15 cai f f noF&PAPLEE! OELFhe b ¥ AT @CPFRY HP R 950 WRNLEC Hete utiead L koxy
DePRi ssf: AGeno do r the trade of ULTRAS-ft VN3 -0, conmercially:
avai | abl @preduiets agnumgtackyl =@ by Tesoty 9SPLPead CaPlroPRx<yr af Pon
under: the trade nanes of )11fl)B. Ar), ER ana RS -150, and

cBwar aer ¢ir. a2 EEbhycayajtatp 1 epKreRi et 31 nanufracicus edh lays a Rh@aioasyugldeup
the tradb names of Zeosil 111.5Mr 20arnl 11k5MP, i."-xacri. - Les.
of the carbopwlel®; odabkht neydades chahnetowariman vilcack amkmagrﬁﬁﬁ) stE’ﬁ)
or CC, furnace carben bl ack such as: SAF, |SAF, HAP, MAE, - BEfh SRE,
GPF, : SOF aara SEEhyilheromb, saraconl 220ud:, | aekpsuvelylagriyy, aori dMpropyl
acetyl ene carbon bl ack.; and graphite, Ono or nore kinds of these
carbon. hiracksocann-betyl groufh ah.a NQGESL gadsprpidonsspeckini group,
aunt:ace area (N2 SA) or carbon black ir(:: preferably f rom5I M }lgg

to 200 ".2k2af 1188 ﬂonprgﬁyﬁsoeﬁbﬁéh?ﬁegréuﬁEfgﬁdQﬂ§%f l'@@ou@fsuch
car bon bl ack |s preferably from5 ml/ 100 g to 300 ni/ 10

ni trogen. asa%sgh@n'ﬁnéﬁﬂﬁﬂ fic surface arca is nmeasured i n
am cordon-lce wth A D4.62.0-9CL and the 0617 absorpt ion is

rreasyéed |0r@)fq§cor dance with. ASTM D2414-93, It is possible to use,
conmmar ci / y available prc.thicts | aanufaconnfled 10 by M tsubi shi

Chendcal d ]

come rc 14l PSW'V%%#% éﬁ AN LS BT aBt Gr 80 Byr *HOKF ke “GARBCRF
CO., LTD. d EAST I .
KT Land. cGRNRY B BTy’ G050 B8 T 67 Rer & -haNaPdacn éjé'wswﬁefg%}gpsaax&ﬁg

under th ra nmes of d< and S eci al | :

s DreFo A N Gsire 2ROt o Rat & HAGA w%ég%yngfoap
relnforC|a agent in the anmount of 10to | OC parts , t1iht
be,, ... 6& 2%6h S0%a ICV by cieito.-JOt ci a ncor Led

a:mm 1 di ene-based pol yeder" together with the nodified

ju
conj hgat ddUdi“éne- baoed. ant( vuirrani 2ing agent: ampuht ti").':.:

.D1:1;',1:70req agent. iS2() 3":).3.X1-1:St\,;,":".ghtl.1PQO Ce;
Preferably, at least two groups selected from among R?

R? andR® are a hydrocarbyloxy group; at least two groups selected
from among R'', R'? and R'? are a hydrocarbyloxy group; and at
least two groups selected from among R*, R'®> and R'® are a
20 hydrocarbyloxy group.

[(0083]

More preferably, R!', R?, R®, R'!, R'?, R!'3, R14, R'° and
R'® are each independently a hydrocarbyloxy group.
[(0084]

25 Two or more groups selected from among R', R*, R®, R!?,
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and still nore preferabl.y 30 parto ty weight or nore, based on 100
p.;.r.ts Lv We.:11;:hr. oia 31i0CLI..1fl11.1il 25 so as to enhance
abrasion resiotance and strength. In order to enhance reinforcenent,
the anothlt of the reinforci J agent is nore, preferably 120 parts by
weight. or less, and still. norn preferably LOU parts by wei ght or

| ess, based on 100 parts by weight of: a nodified conjugated.

di ene-based polynmer,, fn,.order to enhance fuel ecsisigsy, a
silica-bdsed Fei 9% brro; ags: §it. "P¥ pri t8r aalgi ssedtadtRet-

ni x:in:forcing agent,. The ano-tnit of the silica-base& reinforcing
agergs i 9998bferably 50% fy weight or :mote, and nore rille LC
1111by wei gh %ono ." 10 basnd. on. 100% by wei ght of the total

amount of the FE&eRPAEci ng agentcoryobed (dd. inouae case
of kneading a si"lica-based reinforni bg agent and carbon bi ack,

t 0o- er f t 6,83 Wwi-tthr i@ (Podirtitred.hcegisiingtlichatred. )diienmolrased 5 po] vwer and
a viEitianiicThg aqg::,.nt so as to prbdubc a. wal cani zabl e polyner, a
pbi gi mt rlat3, & -afr itsh& -amiwnthcofy tiney 1siddcd-)based yweiinfaorg i i agent to
that of the. carbon bl ack egsiount of of carbon

i s preferabl,y-tfriimom-ttrad (hozoxd s i Tkhe meight iratdyoiris-ams earpt ef er abl y
from 5i1 to 201 so as to enhance fuel nconony and to enhance

rei nf or cements,-+&i sr(-3h@'ﬂi.bﬂﬂ-dstylsrﬂ1§,1@d§8ﬁm ciafhopatsattal 0The

al um ncl ay, al um num hydroxide, mca aud the Exanples of the sil ane

coupl i ng ;agetuddanclat)i e s Whmd tdethoxysi | ane,
vinyitris(l.lb-neghogyefhﬁiy)siIané? (3, 4-epoxycycl ohexyl eth.ylb

rinethongbJgﬂy}ﬁggﬁJGFfMB@HH%?%%g%;ﬂ?%ﬂ&E%“ﬂééﬁﬁ%né&ate.

y- met hacryl bxypropyl tri met hoxysi

N—(-f@inq%b% j-y-aninppropyitrinpthoxybilane,

N- 0- am noet hyl'i ey-am i nbpropyl nefii Lrbet boxysi | ane,
N- phenyl - y- am nepr opyi t bi npt.hoxybi | ane,
yeahi of opt opyi TP EMBLREXY ST Bie CCREGyT (Bt CaRBArseciad faydrocarbon

solvent is preferably 0.01 mol or more, more preferably 0.02
mol or more, and still more preferably 0.05 mol or more, per
mol of the amount of the organoalkali metal compound used in

15 the polymerization of monomers. The amount of the compound (I)
is preferably 0.9 mol or less, more preferably 0.6 mol or less,
and still more preferably 0.2 mol or less, per mol of the amount
of the organcalkali metal compound used in the polymerization
of monomers.

20 [0087]

The amount of the compound (II) tobe added to a hydrocarbon
solvent is preferably 0.01 mol or more, more preferably 0.1 mol
or more, and still more preferably 0.2 mol or more, per mol of
the amount of the organocalkali metal compound used in the

25 polymerization of monomers. The amount of the compound (II)
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y-am nopropyl triethox',ahe bi a (3- (triefliox.ystYrn prepyl)
disulfide, bi5 (3- (triethbxysilyi)propyl) tetrasulfide,

y-tti nmet hoxyba , i propyl di nebbyl t hi ocao' ham vl tetrashifide,
y-trimethoxyabrvliben o thi a zt et raand the Li , rine O r manec). 1:
t hese siiane coup:Ling agent::-.. are used. | S poseibie Et. u 3,4 o
013331;41: CH 311y avallabiH i product..:-Ramt; _icturc.i.id by.
Debussa AG _under t e trade narrﬁTs of Si 69 and_3175

.0117:
“agent Wb 208 1D GIT el b b Josered E&f%f%%a%lﬁééoe--o’ilwalpgalaewh

ani rin ar ei ni rC|nth u | ane agE, "). 1-..
"o pref &Past ﬁamrf prefefebly et GAE 3% d o0 B?rf‘oal Ofe?%r#mowe
preferably from2 parts by dght to 15 parts by wei ght, and stij1.
nore pr ePér’éBﬁPJT‘i‘%?ﬁalSk%%% 18 G5t \ﬁ@im@ﬁ’ﬂmdt 85%0 b%rt?rée wrwwn
per 100 parts by weight of thp silica reinforcin .3 gent.

Exanpl es ©ét "PReMexEenci er oil include an, arc:nat: Lc mnera.l
(viscosit %ra vity cx-A-istant ;:v" G)O0.900 napht hene-baSed.

m . neral G00€8lof 0.850 to 0.099) , a raf in.-based. minera 2.,G. C
of 0,790 th840) and the Thearomatic content of the extender 0.11 is
preferahl.y The ariram 139 by hl ednlgpoundar(d)hmﬂélé? arabhvuhngSSvhich
th,ttmft,/ c..,reight The poi _\.:?cyclic aromatic content ds

Me: El SLi Baedsflynthecvhd)uel zlan(:@efr\imdad 5P t346/92 of-arstidnut@ Bbrmula
Petro.le. um rine content of an aromatic conpound (OP.) of the

extender (0il, bs preferably’120%yraieinghte ofcfRr@p1ON@00brMAArE; , and
ki nds of these extender oils are used, Exanples of ti-le Kneader to
be:tor theipnodueti ot ckoa abuty. Jfol Qﬁnq\zﬁ—@ e pcdynter 5 1-"-...Lude a
roll kneader; a ban ury m xer and the .Red' anl i zed

kr:egytin: 1 O@H@éﬂdﬂﬁtéBfQQﬁﬁcgﬁpguﬂgéql QaHé'QI kneadelurteynich
Ko, din, d terrperature is utsaally from and .- ef erably froma O3

tocase chyitizzteading Addisli V@S, rcferably 50 or less, more preferably
45 or less, and still more preferably 40 or less.
Xp = X(II) x y/X(I) (1)
where X(I) in Formula (1) denotes the amount of the compound

15 (I) (unit: mol) tobeaddedinahydrocarbonsolvent, X(II) denotes
the amount of the compound (II) (unit: mol) to be added in a
hydrocarbon solvent, and y denotes the number of hydrocarbyloxy
groups contained in Formula (II-A).

[(0089]

20 After addition of the compounds (I) and (II) in the
hydrocarbon solvent, the compounds (I) and (II) are reactedwith
the alkali-metallized polymer chain ends. The reaction
temperature is usually from 25°C to 100°C, preferably from 35°C
to 90°C, and more preferably from 50°C to 80°C. The reaction

25 time is usually from 60 seconds to 5 hours, and preferably from
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tether than a vul cani zing agent: and a vul cani zati on accekerator.

t he case kneada.nd vul canl zong agent ano vhi cani zati on accel erator,
the kneading tenperature Ls usually .3.(13:rH. . or |ower,
a3'rti:etcn:aby fromICOOM tenperath re to :it 0 01. h to knead Ind
trite 25tntho,arly noom.3 0 3 ec:nt 0 3 0raj r] eSs 3 rid. eiCe rab
1 manutb to 30 m nhres, Zedp,-2.ChlT!e.obt. Ec',J1E,d by heat irzc a
"'.2u.i"car, zabie polynmer. Exanples of the nethod of heating a

val cani zabl"é"poryner #nggﬁﬂe a press vul cani zati on et hod, The

vul cani zati on tenperature is usaally from 12(1cl to 200eC, and
preferabﬂ&oﬁpdnll40'c to 120fl ed 10122; ThC.= Via "Can;DO: he. Pre:3
E(1).i: li..0.Ver!..t: 1.0 r).saperior in fuel econony and. is
suitably used Fre3ertifelshxdmriod gEn which, first, the cEmyepedl (I)
properties were evaluated by t 11E, fuliJx,i1J, |Sprocedur:"s. [0124]
| . Mooneysvideosiinge pVHirpick rtNboneyl wistesidtyhoryepowas nbasaret ated
10Y0 in accordance with JI'S 1<6-i00 (1994), 2 (i 2. Virrv.1 bond.

cont ent (vanint thempillkpli-metalliVienyloddgmet rcanmta.ienter@i, arpblthan erhavas
determ ned by infrared SpeCtrOPbQ oFl e&xY crom an aosc:ru.tioni:nt
1'1 St ‘cohpatinab ((5) ti9HNdEd inwhhehsbsvétie absahpt conppeak ofr1a is
vinyl group, 3A lt-irdmsat-.. of :nszno.snu( unitnderivecLf from
\eni tinriethched weiight) £ond entmof a 81 MP8QMRILym#H thdeniered framthod

stytene was determined froma refractive .i.n.de.x 1.n accordance
with JI SinKGB83n460 Fieto@8ONAINS hours after addition of the compound
(I), the compound (II) is added in the solvent is preferable.
10 [0091]
<Coupling>
In the method of the present invention, the
alkali-metallized polymer chain end may be reacted with a
coupling agent thereby to perform coupling of polymer chains
15 until the below-mentioned polymer chain end inactivation of the
modified conjugated diene-based polymer from initiation of the
polymerization of monomers. Coupling is usually carried out
by adding, in a hydrocarbon solvent containing a conjugated
diene-based polymer, a coupling agent represented by the
20 below-mentioned Formula (III):
R'O, MLy -, (I11)
wherein R'? is an alkyl group, an alkenyl group, a cycloalkenyl
group or an aryl group; M is a silicon atom or a tin atom; L
is a halogen atom or a hydrocarbyloxy group; and a is an integer

25 of 0 to 2.
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A. strip-shaped. specinen neasuring. 4 mmin. mth, 10 =l in length
and 1-2 ndi in th.:icknese was p..:)nched cut froma sheet forned.

of . a vul cani zed polyzum s" an& then subjected to a test.. 10Loss
taryar a tshz by a visccelasticitv anal yzer (manufactured by Ueshim
Sei sakushp C Owp a D. y Ltd_ ) under the conditions of strain cf SILO
frequehty of 10 flz, The sneller the value, the nore fuel econony is
superior § En1231 5 Gip .performance A srri -shaped
speci nen ne g rlzu, 4 mmin width, 40 mmin length and 1,2 tamin

t hi ckness was: onczg ogt Eron1a heet formed of a vulcagt (%

p. ol yner, and t @‘Hp Bj 8t &d°t SOHP &8P, 296L6sSPragegent v ale
tem:,:iatiare,,tane (SeC)) was eaSO 10, by a viscoelasticity
analyoetaPﬁﬁﬁuWﬁBF&PESdb§OE@§ﬁPnﬁ %%i HKUSHEE ChneriyPLt e YT Aide?t 1 he
conditions of strain of |.%and. frequency of 10 him, The larger the
val ue, tRELABLEZEFNPOpErt drmance iine tEuperichror2sE L2029t 1 Er anpl e 1
A pClcyr|nert ,,ation reactor nhxie of st.aWlless std))el (haiving an
|nner5vc@ﬁﬁﬁaéhlgglﬁebemﬁtéddﬁpp@@bmﬂpﬁl@,sﬁumaahyhﬁ;qnﬁﬂnﬁtknm

d, r3..e.d., and thEn the atnosphere in the react= )"faS replidied. 5
by dry nket@gaﬁthmaysi135§3 kg tofy litndustthicady.s ilexane (haviriq
adenSitYa O "tc.q840 cf of ,3-butadi e rit e, 360 gc,f styrene, 9, 1.
m of retiiabydopibfimstandsil4nad, oktefilny.ilEmesglgfcalnadi et her were
charged in the polynerization reactor. Next, an n-nexahe sol ution.
(n-butyl Ieithbilltllimm@lﬂheﬁtty'silén@,mbh%t@foxy@i@tbi#l)éﬂlialrhi ,um was char ged
in. the p" .ynerization reactor and the pblynerization reaction was

initiat eale\f\hb&gd@m@vchw@qalampl Yichg b3 oshutiadigne and. styrene in.
the polynerization reactor at a stirring speed of 130 rpm and a

tenpﬂfatBE%yH@r&Q%hB@&%E@%héatHﬁ%ﬂﬂﬁ%ydyéﬂﬁyfg¥§aﬂénaﬁ%t%ﬁé“ﬂfﬁ@
an-id styrene were c:0pc.'j.vtr.erazeci for '3 ho hr s , 155 anpunt of

1, 3-butagbibsene supplied mas .1."260 (1 and the anmobunt ot. styrene
supplied wash% r'i.a,...tor, 10 M. 1. per med.

tfrilm) of N N-Gethvi am noprop 3, Yhatl 66 was, ghar ged,. 26d, o

conponents the polynerixatin reactor irreo
Next, 6, % I6@0rlno£0dr4%o.re Dg[n mogglpr%ffer}:%@lcy i])'.%lo"moﬂ. cpr )more, per mol

of the organcalkali metal compound to be used in the

15 polymerization. The amount of the coupling agent is preferably
0.4 mol or less, and more preferably 0.3 mol or less, per mol
of the organoalkali metal compound to be used in the
polymerization.
[0094]

20 <Polymer Chain End Inactivation and Recovery of Modified
Conjugated Diene-Based Polymer>

In the method for producing a conjugated diene-based

polymer of the present invention, polymer chain ends may be
inactivated by adding an alcohol such as methanol, isopropyl

25 alcohol or l-butanol in a hydrocarbon solvent after adding the
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1,3,5-tr1s(3-trinmethoxysilyl propyi) isoovanurate was charged in the
pol ymeri zation reactor, and conponents in the pbaynerization reactor
were stirred for 15 mnutes - [013 In the pol ynerization
reacttr, 20 m of a hexane solution containing 4.0 nl of methanol was
charged., and conponents in the polynerization reactor. were stirred
for 5 mnutes. The stirred material in the polynerization reactor was

drawn, foll owed by the a n of 102-tert-dit

C o er t SOIRFET62 Hydr oR0- BLhS! Shvi nerar A5SHTR 9T BHer R P {19 ot
e (manuf a etur e crle The. mi cal Conpany, Limted under t he trade
name of §8m3uﬁs|£eﬁ‘é;m laa%eﬁqu&érr%r?trm%w&wﬁkfée conjugated

(3- IamreV|th|o ropionatel ppuiut a cndired by. Sumumo Chris a C
orrY,:e FHENE- Eﬁrasm A pedyiiRded Refesetieeoeede qfaﬁ%eé)qlcsumlzrsrpned
TP-5) ti tne st rred mat aria iuicbtain :lice, The mrture was |eft
to standm@@lﬁé@ﬁr@@@ﬂ@@@ﬁ@ﬁbdﬂameﬁhaﬂﬁﬁnﬁphymﬂnrLe sol vent was
vapori zed to obtain 1tPo. LnULr. t ne obta. hum ynre:
W tLei TOOO9i cul uunder preeesre at 5YC for 5 hours. The eval watios
reeslts of the polynmer are shown. in Table 1. A V:::;.1.0Hn 1 5
able-\ N\ 100 ghknbneCnetpellyn#8, 4cPasteénas ltightm¢ihddeaf recovering
(marsmThsrtsP. ed by Deysesa. hO under the trade nane of 01.,TY.,ASIT.

parts by th33eidanie=dospl Logt agentenedna shuf s Ethe by r DagussaydAbddrbon
under the trade nane of S1x6 9 ) 6.4 parts by weight cf carbon bl ack

( manuf actsurne@dntbyoM taubhghi nhemical coGgnperati @meuedséseahpomﬂge
name of DI 2E4,..CK N3119), parts by- weight of an extender oi
(mab) . fbh@h%%%ﬁp@%sJ%R@@eof include a method in which a coagulating
10 agent is added in the solvent, a method in which steam is added
in the solvent and the like. The recovered modified conjugated
diene-based polymer may be dried by a known dryer such as a band
dryer or an extrusion type dryer.
[0096]
15 <Modified Conjugated Diene-Based Polymer>
The modified conjugated diene-based polymer can be
obtained by the above method.
[0097]
Mooney viscosity (ML;+s) of the modified conjugated
20 diene-basedpolymer ispreferably 10 ormore, andmore preferably
20 or more, so as to enhance the tensile strength of a polymer.
Inorder toenhance processabilityof apolymer, Mooney viscosity
is preferably 200 or less, and more preferably 150 or less. The
Mooney viscosity (ML;4+4) is measured at 100°C in accordance with

25 JIS K6300 (1994).
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S Energy C. potation under 'the trade name of JOVO Til kOCl ESS NC-
1 L40 ) b part.e 1,..xe.L.ght of an ant lo.Ki.d.a.r.it

tani nuThot ht ed by Sum tono , 1: 14em cal Conpany, Lintted ,...nder the
tra dr::: name of .11, . NT"1.C ;:ff.11,1. SC) , 2 paxts by weeht. of
steario acid, 2 darts by wm ght of zinc oxide, i part by weight of a

vul cani zati on accel erator 10t manufact.inhdSum .tont Chendchbl .
Cocapan;){ gékar thmtrade nane. of SOXINCT, CZ), 1 partwe:Lg.:it of.
a vul canit ?3¢Pbn a.coble rat or ftx.inuftacW..x11-M. ))! Sumtca 1
Gc. xfparx*, limted uner the trade nane of SOXI NOT. D , 1,5 parts
by.1 -1,1- of a'wWee@Ab-tiFacte] Fedt py ISBCRHPPRRE)P CHE1 D, *ibfzaruount
| NV 151441. AL co, 5. Ltd, 15 under thmt%1 ade nane of SMNNOC N) and
1.4 part@fbtghewémmnqxf uggf. ferivad raimmhs Fabppraced & end conpeund
obt ai ned. yuicanizable c.K )iymer was: formed into a sheet. by a 6

i nch rol Esapdefheablgheet wasveidicam xed by, eat imga cieGefabty 4%5%
mnutes to obtain a sheet made of 150 mmin width, 150 xmin dMth
and L 2 g waighthpckmmes, ofsthmwvuboan z ed ipaltymerthe dhelevgbuatmen.
results phys |.cal properties at th,:: Sheet:YU Vie Of the m| can
sedu) oi yherararnertshawne mondablesrdit f@135tdConparnatd ¥enkngaanpl @idne
In. the. sanme manner as in El:..4anpie |. except that

N, N-di netbyganhaopt Ppytaeryl amiodes was ingot ¢haeged 4 fibee preferably
pol ymeri zation npnstor™ the operation was carried out. The eval uation

results gfsthe wbigheegrppéwﬁrbé@@dp&wsw% % gn@sopbcﬁ@eersm@é

.madel1110 v hie: 3.rd zed poi ynmer a re e:- in Table I,
[0136) Co @gatlve Exanmpl @2 I n the same nanher as in Exanmple I,
except tﬁat tris(3-trinethoxysi ' .t."""*tji ' Isocyanurate was not
10 chargedpbgy the polynerizatibh xesctor” Lhs operation was carried
cot . Tharteval] uati onresul t sof t heobt ai neci pol ynet andphysi cal . propert

crS %blt Qelehe rhbf nJBHE; 8- LG Y A8 35 Z88-POLed - JIRIme AN S SKL £YB1 ¢

contains a monomer unit derived from an aromatic vinyl compound
so as to enhance the tensile strength of a polymer. Examples
of the aromatic vinyl compound include the above-mentioned
15 aromaticvinyl compounds. Theamount of themonomerunit derived
from an aromatic vinyl compound contained in the modified
conjugated diene-based polymer is preferably 10% by weight or
more, and more preferably 15% by weight or more, based on 100%
byweight of theentirepolymer. Inorder toenhance fuel economy,
20 the amount of the monomer unit derived from an aromatic vinyl
compound is preferably 50% by weight or less, andmore preferably
45% by weight or less, based on 100% by weight of the entire
polymer.
[0100]

25 The vinyl bond content in the modified conjugated
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1101 15 Conparative Exanple 3 SaMe nmanner as in Exanpl eexcep that the
anonnt of N, N-di net hyl am nopf opyl aorvi am de to be charged in the

pol yneri zati on reactor was changed to 15,8 nmal (1.0 nol per

nmol of n-butyllithiumandl, 5 atrisCS atrinethozysilyl propyl) 20

i socyanurhte was not charged, the operation was catried out. The

eval uation results of the obtained polynmer and physical. prbpecries

or the She e Med::: 0t he vul cani zed lyper are $.3 heWi in Table
1 ¢ o1 TR G RO bymer 15 breforabiel DI ARPbh Phabtor. r Ahte OFC

stai nbnss steel (having _an :inner volunme of 30 Liter)_equipped Wth a
b5 il SR O
reactor was replaced Phitrogeh. Next, 16of industrial hexane (having.
a densi tfoBsonef UBBOIEE iy <6f ﬁ@@tbapéanéﬁéted@PQﬁeCQWP@%@?gﬁWG@GFﬁan
3. Tid. ITELL of etb.ylene glyc, ether were chargedt he : Pol yner
12' . ati ohn rtéachod i fNegtconarpat.ed Yiene-exane 8ol V¢ BIF TASHUD FEORIET )
13.3 mmol ) of fl-butyllitniumwas charged in the pol ynerization
reactior andl tcherpolynedinzatien 6 engactdcopriearenfeimteds, the vinyl
Wi |l e conti nuously supplying 1, 3-Putadiene in the polynerization.
react or latna ®tritrdrithg sapeedeetib19010 pudl,s andmartenperatiurete malbhe 15
pol yneri zation reactor of 70'C, tbe

1, 9- Put adb epeowarbrzanet edl oubrtoprdrhoupsy Themamwupt: afbore, and
1, 3- but adi ene supplied wasi.. 440 g, the inerization

react or, pdy+ 30120l v; OrdBe Fagky pes iAol opf mbrMaubykiebt bhundoofols of
N, N- di net hyl am nopr opyl ac, vl am de was chared, and conponents in the

o S SRS AR ST (R MR AN 0
(B'ijnEEBﬁéXﬁ&h—XEH%é?ﬁgauﬁﬂt@h@fﬁoa@%&%@dconjugated diene-based
polymer. The vinyl bond content is determined by infrared
spectrophotometryfronuﬂlabsorptionintensityeﬂ:about.9100m'1
which is an absorption peak of a vinyl group.
[0101]
15 <Polymer Composition>
The modified conjugated diene-based polymer obtained by
the method of the present invention can be used mixed with other
polymer components and additives and the mixture can be used
as a polymer composition.
20 [0102]
Examples of the other polymer component include a
styrene-butadiene copolymer, a polybutadiene, a
butadiene-isoprene copolymer, a butyl rubber, a natural rubber,

an ethylene-propylene copolymer and an ethylene-octene

25 copolymer. One or more kinds of these polymer components are
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in the polynerization reactor, and conponents in the polynerization
reactor were stirred for 15 mnutes. 101.391 cbntain).",ng 4.0 m of
met hangl was charged, and conynents in the pblynerization reactor
W8r8 etirzed for. 5 nirhutes. The stdrrbd materlal in the

pol yneri zation reactor was drawn; followed by- the addition of 12,0 ¢
of 2 -tert-butyl-6-(3-tebtebutyl-2-hydrbxy-5-nethyl benzyl)-4-nme

t hyl b2henyl acryl ate (marorr:acturibyatali-dtenoch,iilaicilconparw,

Li mi t ed. Uk#der the tradb name of SUM.LI ZE GV and ,0 g
pentaerythrityitetraki s(3-1aurvithiop ooionate) (n)anuf act ured by
Sumi t onéot%%ﬁical. C)nbpany, ldm A ted wider he ID trooe name DI
;::CTLILT. Z.ER 137--1D) tc:. the 8 1:: 1 reo material to obtain a
) ) A, surbl Jhee ndktubel @ thetmodbl s¢@ndoat Udrbeth Eefperatmes
for 1.5 hbut;)) "and t.he solvent was vaporlz., O to cshtait)

pol . y.) :eokymdndsteartterr pohune olaipred) tpoi the pmepunas ff nhe makifiied
cl EdeO. under .redncect preesbre at 55('Q fbr 6 hours, The

eval uat i oontebatts dfetdrebdSepobymenearte shrewnsiar Tablce elf e {aiiid0]10%
A vui cani zabl e pol ynex, | as obtai nsd by kneading 100):"art):.) bywei
ght o t ANavei @bt ainedpei, ymer mér8 prdfepants nOEfby ))elditt efr aidie, a
(manuf actured by Dsqussa AG under the trade nane of ULTIE)1AST1:
20VN3- COy5 624 Ppants by, weiighht) oof tae aidtane @t hpidd of @gentonjugated
(1 mui ufactuzed by )9egnsa AC under the trade nanme of S169), 6,4
part):: By-Meightcat0anRan bl ackemnufi@ct 858donbYt s Mdsubbstihance
Chem cal Corporation under the trado nanb of ABLACY N339), 47,6
parts bycwei ght ggmgp exterd4?r oil Cndzobbactured by Japan
1)))nercri hhrT?crr t abauoj erli etradena. maot 1071() PROCESS)) 10

- 140) Eﬂﬁﬂg?a' Conpany. Limted under the trade nane of

pi N"Thi : "2 arts by weight of stearic acid, 2 parts by weight of
zinc oxide, 1._part.b i,ght of..a.. vul. izatio rat o

(manuf act ur ed %5§m@% t%ﬁn 5ﬁ$%gfjf%%%§gya%L%n1?gégﬁ%géﬁgt%%g?Féd%
name of SOXINCL on,, part ight of. _a valcanizatiqn a.cce le
rater ftwdhf"uF? 189yé§ﬁﬁ$%5ggoga T éﬁ&ﬁgﬁﬁﬁ%iﬁfquﬂﬁnl%ﬁﬁgﬁTe?e
name of SOXINCi .j., D), 1.5 'parts by weight of a (PaarlU a Cr
ad by cEﬂEﬂaﬂﬂcchﬁ€PF&ﬂE/ ?LF@&9§8§EFQQA€%9§t'tﬂufxﬁ;%ﬁnkﬁ The?tT ade
name of SUNNOC N) and 1 : parts by weight of sulfur, using. a.

| abopl asEBURL NI 2R lobt Arfé§ WG int nf PABISE 501t d nds atgfb?%%l?‘?f%r
a sheet by 6 inch roll and the sheet was nuicenized by heetihg at.
160G.° r bR 48PhiAatEés a6 6bteiln k& sheet made of 150 mmin width. ,
150 mMmin depth and 1.2 mm thickness of the vul canized pol ymar. The
eval uati onOpésults a fi:ftlys. ¢c.m .pr op er ties Cl: the sheet nade

(1)f hi can* zed rm | 7rce r are shown in Table 11;
It is preferred to produce a vulcanizable polymer by

kneading a modified conjugated diene-based polymer with a
vulcanizing agent. Examples of the vulcanizing agent include
20 sulfur. Examples of the sulfur include powdered sulfur,
precipitatedsulfur, colloidal sulfur, insoluble sulfur, highly
dispersible sulfur and the 1like. The amount of the vulcanizing
agent to be kneaded with the modified conjugated diene-based
polymer is preferably from 0.1 part by weight to 15 parts by

25 weight , more preferably from 0.3 part by weight to 10 parts
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by weight, and still more preferably from 0.5 part by weight
to 5 parts by weight, based on 100 parts by weight of the total
amount of the modified conjugated diene-based polymer and other
polymer component.

[0106]

Examples of the vulcanization accelerator include a
thiazole-based vulcanization accelerator such as
2-mercaptobenzothiazole or dibenzothiazyl disulfide; a
thiuram-based vulcanization accelerator such as
tetramethylthiuram monosulfide or tetramethylthiuram
disulfide; a sulfenamide-based vulcanization accelerator such
as N-cyclohexyl-2-benzothiazolesulfenamide,
N-tert-butyl-2-benzothiazolesulfenamide,
N-oxyethylene-2-benzothiazolesulfenamide or
N,N-diisopropyl-2-benzothiazolesulfenamide; and a
guanidine-based vulcanization accelerator such as
diphenylguanidine, diorthotolylguanidine or
orthotolylbiguanidine. The amount of the vulcanization
accelerator to be kneaded with the modified conjugated
diene-based polymer is preferably from 0.1 part by weight to
5 parts by weight, and more preferably from 0.2 part by weight
to 3 parts by weight, based on 100 parts by weight of the polymer
component.

[0107]

Examples of the vulcanization activator include stearic
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acid, zinc oxide and the like. Examples of the organic peroxide
include dicumyl peroxide, di-tert-butyl peroxide and the like.
[0108]

Examples of the reinforcing agent include a silica-based
reinforcing agent and carbon black.
[0109]

Examples of the silica-based reinforcing agent include
dry silica (silicic anhydride), wet silica (hydrated silicic
acid), colloidal silica, precipitated silica, calciumsilicate
and aluminum silicate. One or more kinds of these silica-based
reinforcing agents can be used. BET specific surface area of
the silica-based reinforcing agent is preferably from 50 m? /g
to 250 m?/g. The BET specific surface area is measured in
accordance with ASTM D1993-03. It is possible to use
commerciallyavailable productsmanufacturedby DegussaAGunder
the trade of ULTRASIL VN3-G, commercially available products
manufactured by Tosoh Silica Corporation under the trade names
of VN3, AQ, ER and RS-150, and commercially available products
manufactured by Rhodia under the trade names of Zeosil 1115MP
and 1165MP.

[0110]

Examples of the carbon black include channel carbon black
such as EPC, MPC or CC; furnace carbon black such as SAF, ISAF,
HAF, MAF, FEF, SRF, GPF, APF, FF, CF, SCF or ECF; thermal carbon

black such as FT or MT; acetylene carbon black; and graphite.
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One or more kinds of these carbon blacks can be used.
[0111]

Nitrogen adsorption specific surface area (N2 SA) of carbon
blackispreferablyfrom5n@/gtoZOOHF/g,anddibutylphthalate
(DBP) absorption of carbon black is preferably from 5 ml/100
g to 300 ml/100 g. The nitrogen adsorption specific surface
area is measured in accordance with ASTM D4820-93, and the DBP
absorption is measured in accordance with ASTM D2414-93. It
is possible to use commercially available products manufactured
by Mitsubishi Chemical Corporation under the trade name of
DIABLACK N339, commercially available products manufactured by
TOKAI CARBON CO., LTD. under the trade names of SEAST 6, SEAST
7HM and SEAST KH, and commercially available products
manufactured by Degussa AG under the trade names of CK 3 and
Special Black 4A.

[0112]

It is preferred to produce a vulcanizable polymer by
kneading a reinforcing agent in the amount of 10 to 150 parts
by weight based on 100 parts by weight of a modified conjugated
diene-based polymer, together with the modified conjugated
diene-based polymer and a vulcanizing agent. The amount of the
reinforcing agent is more preferably 20 parts by weight or more,
and still more preferably 30 parts by weight or more, based on
100 partsbyweight of amodified conjugateddiene-basedpolymer,

so as to enhance abrasion resistance and strength. In order
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to enhance reinforcement, the amount of the reinforcing agent
is more preferably 120 parts by weight or less, and still more
preferably 100 parts by weight or less, based on 100 parts by
weight of a modified conjugated diene-based polymer.

[0113]

In order to enhance fuel economy, a silica-based
reinforcing agent is preferably used as the reinforcing agent.
The amount of the silica-based reinforcing agent is preferably
50% by weight or more, and more preferably 70% by weight or more,
based on 100% by weight of the total amount of the reinforcing
agent to be mixed.

[0114]

In case of kneading a silica-based reinforcing agent and
carbon black, together with a modified conjugated diene-based
polymer and a vulcanizing agent so as to produce a vulcanizable
polymer, a weight ratio of the amount of the silica-based
reinforcing agent to that of the carbon black (amount of
silica:amount of carbon black) is preferably from 2:1 to 50:1.
The weight ratio is more preferably from 5:1 to 20:1 so as to
enhance fuel economy and to enhance reinforcement.

[0115]

Examples of the filler include calcium carbonate, talc,
alumina, clay, aluminum hydroxide, mica and the like.
[0116]

Examples of the silane coupling agent include
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vinyltrichlorosilane, vinyltriethoxysilane,
vinyltris (B-methoxyethoxy)silane,
B- (3, 4-epoxycyclohexyl)ethyltrimethoxysilane,
v-glycidoxypropyltrimethoxysilane,
vy-methacryloxypropyltrimethoxysilane,
N- (R-aminoethyl) -y-aminopropyltrimethoxysilane,
N- (p-aminoethyl) -y—-aminopropylmethyldimethoxysilane,
N-phenyl-y-aminopropyltrimethoxysilane,
v—-chloropropyltrimethoxysilane,
y-mercaptopropyltrimethoxysilane,
y-aminopropyltriethoxysilane, bis(3-(triethoxysilyl)propyl)
disulfide, bis(3-(triethoxysilyl)propyl) tetrasulfide,
y-trimethoxysilylpropyldimethylthiocarbamyl tetrasulfide,
yv-trimethoxysilylpropylbenzothiazyl tetrasulfideandthelike.
One or more kinds of these silane coupling agents are used. It
is possible to use commercially available product manufactured
by Degussa AG under the trade names of Si69 and Si75.
[0117]

In case of kneading a silane coupling agent, together with
a modified conjugated diene-based polymer, a vulcanizing agent
and a silica reinforcing agent, the amount of the silane coupling
agent is preferably from 1 part by weight to 20 parts by weight,
more preferably from 2 parts by weight to 15 parts by weight,
and still more preferably from 5 parts by weight to 10 parts

by weight, per 100 parts by weight of the silica reinforcing
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agent.
(0118]

Examples of the extender oil include an aromatic mineral
0il (viscosity gravity constant (V. G. C.) of 0.900 to 1.049),
a naphthene-based mineral oil (V. G. C. of 0.850 to 0.899), a
paraffin-basedmineral (V. G. C. of 0.790 to 0.849) and the like.
The polycyclicaromatic content of the extender oil is preferably
lessthanB%byweight,andmorepreferablyl?ssthanl%byweight.
The polycyclic aromatic content is measured in accordance with
IP346/92 of Institute of Petroleum. The content of an aromatic
compound (CA) of the extender oil is preferably 20% by weight
or more. One or more kinds of these extender oils are used.
[0119]

Examples of the kneader to be used for the production of
a vulcanizable polymer include a roll kneader, a Banbury mixer
and the like.

[0120]

Regarding kneading conditions in case of kneading using
akneader,thekneadingtemperatureisuwuallyfrom50°Ct0200°C
and preferably from 80°C to 190°C, in case of kneading additives
other than a vulcanizing agent and a vulcanization accelerator.
In the case of kneading a vulcanizing agent and a vulcanization
accelerator,thekneadingtemperatureisusuallleO°Corlower,
and preferably from room temperature to 80°C. The kneading time

is usually from 30 seconds to 30 minutes, and preferably from
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1 minute to 30 minutes.
[0121]
Avulcanizedpolymer is obtained by heating a vulcanizable
polymer. Examples of the method of heating a vulcanizable
polymer include a press vulcanization method. The
vulcanization temperature is usually from 120°C to 200°C, and
preferably from 140°C to 180°C.
[0122]
The vulcanizedpolymerof thepresent inventionissuperior

in fuel economy and is suitably used in a tire.

[Examples]
[0123]

Physical properties were evaluated by the following
procedures.
[0124]
1. Mooney viscosity (MLi+q)

Mooney viscosity of a polymer was measured at 100°C in
accordance with JIS K6300 (1994).
[0125]
2. Vinyl bond content (unit: mol%)

Vinyl bond content of a polymer was determined by infrared
spectrophotometryfronun1absorptionintensityfﬁ:about910cmfﬂ

which is the absorption peak of a vinyl group.

[0126]
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3. Content of monomerunit derived fromstyrene (unit:%byweight)

Content of a monomer unit derived from styrene was
determined from a refractive index in accordance with JIS K6383
(1995).
[0127]
4. Fuel economy

A strip-shaped specimen measuring 4 mm in width, 40 mm
in length and 1.2 mm in thickness was punched out from a sheet
formed of a vulcanized polymer, and then subjected to a test.
Loss tangent at a temperature of 70°C (tand (70°C)) was measured
by a viscoelasticity analyzer (manufactured by Ueshima
Seisakusho Company Ltd.) under the conditions of strain of 1%
and frequency of 10 Hz. The smaller the value, the more fuel
economy 1s superior.
[0128]
5. Grip performance

A strip-shaped specimen measuring 4 mm in width, 40 mm
in length and 1.2 mm in thickness was punched out from a sheet
formed of a vulcanized polymer, and then subjected to a test.
Loss tangent at a temperature of 0°C (tand (0°C)) was measured
by a viscoelasticity analyzer (manufactured by Ueshima
Seisakusho Company Ltd.) under the conditions of strain of 1%
and frequency of 10 Hz. The larger the value, the more grip
performance is superior.

[0129]
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Example 1

A polymerization reactor made of stainless steel (having
an inner volume of 30 liter) equipped with a stirrer was washed
and dried, and then the atmosphere in the reactor was replaced
by dry nitrogen. Next, 15.3 kg of industrial hexane (having
adensitycﬁfGBOkg/m3),84Og;ofl,3—butadiene,36O§;ofstyrene,
9.1 ml of tetrahydrofuran and 1.4 ml of ethylene glycol diethyl
ether were charged in the polymerization reactor. Next, an
n-hexane solution (n-butyllithium content: 15.8 mmol) of
n-butyllithium was charged in the polymerization reactor and
the polymerization reaction was initiated.

[0130]

While continuously supplying 1, 3-butadiene and styrene
in the polymerization reactor at a stirring speed of 130 rpm,
and a temperature in the polymerization reactor of 65°C,

1, 3-butadiene and styrene were copolymerized for 3 hours. The
amount of 1, 3-butadiene supplied was 1,260 g and the amount of
styrene supplied was 540 g.

[0131]

In the polymerization reactor, 1.6 mmol (0.10 mol per mol
of n-butyllithium) of N,N-dimethylaminopropylacrylamide was
charged, and components in the polymerization reactor were
stirred for 15 minutes.

[0132]

Next, 6.5 mmol (0.41 mol per mol of n-butyllithium) of
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1,3,5-tris(3-trimethoxysilylpropyl) isocyanurate was charged
in the polymerization reactor, and components in the
polymerization reactor were stirred for 15 minutes.

[0133]

In the polymerization reactor, 20 ml of a hexane solution
containing 4.0 ml of methanol was charged, and components in
the polymerization reactor were stirred for 5 minutes. The
stirred material in the polymerization reactor was drawn,
followed by the addition of 12.0 g of
2-tert-butyl-6-(3~tert-butyl-2-hydroxy-5-methylbenzyl)-4-me
thylphenyl acrylate (manufacturedby Sumitomo Chemical Company,
Limited under the trade name of SUMILIZER GM) and 6.0 g of
pentaerythrityltetrakis(3-laurylthiopropionate)
(manufactured by Sumitomo Chemical Company, Limited under the
trade name of SUMILIZER TP-D) to the stirred material to obtain
a mixture. The mixture was left to stand at room temperature
for 16 hours and the solvent was vaporized to obtain a polymer.
Thereafter, the obtained polymer was further dried under reduced
pressure at 55°C for 6 hours. The evaluation results of the
polymer are shown in Table 1.

[0134]

A vulcanizable polymer was obtained by kneading 100 parts
by weight of the obtained polymer, 78.4 parts by weight of silica
(manufactured by Degussa AG under the trade name of ULTRASIL

VN3-G), 6.4 parts by weight of a silane coupling agent
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(manufactured by Degussa AG under the trade name of Si69), 6.4
parts by weight of carbon black (manufactured by Mitsubishi
Chemical Corporation under the trade name of DIABLACK N339),
47.6 parts by weight of an extender oil (manufactured by Japan
Energy Corporation under the trade name of JOMO PROCESS NC~140),
1.5 parts by weight of an antioxidant (manufactured by Sumitomo
Chemical Company, Limited under the trade name of ANTIGENE 3C),
2 parts by weight of stearic acid, 2 parts by weight of zinc
oxide, 1 part by weight of a vulcanization accelerator
(manufactured by Sumitomo Chemical Company, Limited under the
trade name of SOXINOL CZ), 1 part by weight of a vulcanization
accelerator (manufacturedby Sumitomo Chemical Company, Limited
under the trade name of SOXINOL D), 1.5 parts by weight of a
wax (manufactured by OUCHI SHINKO CHEMICAL,INDUSTRIAL CO., Ltd.
under the trade name of SUNNOC N) and 1.4 parts by weight of
sulfur, using a laboplasto mill. The obtained vulcanizable
polymer was formed into a sheet by a 6 inch roll and the sheet
was vulcanized by heating at 160°C for 45 minutes to obtain a
sheet made of 150 mm in width, 150 mm in depth and 1.2 mm in
thickness of the vulcanized polymer. The evaluation results
of physical propertiesof the sheet made of the vulcanizedpolymer
are shown in Table 1.

[0135]

Comparative Example 1

In the same manner as in Example 1, except that
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N,N-dimethylaminopropylacrylamide was not charged in the
polymerization reactor, the coperation was carried out. The
evaluation results of the obtained polymer and physical
properties of the sheet made of the vulcanized polymer are shown
in Table 1.
[0136]
Comparative Example 2

In the same manner as in Example 1, except that
1,3,5-tris(3-trimethoxysilylpropyl) isocyanurate was not
charged in the polymerization reactor, the operationwas carried
out. Theevaluationresultsof theobtainedpolymer andphysical
properties of the sheet made of the vulcanized polymer are shown
in Table 1.
[0137]
Comparative Example 3

In the same manner as in Example 1, except that the amount
of N,N-dimethylaminopropylacrylamide to be charged in the
polymerization reactor was changed to 15.8 mmol (1.0 mol per
mol of n-butyllithium) and1,3,5-tris(3-trimethoxysilylpropyl)
isocyanurate was not charged, the operation was carried out.
The evaluation results of the obtained polymer and physical
properties of the sheet made of the vulcanized polymer are shown
in Table 1.
[0138]

Example 2
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A polymerization reactor made of stainless steel (having
an inner volume of 30 liter) equipped with a stirrer was washed
and dried, and then the atmosphere in the reactor was replaced
bynitrogen. Next, 15.3kgofindustrial hexane (havingadensity
of 680 kg/m®>), 960 g of 1,3-butadiene, 9.1 ml of tetrahydrofuran
and 1.4 ml of ethylene glycol diethyl ether were charged in the
polymerization reactor. Next, an n-hexane solution
(n-butyllithium content: 13.3 mmol) of n-butyllithium was
charged in the polymerization reactor and the polymerization
reaction was initiated.

While continuously supplying 1,3-butadiene in the
polymerization reactor at a stirring speed of 130 rpm, and a
temperature in the polymerization reactor of 70°C, the
polymerization reaction of 1,3-butadiene was carried out for
3 hours. The amount of 1,3-butadiene supplied was 1,440 g.

In the polymerization reactor, 1.3 mmol (0.10 mol per mol
of n-butyllithium) of N,N-dimethylaminopropylacrylamide was
charged, and components in the polymerization reactor were
stirred for 15 minutes.

Next, 5.3 mmol (0.40 mol per mol of n-butyllithium) of
1,3,5-tris(3-trimethoxysilylpropyl) isocyanurate was charged
in the polymerization reactor, and components in the
polymerization reactor were stirred for 15 minutes.

[0139]

In the polymerization reactor, 20 ml of a hexane solution
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containing 4.0 ml of methanol was charged, and components in
the polymerization reactor were stirred for 5 minutes. The
stirred material in the polymerization reactor was drawn,
followed by the addition of 12.0 g of
2-tert-butyl-6-(3-tert-butyl-2-hydroxy-5-methylbenzyl)-4-me
thylphenyl acrylate (manufacturedby Sumitomo Chemical Company,
Limited under the trade name of SUMILIZER GM) and 6.0 g of
pentaerythrityltetrakis (3-laurylthiopropionate)
(manufactured by Sumitomo Chemical Company, Limited under the
trade name of SUMILIZER TP-D) to the stirred material to obtain
a mixture. The mixture was left to stand at room temperature
for 16 hours and the solvent was vaporized to obtain a polymer.
Thereafter, the obtainedpolymer was further dried under reduced
pressure at 55°C for 6 hours. The evaluation results of the
polymer are shown in Table 1.

[0140]

A vulcanizable polymer was obtained by kneading 100 parts
by weight of the obtained polymer, 78.4 parts by weight of silica
(manufactured by Degussa AG under the trade name of ULTRASIL
VN3-G), 6.4 parts by weight of a silane coupling agent
(manufactured by Degussa AG under the trade name of Si69), 6.4
parts by weight of carbon black (manufactured by Mitsubishi
Chemical Corporation under the trade name of DIABLACK N339),
47.6 parts by weight of an extender o0il (manufactured by Japan

Energy Corporation under the trade name of JOMO PROCESS NC-140),
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conj ugat ed di ebe-based pol yner, wherein the nmethod. conprises: at st
t ep Orin.ClL <3. Conl cc:Jai:ed."' based po yraer bY P -I- Z trig
raGnOller Gapy int:::1.1cl at e ci diary:: conmpound Ira

hydr ocar bon sol vent uslng an orgencal aii nmetal conpound and a se con
d st.Eipt adding) a conpound having a carbonyl 10 group and a

e e

C?E"_ Klgat %%‘emqic ﬂeégrg'saerqypq!i%%re:d E%llclierrttﬁe\ Q%'a%)e’ nar}le _ofSAN&‘EGEﬁE’ <16

2 parts by weight of stearic acid, 2 parts by weight of zinc

oxide, 1 part by weight of a vulcanization accelerator

n

(manufactured by Sumitomo Chemical Company, Limited under the
trade name of SOXINOL CZ), 1 part by weight of a vulcanization
accelerator (manufacturedby Sumitomo Chemical Company, Limited
under the trade name of SOXINOL D), 1.5 parts by weight of a
wax (manufactured by OUCHI SHINKC CHEMICAL INDUSTRIAL CO., LTD.
10 under the trade name of SUNNOC N) and 1.4 parts by weight of
sulfur, using a laboplasto mill. The obtained vulcanizable
polymer was formed into a sheet by a 6 inch roll and the sheet
was vulcanized by heating at 160°C for 45 minutes to obtain a
sheet maae of 150 mm in width , 150 mm in depth and 1.2 mm in
15 thickness of the vulcanized polymer. The evaluation results
of physical properties of the sheet made of the vulcanizedpolymer

are shown in Table 1.
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1.t

scat a.:

AOk ,..s.-im.., \ i \''\ h----u----- NO. is\i.s. n (CH'S$i R
\W\..) Rky 1 and c are eeob in integerto 3: gno RI() are sach
i ndpendently yOF O f:aboxyot oa0O of a foidf fO/1 g optO.0s.:: t our.)
of :f:af;on gJam:ny 0005:: - .10oa t.e qr&up si.,.:lec'Eed
fromanonc R R Y1l and R nis hvdrcoarbvi oxyah: O | eaat 01. T,
2. The nethod according to claim1l, wherein the conpound (1) is a
conpound gRrEsent ed by Fornmula ft4 N
[Table 1]
Example | Comparative | Comparative | Comparative Example
1 Example 1 Example 2 Example 3 2
Hooney - 65 91 72 28 86
viscosity
Vinyl bond |y g 34 34 33 35 37
content
Content of
monomer unit % by
derived from | weight 29 & a0 = g
styrene
Fuel economy
tand (70°C) - 0.135 0.146 0.189 0.182 0.124
Grip
performance - 0.493 0.484 0.489 0.470 0.231
| tand (0°C) B - _
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N ( RRCGR7 R3t" 0 (1-A) wherein. R4 is an optionally substituted
hydrocar byl group, a trydrocar:.'\./lene grous 'ethich may have a

ni trogen and/ or an oxygen atcmwhere R4 is conbined with RH or a

di val ent group where R isc:onbnecl3(nan optiona 1.)i
substit.steCCrnicfrocarThyl. 10 group or a h yd.r.:ocarbylenE qroup
‘...thich may have a nitrogen and/cr. an ex:fuer' atamwhere F."' is
conbi ned ywi-t-h : R4; : a;an optionally substituted hydrocarb7.1
group, awﬁ$ ré?pﬁlg%g%FO%gé di val ent (Thrbuc where .1-17 is conbined.
with P.43( and a" is a divalent droop; pis 0 or 1.. 3, The
nmet hod according to claiml or 2, wherein in the second step, the
conpound. (I) is ded to.the solvent.and then.thC, conpoun dded to
t he sol vent. 284, H%e%%?%ogoﬁc%ﬁ? ?ﬁbn%baaﬂgql%hgdo?ogﬁﬁgﬁgeﬁ to 3,
where n the anmpunt of the colmound (J,) to be added t.o the solvent
per .nDId&FnFEBa3?8a98 VR&TY & 1 00& S0 AR TOS KETEFSS from

(1,0 to O ang the anpunt of the conpound (11) te be added to the
sol vent per nof ‘off $theter GanosP KAt It Leidtmd  £Bepe2558dP ¢ sV e bm
0,01 to 0,9 nmoi. A nethod for producing a vul canize:die polyner, the
d met hod PYGRIITST k? Kite BENABCE SrAstid ] ‘el b Aj LRyt et i € Aé enpag@gpound
pol ymer produce. by the nmethod. according to any one of clains | to 4
and a vul@anizidee abenen isplemtamsimo ofr Proano2aikedl 18epat tsbyweadnd
100: -) zn7t sb, .. fwei ght (nft heRK>ct Lfi edconj ugat ed. di ee -based

pol ynmer . and 6. 7:1.r.:e ratidoeta<-...onlidid to clainms. wnern in
are linfor agent in an anmount of from 10 to 150 parts by wei ght per
100 rt s b \aes€&Idnd wfed het: BHedngor h) ;dl/cbrakede haenngba ecaripeny 1
V.W. e r is kneaded together with the nodified cortl ucatecl

di enes negeduplanpoby peibsand utthel wicanigzicagerind (II) a compound

Alet h. cKli Thr. produci nga7fl al cdni zedl mi _rai er"” thenbthod conprls ing
he ag a Ydpke€anhiedali Bormiu1d 0172211 £n{dPor8rEed sbiFdnt @ dé4iKing

the conjugated diene-based polymer:
R11
e (CHz)l_s|i_R12
/
IT1 >—N R13
R2—S|i—(CH2)k—N >:o (II-A)

R3 N IT14
%
o) (CHz)m-Sli—R15
R16

wherein k, 1 and m are each an integer of 1 to 8; R', R?, R?,
15 R'Y, R'?, RY3, R!', R!® and R'® are each independently a
hydrocarbyloxy group or a hydrocarbyl group; at least one group
selected from among R', R? and R® is a hydrocarbyloxy group; at
least one group selected from among R, R and R® is a

hydrocarbyloxy group; and at least one group selected from among
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abcording to claim5b

10

15

20

RY, R and R!'® is a hydrocarbyloxy group.

2. The method according to claim 1, wherein the compound
(I) is a compound represented by Formula (I-A):
R4
AN
6 —n7 I-A
NTRGERT (-A)
O

wherein R* is an optionally substituted hydrocarbyl group, a

R

hydrocarbylene group which may have a nitrogen and/or an oxygen
atom where R? is combined with R®, or a divalent group where
R*iscombinedwithR’; R°isanoptionally substitutedhydrocarbyl
group or a hydrocarbylene group which may have a nitrogen and/or
an oxygen atom where R° is combined with R*; R’ is an optionally
substituted hydrocarbyl group, a hydrogen atom or a divalent
group where R’ is combined with R?; and R® is a divalent group;

p is 0 or 1.

3. The method according to claim 1 or 2, wherein in the
second step, the compound (I) is added to the solvent and then

the compound (II) is added to the solvent.

4. The method according to any one of claims 1 to 3,
wherein the amount of the compound (I) to be added to the solvent
per mol of the organocalkali metal compound to be used is from

0.01 to 0.9 mol, and the amount of the compound (II) to be added
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15

to the solvent per mol of the organocalkali metal compound to

be used is from 0.01 to 0.9 mol.

5. A method for producing a vulcanizable polymer, the
method comprising kneading a modified conjugated diene-based
polymer produced by the method according to any one of claims
1 to 4 and a vulcanizing agent in an amount of from 0.1 to 15
parts by weight per 100 parts by weight of themodified conjugated

diene-based polymer.

6. Themethodaccording to claim5, whereina reinforcing
agent in an amount of from 10 to 150 parts by weight per 100
parts by weight of the modified conjugated diene-based polymer
is kneaded together with the modified conjugated diene-based

polymer and the vulcanizing agent.

7. Amethodforproducingavulcanizedpolymer, themethod

comprisingheatinga vulcanizable polymer produced by the method

according to claim 5 or 6.
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