OuurRef. 3683320 CONJUGATED DIENKBASED POLYMER, CONJUGATED DIENE-BASED
POLYMER COMPOSITION, AND PROCESS FOR PRODUCING CONJUGATED DIENE-BASED
POLYMER 5The present invention relates to a conjugated diene-based polymer, a conjugated
diene-based polymer composition, and a process for producing a conjugated diene-based polymer.

BACKGROUND T TIQ ition_for an mobile tire, a rubber
composition cont?ﬁﬁiwﬁlgﬁ ‘é‘%ﬁé&%ﬁ%ﬁ@%@ﬁ%ﬁ% @p%w iée or a
butadiene-styfeRINEPBYREDARG BYRIHR (IaPertigused, A NDPRCRNEERIB(Mth increased
concern about an enyi equirements of fuel cost-saving properties on an
automobile have 1%%@%@@%%@%@8%&%@@%%@ an automobile has
also been required to be excellent in fuel cost-saving properties. For example, as a polymer which
enhances fuel cost-saving properties and a polymer composition favorable in fuel cost-saving
properties, JP-A 7-82422 REPHREEBE ST E BoIgmEr SHEaIrERPnGEARDA 2D HoIgAsszation of
butadienile@%@@,ea@aﬁj@kg@g&fmﬁgﬂe%ﬁ@&wﬁ&tgﬁﬂ@r@%ﬂﬁ5&@1’6@Uﬁﬁasa ghaneization init.'sator,
and a polymer composition containing the polymer and carbon black. JP-A 1-217011 has proposed a
conjugatEHQﬁEﬁBlE%é%B%ﬁ%@ HenschrsaE BAIEIET polymer obtained by copolymerization of
butadiene and styrene using alkyllithium as a 25 polymerization initiator is modified with
bis(dimethylamino)nethylvin%ne and a polymer composition of the polymer and carbon black.

SUMMARY 80However, pol I‘é&ﬁ&)@ OEihghd BboseTddmisntional conjugated diene-based
polyser were noknecessally sfficientvsatisiastansinfuelrostsaying praperties, and;slongation at

break.

containing a conjugated diene-based polymer such as polybutadiene or a
butadiene-styrene copolymer and & reinforcing agent is used.

In recent years, with increased concern about an environmental
problem, requirements of fuel cost-saving properties on an automobile have

15 been increasing, and a rubber composition used in a tire for an automobile
. has also been required tc be excellent in fuel cost-saving properties.

For example, as a polymer which enhances fuel cost-saving
properties and a polymer composition favorable in fuel cost-saving properties,
JP-A 7-82422 has proposed a polymer obtained by Living anion

20  polymerization of butadiene, styrene, and dimethylaminomethylstyrene
using alkyllithium as a polymerization initiator, and a polymer campaéi‘tiﬂn
containing the polymer and carbon black. JP-A 1-217011 has proposed a
conjugated diene-based polymer in which one end of 2 polymer obta.ined by
copolymerization of butadiene and styrene using alkyllithivm as &

25  polymerization initiator is modified with
bis{dimethylamino)methylvinylsilane, and a polymer cornposition of the

polymer and carbon black.

 SUMMARY

30 However, polymer compositions using the above conventional
| conjugated diene-based polymer were not necessarily sufficiently

satisfactory in fuel cost-saving properties and slongation at break.
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Our Beft 561320 ) . . .
Our Ref: 561320 Under such circumstances, an object of the present embodiments disclosed

herein is to provide a conjugated diene -based polymer from which a polymer composition excellent in
fuel cost-saving properties and elongation at break cpr be obtained, a polymer composition contRininE
‘the conjugated diene-based 5 polymer and a reinforcing agent, and a process for producing the

conjugated dienethaedupalymeninfiskasapet dhereriRRiaiisd A onLgaIsd dsne-based polymer
having a mo er Unit ba e%%ﬂ a conjugated diene, a monomer unit based on a compguﬁ&D
represeﬁé%vﬁy?r%%%ﬁ?ge Al PEPER RRTARTORGHR Pk basp el Brmaompposidivepresented by

the followittg Thimiia E2E1HERR- Xk FTRt Sl ' presents a hydrogen atom or a
?é" _orI?L, R12S é%%ei%r\%g%%}%%]cé%}%ﬁ%rgﬁp, and XI, X2 and

hydrocar%yl group, m is an integer of | _
X3 eachd %ﬁ%&%?@ﬁ%ﬁ%ﬁ%ﬁ@ﬁtm@éﬁm%ap?,&ué'aga;tér:bdaelngd-'ﬂﬁ@@up optionally
having rebsiitsentdnioddedhatal deast a0g o2 and X3 isa sybstituted amino group;
disne-bassd polymer.
In a first aspect, there is provided a conjugated
diene-based polymer having a monomer unit based on a conjugsated disne, &
monomer unit based on a compound represented by the following formula (1)

10  and a monomer unit based on a compound represented by the following

formula (2);
H RH
‘ e XI
>:< | (1)

H R, —Si—x2
_ . ;L 3
wherein R¥ represents 2 hydrogen atom or & hydrocarbyl group, m is an
integer of 0 or 1, R represents & hydrocarbylene group, and X1, X2 and X3
each independently represent a substituted amino group, or a hydrocarbyl
15 group optionally having a substitusnt, provided that at least one of X1, X2

and X is a substituted amino group; -

R¥,—A

wherein R represents a hydrogen atom or a hydrocerbyl group, n is an
mnteger of O or 1, R¥ represents a hydrocarbylene group, and A represents a
substituted amino group, or a nitrogen-containing heterdcyclié group.
20 In a second aspect, there is provided a conjugated -
diene-based polymer composition comprising the conjugated diens-based
polymer as defined above and a reinforcing agent, wherein the content of the reinforcing agent is

10 to 150 parts by weight per 100 parts by weight of the conjugated diene-based polymer.

In a third aspect, there is provided a process for

b2



whereinbla%%l3 r{?presents a hydrogen atom or a hydrocarbyl group, n is en integer of 0 or 1, R22
re%?ég“éﬁfs h%ydroca_rbylene group, and A represents a substituted amino group, or a

nitrogen-containing heterocyclic group: 20In a second aspect, there is provided a conjugated
diene-based polymer composition comprising the conjugated dien.e-based polymer as defined above
and a reinforcing agent, wherein the content of the reinforcing agent is 10 to 150 parts by weight per

100 parts; byweiaiyt Obtheconjbgairthdisne-Basee-RRY S M RS aRREE gL S provided a

process for Our Ref 661320 Eroduci_ng a conjugated diene-based polymer comprising polymerizing a

monomeF BB EBARIRh §OR LR R BORIBEE 20 BASHGu A REB RSBt By RIS wing
formula (Bad suewipeUBEHERTESanteddnthridlieningfammulantiowittan aikaliimetal catalyst in a

hydrocarbon solvent; 5 wherein Rn represents a hydrogen atom or a hydrocarbyl group, mis 0 or 1,
R12 repré%}an%haaﬁﬁa?ﬂb?B%%}léﬁé%?dﬂﬁ &%ﬁ%ﬁ%f) each :

) (R i 2‘)1-1-’1_ ___Sil . X‘Z
XB

[V

. wherein R represents a hydrogen atom or a hydrocarbyl group, mis G or 1,
R22 represents a hydrocarbylene group, and X3, X* and X3 each
independently represent a substituted amino group, or a hydrocarby! group
optionally having a substituent, provided that at least one of X1, X2 and X318
a substituted amino group;

10

H, R
== (2)

H TR A
wherein R2! represents a hydrogen atom or a hydrocarbyl group, nisOor 1,
R22 represents a hydrocarbylene group, and A represents a substituted
amino group, or & nitrogen-containing heterocyclic group.

o According to the present disclosure, there can be provided a
conjugated diene-based polymer from which a polymer compositicn excellent
in fuel cost-saving properties and elongation at break can be obtained, a
polymer composition containing the conjugated diene-based polymer and &
reinforcing agent, and & process for producing the conjugated diene-based

10 polyvmer

DETAILED DESCRIPTION OF THE INVENTION
The conjugated diene-based polymer of the present invention is a
~ conjugated diene-based polymer heving 2 monomer unit based on &

15  conjugated diene, 2 monomer unit based on a compound represented by the



independently represent a substitutéd amino group, or a hydrocarbyl group optionally having a
substituent, provided that at least one of XI, X2 and X3 is a substituted amino group; 10 (2) (R7))11A
wherein R2l represents a hydrogen atom or a hydrocarbyl group, nis 0 or 1, R22 represents a
hydrocarbylene group, and A represents a substituted amino group, or a nitrogen-containing
heterocyclic group. According to the present disclosure, there can be provided a conjugated

diene- b%%ﬁ%’ﬂ%&ﬁﬁﬂhwmc%ﬁdpﬁﬂﬂﬁ%w@Qﬁ@iga@@%%ﬁtdeﬁiﬁhﬁﬂétx@%&%ﬁt@ﬁeftieS and

elongatign at break can be obtaln polymer composition containing the conjugated diene-based
polymer}é}ﬁék&‘r@ a process for producing the conjugated diene-based 10 polymer.
DETAIL DESCRIPT N OF THE INVENTION The conjugated diene-based polymer of the

present invention is a,conjugated digne-based polymer having a monomer unit based on a 15
conjugated d monomer unit hased on a compoung represented by the following formula (1),
andam mer unit b en a compoung represented by the following formula (2). R11 XI1

Oﬁ Eﬁdlﬂslm__ 19“&@ p y g (2)

wherein R represents a hydrogen atom or a hydrocarbyl group, mis an
20 integer of 0 or 1, B2 represents a hydrocerbylene group, and X, X2 and X3

each independently represent z substituted amino group, or & hydrocarbyl

group optionally having a substituent, provided that at least one of X1, X2

and X8 15 a substituted amino group.

H R

>:< (2)

H R*),—A
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Sigtdd)ss(Rh2  wherein R11 represents a hydrogen atom or a hydrocarbyl group, m is an 20 integer
of 0 or 1, R12 represents a hydrocarbylene Troup, and X1, X2 and X3 each independently represent a
substituted amino group, or a hydrocarbyl group optionally having a substituent, provided that at least
one of X1, X2 and X3 is a substituted amino group. Our Ref. 561320 wherein R21 represents a
hydrogen atom or a hydrocarbyl group, n is an integer of 0 or 1, R22 represents a hydrocarbylene
group, afithAresprBstnep resabstitutbidantan groab sorahidogerbpheriving heteratyclic group.

Herein, the hydrogaybyl 9@#@1{)%5;{%%%15 5‘%@88@{9%@6&@@%‘;% ggﬁa M%%BM& group

represents a divalent hydrocar . The nifrogen-con eferocyclic group represents a
group oltalEet bierk msiig DRehyorGyBH wasen frontalsdrsphetrnecythcheterasyclic ring of a

compound havingra iiogea soptakivgeloskdieHng. A N RltdeRzPRialing heterocyclic fing

represents a heterocyclic ring having a 10 hitrogen atom as a héteroatom constituting a ring.

ExafpleShst bidepepubaiencimnemtiideseBtp addisdenisopidimsaridpantidiene, The
2’3'dimeﬁﬁé’ﬁdée§=*88¥?c%iﬁﬁ%-%§ﬁ%’tér§é@@ﬁ§‘§% 206,Q08,0:M0seKINd5 ol ihegnare used. The

conjugated diene is preferab 3-butadiene, or isoprene. 15Ruin the formula (1) represents a
hydroge AHRSHIBE R diBesPEpIngRéem from a carbon atom of a heterocyclic ring of a

commpound having a nitrogen-containing hetrocyclic ring, and the
nitrogen-containing heterocyclic ring represents a heterocyclic ring having a
10 nitrogen atom as a heteroatom constituting a ring.

Examples of the conjugated diene include 1,3-butadiens, isoprene,
1,3-pentadiene, 2,3-dimethyl-1,3-butadiene, and 1,3-hexadiene, and one or
more kinds of them are used. The conjugated diene is preferably
1,3-butadiene, or isoprene.

15 R in the formula (1) represents a hydrogen atom or a hydrocarbyl
group.

Examples of the hydrocarbyl group of R include an alkyl group and
an alkenyl group. Examples of the alkyl group include a methyl group, an
ethyl group, a n-propyl group, an isopropyl group, a n-butyl group, a

20 secbutyl group, and a tert-butyl group. Preferable is a methyl group.
Examples of the alkenyl group include a vinyl group, an allyl group, a
1-propenyl group, and a 1-methylethenyl group. Preferable is a vinyl group.

R ig preferably a hydrogen atom, a methyl group, or a vinyl group.

Examples of the hydrocarbylene group of R2 include an alkylene

25  group, an arylene group, and a group in which an arylene group and an
alkylene group are bonded.

Examples of the alkylene group include a methylene group, an
ethylene group, and a trimethylene group. Preferable is a methylene group
or an ethyvlene group.

30 Examples of the arylene group include a phenylene group, a
naphthylene group, and a biphenylene group. Preferable is a phenylene
group.



Examples,ofthe hydrocarbyl group of Rh include an alkyl group and an alkenyl group. Examples of the
alkyl group include a methyl group, an ethyl group, a n-propyl group, an isopropyl group, a n-butyl
group, a 20 sec-butyl group, and a tert-butyl group. Preferable is a methyl group. Examples of the
alkenyl group include a vinyl group, an allyl group, a 1-propenyl group, and a 1-methylethenyl group.
Preferable is a vinyl group. R11 is preferably a hydrogen atom, a methyl group, or a vinyl group.
Examples of thelixaiteke® pletiee groupobRa Rl hid e mnl etie/ e Syrbap, aasAene group, and a
group in ABIek @ AAENS dIRHRAN BRBINIPUBURUPR RONIRA oo FXAIRIES O e alkylene
group include a methylene group, an ethyfene group, and a trimethylene group. Preferable is a
methylerdkiistis 6t erpetiyldnadecup. SOERAMFESAT thaap/ithelgreugringiudiedagshenylene group, a
naphthylens Grou.aid 2-2ipRSRUENErauR RILIErahieds 4 BRSNS A WBLPYLRELP61320
Examples of the group in which an arylene group and an alkylene group are bonded include a group in
whi¢h a ﬁ%ﬂ?%ﬁ%@%bm&ylene group are bonded, a group in which a naphthylene group
and an alkylene groumare popded,nd agrodR. inwhich 2. Binheryiens aroMp and @%eéky'enﬁ( group

nd an alkylene

are bonded. In addition, it is preferable that the group in which an arylené group a

group ardisbABed & achgrann exptvmaashicoryt Bhgteneaiowm usvridd toaletsiton atom in the

formula gL, Exampiagf tecaroumiRhich.a pheavisne gigur)and an alkylene 10 group are bonded
(phenylene-alkylene group) include a para—phenalene-alkylene group (e.g., a group represented by the

following formulasgamidenthlBRerifenae K SEFIET e BEHBEPRED AR ERSERP the following

formyla %@Aﬁpm BB, (RRCRYIRNE- B/ ENSILPHRP 19013 GEQUP represented by the following
formula (1c)). (CH2)1 wherein q repres?nts an integer of 1 to 10. )
e.g., a group represented by the following

para-phenylene-alkyiene group
formula (1a)}, a2 meta-phenylene-alkylene group {e.g., a group represented by
the following formula (1b)), and an ortho-phenylene-alkylene group (e.g., a

group represented by the following formula (1¢)).

(1a)

(CH'E)Q
(CHz)

q
(1b)

15

{1¢)

wherein g represents an integer of 1 to 10.



Oy . Ref 561320 The group in which an arylene group and an alkylene group are bonded is
preferably a group in which a phenylene group and an alkylene group are bonded, more preferably a
group represented by the above formula (Ia), or a group represented by the above formula (Ib), further
preferably a 5 para-phenylene-methylene group (a group represented by the formula (la) in which g =
13, a meta-phenylene-methylene group (a group represented by the formula (Ib) in which q = 1), a
para-phenylene-&ts sy roup tadreupaeprese gtodib v thé dormilialdag igwhichig = 2), or a
meta-phggﬂg&&—gt ¥!e gér oy f%r[@y% a inl ich.g = 2). When Rh
is a hydrogen atcl)rnB or?ag%gggﬁ %Gg{pg aﬁd@nkg%%%%%%l% #E?e abl aa%?%%n#\%ﬁ% ean arylene group
and an afRylene g dup ded bavade dhrefens bly e grpuenmeserpraidratiyecadroupfinmiieh a phenylene
aroup and 2 alkylens roupate BaRsd. B A phenvisne droun, lupher phenylene
group. hééﬁ R11isa \%nﬁl‘%roup and rigis 1, Rﬁéi]s pr%?égréb@g;fa y gr%%%%{fﬂn‘%o%e preferably a

methylerraprcphesyTetiyshe e grovine farmila ¢ Dy qretéeably, fklfiwmhiaifdgéamatom and m is
0. Examples of the W,q{?&@{@% gé%@@e%ﬂ%m@y&g%%@% g 9&§93§én€éé gid finclude
I ni en atom an

hydrocarbyl groups optionally having an oxygen atom, a nitrog a sllicon"atom

Examplefumiaia ki) deardiicdhraip bl elpx2 aie Relerdoeiduieakgngiau iz graikenyl group, an
alkynyl %QB&&%@JX'@QH@ﬁ@ﬁlﬁ'ﬂ&%ﬁ‘éﬂ%@h@@%@!%% the alkyl group include a methyl group,

an ethyl group, 25 a n-propyl group, an isopropyl group, a n-butyl group, a sec-butyl group, and a
tert-buty FREaR ESRIRRRE $ bh e aepy e By NE uee esmyiesdupt hm fanp gtadp bainpropenyl
groyp, arggﬁcil-m_e_tgxlethenyl group. Examples of the alkynyl group include an ethynyl group and a

propargyl group. Exam%es_ of the aryl group include a phenyl group, a tolyl group, and a xylyl
When Rilis a hydrogen atom or a methyl group and m is 1, R*2 is

preferably a group in which an arylene group and an alkylene group are
bonded, or an arylene group, more preferably a group in which a phenylene
group and an alkylene group are bonded, or a phenylene group, further

15 preferably a phenylene group.

When Rl is a vinyl group and m is 1, R2 is preferably an alkylene
group, more preferably a methylene group or an ethylene group.

In the formula (1), preferably, R!! is a hydrogen atom and m is 0.

Examples of the hydrocarbyl group optionally having a substituent of

20 X3, X2 and X2 include hydrocarbyl groups optionally having an oxygen atom,
a nitrogen atom and a silicon atom.

Examples of the hydrocarbyl group of X1, X2 and X3 include an alkyl
group, an alkenyl group, an altkynyl group, an aryl group, and an aralkyl
group. Hxamples of the alkyl group include a methyl group, an ethyl group,

25 an-propyl group, an isopropyl group, a n-butyl group, a sec-butyl group, and
a tert-butyl group. Examples of the alkenyl group include a vinyl group, an
allyl group, a 1-propenyl group, and a 1-methylethenyl group. Examples of
the alkynyl group include an ethynyl group and a propargyl group.
Examples of the aryl group include a phenyl group, a telyl group, and a xylyl

30  group. Ezamples of the aralkyl group include a benzyl group. Examples of
the hydrocarbyl group preferably include an alkyl group.

Examples of the hydrocarbyl group having an oxygen atom of X!, X2

6



38%@3 I 56]% ples of the aralkyl group include a benzyl group. Examples of the hydrocarbyl group
preferably include an alkyl group. Examples of the hydrocarbyl group having an oxygen atom of XI, X2
Our Re 561320 and X3 include alkoxyalkyl groups such as a methoxymethyl group, a methoxyethyl
group, an ethoxymethyl group, and an ethoxyethyl group. Examples of the hydrocarbyl group
having a nitrogen atom of X1, X2 and X3 include dialkylaminoalkyl groups such as a

gimﬁtTylananmh'l yide gidomyaldtip @i'mlamf h'mmcélh dh;ﬁ gr;xmrﬂwxigatkwﬂ' Agligoetinyl group, a}ndla ) X3
iethylaminoeth p. Examples of t rocar Qu ving a,siicon atom of Xl, X2 and X
inluce LA BEaBs A s A PR B R arou, =
triethylsilylmethyEgroup lenof a0 riednpisisieingtgro m vingThetiydgesadiphg el iogfonally having a
substitue l; ref t0 10, moye preferably 4 to 4 carbon atgms. The
hydrocar%ﬁé%&é%ﬁ%%ﬂda y a?/\lli%Lgl%a8 éu sti%?é#?%fs %?{}é) %%d{ %‘%’gﬁ&g@gbﬁn 5%1%1 yl group or an
alkdxyallgyogrup dite taiki A gpows is tbepraferabilisthaliyhiroapyddinoud teddarbon atoms, more

preferably: E%yx I hyl group. The alkoxyalkyl group is preferably an alkoxyalkyl group
having ZL%[/%)&AHEU ollrlmqél(%ggn’%f g%E}]'%](%'e substituted amino group of X1, X2 and X3 is preferably a group

represented by tHedaliplemglifthm &HE(X_ML’WH%?W&&@HE » 20iwheretoR 18 BAd¥R14 each
represeriadwdtaeAliY grave, ot i asarbu sl oreun 81 U3 a1 P Ale anged 1 represen

a hydrocarbylene group optio aving a nitrogen atom and/or an oxygen ato étero atom, or

R13 andsRanagéhonelylethybarprapreseirtaglodp waitdiybends o amitbogen atom with a double

bong. Z%MQigﬁqu%@?ik?ﬂmﬁgrbyl group of R13 and R14 include an alkyl group, an alkenyl group,
an alkynyl group, an aryl group, and an aralkyl group. Examples of the alkyl group include a methyl

group, an ethyl gkbephedaaseopy iz @mﬁémﬁp’yh@?éng,%wbat%@@upfiéexw group, and a
tert-butylsgy pUR- FSXARRIAS 97408 IKERYE PFRHBHRGINAE R I IO Rt Bfhs.

The hydrocarbyl group optionally having a substituent of X!, X2 and
X3 ig preferably an alkyl group or an alkoxvalkyl group. The alkyl group is

15 preferably an alkyl group having 1 to 4 carbon atoms, more preferably a
methyl group or an ethyl group. The alkoxyalkyl group is preferably an
alkoxvalkyl group having 2 to 4 carbon atoms,

The substituted amino group of X!, X2 and X3 is preferably a group
represented by the following formula (1-X).
Rlﬁ
—-1~!\¥-——R14 (1-X)

20  wherein R!3 and RY each represent a hydrocarbyl group, or a
trihydrocarbylsilyl group, or R¥ and B4 are bonded to represent a
hydrocarbylene group optionally having a nitrogen atom and/or an oxygen
atom ag a hetero atom, or R!? and R are one group, and represent a group
which bonds to a nitrogen atom with a double bond.

25 Examples of the hydrocarbyl group of R!® and R* include an alkyl
group, an alkenyl group, an alkynyl group, an arvl group, and an aralkyl
group. Examples of the alkyl group include a methyl group, an ethyl group,
a n-propyl group, an isopropyl group, a n-butyl group, a sec-butyl group, and
a tert-butyl group. Examples of the alkenyl group include a vinyl group, an

7



Oy ek 364340 allyl group, a 1-propenyl group, and a 1-metb.ylethenyl group. Examples of the
alkynyl group include an ethynyl group and a prop argyl group. Examples of the aryl group include a
phenyl group, a tolyl group, and a xylyl group. Examples of the aralkyl group include a benzyl group.
The hydrocarbyl group of R13 and R14 has preferably 1 to 10, more preferably 1 to 4, further
preferably 1 to 2 carbon atoms. The hydrocarbyl group of R13 and R14 is preferably an alkyl
group, mdke bestarabiy lanrmsenalkgrgraupand a 1Exahipréstbeud gitytrocdiswisildegrofip of R13 and
R14 incl ' | 4 ' il I lly-1 group, a triisopropylsilyl
group, a%%ga%%%%ﬁy d%gt%ﬁgﬁ%%%u%iﬁgﬁwgy%%?%@l%%gg%%%13 and R14 is
preferabfeemalepsilipoap heging nelodsarbpheamoheyavpre frefdrabdya. teakkysitylgroup in which
an alkyl bo@&ﬂﬁﬁl@éﬂ%%?ﬁ@a&mli%%&elg q%%q %J&%parbon atoms, further
ylene“group

preferably a tfimethyisilyl group. Examplés of the r&/drocar ptionally haying a nitrogen
atori andJor an @aR)EHEWIAZRS havetercalm amdRith israeterald ark tsobdentmelude a

hydrocargyég&edg[9@t@ﬁﬂ@%@#@}g&@lﬁmh&v@gﬁ%%OMOm, and a hydrocarbylene group

having an oxygen atom. 20 Examples of the&}gdrocarb lene group include alkylene groups such as an
ethylene group, & HnietAyAsAER OB EPtel Aritctmidid grauits farpérirametiitengrgiaup, and a

hexametgy(ggg%gé%béxgq}@g%oﬁgﬁ%@ﬁgrbylene group having a nitrogen atom include a group
represented by -CH2CH2-NH-CH2-, a group represented by -CH2CH2-N=CH-, a group 25

represented by -@F@Pﬁﬁi@m?éﬁ@ﬁ‘&f@%&f@ﬂﬁéﬁﬂ%‘w@&@ﬂéﬂﬁi@ﬂ #2-. Examples of
e B o LD, 2y 210 20, more
preferabAFeRy ORIHY Iogefsra: b BEaRur ldienss odyihel yereearbylene group optionally
haying a nitrogenalom;aRai-amPYaeh Ao & R helelg AL whichi?}3 and R14 are bonded is
P RIS Broup Haviie 550 6 taibon steme, ors prelpably a rialkylsils]
group in which an alkyl group bonded to a silicon atom is an alkyl group
15 having 1 to 3 carbon atoms, further preferably a trimethylsilyl group.
Examples of the hydrocarbylene group optionally having a nitrogen
atom and/or an oxygen atom as a hetero atom in which R13 and R4 are
bonded include a hydrocarbylene group, a hydrocarbylene group having a
nitrogen atom, and a hydrocarbylene group having an oxygen atom.
20 Examples of the hydrocarbylene group include alkylene groups such as an
ethylene group, a trimethylene group, a tetramethylene group, a
pentamethylene group, and a hexamethylene group. Examples of the
hydrocarbylene group having a nitrogen atom include a group represented
by -CH2CHa-NH-CHpy-, a group represented by -CHsCHo-N=CH-, a group
25  represented by -CH=CH-N=CH-, and a group represented by
-CH2CHe-NH-CH2CHe-.  Examples of the hydrocarbylene group having an
oxygen atom include a group represented by ~CHaCHp-O-CHoCHy.
The group in which R and R4 are bonded has preferably 2 to 20,
more preferably 2 to 7, further preferably 4 to 6 carbon atoms.
30 The hydrocarbylene group optionally having a nitrogen atom and/or
an oxygen atom as a hetero atom in which R!3 and R4 are bonded is

preferably a hydrocarbylene group, more preferably an alkylene group,

8



% 1320 further preferably a polymethylene group. Examples of one group in which R13
and R14 bond to a nitrogen atom with a double bond include hydrocarbylidene groups such as an
ethylidene group, a propylidene group, a butylidene group,-a 1-methylethylidene group, 5 a
1-methylpropylidene group, and a 1,3-dimethylbutylidene group. The one group in which R13 and
R14 bond to a nitrogen atom with a double bond has preferably 2 to 20, more preferably 2 to 6 carbon
atoms. furf83 amefRbdbre peforafysdaralkytarpup, a trialkylsilyl group, or an alkylene group in

which R13 and I?)??gﬁ %gqﬁ%% r’%% refer%al&aﬁlglk%&%g‘rgugd z%moples_gltuggae group

represented by the a non-cyclic amino group an g cycliccamino group.

Examplewﬁhhedn@ﬂvleybhmbmm@e&mdmﬁadbﬁldmmmgmkpaamdm @hﬁhﬂtbay&silyDaraino

group. E I imet m|n 0 iethylamino group, a
di(n- prop fno %ﬁ@%% aml o%%%%;%ldo ggutypam E ﬂ? 13(;?@%% Sec butyDamino
group a@héte?r& Lgroam;l anémﬁlﬁdhy@khﬁbgmhdﬁﬁﬁm of the

blgtfla|ky|3l|ypamﬁl %@9@ 5?9& fRleHpet %] HEABAS HURBILRL Dsom wit

bis(t- butyldlmethyl ynamino group es of € non- cyc Ino group |nhlt?de an

ethyliderdehleobgret bas mmfemh}’o%?ﬂd@heama@g&mtéﬂ%w|ﬁ1e&1§}dbm§tltldemamino group, a

1-methylethylidengg lgfi'\! mﬁiﬂy!?@!g Examples of
the cyclic amino %&io%{%ﬁc ude 1 %@é(fi)gr@nr thyleneimirio groups such as a%?ggg%ﬁg'g%oég, a
1-azetidiflkHionp gackpyroibio Bidwndilipreibimndedoupore prafeasidmyierminho group, a

1-hgptargethyleneimino group, a 1-octamethyleneimino group, a 1-decamethyleneimino group, and a
1-dodecamethyleneimino group. In 30 addition, examples thereof mclude a 1-pyrrolyl group, a

1-pyrazolidinyl gr%ﬁ@nwheﬁﬁiﬂﬁz@wwgmwsaqt@mwm fproopla Civldazbide group, a
4,5- dlhngg@gyﬁéé%ﬁkg%ﬁ %%@'Bed%i%yéﬂfﬂibo a morpholino Our Ref. 561320 group.
e

The group represented by formula (1-X) is preferably a non- (%;SHC amino group, more preferably a

dialkylamino groﬁ%@ﬁﬁ@ﬁaﬂfﬂhﬁﬂﬁ&g@b@@@mmyhmﬁl@ rfindaiauppg gksthylamino
group, a 2 fdli(PKIBYRAIRAIFAUR Y &5l DURAMING UEHR, Mtk Praferab kA dimethylamino
group or a diethylamino group
include’a dimet yiammo group, a diethylamino group, a di{n-propylamino
group, a dilisopropyl)aminc group, a di{n-butyl)amino group, a
di{sec-butyllamine group, a diltert-butyl)amino group, and an
ethylmethylamino group. Examples of the bis{trialkylsilyDamino group
include a bisltrimethylsilyDamino group and a
20  bis(t-butyldimethylsilylamino group.
Examples of the non-cyclic amino group include an ethylideneamino
group, a 1-methylpropylideneamino group, a 1,8"d1methy1‘ﬂutyhdeneammo
group, a I'methylethvlideneamino group, and a
4-N,N-dimethylaminobenzylideneamino group.
25 Examples of the cyclic amino group include 1-polymethyleneimino
groups 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-octamethyleneimine group, a
1-decarnethyleneimino group, and a 1-dodecamethyleneimino group. In
30  addition, examples thereof include a 1-pyrrolyl group, a 1-pyrazolidinyl
group, a 1-imidazolidinyl group, a 1-pyrazolyl group, a 1-imidazolyl group, a

4,5-dihydro-1-imidazolyl group, a 1-piperazinyl group, and a morpholino

9



Apleast.epe;0f XI, X2 and X3 in the formula (1) is a substituted amino group, preferably two or more of
XI, X2 and X3 are substituted amino groups, more preferably, two of XlI, X2 and X3 are substituted
amino groups. 10Examples of the compound represented by the formula (1) in which Itu is a hydrogen
atom and one of XI, X2 and X3 is a dialkylamino group include the following compounds. Compounds
in which m is 0: (dimethylamino)dimethylvinylsilane, 15(diethylanaino)dimethylvinylsilane,
(di-n-proggdarmino)dimethylvinylsilane, (di-n- butylamino)dimethylvinylsilane

(dlmethylaman)%ﬁwgk/ ? %@ﬁéﬂ'@?ﬁ@@&@iﬁ%@%@l %}@ erabl a non-cyclic

20(di-n-propylamino)die silane utylamino)diethylvi ane. ompounds in whichmis 1

(d|methmmxﬁmﬁthmﬂmmyfsM@Wsﬁ&lélkﬁmmma)dmi%hlwil%ikﬁiwph@nylsnane 25
(d.ethwa%m% e

(di-n-propyla cllmethy 4-vinylphénylsilane; (di-n- ropylamlno)dlmethy 3 vmylphenylsnane

(di- mbutg‘i PR DRI SHPYID HETY ifarban \dapnipoYairermetesaiyighenylsilane,

(dlmethygﬁ%gm ietayls4 %izgq}gpggr&y!ﬁ@ﬂ léglﬂ}ﬁ} ino)diethy1-3-vinylphenylsilane, Our Ref.
561320 (dlethylamlno)dl 4 vmi henylsilane, dlethylarnlnégdlethyl -3-vinylphenylsilane,

(di-n- propylammé%i@ﬂgﬁlonamfﬁi&h 7S lithepforyiating) dretgabetiimiphemyismane,
(di'“'bUt)él?dﬁks‘,oﬁ?'befﬂ%loﬂf‘f{w'%&}ﬂsré%m@%ﬁ%@9%@'ﬂ@éuﬁs%i@ﬁwa}éﬁ%oups,

more preferably, two of X1, X2 and X2 are substituted amino groups.

10 Examples of the compound represented by the formula (1) in which
R is a hydrogen atom and one of X1, X2 and X3 is a dialkylamino group
include the following compounds. |
Compounds in which m is 0
(dimethylamino)dimethylvinylsilane,

15  (diethylamino)dimethylvinylsilane,
(di-n-propylamino)dimethylvinylsilane,
(di-n-butylamino)dimethylvinylsilane,
(dimethylamino)diethylvinylsilane,
(diethylamino)diethylvinylsilane,

20 (di-n-propylamino)diethylvinylsilane,
(di-n-butylaminoc)diethylvinylsilane
Compounds in whichm is 1
(dimethylaminojdimethyl-4-vinylphenylsilane,
(dimethylamino)dimethyl-3-vinylphenylsilane,

25  (diethylamino)dimethyl-4-vinylphenylsilane,
(diethylamino)dimethyl-3-vinylphenylsilane,
(di-n-propylamino)dimethyl-4-vinyiphenylsilane,
{di-n-propylamino)dimethyl-3-vinylphenylsilane,
(di-n-butylamino)dimethyl-4-vinylphenylsilane,

30 {(di-n-butylamino)dimethyl-3-vinylphenylsilane,
(dimethylaminoc)diethyl-4-vinylphenylsilane,
(dimethylamino)diethyl-3-vinylphenylsilane,

10



Examples.ofthe compound represented by the formula (1) in which Rh l'is a hydrogen atom and two
of Xl, X2 and X3 are dialkylamino groups include the following compounds. 10 Compounds in which m
is 0: bis(dimethylamino)methylviny-Isilane, bis(diethylamino)methylvinylsilane,
bis(di-n-propylamino)methylvinylsilane, bis(di-n-butylaraino)niethylvinylsilane,
bis(dimethylamino)ethylvinylsilane, bis(diethylamino)ethylvinylsilane,
bis(di-n-flesijsiamoyetidirihylkdarisybisteinlsiatemnino)ethylvinylsilane. Compounds in which m is 1:
20 bis(di I =)/ Eﬁ%l ' is(dimethy-larnino)methyl-3-vinylphenylsilane,
bis(dieth@%@mmgﬁggﬁg [ ane%,} k%%% iethylamino)methy1-3-vinylphenylsilane,
bis(di-n-gi@pvmmﬁﬁeim@ﬂiﬁ\hyyiéhény@ﬂamy@am,

bis(di-n. [ ' =3 1Ry ' is(di-n-butylamino)methy1-4-vinylphenylsilane,
bis(di-n-E%?t%ﬁi%)%%et@é%%%{wpﬁae%%%%%%%%%thylamino)ethy1-4-vinyIphenylsilane,
bis(Bimetdiarhitioletmina dieshskdnyisidpdagsbis(diethylamino)ethy1-4-vinylphenylsilane,
bis(diethyjami 23-Wi nylst iS(chizr ylamino)ethy1-4-vinylphenylsilane, Our Ref.
661320 bis(di%%%é%@n%%ﬂi&%%%ﬁ%ﬁ%@bis(di-n-butylamino)et_hy1-4-_vinylphenylsilane,
bis(di-n-butylamiBayetiesolifyiprranpriada axsnpise bbintheofoiipine rehiesEhisd by the formula

(1) in whigh RH if aametbyl graun,anckine el X2.and X34t diatkylaming, graupssinclude the
following compounds. Compounds in which m is 1:

bis(dimetRglasimdymEHy T g eprapaayfshenylsilane,

bis{dimetiylamjnaietiylss-isapranenylphenylisilane,. 10
bis(diethg;gm|‘no)methylti$opropenylphenf/lsilane, bis(diethylamino)methy1-3-isopropenylphenylsilane,

bis(di-n-pisiaratiolreiya netbplowsisibtenysiane,

bis(di-n-prapyiamiPRImER R SISePRPRMBRAENY Isilane,
bis(di-n-bqt%minlg%ethy{A-ig?gropen)}lphenylsilane, 15

bis(di-n-BisyHmr PReamisqssstbsirnselrsiane,
b?S(d?meﬁmt@@“MEEYakﬁmﬁféﬁ@M@g%wﬁﬂéﬂe,

bls%%methyl mino)ethy1-3-isopropenylphenylsilane,

bis ieth?l‘&éﬁ@' e B8 ) %ﬂﬁ%ﬂane, bis(diethylamino)ethy1-3-isopropenylphenylsilane,

bis{diethylamino)ethylvinylsilane,
bis{di-n-propylaminolethylvinylsilane,
bis{di-n-butylamino)ethylvinylsilane.
Compounds in which m 1s 1

20  bis(dimethylamino)methyl-4-vinylphenylsilane,
bis(dimethylamino)methyl-3-vinylphenylsilane,
his(diethylamino)methyl-4-vinylphenylsilane,
bis(diethylamino)methyl-3-vinylphenylsilane,
bis{di-n-propylamino)methyl-4-vinylphenylsilane,

25  bis(di-n"propylaminojmethyl-3-vinylphenylsilane,
bis(di-n-butylamino)methyl-4-vinylphenylsilane,
pis{di-n-butylamine)methyl-3-vinylphenylsilane,
bis(dimethylamino)ethyl-4-vinylphenylsilane,
bis(dimethylamino)ethyl-3-vinylphenylsilane,

30 bis(diethylamino)ethyl-4-vinylphenylsilane,
bis(diethylamino)ethyl-3-vinylphenylsilane,
bis{di-n-propylaminoethyl-4-vinylphenylsilane,

11



2 bi}s{ggiggiﬂé)pylamino)ethy1-4-isopropenylphenylsiIane,
bls‘ﬁj|-n-propylamino)ethyl-3-isopropenylphenylsilane,
bis(di-n-butylamino)ethy1-4-isopropenylphenysilane,
bis(di-n-butylamino)ethy1-3-isopropenylphenylsilane. Examples of the compound represented by the
formula (1) in which 25is a vinyl group and two of XI, X2 and X3 are dialkylamino groups include the

followind cddipoyndsyi@ampoentiglis whighphdadsilane,
eI e persesiare
bis(cli-n-pisfatantinoytastisifletieshevie Siyitopsiysiine,
e A ENEIS ATERUUPIET, e el ) i
b!s(i'il@ett‘&llér:'m'mpﬁﬁh&lgmeﬂykmé@vpmﬁﬁhyﬁéimméx3 are dialkylamino groups
E:zgg:ﬂg%%%l%m%ogﬁy I%Ir;%t%% lr%g%%&gforggﬁ;]zsci)lz&aeﬁe, Examples of the compound represented
by the fdﬂmmlpo@lr)td&mzhm’ihm}l isashydrogen atom and three of XI, X2 and Xa are dialkylamino groups
(it S B o i butylaminoywinysane.
C.ompommmmm@m@@&hmﬁgeﬁmﬂm&ﬂﬂsﬂwe, |
et oherailane.
tr?s(d?-n-bia@@hjd@ﬂﬁmhmpﬂéﬂy%ﬂmmlnwmmr4-vinyIphenylsiIane, 20
(D in W O eom SR B X TSy famin aroups indude the
fol|0Wind:)é$ﬁqhbnmylamin0)methyl-3'ésopropenylphenyisilane,
bis{di-n-butylaminc)methyl-4-isopropenylphenylsilane,

15  bis(di-n-butylamino)methyl-3-isopropenylphenylsilane,
bis(dimethylamino)ethyl-4-isopropenylphenylsilane,
bis(dimethylamino)ethyl-3-isopropenylphenylsilane,
bis(disthylaminojethyl-4-iscpropenylphenylsilane,
bis{diethylamino)ethyl-3-isopropenylphenylsilane,

20  bis(di-n-propylamino)ethyl-4-isopropenylphenylsilane,
bis{di-n-propylaminolethyl-3-isopropenyiphenylsilane,
bis{di-n-butylamino)ethyl-4-isopropenylphenysilane,
bis(di-n-butylamino)ethyl-3-isopropenylphenylsilane.

Examples of the compound represented by the formula (1) in which

25 Rlis a vinyl group and two of X1, X2 and X3 are dialkylamino groups include
the following compounds.

Compounds in which m is 0:
bis(dimethylamino)methyl(1-methylene-2-propenyl)silane,
bis{diethylamino)methyl(1-methylene-2-propenylsilane,

30  bis(di-n-propylamine)methyl{1-methylene-2-propenylsilane,
bis(di-n-butylamino)methyl{1-methylene-2-propenylsilane,
bis(dimethylaminolethyl(1-methylene-2-propenyDsilane,

12



Cgm%o rahisflén which mis 1: 25 tris(dimethylamino)-4-isopropenylphenylsilane,

|s'(1d|me amino)-3-isopropenylphenylsilane, tris(diethylamino)-4-isopropenylphenylsilane,
tris(diethylamino)-3-isopropenylphenylsilane, tris(di-n-propylamino)-4-isopropenylphenylsilane, 30
tris(di-n-propylamino)-3-isopropenylphenylsilane, tris(di-n-butylamino)-4-isopropenylphenylsilane,
tris(di-n-butylamino)-3-isopropenylphenylsilane. Our Ref 561320 Examples of the compound
represerh&idiyﬂhylﬁmﬁndbe%hdﬂethﬁléi&&@nﬂm@b&ﬂﬂand three of X1, X2 and X3 are

dlc'a\tlkylc';m%n ? s |n lude tkf |r%g% mpoungs. Com }gs in whichmis 0: 5

tris(dime Smir f%e%yﬁl opeﬁy S ane l%}é?é)% 3 E})?(1 -methylene-2-propenyDsilane,
tris(di-n- buefdalmihumpbdﬂ}meléﬂlﬁyﬂél -thpthgieaand; propenyl)silane.

tris(di-n-butylam o eth -2-propenyl)silane. The und re ted by .the formula (1) is
preferably a 10 ck%n%p Tl ﬁ%@\% ich’ %88% b okt E?ﬁfgr% % Ilrf:yf'ampllnog@:}1 upsb%r%lg%e preferably a
cormaouribl”msmkyﬂmgers athydrogeniatemvaKd, HzerEuHRerpréfethpleisiacgnupaend in which the

remainln %g%gi nd X3 Lglan alkyl group or an alkoxyalkyl group. Particularly preferable are:
bis(dime aming)m V|n Pang 5% i5(diethylamino)methylvinylsilane,

bis(di-n- ﬁomgjaumda)m@ﬂmhlmlwé}ae bis(di-n-butylamino)methylvinylsilane,
b!s(d?mem}g@‘]{nno O{ﬁ Ivmﬁ/l§|l gb_(fglethylamlno)ethylwnyIS|Iane 20

amin V|ny|s |s(d| n-butylamino)ethylvinylsilane. R21 in the formula (2)

bis(di-n

represerﬂswe/m}r}éammo myéShlwd‘ra,carbyl

10 tris(di-n-propylamino)vinylsilane,
tris(di-n-butylamino)vinylsilane.

Compounds in which m is 1°
tris(dimethylamino)-4-vinylphenylsilane,
tris(dimethylamino)-3-vinylphenylsilane,

15  tris(diethylamino)-4-vinylphenylsilane,
tris{diethylamino)-3-vinylphenylsilane,
tris(di-n-propylamino)-4-vinylphenylsilane,
tris(di-n-propylamino)-3-vinylphenylsilane,
tris{(di-n-butylamino)-4-vinyiphenylsilane,

206 tris(di-n-butylamine)-3-vinylphenylsilane.

Examples of the compound represented by the formula (1) in which
RM is a methyl group and three of X1, X2 and X3 are dialkylamino groups
include the following compounds.
Compounds in which m is 1:

25  tris(dimethylamino)-4-isopropenylphenylsilane,
tris(dimethylamino)-3-isopropenylphenylsilane,
tris(diethylamino)-4-isopropenylphenylsilane,
tris(diethylamino)-3-iscpropenylphenylsilane,
tris(di-n-propylamino)-4-isopropenylphenylsilane,

30  tris(di-n-propylamino)-3-isopropenylphenylsilane,
tris(di-n-butylamino)-4-isopropenylphenylsilane,
tris(di-n-butylamino)-3-isopropenylphenylsilane.
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group, Examples of the hydrocarbyl group of R21 include an alkyl group and 25 an alkenyl group.
E)?é‘ﬁ%?gé%?gﬂe alkyl group include a methyl group, an ethyl group, a n-propy! group, an isopropyl
group, a n-butyl group, a sec-butyl group, and a tert-butyl group, preferably a methyl group. Examples
of the alkenyl group include a vinyl group, an allyl group, a 1-propenyl group, and a 1-methylethenyl
group, preferably a vinyl group. 30R21 is preferably a hydrogen atom, a methyl group, or a vinyl group.

Examples of the hydragpsbylepreorenibehR224pshide amalkvisnegrainan prylenggioup, and a
group in ﬂich an arylene group and an Our Ref 561320 al 3ylene group are bonded. Examples of

the alkyldhe GréufidicRRBOMBthoRARUBL 2 SthRERels G, HAUX GG EENPSroup.

Preferablgi$uisngibigne-gios pahgsethylene group. SExamples of the arylene group include a
phenylen§ group, a naphthylene group, and a biphen3dene group. Preferable is a phenylene group.

Examples 3@ FifwHiehai%arylene group and an alkylene group are bonded include a group in
which a ph/iyiesehgiaus A BRaltylene.apepRaEs POBMEGe group in which a naplithylene group

and an alkylene group are bonded, and a group in which a biplaenylene group and an alkylene group
are bondﬁ%@?@%ﬁé@%g 6’&%@?&%}8?&5’5%%‘% rp and an alkylene group are bonded. In

addition, the(diowp opyiich am Hiyierelgreup angrapalpiire dagroup are bonded is preferably such
bonded. A B gL Tl & SHERSIERGSIBUB-and an alkylene group are bonded
(phenylene-alkyl&he gooupd inelusisadparahepyientoalkryland biowrde gbaygioup represented by
folbing PGB M AR S boonaraH b EU SRS ES & G Rrdsented by the
followingfesfardd (2 6) cotependidg o rwd posRon oh chedinratamanabenzene Hagidiem which a
Py arog e S R e Al B e L A RS 2 R RIP MG 3D aLkylene group s
alkyl group or an alkoxyalkyl group. Particularly preferable are:
bis(dimethylamino)methylvinylsilane,
15 bis(diethylamino)methylvinylsilane,
bis(di-n-propylamino)methylvinylsilane,
bis(di-n-butylamino)methylvinylsilane,
bis{dimethylaminoc)ethylvinylsilane,
bis(diethylamino)ethylvinylsilane,
20  bis(di-n-propylamino)ethylvinylsilane,
bis{di-n-butylaminolethylvinylsilane.
R2L in the formula (2) represents a hydrogen atom or a hydrocarbyl
group.
Examples of the hydrocarbyl group of R2! include an alkyl group and
25  an alkenyl group. Examples of the alkyl group include 3 methyl group, an
ethyl group, a n-propyl group, an isopropyl group, a n-buty! group, a
sec-butyl group, and a tert-butyl group, preferably a methyl group.
Examples of the alkenyl group include a vinyl group, an allyl group, a
1-propenyl group, and a I-methylethenyl group, preferably a vinyl group.
30 R?1 is preferably a hydrogen atom, a methyl group, or a vinyl group.
Examples of the hydrocarbylene group of R22 include an alkylene

group, an arylene group, and a group in which an arvlene group and an

14



Z%boggs_agmagyr Ref 561320 wherein s represents an integer of 1 to 10. The group in which an
ary%ne group and an alkylene group are 5 bonded is preferably a group in which a phenylene group
and an alkylene group are bonded, more preferably a group represented by the above formula (2a), or
a group represented by the above formula (2b), further preferably a para-phenylene-methylene group
(a group represented by the formula (2a) in which s = 1), a meta-phenylene-methylene group (a group
representd iy the-3uiornsllasZBed which s = 1), a para-phenylen.e-ethylene group (a group

represented by the formula ( ag)in which s = 2), or .a meta-phenylene-ethylene group (a group
represented by t%ﬂmﬂgﬁéﬁ fn REEHY U Ha HR 2SRRGSO o methyl group and

nis 1, R22UgEprefenablraiorevmin wihan-ayienemreun anthan allkyiang Brosp-argponded, or
an arylene group, more preferably a group in which a phenylene group and an alkylene group are

bonded, 8f ﬁr‘bﬁéhﬁ@ﬁ@ §FBUB; further preferably a group represented by the following formula (2-Y),
partigularly prefe@%m@gpﬂﬁ@@ﬁg@&?@,@a@ﬁﬁﬁiﬁéﬁw@%fﬁﬂ@ﬁﬁéﬁé@&{ 1 group 20 represented

by the following formula (2-Yb). In addition, in the formula, r Is an integer of 0 to 5, preferably 0 to 2.
(2-Y) naphghylene group, and a biphenylens group. Preferable is a phenylene
group.
Examples of the group in which an aryiene group and an alkylene
group are bonded include & group in which a phenylene group and an
10 alkylene group are bonded, a group in which a naphthylens group and an
‘alkylene group are bonded, and a group in which a biphenylene group and an
elkylene group are bonded. Preferable isa group in which a phenylene
group and an alkylene group are bonded.
In addition, the group in which an arvlene group and an alkyine
15  group are bonded is preferably such that a carbon atom of an arylene group
is bonded to & carbon atom to whick R2in the formula (2) is bonded.
Examples of the group in which a phenylene group and an alkylene
group are bonded (phenyiene-alkylene group) include a |
para-phenylene-alkylene group (e.g., 2 group 'represented by the following
20  formula (2a)), a meta-phenylene-alkylene-group (e.g., a group represented by
the following formula (2b)), and an orthophenylene-alkylene group {e.g., a
group represented by the following formula (2¢)) depending on a position of a
carbon atom on & benzene ring from which a hydrogen atom has been

removed, and a position of a phenylene group to which an alkylene group is
25  bonded.

(2a)

(CH),
(CHY),

{2b)

15



CHZQ{
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10

15

20

Our Ref 561320

(CHp)y——

(2c)

wherein s represents an integer of 1 to 10.

The group in which an arvlene group and an alkylene group are
bonded is preferably a group in which a phenvlene group and an alkylene
group are bonded, more preferably a group reprssented by the above formula
(2a), or a group represented by the above formula (2b), further preferably a
para-phenylene-methylene group (a group represented by the formula (2a) in
which s = 1), a meta-phenylene-methylene group (a group represented by the
formula (2b) in which s = 1), a para-phenylene-ethylene group (a group
represented by the formula (2a) in whichs= 2), or a
meta-phenylene-ethylene group {(a group represented by the formula (2b) in
which s = 2).

When E?! is a hydrogen atom or a methyl group and nis 1, R2® is
preferably a group in which an arylene group and an alkylene group are
bonded, or an arylene group, more preferably a group in which a phenylene
group and an alkylene group are bonded, or a phenylene group, further
preferably a group represented by the following formula (2-Y), particularly
preferably a group represented by the following formula (2-Ya) or a group
represented by the following formula (2-Yb). In addition, in the formula, r

is an integer of 0 to 6, preferably 0 to 2.
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wherein r represents an integer of 0 to 5 and, when r is a integer of 1 to 5, (CHOr is a substituent on a
b&z &Rk ¥ %and (CH2), bonds to A and, when r is 0, (CHO, represents a bond between a benzene
ring and A. (CH-2),. (2-Ya) (CHA  (2-Yb)

wherein r represents an integer of 0 to § and, when r is a integer of 1 to 5,
(CHa), is a substituent on a benzene ring, and (CHg): bonds to A and, when r

is 0, (CH2); represents a bond between a benzene ring and A.

(2-Ya)

‘ {CH:’}r

(2-Yb)

o

wherein r represents an integer of 0 to 5 and, when r is an integer of 1 to 5,
(CHy): bonds to A and, when r is 0, (CHy), represents a bond between a
benzene ring and A.

When R2! is a vinyl group and n is 1, R is preferably an alkylene

10 group, more preferably a methylene group or an sthylene group.

Ais a substituted amino group, or & nitrogen-containing heterceyclic
group. _

The substituted amino group of A is preferably a group represented
by the following formula (2-%).

R23
—N-—R* (2-X)
15
wherein B and R each represent g hydrocarbyl group, or a
trihydrocarbylsilyl group, or R23 and R?* are bonded to represent a

hydrocarbylene group optionally having a nitrogen atom and/or an oxygen

atom as a hetero group, or R* and R? are one group, and represent a group
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wherein r represents an integer of 0 to 5 and, when r is an integer of 1 to 5, (CH2), bonds to A and,
WﬂéﬁRref'SS& ?éHZ), represents a bond between a benzene ring and A. When R24 is a vinyl group and
nis 1, R22 is preferably an. alkylene 10 group, more preferably a methylene group or an ethylene
group. A is a substituted amino group, or a nitrogen-containing heterocyclic group. The substituted
amino group of A is preferably a group represented by the following formula (2-X). (2-X 15

wherein ﬁﬁ&ﬁ%ﬁﬁ@%@gquﬁggﬁ%b&wm@@ﬁm@m a trihydrocarpylsilyl group, or 1123 and
oxygen atom as HHERAFBRLA o RES SR A1 ReIdUE A FpRLE Lot our et
561320 whisthbendsite aytiaggh atoaiwithyd geyile Hendyl sroup, and an aralkyl
group. Examples of the alkyl group include a methyl group, an ethyl group,
5 a n-propyl group, an isopropyl group, a n-butyl group, a sec-butyl group, and
a tert-butyl group. Examples of the alkenyl group include a vinyl group, an
allyl group, a 1-propenyl group, and a 1-methylethenyl group. Examples of
the alkynyl group inciude an ethynyl group and a propargy! group.
Examples of the aryl group include a phenyl group, a tolyl group, and a xyivl
10  group. Examples of the aralkyl group include a benzyl group.
The hydrocarbyl group of R23 and R24 has preferably 1 o 10, more
preferably 1 to 4, further preferably 1 to 2 carbon atoms.
The hydrocarbyl group of R?* and R24 is preferably an alkyl group, or
an alkenyl group, more preferably an alkyl group, further preferably a linear
15 alkyl group.
Examples of the trihydrocarbylsilyl group of B? and R#4 include
trialkylsilyl groups such as a trimethylsilyl group, a triethylsilyl group, a
_ triisopropylsilyl group, and a tert-butyldimethylsilyl group.
The trihydrocarbylsilyl group of 23 and R24 is preferably a
20 trialkylsilyl group having 3 to 9 carbon atoms, more preferably a trialkylsilyl
group in which an alkyl group bonded to a silicon atom is an alkyl group
having 1 o 4 carbon atoms, further preferably a trimethylsilyl group.
Examples of the hydrocarbylene group optionally having a nitrogen
atom and/or an oxygen atom as a hetero atom in which R?3 and R2¢ are
25 = bonded include a hydrocarbylene group, a hydrocarbylene group having a
nitrogen atom, and a hydrocarbylene group having an oxygen atom.
Examples of the hydrocarbylene group include alkvlene groups such as an
ethylene group, a trimethvlene group, a tetramethylene group, a
pentamethylene group, and a hexamethylene group. Examples of the
30  hydrocarbylene group having a nitrogen atom include a group represented
| by -CH2CHs-NH-CHo-, a group represented by -CH2CHa-N=CH-, a group
represented by -CH=CH-N=CH-, and a group represented by
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Examples of the hydrocarbyl group of R23 and R24 include an alkyl group, an alkenyl group, an
al@ﬁé)f*ﬁis(%ﬁoan aryl group, and an aralkyl group. Examples of the alkyl group include a methyl group,
an ethyl group, a n-propyl group, an isopropy! group, a n-butyl group, a sec-butyl group, and a
tert-butyl group. Examples of the alkenyl group include a vinyl group, an aLlyl group, a 1-propenyl
group, and a 1-methylethenyl group. Examples of the alkynyl group include an ethynyl group and a

propargyl QFX ExarEies,offhe amkarapRnshidespHepyA S5oUm A dehd OiuAraAa xylyl 10
group. Examples of the aralkyl group include a benzgl gro The hydrqcarbyl group of R23 and

R24 has PreRemaBilP R a8 SEPuIR FABRE $45 8 O &H&%ﬁ&@%@gﬂﬁ@%«mon atoms. The
hydrocarbyl grouprof Rand B24cs Rreferabiyzan alkyh 8F0L 05 dpcdkemiaadpmore preferably

an alkyl group, further preterably a linear 15 alky| group. xamples of the trihydrocarby-Isily1
group of ﬁ?@%#@ﬁ%ﬁé%&% %fﬂ@ﬁ%ﬁ%lﬂﬁ%%ﬁ@ chRG %R WP group, a triethylsilyl group, a
triiscaorowésilyélmﬁ@mﬁlﬁﬁmﬂﬁb%@ﬁwmﬂﬁ%ﬁ!@u&g%h@gtﬁhxyﬁ&%@&wﬁd#ﬁi ﬁé%%xef TKZ? éllnld
R24 is preferably a 20 trialkylsilyl group having 3109 on.atoms, more preferably a trialkylsily
group in (AR TGS 0oHEEY %%ﬂ&&ﬁ‘%ﬁ% 3ﬁ%a$%f &ﬁ?%oﬁéfﬁﬁdgl to 4 carbon atoms,
further prefefeliy iy tirmetyssilyh gromp cExamples-ophgdwbnearbylientgroupagiionally having a

nitrogen gto and/or,an @y en atom %%§ hetero atom in which R23 and R24 are 25 bonded include
a hydroc HHBYREAPGrRR %3&8&?% Bro#iPHBving a nitrogen atom, and a hydrocarbylene group

having an oxygeﬁlﬁg}ﬁpf@ga@ﬂ@l@@ gfdhg hyavbcelbienengr Giip neldde allianegioupssuch as an
redime IEhE G AT e So JaraLA Byl RS e 1 BB S inciuce o
group repiiesgtedbypAHRGH 2t CiiButglgioup wpreseateay hgHZBHRIMNRCHx@group
rgﬂgéeﬁéeglgyﬁgf _CEHPTY X H%Igﬁﬁtmﬁﬁﬁ%{gﬁg@éﬁ%ﬁg?%S%ﬁg%gen atom include a
group representéfbayofiH2CHR 0 GHRABHZ2 and THE grawd 10 whithd328 anshiR24t@re bonded has
preferably 210 20, mote peleiabl 2 7, et referebly 105 sbam g, e hycrocarbytene
15 23 and Rt are preferably a hydrocarbyl group, a trihydrocarbylsilyl
group, or a hydrocarbylene group in which R2% and R?4 are bonded.
Examples of the group represented by the formula (2-X) include a
non-cyclic aminc group and a cyclic amino group.
Examples of the non-cyclic amino group include a dialkylamino group
20  and a bis{trialkylsilyDamino group. Examples of the dialkylamino group
inciude a dimethylamino group, a diethylamino group, a diln-propylamino
group, a dilisopropylDamino group, a diln-butyDamino group, a
di(sec-butyDamino group, a diltert-butylamino group, and an
ethylmethylamino group. Examples of the bis{trialkylsilyDamino group
25  include a bis(trimethylsilyDamino group and s
bis(tert-butyldimethylsilyDamino group.
Examples of the non-cyclic amino group include an ethylideneamino
group, a 1-methylpropylidensamino group, a 1,3-dimethylbutylideneamino
group, a 1-methylethylideneamino group and a
830 4-N N-dimethylaminobenzylideneamino group.
Examples of the cyclic amino group include a 1-aziridinyl group, a

1-azetidinyl group, a I-pyrrolidinyl group, a 1-piperidinyl group, a
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an oxygen atom as a hetero atom in which R23 and R" are bonded is preferably a hydrocarbylene
%B‘?’Bﬁ%‘referably an alkylene group, further preferably a polymethylene group. Examples of one
group in which R" and R" bond to a nitrogen atom 10 with a double bond include hydrocarbylidene
groups such as an ethylidene group, a propylidene group, a butylidene group, a 1-methylethylidene
group, a 1-methylpropylidene group, and a 1,3-dimethylbutylidene group. The one group in which

R23 and Redxhenst 1o R ARIBHR Wﬁfﬁﬁﬁ@g@@ﬁ@@&@@ pyeferably 2 to 20, more preferably 2 to
6 carbon at(()érﬂgl 5R23 angd R24 are preferab y a hydrocarbyl group a trihydrocarbylsilyl group, or a

hydrocarbyit 50 PN ARFPI SEP RD 4 4EFOUP; By ﬁH@gQ}VW@%ﬁrepresented by
the fOfmq|ﬁdﬁd?ékﬁl€@ﬁﬁlagﬂ@ﬂp0%ﬂcpaﬁﬁf@zﬁﬁ9ylg@%@)a&z‘i@'@ mmgmg@@nples of the

non-cyclic aming group include a dlalk no group bis(triglkylsilyDamino group. Examples
of the dmlkylam%%‘@r%‘i?d%&%%%ﬁ% i Wﬁ}éﬁﬁé{d&fﬁﬁﬁ W&%%WHR&%ropyDamino

group, aﬂﬂﬁ@@fﬁ@ﬁmaw@@@@@é@mtgﬂwm@@w@pa@k@sﬁ@bmmima@@p, a
group 25 RS LS R R D AT B B R g BB AR oroup.
ExampleBafiifiearioytoyslieranyno Merppnsfueenia ethylidengam W@ﬁ&@ B33 &nd R24 are
group ar R S0 KELTHn BB AR Ao DL KRR EBFIRE G amino group
|nclude %i@wriﬁlww3®iﬁtﬁmﬂ@ﬂ‘wbgm mjﬁﬁyﬂcﬂi@iﬁl&h@@h@ﬁ@é Qﬂwlﬂ'”w group, a Our
61320 1- h meth enelmlno idazal -dihydro-limidazoly1 group, a
Aoly1 oroup . BB IGT SRR 1 TR PO and o
morphohdmg;ﬁimﬁammo group, & diethylamino group, a dz(n propyl)ammo group, a
di(n-butyDamino group, a bis(trimethylsilyDamino group, a
bis(tert-butyldimethylsilylamino group, a 1-pyrrolidinyl group, a
1-piperidinyl group, or a I-hexamethyleneimino group.
15 Examples of the nitrogen-containing heterocyclic group of A include a
nitrogen-containing alicyclic hetorocyclic group and a nitrogen-containing
aromatic heterocyclic group.
Examples of the nitrogen-containing alicyclic heterocyclic group of A
include a group having only a nitrogen atom as a hetero atom constituting a
20 ring, a group having a nitrogen atom and an oxygen atom as a hetero atom
constifuting a ring, and a group having a nitrogen atom and a sulfur atom as
a hetero atom constituting a ring.
Examples of the nitrogen-containing alicyclic heterocyclic group
having only a nitrogen atom as a hetero atom constituting a ring include a
25 group having an aziridine ring, a group having an azetidine ring, a group
having a pyrrolidine ring, a group having a piperidine ring, a group having a
hexamethyleneimine ring, a group having an imidazolidine ring, a group
having a piperazine ring, and a group having a pyrazolidine ring.
Examples of the group having an aziridine ring include an
30  I-alkyl-2-azinidinyl group.
Examples of the group having an azetidine ring include an

1-alkyl-2-azetidinyl group and an 1-alkyl-3-azetidinyl group.
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The resented by the formula (2-X) is preferably a group in 5 which R23 and R24 are
h?d? goups, a group in which R23 and R24 are trihydrocarbylsilyl groups, a group in which
R23 and R24 are bonded to form a hydrocarbylene group. More preferable is a group in which R23
and R24 are linear alkyl groups, a group in which R23 and R24 are trialkylsilyl groups, or a group in
which R23 and R24 are bonded to form a polymethylene group. 10The group represented by the

formula (2-X) is Eﬁtﬁ\ﬂp@ggfgfmly graimehayanginoogieubid shethysaniiadireup, a di(n-propypamino
group, a aming, a bis(trimethy, ro ert butyldimethylsilyDamino
group, a ﬁ%@%ﬁﬁ Fﬁﬁgrﬁﬂ i@ggﬁg X%?;ﬁé?ﬁ% &ino group. 15Examples of
the nitrogen- coi}Mﬁga}:@WI@y@ﬁ%unﬁ:Egglmﬂ@@ﬁﬁﬂ@gﬁﬁg(égmamg@#tcgchcthetorocycltlc
group a Cco, aromatic heferocyclic xam%oaﬁio e nitrogen-containing
alicyclic e%gg % Pg%{#b %ﬁﬁ%dﬁrh]g N Hﬁg h%%ﬁ?é’é’é’n 4t6hi'Hs a hetero atom
con§tltutmg%32041p@@gmgﬂ haying a nitrogen atom and an oxygen atom as a hetero atom
constituting a ri roup, having a.nitrogen atom and.a sulfur atom as a.heterp atom constituting
a ring. Exa%f@gﬁ?ﬁ% # ﬁ%géﬁ"gé’n%‘?ﬁﬁq& gl%y%ﬂ%@?i%%ﬁ?b%u%%%& 6%@3 nitrogen
atom as #-héteiddhernmeondititingiainng dgoclusesa 25%dkodp3hayingrartiazidirenting, a group having
an azetidine rln% g group %wpg: %}$ rroll(gg\elﬁﬁ]gq ha |ng a piperidine ring, a group having a
B SRR TR

hexametRYTeheiiine Ting, 2 group having. , a group having a piperazine ring, and
a group having apyragokdiné ring gEoamiplesof ttxeagm@aﬂmémdmgeaﬁmgiﬁﬂiheiémg include an

Iky1-2- inyL.gro xamples of the grou g an,aze ring include an
1- a%f?yl 2}a§§§5 19 19%103% g%éoélndﬁagiﬁy 8. az(é‘t%lﬁg‘?f dgr up g@%gffgé'ng %xamples of the
group haylng a @xﬁ@m&rmmmamﬁmﬂwb@mmmylzg@mahﬁaml -alkyl-3-pyrrolidinyl
group. ng)?? ofth% rou hagin a piperidine ring include an 1-alkyl-2-piperidinyl group, an
1-alkyl- -plpe i o} andrarr1oa y1-4-piperidinyl group. Examples of the group having a
hexamethylenelrﬂmempbemoﬁjdre avoup having a pyrazolidine ring include a

1,2-dialkyl-3-pyrazolidyl group and a 1,2-dialkyl-4-pyrazolidyl group.

15 Examples of the nitrogen-containing alicyclic heterocyclic group
having a nitrogen atom and an oxygen atom as a hetero atom constituting a
ring include a group having a morpholine ring and a group having an
isooxazolidine ring.

Examples of the group having a morpholine ring include an

20  l-alkyl-2-morpholino group and an 1-alkyl-3-morpholino group.

Examples of the group having an iscoxazolidine ring include an
1-alkyl-3-isooxazolidiny] group, an 1-alkyl-4-iscoxazolidinyl group, and an
1-alkyvl-5-isooxazolidinyl group.

Examples of the nitrogen-containing alicyclic heterocyclic group

25  having a nitrogen atom and a sulfur atom as a hetero atom constituting a
ring include a group having a thiomorpholine ring and a group having an
isothiazolidine ring.

Examples of the group having a thiomorpholine ring include an
1-alkyl-2-thiomorpholino group and an 1-alkyl-3-thicmorpholino group.

30 Examples of the group having an isothiazolidine ring inciude an
1-alkyl-3-isothiazolidinyl group, an 1-alkyl-4-isothiazolidinyl group, and an
1-alkyl-5-1sothiazolidiny] group.
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1-alky1-2-hexamethyleneinimo group, an 1-alkyl-3-hexamethyleneimino group, and an
19é1f<§ﬁﬁ§'ﬁéﬁmethyleneimino group. Examples of the group having an imidazolidine ring include a
101,3-dialky1-2-imidazolidyl group and a 1,3-dialky1-4-inaidazolidyl group. Examples of the group
haying a piperazine ring include a 1,4-dialky1-2-piperazinyl group. Examples of the group haying a
pyrazolidine ring include a 1,2-dialky1-3-pyrazolidyl group and a 1,2-dialky1-4-py-razolidyl group.

15Examples of the aiger-Contaiing alicyelis Batarpwreis amupdrving aiiesep atom and an
oxygen atom gs a hetero atom con titutiﬂn}%ﬁa ring include a gégup having a morpholine ring and a

group ha¥iHigSh FBR SRTHRE PR EXSHIBRES BAHEY AR RRVHTS &4 1o SABRHEY a8 felude an 20
1-alkyl-2rmerehetivgoreuRang andoalkyla3dROMRIIcHAERAH: atonEXamaesebthgsgioup having an
isooxazolidine ring include an 1-alkyl-3-isqoxazolidinyl group, an 1-alkyl-4-isppxazolidinyl group, and
an 1-alky P E30KEE Sidihgh &r‘&if& B ’&%Mﬁ%@ﬁ-%%iﬁﬁé %ﬁb&f HE HEETSE clic group 25

hqv'mg a@h&ggggam m-ﬂmﬁ{ﬁggmg:s a hgterq e_ltom_ constituting a ring include a group having a
ihiomorpholine rGABIICE St AeaT P E IS GRS Gr o 51 EFEEBIR BBt aholimo group.
30Examplesikthe greuphaliog:an isothiaselidineling ineluge el ddalkyia-ispthiazakdinyl group, an
Lk Py A A Az oIy QIOHD % ing o pyrazols
ring, a group having a pyridine ring, a group having a pyridazine ring, a
10 group having a pyrimidine ring, a group having a pyrazine ring, & group
having a quincline ring, a group having an isoguinoline ring, a group having
& cinnoline ring, a group having a quinazoline ring, and a group having a
phthalazine ring.
Examples of the group having a pyrrole ring include a 2-pyrrolyl
15  group, a 3-pyrrolyl group, a 2-(1-methylpyrrolyl) group, and a
3-(1-methylpyrrolyDgroup.
Examples of the group having an imidazole ring include a
2-imidazolyl group, a 4-imidazolyl group, a &-imidazolyl group, a
2-(1-methylimidazolyDgroup, a 4-(1-methylimidazolyl)group, and a
20  B-(1-methylimidazolyl)group.
Examples of the group having a pyrazole ring inciude a 3-pyrazolyl
group, a 4 pyrazolyl group, a 5-pyrazolyl group, a 3-(1-methylpyrazolyl)
group, a 4'(1'methylpyrézoly1) group and a 5-(1-methyipyrazolyl) group.
Examples of the group having a pyridine ring include a 2-pyridyl
25  group, a 3-pyridyl group, and a 4-pyridyl group.
Examples of the group having a pyridazine ring include a 3-pyridazyl
group and a 4-pyridazyl group.
Examples of the group having a pyrimidine ring include a
2-pyrimidyl group, a 4*pyrimidyl group, and a 5-pyrimidyl group.
30 Examples of the group having a pyrazine group include a 2-pyrazyl
group.

Examples of the group having a quinoline ring include a 2-guinolyl
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Our Ret 561320 Examples of the nitrogen-containing aromatic heterocyclic group of A include a
g?d‘ﬁ&?’?a?ﬁhaﬁoonly a nitrogen atom as a hetero atom constituting a ring, a group having a nitrogen atom
and an oxygen atom as a hetero atom constituting a ring, and a group having a nitrogen atom and a
sulfur atom as 5 a hetero atom constituting a ring. Examples of the nitrogen-aromatic heterocyclic
group having only a nitrogen atom as a hetero atom constituting a ring include a group having a

pyrrole riggug gA3HaiRGRA aroiidazoledinglyd greup,hawng:enpiiazeleding, & gratplpaving a
pyridine ring, a group ha\ii;%lg a pyridazipe ring, a.10 group having a pyrimidine ring, a group having a
pyrazineFiRgP adyroABRSMA G GlirohfePmn q&ﬁ?%’g BaVHY an isoquinoline ring, a group having a
cinnoline ring, a BreuRayisltd 6 ¢inazeling 1ing « andoy gioup havig-d miithdagzine ring.

Examples of the group having a pyrrole ring jnclude a 2-pyrroly1l 15group, a 3-pyrrolyl group, a
2-(1-met¥1§}ﬁ%‘5¥}}6f§ﬂ?§7 FSapPaf é‘%g@u%%%iﬁﬁ?/%ﬁp%%%&nglgﬁﬁ%%saof the group having an

imidnazolg-tiginelvde gradfidagalsk;glaubylazfengidazolsbgoinpld Srimigazaklykgroup, a
2-(1-met _ylimidazoj)%&;)%%ou%1 a 4-(1-methylimidazolyDgroup, and a 20 5-(1-methylimidazolyOgroup.
Examples GPHEDP AVfhg a pyrazole ring include a 3-pyrazoly-1 group, a 4-pyrazolyl group, a

5-pyrazolyl groupx eudplbsa€thpyrazoliadrap cird(LimethylpimabalOgforipaotiy]
e B P, ¥ g vy S el g oy 2 o
3-pyridazytpravhimridecdpysiddzyh gatipnolinkkgmples of the group having a pyrimidine ring include
O s PO, S SRODISL e, Hapes o e group g
2-quinolytquinazoliny! group, a 4-quinazolinyl group, a 5-guinazolinyl group, a
6-quinazolinyl group, a 7-quinazolinyl group, and an 8-quinazolinyl group.
Examples of the group having a phthalazine ring include a
1'phthalazinyl group, a 5-phthalazinyl group and a §-phthalazinyl group.
15 The nitrogen-containing aromatic heterocyclic group having only a
nitrogen atom as a hetero atom constifuting a ring is preferably the group
having an imidazole ring, the group having a pyridine ring, or the group
having a quinoline ring.
Examples of the nitrogen-containing aromatic heterocyclic group
20  having a nitrogen atom and an oxygen atom as a hetero atom constituting a
ring include a group having an oxarole ring and a group having an isooxazole
ring.
| Examples of the group having an oxazole ring include a 2-ozazolyl
group, a 4-oxazolyl group, and a 5-oxazolyl group.
25 Examples of the group having an isooxazole ring include a
3-iscoxazolyl group, a 4-isooxazolyl group, and a 5-1scoxazolyl group.
The nitrogen-containing aromatic heterocyclic group having a
nitrogen atom and an oxygen atom as a hetero atom constituting a ring is
preferably the group having an oxazele ring.
30 Examples of the nitrogen-containing aromatic heterocyclic group
having a nitrogen atom and a sulfur atom as a hetero atom constituting a

ring include a group having a thiazole ring and a group having an isothiazole
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‘Our Ref 561320 group, a 3-quinolyl group, a 4-quinolyl group, a 5-quinolyl group, a 6-quinoly1
gr%‘l‘prfeg ?@&ﬁﬁ?]olyl group, and an 8-quinolyl group. Examples of the group having an isoquinoline
ring include a 1-isoquinolyl group, a 3-isoquinolyl group, a 4-isoquinolyl group, a 55-isoquinolyl
group, a 6-isoquinolyl group, a 7-isoquinolyl group, and an 8-isoquinolyl group. Examples of the
group haying a cinnoline ring include a 3-cinnolinyl group, a 4-cinnolinyl group, a 5-cinnolinyl group, a
6-cinnolipyhgroup, a 7-cinnolinyl group, and an 8-cinnolinyl group. 10Examples of the group haying a
qguinazoline ring include a 2-quinazolinyl group, a 4-quinazolinyl group, a 5-quinazolinyl group, a
6-quinazolinyl gr ,r%p}@ﬁlﬁ%ééﬁ)lﬁﬁﬂ‘ﬁ? Y IRSPATREIR B ?@Z%B?@@’g‘ the group
haying agfathalaziperingdnaledes Lptithalazind Aoupsra:gephthalazinyl group and a 6-phthalazinyl
group. 15The nittggen-containing aromatic heterocyclic group haying, only a nitrogen atom as a hetero
atom constitutin ﬁw}gspi)fﬁﬁam W&B%aﬁﬁ%ﬁ%&%@w}w Group having a pyridine

ring50r tizei gsokin helvingra @slirolineoinga kigmples nfdhel nitrRIGaRRIFliRgArpMatic heterocyclic
group 20 haying a.nitragen atom and an oxygen atorggas a hetero atom constituting a ring include a

group having an XS A PRAFRPECGRORE AEHE Eh FESEXAHEHiREOUP H&¥aRMHRS of the group

having anioxagetedingiaglddes Broxazoly b 89Ut érd-0x8z0bsh SR BR e @ia©oxazolyl group.
25Exam§Ies of t roup having an isooxazole.ring include a 3-isooxazolyl group, a 4-isooxazolyl
LA it

group, akd ofy T |

VIng &EARRIE & ontaining aromatic heterocyclic group having a
nitrogen atom an@ilan:oxygemaiomn asmpdiere Riemiropstiining A lnerisereieraiiy the group haying
AN a2 s Son e Ro g St 48, Sonigining aromate ety ElS group

nitrogen-containing aromatic heterocyclic group having only a nitrogen atom

as a hetero atom constituting a ring, further preferably the group having an

imidazole ring, the group having a pyridine ring, or the group having a

guinoline group, particularly preferably the group having a pyridine ring.

15 Examples of the compound represented by the formula (2) in which
R2! ig a hydrogen atom, n is 0, and A is a substituted amino group include the
following compounds.
1-vinylpyrrolidine,
1-vinylpiperidine,

20 1-vinyihexamethyleneimine,
i-vinvipiperazine,
1-vinylpyrrole,
1-vinyhimidazole,
1-vinylpyrazole,

25  vinylguinoline,

Examples of the compound represented by the formula (2) in which
R2lig a hydrogen atom, n is 1, R22 is a group represented by the formula (2-Y),
and A is a substituted amino group include the following compounds.
Compounds in which r in the formula (2-Y) is 0:

30  4-N,N-dimethylaminostyrene,
3-N,N-dimethylaminostyrene,
4-IN,N-diethylaminostyrene,
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having a nitrogen atom and a sulfur atom as a hetero atom constituting a ring include a group having a
thizFdtef #igfahd a group having an isothiazole Our Ref. 561320 ring.  Examples of the group
having a thiazole ring include a 2-thiazolyl group, a 4-thiazolyl group, and a 5-thiazolyl group.
Examples of the group having an isothiazole ring include a 53-isothiazolyl group, a 4-isothiazolyl
group, and a 5-isothiazolyl group. The nitrogen-containing aromatic heterocyclic group having a

nitrogen gtmaagieﬂﬁgggﬁﬁ%mjhetero atom constituting a ring is preferably the group having a
thiazole ring{. The_nitrogen-containing heterocyclic group of A is preferably the 10 nitrogen-containing
aromatic %éﬁ@ﬁ@@?@ﬂ#}%@ﬁfﬁéﬁ%bly the nitrogen-containing aromatic heterocyclic group

‘having ogly10iti0gep,3tankas Adieleryatom constituting a ring, further preferably the group having
an imidazole ring, the group having a pyridine ring, or the group having a quinoline group, particularly
preferab@'N@ﬁ%@'ﬁéWﬁ@f%Wﬁﬂiﬁ%g 15Examples of the compound represented by the formula

(2)ip Wh%@l&@&@ﬂ%ﬁ%&@%@%%@ 0, and A is a substituted amino group include the following
compounds, 1-vir]ylf)yrrolidine, 1-vinylpiperidine, 20 1-vinylhexamethyleneimine, 1-vinylpiperazine,
1—viny|py‘%f3FeN ~diallylaminostyrene,

3-H,N-diallylaminostyrene,
4N, N-bis(trimethylsilyDaminostyrene,
3-N,N-bis(trimethylsilyDaminostyrene,

10 4-N,N-bis{tert-butyldimethylsilyl)aminostyrene,
3-N, N-bis{tert-butyldimethylsilyDaminostyrens,
4-(1-aziridinylstyrene,
3-(1-aziridinylstyrene,
4-(1-pyrrolidinylstyrene,

15  3-(I-pyrrolidinyDstyrene,
4-(1-piperidinylstyrene,
3-(1-piperidinyDstyrene,
4-(1-hexamethyleneimino)styrene,
3-(1-hexamethyleneiminc)styrene.

20  Compounds in which r in the formula (2-Y) is 1:
4-N,N-dimethylaminomethylstyrene,
3-N,N-dimethylaminomethylstyrene,
4-IN,N-diethylaminomethylstyrene,
8-N,N-diethylaminomethylstyrene,

25 4N, ,N-di-n-propviaminomethylstyrene,
3-N,N-di-n-propylaminomethylstyrene,
4-N,N-di-n-butylaminomethylstyrene,
3-N,N-di-n-butylaminomethylstyrene,
4-N,N-diallylaminomethylstyrene,

30  3-N,N-diallylaminomethylstyrene,
4-N,N-bis(trimethylsilyDaminomethylstyrene,
3-N,N-bis{trimethylsilylJaminomethylstyrene,
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1-vinylimidazole, 1-vinylpyrazole, 25 vinylquinoline. Examples of the compound represented by the
forUtaf(39 ¥ vhich R21 is a hydrogen atom, nis 1, R22 is a group represented by the formula (2-Y),
and A is a substituted amino group include the following compounds. Compounds in which r in the
formula (2-Y) is 0: 30 4-N,N-dimethylaminostyrene, 3-N,N-dimethylaminostyrene,
4-N,N-diethylaminostyrene, Our Ref. 561320 3-N,N-diethylaminostyrene,

&N NP A AP BRNARARSIUEAR, AN, -0 n-bulylaminostyrene,
3-N,N-di-n-butylaminostyrene, 4-N,N-diallylaminostyrene, 3-N,N-diallylaminostyrene,
4-N,N-bi&tﬁmk‘zthsﬂ&W‘%tﬁ&%&%ﬂé{lﬂw}ﬂﬁm{tﬁmﬁhﬁ&wﬁmostyrene,

104-N,N-pig(tert-hutyldimeshylsilybaminostyrene, 3-N,N-bis(tert-butyldimethylsilyDaminostyrene,
4-(1-aziridinﬁ:|)styr.erje, 5-(1-azirid|nyl)styrene, 4-(1-pyrrolidinyl)styrene, 153-(1-pyrrolidinyOstyrene,
4-(1-pipetidiigosFend BethlsyEsnye styre ne, 4-(1-hexamethyleneimino)styrene,

3-(1meX@m§tp?mngﬁgqs%Q&ggppounds in which r in the formula (2-Y) is 1:
4-N,N-dim_2thy aminomethylstyrene, 3-N,N-dimethylaminomethylstyrene,
4-N,N-diéf %r@ﬂﬁﬁ% gaglstyReRediethylaminomethylstyrene, 25

4-N,N-di@@r@gy@ggﬁgqﬁqygygg%&’N,N-di-n-propylaminomethylstyrene,
4-N,N-di-n-puty amjnomithylstyrene, 3-N,N-di-n-butylaminomethylstyrene,

4-N,N-didIIaRiRfgie ehglstyrene,

4-(1-hexamethyleneimino)methylstyrene,

10 3-(1-hexamethyleneimino)methylstyrene.
Compounds in which r in the formula (2-Y) is 2t
4-N,N-dimethylaminoethylstyrene,
3-N,N-dimethylaminocethylstyrene,
4-N,N-diethylaminoethylstyrene,

15 3-N,N-diethylaminoethylstyrene,
4-N,N-di-n-propylaminocethvistyrene,
3-N,N-di-n-propylaminoethylstyrene,
4-WN, N-di-n-butylaminoethylstyrens,
3N, N-di-n-buytlaminoethylstyrene,

20  4'N,N-diallylaminoethylstyrene,

3-N, N-diallvlaminoethylstyrene,
4-N,N-bis(trimethylsilyDaminoethylstyrene,
3-N,N-bis(trimethylsilyDaminoethylstyrene,
4-N,N-bis(tert-butyldimethylsilyllaminoethylstyrene,

25  3-N,N-bis{tert-butyldimethylsilyDaminoethylstyrene,
4-(1-aziridinylethylstyrene,
3-(1-aziridinylethylstyrene,
4-(1-pyrrolidinyDethylstyrene,
3-(1-pyrrolidinylethylstyrene,

30 4-(1-piperidinylethylstyrene,
3-(1-piperidinyDethylstyrene,

4-(1-hexamethyleneimino)ethylstyrene,
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30 3-N,N-diallylaminomethylstyrene, 4-N,N-bis(trimethylsilyl)laminomethylstyrene,

3 eN5i 8B 3RTethylsilyl)aminomethylstyrene, Our Ref: 561320
4-N,N-bis(tert-butyldimethylsilyl)Jaminomethylstyrene,
3-N,N-bis(tert-butyldimethylsilyDaminomethylstyrene, 4-(1-aziridinyOmethylstyrene,
3-(1-aziridinynmethylstyrene, 54-(1-pyrrolidinyOmethylstyrene, 3-(1-pyrrolidinyl)methylstyrene,
4-(1'I0ip@@'ﬁ%@fﬁﬁi@b’iﬁ%ﬁ@ﬁn&i@&%&%ﬁ@@]ethy|5tyrene,

4-(1-hexamethyleneimino)methylstyrene, 10 3-(1-hexamethyleneimino)methylstyrene. Compounds in
which r in the formaEIEIap) G Bl cRENRARERGRIRHEBERS Iy FBR OB Srh BinyiathoethyIstyrene,

4-N,N-digthylamineeyisysene nla & MAkdisthvlamineathetyeige group include the
4-N,N-d|-n£%§(%pylam|noethylstyrene, 3-N,N-di-n-propylanainoethylstyrene,

4-N,N-difpl s treaayREfene, 3-N,N-di-n-huytiaminoethylstyrene, 20

4-N5\I-di@lh\g@§@3m?yé§;yfgggi§e!\l,N-diallylaminoethylstyrene,
4-N,N-bis(trimethylsilyDamingethylstyrene, 3-N,N-bis(trimethylsilypaminoethylstyrene, 4-N,
N-bis(ter%—’l&?ﬁ?i’éﬁﬁ?é%ﬁ@éﬁ?ﬁ}@%’ inoethylstyrene, 25

3-N,N-bisttesipbupddimiethvisiyaarminaethistyrene, 4-(1-aziridinyDethylstyrene,
3-(1-aziridinyDethylstyrene, 4-(1-pyrrolidinyDethylstyrene, 3-(1-pyrrolidinyl)ethylstyrene,
304-(1-p?ﬁé‘?‘?@ﬁ%’%ﬁ%@@?@ﬁ%{@ﬂ-piperidinypethylstyrene, 4-(1-hexamethyleneimino)ethylstyrene,
Our Ref-15&3320p3(1-1hexamethyleneimino)ethylstyrene. Examples of the compound represented
by the formula (2) in which,R21, is a methyl group, nis 0, and A is a substituted amino group include

the-fbllovitt BERRSSNHHE 447888 rop e nylpyrrolidine |

1-isopropenylpyrazole,
1sopropenylguincline.

Examples of the compound represented by the formula (2) in which
R2! is 2 methyl group, nis 1, R2is a group represented by the formula (2-Y),

15  and A1is a substituted amino group include the following compounds.
Compounds in which r in the formula (2-Y) is O¢
4-N,N-dimethylamincisopropenylbenzene,
3-N,N-dimethylaminoisopropenylbenzene,
4-N,N-diethylaminoisopropenylbenzene,

20  8-N,N-diethylaminoisopropenylbenzene,
4-N,N-di-n-propylaminoisopropenyibenzene,
3-N,N-di-n-propylaminocisopropenyibenzene,
4-N,N-di-n-butylaminoisopmpénylbemene,
3-N,N-di-n-butylaminocisopropenylbenzene,

25  4-N,N-diallylaminoisopropenylbenzens,
3-N,N-diallylaminoisopropenylbenzene,
4-N,N-bis(trimethylsilyDaminoisopropenylbenzene,
3'N,N-bis(trimethylsilyDaminoisopropenylbenzene,
4-N,N-bis(tert-butyldimethylsilyDaminocisopropenylbenzene,

30  3-N,N-bis(tert-butyldimethylsilyllaminoisopropenylbenzene,
4-(1-aziridinylisopropenylbenzene,

3-(1-aziridinylisopropenylbenzene,
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1-isopropenylpiperidine, 1-isopropenylhexamethyleneimine, 1-isopropenylpiperazine,

15885 0p8mAbyrrole, 101-isopropenylimidazole, 1-isopropenylpyrazole, isopropenylquinoline.
Examples of the compound represented by the formula (2) in which R21 is a methyl group, nis 1, R22
is a group represented by the formula (2-Y), 15 and A is a substituted amino group include the
following compounds. Compounds in which r in the formula (2-Y) is 0:

4-N,N-di@@i@%ﬂg@gﬁg@&@%ﬁgﬂ;ﬁgﬁéﬂy-dimethylaminoisopropenylbenzene,
4-N,N-die‘tlgjr/laminoi,sqpr(c)}}%enylbenzene, 20 3-N,N-diethylaminoisopropenylbenzene,

4-NN-di-A- E‘iﬁﬂ}lﬁﬂﬁﬂw ﬁ?@é’ﬁ?ﬂi@ﬂ?@ﬁé%m,N-di-n-propylaminoisopropenylbenzene,

4-N,N-diphutylamingisoptepenyhangenss 3N, N-di-n-butylaminoisopropenylbenzene, 25
4-N,N-diallylaminoisopropenylbenzene, 3-N,N-diallylaminoisopropenylbenzene,
4-N,N-bi&gmﬂﬁ}@tl’%ﬁﬁﬁ?ﬁ@%iﬁ%ﬁw&%ﬁﬁene, 3-N,N-bis(trimethylsilyDaminoisopropenylbenzene,
4-N N-bistiertRupdimeinisiyDamineisenropsmdagnzene, 30

3-N,N-bis(t rt-butyldimethylsiIyl)aer_loisopropen Ibenzene, 4-(1-aziridinypisopropenylbenzene,
3-(1-azirith Ry R SRPOHE R PR E H IERR R BEPS PG EL-py rrolidinypisopropenylbenzene,

3-(1-pyrrolidindliserr opernibrnzanerd @ mingrdisydisapropenylbenzene,
3-(1-piperidinyOisopropenylbenzene, 5 4-(1-hexamethyleneimino)isopropenylbenzene,
3-(1-hex 4Bty RAHIRE OB REpERIBEAREMRE TERTIHIARS in which r in the formula (2-Y) is 1:

4-N,N-dipetniaminormetbvisepronenyibenzanas diN-gimethylaminomethylisopropenylbenzene, 10
4-N,N-diethylamjnomethylisopropenylbenzene, 3-N,N-diethylaminomethylisopropenylbenzene,
4-&,%-di$‘%r&d?§ﬁhﬁgfﬁé‘ﬂ¥}ﬁ§%ﬁ8 ERTBBAZEMEAERIR: di-n-propylaminomethylisopropenylbenzene,

4-N,N-digiuiyaminetaethviseptnpEsyihensenthdzene,
3-N'N-di-n“§7l\)7;§/{| minomethylisopropenylbenzene, 4-N,N-diallylaminomethylisopropenylbenzene,
3-N,N-didiiytamhitior et EEIrpaRythakzengropeny lbenzene,

4-N,N-big(timedyisityRarinemetivisepriape AReR4BB ze ne,
A T e B e oo ne,
156 3-N,N-di-n-butylaminomethylisopropenylbenzene,
4-N N-diallylaminomethylisopropenylbenzene,
3-N,N-diallylaminomethylisopropenylbenzene,
4N, N-bis{trimethylsilyDaminomethylisopropenylbenzene,
3-N,N-bis(trimethylsilyDaminomethylisopropenylbenzene,

20 4-N,N-bis{tert-butyldimethylsilylaminomethylisopropenylbenzene,
3-N,N-bis(tert-butyldimethylsilylaminomethylisopropenylbenzene,
4'(1-aziridinyl)methylisopmpenylbenzene,
3-(1-aziridinyl)methylisopropenylbenzene,
4-(1-pyrrolidinyDmethylisopropenylbenzene,

25  3-(1-pyrrolidinyl)methylisopropenylbenzene,
4-(1-piperidinyl)methylisopropenylbenzene,
3-(1-piperidinyDmethylisopropenylbenzene,
4-(1-hexamethyleneimino)methylisopropenylbenzene,
3-(1-hexamethyleneiminojmethylisopropenylbenzene.

30 Compounds in which r in the formula (2-Y) is 2
4-N,N-dimethylaminoethylisopropenylbenzene,
3-N.N-dimethylaminocethylisopropenylbenzene,
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20 4-N,N-bis(tert-butyldimethylsilyDaminomethylisopropenylbenzene,
3ReNEisfiettbutyldimethylsilypaminornethylisopropenylbenzene,
4-(1-aziridinyDmethylisopropenylbenzene, 3-(1-aziridinyDmethylisopropenylbenzene,
4-(1-pyrrolidinyDmethylisopropenylbenzene, 253-(1-pyrrolidinyl)methylisopropenylbenzene,
4-(1-piperidinyl)methylisopropenylbenzene, 3-(1-piperidinyOmethylisopropenylbenzene,

4-(1-hexarﬁqmya@@ﬁgmmrﬁ%wgmﬁmﬂ

e
3-(1-hexamethyleneimino)meth |sppropenylgenzene. 30 Compounds in which r in the formula (2-Y) is
2: 4-N,N%%§@Wﬁﬁé&mﬁ§ YolseRymRETEEREN RN -dimethylaminoethylisopropenylbenzene, Our

Ref. 861320 4 Mo amnasUiKisapoRsY

; £, . .
3-N,N-diethylaminoethylisopropenylbenzene, 4-N,N-di-n-propylaminoethylisopropenylbenzene,
3-N,N-didil N@W@EW@%?@&BW@@%V@’@%@%-n-butylaminoethylisopropenylbenzene,

3-NiN-dizpulyarminaatiiiseRrerRDVRGNZeRS AN NEdiallylaminoethylisopropenylbenzene,
3-N,N-diallylaminoethylisopropenylbenzene, 4-N,N-bigtrimethylsilyl)Jaminoethylisopropenylbenzene, 10

T 3

3N, N-biS(tHMEHy SRR AROeR T e mERb eRee ne,

4-N,N-bigtterisbaiyitime ety  aaipesieyiasprReRyIbenzene,
3-N,N-bigtert-butyldimethylsilypaminoethylisopropenylbenzene,

4-(1-aziri ﬁyﬁé%ﬂ@’éﬁ%’éﬁé‘?ﬁﬁb&ﬁf@%?@w A ethylisopropenylbenzene, 15
4-(1-pyrrglidinyOrifivlisepranenyibenzens: By lspyrlidinybethndisopropenylbenzene,
4-(1é£iperircﬁ‘!én¥ et Iisopropen¥lbenzene, 3-(1-piperidiny-Dethylisopropenylbenzene,
4-(Ahexdr %‘hgr}?é% RS S BiResibEtisaREopery lbenzene,
3-(1-hexametivigseirinoiethiisprippenyiDenaenethylidoxamias pfeigssempound represented by
the formyl é% hich R21f’§,a vinyl group, n is 0, and A Is a substjtuted amino group include the
followingscoﬁ%" Rders iy fﬁ?&%?fﬁ?ﬂﬂs RIRRGHAILSeP BRI N8 Rfamino-1,3-butadiene,
2-N,N-dig{prapiamindrds BshidagienensibeizdL8-butylamino-1,3-butadiene,
2-N,N-di§[ll(ﬁr§mlno-1,3- utadjene, 2-N,N-bigtrimethylsilyDamino-1,3-butadiene, 30
2-N,N-his( l@ﬁlﬁﬁﬂﬂﬁ"ﬁﬂ]ﬁﬂ’iﬁ% RATRETY A2 Btadene, 2-(1-aziridiny0-1,3-butadiene,
2-(15pyrrglidinyiirdidtotadiendisopropenylbenzene,
3-(1-pyrrolidinyDethylisopropenylbenzene,
4-(1-piperidinyDethylisopropenylbenzene,
3-(1-piperidinyDethylisopropenylbenzene,
4-(1-hexamethyleneimino)ethylisopropenylbenzene,
20  3-(1-hexamethyleneimino)ethylisopropenylbenzene.
Examples of the compound represented by the formuia (2) in which
R ig a vinyl group, n is 0, and A is a substituted amino group include the
following compounds.
2-N,N-dimethylamino-1,3-butadiene,
25  2-N,N-diethylamino-1,3-butadiene,
2-N,N-di-n-propylamino-1,3-butadiene,
2-N,N-di-n-butylamino-1,3-butadiene,
2-N,N-diallylamino-1,3-butadiene,
2-N,N-bis(trimethylsilylJamino-1,3-butadiene,
30  2-N,N-bis(tert-butyldimethylsilyDamino-1,3-butadiene,
2-(1-aziridinyl)-1,3-butadiene,
2-(1-pyrrolidinyD-1,3-butadiene,
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Our Ref 561320 2-(1-piperidiny1)-1,3-butadiene, 2-(1-hexamethyleneimino)-1,3butadiene,

24« Fyfrefiyd3e1,3-butadiene, 2-(1-iraidazoly1)-1,3-butadiene, 52-(1-pyrazoly0-1,3-butadiene.
Examples of the compound represented by the formula (2) in which R21 is a vinyl group, nis 1, R22 is
an alkylene group, and A is a substituted amino group include the following compounds. Compounds
in which R22 is a methylene group: 10 2-N,N-dimethylaminomethy1-1,3-butadiene,

2-N,N-digt@]ﬁ@gﬁmgmyﬁ-’g%-@%@%%(?, 2-N,N-di-n-propylaminomethy1-1,3-butadiene, 2-NT,N-di
n-butylaminomethy1-1,3-butadiene_, 2-N,N-diallylaminomethy1-1,3-butadiene,

152-N,N%idhprampEiyloaimonmitlyd A s adiantene,

2-N,N-bis(tarisburyidimethyisiiaaypomethyl-1,3-butadiene, 2-(1-aziridinypmethy1-1,3-butadiene,
2-(1-pyrrolidinyOmethyl-1,3-butasliene, 2-(1-piperidinyl)methy1-1,3-butadiene, 20
2-(l-hex&ﬁ&ﬁ?@ﬁ@?ﬁf@é}m?’éhﬁf—‘i%@n@utadiene, 1-(2-methylene-3-butenyl)pyrrole, 1-(2-methylene-

3-bygenypimidazale, 12 methylenes3-butenyl)pyrazole. Compounds in which R22 is an ethylene
group: 25 5-N,N-dimethylaraino-3-methylene.1-pentene, 5-N,N-diethylamino-3-methylene-1-pentene,

5-N,N-di-n-propylaratB 8 srREA A RERRSER R 15 3a N RSb R ARTROLER et B IEREC L pentene,

5'N’N'diﬂhi'%rkﬁl?ymﬁ@k’ﬁﬁ'}?ié'l?,eﬂwi@,a@aﬁwib&i@%@@fi@@ﬂ@%l@'ﬂi@Qb%‘tﬁ%%%dene'l'pemene’
5-N,N-bigte(t-butyld|methillsiinamino-3-methylene-1-pentene, 5-(1-aziridinyD-3-methylene-I-pentene,
Our Ref, HB1326 51 iggHikiy) LILoHRE RORP YIS ntene,

S-(1-pipapginydirdduetheng: Rreniens aijtbexamaipyleneimino)-3-methylene-1-pentene,

1- (%émetgy%?,rll\?-_gi_x%%%%r}]ggﬁ%&?x&%’?fshﬂ- 1,3-butadiene,
2-N,N-diethyvlaminomethyi-1,3-butadiene,
2-N,N-di-n-propylaminomethyl-1,3-butadiene,
2-N,N-di-n-butvlaminomethyl-1,3-butadiene,
9-N,N-diallylaminomethyl-1,3-butadiene,

15 2-N,N-bis(trimethylsilyDaminomethyl-1,3-butadiene,
2-N,N-bis(tert-butyldimethylsilyDaminomethyl-1,3-butadiene,
2-(1-aziridinyl)methyl-1,8-butadiene,
2-(1-pyrrolidinylmethyl-1,3-butadiene,
2-(1-piperidinyDmethyl-1,3-butadiene,

20  2-(1-hexamethyleneimino)methyl-1,3-butadiene,
1-(2-methylene-3-butenyDpyrrole,
1-{(2-methylene-3-butenyl}imidazole,
1-(2-methylene-3-butenyl)pyrazole.

Compounds in which R?2 is an ethylene group:

25  5'N,N-dimethylamino-3-methylene-1-pentene,
5-N,N-diethylamino-3-methylene- 1-pentene,
5-N,N-di-n-propylamino-3-methylene-1-pentene,
5-N,N-di-n-butylamino-3-methylene-1-penfene,
5-N,N-diallylamino-3-methylene-1-pentene,

30  5-N,N-bis(trimethylsilylamino-3-methylene-1-pentene,
5-N,N-bis(tert-butyldimethylsilyDamino-3-methylene-1-pentene,
5-(1-aziridinyl)-3-methylene-1-pentene,
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51-(3-methylene-4-pentenyOimidazole, 1-(3-methylene-4-pentenyl)pyrazole. Examples of the
céimpBeintbreresented by the formula (2) in which R21 is a hydrogen atom, nis 1, R22 is a group
represented by the formula (2-Y), and A is a nitrogen-containing alicyclic heterocyclic group include
the 10 following compounds. Compounds in which r in the formula (2-Y) is O:
4-(1-methyl-2-aziridinynstyrene, 4-1-methy1-2-pyrrolidinylstyrene, 4-1-methy1-3-pyrrolidinylstyrene, 15

4-1-meth < imi ne, 4-1-methy1-3-hexamethyleneiminostyrene,
yﬂ(ﬁé%ﬂé@ﬂlﬁ%ﬁ@% I %é‘é&t@heé

4-1-methyl-4-héxamethyleneiminostyrene. ompouhds in which r in the formula (2-Y) is 1:
4-1-methy 1o rireiditipmsthyetndsee2bpdaimathy 1-2-pyrrolidinylmethylstyrene,

4-1-methy k3spvrrolidindmgthylishieae, 4-4- -2- ethyleneiminomethylstyrene,
4-1-methy1-3-hexamet?£g/leneim?nor%e?ﬁ;%sty{r%%%%y - -emet%)r%]i-4-hexamethyleneiminomethylstyrene.
25 Compbildaseshuitae imenédormnertely) is 2: 4-1-methyl-2-aziridinylethylstyrene,
4-1-g1ethy_’l(§ig¥ﬁ%yg' inylethy &; d:pethyl-3-pyrrolidinylethylstyrene,

4-1-meth 1-2-hexamethyle%e?n%%%g%ﬁ}étyrenef 30 4-1-methy1-3-hexamethyleneiminoethylstyrene,
4-1-meth 1&%@?@%@@@9@3@%@}@@%@@& Examples of the compound represented by the

formulain which SurReLS6K320 1321 s ametwl aroum s . 32245, 2qmuR igareaented by the
formula %—Y)_, and A %gfal nitrogen-containing aligl/)gﬁ% hetero%yc i% group %g@é@ thgoﬁowing
compourfd¥. 1s a hydrogen atom, n is 1, R*%is a group represented by the formula (2-Y),

and A is a nitrogen-containing alicyclie heterocyclic group include the

16 following compounds.

Compounds in which r in the formula (2Y) is O
4-(1-methyl-2-aziridinyl)styrene,
4-1-methyl-2-pyrrolidinylstyrene,
4-1-methyl-3-pyrrolidinyistyrene,

15  4-1-methyl-2-hexamethyleneiminostyrene,
4-1-methyl-3-hexamethyleneiminostyrene,
4-1-methyl-4-hexamethyleneiminostyrene.
Compounds in which r in the formuls (2-Y) is 1:
4-1-methyl-2-aziridinylmethylstyrene,

20  4-1-methyl-2-pyrrolidinylmethylstyrene,
4-1-methyl-3-pyrrolidinylmethylstyrene,
4-1-methyl-2-hexamethyleneiminomethylstyrene,
4-1-methy!l-3-hexamethyleneiminomethylstyrene,
4-1-methyl-4-hexamethyleneiminomethylstyrene.

25  Compounds in which r in the formula (2-Y) is 2
4-1-methyl-2-aziridinylethylstyrene,
4-1-methyl-2-pyrrolidinylethylstyrene,
4-1-methyl-3-pyrrolidinylethylstyrene,
4-1-methyl-2-hexamethyleneiminoethylstyrene,

30  4-1-methy!l-3-hexamethyleneiminoethylstyrene,
4-1-methyl-4-hexamethyleneiminoethylstyrene.

Examples of the compound represented by the formula (2) in which
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Compounds in which r in. the formula (2-Y) is 0: 54-1-methy1-2-aziridinylisopropenylbenzene,
4-Sumigh ya L2pyrrolidinylisopropenylbenzene, 4-1-methyl-3-pyrrolidinylisopropenylbenzene,
4-1-methyl-2-hexamethyleneiminoisopropenylbenzene,
4-1-methyl-3-hexamethyleneiminoisopropenylbenzene, 10
4-1-methyl-4-hexamethyleneiminoisopropenylbenzene. Compounds in which r in the formula (2-Y) is

1: 4-1-methy1-2-aziridinylmethylisopropenylbenzene )
P 1-meth%/il-§?p%§/;%ﬁ£ : %Fﬁgt a o%)r gbpiegny sa %ﬁ&? represented by the formula (2-Y),
4-1-methgaBspialidinpeeeatioplidapnime mifbgniedstifoeyclic group include the

4-1-met - neiminomethylisopropenylbenzene,

4-1-met%§§‘iﬁg§gﬁ§et y}gﬁggmninomethylisopropenylbenzene,
4-1-methYemhexaetn/ehsiminoniétlisoprdpéRyibenzéne. Compounds in which r in the formula

(2-Y})is 2, 4-1- |-2-azikigh hylisopropenylbenzene, 20
4-1-?%1eth@é%@ﬁdﬁ%ﬁ?ﬁ%ﬁ%@r@%ﬁﬁg%ﬁ-methyl-3-pyrro|idinerthyIisopropenylbenzene,
4-1-meth§ - 2eskah@thylendidiindathplisopropbaylbenzene,
4-L-methylz-heyameltylensiminositylboprapenvibanzene.

4-1-methyl1-4- egé)rinet enelmlrggetﬁ%ﬁségprd%enﬁ enzene. 25Examples of the compound
represented Byetieioinialea2p thWhithiR2isepviryd mydbpnreis<), and A is a nitrogen-containing
alicyclic hete ig.graup.i ' ;

1-methy;;%e;-(Elgggn}%i ylgégg?%%%@eﬁ%%%g%ﬁ%%%gfﬁr%gﬁﬁ%%ﬁfﬁ%%hyIene-2-propenynpyrrolidine,

30 iettyil netieitylesra mptbplimaispirsligmsopeny benzene.
1-methyl@s(lypettrlene:Zipipnenyaexametiiensizyng. 1

1-methyl-3-(1-methylene-2-propenyphexamethyleneimine, Our Ref: 561320
1-methylQJ(MMIQWMWW%&WW@@WM@%& Examples of the compound

represengag-gye%,g%c?%é%ﬁwﬁ%ﬁggs&%@Owgﬂg,%g%efﬁ%s 1, R22 is an alkylene group, and A is
0

a nitrogen-contalnll%'g alicyclic heterocyclic group incliide the following 5 compounds. Compounds in

which R2% lsashemifeneypbdpnilmethyl BqprorenyidresnaebetenyDaziridine,

1-methyl2{2uBeRRIengs3hH IR RN ERl ARG deMAIby) PotfeMAMGRR:3-butenyl)pyrrolidine,
4-1-methyl-3-hexamethyleneiminomethylisoprcpenylbenzene,
4-1-methyl-4-hexamethyleneiminomethylisopropenylbenzene.

Compounds in which r in the formula {2-Y) is 2
4-1-methyl-2-aziridinylethylisopropenylbenzene,

20 4-1-methyl-2-pyrrolidinylethylisopropenylbenzene,
4-1-methyl-3-pyrrolidinylethylisopropenylbenzene,
4-1-methyl-2-hexamethyleneiminoethylisopropenylbenzene,
4-1-methyl-3-hexamethyleneiminoethylisopropenylbenzene,
4-1-methyl-4-hexamethyleneiminoethylisopropenylbenzene.

25 Examples of the compound represented by the formula (2) in which
R2lig a vinyl group, n is 0, and A is a nitrogen-containing alicyclic
heterocyclic group include the following compounds.
1-methyl-2-(1-methylene-2-propenylaziridine,
1'methyl-2-(1-methylene-2-propenylpyrrolidine,

30  I-methyl-3-{1-methylene-2-propenylpyrrolidine,
1-methyl-2-(1-methylene-2-propenylhexamethyleneimine,
1-methyl-3-(1-methylene-2-propenyDhexamethyleneimine,
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10 1-methyl-2-(2-methylene-3-butenyphexamethyleneimine,
19metay581p20methylene-3-butenyOhexamethyleneimine,
1-methy1-4-(2-methylene-3-butenyOhexamethyleneimine. Compounds in which R22 is an ethylene
group: 1-methyl-2-(3-methylene-4-pentenyl)aziridine,
151-methyl-2-(3-methylene-4-pentenynpyrrolidine, 1-methyl-3-(3-methylene-4-pentenyl)pyrrolidine,
l-methyl[I 3' gtﬁﬁ@@%&ﬂ?ﬁ%@?&%@ %ﬂmeﬁﬂeneimme.

1-methy thylene-4-penten examethyleneiming,

1-methy1-4-(3-@Wﬁ@h&mﬁa@mgﬁ%@mﬁ. %E&Q@Wlﬂ fge @bﬁﬁb@t}hd represented
by the fognuig &2%1%%(%%%& gﬁ g r}yﬁr?gggﬁ aj *eB.éSgQ@ d A8 & fittpgen-containing aromatic

heterocyclic group | owing compounds. 1-methyil-2-vinylimidazole,
1-methymtwmmaz@i@mgMEM%%&MMM@}MWNQ%(?Mf@lﬂmipg/ridine, 4-vinylpyridine,
2-vi§qu%igﬁ' &@gf-vinquuinoline, 4-vinylquinoline. Examples of the compound represented by the
formula (2) In which Our Ref 561320 R21 is a methyl group, nis 0, and A is a nitrogen-containing
aromaticersreuyic igrsup thchfddifersiidwisg e GPERInds. 1-methyl-2-isopropenylimidazole,

1'methy%=%ﬁié&9§9@e@‘@ﬁ%iﬂ?ﬂéﬁe- 3-butenyDaziridine,
1-methyl-2-(2-methylene-3-butenypyrrolidine,

1-methy!l-3-(2-methylene-3-butenyDpyrrolidine,

10 1-methyl-2-(2-methylene-3-butenyDhexamethyleneimine,
1-methyl-3-(2-methylene-3-butenyDhexamethyleneimine,
1 methyl-4-(2-methylene-3-butenylDhexamethyleneimine.
Compounds in which R22 1s an ethylene group:
1-methyl-2-(3-methylene-4-pentenylaziridine,

15 1-methyl-2-(3-methylene-4-pentenybpyrrolidine,
1-methyl-3-(3-methylene-4-pentenylDpyrrolidine,
1-methyl-2-(3-methylene-4-pentenyDhexamethyleneimine,
1-methyl-3-(3-methylene-4-pentenyllhexamethyleneimine,
1-methyl-4-(3-methylene-4-pentenyDhexamethyleneimine.

20 Examples of the compound represented by the formula (2) in which
B 1s a hydrogen atom, n is 0, and A is a nitrogen-containing aromatic
heterocyclic group include the following compounds.
1-methyl-2-vinylimidazole,
1-methyl-4-vinylimidazole,

25  1-methyl-5-vinylimidazole,

Z2-vinylpyridine,
3-vinylpyridine,
4-vinylpyridine,
2-vinylguinoline,

30  3-vinylguinoline,

4-vinylquinoline.

Examples of the compound represented by the formula (2) in which
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51-methyl-5-isopropenylimidazole, 2-isopropenylpyridine, 3-isopropenylpyridine,
4-ofdpénspyridine, 2-isopropenylquinoline, 103-isopropenylguinoline, 4-isopropenyquinoline.
Examples of the compound represented by the formula (2) in which R21 is a vinyl group, nis 0, and A
is a nitrogen-containing aromatic heterocyclic group include the following compounds. 15
1-methyl-2-(1-methylene-2-propenyDimidazole, 1-methy1-4-(1-methylene-2-propenyDimidazole,
1-methyl = -2-nropenyDimy -(1- lene:2- lIpytidine,
S L T
2-(1-methylayecrgiogeaybDaninotiec® (lnethyiermmp propiyOquinoline,
4-(1-met@yﬁgﬁiﬁqq@ggy%%ﬂgﬂma%%nples of the compound represented by the formula (2) in
which 25 R21 is"a vinyl group, his 1, R22 15 an alkylene group, and A is a nitrogen-containing aromatic
heterocydliigtbup tstanecpenioliowitagelsmpounds. Compounds in which R22 is a methylene group:
1-methy1-2- thy: 35 yDimidazole, 30 1-methyl-4-(2-methylene-3-butenyllimidazole,
1-m§thy%§?%§h§2t§y%§éf}i{%%g e%gﬁl g%’ole, 2-(2-methylene-3-butenyllpyridine,
2-isopropenylpyridine,

3-isopropenylpyridine,
4-isopropenylpyridine,
2-isopropenylquinoline,

10 3-isopropenylguinoline,
4-1sopropenygquinoline.

Examples of the compound represented by the formula (2) in which
R2 ig a vinyl group, n 18 0, and A is a nitrogen-containing aromatic
heterocyclic group include the following compounds.

15  1-methyl-2-(1-methylene-2-propenyllimidazole,
1-methyl-4-(1-methylene-2-propenylimidazole,
1-methyl-5-(1-methylene-2-propenylimidazole,
2-(1-methylene-2-propenylpyridine,
3-(1-methylene-2-propenylpyridine,

20  4-(1-methylene-2-propenyDpyridine,
2-(1-methylene-2-propenylquinoline,
3-(1-methylene-2-propenyl)quinoline,
4-(1-methylene-2-propenylquinoline.

Examples of the compound represented by the formula (2) in which

25 R2%ig a vinvl group, nis 1, R22 is an alkylene group, and Ais a
nitrogen-containing aromatic heterocyclic group include the following
compounds.

Compounds in which R?? is a methylene group:
1-methyl-2-(2-methylene-3-butenyllimidazole,

30  l'methyl-4-(2-methylene-3-butenylimidazole,
1-methyl-5-(2-methylene-3-butenylimidazole,
2-(2'methylene-3-butenyDpyridine,
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Our Ref 561320 3-(2-methylene-3-butenyppyridine, 4-(2-methylene-3-butenOpyridine,

2 ¢pxeth§léte-3-butenyDquinoline, 3-(2-methylene-3-butenyDquinoline,
4-(2-methylene-3-butenyl)quinoline. Compounds in which R22 is an ethylene group:
1-methyl-2-(3-methylene-4-pentenyl)imidazole, 1-methyl-4-(3-methylene-4-pentenyDinaidazole,
1-methyl-5-(3-methylene-4-pentenyl)imidazole, 102-(3-methylene-4-pentenyl)pyridine,

3-(3-metE Qgéﬂggggﬁeengpw&q{%?ﬁé _8thylene-4-pentenyppyridine,

2-(3-methylene- ntenyequino J meéthylene-4-pentenyl)quinoline, 15
4-(3-methsiereetipdarenytntieniteyridifhe compound represented by the formula (2) is preferably a

Compou@(@ﬂ@ﬁ@ﬁﬁ%-@-?uﬁ%%%ggrﬁi%q o is 1, and R22 is a group represented by the formula

(2-Y), and A is a substituted ami oup. | ore preferable is a compound in which R21 is a hydrogen
atom, n i8-12 Rethylene Grouperplesdndinby the formula (2-Y), and A is a group represented by the

formiyla @T@n@ﬁﬁQﬂr@%@ﬁ%&%ﬁ%&%ﬂ%.nd in which R23 and R24 in the formula (2-X) are linear

alkyl groups having 1 to 2 carbon’atoms, a compound in which R23 and R24 in the formula (2-X) are
trimethy|SINEGOUPSS Op AE6pIpBANT: iAW ibEIRES @dtR24 in the formula (2-X) are bonded to form a

25 groupl%@gtﬂ}ﬁQt%gﬁg@ﬁg}gt%lg&qlgm%@&%qg 4 to 6 carbon atoms. The compound

represented by the formu ) Is particularly preferably 4N,N-bis(trimethylsilypaminostyrene,

3-N,N-bid(meidumyii ) araiodsrert peoteny Rimiflegoyaminomethylstyrene,
3-N,N-di@%@xﬁ;@gq@%@ﬁ&g%%%&@y{ﬁﬂg@g%lwstyrene, Our Ref. 561320

3-(1-pyrro|idinypeth¥lstyrene. The content of the monomer unit based on a compound represented

by He folmaIaenhiE! prefdratsp o napBiidiakht or more, more preferably 0.02% by weight or more,
further p@@%@@f@y@é"(&@ﬁ@ﬁ@ﬁ%ﬁﬁ%ﬁér 5 100% by weight of the conjugated diene -based

polymer, in order to enhance fuel cost-saving properties. The content is preferably 20% by weight or
less, morE @fﬁ@ﬁéﬂ%?%‘ﬁ?@ﬁ@%f@%@é@ﬁ@rther preferably 1% by weight or less, particularly

preferably- 0353 byweight Qrleesn Imgtder imgnhance economic efficiency and to increase tensile
elongation at break. 10In addition, In the monomer unit based on a compound represented by the

formula (@),%F@ﬁﬁﬁ’#@ﬁ%%&?@&W%H%E@WXB may have been converted into hydroxyl groups by
hydrolysig,(8tenethylene-4-pentenylquinoline.

The compound represented by the formula (2) is preferably a
compound in which B?! is a hydrogen atom, n is 1, and B?? iz a group
represented by the formula (2-Y), and A is a substituted amino group. More
preferable is a compound in which R2! is a hydrogen atom, nis 1, R2isa

20  group represented by the formula (2-Y), and A is a group represented by the
formula (2-X), Further preferable is a compound in which R2 and R24in the
formula (2-X) are linear alkyl groups having 1 to 2 carbon atoms, a
compound in which R% and R% in the formula (2-X) are trimethyleilyl groups,
or a compound in which R23 and R24 in the formula (2-X) are bonded to form a

25  group, and the group is a polyvmethylene group having 4 to 6 carbon atoms.

The compound represented by the formula (2) is particularly
preferably
4N, N-bis{trimethylsilyDaminostyrene,
3-N,N-bis(trimethylsilyDaminostyrene,

30 4N, N-dimethylaminomethylstyrene,
3-N,N-dimethylaminomethylstyrene,
4-(1-pyrrolidinyDethylstyrene,
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The content of the monomer unit based on a compound represented by the formula (2) is preferably

0 @%by iAdaght or more, more preferably 15 0.02% by weight or more, further preferably 0.05% by
weight or more per 100% by weight of the conjugated diene-based polymer, in order to enhance fuel
cost-saving properties and to increase tensile elongation at break. The content is preferably 20% by
weight or less, more preferably 2% by weight or less, further preferably 1% by weight or less,
paftiCU|a§LXPE$f§{?HMQP§%tB¥1%Q igight or less, in order to enhance economic efficiency and to
increase tensile elongation at'break It is preferable that the conjugated diene-based polymer of the
present invention hasentenseiidm ornoased ot virsedornatictydoearboepiasgiszematic

hydrocedhpmyuil i arder je.splianseenaty g Siagkies b e Vi arpimala ydrocarbon include

styrene, a-methylstyrtene, vinyltoluene, vinylna alene, divi nzene, nylbenzene, and

divinyIndphéta brier Pigisreblressstfranier prafssadditent sty viepehtomanetsyaescarbon unit is 0%
by Vﬁeighfdﬁf%*wgﬁgw&%ﬁk%tﬁﬁé guivaaieg.ciene snihis 100% DY WEIChE 08 185S)e 30 preferably

10% by weight o6r more (the content of the conjugated diene unit is 90% by W%%gt or less), more
preferabffaEosshisNERm PP RTGIEeEhe 'ThAtER BRYhis dorgiRpably dbMe U R 850 hiLdRIght or less),

relative g the iniad, QuIRed; 3G1a3e0-amaunief A4Q%. by, waighlal the, ganiygated diepg,unit and the

vinyl aromatic ¥drocarbon unit. In order to enhance fuel cost-saving properties, the content of the

vinyl aroRfatechianbeansder ahivid Srdrdmapigisbdopyessigm erdesdqtaaRontemcsp®iIdiconjugated
diene unifgs.R0% by Reight 0F B RAOTE) s MOESRISTeIab I #5268 Dy weight or less (the content of the

conjugated diene unit is 55% by weight or more). = The Mooney viscosity (M14-4.) of the conjugated
dieHé-based polyf@f8Fiss praddist TROBATST i picheriy L0 PP EURS FEPFEREIAING 20 or more, in

order to gphaRce senIth) nrasdes te.gnbanas Riorsasabilin, dhest Mooney wisepsity is preferably
200 or less, mor;q%referabl 150 or less. The Mooney viscosity (ML1+4) is measured at 100C

accordinfPRVIESaRe3G0 AKYL groN@ iy sRal§Enf8ent of the conjugated diene-based polymer
of the present inveptignispreferat8hmals Qﬁiﬁfzﬁzd@&rgrpée%@ﬁ%ﬂ?ifPé%ior/%Qe@?Jel@SS' relative to

the content qof 100 moI%IS%S the conjuggted diene unit, in order to enhance fuel cost-saving properties.

In order RY &isdioeegindidbroséenatine WArysonaieh Mo mre preres astanahislos or more, more
prefgrably dauo%eigRoOks, HHERermiefaAbbe 20 Moo WIMOES: RakicH aMnRsRiasably 40 mol% or

more. The vinyl bonding amount is 20 obtained by absorption intensity at around 910 cmi, which is an
absorptici? BéaRio&ERYIG ot SeRINGHHABEREEAME O merTHE FHAESASAREIR distribution of
the conjugated siensPaspeopeiigr fidhe PreseRtdnaniion isdieieiahiv flRakmoTELRreferably 1 to
2 content is preferably 20% by weight or less, more preferably 2% by weight or
less, further preferably 1% by weight or less, particularly preferably 0.5% by
20  weight or less, in order to enhance economic efficiency and to increase tensiie
elongation at bresk,
It is preferable that the conjugated diene-based polymer of the
present invention has a constituent unit based on vinyl aromatic
hydrocarbon (vinyl aromatic hydrocarbon unit) in order to enhance strength.
25  Examples of the vinyl aromatic hydrocarbon include styrene,
c-methylstyvrtene, vinyltoluene, vinyinaphthalene, divinylbenzene,
trivinylbenzene, and divinylnaphthalene. Preferable is styrene.
The content of the vinyl aromatic hydrocarbon unit is 0% by weight
or more (the content of the conjugated diene unit is 100% by weight or less),
30 preferably 10% by weight or more (the content of the conjugated diene unit is
90% by weight or less), more preferably 15% by weight or more (the content
of the conjugated diene unit is 85% by weight or less), relative to the total
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in order to enhance fuel cost-saving properties. The molecular weight 25 distribution is obtained by
meastiking 1A number average molecular weight (Mn) and the weight average molecular weight (Mw)
using a gel permeation chromatography (GPC) method, and dividing Mw by Mn. Examples of the
preferable process for producing the conjugated diene-based polymer of the present invention include
a process of 30 polymerizing a monomer component containing a conjugated diene, a monomer

represented by th veformula.(1) and a manomer,represented b above,formula (2) with an
alkali me%é’? 8%)%%?%@3? roca Ig)%no%tf;r@’ %ﬁ%gﬁ&%%& \]}3n1t1.nlg aﬁgﬁaag@g the alkali metal
catalyst inctudgtaniaidatiomdtal amorgahicoatkat toetak eonmp Gurid; @ camykex pfareatkadi metal and a
polar co d amoligomer having.an alkali metal. Examples of the. alkali 5 metal include
lithium, ;%ﬁ u%r%%c%gﬁsg?l}%? %}8 |uar}ﬁ?%}‘r?g}“8§1 |l%h90€§ga?ﬁlp%%%ﬁ %jh%rg%%%l ya%?’aﬁsr%‘étal compound
include etrailiithiwem] asgtopy Kitkitem  ish o pytithgarte d dhetyd it ssee%b biy titkight, dzoctyllithium,
n-decyllithj lithism., 2rnahthyllithium, .2-bytyl lithium, 4-phenylbutyllithium,
cyc%chex%n |&%§9%§c%%%é%§[m%ql%nﬁyjig%ﬁ%ét%g%ﬁ%%%%&fﬁ% ﬁljtm?f)(ﬁé %/51 ‘Xlﬁ%%%gyllithium,
t-butyldirdéehpl siyibsy SriaieyiitieigN-arorphelinopropyllithium, lithium hexamethyleneimide, lithium
pyrrolidide, lithiugspipgridide, lithium: et eimide, lithju decamethyleneimide,
1,4-di|ithio-2-but2q§%%%‘égu{ﬁ?ﬁ'n‘éﬁﬁ%%fnﬁgeﬂ,1sOﬁf%%i%ﬁ%%‘%%e?%%ﬁ&asa%@ r%%ﬁ]t%ralenide. 15 In
addition, @xXdva pizssefithacontpledie baafaticdiiydtairand sepoiaregrgouadlinEllide more,
potassiue-tetrahydrofur 0 d ium-diethoxyethane wplex,and examples of the
oligomer havinglzzlgr{]_g glka_ i%n%tg? %%%%@% aajé%%%%&ﬁeo %%%%n%?ﬁ%s%gﬁ%rﬁ‘n%?étﬁ%er. Preferable is an
orgdhic IMmommoﬁ anadegamly S8fium lesmpoane y2efmorel préférablieis an Brganic lithium
compoundt aaKng, id Al calion #1ae LA 4RNBEIEM SAMPRURY havtar g0 20 carbon atoms.

The hydrocarbonh solvent’is a solvent which does not inactivate an organic alkall metal compound
catalyst, @rﬂi}é%amples thereof include aliphatic hydrocarbon, aromatic hydrocarbon and alicyclic

hydrocarbon. 25 Framplep il iphaliedtrerathon vde HORMIRBOHIA0S, R putane.

n-pentane, iso-pentane, n-hexane, propene, 1-butene,iso-butene, trans erie, cis-2-butene,

1-pentendl@IFeseehEreatents prefereivche meldgndase aensiasefrabivsiiatoliydrocarbon
nchle enzane.llyspe vse.apcte yhspzeno, e saaml AL e il yrocarbor

include 30 cyclopentane, and cyclohexane. One or more kin are used, and the hydrocarbon
solvent nR&gasela eriRanecofusdiegs earmpeiamBe et asiindudetaiherdsaceefgabigis hydrocarbon

having 2£9.12 CREROBRIMS! bonding amount is preferably 10 mol% or more, more
preferably 15 mol% or more, further preferably 20 mol% or more,
particularly preferably 40 mol% or more. The vinyl bonding amount is
20  obtained by absorption intensity at around 910 em'}, which is an absorption
peak of a vinyl group, using infrared spectrometry.
The molecular weight distribution of the conjugated diene-based
polymer of the present invention is preferably 1 to 5, more preferably 1 to 2,
in order to enhance fuel costsaving properties. The molecular weight
25  distribution is obtained by measuring the number average molecular weight
(Mn) and the weight average molecular weight (Mw) using a gel permeation
chromatography (GPC) method, and dividing Mw by Mn.
Examples of the preferable process for producing the conjugated
diene-based polymer of the present invention include a process of
30  polymerizing a monomer component containing a conjugated diene, a
monomer represented by the above formula (1) and a monomer represented

by the above formula (2) with an alkali metal catalyst in a hydrocarbon

37



Our Ref: 561320 A monomer component containing a conjugated diene, a compound represented
b th&htiéve2formula (1) and a compound represented by the above formula (2) is polymerized with an
alkali metal catalyst in a hydrocarbon solvent to produce a polymer having a monomer unit based on
the conjugated diene, a monomer unit based on the compound represented by the above formula (1)
and a monomer unit based on the compound represented by the above formula (2). Examples of the
conjugatgd diene include 1,3-butadiene, isoprene, 1,3-pentadiene, 2,3-dimethy1-1,3-butadiene, and
1,3-hexadiene. One or more kinds thereof are used. Preferable is 101,3-butadiene or isoprene.

The amount of t@@@m@aﬂ%@%@ﬂ%ﬂﬁémuI’Hl(ii}léseﬁlig}gk@}iembw@&% by weight or
more, mae preferably; 0022 by weightormare, futhern gﬁ@ﬁ%@&ﬁ?}ﬁ% %\’eﬁ ht.or more, relative

to the total amount of 100% by weight of the monhomer components use 5 polymerization, in

order to epm@cE LR stsalizepro parives rrortistiorentrlncdleconpisic eifibiendadid to increase
tensjle clanoalian. Al el 08 AnaUNLUsEh IR RITeraRbaR0H RWelhaL s, mgiadyeferably 2%

by weight or less, further preferably 1% by weight or less, gartlp arly preferably 0.5% by weight or
less. 20 Th RIS Bk ebpahgoareyantdachydn e thrHiithinu senTeniEishasir 0.01% by

weight oo dDRTBHRLGIEARN: L HEA: IOt f MOl [ teL ARG ARILD- 059 by weight or more,

relative to the total amount of 100% by weight of the monomer components used in the polymerization,

in order & ephiEticE g, ddutalifbipiopErtied BHa b Ui iereddutaiaiie widhghtionat break. In order
to enhangs, geanoRicaficianey AndJR4RsIeaReRNSleRlpngaliomathigak, the amount used is

preferably 20% by weight or less, more preferably 2% By weight or less, further preferably 1% by

welght oftieast RORF pRTaHEBD, Y bR esrRre BdTHE p olymerization may be performed

by combiring yinvhAMIPRY eaphonimiddhecanpgarthdions, e sempoued;(gpresented by the
formula %Lf%?n%qthe c?gpom%%rgggﬁ?ed by _th_e formyL%_a (2), m}}(amplps _C)ur Rlef 561320 of the

vinyl aroREIRIAGERSLeREERIFRIJHE StpanE ielidatey s hane vingrétidaclithiRhphthalene,

divinylbengsnenEpyibensane, apeidivndaaphihalent. Risleiabla i5-aN18mg-2-pukBaamount of the
vinyl aromatic hydrocarbon used is 0% by weight or more (the amount of the conjugated diene used is

100% bySRREHHE drRithaderitde oradivgchinheny idengind prEapssum raptbalprde9% by weight or

mors (the-amuubief, he.eepiugatechdienspradds 0% RY1VaIgH 0% B8 pRIgse preferably 15% by
weight or more (the amount of the conjugated diene used is 85% by weight or less), relative to the total

amount GPIRIVAH HEIYAL PORFIERS LR UGB tHErB EAR fREnBISF #Bfhatic hydrocarbon used. In

order to gphange fuelicOsthspving REQRekigex thedaesnt Ibherviny Grematic Adracaghon used is
preferably 50% by weight or less (the amount of the conjugated diene used is 50% by weight or more),
more pré?gfﬁéfﬁ@f E)Y/C\i\)@ﬁtﬁ 8P Y i b SUh PSP R ST RRE  hERB EBed is 55% by weight o

15more)Preferable is an organic lithium compound or an organic sodium compound,

20  more preferable is an organic lithium compound having 2 to 20 carbon atoms
or an organic sodium compound having 2 to 20 carbon atoms.

The hydrolcarbon solvent is a solvent which does not inactivate an
organic alkali metal compound catalyst, and examples thereof include
aliphatic hydrocarbon, aromatic hydrocarbon and alicyclic hydrocarbon.

25  Examples of the aliphatic hydrocarbon include propane, n-butane, isoc-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,
In addition, examples of the aromatic hydrocarbon include benzene, toluene,
xylene, and ethylbenzene, and examples of the alicyclic hyvdrocarbon include

30  cyclopentane, and cyclohexane. One or more kinds thereof are used, and
the hydrocarbon solvent may be a mixture of various components, such as

industrial bexane. Preferable is hydrocarbon having 2 to 12 carbon atoms.

38



In addition, the total amount of the conjugated diene, the compound represented by the formula (1),
thevedaipdud represented by the formula (2) and the vinyl aromatic hydrocarbon used in the
polymerization reaction is preferably 99.9% by weight or more, more preferably 99.95% by weight or
20 more, further preferably 100% by weight, relative to the total amount of 100% by weight of the
monomers used, in order to enhance strength. The polymerization reaction may be performed in

the presence of anaQERAPIGRAKNIA 26 Yk PG AENOEihe caniygated ene unit. o an

agent which adjusts the distribution of the conjugated diené unit an er unit based on

monome?@llﬂﬁ%&rtﬁﬁh hiekee @bg‘&é@ﬁ*@m@ iﬂ%@ﬁbﬁj%&@d%&@mp@ﬂ&m‘ﬁﬁ ain (hereinafter,
collectively, ieferred.(Q %ﬁ%%ﬁ%@ﬁ%@w@ﬁ?wlﬁ%ﬁiﬂ%%l b yge,an ether compound, a

tertiary amine, and a phosphine compound. Examples of the et und include cyclic ethers

such as ferdrsradtorasniicaratipdespgizee, 3@ ehiduen oiage aiphatiemondieliverdsieh as diethyl
etheg andinuiy! eihersaliphatic %F&HSEMR&%EH&&'%@M%%&;@#@EH&"& sdyiene glycol

diethyl ether, ethyléne glycol dibutyl ether, diethylene glycol diethyl" Our Ref. 561320 ethier, and
diethylerigglpboraifuyt etadl) armhatis evene siehtdadiphontkeremanauiisole. Examples of the

tertiary apine.inclyde E’Siettﬂb! lamipg fo:Pﬁ%‘?X'@W'”%J:&&M&%”BMe conjugated diene
N,N,N--1c-tetramethylethylenediamine, N,N-diethylaniline, p;%rldlne, and quinoline. In addition,

example3ist vike phddpHindienmperipie R Jad BRABIHRIHO ShRIMS A BnbdpHRd casd

triphenylghesphing. Qng-aL Mok Kindstheserhale 4nadFheLabenerizalion tempetature is usually 25
to 100C, greferablg{ 35 to 90C. Further preferably 50 to 80C. The polymerization time is usually 10
t 1

midites tb% ABt# Glféﬁr?ﬂfé%&ﬁfbtion process of the present invention, if necessary, from the

polymerization intiediaR-{9.Ralymerizabar iminalinn of themgnamenwith ap@ikaliapeial catalyst, a
coupling agent may be added to a hydrocarbon solution of the conju%ated diene-based polymer.

ExampleBBH & 2EUR 1Y albe it sheltide: SEmpBLung risresahly HebwBaiERtermula 15(3).

R3laML4n@4s) Mﬁi@%‘?@ﬁé{@ﬂﬁ%ﬁ@@@ﬂ}aﬁ%ﬁ@ﬁ@l& ARl kenytaroyr «a&ysiaalkenyl group or an
aryl group, M represents a silicon atom or a tin atom, L represents a halogen atom or a hydrocarbyloxy

group, ardiPHErefd M ah FRigePbitrgnonomencorpenentndssddintbsgent represented by the
formwila (3pipatdde:sitisanietashlonides maibylFichisositanen dimehyidiehlorasilang.r to

[
trimethylchlorosilane, tin tetrachloride, methyltrichlorotin, dime%)gﬁjichlorotin, trimethylchlorotin,

tetrametiKOXSRNGAS AT FIHBIBRY AR EOdMREtBsR HifidiRyismER tiordy frettodSlane,
ethyltrimetheastlaned dimadexydistaisi anewdigthoxydimethiylsiape. tetaahony silane,

ethyltrietgg?é)gillg or le?snsc,j iduigégg})t’( )g/}qrigzxgxyalli)”l?rn}?% by weight or less, particularly
preferably 0.5% by weight or less.

20 The amount of the compound represented by the formula (2) used is
preferably 0.01% by weight or more, more preferably 0.02% by weight or
more, further preferably 0.05% by weight or more, relative to the total
amount of 100% by weight of the monomer components used in the
polymerization, in order to enhance fuel cost-saving properties and to

28  increase tensile elongation at break. In order to enhance economic
efficiency and to increase tensile elongation at break, the amount used is
preferably 20% by weight or less, more preferably 2% by weight or less,
further preferably 1% by weight or less, particularly preferably 0.5% by
weight or less.

30 The polymerization may be performed by combining vinyl aromatic
hydrocarbon with the conjugated diene, the compound represented by the

formula (1} and the compound represented by the formula (2), and examples
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The amount of the coupling agent added is preferably 0.03 mol or more, more preferably 0.05 mol or
mereRsé541886| of an alkali metal derived 30 from an alkali metal catalyst, in order to enhance the
processability of the conjugated diene-based polymer. In order to enhance fuel cost-saving properties,
the amount is preferably 0.4 mol or less, more preferably 0.3 mol Our Ref- 561320 or less. The
conjugated diene-based polymer can be recovered from a hydrocarbon solution of the conjugated

diene -b IGH: far. I method of adding a
coagulaggg%ﬁggﬁféh%%gﬁ%gg%n S0 E%?(?r%%\!%gt ergc%uggigq%&e%r@b%ﬁ%r%élymer, or (2) a method
of addingstEielve Hite Wrbuarbbhadenaich o eoppurated dieynibenzeseepslyter. The recovered
conjugatgg,gil%é ggm%@%mgr}jggwp&%puincIy-known dryer such as a band dryer or an

extrusion-type dryér. 10The conjugated diene-based polymer of the present invention can be

incorporated into b epohel ébmﬁbndmﬁpm%g@maMuW% Q%C_?fﬁﬁ'uﬁﬁﬁﬁéﬂienee-pqumer
COMPOSILPNy, e EXRMNERAE Wﬁﬁ@%rﬁ@éﬂ%@ﬁ%@?@%@@ i0glyge; ?8%%1&8.’9 YySfyLene-butadiene

copolymer rubber, polybutadiene rubber, 15 butadiene-isoprene copolymer rubber, and butyl rubber.

In additiGmexapisies tRerebrsteeRatial hsopero unteinprrierpripyiéhie bssRiatkl ahd an
ethylene0giRn@IoBAVMEE PIRLLINALEKDE %1 iBE5R RO B&RE, aAMmpananis Algdssed. When the

other polymer components are incorporated into the 20 conjugated diene-based polymer of the
present FeEstRreiaIa BN @Y SrtRectahfuareeraitie saseupoRfbe epriagrbedrbiffention

incorporaiedhisPEsIarably, %Ry WaIgNter MUt NPE RIEfEARbLAQ Yrayvrightpeipgre, relative to

the total amount of 100% by weight of the polymer components (including the amount of the

corfligatefitdeseriagadasohiats avdiber Mied) 23 retio Rt AR IR EnhARCE AR cost-saving
propertiag, . nhARdLSAAdVess PHIGlYskROVIB-addiives san ke e d: aprexamples thereof include

vulcanizing agents such as sulfur; vulcanization accelerators such as a thiazole-based vulcanization
acceleratbrdgosaabem werdasrredshlio Aéchleraedsbs sutermihhfoasasuavalddifization accelerator,

30 and a-gypndinaInAsed VIR MZ8HAMACRRIGFRINS: WIS IZalies BeENaiNg Rasnissuch as stearic

acid and zinc oxide; org&réic peroxides such as dicumyl peroxide and diteortiary butyl peroxide;
reinforcimiABRRRE dGER GERMRIPHRG COERReIBERISETIBR HRRk IHIRY Y RIEHESEEHIGm carbonate,

talgzalungiRaerlay, aluminum hydroxide, and mica; silane coupling agents; extender oils; processing
aids; anti-aging algneg(tisciiggﬂ,c%?gﬁotal amount of the conjugated diene, the compound
represented by the formula (1), the compound represented by the formula (2)
and the vinyl aromatic hydrocarbon used in the polymerization reaction is
preferably 99.9% by weight or more, more preferably 99.95% by weight or
20  more, further preferably 100% by weight, relative to the total amount of
100% by weight of the monomers used, in order to enhance strength,
The polymerization reaction may be performed in the presence of an
agent which adjusts the vinyl bonding amount of the conjugated diene unit,
or an agent which adjusts the distribution of the conjugated diene unit and a
25  monomer unit based on monomers other than the conjugated diene in the
conjugated diene-based polymer chain (hereinafter, collectively referred to as
“adjusting agent”). Examples of such agents include an ether compound, a
tertiary amine, and a phosphine compound. Examples of the ether
compound include cyclic ethers such as tetrahydrofuran, tetrahydropyran,
30  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
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Examples of the sulfur include powdery sulfur, precipitated sulfur, 5 colloidal sulfur, insoluble sulfur
afHigh disgersing sulfur. The amount of the sulfur incorporated is preferably 0.1 to 15 parts by
weight, more preferably 0.3 to 10 parts by weight, further preferably 0.5 to 5 parts by weight per 100
parts by weight of the polymer component. Examples of the vulcanization accelerator include
thiazole-based 10 vulcanization accelerators such as 2-mercaptobenzothiazole, dibenzothiazyl

disulfide o gieh NsavclnbexylssheneathiasytsLifanamide dhivrasiasesiuulcanization gecelerators

such as tetramethylthiuram monosulfide and tetramethylthiuram disulfide; sulfenamide-based
vulcaniz&hbAt-aed| e sudhrasmles abragyeriinen Aomne dre ke Feisfiglamine,

N-t-butyltgiWﬂ' zole dasfenamidenoxyethylenese-banaeitgrale siisnadide,
N-oxyethélene- -benzothiazole sulfenamide, and N,N'-diisopropy1-2-benzothiazole sulfenamide;

guanidinS 5B R Lage » HEC S atsrd SUERAR giphén Hitin X8RI iRRanidine, and

0rthQtOWB}lgHﬁEM@%oB}%ﬁE@%RH@%rYﬂ@%ﬂ@%@ﬁ?ﬁ%?@E@E@ﬂﬁﬂfdﬁﬂ@fﬁ&?%&dﬂeferawy 0.1to
5 parts by weight, more preferably 0.2 to 3 parts hy weight per 100 parts by weight of the polymer
compondFitP ESEIHBRSBIIRE siliER MR B TS i 88 Yt acid), wet silica (hydrous silicic

acid), colloidal sitiga, preciiaiesk filice Aplckam;siicaiesaatkafiminugpsiicaiefiaglegr gaore kinds
thereof can be used. 25 The BET s;igcific surface_areg of the silica, is preferably 50 to 250 m2/g. The

BET spebffit‘sirfack Witheisnreiksahly a8dsdiMdto AP BTEHEIRE LM cially available

productsyfrasigyname iHikasd!( ¥ N3desmanufactured by Degussa, trade name VN3(r), AQ, ER,
RS-150 manufa&turegj by Tosoh Silica Corpog%gon, trade name Zeosil(?]) 1115MP, 30 1165MP
R

maHufactured by RABAIRTRIUCHAR BEYGERE O the BIRRABE BHYAB RaMhdh HISERSABud P rnace black,
acetylenegiblaskythermmaltblacksiehainelblpek andigraphites xampies off thiesaamarrbdack Our Ref

561320 inclyde channel carbon black such as EPC, MPC and CC; furnace carbon black such as SAF,
ISAF, HAEL mg’agg%h’ @ﬂ?a?éﬁlﬂafWFa ﬁ?‘fﬁi‘?%éﬁegﬁ% etﬁ%gl ©fbon black such as FT and
MT; acetilefecarbon biaakidand ehemene kinds thérest dansbé peBon bl hefitiagsie@dsorption specific
surface area (N2SA) of carban blagk is preferably 5 to 200 m2{q, and the dibutyl phthalate (DBP)
absorptic?ﬁ?% of @ﬁ%%%%éﬁ?s%?@f@%g %%@%ﬁ?fﬂ%%yg%@%&g% %ﬁ%@%on specific
surf@ce d®a is measured according to ASTM D4820-93, and the DBP absorption amount is measured
according to ASJI%%@%%%‘L? }’LO As commercially available products, trade name Dia Black(r) N339
ie\ibtsnmi G

manufactured b mical Corporation, trade name Seast(r) 6, Seast(r) 7HM, Seast(r) KR
manufactutegdin Rkaisgashentean kidytratdepame 4K A, SpegiakBiadla) Aplanufactured by

Degussag%%f) %%na%eal@?%mup, M represents a silicon atom or a tin atom, L
represents a halogen atom or a hydrocarbyloxy group, and a represents an

20  integer of 0 to 2.

Examples of the coupling agent represented by the formula (8)
include silicon tetrachloride, methyltrichloresilane, dimei:hyldichlomsilane,
trimethylchlorosilane, tin tetrachloride, methyltrichlorotin,
dimethyldichlorotin, trimethylchlorotin, tetramethoxysilane,

25  methyltrimethoxysilane, dimethoxydimethylsilane, methyltriethoxysilane,
ethyltrimethoxysilane, dimethoxydiethylsilane, diethoxydimethylsilane,
tetraethoxysilane, ethyltriethoxysilane, and diethoxydiethylsilane.

The amount of the coupling agent added is preferably 0.03 mol or
more, more preferably 0.05 mol or more per 1 mol of an alkali metal derived

30  from an alkali metal catalyst, in order to enhance the processability of the

conjugated diene-based polymer. In order to enhance fuel cost-saving

properties, the amount is preferably 0.4 mol or less, more preferably 0.3 mol
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When a conjugated diene-based polymer composition in which a 15 reinforcing agent is incorporated
inttRecenfddated diene-based polymer of the present invention is used, the amount of the
reinforcing agent incorporated is preferably 10 to 150 parts by weight per 100 parts by weight of the
amount of the conjugated diene-based polymer of the present invention incorporated. In order to
enhance abrasion resistance and 20 strength, the amount incorporated is more preferably 20 parts by
weight OFMQEe, further preferably 30 parts by weight or more. In order to enhance reinforcing
properties, the amount is more preferably 120 parts by weight or less, further preferably 100 parts by
weight or less. V\T{%W’é@ﬁﬁ@éﬁé@%éﬁé%é ﬁﬁ}’rﬁé@@@‘rﬁ%‘@ﬁm fypeis a 25 reinforcing agent

is 'nCOrpﬁﬁ?gclﬁtgotﬁ%&Qﬁ‘ﬂé@?&?@@%ﬁ‘%ﬁ%@@&%‘?ﬂ@rﬁmy%%?ﬁ@r'ﬁfé‘t'on is used, in order to

enhance uel cost-saving properties, it is preferable that silica is used as the reinforcing agent. The
amount SFPEAITEDRIESForarESprERIGLIg ST pE R By \A)emm@h%ﬁé Fi6rapeferably 70 parts by

weight Og4p; Eﬁa%ﬂ?é'&%é%% %@@W&Bﬁﬁ%ﬁﬁlﬁﬂ tsinwelght ohthg triiereiRg.gagent

incorporate gddltlon is preferable that the W%%Qt ratio of the content of the silica used as the

remformﬁ’éﬂé”@’%ﬁf; W Bk fcadBonorerRénidm oulrer e sobistaaieht@sntent of carbon
black) is @eﬁ 12303 dtds,ppepreferablethatie weightratie s date 4k ip asdsE 4o enhance fuel

cost-sav propertles and to enhance relnforcmg\nﬁopertles Examples of the silane coupling agent

include Kﬁtﬁﬂéiaﬁﬂ&ﬁéi%%%@tﬁda%ﬂﬁ% yiRistE RietheRyRibRAR o et or

6-(3,4- e%g%gmgﬁy@%@mthoxysnane 7-glycidoxypropyltrimethoxysilane,
y-methacryloxypropyltrimethoxysilane, N- (6 aminoethyD- -amlnopropyltnmethoxysnane

N-@Eaminoethy D-BShiRioBHERh SRR RO RAIERE 26 Ns RERISLAFTRBEI R PR RS hoxysilane,

y- Ch|0VOREQBYBBE"&%@&PM&U%@BeﬁSﬁ%ﬁ@&t%EﬁE}é%@%hQ%ﬂﬁ% @ainopiopddigthaxysilane,
bis(3-(triethoxysilyDpropyDdisulfide, bis(3- (trlethoxysnprropyIhetrasulflde

ytrlmethwméﬁ%ﬂﬁ}ﬁﬁ?ﬁémﬂﬁ%ﬁ%sum de, and y-trimethoxysilylpropylbenzothiazyl
tetrasulfide. Onemm@s@eléiB@%ﬂédﬂ@é@@B@&@@Q@Wﬁ@q&wﬁu@wﬂa@&m@ycts trade name

Si69(r), Si75(r) manufactured by egussa etc, can be used. When a conjugated diene-based polymer
Comp03|ﬁBYFﬁPﬁ/|1ﬁ ene copolymer rubber, polybutadiene rubber,

15  butadiene-isoprene copolvmer rubber, and butyl rubber. In addition,
exampiles thereof include natural rubber, an ethylene-propylene copolymer
and an ethylene-octene copolymer. One or more kinds of these polymer
components are used. |

When the other polymer components are incorporated into the

20  conjugated diene-based polymer of the present invention, the amount of the
conjugated diene-based polymer of the present invention incorporated is
preferably 10% by weight or more, more preferably 20% by weight or more,
relative to the total amount of 100% by weight of the polymer components
(including the amount of the conjugated diene-based polymer incorporated)

25 incorporated, in order to enhance fuel cost-saving properties.

Ag the additives, publicly-known additives can be used, and examples
thersof include vuleanizing agents such as sulfur; vulcanization accelerators
such as a thiazole-based vulcanization accelerator, a thiuram-based
vulcanization accelerator, a sulfenamide-based vulcanization accelerator,

30 and a guanidine-based vulcanization accelerator; vulcanization activating
agents such as stearic acid and zinc oxide; organic peroxides such as dicumyl

peroxide and ditertiary butyl peroxide; reinforcing agents such as silica and
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silane coupling agent is incorporated into the conjugated diene-based polymer of the present invention
isCusd! f19é38Mmount of the silane coupling 20 agent incorporated is preferably 1 to 20 parts by weight,
more preferably 2 to 15 parts by weight, further preferably 5 to 10 parts by weight per 100 parts by
weight of the silica. Examples of the extender oils include an aromatic mineral oil (viscosity
specific gravity constant (V.G.C. value) 0.900 to 1.049), a 25 naphthene mineral oil (V.G.C. value

0.850 10 0898 Aneha prvallininerel ol O] G alve 0.79010.0.849) Jhe polveycic aromatic

content o the,exter?}f’ar olls Is preigeraply Fes_s tha%fg}g%y weight, more pre é.bly less than 1% by
weight. Phemponoychs dromadec oohtencis sileasutedrdivgrdigeptstkationied Wivgdom Petroleum

Industryﬁ%%ggiﬁﬂ gﬁb@/%é;@%ﬁ% é@é&gq@gwa@&contem of aromatic compound (CA) of the

extender olls is prefer iy 20% by weight or more. One or more kinds of these extender oils are used.

Our Ref: 561_32@xazm@l@sméﬂiwwﬁmdmé@ﬁquwd@m@mmwﬁémg@additives into the
congigated diane-Nased E%&Wl&fs‘iﬁﬁﬂf ﬁﬁ%”ﬁigl&e&&%%%éqiﬁré’gﬁﬁﬁxé C@‘E}é Sifieng-based
polymer composition, a publicly-known method, for exampl%, a method of kneading each component

with a 5 pubkellfxnovweambaatedds aseaaxsibhvitel 60 Banbaryenhixar cahbanmsd. As kneading

conditions, when .iﬂ%%sl@}Ea%&@%%}zt%féﬂ%?ﬂi%%ﬁ%%@%&%w%W'&?‘5'062?&5‘ celerator are

incorporated, the kneading temperattre is usually 50 to"200C, préferably 80 to 190C, and the
kneadingVgigd isogs Uiy Barse donwessohiihateelprere eiblppmemtite to 30 minutes. 10 When the

vulcanizing age@Q&Hxﬂl@svb‘f%l@%l@ﬁrﬂ%ﬁﬂ%@&%@f@rw@ﬁéﬁﬁ% the:kprading femperature is

usually 100C or lower, preferably room temperature to 80C. In addition, a composition in which the

vulkanizirigledjeire s tRecolrsarzatiolr b ecelsramcaps ohearpridatarnis udthanzstbjeetdd to

vulcanizatiom HgalmentSUsh RhREIVIeARIAUoR Tl i et ERe (i icAlizajion lemperature s
usually 120 to 200C, preferably 140 to 180C. The conjugated diene-based polymer composition of the

present iFuEHERIAGEI R CIfedeTA fort sash o/ fG properidshinsimmitpenesa il anded diete-based

polymer gampasitian fithe Rieseat e tgn Ras2Qnighstensiaalonoation sdeskiard is excellent
in destruction resistance., The conjugated diene-based polymer and conjugated diene-based

polymer eBfRpbsRIGAYSIEREsE S ed 'w&é%%amﬁé@sﬁm@%&%%ﬁ%aéﬁ@vibration
prepention mateHalsanghReig . are swiahlyaysed o s imide,

N-oxyethylene-2-benzothiazole sulfenamide, and
N,N'-diisopropyl-2-benzothiazole sulfenamide; guanidine-based
vulcanization accelerators such as diphenylguanidine, dicrthotolylguanidine,
and orthotolvibiguanidine. The amount of the vulcanization accelerator

20  incorporated is preferably 0.1 to 5 parts by weight, more preferably 0.2 to 3
parts by weight per 100 parts by weight of the polymer component.

Examples of the silica include dry silica (anhydrous silicic acid), wet
silica (hydrous silicic acid), colloidal silica, precipitated silica, calcium
silicate, and aluminum silicate. One or more kinds thereof can be used.

25  The BET specific surface area of the silica is preferably 50 to 250 m2/g. The
BET specific surface area is measured according to ASTM D19898-08. As
commercially available products, trade name Ultrasil® VN3-G
manufactured by Degussa, trade name VN3®, AQ, ER, R5-150
manufactured by Tosoh Silica Corporation, trade name Zeosil® 1115MP,

30 1165MP manufactured by Rhodia, etc., can be used.

Examples of the caibon black include furnace black, acetylene black,

thermal black, channel black, and graphite. Examples of the carbon black
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25 Examples The present invention will be described below by way of Examples. The evaluation of
pKysidaf pfoisérties was performed by the following methods. 1. Mooney viscosity (M14,-4) 30The
Mooney viscosity of a polymer was measured at 100C according to JIS 1(6300 (1994). 2. Vinyl
bonding amount (unit: mol%) Our Ref 561320 The vinyl bonding amount of a polymer was
obtained by absorption intensity at around 910 cm-I; which is an absorption peak of a vinyl group,

using infigred HPERYOMAREBok HMLA! Al GAENEPEINGI: ydoret he,content of g-styrene unit of a

polymer was obtained from a refractive index according to JIS 1(6383 (1995). 4. Molecular weight

distributi8feaRwndh e ieiwe ighh By skade MbBchlaF weight @) ARF i nGhbeCEvarsge
moleculagweiaM) wers JReasiied i 2 ggpermertien caromalograriy 13GPC) method under

the following conditions (1&ﬁ£o (8), and the molecular weight distribution (Mw/Mn) of a polymer was
obtainedO%E) Ipparatita i EreErd pranbeaessrbd by Tosoh Corporation (2) Separation column:

ELVA-H manufacieigd, Ry Js0h £-01RRIaian 4Me I8 8qHes) 2 4 Measement fepipesature: 40C
is preferably 5 to 200 m?%g, and the dibutyl phthalate (DBP) absorption
amount of carbon black is preferably 5 to 300 ml/100 g. The nitrogen
adsorption gpecific surface area is measured according to ASTM D4820-93,
and the DBP absorption amount 1s measured according to ASTM D2414-93.

10 As commercially available products, trade name Dia Black® N339
manufactured by Mitsubishi Chemical Corporation, trade name Seast® 6,
Seagt® THM, Seast® KH manufactured by Tokai Carbon Co., Ltd., trade
name CE® 3, Special Black® 4A manufactured by Degussa, etc., can be used.

When a conjugated diene-based polvmer composition in which a

15  reinforcing agent is incorporated into the conjugated diene-based polymer of
the present invention is used, the amount of the reinforcing agent
incorporated is preferably 10 fo 150 parts by weight per 100 parts by weight
of the amount of the conjugated diene-based polvmer of the present
invention incorporated. In order to enhance abrasion resistance and

20 strength, the amount incorporated is morve preferably 20 parts by weight or
more, further preferably 30 parts by weight or more. In order to enhance
reinforcing properties, the amount is more preferably 120 parts by weight or

| less, further preferably 100 parts by weight or less.
When the conjugated diene-based polymer composition in which a

25  reinforcing agent is incorporated into the conjugated diene-based polymer of
the present invention is used, in order to enhance fuel cost-saving properties,
it is preferable that silica is used as the reinforcing agent. The amount of
the ailica incorporated is preferably 50 parts by weight or more, more
preferably 70 parts by weight or more, relative to the total amount of 100

30  parts by weight of the reinforcing agent incorporated.

In addition, it is preferable that the weight ratio of the content of the

silica used as the reinforcing agent and the content of carbon black (content
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(4) Carrier: tetrahydrofuran (5) Flow rate: 0.6 mL/minute (6) Injection amount: 5 id, (7) Detector:
differ8atiaf réfvactive index 20 (8) Molecular weight standard: standard polystyrene 5. Fuel cost-saving
properties From a sheet-like vulcanization molded body, a strip-like test piece having a width of 1
mm or 2 mm and a length of 40 mm was punched out and subjected to a test. For measurements, loss
tangent (tan6 (70C))of a test 25 piece at a temperature of 70C was measured with a viscoelasticity

measuri ra redl%l shima Seisgkusho €o., Ltd.) under the conditions of a
strain of /ogi gﬁ% a%éé%g}e%r%g%%?)gﬁz %Stﬁlss%élasé%?grh}ler? ngxé%%ﬁgar\%ned: ab??o%gl't%s are more
excellentls: Trghatetiatibieal B Uit %) 8duding aida G shapeddumbbed test piece, elongation
t
g

ko251, BuPet B B e e B T, omerization reacior made of stanloss

e
of a polymerization reactor made of stainless

steel equipped witheargtheingf deeicel hneingualiingergahvclurieds! Biidasovkstvet adked and replaced
withdry ni ] 25 kg .of | I ity.680 kg/m3), 137 g of 1,3-butadiene, 43
4 Qi&ﬁ%@ﬁé‘g%@ D! Qq%rs@‘%% %%We%%%%éga%e

g of styrene; 0. of'a mixture o rene and 4-(1-pyrrolidinyDethylstyrene,

L52 ml qﬁté_%néfﬁl@ﬂ@ﬁ@mmﬂa@lﬁmm%&@el diethyl ether were placed into the

D B o o g A AR polymerization

reactor, Adfagssipeerizdioramastononalintiatbexysilane, ,
N-(B-aminoethyD-y-aminopropylmethyldimethoxysilane,

10 N-phenyl-y-aminopropyltrimethoxysilane, y-chloropropyltrimethoxysilane,
y-mercaptopropyltrimethoxysilane, y-aminopropyliriethoxysilane,
bis(3-(triethoxysilyDpropyDdisulfide, bis(8-(triethoxysilylpropyDtetrasulfide,
y-trimethoxysilylpropyldimethylthiocarbamyl tetrasulfide, and
y-trimethoxysilylpropylbenzothiazyl tetrasulfide. One or more kinds

15 thereof are used. As commercially available products, trade name Si69®,
5i175® manufactured by Degussa, etc., can be used.

When a conjugated diene-based polymer composition in which a
silane coupling agent is incorporated into the conjugated diene-based
polymer of the present invention is used, the amount of the silane coupling

20  agent incorporated is preferably 1 to 20 parts by weight, more preferably 2 to
16 parts by weight, further preferably & to 10 parts by weight per 100 parts
by weight of the silica.

Examples of the extender oils include an aromatic mineral oil
{viscosity specific gravity constant (V.G.C. value) 0.900 to 1.049), a

25 naphthene mineral oil (V.G.C. value 0.850 to 0.899), and a paraffin mineral
0il (V.G.C. value 0.790 to 0.849). The polycyclic aromatic content of the
extender oils is preferably less than 3% by weight, more preferably less than
1% by weight. The polycyclic aromatic content is measured according to the
United Kingdom Petroleum Industry Association 346/92 method. In

30 addition, the content of aromatic compound (CA) of the extender oils is
preferably 20% by weight or more. One or more kinds of these extender oils

are used.



The copolymerization reaction of 1,3-butadiene, styrene, bis(diethylamino)methylvinylsilane,

3t Byfrefidith/Dethylstyrene, and 4-(1-pyrrolidinyDethylstyrene was performed for 2 hours at a stirring
rate of 15 130 rpm and a temperature in the polymerization reactor of 65C while 1,3-butadiene and
styrene were continuously supplied into the polymerization reactor. The amount of 1,3-butadiene
supplied was 205 g and the amount of styrene supplied was 65 g. In the total amount of monomers

which were placed.angl sippjied ipio the-delymerization [eagiar, J0408 Jomauat of.the mixture of

3-(1-pyrrolidinyDethylstyrene and 4-(1-pyrrolidinyDethylstyrene placed was 0.12% by weight, and the
amount esigFetivitmiRR TR Aiag diane prrssIrRkis0an s Biamseprnt inveg agelymer solution

was added 40, o arhexanassalutioncaptelning.0:5 hehmethand, sadiibg Aglywer soluion was

stirred for 5 25 minutes. Then, to the polymer solution were added 1.8 g of
2-tert-butpeeh@idarrrgmpleyar _ éfmﬁwﬂaﬁhﬂww&&’%é (trade name:
Sunglizef) &M, mapuaciited By SUIVIEMOCHEMICA G0t ARdRP & 8Mbe used.

pentaery 'hrityltetrakis(3-laprylthiopr_opionatezxétrade name: Sumilizer(r) TP-D, manufactured by
Sumitomo ChemfEakaeaditg copdhnhei pe pofMersolltnthas shaporied ait8om temperature

over 24 Rouks, and M&@ﬁi@&ﬁ&éﬁ%ﬁ%&@ﬂe?r%lffléféwﬁfc&%%ﬁ!ﬁ%gd?fﬁ%wﬁe@&ﬁ in a polymer. The

evaluation results of the polymer are shown in Table Our Ref. 561320 Then, 100 parts by weight

of the reSQMRGTRIVASEE TR BRES ) Wikt orefeeafiradl hakd Ik asitihenNmerdinthufactured by
Degussay;;§ £HRatts: iyveioht oha sianmceypingagentditase name: w6953 manutagtured by

Degussa), 6.4 parts by weight of carbon black (tracfe name: Dia Black(r) N339, manufactured by

MitsibishV ERBREaY CEAsERARE M E At ABE DB RIS N BGEREAEIT B5Re name: JOMO process
NC'140’i’ﬂ@&*ﬂ@ﬁ%@?tl?a)é4&%&5@5@&8@%@@@@%héféﬂgf%b‘?@v@ﬂ%@z%@ﬁr@ﬁ@g agent

(trade name:Antigen(r) 3C, manufactured by Sumitomo 10 Chemical Co., Ltd.), 2 parts by weight of

stearic a8RP1P B Biptvar ke §&ihc nbvefdiBan ByCRRgREBI e illckRibR%ccelerator (trade
name: SQURAIIArf AN AGKIKSE R R IRMBCARBIE3: £l akitihcb RATE e dvaight of &

vulcanization accelerat%rﬁgrade name; Saoxinol(r) D, manufacture by Sumitomq Chemigal Co,., Ltd),

1.5 parts BPaeg REBIes AL i Atea AR 0% SEAHBEBIN YR RTRERTE § B BURRFSRIKE Chemical
IndustriabGe., I1th), ARdah & RECS l@mlwa@im&mmwmg@%dzwah@ lakaplasiinilgo prepare a

polymer composition. The resulting polymer composition was molded into a sheet with a 6 inch roll,
and the $Ret8W4s heated at 160C for 45 minutes for vulcanization to prepare a vulcanized sheet. The

evaluation 20 respiis effisicad FIRpRIiRs:0l thelyulsarigarshres is shewsrdgckable 1. Comparative
Example 1 The jnterior of a polymerization reactor made of ng%nle .steel equipped with a stirring

device haBFRPAP IS EEISHSIER CREISSREENR AT R BH SNd rEpIREEYRHRN Y nitrogen. Then, 2.55
kg of indystiihesdnBienc-based polymer composition of the present invention has

20 high tensile elongation at break, and is excellent in destruction resistance.
The conjugated diene-based polymer and conjugated diene-based
polymer composition of the present invention are used in tires, soles, floor
materials, and vibration prevention materials and, particularly, are suitably
used in tires.
25 Examples
The present invention will be described below by way of Examples.
The evaluation of physical properties was performed by the following
methods.
1. Mooney viscosity (MLi-g)
30 The Mooney viscosity of a polymer was measured at 100°C according
to JIS K6300 (1994).

2. Vinyl bonding amount (unit: mol%)
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25(density 680 kg/m3), 137 g of 1,3-butadiene, 43 g of styrene, 1.81 g of a mixture of
3Qu=pefrofitief/pethylstyrene and 4-(1-pyrrolidinyl)ethylstyrene, 1.52 ml of tetrahydrofuran, and 1.18 ml
of ethylene glycol diethyl ether were placed into the polymerization reactor. Then, 3 81 mmol of
n-butyllithium was placed as a n-hexane solution into the polymerization reactor, and a 30
polymerization reaction was initiated. The copolymerization reaction of 1,3-butadiene, styrene,

3-(1-pyrrolidinyl) Istyr. -(1-pyrrolidiny : erformed for 2
hours at a stirring( %’@E éﬁ%ﬁ%géﬁ a8 éﬁﬁ%g‘?&% t%(%%%gr\éqé%z%i%}r%%agc%%? %%C while
1,3-butadigrssityl styresrenddiéComihusbstisapptied ot therppbphafzationykanon, The amount of

1'3'bUta‘HS&e%N§%%§A@e%V¥S§&Q%%W the amount of styrene supplied was 65 5 g. In the total amount

of monomers were place ‘nd’éu‘pplied into the polymerization reactor, the amount of the
mixture 6 3(pymitotitlivy Datayistirénwaiang B40L-pyrrolidinyl)ethylstyrene placed was 0.40% by

weight. To the p | f Pﬁéﬁﬂ an : ining 0.5 ml of
met%;nol, and tt%%%rﬁ%%%t%%%agg %ﬁﬁ%ﬂé’%&%l utes%%%%%%ﬁ%ﬁ solution were
added 1B attiveinses 2EuBlisg-butAS Kaiho Xy ¥ Methylbenzy0-4-methylphenyl acrylate (trade
name: Sg%ﬁﬁ@ﬁ%@gﬂg@g@;g%ﬁg&% Chemical Co., Ltd.) and 0.9 g of

pentaerythrityltetrakis(3-laurylthiopropionate)(trade 15 name: Sumilizer(r) TP-D, manufactured by
Sumitomo Chemidat Gsighidgvenagtharlasalsaymielolldsn wad shagormbenarssattemperature

over 24 hours.&nd Wehsy died %ér%%%%%ﬁﬁé‘&%? lé’%?f ﬁ@?ﬁ%@i@&?%ﬁ%@ﬁ&&%&g?lﬁzpo'yme“ The

evaluation results of the polymer are shown in Table 20Théen, 100 parts by Wei%@h he resulting
pol&%er,(%?ﬁba&@bww|®§m saRfEEgRE I oVRE - didruraelarad®y Degussa), 6.4

parts by weldhQfia 3 iaRe HO I AAGFSE Qrgﬁﬁﬁé@%ﬁﬁ%@ﬁiﬁé@?m%tured by Degussa), 6.4 parts
ac

by weight of carbon black (trade name: Dia k(r) N339, manufactured by Mitsubishi Chemical
Corporatidhy\Rpae 2tpaHa-by 8o me anafekiasderoT peal RERaIOMO process NC-140,

manufactaledBy Janan Eetay GOmorRtion k= RaE By etk oA anttegingagent (trade name:
Antigen(r) 3C, manufactured by Sumitomo Chemical Co., Ltd.), 2 parts by weight of stearic acid, 2

parts by RE-HY of zinc flower, 1 part by weight of a vulcanization accelerator (trade name: 30
Soxinol(N52 s manwiasinedbyraumitemaghemical Co., Ltd.), 1 part by weight of a vulcanization

accelerat(or (trade name: Soxmolf(r) D,
4) Carrier: tetrahvdrofuran

(5) Flow rate: 0.6 mI/minute
(6) Injection amount: 5 ul,
(7) Detector: differential refractive index
20  (8) Molecular weight standard: standard polystyrene
5. Fuel cost-saving properties
From a sheet-like vulcanization molded body, a strip-like test piece
having a width of 1 mm or 2 mm and a length of 40 mm was punched out and
subjected to a test. For measurements, loss tangent (tand (70°C))of a test
25  piece at a temperature of 70°C was measured with a viscoelasticity
measuring apparatus (manufactured by Ueshima Seisakusho Co., Ltd.)
under the conditions of a gtrain of 1% and a frequency of 10 Hz. As this
value is smaller, fuel cost-saving properties are more excellent.
8. Elongation at break (EB, unit: %)
30 Using a No.3-shaped dumbbell test piece, elongation at which the
test plece is broken was measured at a tensile rate of 5{)0 mm/minute
according to 418 K6251.

47



manufactured by Sumitomo Chemical Co., Ltd.), 1.5 parts by weight of a wax Our Ref. 561320 (trade
namers8uamac(r) N, manufactured by Ouchi Shiko Chemical Industrial Co., Ltd.), and 1.4 parts by
weight of sulfur were kneaded with a laboplast mill to prepare a polymer composition. The resulting
polymer composition was molded into a sheet with a 6 inch roll, and the sheet was heated at 160C 5
for 45 minutes for vulcanization to prepare a vulcanized sheet. The evaluation results of physical
propertieﬁgf thezav Icanized sheet are shown in Table 1. Comparative Example 2 The interior of a
polymeri fhtEactor made of stainless steel 10 equipped with a stirring device having an internal
volume of 5 L waBhwashesiotridd, poli replacedaoritredrtaiitrogds.of hem 2l kgeel industrial hexane
(density 680.kg/m3),.137 g of 1,3-butadiene, 43 g of styrene,.0. of g mixture of

(L. pyn TTRYISE R PG E AES DR SRRV PG Bt S BreAtesh, and 1.18 mi
of ethyledeigly eoldiethiyetherivie fad nplagec intd heyp dybdrizafiondeanttr] Tbeand.73 mmol of
n-butyllithium was ed as,an-hex alution into the, pol rization.reactor, and a polymerization
roacton HAEHITE0 SRS o oLt TR o & BhTTs: et
3-(1-pyrrofiditypetiyistirenerdindi dyllepyrinlisinyRetmdsty(@neywadi dhpédohybdsfoszehours at a

stirring rate.of 130 rpm and a temperature in the polymerization reactor.o hile 1,3-butadiene
and sty SR Uy SRR b HTBLR RS i St G m ke 5 3 butadiene
supplied miasc2Dh: ¢paric: thel pmering tbstyrenesupfliedyds®bgotn the total amount of monomers
which were placed and.supplied into 25 the polymerization.reactor,,th unt of the mixture of

B Py B S R o S R T A LS ARSI weight
thel folymehsoiutiofcors at déd -boinllofha hex S8 solutidh wentajling @ Huel Gianethanol, and the
polymer sokutionrv%a%%tirred f% 5 %Q dminuot S. g@&%ﬁo th?ee go‘il&/me‘% %8'%‘51 nwere added 1.8 g of
2-tert-bu@%ygﬁs-%eFf-bu?yf%%yéfoxy-ﬁrﬁe W?benzyi?ﬁ-meﬁ'uy?p enyl acry?ate (trade name:
Sumilizerel GM, ilaautastliyet by SumitoractCneafidsl-butadiene, styrene,

bis(diethylamino)methylvinylsilane, 3-(1-pyrrolidinylethylstyrene, and

To

4-(1-pyrrolidinyDethylstyrene was performed for 2 hours at a stirring rate of

15 130 rpm and a temperature in the polymerization reactor of 65°C while
1.3-butadiene and styrene were continuously supplied into the
polymerization reactor. The amount of 1,3-butadiene supplied was 205 g
and the amount of styrens supplied was 65 g.  In the total amount of
monomers which were placed and supplied into the polymerization reactor,

20  the amount of the mixture of 3-(1-pyrrolidinyDethylstyrene and
4-{1-pyrrolidinylethylstyrene placed was 0.12% by weight, and the amount
of bis(diethylamino)methylvinylsilane placed was 0.14% by weight.

To the polymer solution was added 10 ml of a hexane solution

containing 0.5 ml of methanol, and the polymer sclution was stirred for 5

25 minutes. Then, to the polymer solution were added 1.8 g of
2-tert-butyl-6-(3-tert-butyl-2-hydroxy-5-methylbenzyl) 4 methylphenyl
acrylate (trade name: Sumilizer® GM, manufactured by Sumitomo Chemical
Co., Ltd.) and 0.9 g of pentaerythrityltetrakis(3-laurylthiopropionate) (trade
name: Sumilizer® TP-D, manufactured by Sumitomo Chemical Co., Litd.)

30 and, then, the polymer solution was evaporated at room temperature over 24
hours, and further dried at 55°C for 12 hours under reduced pressure to

obtain a polymer. The evaluation results of the polymer are shown in Table
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Our Ref 561320 Co., Ltd.) and 0.9 g of pentaerythrityltetrakis(3-laurylthiopropionate) (trade name:
SQHﬁWf@r’(‘?}@P’-D, manufactured by Sumitomo Chemical Co., Ltd.) and, then, the polymer solution was
evaporated at room temperature over 24 hours, and further dried at 55C for 12 hours under reduced
pressure to 5 obtain a polymer. The evaluation results of the polymer are shown in Table 1. Then,
100 parts by weight of the resulting polymer, 78.4 parts by weight of silica (trade name: Ultrasil(r)
VN3-G, manufactured by Degussa), 6.4 parts by weight of a silane coupling agent (trade name:
Si69(r), 10 manufactured by Degussa), 6.4 parts by weight of carbon black (trade name: Dia Black(r)

N339, manufactr88 by i RehPT e bl ShoratBhliug o banethy SvdighttT BH extender oil
(trade nameAOMQiREACass NGiA40: Manufagred By apamEREIaY-COIRPIBUNRL.1)> Parts by

weight of an anti-aging agent (trade name: Antigen(r) 3C, manufactured by’ Sumitomo 15Chemical

Co., Ltd.§-2 BaHs By e ot stesitnscra e Bagssy nicigmds s aonéd.Bpart by weight of a
vulcanizalian @eceleraldr {Bdewian) e s SoXNN, © ¢emanuiaciingshby sumipme Ghemical Co., Lid.),

1 part by weight of a vulcanization accelerator (trade name: Soxin%g) D, manufactured by Sumitomo

ChemicalebBiaeiR P83 srepp Wergreet drakiberhiade Fasmicd frseratinmutictured by Ouchi
Shiko Chespigabingdsiial (2on liekdndRd it (Paly.weighiolsylfiowareneaded with a laboplast

mill to prepare a polymer composition. The resultin _po%ymer composition, was molded into a sheet
ng%’r

with a 6 FATTHRAHECH QR NEOARAL IR S b oty 43 FhRites 1S ValERGi2A88N to prepare a

vulcanizeg:sheginEhe:2hiekailntinarsulistobshpsinal piapeities.ofihe vdesnized.sheet are shown in

Table 1. Comparative Example 3 A polymerization reactor. made of stainless steel equipped with a
stirtihg d E?I‘\%%r@arﬁ?gg’r?ap%ﬁrh@ Wﬁi}f%?ﬁ%’éﬁe%ﬁléri@d’éﬁ@é@’ raBI&EEPHith dry nitrogen.

Then, 102nkgrRfiRaustiak-bdyane; ansgity 68Q-Kaimdl 80890k ladobUtadianaa192: g of styrene, 6.1

ml of tetrghydrofurar), and 4.0, ml of ethylene glycol diethyl ether were placed into the Our Ref 561320
polymerigg%bﬂ %.W%ﬁ?&% BisTd QQﬁﬁgﬁﬁéﬁ?j\ﬁWs}ﬂHﬁe arRPASBlition of

n-butyllitkigialit bihexaheacontent akbebutytihitinn 44 A2 menolbueara @laced sptaie walymerization
reactor, %@d&gﬁ%ﬂgﬂ%ﬂ tié)xrxllirc%ilc -g,r.], \ﬂ%c%)i,n{t.igtgg'rm by weight of a wax (trade name:
15  Sunnoc® N, manufactured by Ouchi Shiko Chemical Industrial Co., Ltd.),
and 1.4 parts by weigh of sulfur were kneaded with a laboplast mill to
prepare a polymer composition. The resulting polyvmer composition was
molded into a sheet with a 6 inch roll, and the sheet was heated at 180°C for
45 minutes for vulcanization to prepare a vulcanized sheest. The evaluation
20 results of physical properties of the vulcanized sheet are shown m Table 1.
Comparative Example 1
~ The interior of a polymerization reactor made of stainless steel
equipped with a stirring device having an internal volume of 5 L was washed,
dried, and replaced with dry nitrogen. Then, 2.55 kg of industrial hexane
25  (density 680 kg/m?), 137 g of 1,3-butadiene, 43 g of styrene, 1.81 gofa
mixture of 3-(1-pyrrolidinylethylstyrene and 4-(1-pyrrolidinylethylstyrene,
1.52 ml of tetrahydrofuran, and 1.18 ml of ethylene glycol diethyl ether were
placed into the polymerization reactor. Then, 3.81 mmol of n-butyllithium
was placed as a n-hexane solution into the polymerization reactor, and a
30  polymerization reaction was initiated.
The copolymerization reaction of 1,3-butadiene, styrene,

3-(1-pyrrolidinylethylstyrene, and 4-(1-pyrrolidinyl)ethylstyrene was
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5The copolymerization reaction of 1,3-butadiene, styrene, and bis(diethylamino)methylvinylsilane was
pétfofitfetf 18193 hours at a stirring rate of 130 rpm and a temperature in the polymerization reactor of
65C while 1,3-butadiene and styrene were continuously supplied into the polymerization reactor. The
amount of 1,3-butadiene supplied was 912 g 10 and the amount of styrene supplied was 288 g. In the
total amount of monomers which were placed and supplied into the polymerization reactor, the amount

of bis(diefbyiamina) methylynylsianepl O%W%%?T%%ﬂiem R} Polymet Sojytion was added

20 ml of a hexane solution 15 contalnlng ml of methanol, and the polymer solution was stirred for 5

minutes TPHER e AL PoRRACE NG Warkilridet Bioasss netendatyTem vRIe buty 1-2-

oy SNz ¥ e D  AchIa i st SumMizedi Gl gnanufactured by
Sumitomo Chemical Co., Lt e?d% of pentaerythrityltetrakis(3-laurylthiopropionate)(trade 20

name: s&rﬁuﬁaz&%élmgumha@am%ﬁ B\E Sehiton 6 CRBmicH THrenrl vamdieReRah@dolymer
solugion as gy aRoiie ALIDARY (SrAReTRIE: OViA Baus Ak (uHheriiagliBhaafor 12 hours

under reduced !oressure to obtain a polymer. The evaluation results of the polymer are shown in Table

1, 25Thehe1polpansiBe iightasttietias ameg Bbhtee reiatyapeby weight of silica (trade name:
Ultrasil(rp\ N3 IR asiiRd Ry Reg ussak- @1%%1%@% olapllane coaling ggent (trade

name: Si69(r), manufactured by Degussa), 6.4 parfs by weight of carbon black (trade name: Dia
Black(r) R t}'?hér‘l‘iﬁé%,}%ﬁred by Mitsubishi Chemical Corporation), 47.6 30 parts by weight of an

extender oil (tra%%@%ﬂ@% pnssss Nesldiamanyiagturediy, dapan Ergsgy Corporation), 1.5
parts by Welgﬁt of an anti- agmg agient (trade_name:Antigen(r) 3C, manufactured by Sumitomo Our Ref

561820 EHEiRIRARE O A T oD RarRABG WaRhi BE SeliE ek 3 BeRsBy WegkedPFiAc flower, 1 part by

weight OEﬁﬂHE‘e@n'thl%ha%%lﬁé%@!y(fﬁ%@%&%‘ﬁ%rﬁ%ﬂ@ﬁhﬁ%d“ﬂ%‘Eféﬁthed by Sumitomo Chemical
Co., Ltd.), 1 part Y(é('wel ht of a vulcanization accelerator (t i}a@ ame: Soxmol(r) D, manufactured by

Sumitomo ERERIELE'S LREY; ki“@éa?ktg W@fg‘?lt%?g’\l\/ ‘i’l&ﬁ?@hg (}) N, manufactured
by OuchixasRinke: %%Cﬁhkﬁéugﬂﬁizﬁﬁer@d})\@@ﬁahﬁm@éﬂéﬂW?'S'&Ee@i‘t‘ékﬁfél@M@Eﬁl&ﬁ?aded with a

laboplast mill tgﬁﬁg1 pare a polymer composition. The res Itlng poI mer composnaygﬁ was molded into a

sheet with% a9 Uil BReERsEEa R EstEa el S0e Y AR ARFRREBI ) tiEaREzation to

prepsre %Hﬁi@aﬂlﬁﬁﬁﬁm TPGEV@HQH%’EQ%HW Physicahiy westies Af the, iudganized sheet are
shown in 1{};‘%&1?& >¥armp 2 The interior of a polymerizatjon reactor made of stainless steel 15
thedtir

equipped BB AN LR FRS FIARMERATE S5 TORRSIRRS538 L dFRavahd feplaced with
dry nitroggshrEhen dZek ke:of el strisbhexana (Rpsiky @&@é@/ﬁ@%céa&nge@&&x%b@tadiene 43 g of

ool G hAcPAERRCEIac AP 3 NSO ER R H FARA OB GG o Table o
bis(diethylamlno)methylwnyIS|Iane and a solution of
20 Then, 160 parts by weight of the resulting polymer, 78.4 parts by
weight of silica (trade name’ Ultrasil® VN3-G, manufactured by Degussa),
6.4 parts by weight of a silane coupling agent (trade name: Si69®,
manufactured by Degussa), 6.4 parts by weight of carbon black (trade name:
Dia Black® N339, manufactured by Mitsubishi Chemical Corporation), 47.6
25  parts by weight of an extender oil {(trade name: JOMO process NC-140,
manufactured by Japan Energy Corporation), 1.5 parts by weight of an
anti-aging agent (trade name: Antigen® 3C, manufactured by Sumitomo
Chemical Co,, Ltd.), 2 parts by weight of stearic acid, 2 parts by weight of
zinc flower, 1 part by weight of a vulcanization accelerator (trade name:
30  Soxinol® CZ, manufactured by Sumitomo Chemical Co., Ltd.), 1 part by
weight of a vulcanization accelerator (trade name’ Soxinol® D,

manufactured by Sumitomo Chemical Co., Litd.), 1.5 parts by weight of & wax
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n-butyllithium in n-hexane (content of n-butyllithium 3.59 mmol) were placed into the polymerization
réaet8el &A@ polymerization reaction was initiated. The copolymerization reaction of 1,3-butadiene,
styrene, 25 bis(diethylamino)methylvinylsilane, and 4-climethylaminomethylstyrene was performed for
2 hours at a stirring rate of 130 rpm and a temperature in the polymerization reactor of 65C while
1,3-butadiene and styrene were continuously supplied into the polymerization reactor. The amount of

L.S-butadine. SupRliecnas 249 & d aAMBNN oF Pene shARled. @S 7 Al fnile total amount
of monomers which were placed and supplied into the polymerization réactor, the amount of
4-dimethiyrandiidmethylstytares pideew aigh 0of 03 hy weightianddbé wtbumiaboplasRef: 561320
bis(diet i Vi ' A felald t e ution was
added fgl %%%?%gﬁeégﬁ%%%%%% w%xgag) [g m%%%é%%g&%&%ﬁi%%@?ﬁ%%m was stirred
for 5 mirassPhded tathe pdlgaicr ¥blwionwhreoidded Liggbeet was heated at 160°C

32 61 ORI HETLONI Aoy SvE O sty lphan onfle (rade name:
Sumilizer(r) GM, manufactured by Sumitomo Chemical Co., Ltd.) and 0.9 g o
pentaerytHatjtsirakrs@ ke 9t ippiepi onansr tiesde! ihmeuBumilze (har-Dremhnufactured by
Sumitomg,hemical Co., Ltd.) and, then, the polymer solution was evaporated at room temperature

over 24 10 hours, and further dried at 55C for 12 hours under reduced pressure to obtain a polymer.
The evaluBHRIPresING Eﬁtﬁém}@lﬁ’ner are shown in Table 2. Then, 100 parts by weight of the

resulting polymen78,4parts by weialhof siica irade ame: Adirasiia) ¥RG,manufactured by

Degussa), 15 6.4 parts by weight of a silane coupling agent (trade name: Si69(r), manufactured by

DeltissHa By R RatiFt BT SAyareBiackE ade ntpnaabin BiarkalThINg3s, washwdctured by

Mitsubis hemicel Garneration, 475 parsby Weightobapexiender il dradename; JOMO process
NC-140, manufactured b% Japan Energ% Corporation), 1.5 parts by weight of an 20 anti-aging agent

(trade ndARAARGEA (ML *maddracliled bytadisrenbichehfbarans, 8465 goparts by weight of
stearic agid, ,pags @XWBB&%@@%@%&M& Qﬁ&/@!&@éﬂ}ﬁefﬂlﬁ%@iﬁe@gﬂ1§ﬁ%ﬁ@tor (trade

~name: Soxinol(r) CZ, manufactured by Sumitomo Chemical Co., Ltd.), 1 part by weight of a

vulcanizatiof sestehriadyaneandlind izt hvdpnmelured Gipdurhrbass ®REMIcal Co.,
Ltd ) 1-3%&%&%&%@9@%&&@%&@@& PR S UGNy nankfaciered by - Byahiphin_ko

Chemical Industrial Co. .), and 1.4 parts by weight of sulfur were kneaded with a laboplast mill to
prepare ¥ popiaesEampdaiisranaerkatinm GHoIhfor ebrpdrmRanae adfed Wt &a sheet with a 6

inch roll, and the-shepiwas: 30 heated atile9tdfor 45 minutes for vulcanization to prepare a vulcanized

sheet. The evaluation results of physical properties of the vulcanized sheet are shown in Table 2.
he copolymerization reaction of 1,3-butadiene, styrene,

3-(1-pyrrolidinyDethylstyrene, and 4-(1-pyrrolidinyDethylstyrene was

20  performed for 2 hours at a stirring rate of 130 rpm and a temperature in the
polymerization reactor of 65°C while 1,3-butadiene and styrene were
continuously supplied into the polymerization reactor. The amount of
1,3-butadiene supplied was 205 g and the amount of styrene supplied was 65
g. In the total amount of monomers which were placed and supplied into

25  the polymerization reactor, the amount of the mixture of
3-(1-pyrrolidinyDethylstyrene and 4-(1-pyrrolidinylethylstyrene placed was
0.12% by weight.

To the polymer solution was added 10 ml of a hexane solution

containing 0.5 ml of methanol, and the polymer solution was stirred for 5

30 minutes. Then, to the polymer solution were added 1.8 g of
2-tert-butyl-6-(3-tert-butyl-2-hydroxy-5-methylbenzyl)-4-methylphenyl

acrylate {(trade name’ Sumilizer® GM, manufactured by Sumitomo Chemical
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Our Ref. 561320 Comparative Example 4 A polymerization reactor made of stainless steel
eQuigpéd## a stirring device having an internal volume of 20 L was washed, dried, and replaced with
dry nitrogen. Then, 10.2 kg of industrial hexane (density 680 5kg/m3), 608 g of 1,3-butadiene, 192 g of
styrene, 2.04 g of 4-dimethylaminomethylstyrene, 6.1 ml of tetrahydrofuran, and 4.0 ml of ethylene
glycol diethyl ether were placed into the polymerization reactor. Then, 15.89 mmol of n-butyllithium

was placed apa -hexans solition iniabe.palymeraation feactatmand aiolymerigatian reaction was

initiated. 10The copolymeriZation reaction of 1,3-butadiene, styfene a

4-dimethytarin SRR -Rasyrardhnat ¢ Iaidars semetichegrioa §a3bigm and a
temperayitg ipdhe RAYXSIZALO JEASIAN0hLEG e L.8-DiiRdiene Al SHiENe e gontinuously

- supplied into the polymeriZation reactor. The amount of 1,3-butadiene supplied was 912 g and the

amount dosaenadstppiied was288 §5ther dtahanrsunndemorbmedsvhichigele placed and
supglied gia.he @%Wéﬁa“ﬂﬁ‘er@%ﬁraﬁb%%% gF %E{BBESE?%@ inomethylstyreng placed was

0.10% by weight. To the polymer solution was added 20 ml of a hexane solution containing 0.8 ml
of methahol, and the polymer solution was stirred for 5 20 minutes. Then, to the polymer solution were

added 8.0 g of Zitﬁ'gﬂ?'-ﬂ%'ﬁa@?}%f%Yéh%‘é‘ﬁ(ﬂi@%‘éﬂ?ﬂﬁ&%%@%ﬂéﬁ'?%ﬁ}@&bﬁﬁ?yl acrylate (trade

name: Sumilizer(r) GM, manufactured by Sumitomo Chemical Co., Ltd.) and 4.0 g of

pentaeryiFrigiteehriE dupdmiprpibhirar iR de ke coumifperare by, Prsiastured by
Sumim”@.@{?&f@%#z%iéﬁg 9% Q%&%%ﬁﬁé’@@éﬁ%r(%%oﬂéﬁ@é: ¢)M@perated at room temperature

over 24 hours, and further dried at 55C for 12 hours under reduced pressur&‘[o obtain a polymer. The

evaRiation sBstRstEredehyolypraeare. chdaThsTabEE TR o cegbpnREBY (Erit BAIE resulting
polymer 178 4spartsby 389veaightaf stica frad e manms: ditrasiis.MN3-Gofpansiactired y Degussa),

6.4 parts by weight of a silane coupling agent (trade name: Si690, manufactured by Degussa), 6.4
parts by WaithbBrEaiBehd Pk (trsderers g1 458 Bbmreass) Nadet tnanufactured by

Mitsubishj &hemigak-Crmominom. M4 L fAts Dowaiphb ofian sxtendsr piligraderpame: JOMO process
NC-140, manufactured by Japan Energy Corporation), 1.5 parts by weight of an anti-aging agent
(trade na%wé%“ﬂﬁﬁg%ﬁ@%@?ﬁéﬁmﬁma@i%@anﬁmmd y Sumitomo

15  Chemical Co., Ltd.), 2 parts by weight of stearic acid, 2 parts by weight of
zinc flower, 1 part by weight of a vulcanization accelerator (trade name:
Soxinol® CZ, manufactured by Sumitomo Chemical Co., Litd.), 1 part by
weight of g vulcanization accelerator {trade name’ Soxinol® D,
manufactured by Sumitomo Chemical Co., Ltd.), 1.5 parts by weight of a wax

20  {(trade name: Sunnoc® N, manufactured by Ouchi Shiko Chemical Industrial
Co., Ltd.), and 1.4 parts by weight of sulfur were kneaded with a laboplast
mill to prepare a polymer composition. The resulting polymer composition
was molded into a sheet with a 8 inch roll, and the sheet Wzis heated at 160°C
for 45 minutes for vulcanization to prepare a vulcanized sheet. The

25  evaluation results of physical properties of the vuleanized sheet are shown in
Table 1.

Comparative Example 3
A polymerization reactor made of stainless steel equipped with a
stirring device having an internal volume of 20 L was washed, dried and

30  replaced with dry nitrogen. Then, 10.2 kg of industrial hexane {density 680
kg/m?®), 608 g of 1,3-butadiene, 192 g of styrene, 6.1 ml of tetrahydrofuran,
and 4.0 mi of ethylene glycol diethyl ether were placed into the

o2



5 Chemical Co., Ltd.), 2 parts by weight of stearic acid, 2 parts by weight of zinc flower, 1 part by
wewgiedBaliRiicanization accelerator (trade name: Soxinol(r) CZ, manufactured by Sumitomo
Chemical Co., Ltd.), 1 part by weight of a vulcanization accelerator (trade name: Soxinol(r) D,
manufactured by Sumitomo Chemical Co., Ltd.), 1.5 parts by weight of a wax 10 (trade name:
Sunnoc(r) N, manufactured by Ouchi Shinko Chemical Industrial Co., Ltd.), and 1.4 parts by weight of

sulfur w | labopl 1] g It I Ing polymer
compos o B B R o o
minutes fordvaleahizationfto-pregydlisaivalcamizdt 1soshstn R efaldutriisbite o phigsical
properti i ' 2 Exam The.inter polymerization
reactor %@ﬁ%ﬁ%ﬁ%%%eﬁ%& lﬁ%%)e%g? \i%%t%fgzgﬁr%é% c?evicé ﬁg%%ggﬁ}%%ﬁt%?r% %\{o ume of 5 L was
washed 2@ efier veariiréplatstl with dry nitrogen. Then, 2.55 kg of industrial hexane (density 680

kg/m3), 137 g ofh,3- I : r Y <L r'mnq;t‘p%/ i inostyrene, 1.52 ml of
tetrraghydrofuran, gﬁ% g%?%%é%%%%%&?gﬁ igfhgl%ﬁ{ﬁav%%%éﬁlaceé %%b%ﬁg polymerization

reactor. ﬁ’%ﬁé@.@d@%@%ﬁmﬁ@%@%%@myﬁﬁﬂi@éﬁdf@%hﬁ@ﬁscﬁf?é %ﬂi;lmthium in
n-hexang{Contei@l-prhylylita ?@zﬁa@}bo&v‘éﬁéep@%%ﬁg&%%ygﬂgf%ﬁ%@)‘a(ﬁeamor’ and a

polymerization reaction was Initiated. The copolymerization reaction of 1,3-butadiene, styrene,

bis(diethyia#nb)yfietigriegispak sGreneoireran B DEN fostre  186ands performed for 2 hours
at a stirripgiyate At 1384, anska t?‘ﬂ@%@%‘&%&‘bﬁl‘ﬁ Pelymenzation ractar9f62g avbile

1,3-butadiene and styrene were continuously supplied into the polymerization reactor. The amount of

ok Ref 384300 REPRANERTEORPIRPRES DS 2 the dmbimtotayraeantigplied was 65 g. In
the total amAUN SEMAREMEES-WRILhWELS BleGpd1and sHRRligd JRio the-pRlyimgrZatips reactor, the

amount of 4-bis(trimethylsilynaminostyrene placed was 0.16% by weight, and the amount of
bis(diethﬁ@ﬁﬁ&ﬁ%@t@%ﬁ@ﬁ%ﬁﬁé@@)%}wi‘ﬂ%’lﬁﬂ\ﬁ%lﬁéﬂced'l%atﬁg-ggl%ﬁé’r solution was
added 1Ql8fta hexane solution containing 0.5 ml of methanol, and the polymer solution was stirred
for 5 minutes. Then, to the polymer solution were added 1.8 g of

2-tert-butyl-6-(3-EHIBAHRE MR 6 S LreMaAse )28 MRy pleRane solution

15  containing 0.8 ml of methanol, and the polymer solution was stirred for b
minutes. Then, to the polymer sclution were added 8.0 g of
2-tert-butyl-6-(3-tert-butyl-2-hydroxy-5-methylbenzyl)-4-methylpheny!
acrylate (trade name: Sumilizer® GM, manufactured by Sumitomo Chemical
Co., Ltd.) and 4.0 g of pentaerythrityltetrakis(3-laurylthiopropionate){trade

20 name’ Sumilizer® TP-D, manufactured by Sumitomo Chemical Co., Ltd.)
and, then, the polymer solhution was evaporated at room temperature over 24
hours, and further dried at 55°C for 12 hours under reduced pressure to
obtain a polymer. The evaiuatian. results of the polymer are shown in Table
1.

25 Then, 100 parts by weight of the resulting polymer, 78.4 parts by
weight of silica (trade name: Ultrasil® VN3-G, manufactured by Degussa),
6.4 parts by weight of a silane coupling agent (trade name: Si6H®,
manufactured by Degussa), 6.4 parts by weight of carbon black (trade name:
Dia Black® N339, manufactured by Mitsubishi Chemical Corporation), 47.6

30  parts by weight of an extender cil (trade name: JOMO process NC-140,
manufactured by Japan Energy Corpo-ration), 1.5 parts by weight of an

anti-aging agent (trade name: Antigen® 3C, manufactured by Sumitomo
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10 acrylate (trade name: Sumilizer(r) GM, manufactured by Sumitomo Chemical Co., Ltd.) and 0.9 g of
pérraitary fedidgRetrakis(3-laurylthiopropionate) (trade name: Sumilizer(r) TP-D, manufactured by
Sumitomo Chemical Co., Ltd.) and, then, the polymer solution was evaporated at room temperature
over 24 hours, and further dried at 55C for 12 hours under reduced pressure to obtain a polymer. The
evaluation results of the polymer are shown in Table 3. Then, 100 parts by weight of the resulting

polymer i aatisdy welght stallea rages paener Lgaln MGG, many(Aguad ay Degussa), 6.4

parts by weight of a silane coupfing agent (trade name: egussa), 6.4

parts by ﬁi@i@ﬁi@%rb@ﬁ%l@@@ﬂﬁi@ wémeubiaBiadkon NesdemanuficadedsMitsubishi Chemical
Corporatign); 446 wtﬁ%ﬁ’ﬁ%ﬁﬁﬁ%@@ﬁg éi?g’&%ﬁﬁ”@b:’%% pﬁ?&?}? C-140,
oration), 1. -

manufactured by Japan Energy Corp parts by weight of an ariti-aging agent (trade name:
Antigen(fy 8@ hinehafaetoredsyi sumiuirr 2B Clicaleat Doe Lgyimop&r3. by weight of stearic acid, 2

partg by weightof zincfiow %&ireéfﬁ@m&'ggaqf.@o%%@}z ti@%%%%ﬁgé&{@@?mgﬁi

Soxinole _CZ, manufactufed by Sumitomo Chemical Co., Ltd.) weight of a vulcanization

acqelera@?%%é@ﬁﬁh@?gﬁﬁﬁﬁlw) Bﬁaﬁéﬁ%ﬁéﬁm%bﬁbﬁsﬁii%@%@hﬁ@aﬁ@b, Ltd.), 1.5 parts by
weight o g 30 (sadq pames, s anoel)d paniai ged Oyl hikichaigal Industrial Co.

Ltd.), and 1.4 parts by weight of sulfur were kneéaded with a laboplast mill to prepare a polymer
compositidsbomissiraaiiiitgnseRaier: OohRISETB2056RPosiio wesukibidepolitmarsheet with a 6

inch roll, apd ibe; sheckwaseaiad Al §0hder daminwes daryiicanigatiandplrepate a vulcanized

sheet. The evaluation results of physical properties of the vulcanized sheet are shown in Table 3.

CohthardtratekampROsC forrfe imBhbeofer palinBiaalion feautep argde GLisaminsss steel equipped

with a stigring devigghamingsan nienakvelpme el ‘Q‘@%é‘i‘?i%@% g apgieRlacad yyith dry
nitrogen. Then, 2.55 kg@of industrial hexane (density 680 kg/m3), 137 g of 1,3-butadiene, 43 g of
t

styrene, SISSRIGRIEG ﬂl%llﬁ*ybfofuran, 1.18 ml of ethylene glycol diethyl ether, and 0.70 g of
4-bigtrimE§§y}§gM@agninostyrene were placed into the polymerization reactor. Then, 3.81 mmol of
n-butyllithium was placed as a n-hexane solution into the polymerization reactor, and a polymerization
reaction was initiate®l RESTHY &b FoRrhensstH wnsreator Emsawbratasratechng

4-b1%(trin&fmﬁilsych)@mﬁ%sgﬂ@ﬁ%gvaéxﬁ@éfﬁwcg%%ﬂ@é&rﬁaq%§§Jﬁﬁi@gf%t?; A 30 ERmeANd 2
temperature in the polymerization reactor of 65C while 1,3-butadiene and styrene were continuously

supplied SFifdapift ReBleced prituieRe BUBpHER-wakeas & aRde elHmountBrsirERBSUpplied was 20
65 g. In theioipkaesoupseh snompmery wiadhwereplaced ang supplird nikthe,polymerization reactor,

the amount of 4- isgtrim.ethylsil Daminostyrene placed was 0.16% by weight. To_the polymer

solution WAL B8 FEmcEREt g}rﬁﬁé'%ﬁut}oﬁ?t@%taﬁﬁ%ré@ﬁﬂcg%héﬁél,1aﬁ% WeGolymer solution

was stirregoidne glycol diethyl ether were placed into the polymerization reactor.

20  Then, 0.64 g of bis{diethylamino)methylvinylsilane and a solution of
n-butyllithium in n-hexane (content of n-butyllithium 3.59 mmol) were
placed into the polymerization reactor, and a polymerization reaction was
nitiated.

The copolymerization reaction of 1,3-butadiene, styrene,

25  bis{diethylamino)methylvinylsilane, and 4-dimethylaminomethylstyrene
was performed for 2 hours at a stirring rate of 130 rpm and a temperature in
the polymerization reactor of 65°C while 1,3-butadiene and styrene were
continuously supplied into the polymerization reactor. The amount of
1,3-butadiene supplied was 205 g and the amount of styrene supplied was 65

30 g In the total amount of monomers which were placed and supplied into
the polymeriiation reactor, the amount of 4-dimethylaminomethylstyrene

placed was 0.10% by weight, and the amount of
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25 minutes. Then, to the polymer solution were added 1.8 g of

2 QerilstiBALB203-tert-butyl-2-hydroxy-5-methylbenzy1)-4-methylphenyl acrylate (trade name: Sumilizere
GM, manufactured by Sumitomo Chemical Co., Ltd.) and 0.9 g of
pentaerythrityltetrakis(3-laurylthiopropionate) (trade name: Sumilizer(r) TP-D, manufactured by
Sumitomo Chemical Co., Ltd.) 30 and, then, the polymer solution was evaporated at room temperature

over 24 %?M&e%ﬂ?i&&ﬁﬂ%%@%y%ﬁé%ﬁ%ﬁéé}%&ﬁ upderyqduped Rregsyre to obtain a polymer. The

evaluation results of the polymer are shown in"Table Our Ref 561320 3.”  Then, 100 parts by weight

of the resulting pEHerP 7 EparelBove At Sidsikda @ aabdiae VA NMNB-G, manufactured by

Degussa), &.4;pafls By wieiohtRf ansiianecoupling,aasnidrade Name:-2i68. 3 manufactured by
Degussa), 6.4 parts bg weight of carbon black (trade’name: Dia Black(r) N339, manufactured by

MitsubisEt Ciéatical fibA)palyBparelBlWeRt oAl ektdrftisil (trade name: JOMO process
NC-é402&%@%&%@-@4t&@%@ez%ﬁ%&g%%%eﬁ%ll;}s@%gﬁfy%twti-aging agent
a

(trade name: Antlr%en(r 3C, manufactured by Sumitomo 10Chemical Co., Ltd.), 2 parts by weight of

stearic adREy2e5arE Bisvarghe of wmélinsr Cbar yutargneet oy heanansh Gbeaesalor (trade
name: 3@8Q%ﬁﬁ:gn@@.@Eﬁﬁf‘-ﬁ@ﬁt‘%@g@i%&gﬁﬂ@k&%ykﬂ-épM&QQQ&@ a

vulcanization accelerator (trade name: Soxinol(r) D, manufactured by Sumitomo Chemical Co., Ltd.),

1.5 partSyfeigREsiasSk 15 Hraae nufretwiedisc fruiteanefabersd sy GuditGhinko Chemical
Industrial 0. :hich), adLid-PaHs A WSIDRLQf stfbwwess raaded with,a jabeplastapili4o prepare a

polglmer composition. The resulting polymer composition was molded into a sheet with a 6 inch roll,
an

Ghe dsarwanhiartreacmsot #6085 inkiies horya sl sadsH 1645t apaRs iduifanized 20 sheet.
The evalggtion resits-atphysiral granerties ebthasulcanizqhsnaet are showminnlahige3. Our Ref,

561320 [2Table 1)
Then, 100 parts by weight of the resulting polymer, 78.4 parts by
weight of silica (trade name: Ultrasil® VN8 G, manufactured by Degussa),

15 6.4 parts by weight of a silane coupling agent {trade name: $169®,
manufactured by Degussa), 6.4 parts by weight of carbon black (trade name:
Dia Black® N3839, manufactured by Mitsubishi Chemical Corporation), 47.6
parts by weight of an extender ol (trade name: JOMO process NC-140,
manufactured by Japan Energy Corporation), 1.5 parts by weight of an

20 anti-aging agent (trade name: Antigen® 3C, manufactured by Sumitomo
Chemical Co., Ltd.), 2 parts by weight of stearic acid, 2 parts by weight of
zinc flower, 1 part by weight of a vulcanization accelerator (trade name!
Soxinol® CZ, manufactured by Sumitomo Chemical Co., Litd.), 1 part by
weight of a vulcanization accelerator (trade name: Soxinol® D,

25 manufactured by Sumitomo Chemical Co., Ltd.), 1.5 parts by weight of a wax
(trade name: Sunnoc® N, manufactured by Ouchi Shinko Chemical
Industrial Co., Ltd.), and 1.4 parts by weight of sulfur were kneaded with a
Isboplast mill to prepare a polymer composition. The resulting polymer
composition was molided into a sheet with a 6 inch roll, and the sheet was

30  heated at 1680°C for 45 minutes for vulcanization to prepare a vulcanized
sheet. The evaluation results of physical properties of the vulcanized sheet

are shown in Table 2.



Example Comparativel Comparative Example 11 Example 2 Comparative Example 3 Mooney
viSesSity 58529 38.9 i 40.7 45.3 Vinyl binding amount mol% 58.7 58.2 58.5 57.4 Content of styrene unit
wt%

Comparative Example 4

A polymerization reactor made of stainless steel equipped with a
stirring device having an internal volume of 20 L was washed, dried, and
replaced with dry nitrogen. Then, 10.2 kg of industrial hexane (density 680

5 kg/m®, 608 g of 1,3-butadiene, 192 g of styrene, 2.04 g of

4-dimethylaminomethylstyrene, 6.1 m! of tetrahydrofuran, and 4.0 ml of
ethylene glycol diethyl ether were placed into the polymerization reactor.
Then, 15.89 mmol of n-butylithium was placed as a n-hexane solution into
the polymerization reactor, and a polymerization reaction was initiated.

10 The copolymerization reaction of 1,3-butadiene, styrene and
4-dimethylaminomethylstyrene was performed for 3 hours at a stirring rate
of 130 rpm and a temperature in the polymerization reactor of 65°C while
1,3-butadiene and styrene were continuously supplied into the
polymerization reactor. The amount of 1,2-butadiene supplied was 912 ¢

15  and the amount of styrene supplied was 288 g. In the total amount of
monomers which were placed and supplied into the polymerization reactor,
the amount of 4-dimethylaminomethylstyrene placed was 0.10% by weight.

To the polymer solution was added 20 ml of 2 hexane solution
containing 0.8 ml of methanol, and the polymer solution was stirred for 5

20 minutes. Then, to the polymer solution were added 8.0 g of
2-tert-butyl-6-(3-tert-butyl-2-hydroxy-5-methylbenzyl)-4-methylphenyl
acrylate (trade name: Sumilizer® GM, manufactured by Sumitomo Chemical
Co., Ltd.) and 4.0 g of pentaerythrityltetrakis(3-lauryithiopropionate) {(trade
name: Sumilizer® TP-D, manufactured by Sumitomo Chemical Co., Ltd.)

25 and, then, the polymer solution was evaporated at room temperature over 24
hours, and further dried at 55°C for 12 hours under reduced pressure to
obtain a polymer. The evaluation results of the polvmer are shown in Table
2,

Then, 100 parts by weight of the resulting polymer, 78.4 parts by

30 weight of silica (trade name: Ultrasil® VN3-G, manufactured by Degussa),
6.4 parts by weight of a silane coupling agent (trade name: Si69®,
manufactured by Degussa), 6.4 parts by weight of carbon black (trade name:

be



24.1 24.5 1 23.9 24.1 Molecular weight 1 distribution - 1.11 1.13 1.09 1.06 1 r Fuel cost-saving
pfipettie¥tats (70C) 0.130 11 0.1941 0.199 0.124

Dia Black® N339, manufactured by Mitsubishi Chemieal Corporation), 47.68
parts by weight of an extender oil (trade name: JOMO process NC-140,
manufactured by Japan Energy Corporation), 1.5 parts by weight of an
anti-aging agent (trade name’ Antigen® 3C, manufactured by Sumitomo
5 Chemical Co., Ltd.}, 2 parts by weight of stearic acid, 2 parts by weight of
zine flower, 1 part by weight of a vulcanization accelerator (trade name!
Soxinol® CZ, manufactured by Sumitomo Chemical Co., Ltd.), 1 part by
weight of a vulcanization accelerator (trade name’ Soxinol® D,
manufactured by Sumitomo Chemical Co., Ltd.}, 1.5 parts by weight of a wax
10 {trade name’ Sunnoc® N, manufactured by Cuchi Shinko Chemical
Industrial Co., Ltd.), and 1.4 parts by weight of sulfur were kneaded with a
laboplast mill to prepare a polymer composition., The resulting polymer
composition was molded into a sheet with a 6 inch roll, and the sheet was
heated at 160°C for 45 minutes for vulcanization to prepare a vulcanized
15  sheet. The evaluation results of physical properties of the vulcanized sheet
are shown in Table 2.
Example 3
The interior of a polymerization reactor made of stainless steel
equipped with a stirring device having an internal volume of 5 L was washed,
20  dried, and replaced with dry nitrogen. Then, 2.55 ke of industrial hexane
(density 680 kg/m3), 137 g of 1,3-butadiene, 43 g of styrene, 0.70 g of
4-bis(trimethylsilyDaminostyrene, 1.52 ml of tetrahydrofuran, and 1.18 ml of
ethyiene glycol diethyl ether were placed into the polymeri,za.tiori reactor.
Then, 0.64 g of bis(diethylamino)methylvinylsilane and a solution of
25 n-butyllithium in n-hexane {content of n-butyllithium 3.66 mmol) were
placed into the polymerization reactor, and a polymerization reaction was
initiated.
The copolymerization reaction of 1,3-butadiene, styrene,
bis(diethylamino)methylvinylsilane, and 4-bis(frimethylsilyl)aminostyrene
30  was performed for 2 hours at a stirring rate of 130 rpm and a temperature in
the polymerization reactor of 65°C while 1,3-butadiene and styrene Were

continuously supplied into the polymerization reactor. The amount of
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1 EIonga}ion at | break 410 450j 460 320 [Table 2) i Example 2 Comparative Example 4 Mooney
viseosiy 283828 39.0 Vinyl binding! mol% ! 59.0 amount 55.5 Content of styrene unit

1,3-butadiene supplied was 205 g and the amount of styrene supplied was 65
g. In the total amount of monomers which were placed and supplied into
the polymerization reactor, the amount of 4-bis(trimethylsilyDaminostyrene
placed was 0.16% by weight, and the amount of
bis(diethylaminolmethylvinylsilane placed was 0.14% by weight.

<

To the polymer solution was added 10 ml of a hexane solution
containing 0.5 ml of methanol, and the polymer sclution was stirred for §
minutes. Then, to the polymer solution were added 1.8 g of
2-tert-butyl-6-(3-tert-butyl-2-hydroxy-5-methylbenzyl)-4-methylphenyl

10  acrylate (trade name’ Sumilizer® GM, manufactured by Sumitomo Chemical
Co., Ltd.) and 0.9 g of pentaerythrityltetrakis(3-lanrylthiopropionate) {trade
name: Sumilizer® TP-D, manufactured by Sumitomo Chemical Co., Ltd.)
a.nd, then, the polymer sclution was evaporated at room temperature over 24
hours, and further dried at 55°C for 12 hours under reduced pressure to

15 obtain a polymer. The evaluation results of the polymer are shown in Table
3. '

Then, 100 parts by weight of the resulting polymer, 78.4 parts by
weight of silica (trade name: Ultrasil® VN3-G, manufactured by Degussa),
6.4 parts by weight of a silane coupling agent (trade name: Si69®,

20 manufactured by Degussa), 6.4 parts by weight of carbon black (trade name:
Dia Black® N339, manufactured by Mitsubishi Chemical Corporation), 47.6
parts by weight of an extender oil (trade name: JOMO process NC-140,
manufactured by Japan Energy Corpor&tion), 1.5 parts by weight of an
anti-aging agent (trade name: Antigen® 3C, manufactured by Sumitomo

25  Chemical Co., Ltd.), 2 parts by weight of stearic acid, 2 parts by weight of
zinc flower, 1 part by weight of a vulcanization accelerator (trade name:
Soxinol® OZ, manufactured by Sumitomo Chemical Co., Ltd.), 1 part by
weight of a vuleanization accelerator (trade name: Soxinol® D,
manufactured by Sumitomo Chemical Co., Ltd.), 1.5 parts by weight of a wax

30 (trade name: Sunnoc® N, manufactured by OCuchi Shinko Chemical
Industrial Co., Ltd.), and 1.4 parts by weight of sulfur were kneaded with a

laboplast mill to prepare a polymer composition. The resulting polymer
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| wt% 24.3 24.5 Molecular weight distribution 1.09 1.06 Fuel cost-saving properties tan5 (70C) 0.135
0@ 16fgation at break 400 420 [Table 31

composition was molded into a sheet with a 6 inch roll, and the sheet was
heated at 160°C for 45 minutes for vulcanization to prepare a vulcanized
sheet. The evaluation results of physical properties of the vulcanized sheet
are shown in Table 3.

5 Comparative Example &

The interior of a polymerization reactor made of stainless steel
equipped with a stirring device having an internal volume of 5 L was washed,
dried and replaced with dry nitrogen. Then, 2.55 kg of industrial hexane
(density 680 kg/m?), 137 g of 1,3-butadiene, 43 g of styrene, 1.52 ml of

10 tetrahydrofuran, 1.18 ml of ethylene glycol diethyl ether, and 0.70 g of
4-bis(trimethylsilyllaminostyrene were placed into the polymerization
reactor. Then, 8.81 mmol of n-butyllithium was placed as a n-hexane
solution into the polymerization reactor, and a polymerization reaction was
initiated.

15 The copolymerization reaction of 1,3-butadiene, styrene, and
4-bis(trimethylsilyllaminostyrene was performed for 2 hours at a stirring
rate of 130 rpm and a temperature in the polymerization reactor of 65°C
while 1,3-butadiens and styrene were continuously supplied. The amount
of 1,3-butadiene supplied was 205 g and the amount of styrene supplied was

20 65g. Inthe total amount of monomers which were placed and supplied into
the polymerization reactor, the amount of 4-bis(trimethylsilyDaminostyrene
placed was 0.18% by weight.

To the plolymer solution was added 10 ml of a hexane solution
containing 0.5 ml of methanol, and the polymer solution was stirred for 8

256  minutes. Then, to the polymer solution were added 1.8 g of
2-tert-butyl-6-(3-tert-butyl-2-hydroxy-5-methylbenzyl)-4-methylphenyl
acrylate (trade name: Sumilizer® GM, manufactured by Sumitomo Chemical
Co., Ltd.)) and 0.9 g of pentaerythrityltetrakis(3-laurylthiopropionate) {trade
name: Sumilizer® TP-D, manufactured by Sumitomo Chemical Co., Ltd.)

30  and, then, the polymer solution was evaporated at room temperature over 24
hours, and forther dried at 55°C for 12 hours under reduced pressure to

obtain a polymer. The evaluation results of the polymer are shown in Table
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Example 3 Comparative Example 5 Mooney viscosity 54.050.0 | Vinyl binding ' amount 0l% 59.3 58.6
ComtBeft BH88rene unit wi% 22,4 23.5 | Molecular weight distribution 1,10 1.09 , Fuel cost-saving 1
properties '

10

20

Then, 100 parts by weight of the resulting polymer, 78.4 parts by
weight of silica {trade name: Ultrasil® VN3-G, manufactured by Degussa),
6.4 parts by weight of a silane coupling agent {trade name: Si69®,
manufactured by Degussa), 6.4 parts by weight of carbon black {trade name:
Dia Black® N339, manufactured by Mitsubishi Chemical Corporation), 47.6
narts by weight of an extender cil (trade name: JOMO process NC-140,
manufactured by Japan Energy Corporation), 1.5 parts by weight of an
anti-aging agent (trade name: Antigen® 3C, manufactured by Sumitomo
Chemical Co., Ltd.), 2 parts by weight of stearic acid, 2 parts by weight of
zinc flower, 1 part by weight of a vulcanization accelerator (trade name:
Soxinol® CZ, manufactured by Sumitomo Chemical Co., Ltd.), 1 part by
weight of a vulcanization accelerator (trade name: Soxinol® D,
manufactured by Sumitomo Chemical Co., Ltd.), 1.5 parts by weight of a wax
(trade name: Sunnoc® N, manufactured by Ouchi Shinkoe Chemical
Industrial Co., Ltd.), and 1.4 parts by weight of sulfur were kneaded with a
laboplast mill to prepare a polymer composition. The resulting polymer
composition was molded into a sheet with a 6 inch roll, and the sheet was
heated at 160°C for 45 minutes for vulcanization to prepare a vulcanized
sheet. The evaluation results of physical properties of the vuleanized sheet

are shown in Table 3.
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1 tan5 (70C) 0.130 0.188 | Elongation at break % 390 355 WT-IAT IS CLAIMED IS; 1. A conjugated
digtipad®didolymer having a monomer unit based on a conjugated diene, a monomer unit based on
a compound represented by the 5 following formula (1) and a monomer unit based on a compound
represented by the following formula (2); wherein PL11 represents a hydrogen atom or a hydrocarby!
group, m is an integer of 0 or 1, R12 represents a hydrocarbylene group, and Xl, X2 and X3 each
independ€ftliedpresent a substituted amino group, or a hydrocarbyl 10 group optionally having a

substituent, provided that at leastfensis(1, Szrangads a Sobamtatideamihoypeuptive
1 Example 1 Example 2 Exsmple 3
zgg;‘ify 53.0 38.9 40.7 45.3
Vinyl binding | pyolos | 58.7 58,9 58.5 57.4
;;‘;Z;‘jgiﬁ wit% | 24.1 24.5 23.9 924.1
Molecular
weight - 1.11 1.13 1.08 1.08
distribution
Fuel
;‘f;g:ﬁ;’;e‘;g 0.130 0.194 0.199 0.124
tand {70°C)
plongation 8t g, 41 450 460 320
[Table 2]
Example | Comparative
2 Example 4
Mooney viscosity | - 50.6 38.0
g‘g’iinmg mol% | 59.0 55.5
gggtent of styrene | ior 24,3 24.5
Molecular weight | _
distribution 1.08 1.08
Fuel cost-saving
properties - 0.135 0.216
tand (70°C)
grlg:ﬁatmn at % 400 420
[Table 8]
Example | Comparative
3 HExample 5
Mooney viscosity |- 54.0 50.0
Zifgiﬁ;nmg mol% | 59.3 58.6
Sgir::tent of styrene wi% | 22.4 03 5
Molecular weight
distribution 1.10 1.09
Fuel costrsaving
properties - 0.130 0.188
tand (70°C)
Eig;iatlon at 9% 390 355
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wherein R21 represents a hydrogen atom or a hydrocarbyl group, n is an integer of O or 1, R22
represents a hyd.rocarbylene group, and A represents a substituted amino group, or a
nitrogen-containing heterocyclic group. 15 2. The conjugated diene-based polymer according to claim
1, wherein m in the formula (1) is 0. 3. The conjugated diene-based polymer according to claim 1,
wherein R21 in 20 the formula (2) is a hydrogen atom, n is 1, R22 is a group represented by the
following formaial (2FY s andumvsta suhstituted amino group; wherein r is an integer of O to 5 and, when
ris an integer of 1 to 5, (C112), is a substituent on a benzene ring, and (CH2), bonds to A and, when r
is 0, (CH2), represents a bond between a benzene ring and A. 5 4. The conjugated diene-based
polymer accofdingteoctpips tdniereih thedvinyd berding:amauntahthe-conjugated diege-based
polymer is 20({5&%]1% oI mare aenoell 70 mol% %rn!%sgé relative to the content of 100 mal% of a monomer
unit based on a corjugated diene, 10 5 The tonjagatetfdleeiBasad PoRFtRS“AeEdHIHRF o claim 1,
wherein the céntertag domonéniét anit basexborea coinpeunad sepresenied:hy therfeenula (1) is 0.01 to
20% by weight, and thesentertgfaimenomer unit based on a compound represented by the formula
(2) is 0.01 to 20% by weight, relative to 100% by weight of the conjugated diene-based polymer. 15 6.
A conjugated flene-based polymer comgosition comprising the conjugated diene-based polymer
according to claifm, 1 and-4 reinforcing Zgent, wherein the content of the reinforcing agent is 10 to 150
parts by weight pér 100 parts % Weight of the_conjugated (fl)iise-based polymer. 7. The conjugated
diene-based pdlymer compoBi %B]jgctﬁlmnéﬁ'?o claim 6, wherein the composition comprises silica and
carbon black as the reinforcing agent, égd the weight ratio of the content of silica to the content of
carbon black (content of silica content¥f carbon black) is 2 1 to 50:1. 8. A process for producing a
conjugated diene-based polymer comprising polymerizing a monomer component containing a
conjugated digteraictiipepneseepresanteddey: the fallovdng uwnua;(lhang agempound represented
by the followin ith an_alkali metal catalyst jn a hydrocarbon sglvent; 5 wherein Rh
represents a ﬁgﬁ%ﬁeﬁ@gﬁn\%?‘ al?hrg/9 Fggg%%aglrlg&%?%n%ﬁéy eélrgl‘%rﬁli%’ t’ae’ﬂ)@%eﬁté ﬁq‘i}ya‘r‘o’ocarbylene
group, and XIe3E andexsrsifettin depemsdentsrdptesentiasubstituted amiahgioupaara hydrocarbyl
group optionaliy.np\ipe nsuRshiient PLadee Al 3LIcast 9160 X1 X2A04XS @ ubstituted amino

roup; . . ;
group and X° is a substituted amino group;

H R.’Z.l

>:< (2)

H R, —A

wherein R represents a hydrogen atom or a hydrocarbyl group, n is an
integer of 0 or 1, R?2 represents a hydrocarbylene group, and A represents a

substituted aminc group, or a nitrogen-containing heterocyclic group.

2. The conjugated diene-based polymer according to claim 1, wherein m in
the formula (1) is 0.

3. The conjugated diene-based polymer according to claim 1, wherein R?! in
20 the formula (2) is a hydrogen atom, n is 1, R#2 is a group represented by the

following formula (2-Y), and A is a eubstituted amino group;
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10 R21- (3.22)n___ A (2) wherein R21 represents a hydrogen atom or a hydrocarbyl group, nis O
or 1, R22 represents a hydrocarbylene group, and A represents a substituted amino group, or a
nitrogen-containing heterocyclic group. 15 9. The process for producing a conjugated diene-based
polymer according to claim 8, wherein R11 in the formula (1) is a hydrogen atom and m in the formula
(1) is 0. 10. The process for producing a conjugated diene-based polymer according 20 to claim 8,
wherein R21 in the j6fftda (2) is a hydrogen atom, nis 1, R22 is a group represented by the following

O
formula (2-Y), and/A is a sulstituted amino group; (7 Y ICH2)r wherein r is an integer of 0 to 5 and,
when r is an integet 3, (CH2),is a substltuent enzene ring, and (CH2), bonds to A and,
whenris 0, (CH2), £n @b@")g—beﬂveen a benzene ring and A. CONJUGATED DIENE-BASED
POLYMER, CONJUGATED DIENE-BASED POLYMER COMPOSITION, AND PROCESS FOR

PRODUCIN%&;@ME}%BEBteger of 0 to 5 and, when r is an integer of 1 to 5, (CHy):1s a
substituent on a benzene ring, and (CHy); bonds to A and, when r is 0, (CHy):

represents a bond between a benzene ring and A.

ot

4. The conjugated diene-based polymer according to claim 1, wherein the
vinyl bonding amount of the conjugated diene-based polymer is 20 mol% or
more and 70 mol% or less, relative to the content of 100 mol% of a monomer

unit based on a conjugated diene.

10 5. The conjugated diene-based polymer according to claim 1, wherein the
content of a monomer unit based on a compound represented by the formula
(1) is 0.01 to 20% by weight, and the content of a monomer unit based on a
compound represented by the formula (2) is 0.01 to 20% by weight, relative to
100% by weight of the conjugated diene-based polymer.

15
6. A conjugated diene-based polymer composition comprising the
conjugated diene-based polymer according to claim 1 and a reinforcing agent,
wherein the content of the reinforcing agent is 10 to 150 parts by weight per
100 parts by weight of the conjugated diene-based polymer.

20
7. The conjugated diene-based polvmer composition according to claim 6,
wherein the composition comprises silica and carbon black as the reinforcing
agent, and the weight ratio of the content of silica to the content of carbon
black (content of silica : content of carbon black) is 2 1 to 50 : 1.

25
8. A process for producing a conjugated diene-based polymer comprising

polymerizing a monomer component containing a conjugated diene, a
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DIENE-BASED POLYMER 5ABSTRACT OF THE DISCLOSURE Disclosed are a conjugated
diene-based polymer from which a polymer composition excellent in fuel cost-saving properties and
elongation at break can be obtained, a polymer composition containing the conjugated diene-based
polymer and a reinforcing agent, and a process for producing the conjugated diene-based polymer. 10
There is provided a conjugated diene-based polymer having a conjugated diene unit, a monomer unit

based on a compound E%BE%%@HESQ Mﬂs fal &)M f&rmg (D) 2nd 2MARBMEE unit based on a

compound represented by the following formu a( . Wherein Rl represents a hydrogen atom or a
hydrocarbyl ﬁ?ﬁﬁ‘f)serﬂt%d(gﬁrﬂie ol veprkammy s hydretamyebedmeamdalyskmahd X3 each
independentlyyiaprestbhadibsubstituted amino group, or a hydrocarbyl group optionally having a
substituent, provided that at least one of XI. X2 and X3 is a substituted amino group. wherein R2'
represents a hydrogen atom or a hydrocarbyt group, nis 0 or 1, R22 represents a hydrocarbylene
group. and Apepresents asuibstituted amino group, or a nitrogen-containing heterocyclic group. 20

(No suitable flg%e):< }!&1 (1)

H <R%M—§—X2
X3

5  wherein R represents a hydrogen atom or a hydrocarbyl group, m is 0 or 1,
R32 represents a hydrocarbylene group, and X!, X2 and X8 each
independently represent a substituted amino group, or a hydrocarbyl group
optionally having a substituent, provided that at least one of X1, X2 and X8 is
a substituted amino group;

10

o R2
>:< (2)
H R*),—A
wherein R2! represents a hydrogen atom or a hydrocarbyl group, nis O or 1,
R represents a hydrocarbylene group, and A represents a substituted

amino group, or a nitrogen-containing heterocyclic group.

15. 9. The process for producing a conjugated diene-based polymer according to
claim 8, wherein R in the formula (1) is a hydrogen atom and m in the

formula (1) is 0.

10.  The process for producing a conjugated diene-based polymer according
20 toclaim 8, wherein R?! in the formula (2) is a hydrogen atom, nis 1, R22is a
group represented by the following formula (2-Y), and A is a substituted

amino group;
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/ (2-Y)

wherein r is an integer of 0 to 5 and, when r is an integer of 1 to 5, (CH2),is a
substituent on a benzene ring, and (CHsa), bonds to A and, when r is 0, (CHz),

represents a bond between a benzene ring and A.
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