CONJUGATED DI ENE POLYMER RUBBER, AND CONJUGATED DI ENE POLYMER RUBBER

COWPOSI TI ON Technical Field The present invention relates to a
conj ugat ed di ene pol yner rubber, and a conjugated di ene pol yner rubber
conposi tion. Background Art In recent years, with the grow ng

concern over environnmental problens the demand for good fuel econony for
aut onobi | es has been beconmi ng stronger, and there is also a d for
excel | ent f@PNEGATHRP \Dd)ENEﬂ%bYMggﬁrﬁgﬁBtﬁ%rﬁ'&Q&pW)PGﬁ@rgﬁg tires. As
a rubber conposition for | i rubber conposition
conprising a conj ugat ed dl'gléhg% ;‘%i@érééﬁgzo%ﬁpggé @Ns pol ybut adi ene rubber
or a butadi ene-styrene copol yner rubber and a filler such as carbon bl ack
or silica, etc. is used. For exanple, as a conjugated di ene pol yner
rubber, aTeoiiesal Eierdposi ti on enpl oyi ng a pol yner rubber formed by nodifying
with a dial kyl am no group-containing acryl am de one term nus of a pol ynmer
rubber forned bihecriesephiarentioyreketesde anorvanated gieneePel¥mgf rulPesi #Y4 1 i t hi um
as a polynerization jnitiator {q%(ge e.%. JP- A-1-217047 (JP-A denotes a
Japanese AfoRHAatRYdEIeARYEBLIURLE COMPRERP cati on)), as a conjugated diene
pol ymer rubber, a rubber conposition enploying a polyner rubber fornmed by
nodi fying with a dial kyl am no group-cont ai ni ng al koxyl sil ane one term nus
of a pol ypaekdrendEat by copol ynmeri zi ng but adi ene and styrene using an
alkyllithiumas a polynerization initiator (see e.g. JP-A 63-186748 and

JP- A 2005- 290396)recentcyediavwith doe gpewingseaNCaEN PYEK ARYIrQEMGHal PIobiRMAavi ng
good fuel econony. Disclosure of the |nyenti However.. the rubber

n .. we
conposi ti B¢ edr%’l‘%fw Hgr thé)da%‘?/'e-eﬁBﬂ?Wﬂ_n EBﬁ\?é?ﬁ"ieSnQ?s CB%?QJg%ﬁcé’H"Wene
pol ymer g&gﬁéer{ San%obnegé\r’@yaﬁs{%% | e riftldl RISkt Fuell &EdRoNY f@PFHEPN

resi stanc such circunstances, it is an object of the

present i py@BbsRBnt UsBHOYbdeaomdBjlEgdites] di Aneapaolyber comesitidrhaforcan

gi ve a conjugated di ene pol yner rubber conposition having excellent

abr asi on newinstkilectireand Eolyoaj mgttesCompmsitigrorymerisingish eenjigaatedsdiensn

cont ai ni ng the conjugated diene %%I,%}réer r ubber andd.a fi b} er . | A
first aspeelymsr rupRepsushers pelvbutadigne rubbsr gF abytadiene shrsne GORPYME hol yvrrer

rubber co i Si t @ o diB)ishgk@w conponent (A)
havi ng a (E[ggndteirﬂq‘,% "’\?\nﬂ{i‘%o{% ?Sf) aﬁ%ﬁ%ﬁﬁ{%ﬁ? conponent .?A) and conponent (B)
as 100 % by weiphit .ex@plé 0msd 4 ocSjufater whémht polgmér couhmrena (uhbenavi ng a
content of from95 to 10 % by wei ght, o )
composition employing a polymer rubber formed by modifying with a
dialkylamino group-containing acrylamide one terminus of a polymer rubber
formed by copolymerizing butadiene and styrene using an alkyllithium as a
polymerization initiator (see e.g. JP-A-1-217047 (JP-A denotes a Japanese
unexamined patent application publication)), as a conjugated diene polymer
rubber, a rubber composition employing a polymer rubber formed by modifying
with a dialkylamino group-containing alkoxylsilane one terminus of a polymer
formed by copolymerizing butadiene and styrene using an alkyllithium as a

polymerization initiator (see e.g. JP-A 63-186748 and JP-A 2005-290355), etc.

have been proposed as polymer compositions having good fuel economy.

Disclosure of the Invention
However, the rubber composition employing the above-mentioned

conventional conjugated diene polymer rubber is not always fully satisfactory in
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conponent (A): a conjugated diene polymer rubber conponent nodified with a
carbonyl group- and substituted am no group-containi ng conpound conponent
(B): a conjugated di ene polymer rubber conponent nodified with a conpound
represented by fornula (1l1a) below, (R21 0)nti (R22A)nR234-m n(1lla) wherein
m denotes a nunber from1l to 3, n denotes a nunber froml to 3, m+ nis
from2 to 4, R21 and R23 denote a hydrocarbyl group, R22 denotes a

hydr ocar b{g"815eCiFaion Ae¢I8'98F8s a substituted amino group or an optional |y

substituted h%@e%%%bgﬁl}’c QeReesMER LHESKes 8f thdlprssdnt litveaition2dks t he

plurality of entrcal to or different fromeach other, when

there areppoyide kabdrjigatbd Rdse tplosnmdrurublbiet Yhatf cdP givenaycobgugateddiers to or
different fromeach other, when there are a plurality of R23s the plurality
of R23s nmylybeeri debtiarc gbmpositiondhaviege exceliaih aBEsiut Hepista® \aéh & her e

are a pluraljty of As th lurality of . may be identical t r..di fferent
fr om eachceriygated diene po?y/ﬂﬁ)%re%’g:t?ﬁr 89@88@'8? ‘%lor?ga'ﬂwgstgﬁtqu\h%agﬁ?gﬁer}eeI at es

to a conju e i ene A rubber conposition conprising the conjugated
di ene pol 9%&&“&6@%@% %rﬁbgi\}éﬂ?{.l ler. In accordance with the present

invention, therg fana§edd sfvindeprezent djengiohedlatesrte paopjmyated here t hat
can give a conjugated diene pol yner rubber conposition having excellent

abr asi on pelyirsramolebem ccomprisinggaomdonéringAd o lapde rcompsinent c tipdzelewon

cont ai ning the conjugated diene pol yner, rubber and a filler. e for
Car'tyi ng. Compenant Sk T AcoRT BBk HeLIRIE paToRE oF gpmepnent (A1 and

conj ugat ed _di ene r bper._ 0 t gl io ' | € pol ymer
rubber coﬁﬁ?’ipgpﬁ@toggi;{%nghp ?,A)byap]vgﬁ g‘r’r%&ﬁ@ﬁ@ f Bfalf)yg)lt o@v&yc?nﬂgﬂﬂénﬁ A)

having a eopheRbnt () Havingea EohRht 8MREMi98{o sOMPBPWVEIgHtA) and conmponent (B)
as 100 % by weight, "of from5 to 90 % by wei ght, and conponent (B) having a

cont ent of:omporreﬂl‘é(,ﬁt)oaldbn%ga}edvdi@a polgmepowhrar gog)ponent modifthpitheht (A)

is a conjugated diene polynmer rubber conponent that is nodified with a
carbonyl gRE@HY! areyps and sLpstitutedam e %’ggﬁri’-oé‘}ﬁif“é‘ﬂrﬁwoé%ound.

component (B): a conjugated diene polymer rubber component modified with a
compound represented by formula (lla) below,

(RZ'O)mSi(R??A)i R4 (lla)
wherein m denotes a number from 1 to 3, n denotes a number from 1 to 3, m +
n is from 2 to 4, R?' and R? denote a hydrocarbyl group, R?? denotes a
hydrocarbylene group, A denotes a substituted amino group or an optionally
substituted hydrocarbyloxy group, when there are a plurality of R2's the
plurality of R?'s may be identical to or different from each other, when there are
a plarality of R?s the plurality of R??s may be identical to or different from each
other, when there are a plurality of R%s the plurality of R?*s may be identical to
or different from each other, and when there are a plurality of As the plurality of
As may be identical to or different from each other.

A second aspect of the present invention relates to a conjugated diene
polymer rubber composition comprising the conjugated diene polymer rubber

and a filler.

In accordance with the present invention, there can be provided a
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A conj ugat ed di ene pol yner rubber conponent in conponent (A) contains a
conj ugat ed di ene based nononer unit (conjugated unit). Exanples of the
conj ugat ed di ene include 1, 3-butadi ene, isoprene, 1, 3-pentadiene, 2, 3-
di mret hyl- 1, 3- but adi ene, and 1, 3- hexadi ene, and one or nore types thereof
may be used. The conjugated diene is preferably 1, 3-butadiene or isoprene.
The conjugat.ed di.ene pol yner _ru r n f ; ) urt her
compr i se. CoHOGRIa: PRSIV RE" CHPTou R e, B-ediRaRE Uiehd pdtiel
(conj ugat gehpdl i pilifion VRN Ekté et atraklonbasastafbe advd heconfugate .
Exanpl es of said other nononer include an aromatic vinyl, a vinylnitrile,
and an undiher pdligehec aubbary Icompasitidnesomrinimk dhp| canjudatethediane malyroevi nyl
i nclude styrene, a-nethylstyrene, vinyltoluene, vinylnaphthal ene,
di vi nyl befibdes ang g filiefy| benzene, and di vi nyl napht hal ene. Exanpl es of the
vinylnitrile include acrylonitrile, and exanples of the unsaturated
carboxylic acid ester include nethyl acrylate, ethyl acrylate, nethyl
met hacryl ﬁfo@efﬁ%r?yﬁ@%utqﬁé Maerate. Anong them an aromatic vinyl is
preferable, and styréne is nore preferable. In order to increase
strengt h Chajugatidigiehegotiimererupbbyner of conponent (A) preferably contains
an aromatic vinyl-based constituent unit (aromatic vinyl unit), and the
content of the Thecranjugated fjgnepelymer eukharnf the prergnddenilen he dgng he
total anmount of the conjugated di ene uni.t d_the aronmati LY, it, is
pr ef er abl OMeEr ¢ fuhberg o"ﬂzf'%? gR?mpPRgnt eﬁPQOfC%t"FPg)%gg j Eé atﬂéeclg\gi ene
uni t bei ng Ap B RS ViR 2SChrie Y i Y lotaPBoRE 87 REAbBRBAL yyaind cast 15
e EPRE ot ent Of T

% by wei g e e conjugated diene unit being no greater than
85 % by \A@blﬁEbhentF(B)t her nooe% fbyoweidhe, \of eftpi Bt tofodF el by oreighty, ande
content of the aromatic vinyl unit is preferably no greater than 50 % by
wei ght ('t hemponenrtr(B) diavingea comientat Bamdieine1dH YBN@I'%@}- at | east 50 % by

wei ght), and nore preferably no greater than 45 % by wei ght (the content of
t he conj u&&f‘lﬂ?“&f‘%&é unit being at least 55 % by weight). I n order

to inprove abrasif ﬁ&ﬁi(ﬁgfsnggcﬁg aiét?%iie‘?\%%’tﬂ%er Fib et Qantpbmka bt gge

pol ymer rubber conponent ent (A) preterably contains a constituent
uni t baseghgaified Swith CONcABBARA RirG\gp-TaRdMBUbstituted amifloe gsolip-comtagomg ai ni ng
nononer is preferably a nonomer represented by formula (X) bel ow, H2C=CH
X1-si - X3( compouwnerei n X1, X2, and X3 denote an optionally substituted

hyd byl g ted by f I Xa) bel t
Last one. of XA seRiudatd xdlane” RoGFHTp Vo SOMRRICH) ToPRIPRTEIE Abel ow

R * -N R'<':ontains a conjugated diene based monomer unit (conjugated unit). Examples
of the conjugated diene include 1,3-butadiene, isoprene, 1,3-pentadiene, 2,3-
dimethyl-1,3-butadiene, and 1,3-hexadiene, and one or more types thereof may
be used. The conjugated diene is preferably 1,3-butadiene or isoprene.

The conjugated diene polymer rubber component of compenent (A) may
further comprise, in addition to the conjugated diene-based constituent unit
(conjugated diene unit), a constituent unit based on another monomer.
Examples of said other monomer include an aromatic vinyl, a vinyinitrile, and
an unsaturated carboxylic acid ester. Examples of the aromatic vinyl include
styrene, a-methylstyrene, vinyltoluene, vinylnaphthalene, divinylbenzene,
trivinylbenzene, and divinylnaphthalene. Examples of the vinylnitrile include
acrylonitrile, and examples of the unsaturated carboxylic acid ester include

methyl acrylate, ethyl acrylate, methyl methacrylate, and ethyl methacrylate.
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( Xa ) wherein R and R' denote a hydrocarbyl group having 1 to 6 carbon
atons that may contain at | east one atom selected fromthe group consisting
of a nitrogen atom an oxygen atom and a silicon atom a silyl group, a
substituted silyl group, or a divalent group having 2 to 12 carbon atons in
which R and R' are bonded to each other, and * denotes a bondi ng position.
In the pregse cifi I . ; rocar bon
rosi due. AHSTGBER el GafEvish R pHERAGR:, 3 SHTRHE ICRRRY Berdratts
containing a syRsSbiddrend) irdeERE SstrerltPUEhd Ncovjugdteat dirstpapaehydf ogen
atom of the hydrocarbon residue is replaced by a substituent. The

hydr ocar bybmpynemto () peafetably aogtain am aygmatic vinyhpaed granstituamt gini

Y dr 06ar bUATBATGAI UG HiooEAREg Bl P BITP BoHT R, Whhg ok wase Hien
o oup 1 7ERY dfeigh Y8 dofh anfilih o e BOERARY SERE @i Sy YR BRGHANC PR

group is . by a substi tuent stitute group denotes a
group in yhvFOnitis! fefdraipeatNBas00®s @F{Qﬁ@igﬁt @heidoytergrafube iconjugateted by a
substi tuent. In formula (X), X, X2, and X3 denote an optionally
subst i t ut diknleyahitbeinylo greatss than £ 0g¥oby weight aadt marehpreferably at [era) bel ow,
and at |l east one of X1, X2, and X3 is a group represented by fornula (Xa)
above. 15 % bypweigpt (Be spnteqd of Jip 6e8iH8 ﬁe‘jg‘ﬁﬁﬁ‘bé‘"ag’r%‘?%ﬂot@;e%ﬂ "N and’ x3

i ncl ude ag.alkyl gro such et (o] e g N4 propyl
group, angpsé’p)r"éfp F'%up?urﬁﬁ& it J%r%&pyﬁg@@é- ﬂ%ﬂfl?l %?%Te’at%
tert-butylomiAtBy tl?é‘afb?:%ﬂdhn?( QMPis BraleB8NAY Igredter BhartB0i% ayeweight gr oup,
or an n-hexyl group; a cycloal kyl group such as a cycl ohexyl group; an aryl
group suckthascont@itesfythegramiygated rdi¢rey upt drejrig gt tagst 56 %aby ateighthhamd|
group; and an aral kyl group such as a benzyl group. The hydrocarbyl group

i s pref er aWirg pagfesatly noggreater than 45 % %Welﬂﬁ‘ﬁg’@? ‘?ﬂ"t%'%{r‘lfo%eé’t"é‘ﬂ'@%?d t he

hydr ocar bél}e&\%{@%ﬁggﬂg%ﬂeea%t%% %]ng‘é%gp@nd X3 is preferably from1 to 4, and

nore pref 5 of the substituted hydrocar byl

groups denot ed |RY o¥der X8 irpYdvE3 abRedisiteredistahéXamad kel gecstorsyiClih@s a
met hoxynmet hyl group, a nethoxyethyl group, an ethoxynethyl group, or an

et hoxyet hgbnjggatéd. diene polyniére rebitest icompedehty df ocempgtnerdr GAip preferatdy er abl y

an al koxyal kyl group, and nore preferably an al koxyal kyl group having 2 to
4 car bonygp@ﬂ\;g]sga coﬁstituent unit basped ona SIIlgon—contamm mon%meg. P 9

The silicon-containing monomer is preferably a monomer represented

by formula (X) below,

HoC=CH
X1—si—x3 (X)
X2

wherein X!, X2, and X® denote an optionally substituted hydrocarbyl group or a
group represented by formula (Xa) below, and at least one of X', X2, and X3 is
a group re;')resented by formula (Xa) below,
* ~—N\ (Xa)

R"
wherein R' and R" denote a hydrocarbyl group having 1 to 6 carbon atoms that

may contain at least one atom selected from the group consisting of a nitrogen



The nunber of carbon atons of the substituted hydrocarbyl groups denoted by
X1, X2, and X3 is preferably from1l to 4. R and R' of formula (Xa)
are hydrocarbyl groups having 1 to 6 carbon atons that may contain at |east
one atom selected fromthe group consisting of a nitrogen atom an oxygen
atom and a silicon atom S|Iyl groups, substituted silyl groups, or

di val ent ups.. havi n a r onded
to each og{%‘? an oxygergéjg ajengj %félﬁﬁ& %EOSHEC B)MB g{}%l?% awtlrflsgteq sﬁlXPG
carbon at grgypd@nat @dallt &o@”ﬁa\m\ nel @@alib@nadtlsm's igrvehiph Ricinda’" argret hyl
group, an ethyl group, an n- prop(Tl group, an isopropyl group, an n-butyl
group, a beunddditoyéacir athpr, and tdebotegla hondipg pasitianpent y| group a neopentyl
group, an isopentyl group, or an nhexyl rou | oal k roup such as a
cycl ohexyl gr olp; ﬂéﬁldpéesﬁﬁ‘énﬁpe@'f'%tﬁ’“ I tt "&F’B’fcéflg\gl el ‘r'rgaF’gQP §r fup, nore

pr ef er abl n al hayi y

pr ef er abl bﬁ’él %Sr‘glﬁ% jﬁ' gﬁ?ﬁttgtref)éug‘%%%gﬁ%r@uf) Qﬁguﬁ%@?gaﬁln but yl
group.  group Eaméfﬂlrﬁfa %b&thﬁem)tde%% AgPSE RNWAICA] 1 Jedst BreCiydivgergr oup
denoted by R and R' i nclude a dial kyl am noal kyl group such as a

di met hyl aatonenet h(ylb dwydrgrarbondi restiduyd aisi meptabgd gyoap sufstituent. The

di met hyl am nopr op grou or a diethyl am noeth gr oup. anpl es of
the oxygehY@mmWLWeﬂfﬁuh@eﬁytﬁso%QFW '"g’l"@iebt'&\h’b@"@&eﬂf“ﬂ“ %fr?dhwmmw ude

| k I h t h ,
ot hoxup) SERP 5?%% e uft BTyl St e oo Riss Rl i ach Bl P1P; @
pref er abl go&ﬁ; @ar i ﬁ%éﬁ!ﬁ%gifﬁi’ouﬁegnmlﬁg By eu&rta@én/t) @@néfé%oé)@bdfp"m group

havi ng 2 n ato es of the silicon atom containing

hydr ocar bywhigr aueagebné aydygdR atomd oRa hymbuaie:ymxyrgrauwi; sephaked lbyl a gr oup
such as a trinethylsilylnethyl group. npl es of _the substituted
silyl gr oapbs:téumted Tipg S’rubsahdetRSlerﬂ:ﬂOUIeieé\Oﬁﬁ a|9£9lu%|ln whicly aleastiere as a

trimet hyl si r |et utyl di methyl silyl

gr oup. Thzy %’Q?B #?fgéﬁ as?'yypr‘blilpoﬁﬂe%é gfjg)fyp‘?ﬁ %}%ﬂe tial kylsilyl group, and
nmore preferably | Sich yly2gr 3 denote BrAMBLBRaIRf JUmRtility@! ent
group having 2 to car%n étor%(s |%W\Ah?(ch ela:\po gnd I?SBalr eaE)v(()nded lto each
ot her i nChydleJcarbyalgkzyd;eaeaggmup r%pﬁé‘sealse(ﬂbyﬁbhmhlar(e(agjrtxmmu amd at ledséne
group, a trinethylene gr oup, a tetranet hyl ene group gent anet hyl ene
group, or oaeledXAnXt, randeXbiser graup mf%%Wbéﬁ@'ﬁw‘éd?Sa)sﬁ PV&as a group

Fapr csent od by EXRER SOOIy dRUPE APRas BE Xy X CRRbA fidufe L7
group reppasq T BtHy £ BF SRS HrE A- g pyl Gré 2 62 - NH-
a group regr eg%#egybsygﬁé%%ﬁﬁm ?r%rpgaé?gr oupar(g%reesentpgdp%;(/a_" !

- CH2CH2- Nigdgr@sytigroumnah &byl gesups @nbed-butyy guowpipa sertibubd grogp,oanm n-
represented by - CH2CH2- 0- CH2CH2- or a group represented b%/ﬂ;

- CH2CH2 CHpeOtyCIg2@HR. Ghimeopentyl grogp, andseoentylegfaust & s yi-ReXY 197g¥RuBs,

| k | kyl b d | d | whi ch
R and R eyl géﬁsﬁﬁamﬂ’aﬁ%%ﬁtaﬁpné% &ﬂﬁéﬁépﬁaﬁ’a&wﬁg@éﬁ‘ﬁ% %[%Fe@{foup's?
As the gr ' Q¥R eaorn’?eﬁﬁg}])ﬁg {oegm&raar( %ﬂ)y&ﬁémysgg? Ca RHPgr308

cyclic a 0 'grou e acygl C am no gr oup
i ncl ude asdb@bk)@ @éﬁz’Wgﬂf@Up THECRY dREcarbyi GRIUPYS préfacatdy analkyl (ﬁld)lﬁi hyl ami no
group, a di(n-propyl)am no group, a di(isopropyl)am no group,

di (n- but yl ) am rithegnomper af datmacatomsy by the hydrgcatny! geptmsm@mte@@wx‘; am no
group, a di(n ntyl)am no grou or an et hyl rreth |, am _no group; a

di al koxyaWyﬁ%&gtﬁ @ﬁeé‘%!ﬁbyuféﬁma%&h‘*d?'(m% yérﬁrr?o group, a

i (trial kyl si | P RS SabeisuBEuRteE bR Rt &@{H Forhigily " D ane
Exanpl es g t,kp@]u&é(clahc m%"&q ogpbdpncgd{gl,e & 1aPGhatABLyHEBRE ?10@9 ggoup

such as a 1- a2|r|d|nyl group, azetidinyl group, a 1l-pyrrolidinyl group,
a 1-pi per intéthykyeghylyroup, dn bthoxpmictiyll gneipyiarangethopyethy! group.

1- hept anet hyl enei m no gro a 1l-octanethyl eneimi no group, a

1- decanet hyl enelhg ﬁébgﬁ*tytﬁf hydrogaihyl qHaee AfeAmaiaTahli & dkQpaliy! group,

g:’JLLBer go%%fjrﬂ?éran&ef?ﬁﬁb'l :Erggl(l)(aﬁyalgy 1§?H$§g§@%%t°ah%%f5%cgw%-a 1-pyrrolyl
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group, a 4,5-di hydro-1-imdazolyl group, a 1-pyrazolidinyl group, a
1-pyrazol yl group, a 1-piperazinyl group, and a norpholino group.

The group represented by fornula (Xa) is preferably an acyclic am no group,
and nore preferably a dial kyl am no group. At | east one of X1, X2,
and X3 of fornmula (X) is a group represented by formula (Xa). It is

preferable that_tw or nore ob X1,, X2, X3 .ar. g ed by
fornul a (Xa), tT Mg inEMPgr fifr gaTBPA AleLl é)?'}ﬁgtsq%ﬁg?d)éfd?l%ér%g{ ?&58 are a
group rep )@y)@o ha id blv f 1¥h4h regard to the conpound
repr esent ggﬁﬁéhfeog’ f‘m?] és@?rp?ouynégml n which one of X1 to X3 is an
acyclic am no gr'cind Rémfmmuledxbyafe)hyrdﬂoaa(tmprm hawing Hetoe®fcadyan a
hydr ocar byl group or a substituted hydrocar b%/ fgrou there can be cited a
(di al kyl aptafed thadimay ¢eniginsatl lgagt onge atom selected from the group consisting of

Eg: glt L;?;l%yrh% la%/ |a§3935% dl?é/‘?é%’%?r ?’lgri%a sféon apom silyl groups, substituted

Exanpl eSOLH}%?L kot VHI ) ksalﬁ‘)é%hv:k\gﬁ]fﬂ § 2R810YH MBfhs in which R and R"

(di met hyl a i et hyl vin ane, yl met hyl am no) di met hyl vi nyl si | ane,

(di et hyl agiebprdatetowdch dtikei | ane, (et hyl - n- propyl am no) di net hyl vi nyl si | ane,
(et hyli sopropyl am no) di net hyl vi nyl si | ane,

di (n- propyl )amﬁmm nf the hgdrgpar@mbgroup havmg 1 to 6 carbon atoms denoted
br opy1 an R YRS,y N4 2 PIYb Siaup s 37 aﬁ?tnxhsamhwtwggw%r@
e ) R M o TS AT B e ik v
butyl group, an n-pentyl group, a neopentyl group, an |sopentyl group, or an n-
hexyl group; a cycloalkyl group such as a cyclohexyl group; and a phenyi
group. It is preferably an alkyl group, more preferably an alkyl group having 1
to 4 carbon atoms, and yet more preferably a methyl group, an ethyl group, an
n-propyl group, or an n-butyl group.
Examples of the nitrogen atom-containing hydrocarbyl group denoted by
R' and R" include a dialkylaminoalkyl group such as a dimethylaminomethyl
group, a dimethylaminoethyl group, a dimethylaminopropyl group, or a
diethylaminoethyl group.
Examples of the oxygen atom-containing hydrocarbyl group denoted by
R' and R" include an alkoxyalkyl group such as a methoxymethyl group, a
methoxyethyl group, a methoxypropyl group, an ethoxymethyl group, or an
ethoxyethyl group. It is preferably an alkoxyalkyl group, and more preferably
an alkoxyalkyl group having 2 to 4 carbon atoms.
Examples of the silicon atom-containing hydrocarbyl group denoted by
R' and R" include a trialkylsilylalkyl group such as a trimethylsilylmethyl group.
Examples of the substituted silyl group denoted by R' and R" include a
trialkylsilyl group such as a trimethylsilyl group, a triethylsilyl group, or a t-
butyldimethylsilyl group. The substituted silyl group is preferably a trialkylsilyl

group, and more preferably a trimethylsilyl group.
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(di ethyl am no) di et hyl vi nyl si | ane, (et hyl - n- propyl am no) di et hyl vi nyl si | ane,
(et hyli sopropyl am no) di et hyl vi nyl si | ane, di (n-propyl)anm nodi et hyl vi nyl si | ane
, (diisopropyl am no)di et hyl vi nyl si | ane,
(n-butyl -n-propyl an no) di et hyl vi nyl si | ane,
?:j( n- ?Etlyl ) am )ngdl et hy: vi nyl si | ane, di (tert butypam' nodi et hyl vi nyl si | ane,

i met hyl am no |propyV|nyIS|IaneYoéllp mn | si | ane,
Ed![ ﬁt IhyI ami no) di@MAles of A Sve'snky Hﬁ("’?ﬂ éﬂ?l %ﬁ{ﬁ%‘%)a rﬂgﬁb%n{f% | si | ane,

etnyl 1 sop ' y b/

di (n-propgpﬁq %1 n%lgl g?gg@ QB L, f:ﬁ] (ltﬁénl 3h&ude an alkylene group such as a

(diisopr Omé;'ﬂ?ﬂbﬁ@ b, Oé}y'e\(hyléfﬁégr&ﬂﬁ,éﬁnmmweﬁb group, a tetramethylene
propyl am no) di propyl vi nyl si | 'ane (n-butyl)am nodi propyl vi nyI silane,di(tert

e e
ElHd dpard it ipogeipmssiull
?In(gm 3}03/850?\‘?/ ¥ B yqrot)’}] %lelegane %I ['sD pl_rbo'r\)j{/il %rr%"zr’u%%{l r)? (/(-Jisr?{/]ltesdi | ane,
di (n- butyP?am@ﬁog{ﬁb{}??ﬂl %Ygrc%%la@gt\%ted by -CHzCH-N=CH-, " group

di(tert bureﬁrbmtedd:ybmmDHzﬁﬁzaﬂHarmgrcﬁpmeprmed by -CH=CHCH=N-, or a

the{di (trial kyl silypan no}dial Kyl | si | I
{di(tri mgW%fﬁWﬁ%@fﬁ?%@?’&%&hn Hz(kmg;zgln?igqr%pxygen containing group

such as a group represented by -CH2CH,-O-CH2CH,- or a group represented
by -CH,CH,CH;-O-CH2CH2CH»-.

R' and R" are preferably alkyl groups, alkoxyalkyl groups, substituted
silyl groups or a divalent group in which R' and R" are bonded to each other,
and are more preferably alky! groups.

As the group represented by formula (Xa), an acyclic amino group and a
cyclic amino group can be cited.

Examples of the acyclic amino group include a dialkylamino group such
as a dimethylamino group, a diethylamino group, a di(n-propyl)amino group, a
di(isopropyl)amino group, a di(n-butyl)amino group, a di(sec-butyl)amino group,
a di(tert-butyl)amino group, a di(neopentyllamino group, or an
ethylmethylamino group; a dialkoxyalkylamino  group such as a
di(methoxyethyl)amino  group, a di(ethoxymethyl)amino  group, or
di(ethoxyethyl)amino group; and a di(trialkylsilyl)Jamino group such as a
di(trimetylsilyl)amino group.

Examples of the cyclic amino group include a 1-polymethyleneimino
group such as a 1-aziridinyl group, a 1-azetidinyl group, a 1-pyrrolidinyl group,
a 1-piperidinyl group, a 1-hexamethyleneimino group, a 1-heptamethyleneimino
group, a 1-octamethyleneimino group, a 1-decamethyleneimino group, or a 1-
dodecamethyleneimino group. Furthermore, examples of the cyclic amino

group also include a 1-pyrrolyl group, a 1-imidazolidinyl group, a 1-imidazolyl
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but yl di met hyl si | yl ) am no} di et hyl vi nyl si | ane,

{di (trimethylsilyl)am no}diethylvinylsilane, and{di (t-

but yl di net hyl si |l yl )am no} di et hyl vi nyl si | ane.

Exanpl esof t he(di al kyl am no) di al koxyal kyl vi nyl si | anei ncl ude
(di met hyl am no) di met hoxynet hyl vi nyl si | ane,

(i et hy1 SRRV SAGE ANGTREA RYISAZAN Sr9ihei 1-pyrazoldinyl group, a 1-pyrazoly

I P SHE A s o

(211 o) gt b e ) 1+ s on s s

(di et hyl amgironp, dindtrhoseyrrefgrablyra diaiiyhamino group.  Wth regard to the conpound
neycl 1o am no” GROBRS! o Pk XLmRacPy X O femile 48) A THE renierefedins”

oy 002t RSP P UL NG GCRRY Lt 900I0, SRS 8 o 00
bi s{di (trirghrexbrtedyBy forimumd BK&Y landniy issiore@ @referable that two of X', X?, and

g(:lgrg: 2|sE%gegg&rgL;ﬁé;niggu;&yf{o%Lg&%aAﬂ gnei ncl ude |

bi s(di et hy! an o) et Vi 84| a0e, Bl 3{ et IME ISt Y ML Ty o1 ane,
D 3{ b BRI IR 3 0 b3yt aine rou rprsnied by

propyl) amgyasRh hitayi Brl StwENBerddfsbel i 5 aRidvoxdrbyi IIUEt dry lavistpkstutene,

bi s(nbut yl - n- propyl am no) net hyl vi nyl si | ane, _ o

bi sdi ( n- bygitocarbyhogmtupy thaéraytan | Bemecited a (dialkylamino)dialkylvinylsilane, a
{di(trialkylsilyl)amino}dialkylvinylsilane, and a
(dialkylamino)dialkoxyalkylvinylsilane.

Examples of the (dialkylamino)dialkylvinylsilane include

(dimethylamino)dimethylvinylsilane, (ethylmethylamino)dimethylvinylsilane,
(diethylamino)dimethylvinylsilane, (ethyl-n-propylamino)dimethylvinylsilane,

(ethylisopropylamino)dimethylvinylsilane, di(n-propyl)aminodimethylvinylsilane,

(diisopropylamino)dimethylvinylsilane, (n-butyl-n-
propylamino)dimethylvinylsilane, di(n-butyl)aminodimethylvinylsilane,
(dimethylamino)diethyivinylsilane, di(tert-butyl)aminodimethylvinylisilane,
(dimethylamino)diethylvinylsilane, (ethylmethylamino)diethylvinylsilane,
(diethylamino)diethylvinylsilane, (ethyl-n-propylamino)diethylvinylsilane,
(ethylisopropylamino)diethylvinyisilane, di(n-propyl)aminodiethylvinylsilane,

(diisopropylamino)diethylvinylsilane, (n-butyl-n-propylamino)diethylvinylisilane,

di(n-butyl)aminodiethylvinylisilane, di(tert-butyl)aminodiethylvinylsilane,
(dimethylamino)dipropylvinylsilane, (ethylmethylamino)dipropylvinylsilane,
(diethylamino)dipropylvinyisilane, (ethyl-n-propylamino)dipropylvinyisilane,

(ethylisopropylamino)dipropylvinylsilane, di(n-propyl)aminodipropylvinylsilane,

(diisopropylamino)dipropylvinylsilane, (n-butyl-n-



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

bi s(di et hyl am no) et hyl vi nyl si | ane, bi s(et hyl - n- propyl am no) et hyl vi nyl si | ane,
bi s(et hyl i sopropyl am no) et hyl vi nyl si | ane, bi sdi (n-propyl)am noet hyl vinyl sil a
ne, bis(diisopropylam no)ethylvinylsilane,bis(n-butyl-n-

B_ro%! am EOI) et hyl ;/i nyl sil ane, bis(di (n-butyl)am no)ethylvinylsilane,

i s(di nmet am no) pr.opyl vi nyl.si |l ane,.bi s(.et.hyl net hyl am no).propyl vi.nyl sil ane,
bi s( di et hpY%aﬁ'%ws%@@%vsVHvﬁ(sﬁnane,%@g?@?h@%ﬁ%@%s% ?%'55‘8? g;%‘z‘it thyl si | an
e, bis(et BM%}[ SREh ?{Joip'lv flpRY! Vi nyl si | angihbgianiino)dibutylvinylsilane,
propyl ) am nopropyl vi nyfsil"ane, bi s(di i sopropyl am no) propyl vi nyl si | ane,
bi s( nbut yletRylpicpythminic)aibptyhayyeiland, s(diethglamino)dibutylvinylsilane, (ethyl-n-
bi sdi (n-butyl)am nopropyl vi nyl si |l ane, ) ) ) ) )
bi s(di net p;amﬁrnknplﬂjbuytvmnwsiéineanésemyﬁ§mrn9vlﬁm'wpmﬁty{wmmlw% n§¥&i | ane,

o1 5 ot hy| PETHDBRIRSHFHAMHS oo n e aesses i eoRU B P by ny &1
ne, bi s(dpiERRRYIATHHRIRIIENY Y\ AblaManhhsdiBulidisitine and di(tert-
butyl)aminodibutylvinylsilane.

Examples of the ({di(trialkylsilyl)amino}dialkylvinyisilane include
{di(trimethylsilyl)Jamino}dimethylvinylsilane, {di(t-
butyldimethylsilyl)amino}dimethylvinylsilane,
{di(trimethylsilyl)amino}diethylvinylsilane, and {di(t-
butyldimethylsilyl)amino}diethylvinylsilane.

Examples of the (dialkylamino)dialkoxyalkylvinylsilane include
(dimethylamino)dimethoxymethylvinylsilane,
(dimethylamino)dimethoxyethylvinylsilane,
(dimethylamino)diethoxymethylvinyisilane,
(dimethylamino)diethoxyethylvinylsilane,
(diethylamino)dimethoxymethylvinylsilane,
(diethylamino)dimethoxyethylvinylsilane,
(diethylamino)diethoxymethylvinylsilane, and
(diethylamino)diethoxyethylvinylsilane.

With regard to the compound represented by formula (X), as a
compound in which two of X' to X® are acyclic amino groups represented by
formula (Xa) and one thereof is a hydrocarbyl group or a substituted
hydrocarbyl group there can be cited a bis(dialkylamino)alkylvinylsilane, a
bis{di(trialkylsilyl)Jamino}alkylvinylsilane, a
bis(dialkylamino)alkoxyalkylvinylsilane, etc.

Examples of the bis(dialkylamino)alkylvinylsilane include
bis(dimethylamino)methylvinylsilane, bis(ethylmethylamino)methylvinylsilane,

bis(diethylamino)methylvinylsilane, bis(ethyl-n-propylamino)methylvinyisilane,
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propyl am no) but yl vi nyl sil ane, and bi sdi (n-butyl)am nobutyl vi nyl sil ane.
Exanpl esof the bis{di(trialkylsilyl)am no}al kyl vinyl sil anei ncl ude

bi s{di (trimethylsilyl)am no}mnethyl vinyl sil ane, bi s{di (t-

but yl di net hyl si | yl )am no} net hyl vi nyl si | ane,

bi s{di (trimethylsilyl)am no}ethylvinylsilane, andbi s{di (t-

but yl di neth anm noket.hyl.vin N ane. Exanpl esof -

t hebi s(di %%@?ﬁ‘&ﬁ?ﬁdj’&Y'EHﬁ(‘far’@hX}Y m‘%é?q dnei ncl ude bisdi(n-

bi s(di met b amaAaname RS BHeY | B)Q(@liéo%'ﬂ?pylammo)methylvmylsnlane bis(n-
bi s(di net hyl am no) net hoxyet hyl vi nyl si | ane,

bi s(di met ytym-propelantny)medthyivinyisitase | Eisdi(n-butyl)aminomethylvinylsilane,
bi s(di net hyl am no) et hoxyet hyl vi nyl si | ane

b! s(di et hpngmmﬁpmm9ﬂy{%wlwqwﬂ, si | ar@s(ethylmethylammo)ethylvmylsnane
B: :E g: 2: Eiﬁq ngewl%nr%h\g) :I%Ilaﬁél :: : :ﬁlé(eé Xll-n-propylammo)ethylvmylsnane
bi s(di et h Ii(gv]g ﬁ?%é‘ﬁﬁmbiﬁyﬂﬂﬁﬁém@e %&Wp?@ﬂl)ammoethylvmylmIane

t hebi s(di al koxyal kyl vinyl si T anei ncl ude

bi s(di met mw(amdmmadnmoyemhw%uay‘bsu | ane, bis(n-butyl-n-
bi s(di et hyl am no) met hoxyet hyl vi nz)/d si | ane,

bi s(di met mmmmp&thmbvwﬁllﬁwvblﬁ igi-putifBamino)ethylvinylsilane,

B: :E g: et hyyséaﬁmrq]egﬁﬁgh% AR Y)I(ﬁn qse;: ?;b{é(ethylmethylamino)propylvinylsilane

E: 2% g: Z:E Eé?%m %ﬁﬁ%@;ﬁgflﬂﬂyﬁn% 2: : Bfggeth?;l -n-propylamino)propylvinylsilane,
bis(ethylisopropylamino)propylvinylsilane, bisdi(n-
propyl)aminopropylvinylsilane, bis(diisopropylamino)propylvinylsilane, bis(n-
butyl-n-propylamino)propylvinylsilane, bisdi(n-butyl)aminopropylvinylsilane,
bis(dimethylamino)butylvinylsilane, bis(ethylmethylamino)butylvinylsilane,
bis(diethylamino)butylvinylisilane, bis(ethyl-n-propylamino)butylvinylsilane,
bis(ethylisopropylamino)butyivinyisilane, bisdi(n-propyl)aminobutylvinylsilane,
bis(diisopropylamino)butylvinylsilane, bis(n-butyl-n-
propylamino)butylvinylsilane, and bisdi(n-butyl)aminobutylvinylsilane.

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

Examples of the bis(dialkylamino)alkoxyalkylvinylsilane include
bis(dimethylamino)methoxymethylvinylsilane,
bis(dimethylamino)methoxyethylvinylsilane,
bis(dimethylamino)ethoxymethylvinylsilane,
bis(dimethylamino)ethoxyethylvinylisilane,
bis(diethylamino)methoxymethylvinylsilane,

bis(diethylamino)methoxyethylvinylsilane,
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bi s(di et hyl am no) et hoxyet hyl vi nyl si | ane. Wth regard to the
conpound represented by fornmula (X), as conpounds in which three of X1 to
X3 are acyclic am no groups represented by forrmula (Xa) there can be cited
a tri(dial kylam no)vinylsilane, etc.

Exanpl est her eof i ncl udetri (di met hyl am no) vi nyl si | ane,

tri(ethyl hyl.am no)vi.nyl si l.ane, tri.(djiethyl am no)vinyl sil ane,

tri(ethyl Efskfﬂé{h&[ﬁ"ﬁ%g’kﬂﬂﬁ%yﬂ?tﬁﬂlgﬂyiﬁlI%g%’pr opyl am no) vi nyl si | ane, ana(i‘d
tri(butyl st@mg{@mnmg)))gtm)}y%mﬁﬂﬁws“ane_ Wth regard to the conpound
represented by formula (X), exanples of conpounds in which two of X1 to X3
are cyclic am rExagrpdeps ofepities enbie@iditylbovime)abkokialkyainyisiaaet hichuste i s a

hydr ocar bé_l %roup or a _substituted hydrocarbyl group include

bi s( 1- pi peisi@meyyamineymethepyaiethydenylsilane,

bi s(hexangt hyl enei m no) net.hyl vinyl.sil.ane, bi s(4, 5-di hydro-1-

I m dazol 355S%N@PX}?WW°QWFQ}?§‘YGM‘W'§'%r phol i no) net hyl vi nyl si | ane.

In order BR(diMk &l Efsvit\Asimeand fuel econony, the content of

t he COI’lSt;bt t(Jelnt mﬁﬁ@seg% gﬁsi I}?%on-cont ai ni ng nononer (nononer unit

based on bis(dif@thyamnira)sthogystapleigisilane, t he conj ugat ed di ene pol yner rubber

conponent of conponent (A) is preferably not Iess than 0.001 mol/g and not

nor e t hanb®(die migoreethgrymetyivimlsineg onponent (A). It is nore

preferably. not |ess than, 0.002 nmol/ g and not nore than 0.07 mml/g. It is
Bistaeun o RErpsihy i i |

yet nore B3 mol /g and not nore than 0.05

mol / g. (i ih Qg{gﬁé nbRfvidiRgeconstituent unit based on ghdononer

repr esent 85(%§thfy!)érmn'u?2'§t§l tutrksﬁfyntlo a’ structure represented by fornul a

(Xb) bel opis(diethyRehinBRIthoxyedyivinkisilaher nore, with regard to the constituent

unit based on a nononer represented by fornula (X), a group re;):)(resent ed by

formul a (Xa) nddith regard to the compound represented by formula (X), as
compounds in which three of X' to X3 are acyclic amino groups represented by

formula (Xa) there can be cited a tri(dialkylamino)vinylsilane, etc.

Examples thereof include tri(dimethylamino)vinylsilane,
tri(fethylmethylamino)vinylsilane, tri(diethylamino)vinyisilane,
tri(ethylpropylamino)vinylsilane, tri(dipropylamino)vinylsilane, and

tri(butylpropylamino)vinylsilane.

With regard to the compound represented by formula (X), examples of
compounds in which two of X' to X* are cyclic amino groups represented by
formula (Xa) and one thereof is a hydrocarbyl group or a substituted
hydrocarbyl group include bis(1-piperidinyl)methylvinylsilane,
bis(hexamethyleneimino)methylvinylsilane, bis(4,5-dihydro-1-
imidazolyl)methylvinylsilane, and bis(morpholino)methylvinylsilane.

In order to improve abrasion resistance and fuel economy, the content
of the constituent unit based on a silicon-containing monomer (monomer unit
based on silicon-containing monomer) in the conjugated diene polymer rubber
component of component (A) is preferably not less than 0.001 mmol/g and not
more than 0.1 mmol/g per unit weight of component (A). It is more preferably

not less than 0.002 mmol/g and not more than 0.07 mmol/g.. It is yet more
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become a hydroxy group as a result of hydrolysis, etc. CH2-CH X1-Si - X3( Xb
) j(2 The conjugat ed di ene pol yner rubber conponent of conponent
(A) is nodified with a carbonyl group- and substituted am no

group-cont ai ni ng conpound (hereinafter, also called conpound (1)).

The substituted am no group of conpound (1) is a group in which one or nore
hydr ogen at o n t am no.agr I jtuent; exanpl es
t her eof ir?é?%sa"ebq%"8F'§fﬁ§?%m°%’8gg’$’8§{§8§h§%°g§?°geg?{%@9wﬁﬁﬁ°ﬁm ‘group, a

di et hyl am no gripuPthodght {Hit RRERBhRUEAOCUMTE BHSed dndi frioheRTP MEplcd@h i gr oup,
a di (n-butyl)am no group, a di(sec-butyl)am no group, a di(tert-butypam no
group, a diy(foenpian¢X)l fuams indoga strpctuce represehigdniey figimata (&Ebybelgy imm@m

ar al kyl am no grougbsuch as a benzy| am nodggoup; an aryl am_no grogg such as

a phenyl aPoh&eyrygper-a fHHaIMaRs . Wity redafdlectheaconstithent & Bagedood @oup; an

al kyl i deneam no_grou ch n, epayLi | [ ,

nmet hyl et hﬂ?'}?é"heérgﬁﬂ%eéFegu%f%é%é'-lanéghf}lggg%w rgg%rgtg% of°8'Pé{‘}p(,X a&rmaa\{r 1, 3-

di met hyl b‘b@%r‘n@%%f@gﬂf% a d8sLiPofydrblgsisNeeo group such as a

1l-aziridi n;d.Pq;.[ aurHa—l-azetidinyl group, a 1-pyrrolidinyl group, a

1- pi peridiny gﬁ'ou , a 1- hexanet hyl enei m no group, a 1-heptanethyl enei m no
group, a 1-pyrrolyfl grqup, a 1-imdazolidinyl group, a 1-im dazolyl group,
a 4, 5-di hydr o-X1+8igaX8l y1 grofpXbd 1-pyrazolidinyl group, a 1-pyrazolyl
group, a 1-pi perazf nyl group, or a norpholino group. As conpound (1),
formula (la) bel oy#my be cited, 0 II( la) C wherein Z1 and Z2 denote a
substituted am no group-containing group, a hydrogen atom an optionally

substituted hydrocarbyl group, or an optionally substituted hydrocarbyl oxy
group, at Ieas?'[ r@ngorﬁgg%daqlﬁgngzpqlgn%r &f P p@d‘e&ﬁi"ﬁ&‘)ﬂ}p&ﬁ'ﬁﬁgé&ﬁ ni ng

gr oup. Of nfohiflfl \fifh 2 CcAiBBARC gf_rgudﬁa%hd%nﬂutm GIAb S ool Ut RIngd! OUP T

which a su am no gr talning ring structure 1 and

Z2 are boggg@olfd (srerafiy, Alde cdlled addpblived @pr bonyl car bon. As the
substituted am no group-containing group, a substituted am no group, a

hydr ocar byl gr die substituted @gnino 9ot bt cerapound (b iy GupUREN whightrne euent |

and a hydrocar byl ox roup containing a substituted am no.group as a
subst i tuem°r€§bfgf?@e£i"g%ﬁ'.s on the amin A ate fplg %Béf‘gﬂ'ﬁ'&aﬂam no group

| nclude t e, ABANSR ORI iRiiGde %Lﬂ?éikkltamiﬁéiﬁgdﬁ QudH QY BSimBXYIRhRD §i3gpeof

further mc?'ﬁge an am no group containi substitute m no
gr oup- conpaisthREinghO WPo RS @ dRbpsdpyil)idfiho yrdumna dllisoprepyd)amic@graup)iang a

hydr ocar byl oxy group-contai ni ng group as a substituent.

di(n-butyl)amino group, a di(sec-butyl)amino group, a di(tert-butyl)amino group,
a di(neopentyl)amino group, or an ethyimethylamino group; an aralkylamino
group such as a benzylamino group; an arylamino group such as a
phenylamino group; a diarylamino group such as a diphenylamino group; an
alkylideneamino group such as an ethylideneamino group, a 1-
methylethylideneamino group, a 2-methylpropylideneamino group, or a 1,3-
dimethylbutylideneamino group, and a cyclic amino group such as a 1-aziridinyl
group, a 1-azetidinyl group, a 1-pyrrolidinyl group, a 1-piperidinyl group, a 1-
hexamethyleneimino group, a 1-heptamethyleneimino group, a 1-pyrrolyl group,
a 1-imidazolidinyl group, a 1-imidazolyl group, a 4,5-dihydro-1-imidazolyl
group, a 1-pyrazolidinyl group, a 1-pyrazolyl group, a 1-piperazinyl group, or a
morpholino group.

As compound (I), formula (la) below may be cited,
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Exanpl es of the am no group containing a substituted am no group-containi ng
group as a substituent include a (dialkyl am noal kyl)am no group such as a
(di met hyl am nonet hyl ) am no group, a (dinmethyl am noet hyl)am no group, a

(di met hyl am nopr opyl )am no group, a (diethylam nopropyl)am no group, or a
(di propyl am nopropyl )am no group; and a bi s(dial kyl am noal kyl ) am no group
such as a bi sﬁfi nmet hyl am noet hyl ) ami no group or a

bi s(di met hyl afj nopr opyl { En) no group. Exanpl es of the am no group
cont ai ni ng -aydréCar byl oxy group-containing group as a substituent include
an (al koxyal kyl )am no group such as a (nethoxynethyl)am no group, a

( met hoxyewhgtdianZ hangr @ pjeroté net substiprtegyainine @oown-eomtairing sgroup, a

(et hoxymet hyl ) ami no group; an (aryl oxyal kyl)anm po group such as a
(phenoxynbﬁrysyarﬁtﬁ@, @oaptienally sq%@ﬁsséy'&%warﬁm 36’“& Sien SRBoBally
(aral kyl oxyal.kyl ).an S a e b):am d or a
(benzyl ox?%l?%wseén&%g%%ég%% &Snp, at i%é#héﬁbg?g@cﬂ% '8?038"%@%% ning a
substi t ut aehidTigheyBESMRIATy JroupsSbi 1eaid 2 Axdberdédtd @Hopuptheedmi ning a
hydr ocar byl - substituted am no group as a substituent can be cited. Exanples
of the hydenctar bydivgleougraumimiwhicly s shipstitoteal byling ghstip-cant@ihiagnining gr oup
as a substituent include a diglkylam noal kyl group ,ugh ag a

di met hy| agiruetieg iy whighodipand ZJiarethpndssi s Jetmsd byroug, » 8pd ghe carbonyl

di met hyl am nopr opyl group; and a dial kyl am noaryl group such as a

di met hyl aﬁ"f"tt?8Bhenyl group or a diethyl ani nophenyl group. As the
hydr ocar byl oxy AU g sGESteHedl Shird §HITLESHBRhAGHIUD, U UBsRGteY amard i tuent ,
a hydrocar byl oxy group containing a hydrocarbyl -substituted am no group as
a substi t gep, canhiérocaibytl. giovpnpebataitihgt he sbpshitotestr @nhiory ggrupu@scant ai ni ng
a hydrocarbyl -substituted am no group as a substituent include a

di al kyl ansuRstituenty agd upydiesariydoxy giowp: ¢8ntaimingoAsubstituted gapno group

di et hyl am noet or .a di met hyl am nopr opoxy group. As the

h {( roup,
subst i t ut @ﬂaa%‘lbr?g “é”gﬁﬁng&ﬁ'tﬂ’ni ng group, a group represented by formula
(1b) bel ow can mg6lileds MELEbaRYed 5@%§§thi&éth@%@@m@nﬂm es 0 or

)
1, T denotes an oxygen atom or - NR6- enotes a hydrocarbyl group or a

hydr ogen siilpstituteB4amivogesips. hEtampledyheraef Gurthep, inBliddearoesna gngufy ocar byl
group that may contain a nitrogen atom and/or an oxygen atom (the two RS5s
may be i deontaining acsubstituted @mine grewnrceniainNing I9EPYP ad s WRbtYRiaNd 8" to 20

bon atoms in which the two R5 i ng! . bopded to th
11 ogen AFUR VIRRUR channanBort e or o o oSS 8 m FHE carbon

atons in wMGhuike two RSs are bonded to each other, and * represents a

bondi ng position. In the present specification, a hydrocarbyl ene
group denotes &Ex@dinvsibsrdf thgdamirss lgpoup ednthiring & rsubstituiéd griop, groudenot es 0
or 1. In formula (I b), T denotes an oxygen atom or -NR6- (R6 denotes

a hydr ocacytaininggroup as ly subgiéent dngludexaigiady/laminoRKYhGENRR A8YR gr oup
I A LR R L L
0o o iR 5,k By Pting B BB A o
aral kyl  ggRip, Suchoras aa benzulprgp@aminopropyl)amino group; and a
bis(dialkylaminoalkyl)amino group such as a bis(dimethylaminoethyl)amino
group or a bis(dimethylaminopropyl)amino group.
Examples of the amino group containing a hydrocarbyloxy group-
containing group as a substituent include an (alkoxyalkyl)amino group such as
a (methoxymethyl)amino group, a (methoxyethyl)amino group, a
(methoxypropyl)amino group, or an (ethoxymethyl)amino group; an

(aryloxyalkyl)amino group such as a (phenoxymethyl)amino group or a
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The nunber of carbon atons of the hydrocarbyl group denoted by R6 is
preferably fromlto 10, and nore preferably fromlto 4. The
hydr ocar byl group denoted by R6 is preferably an al kyl group, nore
preferably an al kyl group having 1 to 4 carbon atons, and yet nore
preferably a methyl group or an ethyl group. R6 is preferably a

hydrogen atom or an al kyl group, nore preferab a _hydrogen atom or_an

a![ kyl gro %E%Rﬁyﬁé‘waf“éx% 9?%???\';%%&%&%5%”6%@(%rgég'}’@/ Sélslﬁyﬁ? oaﬁeg
atom a IRy HEnyI”-ImiAB QrBERayI MYt ffantTRb Gravef erabl y a hydrogen
atom or g%&net%XyC?{ gr ou‘{)gm ¢ %4” rg fo‘ryrrul a W{?) de(ra%t ng a hydrocar byl ene
group, and exams ele Hydrduarbyldgrowpr tyrtaineng) aosybstitated demimo gidupl asea gr oup
such as a nethyl ene gLroup, an ethylene group, a trinethylene group, a

t et r anet hypkbstiugnioud hydronank ¥ ngionp| eerdaging @ hydrogarykahestiytednamitoup; an
| h .. ph | , t ol vyl | vl

group: and'ailp ZePisteiieliotan be Sied rriampids, 8° dhd ABsrahy S R of

formul a (EB?\?‘ir?ng;aegmgﬁﬁﬂ:laYbJI-rs%BEﬂtuiéﬂ %pr]in@ryiloﬂﬁrfagrﬁf&ﬁﬁ@ny ihélage % to 4.

R5 of fornmu not es ‘a hydrocar byl group that may contain a nitrogen
at om and/ @ialiala@in@yl at gdupt heuého d35s araydimethyitminomathyl 0 groud| f fer ent
fromeach other), a group having 2 to 20 carbon atons in which the two RG5s
form a si dighethylamipoethyl aigeoumnded teo diethylanggeproaybmaveur;a aedibl@® bond,
or a divalent group having 2 to,20 carbon. at i.n ich the two R5s are
bonded o CEHERTOMARY" 810U HERSe i STETKARBREIEY GFoth @Encted by
R5 i ncl udgieq |g}nl|<,¥3ph%rngp€m§jpph as a net hyl .group, an et hyl group, an

n- propyl group, an 1 sopropyl group, a n-butyl group, a sec-butyl group, or
a tert-butyl gradifie Rydretiiby@x9Wroap@antfiniag Rhenlstitgedwming gretpdspheny|
group, or an ethylphenyl group; and an aral kyl group such as a benzyl

group. Theubstitbent, af hyslae¢arhylaxy gsourf centainingl adwyaresarbyrsabstiidedbamindy R5 is
preferably from1 to, 10, nore %ref,er bleéxfrqml tﬂ qyand E{@t nor e

pr ef er abl reYRAS 12 sybstituent can becgitad,| Fxamples £f INE MYFLACALYRKYE 5PYUR ni ng
hydr ocar b £ g i ; i Y. i ; syuch as a
a et byt ase R o FEhEari sBstitticdshifto drplyesnd ARRtHEn: Shatile

di met hyl agianepa@mdalkbix@Uigrop asudhetdy | ani diasithylamiiamigthoXyne greumera of
carbon atons of the nitrogen atom containing hydrocarbyl group denoted by
R5 i s prefiamethylaniinoethexy group, omardimetiiflamiisipjopexyrgreupo 6, and yet nore

preferably from3 to 4, Exanpl es of the oxygen atom contai ni ng
hydr ocar byl gr dtp thie subsiiiuiad ﬁ@'q%gr%‘@éc%{ﬁa'éf%ﬁﬁﬂ’kﬁ grUB IEPLRRaNtE] 5

T hom e X8R (I CAMREL R o BBy 2 TR DX PIODY) | roup. an

et hoxynmet hyl g , “Or, an e oxyetH§ group; an oxacycl oal kyl group such as
an oxi rany Ré-tetN dr of ¢dbrjyl group; and an oxacycl oal kyl al kyl
group such as @ ycidyl group or a tetrahydrofurfuryl group. The nunber of
carbon atons of the oxygen atom containing hydrocarbyl group denoted by R5
is preferably .from e 0 NB6_ aRe€l e

pr ef er abl V’?‘Fi{ '%&dfﬁoé?g &%T 1r:mlr ?ﬁg{’%fg gp’fgg&‘{ﬁ g{p;eer%i i (':\‘z%i gﬁ d%éﬁéte@oé

oxacycl oahkyiocaFsHRrélN6f 8 hyardlfePUitoh), RMideRofels?a RYdrobsrbyldneygious, RP ng of a
cycl oal kyl “group i s repl aceg by an oxygen atom and the oxacycl oal kyl al kyl
group dendeastes gr bygrocarbyhigtbu@ thut meaye rcoataom af nitagen katbmgraodfori an

repl aced by an oxacycl oal kél% groug. ) ) As the si ngl e group denoted by
the two Rexygen ataneithenwo Bomdnawberidemical g differentifrgmyeaehistherbohd, a

cone ot i ngraiP avine DI AOCKesReR bmn TBayeR af sREAR BIMEF sl iddipes
thereof iggphude hdda tHLARrYeRURonfvia a double bond, or a divalent group
having 2 to 20 carbon atoms in which the two R®s are bonded to each other,
and * represents a bonding position.
In the present specification, a hydrocarbylene group denotes a divalent

hydrocarbon residue.
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propyl i dene group, a butylidene group, a 1-nethylethylidene group, a 1-
nmet hyl propyl i dene group, a 1, 3-di net hyl butyli dene group, a benzylidene
group, and a 4-N, N-di nnet hyl am nobenzyl i dene group. The nunber of carbon
atons of the single group denoted by the two R5s in which they bond to the
nitrogen atomvia a double bond is from2 to 20, preferably from2 to 12,

and nore preferapl r 2 to 8. Exanpl es of the dival ent group
having 2 to ZOE%QY%’(S'F? QF&P&?’?&%P&H the two R5s are bonded to each ot her
i nclude an al kyl ?Bﬁnaéow),S#C&br%ieﬁyfﬁneb%eﬂn%t&w&p1-NR61 (RPEfMGENG 9T oup,

a tetramet hyl ene group, a pentanet ene group, or a hexanet hyl ene group;

an al kenyhyghecgrbgugraugchr ashyirggeniatérapr esemglds f theHndrocaib@Hgroud
nitrogen-containingegrqzﬁhsuch as a group represented by -CH2CH2- NH- CH2-, a
group repietded &y BY Inclue=apalytigroum syelv@s & appteagionn. By etifimrepp N=CH, a
group representeq bX - CH2CH2CH2-NH-, a gr%ugrrggresenteﬁ 6% - CH=CHCH=N-, or
a group r&PPRUBRYIAOUD, AiSORIBRW AT YR AH-DULY] §TaUP. A SEERUIBAIMPACRE gr oup

such as 1 re - -0= ol nt ed by
R L S R S iy S e AR e T
in which shmethyiphéins @bepbendedaprthghghou; haid ias aragkyergbly sucamas?ato 12,
and nore preferably from2 to 8. As the optionally substituted

hydr ocar by¢nzyt gigupdenot ed by Z1 and Z2 of fornula (la), a hydrocarbyl group
and a hydrocarhyl group containing a hydrocarbyl oxy gro S syubstituent
can be cited. ERSpnRerAf q%@owé%%afﬁgﬂ hyre6 r%@f‘ﬂ@eggr_hoa}ﬁfj%)’lﬁglsoup such
as a met lordluBNBro @™ o 1Y arf QUR: pARobly B 1 @ 2UP. an i sopropyl gr ou,

ut'yl' g y Broup uc

or an n-b oup; a cycloal as a cycl ohexyl group; an aryl

group such as aheh@ayécagsmﬁoua deRbivd @,raﬁyé pEsfetibly ah aAKy| &rbup, nhery | |
group; an aral kyl group such as a benzyl group; an al kenyl group such as a
vi nyl gr opneferably- g afkyhgloupr baying dntoad lcarbagr atoms, sand yetpnorseprefergbtyup, a
crotyl group, an isocrotyl qroup, or a nethallyl group; and an al kynyl
group such methy g5pup 8F @piet¥l iBUP-Exanpl es of the hydrocar byl group

contai ni ng a hy@r, Y. tltye in yal kyl
group such as g%ﬁ%@yé@?hayﬁggﬁﬁﬂéagﬁ‘né?%gx%}%ﬂh“i}?’ug'r @Sgg%ég%éﬂig%propyl
group, orh;ﬁﬂogérhoaﬁm%hyén HIRHPgratp RavingXYatkyd carserp 6B, 38t anore

phenoxynet'hyl "group or a phenoxyet hyl group; and an aral kyl oxyal kyl group

such as apieferablyoa\hydtdgen gtooupa onethylbgmonp| ox et ¢étplyl grawpp.and yet mofkhe
optionally substituted hydrocar byl (ﬂ;}gup is preferably a hydrocarbyl group,
and nore PeisraPlR Pygrogen ademrasd el eiR/ing 1 to 4 carbon atons. The

hydr ocar byl gr i ref.grapl n I

As the opti ona?#gng?fﬂ'i‘f'?t@?%%"ﬁ/%%iggﬁdyﬁagéég&g? ghop&’g@?i’gte J%?Pg‘r?d Z2 of
formul a (hydrocarblePeqfrdup Y ide 8h UNE)IERE groupYSichCaY BYhétKyleBE Qedur, Qii ai ni ng
a hydrocarbyl oxy group as a substituent can be cited. Exanpl es of

t he hydr oethylepeoxygraupoupa i ndmetleylame aldcoxy, groufetsuéthglena ngtolwpxy agr oup,
an et hoxy group, an n-propoxy group, an isopropoxy group, or a butoxy
group; anPeitameliyiene appupuen %geéﬁfbﬁ@ﬁw QjPHBb?“é‘r\%éf‘ﬂ)ﬂ’?)‘{%ﬁBﬁ@aaraoup, or
an et hyl pheno roup; and, an aral kyl ox ro such as nzyl roup.
Exanpl es &eqyﬁ%\%%?@%a?b%lyiw & 8ror‘y?t g}"}#’ﬁ'& ngdrao@a?gy oi‘&%f}egup as a
substi t uegfoybncl ude an al koxyal koxy group such as a net hoxynet hoxy group, a
nmet hoxyet hoxy group, a nethoxypropoxy group, or an ethoxynethoxy group; an
aryl oxyal koxy @heljunsbhertofagrisorp atnex gfiRt bokormana(ib) ds prefetablyokymt htxy
group; and an aral kyl oxyal koxy group such as a benzyl oxynet hoxy group or a
benzyl oxy&d,randymgrenfeferably fronméo 4pt i onal | y substituted hydrocar byl oxy

Pyar ocar byl oxy For 8L SSTRATR o ehotpey ar BEATOS b Srae R9GrIBLEB)Iay? or oup

is preferga r LV; A (o] in
whi ch Z1 @ﬂjggczgnag?hf%)rﬁ% ag Foa gg?eatggﬁgg’%ptvgéelgghmé?hg% @% 'aalg%bgfi tuted
am no gr ogipfeestitfed i dhr 6tAer)S ta grdupr Bavifg \BhicC D0 Zhribdvdl afomeie windtd etk | S
formed by Z1, 72, and the carbonyl carbon include a group represented by

- CH2CH2 CHIMNRES FB)m 2 singje qrpup epdearerhiandedyto-taprdro @ ateneivia. A(doHBle | a

roup represented by -N CH3) - CH2CH2- .
group pbonde, ora divglent grou;? having 2 to 20 carbon atoms in which the two R°s are
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N(CH3)-, a group represented by -CH2- N( CH2CH3) - CH2CH2CH2-, and a group

represented by - CH2CH2C(=0) - NH-. Exanpl es of conpounds represented
by forrmula (la) include carboxylic acid am de conpounds and carboxylic acid
ester conpounds. Exanpl es of the carboxylic acid am de conpound

I nclude a formam de conpound such formam de, N, N-di nethylformam de, or

N, N-di et hyl f or ram de; an acetam de conpound such as
NN di et R9PdRLrRGiboReRs

di et hyl acet am ' ) ' ' b\R® incl
di et hyl am noaﬁ?ﬂlﬁ?ﬁﬁhﬁﬁn@%%ﬁb%gﬁégﬁ ?’Q‘?m,‘”ﬁ‘&ﬁ%ﬁ' ﬁl;hyl Rl'ro-uP

et hyl am neactetani miethyNghobupi, zmtetiylagronpaseinaprioggl, group Nap lisoprblylagetgm de;
apr opi onam deconpoundsuchaspr opi onamni deor N, N- di net hyl pr opi onam de; a
pyri dyl anBdebeiyhpeswpd astrenbty! aroypy oH @l leffrkidylogroNpNadiargt group such as
pyridyl am de; a benzam de cpnpound such as zam de i

RN, G et AASERL LS ey DBAVGIORY! 3HAR & BEAGEM| doup: and an aralky!

N, N -(p-diftsh i RO) he jd

N i ot PR SRET BT nBEaN Sfroupy o The nymber of carbon atoms of the

N, N- di et hydrobarbyl gtdup aehotedriyn@Pherprarardely feorayt itelylioamete sefgapiyd such

as N, N-di net hyl-4-pyridylam de; and a pht hal am de conpound such as
N, N, AP, N1froex 1 mB1 and pétt mareapiedierably oy, Nlo 4 - t et r aet hyl pht hal ani de.

Examples of the nitrogen atom-containing hydrocarbyl group denoted by
R® include a dialkylaminoalkyl group such as a dimethylaminomethyl group, a
dimethylaminoethyl group, a dimethylaminopropyl group, or a diethylaminoethyl
group. The number of carbon atoms of the nitrogen atom-containing
hydrocarbyl group denoted by R® is preferably from 3 to 10, more preferably
from 3 to 6, and yet more preferably from 3 to 4.

Examples of the oxygen atom-containing hydrocarby! group denoted by
R® include an alkoxyalkyl group such as a methoxymethyl group, a
methoxyethyl group, a methoxypropyl group, an ethoxymethyl group, or an
ethoxyethyl group; an oxacycloalkyl group such as an oxiranyl group or a
tetrahydrofuranyl group; and an oxacycloalkylalkyl group such as a glycidyl
group or a tetrahydrofurfuryl group. The number of carbon atoms of the
oxygen atom-containing hydrocarbyl group denoted by R® is preferably from 2
to 10, more preferably from 2 to 6, and yet more preferably from 2 to 4.

In the present specification, the oxacycloalky! group denotes a group in
which CH; on the alicyclic ring of a cycloalkyl group is replaced by an oxygen
atom, and the oxacycloalkylalkyl group denotes a group in which a hydrogen
atom of an alkyl group is replaced by an oxacycloalkyl group.

As the single group denoted by the two R®s in which they bond to the
nitrogen atom via a double bond, a divalent group that may contain at least one
atom selected from the group consisting of a nitrogen atom and an oxygen

atom can be cited. Examples. thereof include an ethylidene group, a
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Exanpl es of the carboxylic acid ester conpounds include an

N, N-di al kyl am nonet hyl acetate such as N, N-di net hyl am nonet hyl acetate or
N, N- di et hyl am nonet hyl acetate; an N, N-di al kyl am noet hyl acetate such as
N, N- di et hyl am noet hyl acetate or N, N-di et hyl am noet hyl acetate; an

N, N- di al kyl am nopropyl acetate such as N, N-di net hyl am nopropyl acetate or

N, N-di et h i opyl —acet ; d , i ' h nzgate such

as N, N-di ét‘?‘f?;,@g% ngr)eétuﬁylage%@éﬁ%%opﬁﬁfd\’l\k%ﬁgt'ﬁémlr%%@%ﬁ%l l‘en Oa_?eT1 _

As a pref gidtRelpFapynaensl gfip; @SEBIRMeBWIbRYIBENR §load, ademePRuHRIgloRpWhi ch at

| east one of Z1 and Z2 1s a group represented by formula (I b) can be cited.

Exanpl es ehdtahd-Ndhrgimethylaminalmzylidenrgpgung. r diveesembed obgaftmmatamg 1- 1)
ted by f I 1-2) bel ow, f whi ch f

oo A ot Sgle Broupriensteq Ry 2R 4wor RS i whichthey bond to the ‘hrsger” °

atom via a double bond is from 2 to 20, preferably from 2 to 12, and more
preferably from 2 to 8.

Examples of the divalent group having 2 to 20 carbon atoms in which
the two R5s are bonded to each other include an alkylene group such as an
ethylene group, a trimethylene group, a tetramethylene group, a
pentamethylene group, or a hexamethylene group; an alkenylene group such
as a group represented by -CH=CH-CH=CH-; a nitrogen-containing group such
as a group represented by -CH,CH,-NH-CH,-, a group represented by -
CH=CH-N=CH-, a group represented by -CH,CH>-N=CH-, a group represented
by -CH,CH,CH2>-NH-, a group represented by -CH=CHCH=N-, or a group
represented by -CH,CH,-NH-CH,CH,-; and an oxygen-containing group such
as a group represented by -CH,CH»-O-CH,;CH>- or a group represented by -
CH2CH2CH2-O-CH,CH2CHz-. The number of carbon atoms of the divalent
group in which the two R°s are bonded to each other is preferably from 2 to 12,
and more preferably from 2 to 8.

As the optionally substituted hydrocarbyl group denoted by Z' and Z? of
formula (la), a hydrocarbyl group and a hydrocarbyl group containing a
hydrocarbyloxy group as a substituent can be cited. Examples of the
hydrocarbyl group include an alkyl group such as a methyl group, an ethyl
group, an n-propyl group, an isopropyl group, or an n-butyl group; a cycloalkyl
group such as a cyclohexyl group; an aryl group such as a phenyl group, a
methylphenyl group, or an ethylphenyl group; an aralkyl group such as a benzyl
group; an alkenyl group such as a vinyl group, a 1-propenyl group, an allyl
group, an isopropenyl group, a crotyl group, an isocrotyl group, or a methallyl
group; and an alkynyl group such as a propargyl group.

Examples of the hydrocarbyl group containing a hydrocarbyloxy group
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wherein r denotes 1 or 2, R52N- is a substituent on the benzene ring, R5
denotes a hydrocarbyl group that may contain a nitrogen atom and/ or an
oxygen atom (the two R5s nay be identical to or different fromeach other),
a group having 2 to 20 carbon atons in which the two R5s forma single
group and are bonded to the nitrogen atomvia a double bond, or a dival ent

group having 2 to 20 carbon atops i ich the two R5s, are nded to each
ot her, and@SF¥ SHestueRt 'acwgar%ba'rkswaq@fvihcﬂmue)ﬁuahWoﬁ8993%0% Yiggrgup. 2 1y

(R52N) <- - ' € , e S . o 2,
R52N- deng@%&gg@ﬁ ir&trﬁlﬁtQgﬁlagoéfepgé%ﬁegrﬁ)rﬂ’gPptgﬁdelﬁgQ@Q{ (Iatsﬁ%mﬁgarocar byl
group t hataryeyya1Ntfolp audht 49 @ephérioxiymassl/l jroap crxy phenaxysthyit greupyo RSs
may be identical to or different fromeach other), a group having 2 to 20
carbon at @md iam wratkylaxyalkylvwogreBp fsochn assiandtenzylosymetyl aravpboddedd to t he
nitrogen atomvia a double bond, or a divalent group having 2 to 20 carbon
atons i n RENEHOXYRINYNHOHBS are bonded to each ot her. r of formula

(1-1) denotes 1 : f. f.QL - : es a
nurber 1 rom o 18RoRiei sypSledpldiotanyf B i lordferdbly Pftvdrobarty

subst it ueRro @) FhdORIFE WReferathlg-a W@dchsbys gréiiif hhvingel % 4 éarfBANRoMmBat two
R52N-s are bonded to a benzene ring. The definition, exanples, and

pr ef er r ed ThnechydsodasbylRFoap é pledersbiveamalkyhgrotipfaran alsenylgrawpl es, and
preferred groups described for RS of fornul 52N- of , formul a

| - a (| ? R52, )
(1-1) and for mAsntheloptjonally spbstituiad S'/Ydéoaﬁfav\éfv AP AGRAER PYTheand £y

gr oups of e di,al kyl ami no_ ar [ r I r ihg. 1 to 4
Carbon at SiomUE (51, &Ry BYRG SR ) g IghoBirkiplaRBEcLiREIAM
hydrocar byl hyfrosibyBXxPgRbisa®h Substifisdt esmbbitedr oup i nclude an al kyl group
such as a nethyl group, an ethyl group, an n-propyl group, an isopropyl

group, an n-butBramyplespf tike hgdrdoathyioxyr gnopp ioclude taar alkbxit groupr sughy asn aryl
group such as a phenyl group, a nethyl phenyl group, or an ethyl phenyl
group; an@ BEhAXY| HOHP oAl GNXYCHroNs. ANHERIAOXY NP, an isoprop agﬁués of the

o e oE A AR Grbu®) gh Aribky gtotipdud"d HBReRosy Bati, AThERYHAIRbL] U o

group, or an ethylphenoxy group; and an aralkyloxy group such as a benzyloxy
group.

Examples of the hydrocarbyloxy group containing a hydrocarbyloxy
group as a substituent include an alkoxyalkoxy group such as a
methoxymethoxy group, a methoxyethoxy group, a methoxypropoxy group, or
an ethoxymethoxy group; an aryloxyalkoxy group such as a phenoxymethoxy
group or a phenoxyethoxy group; and an aralkyloxyalkoxy group such as a
benzyloxymethoxy group or a benzyloxyethoxy group.

The optionally substituted hydrocarbyloxy group is preferably a
hydrocarbyloxy group, and more preferably a hydrocarbyloxy group having 1 to
4 carbon atoms. The hydrocarbyloxy group is preferably an alkoxy group.

Examples of the divalent group in which Z' and Z?2 of formula (la) are
bonded to each other and a substituted amino group-containing ring structure
in which Z' and Z2 are bonded is formed by Z', Z?, and the carbonyl carbon
include a group represented by -CH,CH>CH32-N(CeHs)-, a group represented by
-CH2CH,;CH,CH2CH,-N(CH3)-, a group represented by -N(CH3z)-CH2CHo-
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di et hyl am nobenzal dehyde, 4-di et hyl am nobenzal dehyde, or 3, 5-

bi s(di hexyl am no) benzal dehyde; a di al kyl am no-substituted acet ophenone
conmpound such as 4-di net hyl am noacet ophenone or 4-

di et hyl am noacet ophenone; a heterocyclic group-substituted acet ophenone
conpound such as 4'-(1-imdazolyl)acetophenone, 4'-(1-

pyrazol yl tophenaone, or., 4. hal, | ) | es of
Phe " compoliGHF8h P UBHp daPsp eI el a e SRR :CHar, and &R

di met hyl apddief&ngapheM)eHceRoOuNf-such as 3- d

I met hyl am nobenzophénone, 3-di et’hyl am nobenzophenone, or 4-

di net hyl am nobdhaopiesofieormpdurdhydmeserdbe iyofohentndapint|utle carboxylic

bi s(di net hyl am no) benzophenone, 4, 4' -bi s(di et hyl am ng) benzophenone; a

het er ocycRfig ajpigaFospminas @nd cankawylip Reibpeet 6APBANIS UCh as

4' - (i mdazol 1- benzo none, 4'-(1-pyrazol PSR

nor phol i nobenz Wg%%BPﬁ%e ﬁafpplpé(yléé Ag! %’8l?%oﬁé{h%%fﬁ@%n‘fegg(fﬂ?a%demi ch at
| east one Qfnddn@8lch Frmiatide WNLBINARYEGRIHSIdeDYr NOVhdtAyIfdrilamige compound
repr esent ed By formula (1-3) below for"which p of fornmula (Ib) is 1 can be
ci ted, H2erCR&cktdriide ECHidmsind0q suehr eias RoSNdedahethymceteinidear b Ngr oup

that may contain a nitrogen atom and/or an oxygen atom &t he two R5s may be
i dent i cal diethydacetamids,ent from e@minoapetamide.a group h&ANiIMetYE-N & var bon

atonms in which the two R5s for i ngl [ ou nd. .are ded t.o the
nitrogen 9 Wiaﬁ"'é%ﬁ?ﬁ%"@ebon@’%‘%”‘f%ﬁ@%f@#egq%'ﬂﬁ’ hav ’&'g&@eiwl'ﬂr} car bon
atons in W f : a i idel BEN-piefifdiRt&andde; i nt eger
from1 togq{e@?qjhgg%%?@é%?’&@g%ﬁng'?@m%r& R6I g'enot e% a "hydrocar byl group
or a hydragenpm@biviamiadd Rdnsisidides sdchppt iagnal pyoptardzmideut est hy i Mcar byl
group or a hydrogen atom

dimethylpropionamide;

a pyridylamide compound such as 4-pyridylamide or N,N-dimethyl-4-
pyridylamide;
a benzamide compound such as benzamide, N,N-dimethylbenzamide, N',N"-(p-
dimethylamino)benzamide, N’ ,N'-(p-diethylamino)benzamide, N,N-dimethyl-
N',N'-(p-dimethylamino)benzamide, or N,N-dimethyl-N’,N"-(p-
diethylamino)benzamide;
a pyridylamide compound such as N,N-dimethyi-4-pyridylamide; and
a phthalamide compound such as N,N,N’,N'-tetramethylphthalamide or
N,N,N’,N'-tetraethylphthalamide.

Examples of the carboxylic acid ester compounds include
an N,N-dialkylaminomethyl acetate such as N,N-dimethylaminomethyl acetate
or N,N-diethylaminomethyl acetate;
an N,N-dialkylaminoethyl acetate such as N,N-dimethylaminoethyl acetate or
N,N-diethylaminoethyl acetate;
an N,N-dialkylaminopropy! acetate such as N,N-dimethylaminopropyl acetate or
N,N-diethylaminopropyl acetate; and
an N,N-dialkylaminoethylbenzoate such as N,N-dimethylaminoethylbenzoate or

N,N-diethylaminoethylbenzoate.
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The definition, exanples, and preferred groups for RS of formula (1-3) are
the sanme as the definition, exanples, and preferred groups described for R5
of formula (Ib). In fornula (1-3), R5 is nore preferably a group for which
- NR52 is an acyclic amno group, yet nore preferably an al kyl group, an
oxacycl oal kyl group, or an oxacycloalkylalkyl group, and yet nDre

Y To 10, 1t Ts 4 BBt sompaund FpRsebpd Formuedli PR iR IR T

denot es agyhity g€ kadt 8RR &F Z2'Nitfr Z% I%Sadﬁeor) e8prasB@HopATdIulg(iBY Ranbed
hydrogen atom, and the definition, exanples, and preferred groups for R6

are the s&medas the definition, exarrpl es, and preferred groups descri bed

for R6 of formula (Ib In formul a, ( , R6 is refer dr ogen
at om @mplrepﬁm%cmpeyn%m@a&ﬂmaﬁt' ﬁ‘ar WG%‘&H Y%/’uff‘@@y

hydrocar bxﬂg&&g& Mo & AP %{Eht%%‘@”%rﬁﬁné’&r %ﬁﬁerpwdrwﬁr@w gf oup

i ncl ude a group su as a group, a group, a n- pr opyl

group, anférméquksogroup, an n- butyI group, a sec- butyI group, or a
tert-butyl group;_an aryj group such as a phenyl group, a nethyl phenyl

group, or an ethyl pRenyli gr oup; and an aral kyl group such as a benzyl

group. The hydrqgarb o’ i s pr fer1aPIy an al kyl group, and nore

pr ef er abl )(ganjﬂ} group havi ng 1 to 4’ car bon at ons. Exanpl es of

t he substi\{uged, hydrocarbyl group denoted by R8 of fornula (1-3) include an
al koxyal kyl group such as a net hoxynet hyl group, a nethoxyethyl group, an

et hoxymet eéeqéou%er{ers:?e gl’ ;ﬁ/seﬁhy% grs?rg?‘(tant on the Q)% e’PeStﬂn Ut

hydr ocar b KOXY group, nore preferably

al koxyal kybn8feQUR RRIbE&IbYI lgPodh Qﬁélb%hyafcgmiam a nrtrogerEW?ﬁ' grdef dme
conpound represented by tfornmula (1-3) i'nclude acrylam de conpounds (T: NH,

R8: H) bebaygerNafom cmhreeMwRésmuyebeydieraj/lcam different from each other), a
N- ( 2-di et hyl ami noet hyl ) acryl am de, N-(3-di nethyl am nofprop | )acryl am de,
N ( 3- di et BIRWNDAYPE Foid ?acqagrbermaa@nsr{p(vm'm R %‘V‘P aﬁrﬁn@ﬂﬂt%ls) Ngle WreHA de,

and are bonded to the nitrogen atom via a double bond, or a divalent group

having 2 to 20 carbon atoms in which the two R5s are bonded to each other,

and R’ denotes a hydrocarbyl group or a hydrogen atom,
0]
[
R52N>/ = —‘\fNR%)t
S

wherein s denotes 1 or 2, t denotes a number from 0 to 2, R5,N- denotes a
substituent on a benzene ring, and R% denotes a hydrocarbyl group that may
contain a nitrogen atom and/or an oxygen atom (the two R®s may be identical
to or different from each other), a group having 2 to 20 carbon atoms in which
the two R®s form a single group and are bonded to the nitrogen atom via a
double bond, or a divalent group having 2 to 20 carbon atoms in which the two
R®s are bonded to each other.

r of formula (I-1) denotes 1 or 2, s of formula (I-2) denotes 1 or 2, and t
denotes a number from 0 to 2.

R5N- of formula (I-1) and formula (I-2) is a substituent on a benzene
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N- (4-di et hyl am nobutyl )acryl am de, N (3-di (gl ycidyl)am nopropyl)acryl am de,
N- (3-di (tetrahydrofurfuryl)am nopropyl)acrylam de, and

N- ( 3- mor phol i nopropyl ) acryl am de. Exanpl es of the conpound
represented by fornula (1-3) include nethacryl am de conpounds (T: NH, RS:
CH?) bel ow. N-(2-di net hyl am noet hyl ) net hacryl am de,

N (2-di et hyl am poet hyl ) net hacryl am de, 5

N- ( 3- di mef! 91 a fﬁﬁfbr’oﬁyl%"ﬁefﬁé%r@l ﬁﬁ“&@f‘s |\tlhat two R°;N-s are bonded to a

- (3-di et hE%ﬁ%ﬁpﬂthY#g\g‘ﬁeEﬁﬁﬁfo\ﬁl %%g\g)fesm and preferred groups for R® are the

- (4-di met am nobtt yl' ) met’hacryl am

- (4-di et hgbmai aohbé yefimiionaexahpies eand\pifetietgynotbdydgseribad ooy pf
met hacryl am de, N-(3-di (tetrahydrofurfuryl)am nopropyl) nethacryl am de, and
N - ( 3- nor feroidladp).opyl ) met hacryl ani de. Exanpl es of the conpound

epresented, by el L) (K e I R R Mg T
group. The alkyl groups of the dialkylamino group are preferably alkyl groups
having 1 to 4 carbon atoms.

R’ of formula (I-1) denotes a hydrogen atom or a hydrocarbyl group.
Examples of the hydrocarbyl group include an alkyl group such as a methyl
group, an ethyl group, an n-propyl group, an isopropyl group, an n-butyl group,
a sec-butyl group, or a tert-butyl group; an aryl group such as a phenyl group, a
methylphenyl group, or an ethylphenyl group; and an aralkyl group such as a
benzyl group.

Examples of the compound represented by formula (l-1) include a
dialkylamino-substituted benzaldehyde compound such as 4-
dimethylaminobenzaldehyde, 4-diethylaminobenzaldehyde, or 3,6-
bis(dihexylamino)benzaldehyde; a dialkylamino-substituted acetophenone
compound such as 4-dimethylaminoacetophenone or 4-
diethylaminoacetophenone; a heterocyclic group-substituted acetophenone
compound such as 4'-(1-imidazolyl)acetophenone, 4'-(1-
pyrazolyl)acetophenone, or, 4-morpholinoacetophenone.

Examples of the compound represented by formula (I-2) include

dimethylaminobenzophenone,compound such as 3-
dimethylaminobenzophenone, 3-diethylaminobenzophenone, or 4-
dimethylaminobenzophenone,  4-diethylaminobenzophenone, or 4.4'-

bis(dimethylamino)benzophenone, 4,4'-bis(diethylamino)benzophenone; a
heterocyclic group-substituted benzophenone compound such as 4'-(imidazol-
1-yl)benzophenone, 4'-(1-pyrazolyl)benzophenone, 4-
morpholinobenzophenone.

As a preferred compound of formula (la) in which at least one of Z' and
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3-d inethyl am nopropyl acryl ate, 3-diethyl am nopropyl acryl ate,

4-di met hyl am nobutyl acryl ate, 4-d iethylaminobutyl acryl ate,

3-di (gl ycidyl)am nopropyl acryl ate, and 3-d

i (tetrahydrofurfuryl)am nopropyl acryl ate. Exanpl es of the conpound
represented by formula (1-3) include nethacryl am de conmpounds (T: 0, RS:

CH3) bel d - di ]

ot hacry | 2 & aSBTRSSRGPEREADY e s hits yraednd S e A KB Boy.
met hacr y| %%be‘}oﬂ RN REh T NRPMLN (155 Nag baiced 4- di et hyl ami nobut !
met hacryl —CR8

(I-3)

//C T—CHz—NR>,

wherein R® denotes a hydrocarbyl group that may contain a nitrogen atom
and/or an oxygen atom (the two R%s may be identical to or different from each
other), a group having 2 to 20 carbon atoms in which the two R®s form a single
group and are bonded to the nitrogen atom via a double bond, or a divalent
group having 2 to 20 carbon atoms in which the two R%s are bonded to each
other, q denotes an integer from 1 to 10, T denotes an oxygen atom or -NR®-
(R® denotes a hydrocarbyl group or a hydrogen atom), and R® denotes an
optionally substituted hydrocarbyl group or a hydrogen atom.

The definition, examples, and preferred groups for RS of formula (i-3)
are the same as the definition, examples, and preferred groups described for
R® of formula (Ib). In formula (I-3), R% is more preferably a group for which -
NR%, is an acyclic amino group, yet more preferably an alkyl group, an
oxacycloalkyl group, or an oxacycloalkylalkyl group, and yet more preferably an
alkyl group.

q of formula (I-3) denotes a number from 1 to 10. It is preferably a
number from 2 to 4.

T of formula (I-3) denotes an oxygen atom or -NR®- (R® denotes a
hydrocarbyl group or a hydrogen atom), and the definition, examples, and
preferred groups for R® are the same as the definition, examples, and preferred
groups described for R® of formula (Ib). In formula (I-3), R® is more preferably
a hydrogen atom.

R® of formula (I-3) denotes an optionally substituted hydrocarbyl group
or a hydrogen atom. Examples of the hydrocarbyl group include an alkyl

group such as a methy! group, an ethyl group, an n-propyi group, an isopropyl|

22



3-di (gl yci dyl )am nopropyl net hacryl ate, and

3-di (tetrahydrofurfuryl)am nopropyl net hacryl ate. The conpound
represented by fornmula (1-3) is preferably an acryl am de conpound (T: NH,
R8: H) or a nethacrylam de conpound (T: NH, R8: CH3), nore preferably an
N- ( 3-di al kyl am nopropyl )acryl am de or an N-( 3-

di al kyl am rQ ryl am et ? r Y. -

di et hyl a%%ﬁg’prag%é)&@' Igﬁé‘rl#aaes e%%t] tﬁ@?% %y‘fﬁi@%‘%@%?l"@c r@%fﬁ@é‘?u%- (3-

di met hyl agi,&0RE %ONMHVPEF@R)V, W ABIHYRhedyI §FuP; or an ethylphenyl group; and an -

di et hyl am nopropyl ) net hacryl am dé. Wth regard to the conpound

r epr esent achlkyl groupnsueh @sa beazyl igheuw onffoahydiocarktyl grouplisapréfeiablycairm a
group in which Z1 and Z2 are bonded to each other and a substituted am no
gr oup- conBHYhgyPr ARG mererselarably ansalkylgopy hayingZbto 4 garhancatemsbony|

Fepresented by TRTHIFR e ey uifteh st didu Rafdle8 T & BERERUE o
wher ei n g(d8NGhEEdE BHMAMoxAR Q,Orbep 19ucrﬁ9aéeaomh&@n9&hkpgg%w, a
substi tuted "hydrocar byl group, RIO, Rl11l, and R12 denot’e a hydrogen atom or

a hydr ocameyhoxyethyd greup] anhethpkymethiyt yrowb, Bilaa ettigxyethyil desipg.cal to or
different from_each other. RO of formula (1-4) denotes an
optional | y subshhe aulesfituiedr bydipegibyheenp issraefgraly @n akexyallylogt@upy| group

denoted by R9 include an al kyl oup such as.a, ,methyl group, an ethyl
gr oup, anXW-i m%ﬁﬁre%(%ﬂﬁ,aw?gg()gr(?wﬁ\ad}%g,to éncaﬁb%h?g’lmﬁr oup, a sec-butyl
roup, or a terdy X hsn]tm@nl 4 a
grgret h5| phenyl gr%‘&%?ﬂlgén g’:ﬁﬂepﬁgﬁﬁﬁ[‘@ oﬁ%ﬁag?rﬁg&ngghgcﬁy Igr@u3 ?'ﬁ@dean

aral kyl gaeryfansidelcoaspoundefTy NHgRSUH) b&lev.nunber of carbon atons of the
hydr ocar bgll group is preferably from1 to 20. Exanpl es of the
subst i t ut del2rgitedylamnoeihydlasryiamidesd by RO of fornmula (1-4) include a

di al kyl am hqal kyl group, such as di met hyl am noet hyl group or a

di et hyl amvh‘géq'ﬁé\ylﬁ?@ﬁgfh@ﬁ&r@‘ﬂ“@ﬂoxyal kyl group such as a net hoxynet hyl
group, a pekh : haxynet hyl group, or an et hoxyet hyl
group. Th’(gie(?{](‘R eﬁ%%héayggﬂllémﬁIWt he substituted hydrocarbyl group is
pr ef er abl w-BrdigthyidrindPropyl)acrylamid®, of formula (1-4) is preferably a

hydr ocar lel group, and nore preferably an alkyl group or an aryl group.
-(4-dimethylaminobutyl)acrylamide,
N-(4-diethylaminobutyl)acrylamide,
N-(3-di(glycidyl)aminopropyl)acrylamide,
N-(3-di(tetrahydrofurfuryl)aminopropyl)acrylamide, and
N-(3-morpholinopropyl)acrylamide.

Examples of the compound represented by formula (I-3) include
methacrylamide compounds (T: NH, R® CH3;) below.
N-(2-dimethylaminoethyl)methacrylamide,
N-(2-diethylaminoethyl)methacrylamide,
N-(3-dimethylaminopropyl)methacrylamide,

N -(3-diethylaminopropyl)methacrylamide,

N -(4-dimethylaminobutyl)methacrylamide,

N -(4-diethylaminobutyl)methacrylamide,
N-(3-di(glycidyl)aminopropyl) methacrylamide,
N-(3-di(tetrahydrofurfuryl)aminopropyl) methacrylamide, and
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R1 and R11 of formula (1-4) denote a hydrogen atom or a hydrocarbyl group.
Exanpl es of the hydrocarbyl group include an al kyl group such as a nethyl
group, an ethyl group, an n-propyl group, an isopropyl group, an n-butyl
group, a sec-butyl group, or a tert-butyl group; an aryl group such as a
phenyl group, a met hyl phenyl group, an et hyl phenyl group, or a naphthyl

group; an ar a benzyl group. The nunber of carbon
at ons of W%Phglﬁ}%)y gﬁ%%tﬁa?ré’?aﬁ?gfeerabl y from1l to 20. R1 and
R11 of formula gbmbled! & Rh&T B6RABbYNdY pP&sEhtéd OB foathd @3pURRIuder aryl
groups, and nore preferably hydrogen atons. g of formula (1-4)

denot es anrethdeylafridercOmpoudds (T:t0,i R®: pi)dfedowbl y a nunmber from2 to 7.
R12 of fornula (1-4) denotes a hydrogen atom or a hydrocarbyl group.
Exanpl es de'mﬁ@)‘ﬂﬂmm@éﬁ'\mwwﬁﬁoup i ncl ude an al kyl group such as a nethyl

group, an e h r.ou ropyl group, an isopropyl group, an n-butyl
group, a %’éﬂa@? &BM‘%C’YA?‘%a tert-butyl group. R12 of formul a

(1-4) is @r(ﬁifn%{ Min® iR9eHteat om or an al kyl group, and nore preferably
a hydrogen atom WPA " pFBb‘} ﬁ }es of the compound of formula (1-4) include

a p-propi el@@mqmmﬁmppﬂcwmb as N net hyl - p- propi ol act am
N-(tert-butyl)-0-propiolactam or N phenyl-p-propiolactam a 2-pyrrolidone
conpound $ttimethylamimebutylacrylpienr ol i done, 1-phenyl-2- -

pyrrolidone,1- met h he 1) 2-pyrrolidone, 1-(p-net hoxyphenyl) 2-
pyrroli do?ﬁéj'etfg'%é'ﬂﬁgltll}ltip WT %6t i done, 1-naphthyl-2-pyrrolidone, 1-phenyl-5-

nmet hy1- 2- @y&l%&dé@%& 8?’%@%}2{7% )gggey;}]GS nmet hy1l- 2- pyrrol i done, or

1-(tert-but pyrrolidone; a 2- pi peri done conpound such

as 1-(terg- dﬁﬁéﬂéﬂy@omirmwﬂaimneprobyw;be pi peri done,
1- (p- net hyl pheny1l) - 2- pi peri done, or napht hy1- 2- pi peri done; an E-ca p ro |
acta m conpoundExammessoiNthet hyﬂnpeuﬁfépfﬁtﬂfa‘%ﬁfﬁﬂﬁi by formula (I-3) include

I_\l-et hyl - cca rr‘é)clzr %'Enall(riré %‘6 angé)?/'ll)O 6Rg:a(ﬂ_l:3 (ft am N-phenyl - s-caprol actam N-(p

2-dimethylaminoethy! methacrylate,
2-diethylaminoethyl methacrylate,
3-dimethylaminopropyl methacrylate,
3-diethylaminopropy!l methacrylate,
4-dimethylaminobutyl methacrylate,
4-diethylaminobutyl methacrylate,
3-di(glycidyl)aminopropylmethacrylate, and
3-di(tetrahydrofurfuryl)aminopropylmethacrylate.

The compound represented by formula (1-3) is preferably an acrylamide
compound (T: NH, R®: H) or a methacrylamide compound (T: NH, R® CHy),
more preferably an N-(3-dialkylaminopropyl)acrylamide or an N-(3-
dialkylaminopropyl)methacrylamide, and yet more preferably  N-(3-
dimethylaminopropyl)acrylamide, N-(3-diethylaminopropyl)acrylamide, N-(3-
dimethylaminopropyl)methacrylamide, or N-(3-
diethylaminopropyl)methacrylamide.

With regard to the compound represented by formula (la), as the

compound in which Z' and Z? form a group in which Z' and Z* are bonded to
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met hoxy phenyl)-6-capr olactam, or Nbenzyl-c-caprolactam and a
co- |l aurol act am conpound such as N phenyl -03-1 aurol actam The
Conmpound represented by fornula (1-4) is preferably a 2- pyrrolidone
conmpound or an c-caprol actam conpound, nore preferably a 1-
hydr ocar byl - substituted 2-pyrrolidone or an N hydrocarbyl-substituted E-
caprol acta and yet nore preferably a 1-alkyl-substituted.2-pyrrqlidone, a
1- aryl-sﬁgé} P&&(éad?ﬁﬂs}' tFQl@H'époéﬁoW'ﬁ?rWh%ngis%rUPéS'(ﬁeI?Edgﬁ"regl%é'ct am or
an N aryj+ sybsti p t 52
wher ei n hkde%dt ée'léé g“ﬁ%@?@lr%ﬁgéﬁ’t% ?%rqb%li’gd E%gr%%l?l{%gg%t]{gmggl%gﬁnal |y
subst i t ut pelotyslid aacdmypogidotgpresiiied dydoaaula (136)r avheoh Bt descoibed latedr ocar byl
group, and the plurality of Rl15s may be identical to or different from each
ot her. can beritgdand R14 of formula (1-5) denote an optionally substituted
hydr ocar byl groupQ Exanpl es of the hydrocarbyl group denoted by R13 and R14
i ncl ude an , oup such as a nethyl group, an ethyl group, an n-propyl
group, anR roup, gn n- butyl group, a sec-butyl group, or a
p; an aNyt—Rgroup such-4s) a phenyl group, a nethyl phenyl

group, anPfethylyhenylx group, or a naphthyl group; and an aral kyl group such
as a benzyl grou@R'f¢ nunber of carbon atoms of the hydrocarbyl group is
preferably from1l to ) Exanpl es of the substituted hydrocar byl
group denoted by R13 and R14 of fornmula (1-5) include a dialkyl am noal kyl
group SU‘RQP%%W?‘ MRty L UG I 0HOHP, B déndtb St REnaNE skt p: and
an al koxyal kyl 8roup such as a net hoxynet hyl group, a nethoxyethyl group,
an et hoxyngirbyarbgr group, ®'° 2R 'etahd R Etdeylote adupirogéreatunioea lnfdroedbgh at ons
of the substituted hydrocarbyl group is preferably from1 to 20.

group, and the plurality of R'?>s may be identical to or different from each other.

R® of formula (I-4) denotes an optionally substituted hydrocarbyl group.
Examples of the hydrocarbyl group denoted by R® include an alkyl group such
as a methyl group, an ethyl group, an n-propyl group, an isopropyl group, an n-
butyl group, a sec-butyl group, or a tert-butyl group; an aryl group such as a
phenyl group, a methylphenyl group, an ethylphenyl group, or a naphthyl group;
and an aralkyl group such as a benzyl group. The number of carbon atoms of
the hydrocarbyl group is preferably from 1 to 20.

Examples of the substituted hydrocarbyl group denoted by R® of formula
(I-4) include a dialkylaminoalky! group such as a dimethylaminoethy! group or a
diethylaminoethyl group; and an alkoxyalkyl group such as a methoxymethyl
group, a methoxyethyl group, an ethoxymethyl group, or an ethoxyethyl group.
The number of carbon atoms of the substituted hydrocarbyl group is preferably
from 1 to 20.

R® of formula (I-4) is preferably a hydrocarbyl group, and more
preferably an alkyl group or an aryl group.

R'® and R"" of formula (I-4) denote a hydrogen atom or a hydrocarbyl
group. Examples of the hydrocarbyl group include an alkyl group such as a

methyl group, an ethyl group, an n-propyl group, an isopropyl group, an n-butyl
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R13 and R14 of formula (1-5) are preferably hydrocarbyl groups, nore
preferably al kyl groups or aryl groups, and yet nore preferably alkyl

gr oups. h of formula (1-5) denotes a nunber fromO to 10. It is
preferably a nunmber from2 to 7. R15 of fornmula (1-5) denotes a hydrogen
atom or a hydrocarbyl group. Exanples of the hydrocarbyl group include an

| kyl | ! - | ,
"sonr opyl ez s oBuTBIN. o G H-uBaL s o §¥DardtB S FE B "
group. group, Bl nedhy1p e @olig,- 20 dtiyIph&fy@igddhp, 6r HRpAERMN gré@N 4Hd an

al kyl group, and nore preferably a hydrogen atom Exanpl es of the
conpound reparelghgmedipbsuchoasralbenzgt SloupncThdenwniigrpf carbon atoms of the

hydr ocar byl - subst i t ut ed2-i m dazol i di nonesuchasl1, 3-di met hyl- 2-

i m dazol i éyﬁ%ﬂﬂ"@[bﬂ,' groypeispfetesablyifee® ditedi%one, 1, 3- di (n- propyl ) - 2-

| mi dazol i di nondt  2nd Rk raHh) (h) Ae R Rt Ab” G gbn i B &

I m dazol i di none. repriesen

pref er abl yr&ypk, 3r aflilapdddsiafd rioreprdaabiydyarstfen ahes. preferably a

1, 3- hydr ocar byl - substituted 2- imdazolidinone, and yet nore preferably a
1, 3-di al ky1- 2- igrofidermiulai(hdhelendtes &, Birdber kyth- 2-tori @lazlblis girefenably s
preferably 1, 3-di net hyl-2-im dazolidinone, 1,3- diethyl-2-imdazolidinone,
or 1, 3-di MHMPEsHPM 220 i7ni dazol i di none, and nore preferably

L3 0t v 2 e A [o0o GRS Sobh von LRIVl e

represent gdaRipidsObMthe nydrsthrflf!| gtup (iR&LES rdhSa(dFR gha up3déh sk hathyi
group, an ethyl group, an n-propyl group, an isopropyl group, an n-butyl group,
a sec-butyl group, or a fert-butyl group.

R'2 of formula (I-4) is preferably a hydrogen atom or an alky! group, and
more preferably a hydrogen atom.

Examples of the compound of formula (I-4) include a B-propiolactam
compound such as N-methyl-B-propiolactam, N-(tert-butyl)-B-propiolactam, or
N-phenyl-B-propiolactam;
a 2-pyrrolidone compound such as 1-methyl-2-pyrrolidone, 1-phenyl-2-
pyrrolidone, 1-(p-methylphenyl)-2-pyrrolidone, 1-(p-methoxyphenyl)-2-
pyrrolidone, 1-benzyl-2-pyrrolidone, 1-naphthyl-2-pyrrolidone, 1-phenyl-5-
methyl-2-pyrrolidone, 1-(tert-butyl)-5-methyl-2-pyrrolidone, or 1-(tert-butyl)-3, 3-
dimethyl-2-pyrrolidone;
a 2-piperidone compound such as 1-(tert-butyl)-2-piperidone, 1-phenyl-2-
piperidone, 1-(p-methylphenyl)-2-piperidone, or 1-naphthyl-2-piperidone;
an e-caprolactam compound such as N-methyl-¢-caprolactam, N-ethyl-s-
caprolactam, N-(n-propyl)-e-caprolactam, N-phenyl-e-caprolactam, N-(p-
methoxyphenyl)-e-caprolactam, or N-benzyl-¢-caprolactam; and
a o-laurolactam compound such as N-phenyi-o-laurolactam.

The compound represented by formula (I-4) is preferably a 2-

pyrrolidone compound or an s-caprolactam compound, more preferably a 1-
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wherein mdenotes a nunber from1l1l to 3, n denotes a nunber from1l to 3, m+
nis from2 to 4, R1 and R23 denote a hydrocarbyl group, R22 denotes a
hydr ocar byl ene group, A denotes a substituted am no group or an optionally
substituted hydrocarbyl oxy group, when there are a plurality of R21s the
plurality of R21s nmay be identical to or different fromeach other, when

there ar e guBLARRL bk Rl1oR 200l B 21t o O REGBCIRY, REGLARUA Bl to of

di fferent ome here are a plu pIurallty
of R23s n@aprbRictaiENEAE Fet hcbrerprafefrémryem -dIkPrsudRatuted Repyrr@dnehanyt here
are a plurality of As the plurality of As may be identical to or different
from eachanyl- -hebstitdtedoipygatiddneli ameVatky}-sebstitutsides-caprglactant, amacdwponent
(B) contains a conjugated diene unit. Exanples of the conjugated diene

i ncl ude 127-pubHHIEHe-caRIBIRCEaB, 1, 3- pent adi ene,

2,3-dinmethyl-1, 3-b& adi ene, and 1, 3 hexadi ene, and one or nore types
thereof may be use The conj ugat ed diene is preferably 1, 3-butadi ene or

i soprene. conj ug%t ed di ene pol ymer rubber conponent of
corrpenentR(é)— y furt tonpri se,(li53ddition to the conjugated

di ene- based con t unit (conjugated diene unit), a constituent unit
based on anot her (hla r. Exanpl es of said other nononer include an
aromatic vinyl, a vinyhnitrile, and an unsaturated carboxylic acid ester.
Exanpl es of the aromatic vinyl include styrene, a-nethylstyrene,

vi nyl t ol ugR&reiry NAERRBS N ALRBBY FNY 0N bsnkeﬁendtRi“vuéwdteemepﬁonarw

di vi nyl napht hal ene. Exanples of the vinylnitrile include acrylonitrile, and
exanpl es sifbstihgediydtamasby dgroap bBXY denotasi al hgditogeni atohudeantntdwd:arhyr yl at e,
et hyl acryl ate, nethyl net hacr_yl ate, and ethyl nethacrylate. Anbng them an
aromat i ¢ 4iPHPI and the B'Pé?‘ﬁbpé aﬁn'@ahb)ﬁ’r'éﬁ@“‘iaé t‘Pn?f é'ffﬁ’@'f'%flr%l%am other. |

(B) pref er abl y FooRtare LM P b R oAt n Ly Ao AL atbodBE e
aromati ¢ groy! Eﬂbhplés%fat'hb\’i?ydtré?cérg | Jrokp d@ioﬂéﬁ b9fR1?’ hddt R ahcipgBUYM of the
conjugated diene unit and the aromatic vinyl unit; is preferably at |east

10 % by vnikghgro(upheucdnn'sealtmemyt tgeomqnnarmggahysldgmhupneammnrobell o UuPO agv eat er
than 90 % by wei g and nore preferably at |east 15 % by wei ght (the
cont ent dﬁ%'l‘i’@%éfﬂ%ga’t‘t"e@l‘bﬂﬂérgé%hl 8 sesrigy! anOg‘Ple@rt%BWVBSf%P@f'\/\el ght).
Furt hernore vi ewpai nt. of fuel the
aromatic YV h)?lro 'ﬁucﬁsa%raefp&e%‘ 9’%‘6" g?e@%g’}y?émééw éﬁoﬁ/é) f?ﬁvé hé' ('Y |he
content Qfroly eoPQWaHEﬁFy@@rdﬂpe%d% Eraﬁ@l@o@ﬁ shépak a59er%ylpp ghlfﬂe and
more preferably no greatér than 45 % by wei ght (the content of the

conj ugat etirbemnsf canbén hexinmg ofithel I@&Bbcﬁﬁy%n’rmyapwmpgéfe)ably from 1 toR0. order to
i nprove abrasion resistance and fuel econony, the conj %dgate d ,di ene Jol ymer
r ubber conponeﬁ%awl%%@ﬁéﬂbsﬁ'&feérwe@%mﬂ @oHp Aenoted by’ iandeR!” uni t

based on ilico ontainin The silicon-cont ai ni

ot of er 219 BT RafIE e e BURETR o te kR B e FREREE et oc
by form“ggro@(,) of & %tﬁ?lghﬁhéﬁﬂ f rro THRG A4 élﬁ% yalkyl group” QEPﬂer &0

i nprove abrasion resistance ané econony, t he content o? t he

const i t uanéthoryinetas agoop, a ﬁielttmqetmrgraum ag ethoaymetiyn grbep conjangat ed

di ene pol yner rubber conponent of conponent (B) is preferably not |ess than
0. 001 mmuathgxyatbyln@rowmr e if han numbetneif/ gapkan watomswedfgithe ofsubsiitptadent (B) .
It is nore prefgrabl not G ? g nmol /g and not nore than 0.07
mol /g. 1RYdrecareyl ¢ig B'?)PB?% 19&8s than 0.003 nmol /g and not nore

th 0. 05 I 4 t of
coﬁgonent ?g? ng m) IfR: egf %{'ﬁﬁglwggbggeﬂlﬁgg?b@ %dm&a{bgpﬁdérepﬁé%ﬁ?edoby
formula ( é@ramb%n@l@%@@sror arlyqsgrdwsl aﬁldcyetmwu@@réflekamy alky! groupd of fornul a

(11a) denotes a nunber from1lto is preferably a nunber from2 to 3,
and nore prefehalfl fpridula (1-5) demptefs zimumheai ffdma) tdetbt db isa prefetahly farom 1 to
3. It is preferably a nunber froml to 2, and nore preferably 1. m+ nis a
nunber f rrBHRBETTEPM 2t eferably from 3 to 4, and nore preferably 4.

R'® of formula (I-5) denotes a hydrogen atom or a hydrocarbyl group.
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R21 and R23 of fornula (1la) denote a hydrocarbyl group. Exanples of the
hydr ocar byl group include an al kyl group such as a nethyl group, an ethyl
group, an n-propyl group, an isopropyl group, an n-butyl group, a sec-butyl
group, or a tert-butyl group; an aryl group such as a phenyl group, a

met hyl phenyl group, an ethyl phenyl group, or a naphthyl group; and an

ol kyl SEREgRSr e RynEiattn 4P ind0fe MCRRECORYD Mg & BERLET R Y
denot ed bprdﬂ%l aAelh Qﬁﬁfﬁbgw drolipOfh lészdipoﬂyn R zﬂ’fﬂftﬁj’t?t&rﬁu prom1l to

3, and yel nore pre erab?y 1 or formula (1la denotes a
hydr ocar bylseedudylarpup Eoraanfdrebutyf gtdup. hydr ocar byl ene group i ncl ude an
al kyl ene group sych as a nethyl ene group, an ethylene roup, a trinethylene

group, a tetrafet WF@H@'@K'O@p‘S pieferably Aexdiogmatagm auaN Y! 9rewk Ak hyl ene
group; an_ar rou uch a phenyl ene group, a tolylene group, or a
xyl yl ene 8}06%}5’&[@@“%%3?59%”%8&\ group. The hydrocarbyl ene group is
preferably a stgaihtits shm@ca.hksuhﬁ@eewe@emed by formum? -SJUHRAIeCh 168 bon
atons of R22 of formula (Ib) is preferably from1 to and nore

pref er abl yydooarbyi-tobstituted  2-ikiddzolidinonkea (4ded desot ed ;< adBndtbyi-2-ut ed
am no group or an optional Iéasubsti tuted hgdrocar byl ox roup. As the

subs'w t ut éﬂdahﬂﬂb"@ﬂegup, tﬁh‘p'(h?/le%'r“@g@i? ¢inggef or nul i%‘i‘i’b}”%&lﬁ -Fre Cldt gd
As
for?ruleao?tw'i@na e, s tibeifenbiEZamaiofRRer; & “RISRRRBETESL )

wher ei n dlenote a hydrocarbyl group that may contain at |east
one atom se ecte romthe group consisting of a nitrogen atom an oxygen

atom and a si ITheorzonipoinda reproséntedt &g $ormula g(lei)pis epreferaplyhaving 2 to 20
carbon atons in which R24 and R25 form a single %rou and are bonded to the
ni t rogen atbkatituted 2xiridapolidinerel meve lare(fﬁ!f@aWe@mﬂ Hhydnocheyisybstitutedd- car bon

SRR SRR S o e T
and R25 i pel 4idg b id Moh&fn%HQ |§j§r@feﬁ’§bﬁ ‘Y‘%tcmhletWI DUithid &oIRlinbHe, g1r oup,. an

n- propyl group, Yan I Soprop butyl group, a sec-buty group, a

tert-but yh.egfymmmmazdmmumel g:rroulp:s dinErop giM2yimidaznlidince, | aodenthygte gr oup,
or an n-hexyl agroup, a cycl oal kyl group such as a cyclohexyl group; an aryl

gr oup suchreé%r ohdrdimegndZpimidazadidinanshenyl group, or an et hyl phenyl
group; ang an arau%b group such as a benzyl group. It is preferably an
al kyI gr oufMPPREN er of carbon atons of the hydrocarbyl group denoted by

Component (B) is a conjugated diene polymer rubber component
modified with a compound represented by formula (lla) below,

(R?'0)mSi(R?2A)qR%Z4.mn (lla)
wherein m denotes a number from 1 to 3, n denotes a number from 1 to 3, m +
n is from 2 to 4, R?' and R® denote a hydrocarbyl group, R** denotes a
hydrocarbylene group, A denotes a substituted amino group or an optionally
substituted hydrocarbyloxy group, when there are a plurality of R%*'s the
plurality of R?'s may be identical to or different from each other, when there are
a plurality of R%s the plurality of R*?s may be identical to or different from each
other, when there are a plurality of R®s the plurality of R®s may be identical to
or different from each other, and when there are a plurality of As the plurality of
As may be identical to or different from each other.

A conjugated diene polymer rubber component in component (B)
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and R25 is preferably from1l to 10, nore preferably from1l to 6, and yet
nore preferably from1l to 4. Exanpl es of the nitrogen

at om cont ai ni ng hydrocarbyl group denoted by R24 and R25 include a

di al kyl am noal kyl group such as a di net hyl am nonet hyl group, a

di met hyl am noet hyl group, a dinethyl am nopropyl group, or a

di et hyl am_noet hyl group. . The nunber of .carbon atons.of th i trogen
at om cont SPHEH ﬁfg’PW’%F%P'WOWHPde%'B@eBWfFéﬁ W@%g% S5t H]‘Cilfcgaol y from
3 to 10, i r (0]142% n ; e4 Ar ; y 3 to 4.
Exanpl es gr?’r tgﬁtga%&%gg%%?%% ?é”ﬁ‘%%’ﬁ%iﬁﬁaé’hg’ rgﬁna%fgg}lel’gr%{ﬁd%g%’o?égqg?f R24 and
R25 i ncl ubdexadiemd kany adney br ghomp typeehthrsedl malyhbaymssdny I Thgy eupjugated

met hoxyet hyl group, a methoxypropyl group, an ethoxynmethyl group, or an
et hoxyet hglengrig apefeeably t Schetadigneyar isprgpesuch as an oxiranyl group or a

roup or & et reyaOgAed e imer SR hriatean Pl oSN B afnfy !
The. oxygen ik rk i A difon ool ponjusated (TEnPHIRES EpstRleitdl 1™

pr ef er abl geohjuysted t gieA, uARY, €aPBhSHtabhty UnitoBadetio ofi, adbthey emomdkrfer,
preferably from2 to 4. Exanpl es of the silicon atom containing

hydr ocar. bizkamyplespofdsaidtatblebsnoRRmedridc| R3S anatamiticavinyi, & kipyitrijg, sandyl gr oup
such as a trinethylsilylnmethyl nunber of ,caLbon t ons of

| .group. Th
the silic8h uasairates: fhPﬁd‘Cﬁ%&@é Thy [EXgMples aim BEPTRSHIRIINY L ! is

pr ef er abl e Rk Ly f ang.

pr ef er abl %tyge{n%m Aé_h%t@%txp@{& %ﬂlﬁg@%stﬁ%a}éﬁ @?'?{‘/‘F gg'(\)’hhsﬁbdgenr%%ﬁ Y by R24
and R25 i fipdniliserzehbl ahlYydivinklHapBiitiiene Uatxanplas tdfl et Wnyisithil irdlede, a
triethylsilyl group, or a tbutyldinethylsilyl group; and a trial koxysilyl
group sucacrypnitrite, i aed leomywpildsy lof ghewmsattyraied wadianylit| acid astéraircjuds |yl
group. The nunber of carbon atons of the substituted silyl group denoted by
R24 and RPSthY agrdatss ihy! aerylate. methy meHiacryais: &%PWY m%hgmfvéﬁts-, and

yet nore R@E)B?rtﬁg%yaﬁ' r?rgap girﬁ? {star%fériag%g%ngrs?%@nggﬁgrfozggg%fggbqe.mll and

R25 in whi hey bon r'ogen atomvi a a a dival ent

group that may |gasthat RoaihcheRet tm%t@hgm,smbe@bﬁjdgéfeamtdm goRMiercensi sting
of a nitrogen atom and an oxygen atom can be cited. Exanples thereof

i ncl ude acorepbiyéntd@)eprgferably corpaiopydn desreatic vinyl wnitb @ngdl theeecantgnioap, a
1-nmet hyl et hyl i dene group,. a 1- net h}lll ropylidene ?rougo, a
1, 3- di met i ematicdény hibug!atiyenton 990 %1 B¥evgjeBtipT thaiptal amount of the

4- N, N- di i enzvil i r . T r n o t he
AT AR G4 S e, IO DA Bl SN T P .
nitrogen @At Ythe cdontitidranbodjugatdd 8idné drfit B&ing edaedt thah '00Medyt 0 12,
and nore preferably from2 to 8.
weight), and more preferably at least 15 % by weight (the content of the
conjugated diene unit being no greater than 85 % by weight). Furthermore,
from the viewpoint of fuel economy, the content of the aromatic vinyl unit is
preferably no greater than 50 % by weight (the content of the conjugated diene
unit being at least 50 % by weight), and more preferably no greater than 45 %
by weight (the content of the conjugated diene unit being at least 55 % by
weight).
In order to improve abrasion resistance and fuel economy, the
conjugated diene polymer rubber component of component (B) preferably

contains a constituent unit based on a silicon-containing monomer. The

silicon-containing monomer is preferably a monomer represented by formula
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Exanpl es of the divalent group having 2 to 20 carbon atons in which the R24
and R25 are bonded to each other include an al kyl ene group such as a

nmet hyl ene group, an ethylene group, a trimethylene group, a tetramethyl ene
group, a pentanet hyl ene group, or a hexamet hyl ene group; an al kenyl ene
group such as a group represented by -CH=CH CH=CH-; a nitrogen cont ai ni ng
group such as _a group represented b - Fagi% NH- CHZ- roug Eresent ed
by - CH=CH(R=crihe moppmgh reRIgretert df%';rl'“ CPIZaSI\E’éﬁ-I?'ne gf GAEPPERMesent ed
by - CHZCH@@HZ NH-, a group represented by -CH=CHCH=N-, or a group .

repr esent by - CHZCHZ NH- CH2CH2-; and an oxygen- cont ai ning group such as a
group representigGriyr tdinssoie QrbEriGiriZe sistanae Groufuel eporaant #@é tontent

- CH2CH2CH2- 0- CH2CH2CH2-. The number of carbon atons of the dival ent group
in which bhﬂwelmwwemﬁnarbasbdrmieajsthooreaohtamlh@mo@npﬁreﬂéhalgpmugam 2 to

d f bly f db
formila (EDp PaWMECyhe: ARGt BhsomRanant D) 'ﬁoorgfﬁ?%@vd}dgﬁeseﬁwe Y
cited. R-004 ﬁﬁ%ﬁ@eﬁd bt B BGRCY Hcm%gllé%egru%ﬂmé@ﬁ UfjgouﬁggﬁéﬁtlYEB.am no

group suc am no group,

di (n- propy! )samdie ;%Férablyan@lﬂ (és%omahpmlcmmmﬁomgm nét dndra thalny b)aami no
group, a di(sec-butyl)am no group,

adi (tert - mmagllg.art imgebuwradiréfecatpy mot | lessritmary 0AG3, ovmael/g endyiatenong ani no
group; a di(al koxyal kyI )am no group such as a di (net hoxynmet hyl )am no group,
a di (met hthapeR-R9IMaat/do group, a di (et hoxymet hyl )ami no group, or a

di (et hoxyet hyl yani no . u and a I as a
di (trimethyl si I)L@\e) 5?1[?] %ﬁgﬁoﬂsn%rpoéynaé “Lute§|§|°8| r#e&he)nfs%r IQ:(8 r%ﬂ%gt Sl?')g!}p

Furt her eﬁﬁﬂme%smhﬂae&?é)fabbvélmm.o%eal é&%a&‘{ﬂd qabi&bﬁbedaﬁynfbrmwmuﬁpch as
di (oxi ranyl)am no group or a di(tetrahydrofuranyl)anino group; and a

di (oxacyc/(ileakingftat, Iatéd eafledocgnpeynds(ibh as a di (gl ycidyl)am no group or a
di (tetrahydr of urf uryl)am no group. Yet further exanpl es t her eof include an
et hyl i deneani nd" GH“U@ (ﬂla)n%ﬂﬂ}?‘f)raoﬂymbﬁérf% héogrodps greferably a

1,3-dinmeth ut mn r oy t hyl et hyl i deneam no group, and a
4- N, N-di nﬁ%’/ﬂ\? %g%gy??‘ggﬂ’é%}?%%’%é%ép Exanpl es of the cyclic
am no group ing Hﬁ?oﬁntﬁa%'ayrﬂ'ﬁn@Yéﬁﬁeht%BQr FloPv P 8@ as i plefardbly &i Nyl
group, a l-azetidinyl group, a 1-pyrrolidinyl group, a 1-piperidinyl group,
a 1- hexamatmpeefremiino 2r anp mare lprofepablyet. hyhenai isi aougrbenfrona 2 to 4,

1- oct anet hyl enei m no group, a 1-decanet hyI enei m no group, or a 1-
dodecanet Rigfeiadhhirad FQ)ﬁ-panq:mOt“h@f?fBF@Yéxanpl es of the cyclic amino group

al so include a 311;1(%\{‘ i3y g@gﬁ/&% gzlﬁjydrgbé%g\ g@%ﬁp E@(apnplég giazol yl

group, a 4,5-di pyraz group
1- pyrazol )h’e %&H&xrb?l &rdﬂppﬁub%'er% a%PBI%upa&%rﬁa%r Byl Bfo, Céh'\oethyl OR26(

1 C whereln 6 dendOtés a hydrocarbyl group that may contain at |east one

atom sel egtoup, farmm;irbpylggmup e iEopropydy grbup, ant m-bgeyh groopy aasemhytyen at om
and a silicon atom and * represents a bonding position. Exanpl es
of the hydiwgar®yla dedlytdegirwd By RO greeiPudechnag %yﬂ’h%j}ybtﬁf%ﬂclﬁ as a

bt y1 2yt dtenthan BraTihena bERE. stia ol S8 AR an A onp. o
neopentyl Hﬂf@u&crﬁg Bgﬁ %’4}09 OUhe Iy)t/ifdba'?b'y’l%‘ﬂbhp%%@feré‘bl?%ﬁ afdyky!

group suc a cyc ohexy an a group such as a phéenyl group, a
met hyl phegsdupgr oup, or an ethyl phenyl group; and an aral kyl group such as a
benzyl group. It is preferably an al kyl group The nunber of, carbon
atoms of the hyldeorambet ofjcathondetensedf the mopgfqﬂ Qf@#FhEPS’Otﬁﬂchﬁ R*to 10,

more pref grrmcziiblzX |£ rp?g?e%agle f?om a1ng(:lo y(,atmonrgr;?re Ll?/ f’igl y1 o%mand yet more
preferably 1 or 2.

R% of formula (lla) dénotes a hydrocarbylene group. Examples of the

hydrocarbylene group include an alkylene group such as a methylene group, an

ethylene group, a trimethylene group, a tetramethylene group, a
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Exanpl es of the nitrogen atom containing hydrocarbyl group denoted by R26
i nclude a di al kyl am noal kyl group such as a di net hyl am nonet hyl group, a
di met hyl am noet hyl group, a dinethyl am nopropyl group, or a

di et hyl am noet hyl group. The nunber of carbon atons of the nitrogen
at om cont ai ni ng hydrocar byl group denoted by R26 is preferably from3 to
10, nore preferably from3 to 6, and yet nore preferably from%ﬂto 4,
Exanpl es BF“H"H@*M?@%ﬁr%ﬂ%rﬂfcﬁ)h?’éﬁrﬁ?t%'eﬁﬁcﬂr%%;r%@/Iarﬂ?'b%uﬁr%ﬁ‘ﬂ APy R26

include a r u . u yet hyl
“oroup. a PSS Asn. 8 @lerd Shafi & ACRIPRETESb: Unlin SelGiR )
group; angacy ctRal ipdrofrBiiRnEUgFouds iéirbr@f@réalF)YIa gfraight-8haid alkylene _

t etrahydrof uranyl group; and an oxacycl oal kyl al kyl group such as a gl yci dyl
group or graugtrahydrofurfuryl group. It is preferably an al koxyal kyl group,
an oxacycl oal kyl group, or an oxacycl galkyl al kyl grqup. The nunber
of carbon at ons' h§f NYmkeroRyerrRORASANE Mt irﬂfﬁ@’“ﬁ‘ﬁja?(b@dEW?feé?WMﬁr%Hot ed by

R26 is prs}ffé,g%dgmfpéeoH}-e%ertaglylgoﬁxrgﬁgﬁpreferabl y from2 to 6, and yet nore

pr ef er abl es of the silicon atom contai ning
hydrocarbyl groups gempiigqnay deabtdsns! sistitutdd amliky I grbly |o¥l &y lopgbeally such as
a trinmethylsilylmethyl group. The nunber of carbon atons of the
si | i con asubstitabet ahydracarbyldxpcgioby! Asobp sldrsbitiedd bymiRB6gicsippraepeaugpbl y from
4 to 10, nore preferably from4 to 6, and yet nore preferably 4. The
subst i t ut EaPreseited apbypimaulauflikle 680 cbie bsitae Ag theepptianally sHbslitrisd al kyl

group, an_oxacycl pal kyl grou or an_oxacycloal kyl al kyl. group.. .

Exanpl es B¥é(r9ﬁ%'%é'&6(¥ rf’%’gr%ggﬂpeEPpﬁ?S‘?'ﬁ?%ngmli%)(Eﬁlcﬁcwrﬁ'g '%ﬁea?’wo% group
such as aifiEt RAXpedi@YP: an ethoxy group, an n-propoxy group, an isopropoxy
group, a sec-but group, or a tert-butoxy group; a phenoxy group; a

di al kyl am noal k group such as a di net hyl am nonet hoxy group, or a

di et hyl anikn_o_mN oXy group; (emg a trialkylsiloxy group such as a
trimethylsil OXW\group or a't- atyl di met hyl si | oxy group. Exanples further

i nclude a 1, 2- 0R2|5anyl al koxy group such as a 1, 2-oxiranyl propoxy group, a
1, 2- oxi ranyl but oxy group, and a 1, 2-oxiranyl pentyl oxy group. The

group denot ed.by.A of fmrpul la) is preferably a subst.tuyt am no

gr oup, rmeheEﬁ“ﬁgr 3893# aﬁ@?%%ﬁyd)éﬂ‘ﬁm%g?@%%aﬁﬁﬁye onﬁpeaqﬂggﬁte‘?rbeol y a
di al kyl a"?t'&?n QERURd fofll {HRXGOND! QHSIHING2ER B Ritgs atdh, an oxygen atom,

di (oxacycl oal kyl al kyl )am no”group, or a di (trialkylsilyl)amno group.

As conpouand (al silicowratov| @ahsudbsiftutedr sityl grdud,aa greum havingp2rtep2@sarticed by

fornula (11lb), the fol|ow glgzscorrpoun_ds for which fornmula (11b) is an
acyclic antons grwhishRiclendR? farmixsinale sreugrandparesbendes tedhe A1itkggenani no

group, a di (oxacycl oal kyl)am no gro or adiH%]ox cloal kyl al kyl ) am no
gr oup _canat(?g' ¢1A éoéou%le %_o)"gEf?érﬁ) E@Feg‘? rRee &"5’_ @uzgxi%d)\mll%% ?%_fna (11b)
i s a di al gKl:AMRAO JGHORP 5;@'&6%%:%( dhgh Kothaii &1 Pr psprbddits 3k Kednunid anes
such as [ 3-(di net hyl am no) propyl |trinet hoxysil ane,
[ 3- (di et hydsiwmo) propyl ] tri nmet hoxysi | ane,
[ 3- (et hyl net hyl am no) propyl ]Jtri net hoxysi |l ane, 24 25 .
[ 3- (di et hyl aniExemplespof the hpdiesarhyil (gaeep denoted by R*® and R include an
alkyl group such as a methyl group, an ethyl group, an n-propyl group, an
isopropyl group, an n-butyl group, a sec-butyl group, a tert-butyl group, an n-
pentyl group, a neopentyl group, an isopentyl group, or an n-hexyl group; a
cycloalkyl group such as a cyclohexyl group; an aryl group such as a phenyl
group, a methylphenyl group, or an ethylphenyl group; and an aralkyl group
such as a benzyl group. It is preferably an alkyl group.

The number of carbon atoms of the hydrocarbyl group denoted by R4

31



i et hyl ami no) propylJtriethoxysilane, and

t hyl met hyl am no) propyl Jtri et hoxysi | ane;

i al kyl am no) propyl j al kyl di al koxysi | anes such as
i met hyl am no) pr opyl ] met hyl di net hoxysi | ane,

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

hyl h | ] hyl d h
et PR B P Bén"lf’ 8 o RS Prefi

eth t hyl di met hoxysi | ane,
#e?%}{bq%]ﬂno pr ogyl ] et hyl di net hoxysi | ane,
”Et hyl am Eb@b)ﬂfl@ﬁ))éf 1H§3ﬁ|ﬂbgdh etéraxoRtdiaing, hydrocarby! group denoted by

It blly Prgfn 1 to 6, and yet more
i

th

i

i et hyI am ngﬁfropyl net hyl di et hoxysi | ane,

t *riogipde

i

i

t

hyI @ Hiafkeylampindiatkyh gxou smreas a dimethylaminomethyl
rrethlamno et hyl di et hoxysi |

et h)gl}l%.‘i'ﬁ n®) pﬂﬁ &V]Jéf”ﬁ%myét QIMPZI gaagnetgﬁﬁmmopropyl group, or a
hyl jethyldlethoxy3|lane and

al k I'eatwlﬁﬁﬁ'rnpgréggp@ g?dlé;ﬂ kyl al koxysi | anes such as

i met hyl am 1) Ppr@RYEd dbfme¢drsbAetdiemySidfamife nitrogen atom-containing
i et hyl am no) propyl ] di met hyl nmet hoxysi | ane,

i met hyterdarty) mrowldjedn&tdlpyn%’f“hmxysﬂzf dsepreferably from 3 to 10, more
di et hyl met hoxysi | ane
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di
e
di
di
e
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di
e
di
di
e
di
di
di
di
di et hyl am no) pr op

di met Ryefarmbb rpfno%w ?darm%vﬁ\/mef%w§raba/nf§°m 3to4.
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i et hyl am

i met hyl amwg%y% E’ﬁééHa%gg hgdaocarbyl group denoted by
di et hﬁZQrinaop{m ﬂ@lddkdbﬁtmd)@bfk??%ﬁd (paﬂﬁch as a meth@%ﬁﬁ@ﬂh?ﬁgﬂfupt he
ound in which formula (lib) is a di(al koxyal kyl)am no group i ncl ude

[ di (al keethekyeytyl agrionp] @r mh(}wprmy{ogmspl ame sthexgmethy! group, or an
[ di (et hoxynet hypam no] propyl }tri net hoxysil ane,

di (et heXymreRyp£iew] R oPXACYElopiwl r&sszy&.q%ﬁeas an oxiranyl group or a
[

[g: ggﬁﬂ%{é}ﬁdﬁ% %[WP ‘]ﬂﬁ) 6%[}% o%%?\?] ﬁ%‘kﬂpﬁroup such as a glycidyl

{3-[di (meghayy BEL ¥RV rBRIMRA ri ftigQryferaBPan oxacycloalkyl group or
{31di (eth xyrret hypar?n ﬁ)girpr opyr?pqu gt hoxlygf arrle y y ylorotp

{31di (et bnmbmlpalkylabc]ypgampl ttriethoxysilane, and
(34di (et hoxyet hypam no] propyl }triethoxysil ane;

{ 34di (al koxyal kiisanimbepelosArPoa akgmslioh Slqua‘ﬂég‘ SRRiAinipg hydrocarbyl

34d t hox 4 b
{34di (ot hORTLRRORERTIOT or BB 1 i POl FORyA R 48cfhore preferaby from
13-[di( ﬂetzhew%wa@md?elp%@%& g ltgiar net hoxysi | ane,
{ 34di (et hoxyet'hyl )’am no] pr opyl } net hyl di et hoxysi | ane,

Gt di (et hoxy et Ewdospies of phe)rsyllc]oetditphdcmﬁahmg/hydmerbyl group denoted by

{34di (et hoxynet h no] propyl } et hyl di met hoxysi | ane,
{3-[di (neﬂ)%w@t ﬁ?%dmlhé?pﬁdﬂ?? kylsilitkalkyl rareumosUehi parR trimethylsilyimethyl

{3-[di (et hoxyet hyl ) am no] pr opyl } et hyl di net hoxysi | ane,
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(31di (et @ t hyDami no] pr opy! }rret hyl di et hoxysi | ane,
{34di (et hoxyrret-{PéDﬁ“ |éjf' Rk NP6 ABRRcontaining hydrocarbyl
{34di ( met hoxyet yDan%Eg gf; g%;yf’b I di et hoxysi | ane, 9y y

{3-[di(et bwabfydt)samyrmi“pmm?% rmpdeyérdba/t friomy4 itd d0emore preferably from
{34di (et hoxymet hyl ) am no] pr opyl } et hyl di et hoxysi | ane,

{3- [gl (et Hﬁn;ﬁranﬁ;ﬂeammg]ppef@qulyét hyl di et hﬁxy5| | Fme
3- 25

{3 gd: E?{Loiﬂfémyna & ROTH8 SEORL R TIA SFaiRgEnpEReY Bagand R include
34

S ?&ﬁ%‘%&%ﬁ"k@ﬁ%@%?é?ﬁ””ﬁf“&%ﬁ??ﬁ@%ﬁ%ﬁ?ﬁ%ﬁﬁ"ﬁmw ora t

{ 34di (et hgywnh C%r@ﬁﬁp}éhﬂida rabIRBkyEy N Qty6p |stieR, as a trimethoxysilyl
{31di (net hoxyet hyDam no] propyl } di net hyl net hoxysi | ane,

{3-[di (et gooupet Hyls)mafeiaplpra)tjsdl%)dlsltytbgmumet hoxysi | ane,

{3-[di (nmet hoxynet h m noJ pr.o di et Irret xysi ] ane,

{34di (et hoxyrretmﬂjéHznﬁﬁj B?Gﬁf}?‘{)%?{ﬂ"l‘ﬁ/ ?%8%@%@%%?'% group denoted by
{3-[di (et hoxyet hyDam no] pr opyl } di et hyl net hoxysi | ane,

{34di (et hoxyet hyDam no] pr opyl } di et hyl & hoxysi | ane,

{34di (et hoxymet hyDam no] pr opyl } di net hyl et hoxysi | ane,

{3-[di (et hoxymet hyDam no] pr opyl } di net hyl et hoxysi | ane,

{34di (et hoxyet hyDani no] pr opyl } di net hyl et hoxysi | ane,

(3-[ di (et hoxyet hyDam no] propyl } di net hyl et hoxysi | ane,

£34di (et hoxynet hyDami no] propyl } di et hyl et hoxysi | ane,



conmpounds in which formula (11b) is a di(glycidyl)amno group such as
{34di (gl yci dypam no] propyl }tri nnet hoxysi | ane,

{3-[di (gl ycidyl)am no] propyl)triethoxysil ane,

{3-[di (gl ycidyl)am no] propyl } met hyl di net hoxysi | ane,

{3-[di (gl yci dypam no] propyl } et hyl di net hoxysi | ane,

{3-[di (gl ygjdyl)am no] propyl } net hyl di et hoxysi | ane,

{3-[di (gl %4. ami)%'ﬁcnrﬁﬂ%@lgh')féqm &8 dOnGr8i Rrgtrgably from 3 to 6, and yet
{3-[di(glycid 1N ropyl } di et hyl net hoxysi | ane,

{34di (gl y%‘?’&%%?‘%ﬁkaﬁﬁ Br opyl 3 di et hyl et hoxysi | ane.

{31di (gl yci dyl )Aémh_réoaiﬁg@pgyﬂohgld@iolfe/d 9?hﬁé)4=$2‘_4|a':ﬁaeR25aﬂldwhich they bond to
{3-[di (gl ycidyl)am no] propyl )di et hyl et hoxysi | ane; and conpounds in which
formul a (thkbjitrogem athirftvéd aatopticobomnd,ua divabemt goowr thad nsayctordain at least
{34di (tetrahydrofurfuryl)am no] propyl }tri nethoxysil ane,

{34di (tet 9%9&%1’8@%@@%%@9%anﬂn@m@%yépg%é@m and an oxygen

- [ di hydr of ur f | i | L di i ,
Eor T L oY EDiE [ ¢ifat ) SRRSO R e e Xt dehB® group, o
(3 L (t Shicglaend Wbl ¥1o) akIRLRECBIITER il bRbhaNgroup, a 1-

{34di (tetrahydrofu ) am no] propyl } et hyl di et hoxysi | ane,

{ 3- [ di (t einethyshopl/liddneg gloupranio3{airapthyluitylidieng| gretipox penkyidene group,
{3-[di (tetrahydrofurfuryl)am no] propyl }di et hyl met hoxysi | ane,
{31di (tet a@dmdﬁdv,aquhmeﬁlx)lammﬂepm "Pdgfr?é‘Phleé‘?hWWg?ﬂ ghearbgrgatoms

3-[di hyd f ' | } giset h h I 1 EX f th
compound $HIRHBAe el ceplab Py Sl R gl 7 JTWpicn {5 iagifne” ' 11

(5200 AR SIPAD L0, 0 o AL Antcrt o 2 o 2. an

{3- [ di (t-fwekey pedferibiytreinl ¥t9 8m no] propyl | tri met hoxysi | ane,
{3-[di(trinethylsilypam no]propyl}triethoxysilane, and ) .
{3-[di (t-butyl Exaswhss of thedinatritgrepp|Having:2Hex3icrErqs atoms in which

L L ald M 2 BB ERY L S SRS ARG Bl S o o
3-[di(t- i - - - -
50 BRI 4 S o O A5 giinins

{3-[di (t-§reup| i prinkythsthlylpemyraiprepyl herimyihgiesehgroup; | @meslkerytene
(3-[di(trial kylsilyOam no] propyl }di al kyl al koxysi | anes such as o
13- [ di (t r gneeptstichi 43/ pamdup Ferrepgntedi byetGy+ GHtGldx G bir| amérogen-containing

T R AT —
Fur  hor robie, CAGCR-QXCR! 9 2G1di] HeBRicohfud by | GHICHIRCCHE 2 918P 1 s &

group repfepsessried by -CoL,CH,8H,INR), d §lupdeptdented bpwCHgCHORENNAS d N whi ch
formula (11b) is an acyclic amno group such as a 1-piperidinyl group, a 1-
hexanet hygronpi reipresentedi by -& HoGHri-NHzGHyAH gt @ng, am oxy@&@nireRtaindnd grebpdazol yi

donpound $iENs chorimarastaes to-CRa Befheb o B Bk oLRdeREenied
3-(1-pi pel'syi/ %ﬂ?&%@ﬁgﬂ'd-birﬂ&ﬁ;eiﬁ%?:‘ |- A€ number of carbon atoms of the divalent
group in which the R?* ad R?® are bonded to each other is preferably from 2 to
12, and more preferably from 2 to 8.
As the group represented by formula (I1b), an acyclic amino group and a
cyclic amino group can be cited.
Examples of the acyclic amino group include a dialkylamino group such
as a dimethylamino group, a diethylamino group, a di(n-propyl)amino group, a

di(isopropyl)amino group, a di(n-butyl)amino group, a di(sec-butyl)amino group,
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pi peri di no) propyl tri et hoxysil ane,
pi peri di no) propyl net hyl di met hoxysi | ane,
pi peri di no) propyl et hyl di met hoxysi | ane,

3-
3-
3-
3- pi peri di no) propyl met hyl di et hoxysi | ane, and
3-

n ich formula (11b) is a 1- hexanet hy] enei mi no group incl ude

hexarfet H(fERAUN RS PPopPreA. mefhoxgePRARy)amino  “group, —or  an

1-
1-

1-

1-

1-

wh

1-

1- hexa 0 ltriet.h

1- hexa%g ﬂﬁe@ﬁﬁﬁnﬁo) grg%l rrét h(tj %fé@ah@))%mlpanegroup such as a
i hexa &Wﬁé’fh?l‘?érﬁfn‘ép)/'g}bbg' di get aiethddRenyl)amino  group, a
1-
wh
3-
3-

hexamnet hyl enei m no) pr opyl et hyl di et hoxysi | ane,” and

n |chforrrulag11b Is a 1-im dazolyl group. .incl

N- tri nﬂ:(ﬁrdggyg{sq)g})amlagwryppn Hehope a éi{l,((gnmethylsnyl)ammo group or a di(t-
N-

I d I
541! R BIRHN T08' e, o BRI o fefORAGRES 4
N-(3-t h d
¥ (3L 1] TSR PPl oMl BOca b tangtiine group o o

onpound iditethaliréfaranyl)amiid hjoups aad B ¢il percyzlioaiklylagrytlamino grawgesuch
1- pi perazinyl ) propyl trimet hoxysil ane
pi peraézﬁn?l(}!@ﬁ@%ﬂﬂ‘ﬂﬂ%tﬁ@k&s?ﬂ @néi|(tetrahydrofurfuryl)ammo group.  Yet

1-
i B: B: ih‘?{zl %g B%%gﬁx\#%ﬁqlnenﬁ% le%alaﬁnethylldeneammo group, a 1-
i pi pern?@thgl}ﬁ %p??l@@ JFﬁlhBngdlf‘pt hQXY%'-&ilﬁf&hylﬁﬂ@hdeneammo group, a 1-

pi per azi opyl et hyl di et hoxysi | ane.
methylethyhdeneammo group, and a 4-N,N-dimethylaminobenzylideneamino

(
(
(
(
(
3-(
3-(
3-(
3-(
3-(
3-(
(
(
;
(

c

3-(
3-(
3-(
3-(
3-(
3-(

group.

Examples of the cyclic amino group include a 1-polymethyleneimino
group such as a 1-aziridinyl group, a 1-azetidinyl group, a 1-pyrrolidinyl group,
a 1-piperidinyl group, a 1-hexamethyleneimino group, a 1-heptamethyleneimino
group, a 1-octamethyleneimino group, a 1-decamethyleneimino group, or a 1-
dodecamethyleneimino group. Furthermore, examples of the cyclic amino
group also include a 1-pyrrolyl group, a 1-imidazolidinyl group, a 1-imidazolyl
group, a 4,5-dihydro-1-imidazolyl group, a 1-pyrazolidinyl group, a 1-pyrazolyl

group, a 1-piperazinyl group, and a morpholino group.

«x—O0—R%®  (lic)

wherein R?® denotes a hydrocarbyl group that may contain at least one atom
selected from the group consisting of a nitrogen atom, an oxygen atom, and a
silicon atom, and * represents a bonding position.

Examples of the hydrocarbyl group denoted by R? include an alkyl
group such as a methyl group, an ethyl group, an n-propyl group, an isopropyl
group, an n-butyl group, a sec-butyl group, a terf-butyl group, an n-pentyl

group, a neopentyl group, an isopentyl group, or an n-hexyl group; a cycloalkyl
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pi peri di no) propyl et hyl di et hoxysi | ane. Exanpl es of the conpound

he x andiekiyd xymeitmy ! yam)ipo o gydus, hydrdi &t Hdgwyahhgl)alﬁkmpgmpof ahtle aonpound
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Exanpl es of the conpound in which fornmula (11b) is a norpholino group

I ncl ude 3-nor phol i nopropyl trinmethoxysil ane,

3- nor phol i nopropyl tri et hoxysilane, 3-norpholinopropyl et hyl di net hoxysi |l ane,
3- nor phol i nopropyl et hyl di net hoxysi | ane,

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

3-nor phol i nopr opyl et hyl di et hoxysi | ane. Ex | es of the conpound
(1) 0 wTRUP 206 36 GYPRNEXZgToRE: ancaryl,rauB, FUSL et PP WHBIRHPA 7 11c)

aroup or  SeOIBASHY oS TBRH F Bl ol Cad b Yy Pglcki bt a1
whi ch for gehayi(gtdep. 118isApretériably 41 alpl grdupal koxy) propyl tri al koxysi | anes
such as 3- (et hoxy) propyl trinethoxysi | ane,
3- (et hoxy) pr opyTher nurebéroodyssrbamatoms of thephysrosgippt erepptdenetethby Rl isne,
3 1S opr oy R 1 (6710, hbre preteraly from 1 16 8’ mbre prataray ' 2"
from 1 to 4.
Examples of the nitrogen atom-containing hydrocarbyl group denoted by
R? include a dialkylaminoalkyl group such as a dimethylaminomethyl group, a
dimethylaminoethyl group, a dimethylaminopropyl group, or a diethylaminoethyl
group.
The number of carbon atoms of the nitrogen atom-containing
hydrocarbyl group denoted by R?® is preferably from 3 to 10, more preferably
from 3 to 6, and yet more preferably from 3 to 4.
Examples of the oxygen atom-containing hydrocarbyl group denoted by
R? include an alkoxyalkyl group such as a methoxymethyl group, a
methoxyethyl group, a methoxypropyl group, an ethoxymethyl group, or an
ethoxyethyl group; an oxacycloalkyl group such as an oxiranyl group or a
tetrahydrofuranyl group; and an oxacycloalkylalkyl group such as a glycidyl
group or a tetrahydrofurfuryl group. It is preferably an alkoxyalkyl group, an
oxacycloalkyl group, or an oxacycloalkylalkyl group.
The number of carbon atoms of the oxygen atom-containing hydrocarbyl
group denoted by R?® is preferably from 2 to 10, more preferably from 2 to 6,
and yet more preferably from 2 to 4.
Examples of the silicon atom-containing hydrocarbyl group denoted by
R? include a trialkylsilylalkyl group such as a trimethylsilylmethyi group.
The number of carbon atoms of the silicoh atom-containing hydrocarbyl
group denoted by R?® is preferably from 4 to 10, more preferably from 4 to 6,
and yet more preferably 4.

The substituted hydrocarbyl group denoted by R* is preferably an

alkoxyalkyl group, an oxacycloalkyl group, or an oxacycloalkylalky! group.
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3- (sec- but oxy) propyl tri net hoxysi | ane, and
3-(tert-butoxy)propyltrinmethoxysilane. Conpounds in which fornula
(11c) is an oxacycl oal kyl al kyl group: gl ycidoxyal kyltrial koxysilanes such
as 2-glycidoxyethyltrimethoxysilane, 3-glycidoxypropyltrinmethoxysilane,

2- gl yci doxyet hyl tri et hoxysi | ane, and 3-gl yci doxypropyl tri et hoxysil ane.
Tet rahydr of ur furyl oxyal kyl tri al koxysi | anes such as )

2-t et r ahydr of ur EXayples aitthe | arevprdeRisepaiadapy formula (lic) include an alkoxy

3-tetrahydrof urfuryl OXypr tri et hoxysil an :

2-tet rahycﬂ’glféjrsfu%y%soéy%teﬁg%ré@{aﬁb%&sfgﬁgﬁg,&SHB' an f-propoxy group. an
3-tetr ahyqécﬂferéWg’ﬂoQE}’Qrs@@)b'uid)dyedrBQF)’éﬂ & @é}ﬁbuthly groug;caTpRERcky(drolipi S
preferably a [3-(dial kyl am no) propylltrial koxysilane, and nore preferably
[ 3- (di net hay |diatkylanproaiisdxlyt gioupt Isorly sad amealimethylaminomethoxy group, or a

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

[ 3- (di met mtawpmw@téym 9(%%@%‘95@ Fr%@xls@xy group such as a trimethyisiloxy

e con oty g BnaBUbTISIRNG SRR, e B B e T .2 et
(A) and Cmgﬂﬁatkoﬁﬁ%;rmﬁ%mﬂﬁg‘b 1(,2\)oxn?fé§5mg>p%xgggémta 10-bJrdryo ok

anount of conponent” (A) and conponent as 100% by weight, of from5 to

90% by weiggiip, madca ¢@pxirenytpenBjlokagioup. a content of from 95 to 10% by
weight. In order to inprove abrasion resistance, the content of conponent
(A) is preferable gseun degotadaRy 18fhiproeiantia) iherefsrkinta subst ent (B)

b1 09, " ARG ot e SreiSbH U 2y SarkingdToaB! dnd'fht 8RS phdigful* Y
a dialkylamino group, a di(oxacycloalkyl)amino group, a
di(oxacycloalkylalkyl)amino group, or a di(trialkylsilylyamino group.

As compound (1) for which A of formula (lla) is a group represented by
formula (llb), the following compounds for which formula (llb) is an acyclic
amino group such as a dialkylamino group, a di(alkoxyalkyl)amino group, a
di(oxacycloalkyl)amino group, or a di(oxacycloalkylalkyl)amino group can be
cﬁed.

Examples of the compound in which formula (llb) is a dialkylamino
group include
[3-(dialkylamino)propyl]trialkoxysilanes such as
[3-(dimethylamino)propyljtrimethoxysilane,
[3-(diethylamino)propyl]trimethoxysilane,
[3-(ethylmethylamino)propyljtrimethoxysilane,
[3-(dimethylamino)propyljtriethoxysilane,
[3-(diethylamino)propyl]triethoxysilane, and
[3-(ethylmethylamino)propyl]triethoxysilane;
[3-(dialkylamino)propyl]alkyldialkoxysilanes such as
[3-(dimethylamino)propyllmethyldimethoxysilane,
[3-(diethylamino)propyllmethyldimethoxysilane,
[3-(ethylmethylamino)propyl]methyldimethoxysilane,
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(the content of conponent (B) being not nore than 85% by wei ght), and yet
nore preferably not | ess than 20% by wei ght (the content of conponent (B)
bei ng not nore than 80% by weight). In order to i nprove fuel econony, the
content of conponent (A) is preferably not nore than 80% by wei ght (the
content of conponent (B) being not |ess than 20% by wei ght), nore
preferably not nore than 70% by wei ght (the content of conponent (B) being

not |ess E’%@dmﬁﬁwwi%@m'}%thﬁﬁm PXYﬁiltaé‘epreferabl y not nore than 50% by
wei ght ('t _(oqgtrp,&%%n%ﬁ%@gﬁ@bﬁt@ﬂg%ﬁg not | ess than 50% by wei ght).

In order to'lnNncrease conj ugat ed di ene pol yner preferably
contai ns m(chARRthAamintybropiléthidikempsiine(A) or/and (B), and the

cont ent o?lﬁ heﬂaron)gti cdb?/dl)r?l??]un?t, rel a’?i ve to 100 % by wei ght of the

t ot al anoif(dimkethenivoiproggiredthyidiethonysitanend t he aromatic vinyl unit, is
preferably at |east 10 % by wei ght (the content of the conjugated diene
unit bei né-%e‘@e/l@a%'@?)pfm"whv IBfhReVSYRPS, and nore preferably at |east 15

% by wei ghf t J: jene unit being no greater than
85 % by mtﬁt5‘%%@?3‘%%@@‘r°9§¢°8&%?§’3{'@'ﬁg‘%wgi\kag"&’nt of fuel econony, the
content of3_{diRefiyPARinbfprépPYdthiibidthbxyshaRéer ably no greater than 50 % by
wei ght (the content of the Cconjugated diene unit being at |east 50 % by

wei ght), Baiethyanpnefpeombleyhyidietiroxgsitand, lamd 45 % by wei ght (the content of
t he conj u%at ed diene unit being at |east 55 % by weight). I n order
t o i mpr ovB-taihyaiedhyiaminoipronytctayldiethexy«dl@pfoad the conjugated di ene

pol ymer r r.conmponent preferably contains a constituent unit based on a
silicon- cﬁ’g{j‘f\?'hY'ﬁgﬁ’HﬁRB’r{’é&dI%kyég‘ﬁﬁ%\ﬁé'ﬁf‘ef ﬁ)’c%ﬁa/ or conponent (B), nore
pref er abl %-ﬁﬁﬂbﬁiy%?nﬁ\o&ﬂ@ﬁ&%&i%‘fﬁylh‘n@mo@@m,0” a silicon-containing
nononer i h conponent (A), yet nore preférably contains a constituent unit
based on [B-@i¢thgramino)prapyijdirgethyimathoxysilanefrponent (A) and conponent (B).
The silicon-containing mononer is preferably a nononer represented by
fornul a (y(dimethylaminp)prgpwidiethylmethoxysilaigr asi on resi stance and f uel

econony, the.content of the.constituent unit based on a silicon-containing
nonomner it?'{adﬁ%t%?f%m'ﬂ%)&’{%wqﬁchtgﬂgeﬂé?’f)ﬁg?n?’ubber is preferably not |ess than
0. 001 nmof4_ gid q,!rg}]t“ indWreplidimethvietieRlditinger unit wei ght of conponent (B).
It is rmr!e gjrle?erab Iy%t p?@set hyz}l% 0.%0‘2“m’m|/g and not nore than 0.07

mol / g. | [3-(diethelaniine propydfdanathylethorysileas, t han 0. 003 nmmol /g and not nore
than 0.05 mol / g. In order to inprove fuel econony, the vinyl bond

content (Preiwethytamisp)rronylidjathwiptbiexrsdapasard 1, 2- addi tion consti tuti onal
unit) of the.conjugated dien olynmer. of the present invention, with the
cont ent ollts'{edrﬁ%t%X{?Hﬁﬂ%%'@i‘%ﬂ@e%’&ys 2%00 % by nol, is preferably no
greater than Sgxiedlof 2l MRofidiRtCT 4! Yuieh I BRhGfa t 1A6) 74 Moy Mol -

Furthernore, fromthe viewpoint of grip properties, It Is preferably at

| east 10 Gidikoxylikylyamiino grede intlde at | east 15 % by nmol, yet nore
preferably at |east 20 % by nol, and particularly preferably at |east 40 %
by mol . [ditatsaxyBlkybamaralerepyhinalkexysharemeectngs | R spect roscopy fromthe

absorptiop jntensit round 910 .cm 1, whi.ch is an absorption peak of a
vi nyl IOgr o&pt‘mmer}ﬁ“ym?‘ﬁ?ys?@ép P%?HVHETI"B%\@BXH' gth, the I\/bgney v!oscosi ty
ML 1+4 f & i - di f e present invention is
E)ref_eraz)l 'h"g‘{éﬂ? ess #ﬁg%a%ﬁ'é‘%@ﬁgylﬁ@%&ﬁéxfg?g 1ypnot | ess than 20.

Fur t her mog [dinietBbARIthyIParh iR sTe By PiriaseRsailahéy, it is preferably not nore
t han 200,{a[ndq nor eﬁlﬁ e*er abl gl/&ng%lwrmre than 150. The Mooney viscosity

(M_1. 4) | S-mizthmaetiat)abtiog]propydcmetiengyeilane,h J1I'S K6300 (1994). In
order to inprove fuel econony, the nolecular weight distribution of the
conj ugat eB-Wi@rthperyeidyaminipranyigiethexysiryel to 5, and nore preferably 1

to 2. The . r Laht. distribution i tai ned by neasuring
numer-av{eﬁé@%&&e\gﬁ%{%MP f’p(lﬁ)}ﬁ')elt%oﬁ%fs\ﬁ\%'?%ht-aver age nol ecul ar wei ght
(Mv) by ar30Rii(nisthBRRthPTarRiNofrap PgirbxySitéde ighod, and dividing Mv by M.
Met hod for produci ng conjugated di ene pol yner rubber As a preferred
met hod f of3-fuli (@thmiyethyt faenioolpromd}taethdxesitangol yner rubber of the present
invention, a nmethod in which conponent (A) .and conponent (B) are separately
pr epar ed, {3aksi(adeyatrehaminglpeany labsialkexysiiBnea sechased by a known net hod
(a nethod in which nelt mxing is carried out by means of a known kneader
such as a roll or a Banbury, a method 3m which solution mxing is carried
out in a hydrocarbon solvent, etc.) can be cited. Furthernore, a production
met hod including step (c-1), step (c-2), and step (c3) bel ow can al so be
cited.



Step (c-1): a step of polynerizing a nononmer conponent including a

conj ugated diene in a hydrocarbon solvent by an alkali netal catalyst, thus
giving a polynmer having an alkali netal derived fromthe catalyst in at

| east one conjugated di ene-based nononer unit-containing polyner chain
termnus. Step (c-2): a step of reacting the aI kal i netal - containing

I t f th b 1 th b I
G oup. - and SENEE I B BRI OP A A RO BBOEnG ( conpound (1)) t he
t of 5 nol d not th
0.9 ol pd? IHrHBErhe Ry BRI ARIAY Jﬁg"?“eone??u catalyst used in

step (c- 1){3 [&Km@tﬂdiy%yl)amﬂ@ﬂwzl}méﬁmdlﬁ@tﬁd)@saéﬂmll met al - cont ai ni ng
pol ymer term nus of the aving an alkali netal in at |east one

pol ymer tG{Bﬂﬂlmmowqthyliﬁmmnbtsgmi}m@t]bvwﬁﬁﬂ@dywﬂﬂnreor mul a (11a) bel ow

d ft t t of d (Il
P e hrk oD SRS £ O, Sommotns (1)
armunt  of ({g‘f??&% rﬁét%gﬁr‘ﬁﬂﬂ]ﬁ'rg?@?@th&fd‘r%)eth%%?él a_?r'e mol) X (I'1): amount of

conpound use value for min fornula

(11a) (R2%Q)[&%éﬁi%&?éﬂh%%urf&];ﬁh@i;;«qéthmema,xpsnchmot es a nunber from1l to 3,
ro

n denotes a nunber to 3, m+nis from2 to 4, R21 and R23 denote a
hydr ocar by{8- [Q}(eihpxydm;@l)aimnolmep)d}d’imjdmm%thbwselaeegroup, A denotes a

substituted am no gr OUF or an optionally substituted hydrocarbyl oxy group,
when t her é3-4digngthexymgthyamipolrsopylimethydiethgxysians. r21s may be i denti cal

to or diff r t plurality of R22s the

pl ural i ty{gi{g’%agxﬁﬁétﬁgggmg‘ Efﬁoggﬂﬂ?ﬁu%&r@%\%g%faen%f from each ot her, when

t here ar e ra H(HEMoxydthghamhdiplopgiimktiyidibthoxpéildRe3s may be identi cal to or
di fferent {fr[om eachpotg[) an%l wggn th yZdre arg a pI urality of As the

pl urali ty{3)-1[d|(eﬁhoxw}h;ld)am|de}urop3d}meﬂ)ytdnetdoxvselaeat from each ot her.

Exanpl es of the alkali netal catalyst that may be used in (c-1) include an
al kal i nef3ddi(meathexyastyhrminolpiarletyidisthexysilinéonpl ex bet ween an al kal i

metal and r n alkali nmetal, etc.

Exanpl es 6? [é)ﬁetﬁéﬁ&ﬁ)&?b@g al°k M&%‘Wﬁ‘ ?tﬁgﬁﬁn@sgm um potassi um rubidi um
and cesi ug. [d.(methoxyéhwmhﬁﬁ)wopw@ths;rmnewéﬂahe agd al conpound incl ude
ethyllithium npropyllithium iso-propyllithium n-butyllithium

sec- butyl I{:B-l[ch(aihpxyethrﬂ)qmlholdnoplyﬁethyidteyrhdxyshamsnarphenyI l'ithium
2-naphthyllithium 2- yl phenyl |
phenyl but mqlIfaikww!)amﬁ@aprqnv!}ma&wla.'kewﬂaa@msm A%hi um

{3-[di(methoxymethyl)amino]propyl}dimethylmethoxysilane,
{3-[di(ethoxymethyl)amino]propyl}dimethyimethoxysilane,
{3-[di(methoxyethyl)amino]propyl}dimethylmethoxysilane,
{3-[di(ethoxyethyl)amino]propyl}dimethylmethoxysilane,
{3-[di(methoxymethyl)amino]propyl}diethylmethoxysilane,
{3-[di(ethoxymethyl)amino]propyl}diethylmethoxysilane,
{3-[di(methoxyethyl)amino]propyl}diethylmethoxysilane,
{3-[di(ethoxyethyl)amino]propyl}diethylmethoxysilane,
{3-[di(methoxymethyl)amino]propyl}dimethylethoxysilane,
{3-[di(ethoxymethyl)amino]propyl}dimethylethoxysilane,
{3-[di(methoxyethyl)amino]propyl}dimethylethoxysilane,
{3-[di(ethoxyethyl)amino]propyl}dimethylethoxysilane,
{3-[di{(methoxymethyl)amino]propyl}diethylethoxysilane,
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di met hyl am nopr opyl |'i t hi um di et hyl am nopropyl lithiumt-

but yl di met hyl si | yl oxypropyl I'i t hi um N-nor phol i nopropyllithiumlithium
hexanet hyl enei mide, lithiumpyrrolidide, lithiumpiperidide, lithium
hept anet hyl enei mi de, |ithi um dodecanet hyl enei m de, 1, 4-dilithio-2-butene,
sodi um napht hal eni de, sodi um bi phenyl i de, and pot assi um napht hal eni de.

Exanpl es he conpl ex between an, al k nmetal and a pol ar conpound
i ncl ude a?:bb‘{ iedaexymetByhamingl WPBY'MIGM%I‘WSHﬂEIea pot assi undi et hoxyet hane

conpl ex. f al kali netal -include

t he sodi uﬁ gd' ’?et“@gémn@?ﬂ?ﬁ‘ g#ga %&?Efé@@%ﬂhﬂ& il Anong them an

organol i tI(@ Wm@a%na]pr@;sﬂ}@r&ﬁwdmdﬁygmund is preferable, and an
onpoun

organol i thiumc or organosodi um conpound having 2 to 20 carbon atons
is nore prefer dxamples of the cd'meohydinromcb‘bformlalélﬂm igsedi(pxacycigalkyd) 1) is a
sol vent that does not, deactivate the organoal kali netal conpound catal yst,
and exanpPBYNQ BEYURONCIUAR| ude an aliphatic hydrocarbon, an aromatic
hydr ocar b C of the

. ! 8§m8809d§"@ \ﬁhcﬁﬁ? rI\dSiaB I;)‘% a”‘BI?&IIBa %ﬁhﬁé éo a%ﬂﬁneés

al i phatic rocarbon 1nc n- pent ane,

i SO- pent a{’(?—[dI(bxhﬁhﬁlljl&mnm&%?l?mnﬂethéﬁy%ﬂ@mel so- butene trans- 2- but ene,

ci s-2-butene, 1-pente 2- pentene, 1-hexene, and 2-hexene. Specific

exanpl es ¢{3- [dl(oauranplmazmno prodyiciethoogysilared, ude benzene, tol uene, xyI ene, and
et hyl benzene, and qu cific exanples of the alicyclic hydrocarbon include

cycl opent Q‘r@'%aﬂw @W@Mﬁ@yl}mﬁﬁwqwthﬁ‘yﬁw-on their own or in a

nbi hyd b h 2 12
comt | o0t BiobYRER BB ERp, ., 1 ocarbon having 2 o
conj ugat egs. fh.&ﬂﬁaawarnmbya%by%etﬁym.etrh@ségﬁfan@ conJ ugated di ene pol yner

havi ng at pol ymer "chain term nus an al nmetal originating fromthe
above- men{3- [memrahkle)dmInnsmrabyk}ahald}ahoxy@dan@,l es of the conjugated diene

i nclude 1, 3- but adi ene, i soprene, ent adi ene,
2, 3- di net I%z&dl(pxsaﬂm%mmehmpumn@tw yéhdne.and they may be used on
thei r own

nmbi n |on types. Anong them fromthe
Vi ewpoi nt {fgd'¢°é§89ylg%InI° @eth]\_( rge'glﬁf%ﬂ[aiﬁe and i soprene are preferable.
In step ({33F&l(oxﬂﬁhylﬁ'@’ﬁIn%?ﬁrbﬁ?l}@iﬁ%éﬂbﬁe%&%él%ﬁeothUS' ng the conjugated diene
and anot her nononer | es”of said ot nmonomner include an aromatic

vinyl, a {@- rtydommnylbmnmwoawl}mawmhmmanwzkmi(yl ic acid ester. Specific
exarrpl es of the aromatic vinyl include styrene, O-nethylstyrene,
vi nyl t ol uewepovnwnn‘a@ﬁh Iigmﬂe (lg) mmgl(%mﬁ@fwwv?m%ewz@rf@chaﬁd

d I | f f dh I I | ud
ai:I'yPXn??I’I"IoE& “Gfyeopuisy brpiiPediordSalal s ac ea carboxyi o i ¢
ester incliidg ?ﬁ&ﬁ%roﬁi‘?éﬁ)}lﬁgﬁnof&r@ﬂl}tﬁ@f%&%lﬁane‘mt hyl methacrylate, and

et hyl nmethacryl a em an aromatic vinyl is preferable, and

styrene i §- [mqtetr@hi)&freﬂmﬁn&)amIno]propyI}Fheth&Idhuethax&sﬂaamat| c vinyl used, with
the total amount of conjugated diene and aromatic vinyl used as 100% by
wei ght , i 8-lsbttetrakydrofysan %WOMP@HIetbylHE“%IhQ&Yﬁ“a@? conj ugat ed di ene used

or ef or abi ket S areReram By R o iSakhiERr *Con; ugat ad di ene used
bei ng not {ﬂgeﬁ%}” % r#\)f)é’r‘ﬁhg rEpyI?iﬁ%IHWtﬁoﬁfsgéﬁéabl y not |l ess than 15%

by wei ght conj ugat e use el ng not nore than 85% by
wei ght) . {m#@«téﬁéh)ﬁd?ofmyﬂ)éﬁnﬁbﬁiroﬁﬂmmﬁmwmbmoa(lyﬁme of aromatic vinyl

used is preferably not nore than 50% by wei ght (the anount of conjugated
di ene usefB-shftetgamutrofusaryl)amino]propyl}diethylmethoxysilane,
{3-[di(tetrahydrofuranyl)amino]propyl}dimethylethoxysilane, and
{3-[di(tetrahydrofuranyl)amino]propyl}diethylethoxysilane.
Examples of the compound in which formula (llb) is a di(alkylene oxide
alkyl)amino group include

compounds in which formula (lib) is a di(glycidyl)amino group such as
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t han 50% by weight), and nore preferably not nore than 45% by wei ght (the
anount of conjugated di ene used being not |ess than 55% by wei ght).

In step (c-1), in order to inprove abrasion resistance and fuel econony of
t he conjugated di ene pol ynmer rubber obtained, it is preferable to use a
silicon-contai ning nononer as one of the nononer conponents and carry out

pol yneri zaf | of . the nmononer. components including the conjugated di ene and
the sili cﬁfi@&W%?Hl%"ﬂﬁﬁWf'W%%gs'm ocarbon sol vent by neans of the
al kal i metatqiefN Gy inbay itMLIRGxesiRpkYMer having a catal yst-derived

al kal i rreg aF I@gy atwﬁnégtfbo‘?\% erm ?(1 sI of "a pol ynmer chain containing a

conj ugat e¢B-fHigmeidapetnopropEmethiyldimetttoRysilansf i t uent unit based on a
silicon-contai ning nononer. The silicon-containing nononmer is preferably a

mononer r Epldiadyaidd)asyinelprenyiethplgimaibexysilane, In order to inprove
abr asi on |.stan and fuel econo t he..ampunt of silicon-containing
nononer uiﬁg‘!@@wg@%@'“ ﬁ%??’é}rm%tgwgzéﬁ@?ﬁ@"ﬁ%%d for polynerization, is

pr ef er abl ya_ % referably not |ess than 0.002
mol , and@@?@r‘%"?@ﬁ?‘ﬂ@’g‘%ﬂ@ nomﬁlékehsoﬁtp%agwne?o. 003 nmol . The anmount used is
pr ef er abl y3-[di{glyendy@)dmias]popdy lJamakthylmétboRysilageabl y not nore than 0.07 nmol,
and yet nore preferably not nore than 0.05 mol . The pol yneri zation
in step (¢3-Idi(atxojdlaminelprenyisigthyimeathexysilasence of an agent for regul ating
t he vi nyl con ted diene unpit, an agent for

b content. of th juga
regul at i n@'f‘ﬂé'Xﬁ'@f'ﬁ"ﬂﬂ?i%‘i’f’ﬁw"Pﬁ{é‘ygeéh?’ﬁ'@ #8% l%ne pol yner chain of the

conj ugat eg, dj. N A5t 1 H,?cﬂér | sed on a nononer other than
t he conj uéa@é%'%@h'ﬁ%é@ﬁ&@hg%ner FW%;{H?M "regul ators'), etc.

Exanpl es ebmpuGhdsamemmish foveduia¢lig)isef digletrafy@oritturybai@id g@up saehe, and a
phosphi ne conpound. Specific exanples of the ether conpound 1 nclude cyclic
et her s sufh[didetrahydadfpdiuofilangino]prepylHripethgxysidane,and 1, 4- di oxane; aliphatic

nonoet hers_such as di ethyl ether and. di butyl ether; aliphatic diethers such
as et hyl e{?é[déﬁt%ﬂydd?fﬁﬁfﬂ%ﬁna"é'ﬂHﬁ’r‘f’p’g}tﬂﬁq‘é’ﬁﬁs'@“ﬁcoI di et hyl ether, ethylene

gl ycol dipy j . ' | her, and di et hyl ene

gl ycol di %t ydtetg%lﬂ@;r?fugfgm%@a tr?%ﬁﬁﬁ%tg?@ﬁégﬁwxg%ﬂ& phenyl ether and

?ni sol e. | Brpiiftétrahy R RandiholpiepyiRsthylainyetRoky¥Mahscl ude tri et hyl am ne,
ri propyl am ne,

tri but yl afd-[di(tetrahydeofurfuet!faminolpyopyiiethpisigthoxyséiane N- di et hyl ani | i ne,
pyridine, and quinoline eci fjc exanpl es of the phosphi ne conpound

i ncl ude tﬁ'??é@%ﬁ%%fg'ﬁﬁuﬂg)%"ﬂ'PPk’(’ﬂB/m%nEggﬁﬂl’f@fysﬁﬂbgt ri phenyl phosphi ne. They
may be usged ' i i ' f r nore types.

The pol yntr 138k aidraffidarhiBobrogiRlRg Mo Ml TP0T DEE7To 1o0c
nor e pref g3-piftatrany i Rpurfianfiaelprapyidisthy mstRoRfsitaag abl y from 50C to 80C.
The polynerization tine is preferably from 10 mnutes to 5 hours. In
step (c- 2j3-[diftetrahysinofurforylomipolprdpyl}dimetedethoxydienecand i on bet ween t he

pol ymer prepared in step (c-1) and conmpound (1).is preferably fromO0.05 to
0.9 nol p@’F%?t'@?Ydﬂ'ﬁfé"fgfﬂ)ﬁ"i""HWQPVQQQ&QH@QI‘?X))%?%‘?- catal yst used in step

(1) 15 nore pr Evemaf Rk, BFRERLAT T RRIH GRASIR L5 18 B YRRy} BT

0.15 mol , jhefydlel cul arly preferably nore than 0.2 nol. In order to inprove
fuel econony, the anmount of the conmpound (lI) is nore preferably | ess than
0.8 nol, §&nigedikyisiy)gmiadbiprapyljtribkkesydilanes@uéhmsl , particularly preferably
|l ess than 0.5 nmol. In step (c-2), the tenperature at which the

pol yner pf%%@%etwl%waﬁwl?ﬁ]QQOPHBH'mﬁ@OEYﬁTBGGnd (1) are reacted is

pr ef er abl - om t 0] nor referably from35C to 90C, and yet nore
pr ef er abl {;-H@-,t;z,ug)aﬁn}eghé5@/%%@0@(5&9@@9mtei yf‘ga'ber’eferabl y 60 sec to 5
hours, angh. e . In step (c-3), the
anount ofgc@n%@b‘%g@zsﬁlp?Qﬁ%ﬂﬁwﬁﬁé%g&a%??éﬁ'%ween t he pol yner having an
al kal i mef3ajdiitbudfidineabyisinanpinblprepyljtaethorysilamegd conpound (I11) is

preferably an anount that satisfies relationship (i) below. In order to

i nprove aé%(it@aikyleévl)setr@m@ho,rowl}aI%yldr@il@xwléarr@rsaﬁm an anount that satisfies
relationsphjp,.(ii).bel.o et. nor refera an_anount that satisfies

rel ati onsﬁ'@'éri"i“ Shyg%'wﬁlw#’hﬁaf%é{ﬁﬁf)eém'§W?3“§’fyéﬂéPSb| y an anount that
satisfies relationship (iv) below. In order to inprove fuel econony, it is
nmore preferably an anount that satisfi4@s relationship (v) below, yet nore

preferably an anmount that satisfies relationship (vi) below, yet nore
preferably an anount that



satisfies relationship (vii) below, and particularly preferably an anount
that satisfies relationship (viii) below X (I1) xy X (I) x (10/90)(i) X
(II) Xy X (lI) x (20/80)(ii) X (Il1) x y X (1) x (30/70)(iii) X (Il) xy ?2_
X (1) x (50/50)(iv) X (1) x (95/5) ?2_ X (Il)(v) X (1) x (90/10) X (I1)(vi)
X (1) x (85/15)X(II)(V||) X (1) x (80/20) ?2_ X (Il)(viii) X (1): anmount of

I :
conpound sed j,n ste Il ). amount of conpound
(1 I) used r)l.d@%%y't’ﬁ“%‘%y(gdi'ﬁ@ noﬁﬁfp?y@neg&}%@e Pﬁ? %ﬁ.‘?'}? ‘formula (11a)

In step (QB%)n(trlh{é@hyllﬁm%hﬁﬁé%?oﬁl}rﬁ@lhﬂh|étW@xyBQJaNérPéndhaV' ng an al kali netal
in at | east one polymer term nus and conmpound (11) are reacted is

pr ef er abl ){3-1[dmm@ﬂﬂ::mah&lﬁﬂﬂ)aramd]pmpﬂ}meﬂfy@aﬂhbyyéulaom 38b€C to 90C. It is yet
nore preferably from50C to 80C. The reaction tinme is preferably from 60
seconds t(63*Bd'ﬁ{ia%"s"WM@'W@P@V'&%FVVW@W@‘%W@ 3% 1 hour, and yet nore
n t he productlon met hod of

f bl
PLg g(r)ﬁj ué%({[%' ”H}eg'w?s'@ Ita)?}f’r@ﬁt’]%f?lﬂy@éi metgy%?}[gpr aHSent may be added to the
hydr ocar bes gl wd"ef’“é"f‘ymﬁ)&ﬁwméﬁgd gte?qsgwggi&ggﬂa,@s necessary from

initiation of merizatioh o met al catalyst to

term nati c{m[cn(tnpmltrwmryﬂ)a&tnn@]lpro;ﬁor}alimémslemﬁowsﬁan@uaﬂd ng agent include a
conpound represented by formul a gl 1) bel ow,
{3-[di(t-butyldimethylsilyl)amino propyl}dlmethylethoxysuane

Furthermore, examples of the compound (lI) which A of formula (lla) is
a group represented by formula (lIb) include the following compounds in which
formula (llb) is an acyclic amino group such as a 1-piperidinyl group, a 1-
hexamethyleneimino group, a 1-imidazolyl group, a 4,5-dihydro-1-imidazolyl
group, a 1-piperazinyl group, or a morpholino group.

Examples of the compound in which formula (lIb) is a 1-piperidino group
include
3-(1-piperidino)propyltrimethoxysilane,
3-(1-piperidino)propyltriethoxysilane,
3-(1-piperidino)propylmethyldimethoxysilane,
3-(1-piperidino)propylethyldimethoxysilane,
3-(1-piperidino)propylmethyldiethoxysilane, and
3-(1-piperidino)propylethyldiethoxysilane.

Examples of the compound in which forfnula (Ilb) is a 1-
hexamethyleneimino group include
3-(1-hexamethyleneimino)propyltrimethoxysilane,
3-(1-hexamethyleneimino)propyltriethoxysilane,
3-(1-hexamethyleneimino)propylmethyldimethoxysilane,
3-(1-hexamethyleneimino)propylethyldimethoxysilane,
3-(1-hexamethyleneimino)propylmethyldiethoxysilane, and
3-(1-hexamethyleneimino)propylethyldiethoxysilane.

Examples of the compound in which formula (lIb) is a 1-imidazolyl group
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R31aM_4- a(111) wherein Rl denotes an al kyl group, an al kenyl group, a
cycl oal kenyl group, or an aromatic residue, Mdenotes a silicon atomor a
tin atom L denotes a hal ogen atom or a hydrocarbyl oxy group, and a denotes
an integer of 0 to 2. Here, the aromatic resi due denotes a nonoval ent group
in which a hydrogen bonded to an aromatic ring is renoved froman aromatic
hydrocarbon Exanpl es of the coupling agent of formula (111)

incl ude s tetrachlori de, met hyl trichl orosi | ane,

di met hyl dl,\ﬁrg E}fr{?él‘hbi‘yrkf?l ptréby{lﬁﬁxﬁBQz%m Qnh@silane, tin tetrachloride,
0 d

methyltric rotin, ichlorotin, trimethylchlorotin,

t et ranet hM{LBtrieiWysﬂﬂbl‘ndyl)?muﬂatbiexys| | ane,

di met hoxydi net hyl si |l ane, net hyl tri et hoxysi | ane, et hyl t ri met hoxysi | ane,

di met hoxydi et h)/f%/ mpiae, ofi coMPRYBIsER hyhish feraulat (hdtiBory4id-aihydro-1-
ethyltriet hﬁ% H/ane &d di et hoxydi et hyl si | ane. From t he vi ewpoi nt
of proces¥ABAPY, IWPIAEUES N ugat ed di ene pol ymer, the ampunt of coupling

agent addgdld-fiMeRbRYInfop\if-a ey dbRfidazoR aRY per mol of the alkali

metal origi atlng rom he al kal i tal catalyst, and nore preferably not

| ess t han NO(DfrietRdxysiydpidpgt)rd 6aiinydroimitiagolei ewpoi nt of fuel econony, it is
preferably not nore than 0.4 nol, and nore preferably not nore than 0.3
mol . TheEwmlagaqfetmedp@neogm yhewhiehbisenulga{lieisr achwiperazinyom t he
hydr ocar bon so) ugﬁon of the conjugated di ene polymer rubber by a known
recovery REYHLWCEGEN as, for exanple, (1) a nethod in which a coagulant is

added to KLha. he conj ugated di ene polyner or (2) a
met hod in \%ﬁ fa‘ig@rﬁﬂgbyﬁgﬁﬁ%s%é 'hydr ocar bon sol ution of the
conj ugat ed- (dL;ﬂE@rdQQ{y?p’ﬁj’pylthﬂ\(ﬁ@gjai@at ed di ene polyner thus recovered nmay

be dried by a known dryer such as a band dryer or an extrusion dryer. A
conj ugat ed- (drmnerapmw)pmpyﬂmbtﬁwfdlmgﬂmwdartm The conjugated di ene

pol ymer rubher, of th e i nvention may be used in a conjugated diene
pol ymer r g é‘?'pEW§PF‘?pdiFtB¥'d PXY$'§"Enot her pol ymer conponent, an

addi tive, 3-e(t1gplpéggfn%l%wbylmethyldiethoxysnane, and
3-(1-piperazinyl)propylethyldiethoxysilane.

Examples of the compound in which formula (lIb) is a morpholino group
include
3-morpholinopropyltrimethoxysilane,
3-morpholinopropyltriethoxysilane,
3-morpholinopropylmethyldimethoxysilane,
3-morpholinopropylethyldimethoxysilane,
3-morpholinopropylmethyldiethoxysilane, and
3-morpholinopropylethyldiethoxysilane.

Examples of the compound (ll) in which A of formula (lla) is a group
represented by formula (lic) include the following compounds in which R of
formula (lic) is an alkyl group or an oxacycloalkylalkyl group.

The following compounds in which formula (lic) is an alkyl group:
3-(alkoxy)propyltrialkoxysilanes such as
3-(methoxy)propyltrimethoxysilane,

3-(ethoxy)propyltrimethoxysilane,
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Exanpl es of anot her pol yner conponent include conventi onal

st yrene-but adi ene copol yner rubber, pol ybutadi ene rubber,

but adi ene-i soprene copol yner rubber, and butyl rubber. Exanples further

i nclude natural rubber, an ethyl ene-propyl ene copol ynmer, and an

et hyl ene-octene copol yner. These polynmer conponents nmay be used in a
conbinatiq? of two 0 In the case where anot her polyner

r re types.
conmponent Q”'B@ﬁﬁ?‘ﬁé’&"%{?‘{'ﬁ‘?%‘gﬂé%’j’%gat ed di ene pol ynmer rubber of the
present i mYEOSAr8PoxypRIBYiiPeMoxyBRingt of fuel econony, the amount of
conj ugat ed di ene polynmer of the present invention is preferably not |ess
than 10 p&-sbitpxyyprepiitrinetboxysilengr ef erably not | ess than 20 parts by
wei ght per 100 parts by weight of the total anobunt of polynmer conponents
conbi ned @E-thectuitery)piopylimethoxysilanenpifat ed di ene pol yner conbi ned).
As the ad;j%' Qi V}, a linomltaddé\t?i ve, may be used, and exanpl es thereof include
a vul cani 2T 6’1' é'é%y RIGRKtige I’(Yﬂ"a,nea vul cani zati on accel erator such as a
thi azol e- based ¥yhGamhddin WRcR TGS s o SlicyEBENgRAE gragani zat i on
accel erator, a sultenam de-based vul cani zati on accel érator, or a
guani di ne-ghasdukydikyltaaikarisilanesieaeh asat or; a vul cani zation activator such
as stearic acid or zinc oxide; an organic peroxide; a filler such as
silica, c&rg@weidbkyaiRyltria¢tboxysileaebonate, talc, alumna, clay, alum num
hydr oxi de ne CQI%B' i ng agent; an extender oil; a processing

) .Bica; a ﬁ'il A

ai d; an anr9¥g0gX¥RroPYHIMethoxysiiangn, Exanpl es of the silica include
dry silica_ s b G i wet silica (hydrated silicic acid),
col | oi dal Qsél @Eéwegﬁ@gfé&éﬂseaﬁgl |dca, calciumsilicate, and al um num
silicate. 3@1gciwi>ﬁ>rbbﬁfrmﬁomjdab@. used on its own, or two or nore types

t hereof may be used in conbination. The BET specific surface area of the
silica is Tetrahgdrafirjuryloxpalgpitiakeacilangsysudhas BET specific surface area is
measured in acgord nce with A\STM 1993-03. As a commercial product, product
nanmes VN3 2-t&iahygso yiRxyaytmAoX¥sAN% by Tosoh Silica Corporation,
product nan i . ﬁ@%{? factured by Rhodia, etc. may be
used. %W@ﬁgxﬁg@nr%:r%g&%%wﬁ@%gg?%%n %tlc I'ncl ude furnace bl ack, acetyl ene

bl ack, thQQ@ﬁbhﬁdlr@ﬁkfur?ibagélﬂblthém@kysiﬁﬂd, gh@phite. Wth regard to the
carbon bl ack, channel carbon bl ack such as EPC, MPC, or CC;, furnace carbon

bl ack sucB-tetrabydrofurBaploxyopyNigthoReilangRF, GPF, APE, FF, CF, SCF, or ECF,;
thermal carbon bl ack such as FT or ; acetyl ene carbon bl ack can be
cited as exa %@PWﬁ'{g (Bglp'é prRierably r?aiggglaﬁg’i%ﬂ@P?RRRBY'BFBW&P%SIE, es

t her eof ' onbi nati on. The nitrogen adsorption

speci fi cmsaﬁ{rjl a%rgs‘grggég?lﬁlZSA) of the carbon black is preferably from5 to

200 n2/ g, mielftey 18 7 trivgdipbrydileBE) absorption of the carbon black is
O 0t e0 !

preferably from5 to 100g. The nitrogen adsorption specific surface
area i s nihgdiethglaminajpropyltrivethexylsil?¥8LM D4820- 93, and t he DBP absorption
is neasured in accordance with ASTM D2414-93. As a commerci al product,
product nhirtdimsthamino)eioputitriethexysHaNSELST KH nanuf act ured by Tokai Car bon

Co., Ltd. 3_Eﬁﬁg&&ggwgggﬁgp%ngth%l}%im cial Black 4A manufactured by Degussa,

I nc., etc.[ anpl'es of the silane coupling agent

i ncl ude vicpy|dgatédbiRn@idi@ngs rupbay| tri et hoxysi | ane,
vinyl tri s(6-nmet hoxyet hoxy)sil ane, 843, 4- epoxycycl ohexyl)ethyltri nethoxysi

| ane, y-gl yci dobhegpromubatedngiehexyaymhaneyubher comeprisesatier gbovesmgntioogdy 1t ri
m et h oxys il ane, N-(8-am noethyl)-y- _ )
ani nopr opgemppheathdyand sasmprnest B rostRafent tA) having a content, with the

total amount of component (A) and component (B) as 100% by weight, of from

5 to 90% by weight, and component (B) having a content of from 95 to 10% by

weight. In order to improve abrasion resistance, the content of component (A)

is preferably not less than 10% by weight (the content of component (B) being

not more than 90% by weight), more preferably not less than 15% by weight
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am nopr opy! met hyl di net hoxysi | ane, N phenyl -y-am nopropyl tri nmet hoxysi |l ane,

y- chl oropropyl tri net hoxysi |l ane, y- nmer capt opropyl t ri net hoxysi |l ane, Y-

am nopropyl tri et hoxysilane, bis(3-(triethoxysilyl)propyl) disulfide, bis(3-
(triethoxysilyl)propyl) tetrasulfide,

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

v et oo LALRY BPYLREBASKIi7Hbind ik Rl I oo Yot e e

used or t used iI'n coftbi
. commer ci a'md%oﬂ'é?érabi}r R&U@%sﬂﬁaﬁszo‘%ﬁa?/ #BRhSI (e BBRAhAGE leroﬁcbobnénpmpssa
Inc., etc. may be useéed When a conjugat ed di ene pol yner rubber is

for rred by betmgphotf m@ratﬂiad B8O by tweigite. clonpuigatte dmpreveefysdlegoBomyubizer of
the present invention, the anount of filler combined, relative to 100 parts

by wei ght ceﬂtecnheofcmmws&rﬁdv’d. isnBreielapive Nobimenee thane §8%: bynweight dthe

conbi ned, Dreter abI t r ewp0| nt
of abraS| &qn} § ifaﬂ‘@é} t}eé%ﬁﬁgﬁet%ﬁgﬁ‘%@&{%/b%%&ﬁt&dﬁo %el?graé Yef er abl y
not |ess fnlaanm%thtv@%bay %ig@\hkme%ﬁwfﬁfof@e oRERT @)ainvg RSt Ie5§8arf han 30
parts by weight. From the viewpoint of rei nforcenent bel ng enhanced, it
i's nore pebebgbhgight)l andryettmere paderabiyt aobynarei thah, 5G%acbyy eeighdr(the
preferably not nore than 100 parts by weight. Wen a conj ugat ed :
di ene pol gagtent abpemperentdBibgingynatdess maﬁé%hYIW%ghﬁ‘){ om t he vi ewpoi nt of
fuel econony, it is ferabl e t use, as a fi {? The anpunt of
silica combi ned"i grcﬁ}e 2 r B61SASTot ‘Fe%tée'fgﬁé'n B8 ﬁg?’tuga 3 VS ShtPYENSE i ve to
100 parts e

pr ef er abl ypé/nfg I%EénttgLan 7 &{61‘?{!(:59@9”%} gL%:é?r'nbbﬁéﬁt @gxrﬂgla'h%g(?) g{f!w‘% %

ext ender ebhtenhafutie amdnedtizTRinyC umtneélativ@itb (00 S6 Oy weigrtauﬁ the ¢atast ant
(V.G C value) from0.900 to 1.049), a naphthenic mneral oil (V.G C value
from 0. 85amwn©oeugz) conjugntad shens nihped thearamatis vmwurm ds piefplabl¥ Abm 0. 790

to 0.849). Th C rona ent. of, th er o

br ef ot abl JPasba 0 Siohf gfeiantart of Brchndasrafiepa ] Belngthe aiatar o, by
weight. T Y, [We i ) th
British %ﬂ“’?&é“ g TR o PIRIEPAol FLBRSEND o by AR RECE R
conpound epnthentconfuhtedf dibre exinienbeing ohd beeateeftaanbBy Potby essight)an 20 %
by weight. Two or nore types of extender oils may be used in conbination.
Exanpl es &urthpenaerg) ém he vigvraicleslefusl econemyuthe cantepbob th aeamatic

vul cani zatj o

AT A e PG DL 9 L5
vul cani zaj, {) Do gre%j gﬁétl_ﬁ{tsbéiHﬁrktf’? adtd %gasegm)uéﬁ&nm%#&bgge’f‘gr o

tetramet hylt |de sul f enam de vul cani zat'i on ac

such as Ngeaatéothanyds % bgweaght @z lcesient ehdve denjudlatedbdieyd unit being at
benzot hi azol esul f enam de, N- oxyet hyl ene- 2- benzot hi azol esul f enam de, N-
oxyet hyl el?@$256é’rhbdtwmalzfdl esul fenam de, and N, N -dii sopr opy1- 2-

benzot hi azol esyl f en and g gl di.ne- bas d vul ca éﬂaﬁﬁl on accel erators
such as di phenjpgﬁ ?ﬁe'mB‘OH RBIIY giﬁ?r‘ﬁ ahcfe 3’?1 hBTV YD gﬂ"ani di ne.

100 part s R UGES: ?'EF‘?%EB% Fle? Solinénl Bretch@iy So "é'”f‘r‘%b%ﬁ'ﬁﬁ* 3 part's

by wei ght unif\s base@t bad af csrnwm@bmammga menbm&at&d &brﬁﬁ@neﬂm m)eranideber by
component (B), more preferably contains a constituent unit based on a silicon-
containing monomer in component (A), yet more preferably contains a
constituent unit based on a silicon-containing monomer in component (A) and
component (B). The silicon-containing monomer is preferably a monomer
represented by formula (X).

In order to improve abrasion resistance and fuel economy, the content

of the constituent unit based on a silicon-containing monomer in the conjugated

44



conbi ni ng anot her pol ynmer conponent, an additive, etc. wth the conjugated
di ene pol yner of the present invention, a known nethod such as, for
exanple, a nmethod in which the conponents are kneaded by nmeans of a known
m xer such as a roll or Banbury m xer can be used. Wth regard to
kneadi ng conditions, when an additive other than a vulcanizing agent or a

| [ [, | i b d
oref or ably 'SE%%%éf%eer[ra%Eéb?a‘ﬁrSewb”vZnm 5, AR DPY EFRS (i Biorsg ¢ he
kneadi ng ttggﬁn dn$ n\ﬁ;@s hi§ ;@3“ .tf\we*zah@%f $8mpbReAl (B).N ARIMERE Profeedisiy alky from

1 mnto 3 cani 7 ng agent or a vul cani zation accelerator is

conbi ned, & thaearl00® mmBgr ahdirti mops ¢han ab0y motolfyor dt tibayet1fdCe and
nmore preferably fromroomtenperature to 80C. A conposition in which a

vul cani zi rgetegably not lessithac A0ammelgansenatraes thay COMBIMRB.i s preferably
d aft t | t t t h

Vubcani sati on  I@sEI iRptte A SaisEulF TG Hondr e BrERHBGE o

200C, andudgﬂgl%a?éc?fcﬁéﬁ%wse& o ]aAbQiq 3P cbfitutional unltzh& ey &ﬁ?ﬁ%ﬂ ?“ ene

pol ymer r conposi tion of The present I nventi on have exce uel

econony. TdiéndIpolyréOBEithé Gesérft MVERIEMOWIth the contéhie of ahg ugaijegatdd ene
pol ymer rubber and the conjugated di ene pol yner rubber conposition of the

present . i rdiemg uoit aw ¢00Sedyf ool, tlSrwefershKVen@cgreaier tharpBPry pwreali and,

vi bration-proofing materials, etc par rI swt bl sed for
tires. Exdﬂ?ﬂ%?rqgg Ye%‘erﬂre?l‘fﬁfemq'b% s?eE}SI 55° ed gf)g{éhlﬁe to
Exanpl es S y a

properti es‘"é\;@? 2 eval %e{gggéﬁ'teﬁer&f H%]%éﬁ%ﬁgake?kqgﬁa 18&&%2 o \(r;l gnco(ggl ty
(M.11-4)  preferabl h@lé‘&@ﬁ%y%vwﬁmutet r@éreaprleoémmratvseastnmwwdn@t ap@0C in
accordance with JI'S K6300 (1994). 2. Vinyl bond content (units: % by nol)
The vi nyl pactichlatynpeaferabiy at pedsy #ér %nhy rdett erTﬂrreneuvlblyond?cgpfe@t mycbey from

t he absorptlon |nten5|ty at around 910 cml whi ch fl abs%%l on1 peak of
a vinyl grabidned bydR sretraseppy &om s absriplign 'ﬂ)oeﬁ§'txAé grynd

which is an absorption peak of a vinyl group.

In order to increase strength, the Mooney viscosity (ML1.s4) of the
conjugated diene polymer of the present invention is preferably not less than
10, and more preferably not less than 20. Furthermore, in order to improve
processability, it is preferably not more than 200, and more preferably not more
than 150. The Mooney viscosity (ML1.4) is measured at 100°C in accordance
with JIS K6300 (1994).

In order to improve fuel economy, the molecular weight distribution of
the conjugated diene polymer rubber is preferably 1 to 5, and more preferably 1
to 2. The molecular weight distribution is obtained by measuring number-
average molecular weight (Mn) and weight-average molecular weight (Mw) by a
gel permeation chromatograph (GPC) method, and dividing Mw by Mn.

Method for producing conjugated diene polymer rubber

As a preferred method for producing the conjugated diene polymer
rubber of the present invention, a method in which component (A) and
component (B) are separately prepared, and component (A) and component (B)

are mixed by a known method (a method in which meit mixing is carried out by
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The styrene unit content of a polymer was determ ned fromrefractive index
I n accordance with JI'S K6383 (1995). 4. Ml ecul ar weight distribution

(MM Mn) Wi ght - average nol ecul ar wei ght (Md) and nunber - aver age
nol ecul ar wei ght (Mh) were neasured under conditions (1) to (8) below by a
gel permeation chromatograph (GPC) nethod, and the nol ecul ar wei ght

di stributi Vvh f det I ned. 1) | - HLC
A G R i
I n tande . . . i :
(8 “TSCThg BB AR 58 B TP % Boemion Bl Ssie puRnod g o

i nj ect ed: Farthbrméré) aQroaaétsn métidemenidind stepf (cat), atet @-2), (B) dvbp dcul ar
wei ght standard: standard pol ystyrene 5. Abrasion resistance (units: ,
nmg/ 1, 000 Bypbeatovoean) also be citedA ri ng- shaped vul cani zed nol ded body is used as

a test piece; the anounts raded d diti f | pad of,. 10 d
Bnd 8 t b SIg elant) oPasihl! SRDGRETAG08 Ao £rginoasnl; BoRdisgo £ S

rotations r , t , [ , 0 tati
e measaranfugdle, e, B, & WABoLabah! Alfent By o ARaR R0 KRty A L )
and the aypiRPs polriér hd\Gngah dikalcmkedlidatiodd frofetieatalyst nhatsleust oite  t he

better the abrasion resistance.

‘ conjugated diene-based monomer unit-containing polymer chain terminus.
Step (c-2): a step of reacting the alkali metal-containing polymer terminus of
the polymer obtained in step (c-1) with a carbonyl group- and substituted amino
group-containing compound (compound (1)), the amount of compound (I) used
being not less than 0.05 mol and not more than 0.9 mol per mole of the alkali
metal of the alkali metal catalyst used in step (c-1).
Step (c-3): a step of reacting the alkali metal-containing polymer terminus of
the polymer having an alkali metal in at least one polymer terminus with a
compound represented by formula (lla) below (compound (ll)) after step (c-2) is
completed, the amount of compound (lI) used satisfying expression (i) below.

X () xy =X (1) x (10/90) (i)
X (I): amount of compound (I) used in step (c-2) (units: mol)

X (I1): amount of compound (1) used in step (¢-3) (units: mol)

y: value for m in formula (l1a)

(R*'O)mSi(R*?A)nRZ4mn (l1a)
wherein m denotes a number from 1 to 3, n denotes a number from 1to 3, m +
n is from 2 to 4, R?' and R?® denote a hydrocarbyl group, R?? denotes a
hydrocarbylene group, A denotes a substituted amino group or an optionally
substituted hydrocarbyloxy group, when there are a plurality of R%'s the
plurality of R?'s may be identical to or different from each other, when there are
a plurality of R*?s the plurality of R??s may be identical to or different from each
other, when there are a plurality of R%s the plurality of R?*s may be identical to

or different from each other, and when there are a plurality of As the plurality of
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6. Fuel econony A strip-shaped test piece having a width of 1 or 2
mm and a | ength of 40 mm was stanped out from a sheet-shaped vul cani zed
nol di ng and used for testing. The |oss tangent (tan8 (70C)) at 70C of the
test piece was neasured using a viscoel astoneter (Ueshim Sei sakusho Co.,
Ltd.) under conditions of a strain of 1% and a frequency of 10 Hz. The

smal ler this value, the better the fuel econony. Exanple 1 (Preparation of
conponent Ag A3y be identica torr ditfareat frop eell ANESs pol yeri zati on reactor was

hed, dri ed, ‘ i ' f
st ;i ol hox gt HIES of tid'alaN Ritel Q86llsy 30 HAGHCHedH I () kel
styrene, &nkhikdli @ktdlchn %ﬁ‘%éifd%ﬁkﬁlﬁr'ﬂeta’i%nﬁ:o’iﬁdﬁb imsiehpetnsegbyicokaldi et hyl

et her. Subsequently, 14.65 nmol of n-butyllithiumwas charged as an

n- hexane pwitaltdnoing palad cpuippuedj ambligemeabavnaenedkali metal, etCopol yneri zati on
of 1, 3-butadi ene and styrene was carrjed out at a stirrin s,g_eed of , 130 rpm
and a pol §mpke&t?fother%%%t BetalipeluAg ithidiy SPdiUR P YRS BB ?\e}?' BRI AN whi | e
conti nuougjié/i r%uppl ying the nononers to the polynerization reactor. The
anount of ,5- but adi ene supplied was 906 g, and the anount of styrene

suppl i ed was 2%%aghples of the fRGaRYMIRA MEtal céMpold®l Yietide athythi@chi on
solution thus obtained was stirred at a stirring speed of 130 rpm 11.40

mmol of Ne(dpyllihioet, lisd-prapydibhiapy peloutyllignune seabubdiitbtim, Heyaylbthiemdnstirri ng
was carried out for 15 m nutes. 20 nmL of a hexane sol ution

cont ai ni ndeeylithium, ofPheayWHrem. wad-napdtyliitBiume FobybRNERYNiItWM; eatt i on

solution, and the nolymnerization reactiqp. solution i . a
further SP%M?@W'H"”%' Fol | oWﬂ&ﬁ?W"gB'uﬁb t he por\?sﬁ@?cltl%‘{nﬁg“{hﬁdenétti on
sol ution Bfﬁ#@thﬂgﬁﬁgﬁgp%ﬁfhﬁnﬁdded 8. 0 gi&hylaminopropyllithium, t-
2-tert-butyl-6-(3-tert-bputyl-2-hydroxy-5-nethyl benzyl)-4- net hyl phenyl
acryl at e bptylimethyhsilyixypropyllitiiem, GM  iemdrpledlimopdomyilitBium,t ono |Ehiem cal
Co., Ltd.) and 4.0 g of pentaerythritol tetrakis(3- |aurylthiopropionate)
(product hexametgyleneinide. TPlthiumanwyselidided bYth8imi t PiReTEHE cdithies |

:‘ ;dv\}" CLhE%?Ttgh'}\%%ﬁer?ﬂ%%%ﬁhp@grlbrtqigggcémhgtrhgierﬁ%gﬁ Ea’, 1?ﬂhlliﬁwqo-?ibﬁ'tteingp (A))
sodium naphthalenide, sodium biphenylide, and potassium naphthalenide.

Examples of the complex between an alkali metal and a polar
compound include a potassium-tetrahydrofuran complex and a potassium-
diethoxyethane complex.

Examples of the oligomer having an alkali metal include the sodium salt
of a-methylstyrene tetramer.

Among them, an organolithium compound or an organosodium
compound is preferable, and an organolithium compound or organosodium
compound having 2 to 20 carbon atoms is more preferable.

The hydrocarbon solvent used in step (c-1) is a solvent that does not
deactivate the organoalkali metal compound catalyst, and examples thereof
include an aliphatic hydrocarbon, an aromatic hydrocarbon, and an alicyclic
hydrocarbon. Specific examples of the aliphatic hydrocarbon include propane,
n-butane, iso-butane, n-pentane, iso-pentane, n-hexane, propene, 1-butene,
iso-butene, trans-2-butene, cis-2-butene, 1-pentene, 2-pentene, 1-hexene, and

2-hexene. Specific examples of the aromatic hydrocarbon include benzene,
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(Preparation of conponent (B)) A 20 L capacity stainless

pol yneri zati on reactor was washed, dried, flushed with dry nitrogen, and
charged with 10.2 kg of industrial hexane (density 680 kg/nB8), 604 g of
1, 3-but adi ene, 196 g of styrene, 6.1 nL of tetrahydrofuran, and 4.36 nL of
et hyl ene glycol diethyl ether. Subsequently, 14.99 mmol of n-butyllithium

was charg as an n-hexane sol ution, an ol yperization started.

Copol yner?‘ga?ri‘%nx}ﬁl?“ﬁ', &n u?gﬁi'%eaﬁd @ygeﬁéﬁgﬂ?‘a&é‘%‘?? e%aﬁlﬁ ag‘f;y 'Sstirring
speed of n 0 i j inat e h ?pﬁr f 65C
for 3 hou?’ggrv?ﬁr%a ed%c%ﬁﬁ%ugﬁgﬁ@éégg%%ﬁ%g%ﬁ%ﬁgﬁorreFrIrﬂgyt o§ he g%%er?enfl zation
reactor. fhwr aslaundgr @f &, chbnihagorens swepbdi exoneasyf 36 gAmand themarpunt of
styrene supplied was 294 g. Followi ng this, the polynerization
reacti on Sypdiecadon hawngBitaildcprber atams iscrretarablestirring speed of 130 rpm

11. 40 nmmol of 3- diethylam nopropyltr.i.ethoxysilan s added,t heretpo, and
stirring was chrﬁt% (B‘ﬁs' WSPO%@r%Hiﬁ"é'Q.Q a anjuggtego&aﬁﬂecﬂJeénq%Q%rhzee ol ution

contai nin : ;ﬁﬁé’reﬁa hZatd. o0 ion
sol ution, %aﬁégﬁqﬁgap§§?§§???2@!98%%' acti on\;"g%%ﬁt%i @b%@g&g%ﬁrt&ae mP%?a%ta
further 5alKaNUtnestal oric?inatingFCﬂdrﬁWitmﬂ sove-mentidhel palkyliremiezt icatalystact i on

solution thus obtained were added 8.0 g of ) )

2-t ert - buExamplgs3-afethe manjugatethy dieory I8lyda hi,BHutiadiene 4-isopreng) phény|
acrylate (product nape;. Sumlizer manyf act.ured. by Sum t ono Cheni cal
G Tt a. pBaiadiene %ogimatul-Act BrRelans: A0t I akieesienea il BV OBREHbnat e)
(product o OHIE zer  TP- D, b 1 Chend .
Ltd.), thH§g€i°v“. ng"Jab‘fn’ﬁﬁifné‘r Qs%@ﬁ%ﬁ&’f lﬁi?@f’n%rf @gfé tt’2’%@@ so’lﬁﬁ'ltﬂi“%ﬁ’ (B1))
in which ﬁ@ﬁpqnenvie@bimaéf dieag ! Heallabiifty,cpos-sutadiens 41 Visssrensbhey )

50 parts by weight of solution (Al) and 50 parts by wei ght of solution (Bl)

wer e m xegrefarable.he m xed sol ution thus obtained was evaporated at nornal

tenperature for 24 hours and further dried under, reduced pressure af 55C
for 12 hours, tIRUHeRi(GitgPAYBIIZALPN MiBHEL. CafHEd il 51 6‘?6&93{*{9&(% n of
the pol ymarenreugggr n%r@erghq‘é% er. T%?Llﬁ:pgebs b%\'%ma'otﬁe?m%%gﬁh 1u8e L1
Exanpl es neans é 6 feparation of rubber conposition an vu?cam zed

sheet)  aromatlOOiRpI ts PnyM@rigt apll he upehtuidted’ Wakixytibuaciablesigied, 78. 4
parts by weight of silica zlproduct nane: Utrasil VN3-G nanufactured by

Degussa, Bpecific éxamplast of Bhe waiogtaticoivinyl sintigde stygnd, ng-ragthyistyreneduct

name: Si 69, manufactured by Degussa, |nc.), 6.4 parts. by weight of carbon

bl ack (pr ¥@yHEelugaRe: W&E‘PBER’#@?&, rFLWUY & b)f"Mnﬁ'é’t?Bizg'ﬁ?' Ch%'h‘f cal

Cor por at i 4 S i L all . X- 140,
Pt PP RS, SfedRb oo B 8 SARSAL I SE UeioRRTE

manuf act ure an ant1 oxi

(product BAdRpetiic S@MISEof TRE WndafuaRd EBfbSiyTict &0 defaninerideGRethyltd. ), 2
parts by weight of stearic acid, 2 parts by weight of zinc oxide, 1 part by

wei ght of aarylatec athiy iantylatec elethyt methasryatec andaetbyl ®ethacoylatez, Areeond act ur ed
by Sumitono Chemical Co., Ltd.), 1 part by wei %ht of a Vt#)fanizi ng
accel er at B1lemAbaRMaticayiRY! ISpLEieEabID, andhatyrens Graarapei@Pleono cheni cal

Co., Ltd.), 1. ar i ght.. of. ygm Oguuct s Najre. :

manuf act ured b?r %’h?ugﬁ?%\%ﬁ) t'ecrr‘ll'&ya':11l nd@{“rﬁ%ﬁt"&%., ?_lf'ﬁ&?:&g‘h%af%f parts
by wei ght gfdneSHhd Wrokifatie Jﬁngads?@b Ry 1BERSLPfwaighths Mitapkothhh 4% By epare a
rubber conposition. The rubber conposition thus obtained was nolded into a

sheet usi weightGther@mounkt lof amjuddted sdiesd used beihg awit 278drebthame400%gbyt 160C
for 45 mnutes, thus giving a vul canized sheet. The results of eval uation
of the physighd); ipr ofsier ttoeinpypve hatrengtie dhily dueterrly ngtelegs toani H0%aby e 1.
Exanpl e 2weight (the amount of conjugated diene used being not more than 90% by
weight), and more preferably not less than 15% by weight (the amount of
conjugated diene used being not more than 85% by weight). In order to
improve fuel economy, the amount of aromatic vinyl used is preferably not

more than 50% by weight (the amount of conjugated diene used being not less
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The procedure of Exanple 1 was repeated except that a m xed sol ution was
prepared with the anount of solution (Al) as 60 parts by weight and the
anount of solution (Bl) as 40 parts by weight. The results of eval uation of
t he pol yner rubber and the vul cani zed sheet are given in Table 1. Exanple 3
The procedure of Exanple 1 was repeated except that a nixed solution was

A e L L O A T g L R
ggngfgygggggﬂgp\géqzrﬁgaathgﬁéé’@ S8 B&iflg o Rissthgn $59£By WélJtﬁP' e 1- able 1

In step (c-1), in order to improve abrasion resistance and fuel economy
of the conjugated diene polymer rubber obtained, it is preferable to use a
silicon-containing monomer as one of the monomer components and carry out
polymerization of the monomer components including the conjugated diene and
the silicon-containing monomer in the hydrocarbon solvent by means of the
alkali metal catalyst, thus giving a polymer having a catalyst-derived alkali
metal on at least one terminus of a polymer chain containing a conjugated
diene-based monomer unit and a constituent unit based on a silicon-containing
monomer. The silicon-containing monomer is preferably a monomer
represented by formula (X) above.

In order to improve abrasion resistance and fuel economy, the amount
of silicon-containing monomer used, per g of monomer components used for
polymerization, is preferably not less than 0.001m mmol, more preferably not
less than 0.002 mmol, and yet more preferably not less than 0.003 mmol. The
amount used is preferably not more than 0.1 mmol, more preferably not more
than 0.07 mmol, and yet more preferably not more than 0.05 mmol.

The polymerization in step (c-1) may be carried out in the presence of
an agent for regulating the vinyl bond content of the conjugated diene unit, an
agent for regulating the distribution in the conjugated diene polymer chain of
the conjugated diene unit and a constituent unit based on a monomer other
than the conjugated diene (hereafter, generally called ‘regulators’), etc.
Examples of such agents include an ether compound, a tertiary amine, and a
phosphine compound. Specific examples of the ether compound include cyclic
ethers such as tetrahydrofuran, tetrahydropyran, and 1,4-dioxane; aliphatic
monoethers such as diethyl ether and dibutyl ether; aliphatic diethers such as
ethylene glycol dimethyl ether, ethylene glycol diethyl ether, ethylene glycol
dibutyl ether, diethylene glycol diethyl ether, and diethylene glycol dibutyl

ether;. and aromatic ethers such as diphenyl ether and anisole. Specific
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examples of the tertiary amine include triethylamine, tripropylamine,
tributylamine, N,N,N' N'-tetramethylethylenediamine, N,N-diethylaniline,
pyridine, and quinoline. Specific examples of the .phosphine compound
include trimethylphosphine, triethylphosphine, and triphenylphosphine. They
may be used on their own or in a combination of two or more types.

The polymerization temperature in step A is preferably from 25°C to
100°C, more preferably from 35°C to 90°C, and yet more preferably from. 50°C
to 80°C. The polymerization time is preferably from 10 minutes to 5 hours.

In step (c-2), the amount of compound (l) used in the reaction between
the polymer prepared in step (c-1) and compound (l) is preferably from 0.05 to
0.9 mol per mol of the alkali metal of alkali metal catalyst used in step (c-1).
In order to improve abrasion resistance, the amount of the compound (l) is
more preferably more than 0.1 mol, yet more preferably more than 0.15 mol,
particularly preferably more than 0.2 mol. In order to improve fuel economy,
the amount of the compound (l) is more preferably less than 0.8 mol, and yet
more preferably less than 0.7 mol, particularly preferably less than 0.5 mol.

In step (c-2), the temperature at which the polymer prepared in step
(c-2) and the compound (1) are reacted is preferably from 25°C to 100°C, more
preferably from 35°C to 90°C, and yet more preferably from 50°C to 80°C.
The contact time is preferably 60 sec to 5 hours, and more preferably from 15
min to 1 hour.

In step (c-3), the amount of compound (lI) used in the reaction between
the polymer having an alkali metal in at least one polymer terminus and
compound (Il) is preferably an amount that satisfies relationship (i) below. In
order to improve abrasion resistance, it is more preferably an amount that
satisfies relationship (ii) below, yet more preferably an amount that satisfies
relationship (iii) below, and particularly preferably an amount that satisfies
relationship (iv) below. In order to improve fuel economy, it is more preferably
an amount that satisfies relationship (v) below, yet more preferably an amount

that satisfies relationship (vi). below, yet more preferably an amount that
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satisfies relationship (vii) below, and particularly preferably an amount that
satisfies relationship (viii) below.

Xy xy>X(l)x(10/90) (i)

X () xy>X(l) x (20/80) (i)

X (1) x y =X (l) x (30/70)  (iii)

X () xy=X(l) x (50/50)  (iv)

X (1) x (95/5) = X (II) (v)
X (1) x (90/10) = X (I1) (vi)

X (1) x (85/15) = X (Il (vii)
X (1) x (80/20) > X (I1) (viii)

X (I): amount of compound (I) used in step (c-2) (units: mol)
X (11): amount of compound (lI) used in step (c-3) (units: mol)
y: value for m in formula (lla)

In step (c-3), the temperature at which the polymer having an alkali
metal in at least one polymer terminus and compound (ll) are reacted is
preferably from 25°C to 100°C, and more preferably from 35°C to 90°C. |ltis
yet more preferably from 50°C to 80°C. The reaction time is preferably from
60 seconds to 5 hours, more preferably from 5 minutes to 1 hour, and yet more
preferably from 15 minutes to 1 hour.

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

R¥.MLsa  (I1)
wherein R'® denotes an alkyl group, an alkenyl group, a cycloalkenyl group, or
an aromatic residue, M denotes a silicon atom or a tin atom, L denotes a
halogen atom or a hydrocarbyloxy group, and a denotes an integer of O to 2.

_ Here, the aromatic residue denotes a monovalent group in which a
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280 290 Fuel econony tan 8 (70C) - 0.158 0.165 0.187 Exanple 4
(Preparation of polynmer rubber) A 30 L capacity stainless

pol ymeri zati on reactor was washed, dried, flushed with dry nitrogen, and
charged with 15.3 kg of industrial hexane (density 680 kg/n8), 912 g of

1, 3-but adi ene, 288 g of styrene, 9.1 nL of tetrahydrofuran, and 6.36 nL of

et hyl ene gl ycol diethyl, ether. Subs uently of |th| um
was charggyéé%q h %O'Wégaﬁg &8 lﬁrf)@ﬁ aﬁ'&gpo r?réemlg\?% ohmm%ms?gbﬁ%
Oopolynerl@apd&mb(g{ 1, 3-but adi ene and styr ene was carried out at a stirri ng
speed of O rpmand a polynerization reactor internal tenperature of 65C
for 3 hours whiExampiesi nfiothel \cosiplipd yagentt red hamoarer §il) oinchalepddiljarar | zat i on
reactor. The anmpunt of 1, 3-but adi ene sulp I|ed was 1 368 ? and t he anount
of styr enéetg@gﬂpn@ was 432m§thyltrlchlor05| ane dimethyldichlorosilane,

trimethylchlorosilane, tin tetrachloride, methyitrichlorotin, dimethyldichlorotin,

trimethylchlorotin, tetramethoxysilane, methyltrimethoxysilane,
dimethoxydimethylsilane, methyltriethoxysilane, ethyltrimethoxysilane,
dimethoxydiethylsilane, diethoxydimethylsilane, tetraethoxysilane,

ethyltriethoxysilane, and diethoxydiethylsilane.

From the viewpoiht of processability of the conjugated diene polymer,
the amount of coupling agent added is preferably not less than 0.03 mol per
mol of the alkali metal originating from the alkali metal catalyst, and more
preferably not less than 0.05 mol. Furthermore, from the viewpoint of fuel
economy, it is preferably not more than 0.4 mol, and more preferably not more
than 0.3 mol.

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

A conjugated diene polymer rubber composition

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

Examples of another polymer component include conventional styrene-
butadiene copolymer rubber, polybutadiene rubber, butadiene-isoprene
copolymer rubber, and butyl rubber. Examples further include natural rubber,

an ethylene-propylene copolymer, and an ethylene-octene copolymer. These
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Followi ng this, the polynerization reaction solution thus obtai ned was
stirred at a stirring speed of 130 rpm 4.63 mol (0.22 nol per nol of
nbutyllithium of N (3-dinmethylam nopropyl)acrylam de was added t hereto,
and stirring was carried out for 15 m nutes. Followi ng this, the
pol ymeri zation reaction solution thus obtained was stirred at a stirring
speed of 130 rpm 13.88 mopl  of 3- .di ethyl.an.no | triethoxysilane was
added t hePSYBIS" SRETPOPERIS Mgy RESEA P pcephiiBay Sy of Bidhor ol Wpss™ " =% 557
of a hexane soljtihenc£RNhAkR Bdothe} Zdiimef RIbARAl ivRemdRs vih e

pol yneri zation reaction solution, and the polynerization reaction solution
was stirreonjligated diemé pelynterrubbdresf.the present iMertioa, fromytimerviewpoiohof eact i on
solution were added 12.0 g of _ _ ) )

2- t er t but {uBl @cPROMY, theramguntafippnjugaied digpernalyeny ghthenrasenlinyertian
acrylate (product nane; Sumlizer manufactured b m 1,.Qno g:gem' cal

G Lra. PRy §8b s G bart: b L ePU (o s Bl et JFohat e)
(product 20 PHAL Iby26EighfpLd 160 BUFE By WLEhPYT FHMOtAEMSIRBIGRIyrer -

Ltd.), and the goﬁ%mgri 7 tfgn rea?tfon SO lut |pon was subsequentc‘?dyyev%por at ed
at nor mal corapprssucembided2@nblading v dnisuriteof dionpajatet alieme daatydepr essur e

at 55C for 12 hours, thus giving a polyner rubber. The results of
- eval uat i opombinedp pol ymer rubber are given in Table 2. (Preparation of

rubber conpositiop and, vul cani zed sheet 00 parts i ght of the
pol ymer rubber A%h 6‘8‘?'3\’%&%“?8’."4"‘%@?‘(‘% MRy R%i”g?ﬁg” gpgsqﬁampggi W‘Hgﬂtt namne:
Utrasil VN3 3 . ; I of a

si |l ane coﬁgﬁ‘ldr%ga a@g%ﬁbﬁ?ﬁg %gggt?yurfgen% §§'?‘€9,E‘r\§‘é%%’}'g%t{d°u"?§6 beyIlg or\é%Jsch%s Inc.),
6. 4 partsabyhidgdlgitasedl GalchfizabbRChcddmetsrct angiieranbbabédckuldB@ation

manuf actured by M tsubishi Chem cal Corporation), 47.6 parts by weight of
an ext endaecalelatqrora dufenamide-baseigulcaniratiaot acagleBiorkyosdd BeKiigiog; 1.5

parts by weight of an _antioxidant (product nanme; Antigepne 3C,  manufactured
Dy Surt 1 oHES e kPenPaER acorigrator 2 JulaEayShacyuatos sUEh @n TiealE BT 5 par s
by wei ght <71 e j.d : . WeH : bzl celier at or
(broduct - Saaine Qe thiGraahic Berbyll; 4HRRsueh & L TREIALREEERR 3Ty
part by wea@bhat, taicylupdinhzZtRg, akesihemab@irokideod elicaaailad®xonplind,

manuf actured by Sum tono Chemical Co., Ltd.), 1.5 parts by weight of a wax
(product agent: asextescieNoilnamudcassingeaidbgn @ntinkidght; od aOwbnicaal. | ndustri al
Co., Ltd.), and 1.4 parts, by weigh f sul fur re kneaded by neans, of a
Labo Pl ast o | XS0 ae il uude, 56 oo AT VHES U= BUEIS FEboREE | on

t hus obt aj; I (gl {iliSi Qi Lol and_ 1. sheet
was vul Caﬁlﬂgéejéﬁ\go?a@a%ﬁﬁg é&ﬁ&lgB@I?@rsﬁgA,%ﬁg?@g%&f uég’g‘%a\}?'ﬁg‘ %‘"%Ftani zed
sheet. Thgnd eduthineinPkilieded. A typd tHdrGoPALY Setluspd QNS iown, O fteor

vul cani zed sheet are given in Table 2. Conparative Exanple 1 (Preparation

of pol ynemoreilipees thereof may Re usedappacompinationn| dbe BBT ysnacificasudace eact or

was washed, drjed, flushed with dry nitr n,, and_charged with 10.2 kg of
i ndust ri aprefeithe sitigenis E’)?f%fﬁé'ykfé?'%/?ﬁgq t%ﬁggé“ 49- 1The %ﬁqgﬁﬁ%“ﬁ{é‘? SYFacey of

styrene, 7. r.ah i ph 2 faet n |, di et hyl
SN Bk Ty floh 8 MM i Al 2R bt TN 6B fiich o
n-hexane sRldukt, Ofrodabd nBRISNTNBZ 2l OB RWeEdS K- 8- manufacturé® My YBESH zat i on
of 1, 3-butadi ene and styrene was carried out at a stirring speed of 130 rpm

and a pol $itieai Qarpocatiane grbducti mmes Aeosi MoldiSMRIirandot 1684 froanEabioweds whi | e
conti nuously supplying the nononers to the polynerization reactor. The
anount of by Rhodia £&6¢-aRdY Bapiserded t hr oughout the pol yreri zati on was 821 g,

and the amount E%lmsptlgsr %?%hgucoa%ci)r?%lmsin%?u%egfurnace black, acetylene black,

thermal black, channel black, and graphite. With regard to the carbon black,
channel carbon black such as EPC, MPC, or CC; furnace carbon black such as
SAF, ISAF, HAF, MAF, FEF, SRF, GPF, APF, FF, CF, SCF, or ECF; thermal

carbon black such as FT or MT; and acetylene carbon black can be cited as
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Followi ng this, the polynerization reaction solution thus obtai ned was
stirred at a stirring speed of 130 rpm 11.25 mmol of N-(3-

di met hyl am nopropyl ) acryl am de was added thereto, and stirring was carried
out for 15 m nutes. 20 mL of a hexane solution containing 1.12 nL of
met hanol was added to the polynerization reaction solution, and the

POl YTeT | 23l £aCH) OR RO Al BL0 PR O b WD B

To the polymerization r i"on sol’utTt on vverea

6- ( 3-t ert - ¥ddyih-cdmbysHtiony - 5- net hyl benzy1) - 4- et hyl phenyl acrylate (product
name: Sumlizer GM nmanufactured by Sumtonop Chemcal Co., Ltd.) and 4.0 g

of pentaerythri ifbda nitogerkiasisrptiour phedifio musisicenated) (NFFAddat ttheyagasbon

Sum | i TP- f m t i th
ol yirer § 2 IR if cERTBATS PR ol Siddetitntty Wodlibiaiakd: GBFhm
t enper at urfoso?étho%lloPQHé Sca?t%jn f 5&!@% Ip?%% }’fmﬁﬁ g qg:{%‘{gfjgﬁﬂ?é@ u;’ﬁé 55C

for 12 hour giving a po resu eva ion of
the pol yneyitrbgérb aidsafsicdl gsac.f.a J@mce area( Ré epaadire@ninfacteridante CWIAMOSI ti on

and vul cani zed sheet) 100 parts by weight of the pol yner thus
obt ai ned, ASTM Pa826-9By andi giet DaxP abbomalo(lptsomzsur@rm agronrdascé WiNB- G
manuf actured by Degussa Inc.), 6.4 parts by wei sil ane _coupling
‘agent (pr ARIEM ghg-9%; &S ammmatq'%lr%adw B@gﬂ@gaafﬁeﬁéﬁASE o4 SEh €

M t Subi ohi e SEAST KBt BRNGloRAdE vy T80 2epbREY, h{!%o%réﬁhé*;?%n 2 ol
(product neg®: ank S4ébialBIaEK aﬁtmamamr&'eﬁ@eéa&ayma, ete. mapbbysey. Wei ght  of

an antioxi dant (product nanme: Antigene 3C, nanufactured by Sum tono

Cheni cal Co., LExariple? phrthe bifaveeiqpupling asgerdr irclads diinytrichtdresitanenei ght

of zinc oxide, 1 part by weight of a vul cani zi ng accel erator (product nane:
Soxi nol CZ”"%WLH%?'L#’@EI by SumV!’b’r'Fﬂs@‘I@ﬁm%Vetﬂ?XY)q_'ﬁae) 1 parf-(H¢-wei ght

of a vul cani zi e t na red _by

Sum t ono @?@ﬁgﬂﬁ'% bg‘i‘?h% rgorxg'glll 1%s by I '\g%ké}%hylgém\é\!&%%%ro uct’” nane:
Sunnoc N, \ERYERIYP ﬁ%yhﬁm(aﬂ%u ys enko Chem cal | ndustyiglanfiReethifd-), and
1.4 parts by weight of sulfur were kneaded by neans of a Labo Pl astonmill to

pr epare aarmbbpnopgztbmrpemdxyalaneThe rubber conposition tMB-anbneéthgld-ywas
nol ded into a sheet using a 6 inch roll, and the sheet was vulcanlzed by
heat i ng atanl'BQQIOPMV“QIBY|ﬁ1'ﬂ%ﬁh8§¥s"laﬁﬁsNQPW)QW@'Y@WDPEWEB@‘*M?‘ anfad-resul ts

of eval uatl n of t roperti eet are given
in Table f %E?&P’ ngggé@gﬁ%]eg 2 (P e"E%F gi’toépgpal}ﬁ“ mﬁégﬂ ubber) v A
5 L capacigning hEStH MGPB! i Z8lsl e8RSyl Yep Sh%l‘iir. Ifidd, ed.pigt3ushed
with dry ni tpo%?rqp andogﬁaltr ged Wltf(lglgtr585 kg ymﬁndY}Ztrl aIu hexanel(den5| ty
680 kg/ nB)trietiBakygilgjpripy) bietediutfive, vﬂ—Brlrgeth‘oxyswyflmpyldilméthytmmoérbamyl

tetrahydrofuran, and 1.06 nlL of ethylene glycol diethyl eth
Subsequenttetjasidfidss ﬁﬁélY&?mﬁﬂwvwwmpﬁvlﬁﬁf‘ﬁ%@'%br egasﬁﬁd%n rQ'H%xt&%

sol ution, 0 rizafiop was started nof
73 but actiaveob el o pERLO LR BE i iR thsreof ey PRI IR ol ipsg ¢ o
and a pol yeg E@ﬁmh@?cléﬁ%%@uct' fbtr&ﬂlﬁb’%' nAREBESBYULAd 0é|7§59afngfac¥ur%dhews
whi l e continuously supplying the monomers to the polynerization reactor.
The anpuntDeglissa, hdyustadnap®esugaal i ed t hroughout the pol yneri zati on was 205
g, and . the anmount of styrene supplied was 65 g.
When a conjugated diene polymer rubber is formed by combining a filler

with the conjugated diene polymer rubber of the present invention, the amount

of filler combined, relative to 100 parts by weight of the conjugated diene

polymer of the present invention combined, is preferably from 10 to 150 parts

by weight. From the viewpoint of abrasion resistance and strength, the

amount combined is more preferably not less than 20 parts by weight, and yet

more preferably not less than 30 parts by weight. From the viewpoint of
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Followi ng this, the polynerization reaction solution thus obtai ned was
stirred at a stirring speed of 130 rpm 2.81 mmol of 3-

di et hyl am nopropyltriethoxysil ane was added thereto, and stirring was
carried out for 15 m nutes. 20 nmL of a hexane sol ution contai ni ng
0.17 nmL of methanol was added to the polynerization reaction solution, and

h | i i i | pt.i i d f i .
Tocthe. vorohEPbeREnFERL PRARRRd GindR uRlirbhingi o hHh 2 et Bt v
6- (31 o1 vkl ady DUORRNY pRTEmLIIhOaRG latt- Rk A bpalgrac vl at e (product

nanme: Sumlizer manuf act ured by Sum tono Chem c ., Ltd.) and 0.9 g

of pentaeryt hr iWben taedanjulgat€d diemer ydiyinieo pubdyer ds &dreed(ipy catubininpatiller
Sumilizer TPD, manufactured by Sumtono Chemical Co., Ltd.), and_the
pol yner i z&omihe ¥igwnaint ebfyali enenpay. dtilks eerferably te\ussopicaceag Wisrmal

f . d.f h i d d d , C
ForP 1o hodhe atadat o 9lice, 2ot B breltipBl, RS SBRN 0 pRhE RN KRt o
the pol y”?élafi&@ﬁfv"i0@?§rt9ib‘{r%ibf{to%ﬁtﬂle%?al tiIPBf ﬁnérerbto%aﬁ&lmbﬁ{d m@FgPosi tion

and vul cani zed sheet parts gy wel ght of the polynmer rubber

t hus obt aprefdrabliBndt leas tisarby0 partg by wéighi.| i ca (product nanme: U trasil
VN3-G manufactured by Degussa, Inc.), 6.4 parts by weight of a silane
coupl i ng agent EXamnies of therextenden oiliaclude@nuaremadic mingualsel! (Viseosjty- 6. 4

ts b i ght of | ack d - i abl N339, . fact d
o o, B e 8 028 Pt R4S BT 3 aBlphRe LA
il d 1 0 f ; i ;
0 PSSt Bl o BT 8504 P VBRI o o B

Sumi t ono  faaimocad0 £600.849) d. The Dahidychc Ryomati@tbnidnt sdfetnei éxtandet, oik iparts by
wei ght of zinc oxide, 1 part by weight of a vulcanizing accel erator
(product negferabfipigssothanz3 “ahvfweight, eahdbyn@enprefgreblghtesiscthianCh.% by d.), 1

art by wei ght of_a vu|cani zing accel erator (product name: Soxinol. D,
DT oot LTS, O ThE: PRy Ol A mate ontaris RESHTSA iha AEoHBNEMWET & wax
roduct . t i i em,.cal Jstrial
(Cg., Ltd. ?ﬁﬁg%dﬁ%nﬁﬁga%s Ey%ﬁgﬁ{eﬂ%&?&w V\gpgﬂ ﬁg%égih%yarr%rg%@éof a

Labo Pl asteribblnd @oﬁfe@aIOSCA) af thid RiendenBNs$ préferably @of l8¥setha @UP%Shy | ON

t hus obtained was nolded into a sheet using a 6 inch roll, and the sheet
was vul caweighd. bywheutmorg types 6bexteodensilminaythesysadhinscaglinatiora vul cani zed

e e Lol R B Bkt bl lr ot Bresteshices ve
vulcanization accelerators such as 2-mercaptobenzothiazole, dibenzothiazyl
disulfide, and N-cyclohexyl-2-benzothiazylsulfenamide; thiuram-based
vulcanization accelerators such as tetramethylthiuram monosulfide and
tetramethylthiuram disulfide; sulfenamide-based vulcanization accelerators
such as N-cyclohexyl-2-benzothiazolesulfenamide, N-t-butyl-2-
benzothiazolesulfenamide, = N-oxyethylene-2-benzothiazolesulfenamide, N-
oxyethylene-2-benzothiazolesulfenamide, and N,N'-diisopropyl-2-
benzothiazolesulfenamide; and guanidine-based vulcanization accelerators
such as diphenylguanidine, diorthotolylguanidine and orthotolylbiguanidine.
The amount thereof used is preferably 0.1 to 5 parts by weight relative to 100
parts by weight of rubber component, and more preferably 0.2 to 3 parts by
weight.

As a method for producing a conjugated diene polymer rubber by
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combining another polymer component, an additive, etc. with the conjugated
diene polymer of the present invention, a known method such as, for example,
a method in which the components are kneaded by means of a known mixer
such as a roll or Banbury mixer can be used.

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

The conjugated diene polymer rubber composition of the present
invention have excellent fuel economy. The grip properties are also good.

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

suitably used for tires.

Examples
The present invention is explained below by reference to Examples.
'Normal temperature' in the Examples means 25°C
Physical properties were evaluated by the following methods.
1. Mooney viscosity (ML1+4)
The Mooney viscosity of a polymer was measured at 100°C in
accordance with JIS K6300 (1994).
2. Vinyl bond content (units: % by mol)
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57 55 Styrene unit content % by wei ght 24 24 24 Mol ecul ar wei ght
distribution - 1.15 1.09 1.23

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

3. Styrene unit content (units: % by weight)

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

4. Molecular weight distribution (Mw/Mn)

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

(1) Instrument: HLC-8020 manufactured by Tosoh Corporation

(2) Separation column: GMH-XL (2 columns in tandem) manufactured by Tosoh
Corporation

(3) Measurement temperature: 40°C

(4) Carrier: tetrahydrofuran

(5) Flow rate: 0.6 mL/min

(6) Amount injected: 5 pyL

(7) Detector: differential refractometer

(8) Molecular weight standard: standard polystyrene

5. Abrasion resistance (units: mg/1,000 rotations)

A ring-shaped vulcanized molded body is used as a test piece; the
amounts abraded under conditions of a load of 10 pounds and a test piece
rotational speed of 300 rpm for from 500 to 1,500 rotations, from 1,500 to 2,500
rotations, and from 2,500 to 3,500 rotations are measured using an Akron
abrasion tester (Ueshima Seisakusho Co., Ltd.), and the average value thereof
is calculated. The smaller this value, the better the abrasion resistance.

6. Fuel economy
A strip-shaped test piece having a width of 1 or 2 mm and a length of 40

mm was stamped out from a sheet-shaped vulcanized molding and used for
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Abr asi on resistance Loss ng/ 1,000 rotations 310 340 360 Fuel econony tan 8
(70C) - 0.165 0.210 0.141

testing. The loss tangent (tand (70°C)) at 70°C of the test piece was
measured using a viscoelastometer (Ueshima Seisakusho Co., Ltd.) under
conditions of a strain of 1% and a frequency of 10 Hz. The smaller this value,
the better the fuel economy.

Example 1

(Preparation of component (A))

A 20 L capacity stainless polymerization reactor was washed, dried,
flushed with dry nitrogen, and charged with 10.2 kg of industrial hexane
(density 680 kg/m®), 604 g of 1,3-butadiene, 196 g of styrene, 6.1 mL of
tetrahydrofuran, and 4.36 mL of ethylene glycol diethyl ether. Subsequently,
14.65 mmol of n-butyllithium was charged as an n-hexane solution, and
polymerization was started.

Copolymerization of 1,3-butadiene and styrene was carried out at a
stirring speed of 130 rpm and a polymerization reactor internal temperature of
65°C for 3 hours while continuously supplying the monomers to the
polymerization reactor. The amount of 1,3-butadiene supplied was 906 g, and
the amount of styrene supplied was 294 g.

Following this, the polymerization reaction solution thus obtained was
stired at a stirring speed of 130 rpm, 11.40 mmol of N-(3-
dimethylaminopropyl)acrylamide was added thereto, and stirring was carried
out for 15 minutes.

20 mL of a hexane solution containing 0.70 mL of methanol was added
to the polymerization reaction solution, and the polymerization reaction solution
was stirred for a further 5 minutes.

Following this, to the polymerization reaction solution thus obtained
were added 8.0 g of 2-tert-butyl-6-(3-fert-butyl-2-hydroxy-5-methylbenzyi)-4-
methylphenyl acrylate (product name: Sumilizer GM, manufactured by
Sumitomo Chemical Co., Ltd.) and 4.0 g of pentaerythritol tetrakis(3-
laurylthiopropionate) (product name: Sumilizer TP-D, manufactured by

Sumitomo Chemical Co., Ltd.), thus giving a polymer solution (hereinafter,
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Exanple 5 (Preparation of conmponent (A)) A 20 L capacity stainless
pol yneri zati on reactor was washed, dried, flushed with dry nitrogen, and
charged with 10.2 kg of industrial hexane (density 680 kg/nB8), 604 g of
1, 3-but adi ene, 196 g of styrene, 6.1 nL of tetrahydrofuran, and 4.36 nL of
et hyl ene gl ycol diethyl ether. Subsequently, 8. 54 muol of
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20 mL of a hexane solution containing 0.70 mL of methanol was added
to the polymerization reaction solution, and the polymerization reaction solution
was stirred for a further 5 minutes.

Following this, to the polymerization reaction solution thus obtained
were added 8.0 g of 2-tert-butyl-6-(3-tert-butyl-2-hydroxy-5-methylbenzyl)-4-
methylphenyl acrylate (product name: Sumilizer GM, manufactured by
Sumitomo Chemical Co., Ltd.) and 4.0 g of pentaerythritol tetrakis(3-
laurylthiopropionate) (product name: Sumilizer TP-D, manufactured by
Sumitomo Chemical Co., Ltd.), thus giving a polymer solution (hereinafter,
called solution (B1)) in which component (B) was dissolved.

(Preparation of polymer rubber)
50 parts by weight of solution (A1) and 50 parts by weight of solution

(B1) were mixed, and the mixed solution thus obtained was evaporated at
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started. Copol yneri zation of 1, 3-butadiene and styrene was carried
out at a stirring speed of 130 rpm and a pol yneri zation reactor internal
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Example 2

The procedure of Example 1 was repeated except that a mixed solution
was prepared with the amount of solution (A1) as 60 parts by weight and the
amount of solution (B1) as 40 parts by weight. The results of evaluation of the

polymer rubber and the vulcanized sheet are given in Table 1.

Example 3
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The procedure of Exanple 5 was repeated except that a m xed sol ution was
prepared with the anount of solution (A2) as 25 parts by weight and the
anount of solution (B2) as 75 parts by weight. The results of eval uation of
t he pol yner rubber and the vul canized sheet are given in Table 3. Exanple 7
The procedure of Exanple 5 was repeat ed except that a m xed solution was
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amount of solution (B2) as 30 parts by weight. The results of eval uation of
the pol ymPoWMAsHEPbeaNg e wulsaniaed sheetaretdivaningiakie in Table 3. Table 3

Exanpl e

fmal eI)ExarrpI e
Example Example Example
1 2 3
Mooney viscosity - 54 55 56
Vinyl bond content % by mol 58 58 58
Styrene unit content % by weight 25 25 25
Molecular weight
distribution - 1.23 1.22 1.18
IAbrasion resistance mg/
Loss 1,000 rotations 290 280 290
Fuel economy
tan 3 (70°C) - 0.158 0.165 0.187

Example 4
(Preparation of polymer rubber)

A 30 L capacity stainless polymerization reactor was washed, dried,
flushed with dry nitrogen, and charged with 15.3 kg of industrial hexane
(density 680 kg/m®), 912 g of 1,3-butadiene, 288 g of styrene, 9.1 mL of
tetrahydrofuran, and 6.36 mL of ethylene glycol diethyl ether. Subsequently,
21.25 mmol of n-butyllithium was charged as an n-hexane solution, and
polymerization was started.

Copolymerization of 1,3-butadiene and styrene was carried out at a
stirring speed of 130 rpm and a polymerization reactor internal temperature of
65°C for 3 hours while continuously supplying the monomers to the
polymerization reactor. The amount of 1,3-butadiene supplied was 1,368 g,
and the amount of styrene supplied was 432 g.

Following this, the polymerization reaction solution thus obtained was
stirred at a stirring speed of 130 rpm, 4.63 mmol (0.22 mol per mol of n-
butyllithium) of N-(3-dimethylaminopropyl)acrylamide was added thereto, and

stirring was carried out for 15 minutes.
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Exanpl e

5 6 7 8 Mooney viscosity - 41 37 38 31

Following this, the polymerization reaction solution thus obtained was
stired at a stirring speed of 130 rpm, 13.88 mmol of 3-
diethylaminopropyltriethoxysilane was added thereto, and stirring was carried
out for 15 minutes.

20 mL of a hexane solution containing 1.12 mL of methanol was added
to the polymerization reaction solution, and the polymerization reaction solution
was stirred for a further 5 minutes.

To the polymerization reaction solution were added 12.0 g of 2-fert-
butyl-6-(3-tert-butyl-2-hydroxy-5-methylbenzyl)-4-methylphenyl acrylate
(product name: Sumilizer GM, manufactured by Sumitomo Chemical Co., Ltd.)
and 6.0 g of pentaerythritol tetrakis(3-laurylthiopropionate) (product name:
Sumilizer TP-D, manufactured by Sumitomo Chemical Co., Ltd.), and the
polymerization reaction solution was subsequently evaporated at normal
temperature for 24 hours and further dried under reduced pressure at 55°C for
12 hours, thus giving a polymer rubber. The results of evaluation of the
polymer rubber are given in Table 2.

(Preparation of rubber composition and vulcanized sheet)

100 parts by weight of the polymer rubber thus obtained, 78.4 parts by
weight of silica (product name: Ultrasil VN3-G, manufactured by Degussa, Inc.),
6.4 parts by weight of a silane coupling agent (product name: Si69,
manufactured by Degussa, Inc.), 6.4 parts by weight of carbon black (product
name: Diablack N339, manufactured by Mitsubishi Chemical Corporation), 47.6
parts by weight of an extender oil (product name: X-140, manufactured by
Kyodo Sekiyu), 1.5 parts by weight of an antioxidant (product name: Antigene
3C, manufactured by Sumitomo Chemical Co., Ltd.), 2 parts by weight of
stearic acid, 2 parts by weight of zinc oxide, 1 part by weight of a vulcanizing
accelerator (product name: Soxinol CZ, manufactured by Sumitomo Chemical
Co., Ltd.), 1 part by weight of a vulcanizing accelerator (product name: Soxinol
D, manufactured by Sumitomo Chemical Co., Ltd.), 1.5 parts by weight of a

wax (product name: Sunnoc N, manufactured by Ouchi Shinko Chemical
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Vi nyl bond content % by nol 56 56 56 56 Styrene unit content % by wei ght 25
25 25 25 Mol ecul ar wei ght

Industrial Co., Ltd.), and 1.4 parts by weight of sulfur were kneaded by means
of a Labo Plastomill to prepare a rubber composition. The rubber composition
thus obtained was molded into a sheet using a 6 inch roll, and the sheet was
vulcanized by heating at 160°C for 45 minutes, thus giving a vulcanized sheet.
The results of evaluation of the physical properties of the vulcanized sheet are
given in Table 2.

Comparative Example 1

(Preparation of polymer rubber)

A 20 L capacity stainless polymerization reactor was washed, dried,
flushed with dry nitrogen, and charged with 10.2 kg of industrial hexane
(density 680 kg/m®), 547 g of 1,3-butadiene, 173 g of styrene, 6.07 mL of
tetrahydrofuran, and 4.12 mL of ethylene glycol diethyl ether. Subsequently,
13.31 mmol of n-butyllithium was charged as an n-hexane solution, and
polymerization was started.

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

Following this, the polymerization reaction solution thus obtained was
stired at a stirring speed of 130 rpm, 11.25 mmol of N-(3-
dimethylaminopropyl)acrylamide was added thereto, and stirring was carried
out for 15 minutes.

20 mL of a hexane solution containing 1.12 mL of methanol was added
to the polymerization reaction solution, and the polymerization reaction solution
was stirred for a further 5 minutes.

To the polymerization reaction solution were added 8.0 g of 2-tert-butyl-
6-(3-tert-butyl-2-hydroxy-5-methylbenzyl)-4-methylphenyl acrylate (product
name: Sumilizer GM, manufactured by Sumitomo Chemical Co., Ltd.) and 4.0 g

of pentaerythritol tetrakis(3-laurylthiopropionate) (product name: Sumilizer TP-
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distribution - 1.21 1.19 1.17 1.15 Abrasion resistance ny/ Loss

D, manufactured by Sumitomo Chemical Co., Ltd.), and the polymerization
. reaction solution was subsequently evaporated at normal temperature for 24.
hours and further dried under reduced pressure at 55°C for 12 hours, thus
giving a polymer rubber. The results of evaluation of the polymer rubber are
given in Table 2.
(Preparation of rubber composition and vulcanized sheet)
100 parts by weight of the polymer thus obtained, 78.4 parts by weight
of silica (product name: Ultrasil VN3-G, manufactured by Degussa, Inc.), 6.4
parts by weight of a silane coupling agent (product name: Si69, manufactured
by Degussa, Inc.), 6.4 parts by weight of carbon black (product name: Diablack
N339, manufactured by Mitsubishi Chemical Corporation), 47.6 parts by weight
of an extender oil (product name: X-140, manufactured by Kyodo Sekiyu), 1.5
parts by weight of an antioxidant (product name: Antigene 3C, manufactured by
Sumitomo Chemical Co., Ltd.), 2 parts by weight of stearic acid, 2 parts by
weight of zinc oxide, 1 part by weight of a vulcanizing accelerator (product
name: Soxinol CZ, manufactured by Sumitomo Chemical Co., Ltd.), 1 part by
weight of a vulcanizing accelerator (product name: Soxinol D, manufactured by
Sumitomo Chemical Co., Ltd.), 1.5 parts by weight of a wax (product name:
Sunnoc N, manufactured by Ouchi Shinko Chemical industrial Co., Ltd.), and
1.4 parts by weight of sulfur were kneaded by means of a Labo Plastomill to
prepare a rubber composition. The rubber composition thus obtained was
molded into a sheet using a 6 inch roll, and the sheet was vulcanized by
heating at 160°C for 45 minutes, thus giving a vulcanized sheet. The results
of evaluation of the physical properties of the vulcanized sheet are given in
Table 2.
Comparative Example 2
(Preparation of polymer rubber)
A 5 L capacity stainless polymerization reactor was washed, dried,
flushed with dry nitrogen, and charged with 2.55 kg of industrial hexane
(density 680 kg/m®), 137 g of 1,3-butadiene, 43 g of styrene, 1.52 mL of
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1,000 rotations 230 210 210 220 Fuel econony tan 8 (70C) - 0.127 0.123
0.126 0.13

tetrahydrofuran, and 1.06 mL of ethylene glycol diethyl ether. Subsequently,
3.56 mmol of n-butyllithium was charged as an n-hexane solution, and
polymerization was started.

Copolymerization of 1,3-butadiene and styrene was carried out at a
stirring speed of 130 rpm and a polymerization reactor internal temperature of
65°C for 2.5 hours while continuously supplying the monomers to the
polymerization reactor. The amount of 1,3-butadiene supplied throughout the
polymerization was 205 g, and the amount of styrene supplied was 65 g.

Following this, the polymerization reaction solution thus obtained was
stired at a stirring speed of 130 rpm, 2.81 mmol of 3-
diethylaminopropyitriethoxysilane was added thereto, and stirring was carried
out for 15 minutes.

20 mL of a hexane solution containing 0.17 mL of methanol was added
to the polymerization reaction solution, and the polymerization reaction solution
was stirred for a further 5 minutes.

To the polymerization reaction solution were added 1.8 g of 2-tert-butyl-
6-(3-tert-butyl-2-hydroxy-5-methylbenzyl)-4-methylphenyl acrylate (product
name: Sumilizer GM, manufactured by Sumitomo Chemical Co., Ltd.) and 0.9 g
of pentaerythritol tetrakis(3-laurylthiopropionate) (produét name: Sumilizer TP-
D, manufactured by Sumitomo Chemical Co., Ltd.), and the polymerization
reaction solution was subsequently evaporated at normal temperature for 24
hours and further dried under reduced pressure at 55°C for 12 hours, thus
giving a polymer rubber. The results of evaluation of the polymer rubber are
given in Table 2.

(Preparation of rubber composition and vulcanized sheet)

100 parts by weight of the polymer rubber thus obtained, 78.4 parts by
weight of silica (product name: Ultrasil VN3-G, manufactured by Degussa, Inc.),
6.4 parts by weight of a silane coupling agent (product name: Si69,
manufactured by Degussa, Inc.), 6.4 parts by weight of carbon black (product

name: Diablack N339, manufactured by Mitsubishi Chemical Corporation), 47.6
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Exanple 9 (Preparation of conmponent (A))
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Example 5

(Preparation of component (A))

A 20 L capacity stainless polymerization reactor was washed, dried,

flushed with dry nitrogen, and charged with 10.2 kg of industrial hexane

(density 680 kg/m®), 604 g of 1,3-butadiene, 196 g of styrene, 6.1 mL of

tetrahydrofuran, and 4.36 mL of ethylene glycol diethyl ether.

Subsequently,

8.54 mmol of bis(diethylamino)methylvinylsilane and 14.49 mmol of n-
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out for 15 m nutes. 20 nL of a hexane solution containing 0.74 nL
of nethanol was added to the polynerization reaction solution, and the

pol ymeri zation reaction solution was stirred for a further 5 m nutes.
Follow ng this, to the polynerization reaction solution thus obtained were
added 8.0 g of 2-tert-butyl-6-(3-tert- butyI 2- hydr oxy- 5- net hyl benzyl)-4-
nmet hyl phe | ate (product name;  Sum | r.. GV nuf actur Sum t ono
e cal - BB el Hagog a5t SR cnaeron velian. (e, ARy tsizaion Mas

| auryl t hi gpyryy. onate) (product name: Sunilizer TP-D, manufactured by

Sum tono Chem cal Co., Ltd.), thus giving a polynmer solution (hereinafter,
cal l ed sol uti orC¢@@aymetirativhi of 1CHptatierie (A3 styserdi sl vadied( Bueparat i on of
pol ymer rubber) 20 parts by weight of solution (A3) and 80 parts by
wei ght of sHging $Rﬁ¢d( 9‘3,)3%9@ aﬁ%@olsﬁn@ruta%@nnﬁeﬁé@rg@'lema'dﬁmpﬁu%tumapgu ned
was evapobgz(gd ;{mé % mper at ure f hly tﬁnd further d under
reduced p f¥ 4 %Sf& "o qxpgdpgousmuguap IN%y e pSIYWEPEPu ?)e € The
results o h [

(Prepar at PO R B e Bt e Brd (BRI WA drand o

by wei ght th:e‘ dnieurpobly sgrenel Dpplitt uwao 2@ ned, FuBhernre! shdyameigthof of
silica (product nane: Utrasil VN3-G manufactured by Degussa, Inc.), 6.4
parts by h/@l(@nthydﬁmmowmwbmmwﬂnenghqgedtpe(rpm@dgmernmfewe&mgcharged

(product "B \‘;BP%gFQa@‘I? nesBeM sl bt oty S SR ni “cnem cal
Co i . X- 140,
"ol on) eyl e Dnd B lerBbuBR EXLERISEIAh 08 HEhoATl |

manuf act ur ed by an ant1 oxl

(product stured Aﬂtlaeng.raﬁg médacwretkdoyr&um @120 Cfmmbca|ofOON1(3Ltd-), 2
parts by weight of stearic acid, 2 parts by weight of zinc oxide, 1 part by
wei ght of dimethylamineprogybawylasride ovag @ddedctheretae andostirioy @& casnied act ur ed
by Sumi tono Chemical Co., Ltd.), 1 part by weight of a vul canizing

accel er at BthPﬁ1gldUlf‘t”t‘?§arre Soxinol D, manufactured by Sunitono Cheni cal

Co., Ltd.), 1. it . 1 ru;%c

manuf act ured by %&h‘?f egﬁlen %ﬁ'é‘%&éa“r%"éwr ?gllm%glﬁﬂ%ha , %Mie% parts
by wei ght tgtheSpiblfmerivgtich l@h@:ﬁdﬁ%ohmoﬂeéﬁ& tRé palylneé?&aﬂbasé@mdd sdlati¢n epare a
rubber conposition. The rubber conposition thus obtained was nolded into a
sheet u5|wg3§tlﬂedrfoharfoﬁther @amingtee. sheet was vul cani zed by heating at 160C
for 45 m nutes, o:B'hus i Vi n a vul cani zed sheet. The results of eval yation

of the physicalf ﬁ“és ofthenpolyegization feantion solutian s ekt e 4.
m xod ol HE1odied BRA RICH Y LRl B CER iy By PR By BERRU T, T oy
wei ght anﬁe‘tﬁﬁpwnbcfwat&m(ﬁé&fu( Rameds Sibnifzért SGRY Wedrifacturdie besul ts
of eval uation of the pol yner rubber and the vul canized sheet are given in
Tabl e 4. Sumnitolm® 1Ghemical Co., Ltd.) and 4.0 g of pentaerythritol tetrakis(3-
laurylthiopropionate) (product name: Sumilizer TP-D, manufactured by
Sumitomo Chemical Co., Ltd.), thus giving a polymer solution (hereinafter,
called solution (A2)) in which component (A) was dissolved.
(Preparation of component (B))
A 20 L capacity stainless polymerization reactor was washed, dried,
flushed with dry nitrogen, and charged with 10.2 kg of industrial hexane
(density 680 kg/m®), 604 g of 1,3-butadiene, 196 g of styrene, 6.1 mL of
tetrahydrofuran, and 4.36 mL of ethylene glycol diethyl ether. Subsequently,

8.54 mmol of bis(diethylamino)methylvinylsilane and 14.31 mmol of n-

butyllithium were charged as an n-hexane solution, and polymerization was
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The procedure of Exanple 9 was repeated except that a m xed sol ution was
prepared with the anount of solution (A3) as 75 parts by weight and the
anount of solution (B3) as 25 parts by weight. The results of eval uation of
t he pol yner rubber and the vul cani zed sheet are given in Table 4. Table 4
Exanpl e 9 Exanple 10 Exanple 11 Mooney viscosity - 53

started.

Copolymerization of 1,3-butadiene and styrene was carried out at a
stirring speed of 130 rpm and a polymerization reactor internal temperature of
65°C for 3 hours while continuously supplying the monomers to the
polymerization reactor. The amount of 1,3-butadiene supplied was 906 g, and
the amount of styrene supplied was 294 g. Furthermore, the amount of
bis(diethylamino)methylvinylsilane charged per monomer unit weight charged
and supplied to the polymerization reactor was 0.0043 mmol.

Following this, the polymerization reaction solution thus obtained was
stirred at a stirring speed of 130 rpm, 12.20 mmol of 3-
diethylaminopropyltriethoxysilane was added thereto, and stirring was carried
out for 15 minutes.

20 mL of a hexane solution containing 0.74 mL of methanol was added

to the polymerization reaction solution, and the polymerization reaction solution
was stirred for a further 5 minutes.

Following this, to the pdlymerization reaction solution thus obtained
were added 8.0 g of 2-tert-butyl-6-(3-tert-butyl-2-hydroxy-5-methylbenzyl)-4-
methylphenyl acrylate (product name: Sumilizer GM, manufactured by
Sumitomo Chemical Co., Ltd.) and 4.0 g of pentaerythritol tetrakis(3-
laurylthiopropionate) (product name: Sumilizer TP-D, manufactured by
Sumitomo Chemical Co., Ltd.), thus giving a polymer solution (hereinafter,
called solution (B2)) in which component (B) was dissolved.

(Preparation of polymer rubber)

10 parts by weight of solution (A2) and 90 parts by weight of solution
(B2) were mixed, and the mixed solution thus obtained was evaporated at
normal temperature for 24 hours and further dried under reduced pressure at
55°C for 12 hours, thus giving a polymer rubber. The results of evaluation of
the polymer rubber are given in Table 3.

(Preparation of rubber composition and vulcanized sheet)

100 parts by weight of the polymer rubber thus obtained, 78.4 parts by
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48 44 Vinyl bond content % by nol 57 57 57 Styrene unit content % by wei ght
24 24 25 Mol ecul ar wei ght :

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

The procedure of Example 5 was repeated except that a mixed solution
was prepared with the amount of solution (A2) as 25 parts by weight and the
amount of solution (B2) as 75 parts by weight. The results of evaluation of the
polymer rubber and the vulcanized sheet are given in Table 3.
Example 7

The procedure of Example 5 was repeated except that a mixed solution
was prepared with the amount of solution (A2) as 50 parts by weight and the
amount of solution (B2) as 50 parts by weight. The results of evaluation of the
polymer rubber and the vulcanized sheet are given in Table 3.
Example 8

The procedure of Example 5 was repeated except that a mixed solution
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di stribution -

1.21 1.18 1.15 Abrasion resistance Loss ng/ 1,000 rotations

250 240 240 Fuel econony

was prepared with the amount of solution (A2) as 70 parts by weight and the

amount of solution (B2) as 30 parts by weight. The results of evaluation of the

polymer rubber and the vulcanized sheet are given in Table 3.

Table 3)
Example Example Example Example
5 6 7 8
Mooney viscosity - 41 37 38 31
Vinyl bond content % by mol 56 56 56 56
Styrene unit content % by weight 25 25 25 25
Molecuiar weight :
distribution - 1.21 1.19 1.17 1.15
Abrasion resistance mg/
Loss 1,000 rotations 230 210 210 220
Fuel economy
tan 8 (70°C) - 0.127 0.123 0.126 0.13

Example 9

(Preparation of component (A))

A 20 L capacity stainless polymerization reactor was washed, dried,

flushed with dry nitrogen, and charged with 10.2 kg of industrial hexane

(density 680 kg/m®), 604 g of 1,3-butadiene, 196 g of styrene, 6.1 mL of

tetrahydrofuran, and 4.36 mL of ethylene glycol diethyl ether. Subsequently,

12.2 mmol of bis(diethylamino)methylvinylsilane and 15.72 mmol of n-

butyllithium were charged as an n-hexane solution, and polymerization was

started.

Copolymerization of 1,3-butadiene and styrene was carried out at a

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

65°C for 3 hours while continuously supplying the monomers to the

polymerization reactor. The amount of 1,3-butadiene supplied was 906 g, and

the amount of styrene supplied was 294 g. Furthermore, the amount of

bis(diethylamino)methylvinylsilane charged per monomer unit weight charged

and supplied to the polymerization reactor was 0.0061 mmol.

stirred

Following this, the polymerization reaction solution thus obtained was

at a stirring speed of 130 rpm, 1220 mmol of N-(3-
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tan 8 (70C) - 0.109 0.104 0.103 Exanple 12 (Preparation of polynmer rubber)
A 5 L capacity stainless polynerization reactor was washed, dried, flushed
with dry nitrogen, and charged with 2.55 kg of industrial hexane (density
680 kg/ nB), 137 g of 1,3-butadiene, 43 g of styrene, 1.52 nlL of
tetrahydrofuran, and 1.09 nL of ethylene gl ycol diethyl ether.

Subsequent . 1,97 mon Leth met.hyl vi,n ane_and 56 nmol
of nbutyl |d'”¥ﬁﬁhdiﬁ"0v8?%f°8ﬁ ?%ﬁ’é{g a‘?lla% aﬁgfg %’eg%t talngnydr?hé ‘ﬁ%?ﬁ%rj?gat i on
was start gt for 15 minuté®pol ymeri zation of 1, 3-butadi ene and styrene was :
carried out at a stirring speed of 130 rpm and a pol yneri zation reactor

I nt ernal tenperdl mieofod hekahd evlufiob doataisinghl.Fé nclonf maibarsdlywaupglied ng t he
nononers to the polynerization reactor. The anount of 1, 3-butadi ene

suppl i ed ‘Rshepelymerization Fraciinpseiution. §99rteﬁ@0§/mﬁ5ma€anmectw gplution

rononer oies ST aarBee TONeRo!f ea 1o the pol ymer i zati on 1 eactor was
oo (oot APt il phuceL A A ags otiagd v 1
ol per mlerefaddud BL0 id hifukdtedbulylE3¢3terpbttyl-arydopyePymgtagibghayt)-de was
added thereto, and stirring was carried out for 15 m nutes.
methylphenyl acrylate (product name: Sumilizer GM, manufactured by
Sumitomo Chemical Co., Ltd.) and 4.0 g of pentaerythritol tetrakis(3-
laurylthiopropionate) (product name: Sumilizer TP-D, manufactured by
Sumitomo Chemical Co., Ltd.), thus giving a polymer solution (hereinafter,
called solution (A3)) in which component (A) was dissolved.
(Preparation of component (B))

A 20 L capacity stainless polymerization reactor was washed, dried,
flushed with dry nitrogen, and charged with 10.2 kg of industrial hexane
(density 680 kg/m®), 604 g of 1,3-butadiene, 196 g of styrene, 6.1 mL of
tetrahydrofuran, and 4.36 mL of ethylene glycol diethyl ether. Subsequently,

12.2 mmol of bis(diethylamino)methylvinylsilane and 14.84 mmol of n-
butyllithium were charged as an n-hexane solution, and polymerization was
started.

Copolymerization of 1,3-butadiene and styrene was carried out at a
stirring speed of 130 rpm and a polymerization reactor internal temperature of
65°C for 3 hours while continuously supplying the monomers to the
polymerization reactor. The amount of 1,3-butadiene supplied was 906 g, and
the amount of styrene supplied was 294 g. Furthermore, the amount of
bis(diethylamino)methylvinylsilane charged per monomer unit weight charged
and supplied to the polymerization reactor was 0.0061 mmol.

Following this, the polymerization reaction solution thus obtained was

stired at a stirring speed of 130 rpm, 12.20 mmo!l of 3-

diethylaminopropyltriethoxysilane was added thereto, and stirring was carried
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Followi ng this, the polynerization reaction solution thus obtai ned was
stirred at a stirring speed of 130 rpm 2.39 mmol of 3-

di et hyl am nopropyltriethoxysil ane was added thereto, and stirring was
carried out for 15 m nutes. 20 nmL of a hexane sol ution contai ni ng
0.17 nmL of methanol was added to the polynerization reaction solution, and
t he pol yneri atiin.r action solution was stirred for a further 5 m nutes.
To the pol § ®¥-eaction sol uti on were added 1.8 g of 2-tert-butyl-
6- (3-tert - but y 1og wydf @exEnaolirloReRmdihid AP L R thaRSI WA b8 OTuC!
name: Sumlizer GM nmanufactured by Sumtono Chem cal Co., Ltd.) 0.9g
of pent aertgtthe |pbty|mdreht|a|k|rez(c3ro|nasu1wdm|am|drtbp|ptolma)za(txpnadacmomammtlon

Sum |i zer TPD, manufactured by Sumtono Chemical Co., Ltd.), and the

pol yrer i zé‘(iisoﬁ"f%fﬁflaofﬁft@ér étmlﬁht%as subsequent |y evaporated at nor mal

tenperature for §4 hour ur r dri d unde red ced pressure aﬁs 55C
for 12 hours, I:'u EOW'BII’ \}F' IIIﬂ errIﬁf'Sl gp. re?ﬁéorl) essouI'tIoéIg §Iﬂﬂ? on of
the pol yn&&eré“?@@éd Y 6 @'64‘9@ tleH-bTﬁ‘W@t(:iterf -Bu§RALR/dr XY - Qfm%HHPIB%th!ZDOS' tion

and vul cani zed sheet) arts by wei ght” of ymer” rubber

t hus obt aimettlylph8nyl wylatday(pmdlgd‘(t mimesi ISmhé@r odm;t ma@facturdd asy |
VN3- G manufactured by Degussa, Inc.), 6.4 parts by weight of a silane
coupl i ng aﬁg@nnom@rwemlcaia@@ ditd9, angnut. churféd psytayéwgtgggd tetrakig(3- 6. 4

By M Sﬁb.'gwﬁ“&ﬂ%pﬁoﬁﬁa Evapéwéﬁéé’nq%‘%t ikl e M S e
I dusiim d
3/Ie| gIlIor gf an ant| oX| (Ié%gI dgin Hgl.%egﬂig%()ngﬁgéé gﬂ%ﬂﬁ%a@?ﬁé@%ﬁ%@y

Sum tono Ga#ed ealutich (B3I.)t|d vohucrecmpbﬁeuthwagmswlvéd earic acid, 2 parts by
wei ght of zinc oxide, 1 part by weight of a vul canizing accel erator
(product rBraparaion plopolymer rbherhct ur ed by Sumitono Chenical Co., Ltd ), 1

Tanuf 2ot ur e by 2SRRI HVEIgPk L eeen DA B b gt bR o v

(product N, O#gg trial
Co., Ltd.) I@g’a ﬁ%qﬁ%gftag'dﬁwmﬂlﬁéﬁe%tﬁ?& ur \/vereﬁ%g‘g(} gb% rﬁeﬁls&of a
Labo PI astn@ﬁhlal tenfparaRPAITEr 24 NJUS randofipder tdried. undee redDb&d pesyspesiat i on

t hus obtai ned was nolded into a sheet using a 6 inch roll, and the sheet

was vul car5|52@cf0b§72 Hears, fjuagivieg@ peymes rabbart ed hetrﬁagltgpfxenyuatwrmlotam zed

sheet . results of eval uation physi cal properties of the
vul cani ze?‘%ﬂ%@f“eérr%b%‘?r\i’éﬁ SI"I?"TQbI)%bI% ‘Exanpl e 13 (Preparation of pol ymer

r ubber) I r on reactor was washed,
dried, fl ésﬁggra\?ﬁﬁh&fﬁ%ﬁﬁ% éélﬁbn ﬁa?HgI%I e@ éﬁ%tdz 55 kg of industrial
hexane (densi tw(ﬁﬁﬁaﬂtgbv&Ieugﬂsaf meOﬁolﬂzmafbum%iltane ,obfdingd 078.atparepy 1. 52
m. of tetrahydrofuran, and 1.12 nL of ethylene glycol diethyl ether.
Subsequenwejghtof $iticarfprodsict bam(ediuétragil HNﬁf@)mgnhfybmrﬂQIbyiDmsanmca 54 mmol
of nbutyl Lif hi um\l\gre ch rggrg n n-hexane sol ution, and polyngrization

was starP r? 28H3Nsh AUPling_ Baenlyi (BHRAUGHNamMeT eRB9as

carried o | e f I tor
car 1 o0, Ofritadl 36, 6] pURRRCeS! P RohE RO Py RCHIRS) BRI SRREtor, |
nononer s hamen DidhyKRIBBEY AHaPfdR@eddy MiteebieAPORémal l:oip&tahaﬁl) A7
supplied was 205 g, and the anount of styrene supplied was 65 g.
Fur t her nopertst he vwaighinof ah exteader olily(paoduct) manby X+l 4§, sianafectadedr byd per
nononer unit wej ?(ht charged and supplied to the polynerization reactor was
0. 0044 rmBlodo Sekiyu), 1.5 parts by weight of an antioxidant (product name: Antigene

3C, manufactured by Sumitomo Chemical Co., Ltd.), 2 parts by weight of

stearic acid, 2 parts by weight of zinc oxide, 1 part by weight of a vulcanizing

accelerator (product name: Soxinol CZ, manufactured by Sumitomo Chemical

Co., Ltd.), 1 part by weight of a vulcanizing accelerator (product name: Soxinol

D, manufactured by Sumitomo Chemical Co., Ltd.), 1.5 parts by weight of a
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Example 12

(Preparation of polymer rubber)

The results
et are given
A5 L

| ushed with
ensity 680

and 3.68 mmol
yneri zation
rene was

n reactor

uppl yi ng the

A 5 L capacity stainless polymerization reactor was washed, dried,

flushed with dry nitrogen, and charged with 2.55 kg of industrial hexane
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pol ymeri zation reactor. The anount of 1, 3-butadi ene supplied was 205 g, and
t he anobunt of styrene supplied was 65 g. Furthernore, the anount of

bi s(di et hyl am no) met hyl vi nyl si | ane charged per nononer unit wei ght charged
and supplied to the polynerization reactor was 0.0044 mol .

Followi ng this, the polynerization reaction solution thus obtai ned was
stirred a I RR{ e f A I r 0} Of -
nbutyl I'i tk?%nrﬁ&oéémq%ﬁagfng?ﬁﬁ %ﬁgﬁgg{r%%@ﬁ%c??/?é\néfgg@\%r{sg?a&ggdmt"hg eto,
and stirritggaMRFofddr, A 9W9 Mor ofl&thyiehet §igcol diethyl etfenl | Subsgnudntly, t he
pol ymeri zation reaction solution thus obtained was stirred at a stirring
speed of 11397 r pymol1 .01 bintdietmyflaBinojinethyNinyisirasier opyd t BiS6t HORPSi Phne- was
added thereto, and stirri ng was carried outﬁ?&?r 15 %u} es.. . 20 mL
of a hexaRstdEhum o¥ereohaBae (5 @N17-heXale SRR ANLRSYRAIEZNPR Yik

pol ymer i Z%I-rerh reaction solution, and the polynerization reaction solution
was stirré or a further 5 m nutes. To the polynerization reaction
sol ution were agdgwslyrhefzatid of-1,8/butddiéyd -and styrene was carried out at a

6- (3-tert-butyl-2-hydroxy-5-nethyl benzyl)-4-nmet hyl phenyl acrylate (product
name: Sunistirrirey spigdd obh80 apmuaret] atpolBoeiization ©astdrdatercal. tempegatureantl 0. 9 ¢
of pent aero%'ghri tol tetrakis(3-laurylthi oprg‘gqi onat (éé\ (product nane:

Sum | i zer 698D, forarfu® abeuiseVile SQRIIPURRSICHEHRRIUNG Cte meROfers,HY (e

pol ymeri zatijon r i | U0 e I n I
Femper at upeuis3Reh oBfeSt, o€ AribEh 8 PaEbUiERiant, SiFRRGE VLo 0 8™

for 12 hoyis,ahbit OF dthi@nd BEPYITRN wasblesr g TheuriRsiHidrs, ®he exabu@t opn of
t he pol yner rubber are given in Table 5. (Preparation of rubber conposition

and vul cambigdidtisit@ainp)methylvinyldihepahargedypewrmpnomelr urike weidhtnehargedber
t hus obtained, 78.4 parts by weight of sili carog)pr oduct nane: U trasil
VN3- G, nafdfsspplied toiherejuastzationreacty was,@.004459mMaki ght of a sil ane

coupl i ng agent oduct, .nape: Si . f . S ) 6.4
parts by wei ghtg(ggowé%q E‘?}'ﬁ' Brl‘%@%‘y?%rrb%ﬁgﬁ '%%%r@szr?%ogﬁlloggﬁ'ﬂ%%?ﬂn%gnﬁ %ict ur ed
by M t subisgited Areq QtﬁIingOéﬂéHdabf anD, rphd, 6.41airhsl 0/ 128hehbepim@noext ender
oi |l (product nane: X-140, manufactured by Kyodo Sekiyu), 1.5 parts by

wei ght of batyllithtungx otl Ah(3-dimettiyiamimaprepylfadryigetide 3@s added dberetedany

Sum tonmo Chem cal Co., Ltd.f), 2 parts by weight of stearic acid, 2 parts by
wei ght of SHITHYY Was garried yerfer Y miBvi§8t of a vul cani zi ng accel erat or

(product nane: inol .C7Z .nmanu b ]t . 1.C , d), 1
part by wei ght %q?&&'%lt@?miﬂﬁ I’I’S‘@i%gagggt%ra %@ gglﬁﬂg{oﬁn%:&ggﬁﬁo\fﬁ )
manuf act usgeleBY UM 4 ONBLifHRGM GBked O of L1180 . rpnd PRrIss hymeri ot of a wax
(product name: Sunnoc N, manufactured by Quchi Shinko Chem cal |ndustrial
Co., Ltd. djethyldminabrppyltriethgxysilagbtwas addéd dheneto,canchetiteng s nasaried of a
Labo Plastom || to prepare a rubber conposition. The rubber conposition

t hus obt aioHeiPrismifiteRed i nto a sheet using a 6 inch roll, and the sheet

v vulcantzed by ehest e Rk Lol g in, I el o bt 2o
vul cani zed, {iepbiyAfefizati¥ e Peddliohadi®tich, andaRkHolmeriZatRAiedction solution
was stirred for a further 5 minutes.
To the polymerization reaction solution were added 1.8 g of 2-fert-butyl-
6-(3-tert-butyl-2-hydroxy-5-methylbenzyl)-4-methylphenyl  acrylate (product
name: Sumilizer GM, manufactured by Sumitomo Chemical Co., Ltd.) and 0.9 g
of pentaerythritol tetrakis(3-laurylthiopropionate) (product name: Sumilizer TP-
D, manufactured by Sumitomo Chemical Co., Ltd.), and the polymerization
reaction solution was subsequently evaporated at normal temperature for 24

hours and further dried under reduced pressure at 55°C for 12 hours, thus
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giving a polymer rubber. The results of evaluation of the polymer rubber are
given in Table 5.
(Preparation of rubber composition and vulcanized sheet)

100 parts by weight of the polymer rubber thus obtained, 78.4 parts by
weight of silica (product name: Ultrasil VN3-G, manufactured by Degussa, Inc.),
6.4 parts by weight of a silane coupling agent (product name: Si69,
manufactured by Degussa, Inc.), 6.4 parts by weight of carbon black (product
name: Diablack N339, manufactured by Mitsubishi Chemical Corporation), 47.6
parts by weight of an extender oil (product name: X-140, manufactured by
Kyodo Sekiyu), 1.5 parts by weight of an antioxidant (product name: Antigene
3C, manufactured by Sumitomo Chemical Co., Ltd.), 2 parts by weight of
stearic acid, 2 parts by weight of zinc oxide, 1 part by weight of a vulcanizing
accelerator (product name: Soxinol CZ, manufactured by Sumitomo Chemical
Co., Ltd.), 1 part by weight of a vulcanizing accelerator (product name: Soxinol
D, manufactured by Sumitomo Chemical Co., Ltd.), 1.5 parts by weight of a
wax (product name: Sunnoc N, manufactured by Ouchi Shinko Chemical
Industrial Co., Ltd.), and 1.4 parts by weight of sulfur were kneaded by means
of a Labo Plastomill to prepare a rubber composition. The rubber composition
thus obtained was molded into a sheet using a 6 inch roll, and the sheet was
vulcanized by heating at 160°C for 45 minutes, thus giving a vulcanized sheet.
The results of evaluation of the physical properties of the vulcanized sheet are
given in Table 5.

Example 13
(Preparation of polymer rubber)

A 5 L capacity stainless polymerization reactor was washed, dried,
flushed with dry nitrogen, and charged with 2.55 kg of industrial hexane
(density 680 kg/m®), 137 g of 1,3-butadiene, 43 g of styrene, 1.52 mL of
tetrahydrofuran, and 1.12 mL of ethylene glycol diethyl ether. Subsequently,
1.97 mmol of bis(diethylamino)methylvinylsilane and 3.54 mmol of n-

butyllithium were charged as an n-hexane solution, and polymerization was
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58 57 Styrene unit content % by wei ght 24 24 24 Mol ecul ar wei ght
distribution - 1.26 1.19 1.24

started.

Copolymerization of 1,3-butadiene and styrene was carried out at a
stirring speed of 130 rpm and a polymerization reactor internal temperature of
65°C for 2.5 hours while continuously supplying the monomers to the
polymerization reactor. The amount of 1,3-butadiene supplied was 205 g, and
the amount of styrene supplied was 65 g. Furthermore, the amount of
bis(diethylamino)methylvinylsiIane charged per monomer unit weight charged
and supplied to the polymerization reactor was 0.0044 mmol.

Following this, the polymerization reaction solution thus obtained was
stirred at a stirring speed of 130 rpm, 0.70 mmol (0.20 mol per mol of n-
butyllithium) of N-(3-dimethylaminopropyl)acrylamide was added thereto, and
stirring was carried out for 15 minutes.

Following this, the polymerization reaction solution thus obtained was
stimred at a stirring speed of 130 rpm, 2.11 mmol of 3-
diethylaminopropyltriethoxysilane was added thereto, and stirring was carried
out for 15 minutes.

20 mL of a hexane solution containing 0.17 mL of methanol was added
to the polymerization reaction solution, and the polymerization reaction solution
was stirred for a further 5 minutes.

To the polymerization reaction solution were added 1.8 g of 2-fert-butyl-
6-(3-tert-butyl-2-hydroxy-5-methylbenzyl)-4-methyiphenyl  acrylate (product
name: Sumilizer GM, manufactured by Sumitomo Chemical Co., Ltd.) and 0.9 g
of pentaerythrito! tetrakis(3-laurylthiopropionate) (product name: Sumilizer TP-
D, manufactured by Sumitomo Chemical Co., Ltd.), and the polymerization
reaction solution was subsequently evaporated at normal temperature for 24
hours and further dried under reduced pressure at 55°C for 12 hours, thus
giving a polymer rubber. The results of evaluation of the polymer rubber are
given in Table 5.

(Preparation of rubber composition and vulcanized sheet)

100 parts by weight of the polymer rubber thus obtained, 78.4 parts by
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Abr asi on resistance Loss ng/ 1,000 rotations 260 240 230 Fuel econony tan 8
(70C) - 0.127 0.129 0.126

weight of silica (product name: Ultrasil VN3-G, manufactured by Degussa, Inc.),
6.4 parts by weight of a silane coupling agent (product name: Si69,
manufactured by Degussa, Inc.), 6.4 parts by weight of carbon black (product
‘name: Diablack N339, manufactured by Mitsubishi Chemical Corporation), 47.6
parts by weight of an extender oil (product name: X-140, manufactured by
Kyodo Sekiyu), 1.5 parts by weight of an antioxidant (product name: Antigene
3C, manufactured by Sumitomo Chemical Co., Ltd.), 2 parts by weight of
stearic acid, 2 parts by weight of zinc oxide, 1 part by weight of a vulcanizing
accelerator (product name: Soxinol CZ, manufactured by Sumitomo Chemical
Co., Ltd.), 1 part by weight of a vulcanizing accelerator (product name: Soxinol
D, manufactured by Sumitomo Chemical Co., Ltd.), 1.5 parts by weight of a
wax (product name: Sunnoc N, manufactured by Ouchi Shinko Chemical
Industrial Co., Ltd.), and 1.4 parts by weight of sulfur were kneaded by means
of a Labo Plastomill to prepare a rubber composition. The rubber composition
thus obtained was molded into a sheet using a 6 inch roll, and the sheet was
vulcanized by heating at 160°C for 45 minutes, thus giving a vulcanized sheet.
The results of evaluation of the physical properties of the vulcanized sheet are
given in Table 5.

Example 14

(Preparation of polymer rubber)

A 5 L capacity stainless polymerization reactor was washed, dried,
flushed with dry nitrogen, and charged with 2.55 kg of industrial hexane
(density 680 kg/m®), 137 g of 1,3-butadiene, 43 g of styrene, 1.52 mL of
tetrahydrofuran, and 1.09 mL of ethylene glycol diethyl ether. Subsequently,
1.97 mmol of bis(diethylamino)methylvinylsilane and 3.68 mmol of n-
butyllithium were charged as an n-hexane solution, and polymerization was
started.

Copolymerization of 1,3-butadiene and styrene was carried out at a
stirring speed of 130 rpm and a polymerization reactor internal temperature of

65°C for 2.5 hours while continuously supplying the monomers to the
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Claims 1. A conjugated di ene polynmer rubber conprising conponent (A) and
conponent (B) bel ow, conponent (A) having a content, with the total anount
of conponent (A) and conponent (B) as 100 % by weight, of from5 to 90 % by
wei ght, and conponent (B) having a content of from95 to 10 cto by weight,
conponent (A): a conjugated diene polynmer rubber conponent nodified with a
car bonyl gr - |t uted ' - cont aini d_conponent
(B): & coneferzARnaHantl) HEaRaLAEeP1 31 AERDE PR BAR AR o ihpouna
represent gge ymbo@itMet astyrbha) sVIRY WAL185NyS (FAdRIMBES4tHE Hddet wherein m
denotes a nunber from1l to 3, n denotes a nunber from1 to 3, m+ nis from
2 to 4, Rbpis(diethyR8indgmethylvinyisithneceahdrged gresumonBR2r daitoweighd charged

hydr ocar byl ene group, A denotes a substituted am no group or an optionally
substi t ut éadwyapb%%F%meoea}wa%%ﬁﬂowm@ﬁtqrmo-9%4a"BP'ur ality of R21ls the

plurality of R%gzﬁ I dent.i . Liferent . h_.ot her . when
there are a pl uralloiwtm);g grﬁs’Rg?sb%’ﬁe eﬁ'ltzgllt"gﬁqir??/&(')(ﬁ‘ %Q%’Hr’}gghggoﬁtﬂgégﬁﬁﬁ to or
di ff er ent sfifrem ﬁashstmih?rspe\efaeaf 4BOT Bl €.43 RIMGIAI0.3Y I FeSending Rl urality
of R23s may be identical to or different fromeach other, and when there
are a pl ubatyilitiiuaf) @& M-(3ediplatinyddminopodpyimcngamink: wdenadaded theretw, ahd f er ent
fromeach other. 2. The rubber according to Caim1, wherein the carbonyl
group- an8t¥ngswas gariedaut for 4% BupNtesnt ai ni ng conpound is a conmpound
represented by rmul a,. (.l a) below 0 ZI Z2(| a erein Zl.and Z2 denote a
Cubst: tut ed anifseqsEieotnen PR Hisrigplon teaciartPallRh dhlnobiiRea Fasal 1y
substitut grrbydr gcarpyl sty P, spedin &Pt 18pal hymsSubgiyht uhhiflohy g ocgr byl oxy
group, at least one of Z1 and Z2 is a substituted am no group-containing
group, or digthdadinépregydtrietodedildne eashadddiethaetd, ahenstireing Waoearried whi ch a

substituted am no group-containing ring structure is formed by Z1, Z2, and
t he car boAyt fosdbyBinutes3. The rubber according to Claim2, wherein at |east

82|e 0\(/)v],c (Z-}-) %Z%R (r(r)IF_bgf;)ar e>|<aane( !Sgl}.lﬁé)g c%ngarir%lrjig J?‘P ' &f 1fneé\a(?ha?r}/olfv\(/)arsngcljd"@‘ed(l b)
to the polymerization reaction solution, and the polymerization reaction solution
was stirred for a further 5 minutes.

To the polymerization reaction solution were added 1.8 g of 2-fert-butyl-
6-(3-terf—butyl-2-hydroxy-5-methy|benzyl)-4-methylpheny| acrylate  (product
name: Sumilizer GM, manufactured by Sumitomo Chemical Co., Ltd.) and 0.9 g
of pentaerythritol tetrakis(3-laurylthiopropionate) (product name: Sumilizer TP-
D, manufactured by Sumitomo Chemical Co., Ltd.), and the polymerization
reaction solution was subsequently evaporated at normal temperature for 24
hours and further dried under reduced pressure at 55°C for 12 hours, thus
giving a polymer rubber. The results of evaluation of the polymer rubber are
given in Table 5.

(Preparation of rubber composition and vulcanized sheet)

100 parts by weight of the polymer rubber thus obtained, 78.4 parts by
weight of silica (product name: Ultrasil VN3-G, manufactured by Degussa, Inc.),
6.4 parts by weight of a silane coupling agent (product name: Si69,
manufactured by Degussa, Inc.), 6.4 parts by weight of carbon black (product

name: Diablack N339, manufactured by Mitsubishi Chemical Corporation), 47.6
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wherein p denotes O or 1, T denotes an oxygen atomor -NR6- (R6 denotes a
hydr ocar byl group or a hydrogen atom, R4 denotes a hydrocarbyl ene group,
R5 denotes a hydrocarbyl group that may contain a nitrogen atom and/ or an
oxygen atom (the two Fes may be identical to or different fromeach other),
a group having 2 to 20 carbon atons in which the two R5s forma single

group and n t e_nd [ dqu r i val ent
group havip%ggZWﬁghtcgfr tglénegt h%’g%ﬂ @%‘Sﬂc t'ﬁae'%?'\/\g(uﬁj’s(g gl(rgggt?gﬁﬂgg €¥) each
ot her, angybdbESURR[NY S Ea.bgw'mgnpgf bh Ahtioxant (FrotUBDREmac AQtigeng to
Claim1, wherein the carbonyl group- and substituted am no group-containi ng
conpound 3§, ameoufactuned rpprSeswitdnea Qyerhisamfa, (Lid.3) 2bphdsy, byHANEIGING of
TCH2NRS2( | -, 3% 0_wherein R5 denotes a hydrocar byl _grg%p that may contain
a ni t r ogefeAGnidHhd? PrrigPYoWelsh ofZing pxide. § RArRBY Waighthef 2 yulsanizing t o or

diff t ) i t i ich
the two RESCASIABE uBUiR A 302l €2 Bihfab®rg® S ARl Boci el Vi o
doubl e boag,, Igﬂgaﬂﬂa\fﬁb?%i@{t%ﬁ% baxhmding dRellafor (PRIduRE RAMel BoWHoFh t he
two R5s are bonded to each other, g denofes an integer from1l to 10, T

denot es ab, orngmeactareinbyr S¢MRaotenChemiaal IGalr dtdih,byI5 partsipbyowerghityedrapgen
atom), and 1:18 denotes an optionally substituted hydrocarbyl group or a
hydr ogen #@¥n{Prodyct ngame; yguepoGdbomandactarashpyofiichi FhiakesChemisal, -

(i ol kot alHETRH 1 R Bk oria by wegrtodtls i e deae by m62hy one
const | tUen e B R b BB ey o0y oo e,
accor di ngthus ébtained6wasvinesidéd intbea Sheétcasing @nédhch mell, and the sheet was
vulcanized by heating at 160°C for 45 minutes, thus giving a vulcanized sheet.
The results of evaluation of the physical properties of the vulcanized sheet are

given in Table 5.

(Table 5)
Example Example Example
12 13 14
Mooney viscosity - 62 54 55
Vinyl bond content % by mol 57 58 57
Styrene unit content % by weight 24 24 24
Molecular weight . 1.26 1.19 124
Abrasion resistance mg/ 260 240 930
Loss 1,000 rotations
Fuel economy
tan § (70°C) - 0.127 0.129 0.126
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nmononer is a nonomer represented by formula (X) bel ow, H2C=CH X1-Si-X3( X))
wherein X1, X2, and X3 denote an optionally substituted hydrocarbyl group
or a group represented by formula (Xa) below, and at |east one of X1, X2,
and X3 is a group represented by fornula (Xa) below, R * -N( Xa ) R
wherein R and R' denote a hydrocarbyl group having 1 to 6 carbon atons

t hat may ntain at | east one atomselected fromthe group consisting of a
nitrogen a 3 an oxygen atom and a silicon atom a silyl group, a
substituted silyl group, or a divalent group having 2 to 12 carbon atons in
which R and R' are bonded to each other, and * represents a bonding
position. 1.8. TMeccmjnhmHed atiene dpolgmieo ralbpeomenm‘rismgaimmpbneot XA)vm”eirei n the
conj ugat ed di ene ynmer rubber has a vinyl bond content, wt

conj ugat e&omp@ﬁeng@éw'%r@qm@mt (6hh?V'68rﬁ‘é¢Pﬂte'&%“’1@dh%tBS?' ﬁm%mt 8f not

i ene pol yamponafh e SBRpBREn T s TP 74 By BnE b tron £15'80) 4% o

weight, and component (B) having a content of from 95 to 10 % by weight,
component (A): a conjugated diene polymer rubber component modified with a
carbonyl group- and substituted amino group-containing compound
component (B): a conjugated diene polymer rubber component modified with a
compound represented by formula (ll1a) below

(R?'0)mSi(R??A)R%4mn (l1a)
wherein m denotes a number from 1 to 3, n denotes a number from 1 to 3, m +
n is from 2 to 4, R¥ and R denote a hydrocarbyl group, R? denotes a
hydrocarbylene group, A denotes a substituted amino group or an optionally
substituted hydrocarbyloxy group, when there are a plurality of R%'s the
plurality of R*'s may be identical to or different from each other, when there are
a plurality of R?%s the plurality of R?’s may be identical to or different from each
other, when there are a plurality of R**s the plurality of RZ%*s may be identical to
or different from each other, and when there are a plurality of As the plurality of

As may be identical to or different from each other.

2. The rubber according to Claim 1, wherein the carbonyl group- and
substituted amino group-containing compound is a compound represented by

formula (1a) below,

|
z' ———g—zz e

wherein Z' and Z? denote a substituted amino group-containing group, a
hydrogen atom, an optionally substituted hydrocarbyl group, or an optionally

substituted hydrocarbyloxy group, at least one of Z' and Z? is a substituted

amino group-containing group, or Z' and Z? are bonded to each other and
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conj ugat ed di ene pol yner rubber according to any one of Clains 1 to 8 and a
filler, the filler having a content of from 10 to 150 parts by wei ght per
100 parts by weight of the conjugated diene pol yner rubber.

denote a group in which a substituted amino group-containing ring structure is

formed by Z', Z2, and the carbonyl carbon.

3. The rubber according to Claim 2, wherein at least one of Z' and Z? of

formula (la) is a group represented by formula (Ib) below,

. (T}p R—NR%  (Ib)

wherein p denotes 0 or 1, T denotes an oxygen atom or -NR°®- (R® denotes a
hydrocarbyl group or a hydrogen atom), R* denotes a hydrocarbylene group, R®
denotes a hydrocarbyl group that may contain a nitrogen atom and/or an
oxygen atom (the two R°s may be identical to or different from each other), a
group having 2 to 20 carbon atoms in which the two R®s form a single group
and are bonded to the nitrogen atom via a double bond, or a divalent group
having 2 to 20 carbon atoms in which the two R%s are bonded to each other,

and * represents a bonding position.

4. The rubber according to Claim 1, wherein the carbonyl group- and
substituted amino group-containing compound is a compound represented by

formula (1-3) below,

H,C=CR®
(1-3)

_C—T—{CHz}—NR%,
O
wherein R° denotes a hydrocarbyl group that may contain a nitrogen atom
and/or an oxygen atom (the two R%s may be identical to or different from each
other), a group having 2 to 20 carbon atoms in which the two R°s form a single
group and are bonded to the nitrogen atom via a double bond, or a divalent
group having 2 to 20 carbon atoms in which the two R®s are bonded to each
other, q denotes an integer from 1 to 10, T denotes an oxygen atom or -NR®-
(R® denotes a hydrocarbyl group or a hydrogen atom), and R® denotes an

optionally substituted hydrocarbyl group or a hydrogen atom.
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5. The rubber according to any one of Claims 1 to 4, wherein the
compound represented by formula (lfa) is a [3-

(dialkylamino)propyl]trialkoxysilane.

6. The rubber according to any one of Claims 1 to 5, wherein component
(A) and/or component (B) comprise a constituent unit based on a silicon-

containing monomer.

7. The rubber according to Claim 6, wherein the silicon-containing
monomer is a monomer represented by formula (X) below,
HoC=CH
X'—si—x3 (X)
X2

wherein X', X2, and X® denote an optionally substituted hydrocarbyl group or a
group represented by formula (Xa) below, and at least one of X', X, and X3 is

a group represented by formula (Xa) below,

* —N (Xa)

wherein R' and R" denote a hydrocarbyl group having 1 to 6 carbon atoms that
may contain at least one atom selected from the group consisting of a nitrogen
atom, an oxygen atom, and a silicon atom, a silyl group, a substituted silyl
group, or a divalent group having 2 to 12 carbon atoms in which R' and R" are

bonded to each other, and * represents a bonding position.
8. The rubber according to any one of Claims 1 to 7, wherein the

conjugated diene polymer rubber has a vinyl bond content, with the conjugated

diene-based constituent unit content as 100 % by mole, of not less than 20 %
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by mole and not more than 70 % by mole.

9. A conjugated diene polymer rubber composition comprising the
‘conjugated diene polymer rubber according to any one of Claims 1 to 8 and a
filler, the filler having a content of from 10 to 150 parts by weight per 100 parts

by weight of the conjugated diene polymer rubber.
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