Our Ref 561320 CONJUGATED DIENE-BASED POLYMER, CONJUGATED DIENE-BASED
POLYMER GOMPOSITION, 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 OF THE INVENTION 10As a rubber composition for an automobile tire, a rubber

composition containing a conjugated diene-basedﬁﬁlymer such as polybutadiene or a
butadiene-styrene CQM &8 rm&géé iBQEHMER, Uﬁéﬂ%@mith increased

concern about ameRWREEED wolsR e dismens pf feshcostispRGPTRRR iRg QN an
automobile have 15 been increasing, and a rubber composition used in a tire for an automobile has

also been required to%@&@é%nqwg%% Pr EEEB.ASEBOPM%S 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

butadiéhe, styrene, and dimetRyPARTABHSTSASAR 18 ARyt ARRILFAAe hdieRpRAReion initiator,
and a polymeil eeapasiia eenainmeibepebdnaiiant cathen Maskn) Bl 141 40dds s proposed a

conjugated diene-hased polymer in which gne end aqf a polymer obtained by copolymerization of
butadiene WM&%%%@W%%W& 295 RUAS B ation initiator is modified with

bis(dimethylamino)methylvinylsilane, and a polymer composition.of the polymer and carbon blgck.
conjugated diene-based polymel WAL S oRLh) S GXSRctory n el costoming
propetties and elongatiomabreakmposition for an automobile tire, a rubber composition
containing a conjugated diene-based polymer such as polybutadiene or a
butadiene-styrene copolymer and a reinforcing agent is used.
In recent vears, 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 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 has proposed a polymer obtained by living anion
20  polymerization of butadiene, styrene, and dimethylaminomethylstyrene
using alkyllithium as a polymerization initiator, and a polymer composition
containing the polymer and carbon black. JP-A 1-217011 has proposed a
conjugated diene-based polymer in which one end of a polymer obtained by
copolymerization of butadiene and styrene using alkyllithium as a
25  polymerization initiator is modified with
bis(dimethylamino)methylvinylsilane, and a polymer composition of the

polymer and carbon black.

SUMMARY OF THE INVENTION
30 However, polymer compositions using the above conventional
conjugated diene-based polymer were not necessarily sufficiently

satisfactory in fuel cost-saving properties and elongation at break.
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Our Ref: 561320 Under such circumstances, an object of the present invention is to provide a
conjugaied skerr-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 5 polymer and a reinforcing agent, and a process for producing the conjugated
diene-based polymer. A first aspect of the present invention relates to a conjugated diene-based

polymer having a mer unit hased on a conjugated diene, a monomer unit based on a compound
represented by th?‘%?f%\?ﬁnsd’%’rﬁ%ﬁfélf&?tf@‘é% | SFHé%e & LSS U RVERHSE S Pepresented by
the followingfoviddla Gomfrsted didRdDaBidebivheseifrHin rebickenisodyiydregenigmo a
hydrocarbyl groyp, m.is an integer of.0 or 1, R12 represenfs a hydrocarbylene group, and XI, X2 and
X3 each in&%&ﬁ%@%f? %ﬁie t 5 S HHBE &M B?Sﬁﬁ%%ggﬁ’ﬂ% ‘%r’gLijgup optionally
having a sutdistitimeed, provideddhabaipdeasicaneaftXiniXg ehd Xhisgsuidisiedamedo group.
wherein R21 represents,a hydragen atom or. a hydrocarbyl group, n is an integer of 0 or 1, R22
reprosdts BITH LA e TP A o bid B e Pt R gy e ted
nitrogen-codiaiminpasetemdyetiexgroup. 20A second aspect of the present invention relates to a
conjugated diene-basgd Pt SPTROSHRSPIREIA S PRl 93 ignginggod pobymer and a
diene-based polymer having a monomer unit based on a conjugated diene, a
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 RY

e

H (R”)mmSEi_Xz
3
wherein R represents a hydrogen atom or a hydrocarbyl group, m is an
integer of 0 or 1, R!2 represents a hydrocarbylene group, and X!, X2 and X3
each independently represent a substituted amino group, or a hydrocarbyl
15  group optionally having a substituent, provided that at least one of X1, X2

and X3 1s a substituted amino group.

Ly RZI

>:< (2)

H R*),—A

wherein R2! 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 amino group, or a nitrogen-containing heterocyelic group.

20 A second aspect of the present invention relates to a conjugated
diene-based polymer composition comprising the conjugated diene-based
polymer and a reinforcing agent.

A third aspect of the present invention relates to a process for



A third aspect of the present invention relates to a process for Our Ref. 561320 producing a
conjugates skerya-based polymer comprising polymerizing a monomer component containing a
conjugated diene, a compound represented by the above formula (1) and a compound represented by
the above formula (2) with an alkali metal catalyst in a hydrocarbon solvent. 5According to the present
invention, there can be provided a conjugated diene-based polymer from which a polymer composition
excellent in fuel cost-savin ,propegti s and elon ati?n at break can be oglfgined, a polymer

compositio & ‘fﬁ?r’i’iﬁd‘tﬁ%%éﬁﬁﬁfﬁ Gfe RES5AS B BN I EP BT S PO ST HgE™8 And a process for

producing theveonikgalies sienrerbaseth 10 POy Peh; i TALELRES MBI £abrEsd:INYENTION
The conjugated diene-based pal r of the present invention is a ¢conjugated dieng-based polymer
naving & mONGHREARTY GAGEE 04 ALt S B0 U RRE B SRR P62 Bri e i bound
representedD)yvikh fatioxting fenmudhddda Bré mmdnainesartibhassedart a compound represented by

the follgwing formula (2). .. wherein R11 represents a hydrogen atom or a hydrocarbyl group, m is an
20 integer of 0 or 1, i&%ﬁ%ﬁ%ﬁ%é’ﬁ ié?a’ﬁgﬁé’%rﬁ}ﬁg}“%ﬁ&&??%%’ﬁyéd ach independently

represent aceutjatitied diminrotgresh pohadwdincarkyh@io wpeitianal lydmpngtiosubsiitient, provided
that at least 00g 91 Sk 2408 15 S AP RIS AP0 10U, BT (REDNA e, o
polymer composition containing the conjugated diene-based polymer and a
reinforcing agent, and a process for producing the conjugated diene-based

10  polymer.

DETAILED DESCRIPTION OF THE INVENTION
The conjugated diene-based polymer of the present invention is a
conjugated diene-based polymer having a monomer unit based on a
15  conjugated diene, a monomer unit based on a compound represented by the
following formula (1), and a monomer unit based on a compound represented

by the following formula (2).
H RI i

= ¥ (1)

H (R“)mms;»wxz

wherein R represents a hydrogen atom or a hydrocarbyl group, m is an
20  integer of 0 or 1, B2 represents a hydrocarbylene group, and X%, 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 1s a substituted amino group.

H RZI

>m_< (2)

H (R*),—A



(2) Our Ref 561320 wherein R21 represents a hydrogen atom or a hydrocarbyl group, n is an integer
of 0 ondrRAR1Bepresentsa hydrocarbylene group, and A represents a substituted amino group, or a
nitrogen-containing heterocyclic group. Herein, the hydrocarbyl group represents a hydrocarbon
residue. 5 The hydrocarbylene group represents a divalent hydrocarbon residue. The
nitrogen-containing heterocyclic group represents a group obtained by removing one hydrogen atom

from a carbon atom heterocyclic ring,of a compound having a nitrogen-containing hetrocyclic ring,
and the it ST nTRE HHGE R FHREFLPACEES 2 YEREAING FRER G S nitrogen atom

as a heteroatosmpeoosdiitoting &¥ngpresditamiied afdhehednjuggiedidienalinclegeckS:bsitadiene,
isoprene, 1,3@&}?%22& 2,3-dimethy1-1,3-butadiene, %L?{d l,3-§?xadiene and one or more kinds of
them are usStDSTHEWShATGRRCRARHR: & G SHFSTR COMRNHBR S TR RHEHER 1 in the formula
(1)Ir%presents Tt hydfeg@'mgthmfy&;ﬁn&:h‘@ﬁhgwL@r@iuprefsixﬁsﬁrhoj’d?watﬁﬁrhgw@i@hwyl Igroup of lin
include.an r and an alkenyl group. Examples of.the roup include.a met roup, an
i L i R SR R R e
te"rt-butyl grniimo@esafemﬁtﬁl 'islmgmuteybgd pmiluz %ﬂﬁ@ﬂptﬁ&@éﬁl&aﬂ(gmy&grohmm tlideya vinyl grofup, tz)aln
ally' group, a 1-propen oup, and a 1-methylethenyl group. Preferable is a vinyl group. is preferably
A hyarogen S B R B A S e s TR RGeS R RE o iz
include an alkylene@b yreipg anratytee groumiangeahgteopsinlighichean mdyteae group and an
alkylene group_ are bonded. . Examples of the alkylene group include a methylene group, an
ethylene grc%%o nd é}c{ﬁ%&éﬂ%ﬁ%ﬁnlﬁgerlgﬁ ¢ %(r:e]:flel}gglg |§ege(r%hlg%h§/;§ﬁlceea?8ﬁéﬂgrr§n%@h%/%é%%p%roup.
30Exdf ples vt tige mptene oy eubdimiosim possylent ggoupiagnaphthylene group, and a biphenylene

group. Preferable lsﬁgcgpnepr%lgg§ e %Qﬁjugated diene include 1,3-butadiene, 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 Rl 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  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.

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

Examples of the hydrocarbylene group of R'2 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 ethylene group.

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

group.



Our Ref. 561320 Examples of the group in which an arylene group and an alkylene group are
bonded meluglas group in which a phenylene group and an alkylene group are bonded, a group in
which a naphthylene group and an alkylene group are bonded, and a group in which a biphenylene
group and an 5 alkylene group are bonded. In addition, it is preferable that the group in which an
arylene group and an alkylene group are bonded is such that a carbon atom of the alkylene group is
bonded to the silic?}% atom in the formula (1). Examples of the group in which a phenylene group and

an alkylene 10 gro KBS %’f?n%m}f@rﬂélaf BRFUNFHERIR parhaihakkidarealkylene group
(e.g., a groypdeapresehesiby hefelowingdapidlatiaoh a pietakeryienalyiens group (e.g., a

group represgnted by the followjng formula (Ib)), and an prtho-phenylene-alkylene group (e.g., a group
represented® %@‘?Cﬁmﬁiﬂ@?&hﬂﬂé)ﬁ)ﬁ gr%ﬁ’e%iW%‘ng?eE@ﬁ%%ﬁli%g@%pﬁBdl@p Our Ref

561320  alkhtgeogninpwhiehandaryemel oreupanthaniaikllans gieupaie keadedispreferably a

group ip whi henylene group and.an alkylene group are bonded, more preferably a group
repres nte&igfwg%ﬁg\)/%cﬁ%ﬁtﬁa?f%%r a group represented by the above formula (Ib), further

preferably a 5 paraiphedylieia:metkybené gable eagroup geptesentetion the fesmuita daddp which g =
1), a meta-phepylene:methylene group (a group represented by the formula (Ib).in which g = 1), a
para-phenyf&h -%fh%jl—%ﬂ eﬁ%%oéﬁ%%éﬁé?gsj@n%gﬁibﬁﬁé %gﬁ{hgﬁlﬁf?ﬁr‘vﬂ'ﬁgﬁ%ﬁ— :'?}I,e&ea
meta-phenyesepeihylenécgrdup{a gilicprepsesentdeblfythedbrrwla (Ib) in 10 which q = 2).
When Rh is a hydragen atom or.a.methyl group.and mis 1, R12 is preferably a gr in which an
arylene group and ﬁng?ﬁ%%seogf%ﬂep rrae/uégoln %&1%?? &P 8%?(%8%3@%%2%&?3%r0up in
whichld phenyepere bonded (phenylene-alkylene group) include a

para-phenylene-alkylene group {e.g., a group represented by the following

formula (1a)), a 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¢)).

(La)
(CHE)qm
(CHz)

q
(1b)

15

(CHE)q—

(1c)

wherein g represents an integer of 1 to 10.



group and an alkylene group are bonded, or a phenylene group, further 15 preferably a phenylene
groupur ref: 3M3esn R11 is a vinyl group and mis 1, R12 is preferably an alkylene group, more
preferably a methylene group or an ethylene group. In the formula (1), preferably, R11 is a hydrogen
atom and m is 0. Examples of the hydrocarbyl group optionally having a substituent of 20 X1, X2 and
X.3 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
alkynyl group, an aryP§retiI M Hhi f) A5 l55EEamBI 8 S AR K LG BPOMBIAZR a methyl group,

an ethy! groiga 25da N YA BIOUP g AELIS AR RIMCEN 8 YhehRTRWY IHAUP o & $eGTRULY L, and a
tert-butyl group. Examgles of the alkenyl group include a vinyl group, an allyl group, a 1-propenyl

group, and EPXREARSIBERARA- GRS, IERARTBRY G BERUIEART Gist e himdEaARaRsdoTErBlb and a

propargyl glaup, Exapriep obihe antaaoup thelubea Phamyiieroup), FuetHarauiaagie xylyl 30
group. Examples

oreterably MAUHE A CrOST ELCHAAERLEr (T GE By el P ol A BHJE b of X, X2
Our Ref: 564326haqe: XB nelude-akexyddnd -gietipsisueas i Getheogmmeihd aretid Byngthoxyethyl
Paing  nCTETRONE S B 0b e BN GRS oGESan Bap
dimethylamirpmaihyt&l drpubeafsimetay(anitaatiitirgup 2 dethylaminoethyl group, and a
3 include (AT TERTSHSUB BAE 0 P A DTS Grou, LA group, 8
triethyl$ilyInvebiighareup).and a 10triethylsilylethyl group. The hydrocarbyl group optionally having
a substituent of X, 2 andeX 3, 0aS TG IRIabN A2 10 QG RIFTEraby 1ng maarhopatgms.
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 a_nd an alkylene group are bonded, or a phenylene group, further
15  preferably a phenylene group.
When R 1s a vinyl group and m is 1, R12 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 O.
Examples of the hydrocarbyl group optionally having a substituent of
20 X1, X2 and X3 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 alkynyl group, an aryl group, and an aralkyl
group. Examples 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 tolyl group, and a xylyl
30 group. Examples 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
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The hydrocarbyl group optionally having a substituent of X1, X2 and X3 is preferably an alkyl group or
an alkgxyalkyl grpup. 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 alkoxyalkyl group
having 2 to 4 carbon atoms The substituted amino group of X1, X2 and X3 is preferably a group
represented by the following formula (1-X). RH N-R" (1-X) 20 wherein R13 and R14 each

represent a hydroscarb | group, or a trihydrocarbylsilyl group, or R13 and R14 are bonded to represent
a hydrocartyiéne g%?f/b“g% YHEVI G 16 SYEH 8 i BSERPESHSR R 8s a hetero atom, or

R13 and Rideate,epeBauRoand 4ePseReR) & SIRYDWHIGH hendls do-aryirpaer Rigyith a double
bond. 25Examples of the hydrocarbyl group of R13 and R’ include an alkyl group, an alkenyl group, an

alkynyl group, an afyFgraR[E st AR BrdkFaFBub SERAMBREBE th & HKYBEROHP thde arhethyl group,
ot by Gt EAamplos i 1 alkemmy o1oup melcHo m vl rocr oot Ref_ Eo1350 il

tert-butyl group. Examples of the alkenyl group include a vinyl group, an Our Ref. allyl group,
a 1-pro%enﬁr§’%p? %@Y&?@ﬂ}ﬁ%ﬂ%ﬁ |@§%{?p.aeii&ﬁ%ri§%+m@%@@%&mﬂaude an ethynyl
group and e eyl Examples of the aryl group include a phenyl group, a tolyl group, and a

xylyl group. Examples of the aralkyl groyp include a benzyl group. 5The hydrocarpyl group of R13 and
R14 has preferably XE%IEB,er?\8?&%?%@%@9@#5&%’?8}{“g’r%‘@?&rﬁtﬁ 1£98 3TN atomns.

and X3 include tralkylsilylalkyl groups such as a trimethylsilylmethyl group,
a trimethylsilylethyl group, a triethylsilylmethyl group, and a
10 triethylsilylethyl group.
The hydrocarbyl group optionally having a substituent of X!, X2 and
X3 has preferably 1 to 10, more preferably 1 to 4 carbon atoms.
The hydrocarbyl group optionally having a substituent of X!, X2 and
X3 is preferably an alkyl group or an alkoxyalkyl 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
alkoxyalkyl group having 2 to 4 carbon atoms.
The substituted amino group of X1, X2 and X3 is preferably a group
represented by the following formula (1-X).

R13
|

R —] WRM ( 1-X )

20  wherein R1% and R™ each represent a hydrocarbyl group, or a
trihydrocarbylsilyl group, or R* and R*4 are bonded to represent a
hydrocarbylene group optionally having a nitrogen atom and/or an oxygen
atom as a hetero atom, or R!3 and R!4 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!3 and R'4include 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 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



The hydrocarbyl group of R13 and R14 is preferably an alkyl group, more preferably a linear alkyl
groupur Ref: sdcxamples of the trihydrocarbylsilyl group of R13 and R14 include 10trialkylsilyl groups
such as a trimethylsilyl group, a triethylsilyl group, a triisopropylsilyl group, and a tert-butyldimethylsilyl
group. The trihydrocarbylsilyl group of R13 and R14 is preferably a trialkylsilyl group haying 3 to 9
carbon atoms, more preferably a trialkylsilyl group in which an alkyl group bonded to a silicon atom is

an alkyl gr 5 haying 1 to 3 carbon atoms, further preferably a trimethylsilyl group. Examples of the
hydrocarbyl%ﬁgJl oPtibRARY HAVH R %\Wtr%ﬁér?a?tdﬁ’?ié}ﬁﬁ%ﬁé@&ﬁéﬁ%to X3mMefP6 atom in

which R13 ghd Rk4ave hendethirlcdden W@@@r@dapeam@@peobﬁg@qagbwme group haying a
nitrogen at and.a h%%lﬁcarbyiene group.haying an oxygen atom. 20 Examples of the

nydrocarbylSARISH Hllae SHAERE B RS foR B ETAYES SHOURE bhnal & Woup, a
tetramethylgmelgfou@m@@j@@e&h@e@gg@vgraﬁ@ mbm@mwgye greup. Examples of the

hydroc rbylene gro gen ato gude p represented iy %HZCHZ NH-CH2-, a
group presented é@‘%ﬁ&gg gfmépg? g) 36%5 Hrﬁ?@éﬁ—éﬁ: 'RAEHLAd a group
representecbbgfe@drtﬂﬁﬁiZcNi-Iﬁkﬂ@ﬂﬁremmmast@fihﬁhbdfpﬁa:rhyéene group haying an oxygen
atom include a gro entaz%) r¥| CllZCé—Ilé E{ r}%?grou%i% hich R13 and R14
are bonded has pre ShetE Pieteribiy 2 r%f% %‘grb%n atoms.
30The hydrm@ydeefezgrbl;paohmaala/lhﬁ}ymam|trogen atom and/or an oxygen atom as a hetero

atom in which R13 %f'd R1 are % is refer li)ydrocarb%/ % ?ﬁ"i more referably an
alkylene group, Our RS i%? Orthe) 1%%?35 Sﬁ%é)t‘h?n% te) é) Ies of one

grouplih whichaR&8ahd &bcuberadab amﬁr&gm&bﬂsﬂwi@a@wb&et%ﬁyimﬂgﬂ%hy@oearbylidene

9roups Suc) g A MRS AIGHP A FIORESIARNR AP govp. @ 1-methyiethidene
The trihydrocarbylsilyl group of R'® and R!4 is preferably a

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

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 -CH2CH2-NH-CHz-, a group represented by -CHsCHs-N=CH-, a group

25  represented by -CH=CH-N=CH-, and a group represented by
-CH2CHa-NH-CH2CHz-. Examples of the hydrocarbylene group having an
oxygen atom include a group represented by -CH2CHy-O-CH2CHo-.

The group in which R!3 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 R are bonded is

preferably a hydrocarbylene group, more preferably an alkylene group,

8



5 a 1-methylpropylidene group, and a 1,3-dimethylbutylidene group. The one group in which R13
and Bl4:zbersl fasa nitrogen atom with a double bond has preferably 2 to 20, more preferably 2 to 6
carbon atoms. R13 and R14 are preferably an alkyl group, a trialkylsilyl group, or an alkylene
group in which R13 and R14 are bonded, more preferably an alkyl 10 group. Examples of the
group represented by the formula (1-X) include a non-cyclic amino group and a cyclic amino group.

Examples of the non-cyclic amino group include a dialkylamino group and a bis(trialkylsilyDamino
group. Exalﬁtﬂé}%%fﬂﬁ%f‘éﬁ'éﬁ@lﬁrﬁﬁ &F@B%Yi%qﬁcﬂﬁ@l‘épa dimethylamino group, a diethylamino group, a

di(n-propybamino gpokma IdiseRERPYhenng 4ratth & ditnautyDagioerauRtA SiaeaHrtypamino
group, a di(tert-butyDamino group, and an ethylmethylamino group. Examples of the

bis trialkylsTEZRikt GhotD Mchiae i dropitap IAK EteRm S BroRD Hidao@n ethylidene
bigt-butyldingestyshypaipinedgitiproup, BXEmpleseftheNon-ayelin ammire GioHRdneluds )
ethylideneamino group, a 1-methylpropylideneamino group, a 1,3-dimethylbutylideneamino group, a
1-meth§leth§dﬁd@?’f'§%¥ HB@?&%%@@%%@H%&%“ FHOBERHNHE @45 8roup. 25Examples of

the cyclic amino graripeipely@ecupaly MetiHeREimD RIToURS 84shasi frd gaaridiny] gHeum a
Lneptamed IGHB R GFoR B8 2 B0 A e SR SYSERT S Ak e Br RS roup, and a
1-dodecamethyleneminm@rappate 30addiibl; axamilepihaipohinelale Bilsnyrolyl, oua, a
2 5y ro RS A B B ol AP S YR Ok &S0 roup.
The group regragented by_ the forrr_lula (2-X) _is preferably a n_on-cyclic qmino group, more preferably a
group. &5 co-prony TN TR0 A AT S ah 408, WGP (raferabiy S Hibnyiamino
group, or a dieiyfahiinmgiougroup Mdeasivehe ati{ho@rang X3 in the formula (1) is a substituted
i grou, e e B K, ESUE3 B1 SIME SMRHBURR R e
and a bis(trialkylsilyDamino group. Examples of the dialkylamino group
15  include a dimethylamino group, a diethylamino group, a di(n-propyl)amino
group, a dilisopropyl)amino group, a di{n-butylamino group, a
di(sec-butylamino group, a di(tert-butyl)amino group, and an
ethylmethylamino group. Examples of the bis(trialkylsilyDamino group
include a bis(trimethylsilyl)amino group and a
20  bis(t-butyldimethylsilyDamino group.
Examples of the non-cyclic amino group include an ethylideneamino
group, a 1-methylpropylideneamino group, a 1,3-dimethylbutylideneamino
group, a I'methylethylideneamino 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-octamethyleneimino group, a
1-decamethyleneimino group, and a 1-dodecamethyleneimino group. In
30  addition, examples thereof include a 1-pyrrolyl group, a 1-pyrazolidinyl
group, a I-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



10Examples of the compound represented by the formula (1) in which Ml is a hydrogen atom and one
of Xlg%Z:angks34s 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-butylamino)diethylvinylsilane. Compounds in which mis 1
(dimethylang#f8}8Bimethy1-4-vinylphenylsilane, (dimethylamino)dimethy1-3-vinylphenylsilane, 25
(diethylamino)dimethyd-gsui l%ﬁ@é@ﬁ%@bgdiﬁ&emg@w(why%ﬁé@@y RYledANS-clic
(di-n-propylamino)dimethy1-4-vinylphenylsilane, (di-n-propylamino)dimethy1-3-vinylphenylsilane,
(di-n-butylaAHiE)RETEHR1 UM kST idHh 8 13l B0 e BFAIR) dimRRHA AR AB Ny Isilane,
(dimethylamipg)dieshyoinyiphenvsiansdimetbylamingdisthylasviny phany/silane,

5  di{n-propyDamino group, or a di{n-butyDamino group, more preferably a
dimethylamino group, or a diethylamino group.

At least one of X1, X2 and X3 in the formula (1) is a substituted amino
group, preferably two or more of X1, X2 and X3 are substituted amino groups,
more preferably, two of X1, X2 and X3 are substituted amino groups.

10 Examples of the compound represented by the formula (1) in which
R is a hydrogen atom and one of X!, 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-butylamino)diethylvinylsilane.
Compounds in which mis 1
(dimethylamino)dimethyl-4-vinylphenylsilane,

(dimethylamino)dimethyl-3-vinylphenylsilane,

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

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

10



Our Ref 561320 (diethylamino)diethy1-4-vinylphenylsilane, (diethylamino)diethy1-3-vinylphenylsilane,
(di-nfRropyaming)diethyl-4-vinylphenylsilane, (di-n-propylamino)diethy1-3-vinylphenylsilane,
5(di-n-butylamino)diethy1-4-vinylsilane, (di-n-butylamino)diethy1-3-vinylphenylsilane. Examples
of the compound represented by the formula (1) in which Rh i is a hydrogen atom and two of XI, X2
and rare dialkylamino groups include the following compounds. 10 Compounds in which m is O:
bis(dimethylamino)methylvinylsilane, bis(diethylamino)methylvinylsilane,

bis(di-n-proWﬁ?ﬁﬂ@)‘#ﬂé{%ﬂW%}Iéh@,ﬂ&&(hﬁﬁéﬂﬁi%ino)methylvinylsilane, 15
bis(dimethy{graingrthvivinuisiiang, Pise aigeetbylvinylsilane,

bis(di-n-pro 1%/_Iamlno)ethylviny silane, bis(di-n-butylamino)ethylvinylsilane. Compounds in which m is 1:
20 bis(dimeE R hemRQdisRhrt e BidedRtnylamino)methy1-3-vinylphenylsilane,
bis(diethyla(ﬂmﬁ)m%wyﬂg@ﬁ@ygggﬁwgl@@ﬁ Risidisthylapino)methy1-3-vinylphenylsilane,
bis(di-n-propylamino methy1-4-_vinylphenylsiﬁ;ne, 25bis(di-n-propylamino)methy1-3-vinylphenylsilane,
bis(di-r@but%iﬁi%}?ﬁ@ﬁ%@-@?ﬁ%é‘iﬁ%&%@(di-n-butylamino)methy1-3-vinylphenylsiIane,
bis(dimethy{ggripgietiiskAninyiptienyisianelihsEimethylamino)ethyl-3-vinylphenylsilane, 30
bis(diethylamino)ethy1-4-vinylphenylsilane, bis(diethylamino)ethy1-3-vinylphenylsilane,.
bis(di-n-propy|amin%éﬁmlam%%ﬂm L [9pFRer st Bpdhe formula (1) in which

R ig a hydrogen atom and two of X1, X2 and X3 are dialkylamino groups
include the following compounds.

10 Compounds in which m 1s 0:
bis(dimethylamino)methylvinylsilane,
bis(diethylamino)methylvinylsilane,
bis(di-n-propylamino)methylvinylsilane,
bis(di-n-butylamine)methylvinylsilane,

15  bis(dimethylamino)ethylvinylsilane,
bis(diethylamino)ethylvinylsilane,
bis(di-n-propylamino)ethylvinylsilane,
bis{di-n-butylamino)ethylvinylsilane.

Compounds in which m is 1:

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

25  bis(di-npropylamino)methyl-3-vinylphenylsilane,
bis(din-butylamino)methyl-4-vinylphenylsilane,
bis(di-n-butylamino)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-propylamino)ethyl-4-vinylphenylsilane,

11



bis(di-n-propylamino)ethy1-3-vinylphenylsilane, bis(di-n-butylamino)ethy1-4-vinylphenylsilane,
bis(di;n-butylamino)ethyl-3-vinylphenylsilane. Examples of the compound represented by the formula
(1) in which 5 RH is a methyl group and two of XI, X2 and X3 are dialkylamino groups include the
following compounds. Compounds in which in is 1:
bis(dimethylamino)methyl-4-isopropenylphenylsilane,
bis(dimethylarnino)methyl-3-isopropenylphenylsilane,. 10

bis(diethylahi)menrgpis éhylp&@hy@namlylsﬂane

b's(d'ethy'aﬁiﬂiﬁifﬂeﬁﬁﬁﬁm@ﬁw'@hﬁﬂ Isilane,
bis(di-n- progx)%lamlno)methyl -4-1so ropeny phenylsilane,

bis(di-n-propies ind)fatiayning BT RHERA gnrgﬁpéane
bis(di-n- butylamlnom%e% BOMORE ﬁ?fw&%#ﬁ‘b%eﬁ%ed by the formula (1) in which

bis(di-n-butylamino)methy1-3-isopropeny Isilane

bis(dinteth ]r]n}ﬁ@éﬂﬁﬁb-ﬁd-%ﬁﬁ%ﬁﬁéhwﬁﬁé@ itade and X2 are dialkylamino groups

bis(dimethyjaminmetty f-Bdseriorsmaphsrysilane,
bis(diethylamino)ethy1-4-isopropenylphenylsilane, bis(diethylamino)ethy1-3-isopropenylphenylsilane,

20 bis(di-n-HopPariAs)atiyhis %6enylphenylsnane
bis(di-n- proﬁiﬂﬁmﬂﬂ@ﬂﬁméh%%é@ﬁ?ﬂﬁﬁgéﬂy@@ﬁﬁphenylsﬂane

bis(di-n-but ino)ethy1-4-isopropenylphenysilane,
bis(di-n- butg Ezﬁ’d%% i“@-}i%gﬁﬁ il%%?éﬁ’%%ﬂﬁﬁ@ IrhemyhaleBethe compound represented by the

formulay (1) HsickhBalRiis) iy 0IoLB s Sw919bXh {2 Bk X3 are dialkylamino groups include
the foIIowm%&ﬁgmpounds (ﬁ{@pounds in which m is 0:

bis(dimethyPARHE R HRERISHS PP pRAYpSARRY silane,

biS(diethylammmrﬁemmia@arﬁﬁm)ﬁ{&%p@ma@ﬁaﬁ@@pﬁ@nymlane,
bis(di-n-propylamino)methyl(1- thyI 2- propenypsn b (dj-n-butylamino)methyla -methylene -
2-propen @ hﬁeprB@( Hﬁe) Ege%h‘?@rﬁ%?ﬁy psilane, Our Ref 561320

bis(diethy|am@(@iaﬂqwﬂyﬁﬁeﬂiﬁ@@@e%@ﬂ0@%b‘9ﬁﬂ§@§ylphenylsxlane
bis(di-n-propyl ,_in ethyl(1-me her e;2-propenypsil %
bis(di-Tbut % rb%%gﬁé%% enylglantiies of the compound represented
by the fOI’mBi@(@hﬂ@ﬁé&bﬂéﬁ;ﬂ;ﬂ@éﬂ@hﬁdﬁ@gﬁ@@g@ﬂlpﬂ@ﬁ?[@ﬂ&ﬁ@(| X2 and X2 are dialkylamino

tgnrg(ud?:tlhr;(i; ag]e fotﬂ\%{glc%ﬁtgﬂgéﬁ%ﬁm Ig#lg nﬁ\é\/‘gh%&%l E|as: 0: tris(dimethylamino)vinylsilane,
bis(diethylamino)ethyl-4-isopropenylphenylsilane,
bis(diethylamino)ethyl-3-isopropenylphenylsilane,

20  bis(di-n-propylamino)ethyl-4-isopropenylphenylsilane,
bis(di-n-propylamino)ethyl-3-isopropenylphenylsilane,
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 Rl is 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-propenyl)silane,

30 bis(di-n-propylamino)methyl(1-methylene-2-propenybsilane,
bis(di-n-butylamino)methyl(1-methylene-2-propenylsilane,
bis(dimethylamino)ethyl(1-methylene-2-propenyl)silane,
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tris(di-n-butylamino)vinylsilane. Compounds in which m is 1: tris(dimethylamino)-4-vinylphenyls ane,
tris(dipsethylamino)-3-vinylphenylsilane, tris(diethylamino)-4-vinylphenylsilane,
tris(diethylamino)-3-vinylphenylsilane, tris(di-n-propylarnino)-4-vinylphenylsilane,
tris(di-n-propylamino)-3-vinylphenylsilane, tris(di-n-butylamino)-4-vinylphenylsilane,
20tris(di-n-butylamino)-3-vinylphenylsilane. Examples of the compound represented by the

formula (1) in which Rh | is a methy| group and three of XI, X2 and Xs are dialkylamino groups include
the followin§iebHpbihesivelabsditansthrlensripopsnylsilane,

tris(dimethy@%ql:ﬁﬂwgﬂﬁmgb@tgggm§ilﬂ%%h§yj§@rgegg%@égyg‘kﬁgﬁ@propenylphenylsiIane,

tris(diethylamino)-4-1sopropenylphenylsilane, tris(diethylamino)-3-isopropenylphenylsilane,
tris(di-n-propyAhime) W Pk ErsTANde Y ZRTePSBYISARRAN0)-3-isopropenylphenylsilane,

tris(di-n-butylaminof4-80prapsnviRNEsisdang, 165 (dsb-R by BN fBrsRALOPENYIRRBIMSIlane. Our
Ref 561320 Exar}ggles of the compound represented by the formula (1) in which R11 is a vinyl

compotind &4 ek piREsaingendtharaigfidhine §ratps’insr ke RmsRmereshounds.

Compounds:iRIwiicihanis @ Histdimethiiamino) (1-methylene-2-propenyOsilane,
tris(diethylamino)(1-methylene-2-propenyDsilane,
tris(di-n-prop )L ERiAEAE- 2 fopenyDsilane,

tris(di-n-butylastingi ihreihiensiZnprapenyOsilane. The compound represented by the formula (1) is
preferably a 10@(&4 ound.in which two of X1, X2 and X3 are dialkylamino groups, more preferably a

compound i/ FHRIEHYHS m and m=0. Further preferable is a compound in which the
remaining ofxesCd X SebpithXednis @amtieii greup or an alkoxyalkyl group. Particularly preferable are:

R A o

bis(dimethyasaine)eiadvinysikhenbis(diethylamino)ethylvinylsilane,
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-vinylphenylsilane,

20  tris(di-n-butylamino)-3-vinylphenylsilane.

Examples of the compound represented by the formula (1) in which
R is a methyl group and three of X!, 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-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.

13



20 bis(di-n-propylamino)ethylvinylsilane, bis(di-n-butylamino)ethylvinylsilane. R21 in the formula (2)
repregsuerrg&qlé]}f%ogen atom or a hydrocarbyl group. Examples of the hydrocarbyl group of R21
include an alkyl group and 25 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 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 hydrogBraatmeaahtiieytgrmm; ot acyingderoep by th&Efampibs G the whdrbcarbylene

group of R22,in¢lude: rylepe greu 2. group in which an ar e group and
o G Re b R R R R b,
methylene groimdantetiolivmigm opradiadamethylene group. Preferable is a methylene group or an

ethylene gr@&?ﬁg&g@nﬁﬁ-@&rﬂe@e group include a phenylene group, a naphthylene group, and
a biphenylene gfoup. Prefera 1e Is a phenylene group. Examples of the group in which an arylene

group é@nd dmalRyrenthylenpaci(bunathyiesiad zrgpeay WewWaivh a phenylene group and an 10
alkylene grqy&@{ﬁggﬁgﬁgn%ﬁﬁOﬁ&%ﬁQ{g@@ﬁ@pﬁ‘%ﬁ@&qﬁgup and an alkylene group are bonded,
i up and an alky i

and a group in which"a biphenylene gr ene group are bonded. Preferable is a group in

which a pheiisédiengroep daananaidymeshyriems 2re tsmeded) silaneition, the group in which an arylene
group and q{ili@mlﬂebutylamim})(l'methylene"Z"propenyl) silane.
The compound represented by the formula (1) is preferably a

10  compound in which two of X1, X2 and X3 are dialkylamino groups, more
preferably a compound in which Rt is a hydrogen atom and m=0. Further
preferable is a compound in which the remaining one of X!, X2 and X3 is an
alkyl group or an alkoxyalkyl group. Particularly preferable are:
bis(dimethylaminc)methylvinylsilane,

15 bis(diethylamino)methylvinylsilane,
bis(di-n-propylamino)methylvinylsilane,
bis(di-n-butylamino)methylvinylsilane,
bis(dimethylamino)ethylvinylsilane,
bis(diethylamino)ethylvinylsilane,

20  bis(di-n-propylamino)ethylvinylsilane,
bis(di-n-butylamino)ethylvinylsilane.

R?! 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 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, 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.

30 R21 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



15 group are bonded is preferably such that a carbon atom of an arylene group is bonded to a carbon
atonytg whick B21 in the formula (2) is bonded. Examples of the group in which a phenylene group
and an alkylene group are bonded (phenylene-alkylene group) include a para-phenylene-alkylene
group (e.g., a 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 ortho-phenylene-alkylene group (e.g.,
a group represented by the following formula (2c)) depending on a position of a carbon atom on a
benzene ril@kﬁ&ﬁpﬂllﬁ“@ﬂﬁ Ayd om has been removed, and a position of a phenylene group to

which an alkylene giQup:is1¢e @Pﬂféegm%&@%éﬁﬁ%%Qme{@srﬁi@tm@ﬁ%sgmﬁgwteger of 1 to 10.

The group in which an arylene group and an alkylene group are 5 bonded is preferably a group in
which a phéthesae EiayandshalikjieaEylens srebdndEdefisrdls étcrdBRtBg RSP R sented by
the above fgrmyla {Ra)eRE 3:9Q4P 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-matFoemass el phe 2ivlan fabredr ird Ui arer s R REYYIin Avhich s = 1), a
para-phenylensnethylane Saup, @-araupiferiesruedRiihe forpip(2R) 0 Miidhs e ra, or a

meta-phenylene-ethylene group (a group represented by the formula (2b) in which s = 2). When R21 is
a hydrogen#ioi¥P or a methyl group and nis 1, R22 is 15 preferably a group in which an arylene group

and an alkylene gromp-a1 Renseth OEABIHERA P YR, MR MEaiesal\ adavlkydiich a phenylene
group and an alkylene group_are bonded, or a phenylene group, further preferably a group
representePEYRETEIRAAG FORAIES 2 BT PRy fﬁﬁw%@b&wla%&fawp% d by the following

formui® (2- Yk Plea O EvR 2 A Fepasesic d Ry dhe follewing farmifa (ByYdie  praggitian] mqthe formula, r
's an intege;ﬂzngg;élpc{lel{)eggI%t?nt(?eﬁ', and a group in which a biphenylene group and an
alkylene group are bonded. Preferable is a group in which a phenylene
group and an alkylene group are bonded.
In addition, the group in which an arylene group and an alkylne
15  group are bonded is preferably such that a carbon atom of an arylene group
is bonded to a carbon atom to which R2in the formula (2) is bonded.
Examples of the group in which a phenylene group and an alkylene
group are bonded (phenylene-alkylene group) include a
para-phenylene-alkylene group (e.g., a 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 ortho-phenylene-alkylene group {e.g., a
group represented by the following formula (2c)) depending on a position of a
carbon atom on a 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)

(20)



(2-Y) >*(Cli2),. Our Ref. 561320 wherein r represents an integer of 0 to 5 and, when r is a integer of
1lto %lu{%elilg E5j§0a substituent on a benzene ring, and (CH2), bonds to A and, whenr is 0, (CHO,
represents a bond between a benzene ring and A. (CH2),-

(C‘H?-,)s

(2c)

wherein s represents an integer of 1 to 10.
The group in which an arylene 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 represented by the
10 formula (2b) in which s = 1), a para-phenylene-ethylene group (a group
represented by the formula (Za) in which s = 2), or a
meta-phenylene-ethylene group (a group represented by the formula (2b) in
which s = 2).
When R2L is a hydrogen atom or a methyl group and nis 1, R22is
15 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
20 represented by the following formula (2-Yb). In addition, in the formula, r
is an integer of 0 to 5, preferahly 0 to 2.

L (2-Y)
N\ ey —
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(2-YU) 5 wherein r represents an integer of 0 to 5 and, when r is an integer of 1 to 5, (CHO, bonds to
A anghy\i@%r%brl' (9 (CH2), represents a bond between a benzene ring and A. When R21 is a vinyl
group and n’Is , 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). N R24(
-X) 15 wherein R23 and R24 each represent a hydrocarbyl group, or a trihydrocarbylsilyl group, or
R23 and R24lmeebondeg tesepesenmddyedrofdrby|dmedroupaptiarallyrtagmngod hibm§en atom
and/or an o 0 etero group, or R23 and R2 e,groyp,.and represent a group Our
et 5613200 Do e R SR A R
group of R23 &nd(i24:inciudearatkylgré e taratkerhderoup, anatydyl group, an aryl 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 vi oyp, an ally' group, a 1-propenyl group, and a 1-methylethenyl group.
Examples of the " group include an ethynyl %%)and a propargy! group. Examples of the aryl
group include a pheqylgroup, ﬁé%l | group, and a xylyl 10 group. Examples of the aralkyl group
include a benzyl group. f ic%&rbyl group of R23 and R24 has preferably 1 to 10, more
preferably 1 to 4, further preferably 1 to 2 carbon atoms.

- (C'H2)1f
(2-Yh)

wherein r represents an integer of 0 to 5 and, when r is an integer of 1 to 5,
(CHg2): 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, 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 heterocyelic
group.

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

R23
| _,_R24 ( 7-X )
15
wherein R2?% and R2?4 each represent a 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?4 are one group, and represent a group
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The hydrocarbyl group of R23 and R24 is preferably an alkyl group, or an alkenyl group, more

prefeéggrb%@%?%gﬁ/l group, further preferably a linear 15 alkyl group. Examples of the
trinydrocarbylsilyl group of R23 and R24 include trialkylsilyl groups such as a trimethylsilyl group, a

triethylsilyl group, a triisopropylsilyl group, and a tert-butyldimethylsilyl group. The trihydrocarbylsilyl
group of R23 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 to 4
carbon atormgiiththengeefe rabitz gémethysilyl grougo Extertples of the hydrocarbylene group

optionally having a Eigggg%@e%tgﬂﬁg%?a% g%%gg%g%gﬁ%k}ﬁﬁr%ﬁt?ﬂ&i& d/&lg%h a%ggl and R24 are

25 bonded include a carbylene group, a ene group having a nitrogen atom, and a
hydrocarbylgrmsigrcup Hikenpl @roxygen atbimEeropiesef drylhgdropardsydear graliyihclude alkylene

8?835?2#5%@325%%?2?&%?%‘%@%%8%&2*2%8%%%%%%%@2&?%@%%%%tg“(!n'e;lim
include’ benGHROHY- a, a-hrdup fed bytoHroH-NetH-
B o e R N 00 G AP O R B 7

|—¥ %' ples %ifjﬁ?e% pr %g’ o it

-CH2CH2-NH-CH2CHZ2-. Exam ydrocarbylerie group having an oxygen atom include a
group repredtiiegrdyrCHR TR ergHROMR- and aThagibyemanidreRePandiRamateseinded has

preferably 2o, %@kmg é}r&ﬁ%rﬂlg&‘gléoaé é‘dﬂ?ﬁsz%%f&iﬁ%ﬂ 50;%8359‘%213@98%& 5The hydrocarbylene

group optionally havirg a nitrogen atom and/or an oxygén atom as a hetero atom in which R23 and

R24 are boRgernd e fdrimtyaaHyiioenrsitttdeaie mib et prafe PabNvdmetiape Aa g roeiLlirther
preferghly a-polymetiuene, eroyp tkxamnies hews R WRIChAT grglig24 bond to a nitrogen

atom
The hydrocarbyl group of R23 and R?4 has preferably 1 to 10, more

preferably 1 to 4, further preferably 1 to 2 carbon atoms.
The hydrocarbyl group of R?3 and R?4 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 R?? and R** include
trialkylsilyl groups such as a trimethylsilyl group, a triethylsilyl group, a
tritsopropylsilyl group, and a tert-butyldimethylsilyl group.
The trihydrocarbylsilyl group of R23 and R2¢ 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 to 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 K23 and R24 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 alkylene groups such as an
ethylene group, a trimethylene 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 -CH2CHyo-WNH-CHz-, a group represented by -CH2CHao-N=CH-, a group
represented by -CH=CH-N=CH-, and a group represented by

18



10 with a double bond include hydrocarbylidene groups such as an ethylidene group, a propylidene
grou(?hr H%ﬂqgwe group, a 1-methylethylidene group, a 1-methylpropylidene group, and a

- met%y utylidene group. The one group in which R23 and R24 bond to a nitrogen atom with
a double bond has preferably 2 to 20, more preferably 2 to 6 carbon atoms. 15R23 and R24 are
preferably a hydrocarbyl group, a trinydrocarbylsilyl group, or a hydrocarbylene group in which R23
and R24 are bonded. Examples of the group represented by the formula (2-X) include a
non-cyclic afiidedecNHndE6dlic. anfinegrdap of shenpiedrofambylonagelivaming 2goub include a
dialkylamin is(tri ily. i E oht raflkylamino group include a
dimethylam?r%%; %%u%?ogi%%%&gén%% él#sl ulr?eﬁg%% nr%e%‘pﬁ )aﬁ?ﬁ%ﬁ,%%%fcpyl)amino group, a
di(n-butyl)amino grothe gwitgetnbutybhiiicghid: adi(tandedyhaminegraidy shtbail,
ethylmethy |0 roup, FvaRIos RLLE PISERIIDPATING.gIRUP-BncIude 2

bis(trimethylsilyDamino group and a bis(tert-butyldiméthylsilyDamino group. Examples of the

non-cy8lic amino'gr'é‘b@ hﬁd@é@ﬁﬁ#@ﬁc@ﬁé@mm@CmQUE, haimg thyipresaie eheshing/gioup, a
1,3-dimethylupdidencamine-araun. b ehyistvidareaming greup,ansha 3 is

4-N,N-dimethylaminobenzylideneamino group. Examples of the cyclic amino group include a
1-aziridiny| Brelexrad i & endirsgagienisra gpiRoRainy Broley sy miparlinieng GpUR: Our Ref 561320
1-hexamethylepgimi @%yaajﬁHEjMﬂEQngpO@p{L5-dihydro-1-imidazo|y1 group, a 1-pyrrolyl
group, a 1-pyrazolyl group, a 1-imidazolidinyl group, a 1-piperazinyl group, and a morpholino group.
The group represenfedBipies rSPmeI&T2UR) 18 PraferaBl aafolp iReH/Afch REBOLSE RV e

hydrogarbykgrouasi Ageur aWhigh &23,2nd B 2hy B yiasasyisily haronREng BaRYR in which

R23 and R24 are bonded to form a hydrocarbylene group. More preferable is a group in which R" and
R24 are lindHodRy PRE0REi e S5 HRVH AHRATISRE REMRraitd MG IINAcS 1R §§Rp in which

R23 qnd R24 P@mﬁqﬁgomg%@ @Mﬁgg}y}pgq gw&é&ﬁg&gqy@e@@%@ged by the formula
(2-X) Is further prefe'lr‘}altély(/)ge group in which R23 and R24 bond to a nitrogen atom with a
double bond has preferably 2 to 20, more preferably 2 to 6 carbon atoms.
15 R23 and R24 are preferably a hydrocarbyl group, a trihydrocarbylsilyl |
group, or a hydrocarbylene group in which R?3 and R?* are bonded.
Examples of the group represented by the formula (2-X) include a
non-cyclic amino 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
include a dimethylamino group, a diethylamino group, a di{n-propyllamino
group, a dilisopropylamino group, a di(n-butyllamino group, a
di(sec-butyl)amino group, a di(tert-butyDamino group, and an
ethylmethylamino group. Examples of the bis(trialkylsily)amino group
25  include a bis(trimethylsilyl)amino group and a
bis(tert-butyldimethylsilyDamino group.
Examples of the non-cyclic amino group include an ethylideneamino
group, a 1-methylpropylideneamino group, a 1,3-dimethylbutylideneamino
group, a 1-methylethylideneamino group and a
30  4-N,N-dimethylaminobenzylideneamino group.
Examples of the cyclic amino group include a 1-aziridinyl group, a

1-azetidinyl group, a 1-pyrrolidinyl group, a 1-piperidinyl group, a

19



dimethylamino group, a diethylamino group, a dan-propyl)amino group, a di(n-butyl)amino group, a
bis(tgrﬂ?m%%qw@mino group, a bis(tert-butyldimethylsilyDamino group, a 1-pyrrolidinyl group, a
1-piperidinyl group, or a 1-hexamethyleneimino group. 15Examples 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 ethjtiegematoneasapan dxygetceiayt & aupetero atom constituting a ring, and a

group having a ni 1A r atom : m_constityti i Examples of
the nitrogen%ciﬁggﬁ%@ﬁﬁiﬁigggﬁ %r:(i)l%} %%%%é%r%&ﬁé Er%i':frgélyegﬁE %%gyrﬁ %@%Rie%ero atom
constitutinglairmng arcliding 25 groum Haping rarawilidimeinn gral groaprhavihgagrazetidine ring, a

group having a pyrrgliding rj Vi iperidine v ' .
hexamethyleneimin@%%n ,(;g rgggg%%%%%%ﬁ%grﬁ%g%?msrg%%ﬁ gj%%%@ﬁ%%i%%g%a%?ﬁg%ﬁhe ring, and
a group hawirigiehpyraaoiibing aug ISxkomsideydfermigro @pgraving awaziidiie dng Réfueke an
301-alkyl-2-azjridi . i idine ripgangl

Ll e S T e i o L o e
group havir’}gydmﬂﬁ@hm‘iﬁ@@iﬂ@(m@lud@/_Ianelpaﬁfﬁlf@fﬂ?r@ﬁd_&‘i&ﬂ@?d@p@ﬁ@bﬁ?—&ﬁ&l:@_%mlidinyl
group. Fxamples afdbe.group having.ewineridine Ling include andnalyds2-pipardingl group, an
1-alky1-3-piperidinyl group, and an 51-alkyl-4-piperidinyi group. Examples of the group having a
hexamethylgrrtimiie #ihtr i 8aterth B2 ange bpeded dethyianeipihiotrdupeas group.

L-alkylo3-hexametylenelarine:aiaBe sy Lealaphd diexemeindenciRng ciap s amples of the

group having an imidazolidine ring include a 101,3-dialky1-2-imidazolidyl group and a
1,3-dialky 1- AL AR Iy RgratIEa figldy bt gy atids @ prarsbma ityareiica
di{n-butyl)aminoc group, a bis(trimethylsilyl)amino group, a

bis(tert-butyldimethylsilylDamino 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 mitrogen-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
constituting 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.

Exaraples of the group having an aziridine ring include an

30 1-alkyl-2-aziridinyl 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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1,4-dialky1-2-piperazinyl group. Examples of the group having a pyrazolidine ring include a
1,2-%%Lk@lgﬁ-§é@g@zolidyl group and a 1,2-dialky1-4-pyrazolidyl group. 15Examples 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
1-alky1-2-morpholino group and an 1-alky1-3-morpholino group. Examples of the group having an
isooxazolidine ring iishriples ¢fdhy B ispbeazoitingigrolisine thagamdideoxazolidinyl group, and
an 1-alkyl-54i glﬁzzgr%] ' ' f the Ri - ind icyclic heterocyclic group 25
having a nit}c%qe ato 9%%%1 %wu%%q%agﬁge%ﬁggr%}%ﬁgﬁﬁﬁ lzéﬁ%{g include a group having a
thiomorpholine ringanarardesuyf iheiggoa ibettiagalighme riogne ringaehpissaot the group having a
thiomorpholingy{ing 4n . -2-thi rRhgli -alkyl-3-thiomorpholino group.
30Examp|eg (%1%?3 gr %?bgﬁla%%%égé%gthlgaiggh :}%g?ngr}g %&gﬁgﬂﬁ %Pg%-%g)%%azolidinyl group, an
1-alkyl-isctHidizolidimypgrodiprarerenpt-alkyl-5-isothiazolidinyl group. Our Ref 561320 Examples

of the nitrogen-contaiping, AKMAYE MelerasYElic; AEPHm 0L AdNGIR. AGRHR: NaYRg QRbA Rlirogen

atom as a hetero atom constituting a fing, a group having a nitrogen atom and an oxygen atom as a

hetero atomlcoWstitdtiheramed hatrraigiow tvenig ainitrelen admaiaetkuleneameinas 5 a hetero
atom consti%%,aarman 1.gm@lﬁggmwf%%ﬁw%geterocyclic group having only a

nitrogen atom as a hetero atom constituting a ring include a'group having a pyrrole ring, a group
having an imidazole&agnalgscui haitieue haaranngnidgmuising Hga wphateging, a group
having @ pyRidRanguwing @midazolidyl group and a 1,3-dialkyl-4-imidazolidy! group.

Examples of the group having a piperazine ring include a
1,4-dialkyl-2-piperazinyl group.

KExamples of the group 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  I-alkyl-2-morpholino group and an 1-alkyl-3-morpholino group.

Examples of the group having an isooxazolidine ring include an
1-alkyl-3-isooxazolidinyl group, an 1-alkyl-4-iscoxazolidinyl group, and an
1-alkyl-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
1sothiazolidine ring.

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

30 Examples of the group having an isothiazolidine ring include an
1-alkyl-3-isothiazolidinyl group, an 1-alkyl-4-isothiazolidinyl group, and an
1-alkyl-B1sothiazolidinyl group.
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10 group having a pyrimidine ring, a group having a pyrazine ring, a group having a quinoline ring, a
grougug%\égj%]%dsoquinoline ring, a group having a 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-methylpyrrolyO group, and a 3-(1-methylpyrrolyOgroup.
Examples of the group having an imidazole ring include a 2-imidazolyl group, a 4-imidazolyl group, a
5-imidazolyl1 group, a 2-(1-methylimidazolyOgroup, a 4-(1-methylimidazolyDgroup, and a 20
5-(1-methylimidazoEmgroples of tExaniplesofabetgioupehavingatipyhateteainidrptade affipyrazolyl
group, a 4- , I 3:(1- I I 0 e
ety e o R P g g o
pyridine ringlinglwdgraRe giaicyl 26 gittagenridyndranmargka dtppidyl glatlisro at@xamples of
the aroub hayig: A wIEaZgaGIG e SRVINAEN HOUR AN St EHIGREN GO Rym g EXaMPlES
of the group having a pyrimidine ring include a 2-pyrimidyl group, a 4-pyrimidyl group, and a
5-pyrindidy| groefsreCRREhesiduhe@ grupBaving a pyrazine group include a 2-pyrazyl group.
Examples of the orqupbiig & gHINGiNG fois Inelde:e Rdinplydi QLR a6 320 g1oup. @
3-quinolyl group, a 4-quinolyl group, a 5-quinolyl group, a 6-quinolyI group, a 7-quinoly1 group, and
an 8-quinolyitgasap. atom Eﬁ#ﬁpﬂégr@fah@r@mﬁ*aw@gaﬂ Boguine\ierhgineRide eingsoquinolyl

group, a 345199%%9ML@,@@o%ﬁ'i%&‘ﬂQ%!ﬂ&%‘é&o?e%QE’%L%QBU BEQHR¢ 2 §59599uiRoly1 group, a

7-isoquinoly1 group, and an 8-isoquinolyl group. Examples of the group haying a cinnoline ring
include a 3-EiRBORBAGH IR HUSHPBININGrBULE, & EHRohay LG e A BlamAs Ry ®up, a
7-cinnglinyl group 1 AR AN B BRI DEQHB; a group having a pyrazine ring, a group

having a quinoline ring, a group having an iscquinoline ring, a group having

a 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-methylpyrrolylgroup.

Examples of the group having an imidazole ring include a
2-imidazolyl group, a 4-imidazolyl group, a 5-imidazolyl group, a
2-(1-methylimidazolyDgroup, a 4-(1-methylimidazolylgroup, and a

20  5-(I-methylimidazolyDgroup.

Examples of the group having a pyrazole ring include a 3-pyrazolyl
group, a 4-pyrazolyl group, a 5-pyrazolyl group, a 3-(1-methylpyrazolyl)
group, a 4-(1-methylpyrazolyl) group and a 5-(1-methylpyrazolyl) 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-quinolyl
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10Examples of the group haying a quinazoline ring include a 2-quinazolinyl group, a 4-quinazolinyl
groug,%gi;%léiﬁg%olinyl group, a 6-quinazolinyl group, a 7-quinazolinyl group, and an 8-quinazolinyl

groupl.1 xamples of the group having a phthalazine ring include a 1-phthalazinyl group, a

5-phthalazinyl group and a 6-phthalazinyl group. 15The nitrogen-containing aromatic heterocyclic
group haying only a nitrogen atom as a hetero atom constituting a ring is preferably the group haying
an imidazole ring, the group haying a pyridine ring, or the group haying a quinoline ring. Examples of
the nitrogerEcontaianidigyaioniglighetpracioicigdyp 20 ayind & nimodrgatem, and-anioxygen atom as

a hetero atom constituting, afing include a,group having an oxazole ring and a group having an
isooxazole ﬁ%&lp’ a I}JE%(%%%%%TS%}%% &%g%ﬁ;%iﬂglgﬁ%ggfggéing include a 2-oxazolyl group, a

4-oxazolyl group, dinkanplexadoie growp. RS Exampidsof uiecdoepinavingladdésvoxazole ring include

a 3-isooxazg| I 4-iSooxazol r -iSoQ) - The
nitrogen-cogtg%%g%ggggﬁc%téggc%é%gﬁ%g %%\cflh o § r%é%é%%%%%ugﬁ%ugﬁ Oxygen atom as a
hetero @tond usngtifuidgi &ringpispeferauintizlgoumphayifiigsanuxeivlerogh 3@EXanples of the

nitrogen-cogt?é'g gg%wggﬁégterocyclic group having a nitrogen atom and a sulfur atom as a hetero

atom constitutlngmg“nn ‘a group haying a thiazole ring and a group haying an isothiazole Our

Ref. 561320 ring. Ex&Exateples Bfateroupupatvaning aithiaivle rmgineiidéandtabvanNmgtoup, a
4-thiazolyl group, and &, Hiaze ¥R UR s=AmRIES PHING.GrarB-RaYING; agigathigzele ring include a
7-cinnolinyl group, and an 8-cinnolinyl group.

10 Examples of the group having a quinazoline ring include a
2-quinazolinyl group, a 4-quinazolinyl group, a 5-quinazolinyl 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 6-phthalazinyl group.

15 The nitrogen-containing aromatic heterocyclic group having only a
nitrogen atom as a hetero atom constituting 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 oxazole ring and a group having an isooxazole
ring.

Examples of the group having an oxazole ring include a 2-oxazolyl
group, a 4-oxazolyl group, and a 5-oxazolyl group.

25 Examples of the group having an isooxazole ring include a
3-isooxazolyl group, a 4-isooxazolyl group, and a 5-isooxazolyl 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 oxazole 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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53-isothiazolyl group, a 4-isothiazolyl group, and a 5-isothiazolyl group. The nitrogen-containing
aron}%[;CRQ{.eggagyclic group having a nitrogen atom and a sulfur atom as a hetero 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 heterocyclic group, more preferably the
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 gregp having a quinoline group, particularly preferably the group having a pyridine ring.

15Examples of the S ] in: whi iS 8. atom, nis 0,
and Aisa substitut%%ﬁg%ég%%n%ggg t%%%cﬁ%%%%%%%&% %%?r%y%gr%{%%%%
1-vinylpiperitioap 28 4-tUngixharenayeredniidethisvaoyipigeeaine, 1-vinylpyrrole, 1-vinylimidazole,

Lvinylpyrazole, 25vingunaling ohe e-EiaMmAIes.ofdhe Gampound [eprsserted y the formula (2) in

which R21 is a hydrogen atom, n is 1; R22 is a group represented by the formula (2-Y), and A is a

substitited arfathgraaly inctaus thelfotioking Comput s Tbmposatisirrzaiiichoithe formula (2-Y)
is 0: 30 4-N,N-dimetfyylamingstyrene,: 3:N: NGV RAMBOSIYESABe group having a
nitrogen atom and a sulfur atom as a hetero atom constituting a ring is
preferably the group having a thiazole ring.
The nitrogen-containing heterocyclic group of A 1s preferably the

10  nitrogen-containing aromatic heterocyclic group, more preferably the
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
quinoline group, particularly preferably the group having a pyridine ring.

15 Examples of the compound represented by the formula (2) in which
R21 is a hydrogen atom, n is 0, and A is a substituted amino group include the
following compounds.

I-vinylpyrrolidine,
1I-vinylpiperidine,

20  1-vinylhexamethyleneimine,
1-vinylpiperazine,
1-vinylpyrrole,
1-vinylimidazole,
1-vinylpyrazole,

256  vinylquinoline.

Examples of the compound represented by the formula (2) in which
R?1is a hydrogen atom, n is 1, R22is 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,
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4-N,N-diethylaminostyrene, Our Ref 561320 3-N,N-diethylaminostyrene,
4-N,Ig-dggép%ci;%glaminostyrene, 3-N,N-di-n-propylaminostyrene, 4-N,N-di-n-butylaminostyrene,
53-N:N- PhaBl y?aminostyrene, 4-N,N-diallylaminostyrene, 3-N,N-diallylaminostyrene,
4-N,N-bis(trimethylsilyDaminostyrene, 3-N,N-bis(trimethylsilyeaminostyrene, 10
4-N,N-bis(tert-butyldimethylsilyl)aminostyrene, 3-N,N-bis(tert-butyldimethylsilyDaminostyrene,
4-(1-aziridinyDstyrene, 3-(1-aziridinyl)styrene, 4-(1-pyrrolidinyDstyrene, 153-(1-pyrrolidinyDstyrene,
4-(1-piperidBOshydartdyRathipiperdinyestyrene, 4-(1-hexamethyleneimino)styrene,
3-(1-hexam%:tllzwﬁy _&{[rﬁin%stgt{ene. 20.Compounds in which r in the formula (2-Y) is 1:
thylaminomet

4-N,N-dime minom )}f ﬁ%ar}ixe}”?%ﬁw,ﬁz%imethylaminomethylstyrene,

4-N,N-diethgianindmetiwdstiaens o3tMrhsdiethylaminomethylstyrene, 25
4-N,N-di-n-prepylaming thfélst rene, 3-N,N-di-n-propylaminomethylstyrene,
4-N,N-di-n-%u%§1§?nﬁl|}iglmg;% S ygenr?es, %I:Rﬂﬁl’-di-n-butylaminomethylstyrene,
4-N,N-diallyfaiihbdiethizistylene86(3141M;diallylaminomethylstyrene,

4-N,N-bis(trimethylsil i Istyrene, 3-N,N-bis(trimethylsilyDaminomethylstyrene, Our Ref
561320 4N,N- i§§ﬁt¥§£{5§?@%€'¥s?y aminomethylstyrene,

3-N,N-bis(tetbutyRiimdsthatsilypemiaomethylstyrene, 4-(1-aziridinyOmethylstyrene,
+(1-pperidh e B I erene, ) sbTene
4-(1-hexamétﬁ%l@nbiﬁ{mémﬁehw&yi&miﬂoS‘tyl‘eﬂe,

10 4-N,N-bis(tert-butyldimethylsilyl)aminostyrene,
3-N,N-bis({tert-butyldimethylsilyl)aminostyrene,
4-(1-aziridinyDstyrene,
3-(1-aziridinyl)styrene,
4-(1-pyrrolidinyDstyrene,

15 3-(1-pyrrolidinyDstyrene,
4-(1-piperidinyl)styrene,
3-(1-piperidinyDstyrene,
4-(1-hexamethyleneimino)styrene,
3-(1-hexamethyleneimino)styrene.

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

25 4-N,N-di-n-propylaminomethylstyrene,
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(trimethylsilylaminomethylstyrene,
3-N,N-bis(trimethylsilyl)aminomethylstyrene,

25



10 3-(1-hexamethyleneimino)methylstyrene. Compounds in which r in the formula (2-Y) is 2:
4N’§\‘]‘(‘ji$g§t5%% %ninoethylstyrene, 3-N,N-dimethylaminoethylstyrene, 4-N,N-diethylaminoethylstyrene,
15 3-N,N-diethylaminoethylstyrene, 4-N,N-di-n-propylaminoethylstyrene,
3-N,N-di-n-propylaminoethylstyrene, 4-N,N-di-n-butylaminoethylstyrene,
3-N,N-di-n-buytlaminoethylstyrene, 20 4-N,N-diallylaminoethylstyrene, 3-N,N-diallylaminoethylstyrene,
4-N,N-bis(trimethylsilyDaminoethylstyrene, 3-N,N-bis(trimethylsilyeaminoethylstyrene,

4-N,N-bis(tett¥ Ny ldistettylsilypainiratyiddyene Rine thylstyrene,

3-N,N-bis(teft:butyldimethyisil minogethylstyrene, 4-(1-aziridinypethylstyrene,
3-(1-aziridir%r}59é% ég%%%bﬂy(}%ﬁ%re(j%iﬁ&f%/%ﬁﬁ%é@?en%%j(i%}){/gr)?&idinypethylstyrene, 30
4-(1-piperidifrypethistynehen 8tbivipiyeddmypethylstyrene, 4-(1-hexamethyleneimino)ethylstyrene, Our

Ref: 561320, ﬁ-la{gl ﬁgg?ﬁlg e}irrl’g'n%%ethylstyrene. Examples of the compound represented by

the formula (2) in'w IS a meﬁ‘uy nger’oup, nis 0, and A is a substituted amino group include the
followiriy cofnpbumdseBdinsbmethelsgimanelidine , 1-isopropenylpiperidine,
1-isoprope@1@ﬁ§%ﬁ¥ﬁr§ﬁjm&% éi%ﬁ%@é)enylpiperazine, 1-isopropenylpyrrole,
101-isopropenylimidazole, 1-isopropenylpyrazole, isopropenylquinoline. Examples of the
compound réplepigrretbyyihem ebhnldty(2)pin which R21 is a methyl group, n is 1, R22 is a group

represemedab(yltgfp@l’mﬁ@lﬁighylstyrene,
4-(1-hexamethyleneimino)methylstyrene,

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

15  3-N,N-diethylaminoethylstyrene,
4-N,N-di-n-propylaminoethylstyrene,
3-N,N-di-n-propylamincethylstyrene,
4-N,N-di-n-butylaminoethylstyrene,
3N, N-di-n-buytlaminoethylstyrene,

20 4-N,N-diallylaminoethylstyrene,
3-N,N-diallylaminoethylstyrene,
4-N,N-bis(trimethylsilyl)aminoethylstyrene,
3-N,N-bis(trimethylsilylaminoethylstyrene,
4-N,N-bis(tert-butyldimethylsilyl)aminoethylstyrene,

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

30 4-(1-piperidinyDethylstyrene,
3-(1-piperidinyDethylstyrene,
4-(1-hexamethyleneimino)ethylstyrene,
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15 and A is a substituted amino group include the following compounds. Compounds in which r in the
form Lar ﬁ%f\%{?zg 4-N,N-dimethylaminoisopropenylbenzene,
3-N,N-dimethylaminoisopropenylbenzene, 4-N,N-diethylaminoisopropenylbenzene, 20
3-N,N-diethylaminoisopropenylbenzene, 4-N,N-di-n-propylaminoisopropenylbenzene,
3-N,N-di-n-propylaminoisopropenylbenzene, 4-N,N-di-n-butylaminoisopropenylbenzene,
3-N,N-di-n-butylaminoisopropenylbenzene, 25 4-N,N-diallylaminoisopropenylbenzene,
3-N,N-diallylathiheisomethsiy e nzenee thi s misgirimethylsilynaminoisopropenylbenzene,
3-N,N-bis(trimethylsilyDaminoisppropenylbenzen . '
4-NN-bis(tert-bUiy R e O A O Ry REsesA i 4y the formula (2) in which

3-N,N-bis(tét# bty divathilyygity DaymineiSo propénibesizestat vt ¢t aziridim g isgpisocbaytbdnzene,

3-(1-aziridinythisopr Ibenzene, Our Ref 561320 4-(1-pyrrolidinyDisopropenylbenzene,
3-(1-pyrro|i%%ri%isg%?gé%%%e%%éne, 4-(1-piperidinyDisopropenylbenzene,

3-21-Eir5eridlniqﬂscppepeﬁmmnﬁdrh&efb4-(l-hexamethylendeimino)r:s%propeayli)enzelne(, )
3-(1-hexam iming)i ylbenzene. Compounds in which r in the formula (2-Y) is 1:
Ehad i

4-N,N-dimeth prope’nylbe_nz_ene, 3-N,N-dimethylaminomethylisopropenylbenzene, 10
4-N,N-diethyissninopenhylisspropbhylbearmsies 3-N,N-diethylaminomethylisopropenylbenzene,

4-N,N-di-n-gre, ggﬁigg@g%@g@ag%gpenylbenzene, 3-N,N-di-n-propylaminomethylisopropenylbenzene,
4-N,N-di-n-butylaminhonie ylisopropénylbenzene, 15
3-N,N-di-n-Buistanineridpstisgpropenylbenzene, 4-N,N-diallylaminomethylisopropenylbenzene,

3-N,NIgiaIIyi 'ggbnetﬂy[ﬁﬁp&%gmlbenzene,

4-N,N-bis(trimethylsilypaminomethylisopropenylbenzene,
3-N,N-bis(triseyengoayrsaeltylisopropenylbenzene, 20

4-N,N-bis(tggggng{{pﬁ{gﬂgb@gminomethylisopropenylbenzene,
3-N,N-bis(tert-butyldimethylsilypaminomethylisopropenylbenzene,

4-(1-aziridinynnaettyiaoppipeal encenacynd-songrsmindthyidep foparyméak dnavhich
4-(1-pyrrolidiay pmetavisenroray benz eng PR3s(drev @rsmggfﬁgzyhs%pﬁae%%m@n@,
4-(1-piperidiny!l methyhsoprqpenyl’benz_ene, 3-(1-piperidinyl)methylisopropenylbenzene,
4-(1-hExama @ﬁ%i%%&?ﬁ’é@h‘;ﬁ%@ﬁ%@@ﬂi&i@ﬁ%}@‘é%@éﬁ}h‘@@ﬁ%lmﬁﬁ%ethylisop rope

nyloe nze ne3Q SAMRURAS IRCWHIGH Eife hefonmula-t2¥d 5 2: _
4-N,N-d|methi\lrammpet;r%qllsoprgpe‘nylbenzene 3-N,N-dimethylaminoethylisopropenylbenzene, Our

Ref. 56132d AN NG PERmeRRERSPERIBEREEne,

3-N,N-diethglamineehykisepiapsiayHapraepayhbhMedin-propylaminoethylisopropenylbenzene,
3-N,N-di-n-propylaminoethylisopropenylbenzene, 5 4-N,N-di-n-butylaminoethylisopropenylbenzene,
éHJ

3-N,N-di-n-Hi RSB pepyBaR LR 2o e,

20  3-N,N-diethylaminoisopropenylbenzene,
4-N,N-di-n-propylaminoisopropenylbenzene,
3-N,N-di-n-propylaminoisopropenylbenzene,
4-N,N-di-n-butylaminoisopropenylbenzene,
3-N,N-di-n-butylaminoisopropenylbenzene,

25  4-N,N-diallylaminoisopropenylbenzene,
3-N,N-diallylaminoisopropenylbenzene,
4-N,N-bis(trimethylsilyDamincisopropenylbenzene,
3-N,N-bis(trimethylsilyDaminoisopropenylbenzene,
4-N,N-bis(tert-butyldimethylsilyDaminoisopropenylbenzene,

30  3-N,N-bis(tert-butyldimethylsilyl)aminocisopropenylbenzene,
4+(1-aziridinyl)isopropenylbenzene,

3-(1-aziridinylisopropenylbenzene,
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4-N, N- diallylaminoethylisopropenylbenzene, 3-N,N-diallylaminoethylisopropenylbenzene,
4-N,N-bis(trimethylsilyl)aminoethylisopropenylbenzene, 10
3-N,ﬁ%%??rf’r%lgﬁ%’ylsilypaminoethylisopropenylbenzene,
4-N,N-bis(tert-butyldimethylsilyDaminoethylisopropenylbenzene,
3-N,N-bis(tert-butyldimethylsilypaminoethylisopropenylbenzene,
4-(1-aziridinyDethylisopropenylbenzene, 3-(1-aziridinypethylisopropenylbenzene,
154-(1-pyrrdlitinyletbliisopihpepytivenzébenedepyrrolidinyl)ethylisopropenylbenzene,

4-(1-piperidinyDethylisopropenylbenzene, 3-(1-piperidinyDethylisopropenylbenzene,
(L herambu R Y S Rk abe. 20
3-(1-hexaméthiyteneiniiin)d)iytisepsopeihdhennene. Examples of the compound represented by
the formulaé_ in iWh}%giRzéiis a vingla%i up, 0 is 0, and A is a substituted amino group include the
following com otirds. RIY ITRERYA w?oﬁ(?g?butadiene, 25 2-N,N-diethylamino-1,3-butadiene,
2-N,N-di-n-grébylarsinos ih3deutadic ne) 2ol iNpdiayibetytfamino-1,3-butadiene,

2-N,N-dia||y;%agl1i_ %-133-b%a éen%m%h'\(lﬂ'i\lsbbis tri@eg%llsli%Damino-l,3-butadiene,

302-N,N-bis(tert- tﬁyfglﬁmeYhy%l ypamino-1,3- Uta iene, ?—?l-aziridinyl)- 1,3-butadiene,
2-(1-pyrrolidilopipdyddaiiadiehzh @in Red: 664288 22-(1)pip Bridiny1)- 1,3-b utadiene,

AT S T
3-N,N-dimethylaminomethylisopropenylbenzene,

10 4-N N-diethylaminomethylisopropenylbenzene,
3-N,N-diethylaminomethylisopropenylbenzene,
4-N,N-di-n-propylaminomethylisopropenyibenzene,
3-N,N-di-n-propylaminomethyhsopropenylbenzene,
4-N,N-di-n-butylaminomethylisopropenylbenzene,

15  3-N,N-di-n-butylaminomethylisopropenylbenzene,
4-N,N-diallylaminomethylisopropenylbenzene,
3-N,N-diallylaminomethylisopropenylbenzene,
4-N,N-bis(trimethylsilyDaminomethylisopropenylbenzene,
3-N,N-bis(trimethylsilyDaminomethylisopropenylbenzene,

20  4-N,N-bis(tert-butyldimethylsilyl)aminomethylisopropenylbenzene,
3-N,N-bis(tert-butyldimethylsilyDaminomethylisopropenylbenzene,
4-(1-aziridinyl)methylisopropenylbenzene,
3-(1-aziridinylDmethylisopropenylbenzene,
4-(1-pyrrolidinyDmethylisopropenylbenzene,

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

30 Compounds in which r in the formula (2-Y) is 2:
4-N,N-dimethylaminoethylisopropenylbenzene,
3-N,N-dimethylaminoethylisopropenylbenzene,
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Examples of the compound represented by the formula (2) in which R21 is a vinyl group, nis 1, R22 is
an agylenegrog&), and A is a substituted amino group include the following compounds. Compounds
in whch 2P 184 methylene group: 10 2-N,N-dimethylaminomethy1-1,3-butadiene,
2-N,N-diethylaminomethy1-1,3-butadiene, 2-N,N-di-n-propylaminomethy1-1,3-butadiene,
2-N,N-di-n-butylaminomethy1-1,3-butadiene, 2-N,N-diallylaminomethy1-1,3-butadiene,
152-N,N-bis(trimethylsilypaminomethy1-1,3-butadiene,
2-N,N-bis(terph Myddutiethyisiyoathiybsoptivpkidydbeuiadiene, 2-(1-aziridinypmethyl-1,3-butadiene,
2-(1-pyrrolidjr l)FQ] thy.l-1,3-butadiene, 2-(1-pipefidinypmethyl-1,3-butadiene, 20
2-(1-hexam%é;¥y engelf%% c%lr%ne %%ﬁ%ji%o é?ﬁ%néf,ﬂigf%grﬁleethylene-3-butenyl)pyrro|e,
1-(2-methylérie; B-onterymipydaxdlie; dilf 2l meprpleneyBebutanyd) pyrazole. Compounds in which R22 is
an ethylen .25 5-N,N-dimethylamino-3-methylene-1-pentene,
5-N,N-diet%?ghyﬁg@n?gﬁ?ﬁg%%}iﬁpee%}gﬁg?%?ﬂﬁﬁﬁgﬁﬁﬁ%ep%ﬁamino-3-methylene-1-pentene,
5-N,N-di-n-dey/Amine-3umgthyténectipdnemedeiy, Matiatylamino-3-methylene-1-pentene, 30
5-N,N-bis(trin t%yl ilvpamino-3-methylene-1-pente
S-NIN-bis(tErt BOY RNV DR OB ShE 58S e,
5-(1-aziridiry N;3tndetHylemei tqpe hidvmp ©pe Refo 64326 5-(1-pyrrolidiny0-3-methylene-1-pentene,
5-(1-piperidin 3 hylene-1-pentene, 5-(1-hexamethyleneimino)-3-methylene-1-pentene,
ey e e myimiazole,
1-(3-methylérid, Apéstamymirszole]) amiietinpleopfthe wpthpoukrepresented by the formula (2) in
which{R21 is. i ' the formula (2-Y), and Ais a

1521 s
nitrogen-cont§f%§%ﬁ§?&%ﬁ§o@:@&%ﬁg€r§u%ﬂﬁﬁgg%ﬁ%%m%%%\%{ﬁg compounds.

4-N,N-bis(tert-butyldimethylsily)aminoethylisopropenylbenzene,

3-N,N-bis(tert-butyldimethylsilyl)aminoethylisopropenylbenzene,
4-(1-aziridinylethylisopropenylbenzene,
3-(1-aziridinyDethylisopropenylbenzene,

15  4-(1-pyrrolidinyDethylisopropenylbenzene,
3-(1-pyrrolidinyDethylisopropenylbenzene,
4-(1-piperidinyDethylisopropenylbenzene,
3-(1-piperidinylethylisopropenylbenzene,
4-(1-hexamethyleneimino)ethylisopropenylbenzene,

20  3+(1-hexamethyleneimino)ethylisopropenylbenzene.

Examples of the compound represented by the formula (2) in which
R2! i5 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(trimethylsilyl)amino-1,3-butadiene,

30  2-N,N-bis(tert-butyldimethylsilyDamino-1,3-butadiene,
2-(1-aziridinyD)-1,3-butadiene,
2-(1-pyrrolidinyD-1,3-butadiene,
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Compounds in which r in the formula (2-Y) is 0: 4-(1-methy1-2-aziridinyl)styrene,
4-1-methyl-2-pyrrolidinylstyrene, 4-1-methy1-3-pyrrolidinylstyrene, 15

4-1- 1By L S a&amethylenelmlnostyrene 4-1-methyl-3-hexamethyleneiminostyrene,
4-1-methyl-4-hexamethyleneiminostyrene. Compounds in which r in the formula (2-Y) is 1:
4-1-methyl-2-aziridinylmethylstyrene, 20 4-1-methy1-2-pyrrolidinylmethylstyrene,
4-1-methy1-3-pyrrolidinylmethylstyrene, 4-1-methy1-2-hexamethyleneiminomethylstyrene,
4-1-methyl%(m@qmmyﬂﬁﬁqwmmiﬁyrene 4-1 -methyl-4-hexamethyle ne iminomethylstyre ne

25 Compoupds in which r in the formu i} 4-1-methyl1-2-aziridinylethylstyrene,
4-1-methy1£2?g @%ﬁl’é‘@%hréo %r?? ?ﬁéeglﬁyrrolldmylethylstyrene
4-1- methylﬂ(ﬂqx@m@tj@le@bmt@@my@tyrene 30 4-1-methyl-3-hexamethyleneiminoethylstyrene,

4-1-methyl- @exa eth %Istyrene Examples of the compound represented by the
formula (2) H’@Hr& ?ﬁgﬁgﬁ s a methyl group, nis 1, R22 is a group represented by the

formulas (2- V) and A s By Dittogrdn-cohiaieing alicyclic heterocyclic group include the following
compounds. Comp nds in Wh| in the formula (2- Yé

a1 methy1-2-aoTHFTSHSBe B SRR PR TERERPALS b R STE A (R b hehe,
4-1-methy1B2pyrolidinyligopoppenidbie iz €ne, dnlatheibyit- 24examethyaeneimiticisaptedenylbenzene,

4-1-methy1-3-hexamethyleneimingiso enylbenzene, 1
4-1- methyl%exa%ne%y en&@m@fsoﬁr%%en%?oenzgne né?)mpounds in which r in the formula (2-Y) is

1: 4-1-meth{b2sewinidinyimetniylis Gi3fapenylieehgbne; group:
4-1-m 1:25 dn thlso rope ene
FY %Igﬁgilghny:%f ?hrxl ORI ﬁ1rly § Zutadlilge,

4-1-methy1- |soprop enzene
4-1- methyl@NéIaﬁ@ihylemnunmthylﬁylgﬁobmpdmnzene

j 1 mgmﬁ%@ﬁﬁg{%‘{gﬁﬂmﬁﬁgﬁiggﬁ%% g%ﬁggg Compounds in which r in the formula
(2-Y)is 2: 2-N,N-di-n-butylaminomethyl-1,3-butadiene,
2-N,N-diallylaminomethyl-1,3-butadiene,

15  2-N,N-bis(trimethylsilyl)aminomethyl-1,3-butadiene,
2-N,N-bis(tert-butyldimethylsily)aminomethyl-1,3-butadiene,
2-(1-aziridinyl)methyl-1,3-butadiene,
2-(1-pyrrolidinylDmethyl-1,3-butadiene,
2-(1-piperidinylmethyl-1,3-butadiene,

20  2-(1-hexamethyleneimino)methyl-1,3-butadiene,
1-(2-methylene-3-butenylpyrrole,
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-pentene,
5-N,N-diallylamino-3-methylene-1-pentene,

30  5-N,N-bis(trimethylsilyl)amino-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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4-1-methyl-2-aziridinylethylisopropenylbenzene, 20 4-1-methyl-2-pyrrolidinylethylisopropenylbenzene,
4-1-methyl-3-pyrrolidinylethylisopropenylbenzene,
4-1-rﬂé’ﬂ%i-ﬁ‘%&&amethyleneiminoethylisopropenylbenzene,
4-1-methyl-3-hexamethyleneiminoethylisopropenylbenzene,
4-1-methyl-4-hexamethyleneiminoethylisopropenylbenzene. 25Examples of the compound
represented by the formula (2) in which R21 is a vinyl group, n is 0, and A is a nitrogen-containing

alicyclic hetsrOryslie-giidipyehide: the ToHeviigg gespRounds.

1-methy1-2fé]§(- ethylene-2-propenypaziridine, 1-methy1-2-(1-methylene-2-propenyl)pyrrolidine,
301 ety 3 TR Ao B PR st blRARE e,

1-methyl-2-6Hmeihydenet RyidsopenyhbesamethylRAgiMBentene,

1-methyl-3- Ly ieth erl%lz-mp openyD xameihyleneimine, Our Ref: 561320

1-methy1-4- 1-%3 -%-%I%?J% Ahhethyleneimine. Examples of the compound
represeénted: bi3 the: fbrriutia -(Rpimedtigh) R2ild iszalwinyl group, nis 1, R22 is an alkylene group, and A is
a nitrogen-containi icyclic heterocyclic group include the following 5 compounds. Compounds in
which Rzzfﬁg?n%%%iﬁg%fggﬁn%ﬁgﬁﬂﬁ%z methylene-3-butenyDaziridine,
1-metﬂy:-g-(Z-metE;Elbaamg1Eywl)kphyﬂmltﬁﬁﬁmlilwﬁﬁ{l§drﬁéa-b}8thﬁléﬂﬂxﬁub@@)}&h}pﬂﬁi&i@lin6, 10
1-methyl-2-2:methylene-3-butenyl)hexa yleneimine, )
1-methy1-3%-&?e?h§¥e%¥8%e-’%€?e oﬁéﬁ%ﬂﬁ%%&ﬁ%&mpmemd by the formula (2-Y),
1-methy1-4€@ddeibydeniersdouteny@nexameaiyteheimite:dcostipogindspimnwhicte B22 is an ethylene

group; 1-m I-2-(3-methylene;4-pentenyl)aziridine,
151-r%é&thyl%q{ 1?‘rrr]ie§1g/?é]rrllé/(-)gf[-rflj(_;(‘l(=3?1'tenyOpyrroIidine, 1-methyl-3-(3-methylene-4-pentenyl)pyrrolidine,

1-methyl-2-Gemethyteteid wantkny e kanfethydadiniids O:
e e g enemne
y1-4-(3-methylene-4-pentenyl)iexamethyleneimine, 20Examples of the compound represented
by the formdtd (R)eithwhigipyrrolidinylstyrene,
4-1-methyl-3-pyrrolidinylstyrene,

15  4-1-methyl-2-hexamethyleneiminostyrene,
4-1-methyl-3-hexamethyleneiminostyrene,
4-1-methyl-4-hexamethyleneiminostyrene.
Compounds in which r in the formula (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-methyl-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-hexamethyleneiminocethylstyrene,

30  4-1-methyl-3-hexamethyleneiminoethylstyrene,
4-1-methyl-4-hexamethyleneiminoethylstyrene.

Examples of the compound represented by the formula (2) in which
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R21 is a hydrogen atom, nis 0, and A is a nitrogen-containing aromatic heterocyclic group include the
following compounds. 1-methyl-2-vinylimidazole, 1-methyl-4-vinylimidazole,
251-91@?5%-?)@%/?39/Iimidazole, 2-vinylpyridine, 3-vinylpyridine, 4-vinylpyridine, 2-vinylquinoline,
303-vinylquinoline, 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 aromatic
heterocyclic group include the following compounds. 1-methyl-2-isopropenylimidazole,

1-methy1-47igopsoperv gidazale, 511@'}2%21“%@%9@3%3’#@9&%@81%@%rfb%i‘ﬁdamdm‘?1

3O Y e & Mitamencont R Aloyehe Pocerodycle Broup include the
following compounds.

Compounds in which r in the formula (2-Y) is 0:

5 4-1-methyl-2-aziridinylisopropenylbenzene,
4-1-methyl-2-pyrrolidinylisopropenylbenzene,
4-1-methyl-3-pyrrolidinylisopropenylbenzene,
4-1-methyl-2-hexamethyleneiminoisopropenylbenzene,
4-1-methyl-3-hexamethyleneiminoisopropenylbenzene,

10 4-1-methyl-4-hexamethyleneiminocisopropenylbenzene.
Compounds in which r in the formula (2-Y) is 1:
4-1-methyl-2-aziridinylmethylisopropenylbenzene,
4-1-methyl-2-pyrrolidinylmethylisopropenylbenzene,
4-1-methyl-3-pyrrolidinylmethylisopropenylbenzene,

15  4-1-methyl-2-hexamethyleneiminomethylisopropenylbenzene,
4-1-methyl-3-hexamethyleneiminomethylisopropenylbenzene,
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
R2! is a vinyl group, nis 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-propenyDpyrrolidine,

30  1-methyl-3-(1-methylene-2-propenylpyrrolidine,
1-methyl-2-(1-methylene-2-propenylhexamethyleneimine,
1-methyl-3-(1-methylene-2-propenylDhexamethyleneimine,
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103-isopropenylquinoline, 4-isopropenyquinoline. Examples of the compound represented by the
formula% ) in which R21 is a vinyl group, nis 0, and A is a nitrogen-containing aromatic heterocyclic
grouphEridE ¥ following compounds. 15 1-methyl-2-(1-methylene-2-propenyDimidazole,
1-methyl-4-(1-methylene-2-propenyl)imidazole, 1-methyl-5-(1-methylene-2-propenyDimidazole, 2-a
-methylene-2-propenybpyridine, 3-(1-methylene-2-propenynpyridine,
204-(1-methylene-2-propenyl)pyridine, 2-(1-methylene-2-propenyDquinoline,

3-(1-methylengedipropetiyRayingling. 4-6 me nyamingline. Examples of the
compound represented by theﬂgrmula (2) in which 25 R21 |§ a V|nyI roup, 1 R2éls an alkylene

group, and A is a ni 5@8?}9 HWHFBH%R%@T@F&?QHT@ r}éﬁﬁ}?ﬁ Ié‘Vvﬁ ]é%‘mpounds

Compoundgin beﬁ@?gﬁoﬁgﬁn@ihyl@nﬁ@rﬁau@nkm%@nb%&%&pem&meiﬁabutenyplmldazole 30
1-methyl-4-(2- methylene -3- buten oIe 1- én&%ihyl-&(z-meng ne-3-hytenyDimidazole,

2-(2-methyBHECEBRTEN )Wﬁ%@ ?'@é“ﬁ? 1 B HBEYRACSBEEAF Rine,
4-(2- mgthyl@(ﬁ@@ga@t@@yppyndme 2-(2-methylene-3-butenyDquinoline,

2n(itr;j;hr¥é%but P&’i’%‘%@% Met&ggﬁﬂé{%&tﬁgggijénohne Compounds in which R22 is
1-methyl-4- (Bmmﬂnylezré%mﬁe@y@m@az@i@uamﬂaﬁiegs (3-methylene-4-pentenyDimidazole, 10
igmzmy: ne 4@%% 6}%?#?5 :%met égg{eé:%) 8nyl)pyrldlne

y nyl)quinoline,
3-(3-methylenﬁet&mehtbﬁ3ﬂiﬂmh§7lil@@e %Buﬁanm}phyl@n&mé,p e nte nyDquinoline.

10 1-methyl-2-(2-methylene-3-butenylhexamethyleneimine,
1-methyl-3-(2-methylene-3-butenylhexamethyleneimine,
1-methyl-4-(2-methylene-3-butenyl)hexamethyleneimine.

Compounds in which R22 is an ethylene group:
1-methyl-2-(3-methylene-4-pentenyl)aziridine,

15  l-methyl-2-(3-methylene-4-pentenyDpyrrolidine,
1-methyl-3-(3-methylene-4-pentenylpyrrolidine,
1-methyl-2-(3-methylene-4-pentenylhexamethyleneimine,
1-methyl-3-(3-methylene-4-pentenyl)hexamethyleneimine,
1-methyl-4-(3-methylene-4-pentenyl)hexamethyleneimine.

20 Examples of the compound represented by the formula (2) in which
R2! ig a hydrogen atom, n is 0, and A is a nitrogen-containing aromatic
heterocyclic group include the following compounds.
T-methyl-2-vinyhmidazole,
1-methyl-4-vinylimidazole,

25  l-methyl-5-vinyhimidazole,
2-vinylpyridine,
3-vinylpyridine,
4-vinylpyridine,
2-vinylquinoline,

30  3-vinylguinoline,
4-vinylquinoline.

Examples of the compound represented by the formula (2) in which
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The compound represented by the formula (2) is preferably a compound in which R21 is a hydrogen
atom, nis 1, and R22 is a group represented by the formula (2-Y), and A is a substituted amino group.
Morebﬁfgf%t\raﬁjlaz% a compound in which R21 is a hydrogen atom, nis 1, R22 is a 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 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 trimethylsilyl groups, or a
compound IRWhich REBranERrgp imthedosmdla (2-Xhate penershia ot a25neieip, and the group is

a polymethylene group having 4 to, 6 carpon, atoms. The compound represented by the formula (2)
is particula#ﬁ%g&%ﬁo@ BIRYN-BiS ‘ﬁ‘f]rcﬁ"\éﬁﬁ;}ga I OSEPEE 4N N-bis(trimethylsilypaminostyrene,
30 4-N,N-dimetkhyleyhipdsgtigstyiens BPbN:dimethylaminomethylstyrene,
4-(1—pyrro|icg%%%%lstyrene, Our Rer, 561320 3-(1-pyrrolidinypethylstyrene. The content of the

[

monomer u ShiE%%5 GPERTESEhted by the formula (1) is preferably 0.01% by weight or
more, riiore prataiaiyboL3%0by wedighidarzeiere, further preferably 0.05% by weight or more per 5

100% by W?#'giht of the conjugated diene-based polymer, in order to enhance fuel cost-saving
properties. hg%%ﬁ%?@%? }gﬁw 20% by weight or less, more preferably 2% by weight or less,
further preférabbyp #8pdnyiyaightiae)ess, particularly preferably 0.5% by weight or less, in order to
enhance ecg_no(r)nic effici né%%nd to increase tensile elongation at break. 10In addition, in the
monomer unit DASEd O ak orﬁplgﬁhd represented by the formula (1), groups represented by X3-, X2
and X3 mayZhaveheemghnvertéthinto hydroxyl groups by hydrolysis, etc. The content of the
monomer u%i_tisbaslgd 8”@ com&%ugd represented by the formula (2) is preferably 0.01% by weight or
more, more pre%)ra(myri B-02Y% By’weight or more, further preferably 0.05% by weight or more per
100% by welglbpftipe cpgjugaledediene-based polymer, in order to enhance fuel cost-saving

properties and to ingsease tensile, elongation at.break The, cantent is preferably,20% by.weight or less,
more preferably 2%%%3{13\/1\? %%1 gﬁéﬁs?s?%ﬁl} 0&%%§1%?5%?§%%%b%%%§h Cor 1elsas,tlj%ga%ﬁl(:‘ﬁvtI)g}\é%lpreferabIy
0.5% by 20 Ri8igheorieskgimopder to @rinathdeieconvimgeticterteyamg tarinomease tensile elongation

at break. hé&agé?{:?{g%%%aiﬁgﬁﬁ%mﬁgﬁ%%?g?&%?ﬁg Lﬂgé)ér_ner of the present invention has a

constituent unit based on"vinyl aromatic aromatic hydrocarbon unit) in order to
enhanbe strényethes-Exampib okt Xipydpeombtic arolearbon include styrene, crmethylstyrtene,

vinyltoluene1,\ﬂjl"%H@.@J&t}@lﬁg&}gj}gw@B;gﬂgnymi}g}{lggﬁ%r’le, and divinylnaphthalene. Preferable is
styrene.
1"methyl-5-(1-methylene-2-propenylimidazole,
2-(1-methylene-2-propenyDpyridine,
3-(1-methylene-2-propenyl)pyridine,
20  4-(1-methylene-2-propenyDpyridine,
2-(1-methylene-2-propenyl)quinocline,
3-(1-methylene-2-propenylquinoline,
4-(1-methylene-2-propenylquinoline,
Examples of the compound represented by the formula (2) in which
25 R?'is a vinyl group, nis 1, R?2is an alkylene group, and Ais a
nitrogen-containing aromatic heterocyclic group include the following
compounds.
Compounds in which R?2 is a methylene group:
1-methyl-2-(2-methylene-3-butenylimidazole,
30  1-methyl-4-(2-methylene-3-butenyl)imidazole,
1-methyl-5-(2-methylene-3-butenyl)imidazole,
2-(2-methylene-3-butenyDpyridine,
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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 cotfjigatéditlene 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 Our Ref. 561320
amount of 100% by weight of the conjugated diene unit and the vinyl aromatic hydrocarbon unit. In
order to enhance fuel cost-saving properties, the content of the vinyl aromatic hydrocarbon unit is

preferably 50% -byapleigbherdasstdhgisontRnbhef the conjugated diene unit is 50% by weight or 5
more), more preferably, 45% b Weiglgj or less (the content of the conjugated diene unit is 55% by
weight or miore) MetBBHENG SR SRILHSRF tif+4) of the conjugated diene-based polymer of the

present inven{ipriistRsatatalysi3aiyeienaionse preferably 20 or more, in order to enhance strength.
In order to %nrﬁince rqocessability, the 10 Mgoney viscosity is preferably 200 or less, more preferably
150 or less > THe RS i‘i"f"\ﬁé@g&h{?’(’mﬁ?ﬁﬂ}%ﬂ?easured at 100C according to JIS K6300 (1994).

The vinyl bentling etholsi ofBithe caniligatabHigne-based polymer of the present invention is preferably

80 mol% oréess, morgﬁeferﬁ%g?ﬁmol% 15 or, less, relative to the content of 100 mol% of the
conjugated diERE8 Ui Brd AR R REPESHE B P properties. In order to enhance gripping
properties, thenvithy bardingatndienkist prefesabli)kbimoitd«ar more, more preferably 15 mol% or

more, further preferably 20 mol%.or more, particularly preferably 40 mol% or more. The vinyl bonding
amount is 2e6 %ﬁ%%ﬂ(%bgé aBs }I%Eﬁei gf?ﬁ%%g} 3’%’cm-l, which is an absorption peak of a
vinyl group, usieghipiraré€st spativtenetd-pen tdhegl Melekidatayeight distribution of the conjugated

diene- se%] lym the present inyention.is preferably 1 to 5, more preferably 1 to 2, in order to
enhanlctzeg1 fué %8 ée%ﬁ%n&g ?ﬁé&?ﬁlﬁ%’%ﬁ% é%%qar weight 25 distribution is obtained by measuring the

number aveld@emutlerisne veighitdvin) pard dieeyeight average molecular weight (Mw) using a gel

permeation chromatography (GPC) method, and dividing Mw by Mn. Examples of the preferable
process for%?c?g{ﬁﬁ%%ﬁf?g] %oz%' %ﬁéﬁﬁ?@ﬁg a5ed polymer of the present invention include a process
of 30 polym2riginges hptemenépeartporismicaiiaming a conjugated diene, a monomer represented by

E:Z?a?:/)sotvi(ra] ;%;h%% ém%% % g)ﬁggg@gjﬁp&ﬁﬁ%@ by the above formula (2) with an alkali metal
15  4-(3-methylene-4-pentenylquinoline.

The compound represented by the formula (2) is preferably a
compound in which R?! ig a hydrogen atom, n is 1, and R?%is a group
represented by the formula (2-Y), and A is a substituted amino group. More
preferable is a compound in which R?! 1s a hydrogen atom, nis 1, R22is a

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 R2* in the
formula (2-X) are linear alkyl groups having 1 to 2 carbon atoms, a
compound in which R23 and R?¢ in the formula (2-X) are trimethylsilyl groups,
or a compound in which R2% and R24 in the formula (2-X) are bonded to form a

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

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

30 4-N,N-dimethylaminomethylstyrene,
3-N,N-dimethylaminomethylstyrene,
4-(1-pyrrolidinyDethylstyrene,
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solvent. Examples of the alkali metal catalyst include an alkali metal, an organic alkali metal
compound, a complex of an alkali metal and a polar compound, and an oligomer having an alkali
meta?.“E?t%fhﬁEﬂ@%oof the alkali 5 metal include lithium, sodium potassium, rubidium, and cesium.
Examples of the organic alkali metal compound include ethyllithium, n-propyllithium, iso-propyllithium,
n-butyllithium, sec-butyllithium, t-octyllithium, n-decyllithium, phenyllithium, 2-naphthyllithium,
2-butylphenyllithium, 4-phenylbutyllithium, cyclohexyllithium, 4-cyclopentyllithium, 10
dimethylamii0piapyibitiiis] ek iamiaapropyllithium, t-butyldimethylsilyloxypropyllithium,

N-morpholinopropy éhium, Iithiu%]fe examethyleneimide, lithjum pyrrolidide, ljthium piperidide, lithium
heptamethyleneimidé i oo tAhBERASET DY, RagitRcE SPRRMES SARFS A Fthalenide,
sodium biphenyieéoandjpotessiumatapiiihalenite; B Weadhition nexamplescob tbf:eomplex of an alkali
metal and g polar compaound include a potassium-tetrghydrofuragn complex and a
potassium-a&'é%éx%&ﬁ%ﬁ%ggo?ﬁmea T Eﬁﬁ{@ﬂ”& 95?1% Iié%?%%'yh‘g ﬁ%&ﬂ%&aﬁw&a include a
sodiunGsaltiafiga bymetihyistyfrte: tetigmer & efenablbdsanmibanieithiviieempenhdmean organic
sodium co nd, 20 more preferable is an organic lithium compou ving 2 to 20 carbon atoms or
o organic SO LSRR ATRGITI 1o DB L ABE TR L B R I oment
which doesmotinaeifeaterbn Z¥ghpioralkali mekad dimpbiendeafalydilanthaxamplgh therkekinclude
aliphatic hydrocarbon, aromatic hydrocarhon and.alicyclic hydrocarbon. 25.Examples of the aliphatic
nyerocarboR AR D oBPE i s B o Aol b e GBS Bl pene,
1-butene, isefbtiteny, snahscPibutenes tisaBilubdmegdtipentenier@thentene, 1-hexene, and 2-hexene. In
addition, examples pf the.aromatic hydrocarbon include benzene, toluene, xylene, and ethylbenzene,
nd e1dmplos of i iy B L RO D TORE A A R or more
kinds therebfyarecufsedy alad(the gndrpsaryoe soivedthmd) b& aaniktifensdy drioesheemponents, such as

industrial h%%%r@r fi%r%bkeggrgx%ocarbonbhe:jwr:}gel% to 12 cgcr_bon atoms. Our Ref. 561320 A

monomer component containing a co%ﬁaggf'eoy [ ; csxl)srhf)}ound represented by the above formula

(1) and a compoun&‘lwesmwﬁyhhembmdnm@@dé pmmm&rrapraﬂeaﬁtmigtal catalyst
in a hydrocaben SpIVENio (%P%“@Fe%?%&@l@'ﬁ%'ﬂe% %&e%ﬂg'@ﬁ ) éb%ﬁ%%rﬁg?ae}?a?ogﬁmugated

diene, a moriomer unit based on the comp represent y the abdve for d a monomer

unit baSed GrOE% donweighd cepresentha thetherafred hprth 0B D)y Breigiptes ohtve penjugated diene
include 1,3- iene, | - - ' -hexadiene. O
or more kind T ek i AR By B A e
compound @p&esaﬁre@yﬁvmwmas(apd@dmmewrwd@Q%n_gaw@ight: dreadre, fhoee
preferably Oc%%rﬂyigvsméﬂm%%w&g@{?a@xs@;%%orgﬁégt%g&ggl B! By RlBIMR: g, the total

amount of 100% by weight of the monorher components used | ymerization, in order to

enhance fu&%%s%@éhﬁfgmﬁfpé@@éﬁ.ll?_f)ch.’ﬂéi‘et'tgbhIﬁari@ésem?ﬂlﬂ%ﬂm@mﬁ?mhhd)ﬁ&ﬁebﬁe tensile
elongagon 3 Hraak, e amouet dsedsis Maierabb, a0%e: e WRIghIQr Jess narg pueierably g% by

weight or less, further preferably 1% by weight or less, particularly preferably 0.5% by weight or less.
20The amoglfngatioeipsemt represented by the formula (2) used is

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,
amethylstyrtene, vinyltoluene, vinylnaphthalene, 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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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
usedIrr e poistherization, in order to enhance fuel cost-saving properties and to 25 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. 30The

polymerizatigh saay wm%wagﬁﬁmm%&gﬂyéﬂmi&ey@ﬁ%@@m%m conjugated diene,
the compound represented by the formula (1) and the compound represented by the formula (2), and

examples GEPRAHEVIOGHIRY FA taro Rtk dRY drosaRsorcm ENfd € At remang REIRSIiGfene,
vinyltolueneshdnadnaniihalene vahnyhenzench fvndbBazeRg PRAGMEMRAPbRIeRe. Preferable is

styrene. The amount qQf the vinyl aromatic g%grocarbon used is 0% wn%;%pt 5 or more (the amount of

| by !
the conjugaledi efer leesa(h s SOnt By e smggﬁtséd%aﬁdgmg?@ hvstretih e amount is

preferably 1@%r-by weighp erferensl{tas ameouptiibecnuydaied:giere tsedls 803pRuwaight or less),
more preferaply 15% by Wﬁ?t}tﬁ({)r more (the amount of the conjugated diene used is 85% by weight or
less), relativB 8 $HE 6t AriBURE BEIBBSOHYARESGNt 10 of the conjugated diene and the vinyl aromatic

hydrocarbon used. Inherdgsdaanbaneeityelost-gainadengiliescid rnewetibelyimdaromatic
hydrocarbon used is preferably 50% by wejght.or less (the amount of the_ conjugated diene used is
5096 by weiGhteh FIGRET DM BRI DRT 2598 Bl GhBP s Y0HE BRRCCHIP A CoRiGEed diene

used is 55%bynieight enibivergrengtin adgitedcihe toioh anreuntebihe sofjgaied diene, the
compoynd represented by.the.formyla (1), t ompound represente formula (2).and the vinyl
avomath ny TBCRS o R BB e T SERHGR 4 bR ALy B ) B Wkt W more, more
preferably 99L8&A6 by weight dh2D:mpte utherpdeierably CO by iwgight] I8 EBA0® the total
amount of 1@%‘@4 y weight of the monomers used, in order to enhance strength. The

tion fe

polymeriza iction may be performed in the presence of an agent which adjusts the vinyl bonding
amount of the conjubatedi didrieondiin graancagenifivhichadjugts sideddisitithiianl gfdhermangdgated diene
unitand a 2 monome ﬂ?it b%§ed on manomers, ther, g/han e con'lé%atedtdie%ﬁi Bgrencwjugated
diene-base poR/mer C a|lslre(ﬁerOeI|1n1asf¥i’arr(,e coffective ynrlé) &rrad 16°5s ™ at juﬁfﬁgearta r}fr? xgm(bles of
such dgentoindsseralattetcohwpormca teriiafy mnitie;fatttaphpsphtiod dampaund, fxamples of
the ether compound in%g%%ecg ethers such as tetr rofuran tetrahé/dﬁl%pﬁ/ran 30 and

alp

clic ethe hyd
1 4-dioxanc Hehiyienhance ek Costavme ot | Ul GRICT KO b caleoniie. 1 ac

ethylene glyzolintethytletenglhyladeng yoobdiethyl etk byl é e Yobditutye ethere diethylene
glycol dieth)f)lreferably 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 cm', 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 cost-saving 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
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Our Ref. 561320 ether, and diethylene glycol dibutyl ether; aromatic ethers such as diphenyl ether and
anisole. Examples of the tertiary amine include triethylamine, tripropylamine, tributylamine,
N,N,Rfl-rr@"?feﬁﬁé?ﬁ%thylethylenediamine, N,N-diethylaniline, pyridine, and quinoline. In addition,
examples of the 5 phosphine compound include trimethylphosphine, triethylphosphine, and
triphenylphosphine. One or more kinds thereof are used. The polymerization temperature is usually 25
to 100C, preferably 35 to 90C. Further preferably 50 to 80C. The polymerization time is usually 10
minutes to sdigas. 10In the production process of the present invention, if necessary, from the

polymerization initigtion to polymerization.termination of the monomer wjth an alkali metal catalyst, a
coupling agent ma}%@%&ﬁ?@%‘ﬁ%ﬁr@@#ﬁoﬁﬁ%% ’tﬁg?g j&é’a?i%aj‘?eﬁ’@ s&t polymer.
Examples afiiperdouplingi agetntlinetdgeandompouns ¢epaamtk-by the follovdngforarula 15(3).
R3laML4-a (3) wherein R31 represents an alkyl group, an alkenyl group, a,cycloalkenyl group or an
aryl group, Ré‘?ge%%?é?nt@ Sﬁ"l&éﬁ%%}ﬁro %Vﬁﬂé%h#]%f? ?%%% s%%@ﬁga?g Sr"glﬁ%rocarbyloxy
group, &nd argpidsehis abi @dnieges O 2tassiukxamiplésuef ke datiplingrag ik sepsbsented by
the formula (3).include silicon tetrachlqgride, methyltrichlorosilane,.dimethyldichlorosilane

imethyioh Ol TG RGP RE TR GTORE GG B BRI E R Brotin,
tetramethoxysitpre; ?h thaily/trirbethydkiykilane, dimbthpkidinethylsdand]tiatmitriethoxysilane,
ethyltrimethoxysil dimethoxydigthylsilang, diet imethylsilane, tetraeth ilane,
cihyitriethoty e e o s hory e FRE RREINARIE od i
preferably Gtosheey Brundiemore prefetablyl® 08 wmo) éroyndre petillibliofrgn alkali metal derived 30

from 30 alk%I}{ 'meecn{elal faatalll){cs)t rin onﬁiﬁ t%_ I%n_t&alg e tﬁe e Irl%ce%satﬂg%lo&gle conjugated diene-based

polymer. In order to enhance faal cos -saving prgper ms,%epgmount IS preferably 0.4 mol or less,

more preferablyt@ldimetQlriReix5618a0llithium, N-morpholinopropyllithium, lithium
hexamethyleneimide, lithium pyrrolidide, lithium piperidide, lithium
heptamethyleneimide, ithium dodecamethyleneimide, 1,4-dilithio-2-butene,
sodium naphthalenide, sodium biphenylide, and potassium naphthalenide.

158 In addition, examples of the complex of an alkali metal and a polar
compound include a potassium-tetrahydrofuran complex and a
potassium-diethoxyethane complex, and examples of the oligomer having an
alkali metal include a sodium salt of an a-methylstyrene tetramer.
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 hydrocarbon 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-Z2-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 hydrocarbon 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 hexane. Preferable is hydrocarbon having 2 to 12 carbon atoms.

38



or less. The conjugated diene-based polymer can be recovered from a hydrocarbon solution of the
conjugated diene-based polymer by a publicly-known recovery method, for example, (1) a method of
addiﬁg‘ré{ﬁ%gﬁlﬁ@ting agent to the hydrocarbon solution of the conjugated diene-based polymer, or (2)
a method of adding steam to the hydrocarbon solution of the conjugated diene-based polymer. The
recovered conjugated diene-based polymer may be dried with a publicly-known dryer such as a band
dryer or an extrusion-type dryer. 10The conjugated diene-based polymer of the present invention can

ze incorr}orated intqqqﬁh@zﬁcﬁﬁb&nwhgwm@@:l m%ﬁtﬁeﬁﬁ@@T@@ug@t@wa@@@@ml pgated |
iene-polymer composition. xamples of.t ther polymer components include conventiona
styéebne-tluuﬁiﬁﬁeﬁiﬁé@éﬁsﬁm&ﬁ%ﬂ?ﬁ&%%ﬂaﬁh i Bé%%%|lymer abber,
and butyl r fo I139) dhi dataahigtiera il pibyleae-propylene
copolymer an a?l ethylene:octene copalymer. One or more .kinds of tarl\ese ol r co gonents are
sed. When HE BEEPBBISPLEr HotRIB AN o PERSOREH ARG HREBIREH TG MO e based
polymes of tie: pxasepitad dian, thermmount:of e leanjdgatadh dienahased potymeneddheypresent
invention in¢cprparated is reﬁrg@l 10% by weight or more, more preferably 20% by weight or more,
relatve (0 T A BT P DOoRE) BGHEB the BUHEr LB HERRfing the amount of the
conjugated chenesbased bplsieerhincorfiotateld) €5.inddxpenated, of drdentq wankiancéifiral cost-saving
properties. ., /3 (e &%‘%‘&Q’Sf@&“?‘é‘" Kpown @%%i}il%’é?&'&a” C#%?%e%]
’ ce

an Aderamples dhereof include
vulcanizing agents stich as sulfur; vulcanization a SABrS shich A58 thimzore-based Vuicanization

accelerator s thiy fahekadachwul cBnizatiom acedderdtotharsulfenamisgedbadéx:feilebhézation accelerator,
30 an%a QUf%i%in%é%@ggg XH%%‘”LZE""“QO” accelerator; vulcanization activating agents such as stearic
acid and zin¢ oxide; organic pergxmfés' such as dicumyl peroxide and ditertiary butyl peroxide;
reinforcing agents stitle asssilicd: afith©crRed 564 320 cadore BlhyiHilldossudh 65 cedeilim carbonate,

talc, aluming Ui droxi nd mica; silane_caupli > Xt der oils; processing
aids; anti-atj)l"rr1%k%a}éae%nl srﬁll@gﬁl%:g s B ar%%fe%slré]}f%hg éﬁﬁ rri%g%%%%%vad%%y%lrﬁrjgr?%gé%itated sulfur, 5
colloidal sulfoprimsbivthespifefeaabiliiGHidkpeysmeishtfor. Fweamelatiof tectbaltot#dcorporated is

AR e TN AR B e e 05
acceldrator irdiie thiatiok, baseder to enhance fuel cost-saving properties. 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.

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

25  increase tensile elongation at break. In order to enhance economic
efficiency and to increase tensile elongation at break, the amount used 1s
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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10 vulcanization accelerators such as 2-mercaptobenzothiazole, dibenzothiazyl disulfide, and
N-cyclohexyl-2-benzothiazyl sulfenamide; thiuram-based vulcanization accelerators such as
tetraﬂ%%iﬂt?’ﬁh‘of%\% monosulfide and tetramethylthiuram disulfide; sulfenamide-based vulcanization
accelerators such as N-cyclohexyl-2-benzothiazole sulfenamide, N-t-butyl-2-benzothiazole 15
sulfenamide, N-oxyethylene-2-benzothiazole sulfenamide, N-oxyethylene-2-benzothiazole
sulfenamide, and N,N'-diisopropyl-2-benzothiazole sulfenamide; guanidine-based vulcanization
acceleratorsfileh @i diphenyiguahictinec sibahdiadyglasiging and aebioidhtguanidine. The amount

of the vulcanization acceleratar 20 incorporated is preferably 0,1.ta 5 parts by weight, more preferably
0.2 10 3 partdiy REHp St A0 SRR ARE HEbF DIt EBH NG EAGA AILS of the siica
include dry dikdaxhadpykitbuk:silicic i) r atde silicayumisous silicic acid), colloidal silica, precipitated
silica, calcium silicaﬁé)and alungin silicate. One or. n%?}r{%(indsghereofgan lésed. 251g he BET
specific surface are it HE St s prefd )? %‘b“?&% CATHeBET® plgc R 8rtaEEarea is
measufed accordirg theAGTE M X 8Dthe R ohfigptwaltially wsail abEOdMdur twcltddeardee) Itrasil (r)
VN3-G manufactured by Degussa, trade name,VN3(r), AQ, ER, RS-150 manufacture Tosoh
Silicn Corpa o EtsE He SR T P SO AKBATE BeS OTACI Y By R CHBREE, oan be
used. Exanplehettne cathdit Inackinchade dutiwacebladkisat@dy lenevoladi; trdass), black, channel

black, and graphite. Examples.gf the carbon black Our, Ref: 5613204nclude channel carbon black
such a0 EPEONR o LB, T AAcs CElBa B e R A AL AR (L RE, GPF.
APE F1', CEs&8CE &53EGFy thehthat tesbonrdlati stictites foTadmdridiintoétiddlié barerghbliack. One or
more kinds eof can ed. 5The nitrogen agsorption .specific surface area (N2SA) of carbon
plack 0 preft Ll g e L R N, R B o bl
is preferablycetolg0tenfii¢Dogt Faeingrogepeatissr flenaspedifit siithareiardasisomedsured according
to ASTM D - P rati IS4 r ' A 2414-93. 10
As comme%%vgﬁggg%}gc% t@%%ﬁné%%%bg%?é?ﬁ%%f%%%@%%&%&%ﬁ% itsubishi
Chemical Corpiiatioed wiekeniind Bexitirps BuabkTrmtScasts) jiafmahifaéifetiby Tokai
Carbon CO-oJidy{1BfIe0ama Cla & SeaR &Jgﬁ%&f&é HRAUIAGLI S Pk BguRR Rl oan be

used. When a conjugated diene-based polymer osition in which a 15 reinforcing’agent is
incorgdratedigne)the conjugated diene-based polymer of the present invention is used, the amount of

the reinforcing agennGRRRAChS RisferAklEY 7 A0 RATS By e B RCTHORAARS Ryveioht of

the amount of the conjugated diene-based polymer of the présent invention incorporated. In order to
enhance alieRrsseatestdcthgrfgrmula (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 glyeol diethyl
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20 strength, the amount incorporated is more preferably 20 parts by weight or more, further preferably
30 parts b Wei%ht or more. In order to enhance reinforcing properties, the amount is more preferably
120 8&&%‘* ;5’%% &ht 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 silica incorporated is
preferably 56 partshy deithylenhmglecshdie preferdhly; 43 padsibyiheight achingyelipdativé to the total
amount of 100 30 parts by weight,of the.reinfprcing agent incorporated. In dqri%;on it is preferable
that the Weiegh er%ﬁ%l éfatﬁgs Shte é‘%ﬁh@cg{gge%} %%at% ?’g?ﬁgo‘?'&ﬁ%d%%eeﬁlg t méci)lﬁtent of carbon
black (contenip@uyRehhod I2haftsilieaitenSNNONCATD ot blank) lig/ R dhid &tk flidhis wapre preferable
that the wei atio is 5 1 to. 20 1 in .arder to enhance fuel cost-sayi roperties an enhance
remforcing DR AR s P o L R ger R Uy R EHBIS Ao
vinyltriéthoxylsdapk; nenybtrs(@ume thexydth oxyysitdndp B seporymyitighexyidthwdtriamethoxysilane,
y-glycidoxypropyltrimethoxysilane, y-methacryloxypropyltrimethoxysilane,

X amine S B e e Y S
aminopropylmethy|ditne hayysdaira.t i Nepheesdyzeein aprogyitrihethdd9slapeeferably 35
y-chloropropylirimethoxysilane, y-mercapt ypethexysilane, y-aminopropyltriethoxysilane,
Dot or e R, S Gty i R R RIS
y-trimethoxysilyépppgyldimetiystiocatsamyl tetrasulfide, and y-trimethoxysilylpropylbenzothiazyl
tetrasuylfide. One or EL % thereof ar S.CO ' vai roduc de name
Si69g;T i75(r) manuf%%gﬁ? cr}l %/ égusé%ce%tsc%,gggrg %@ﬂ%séegmﬁ{g%\%g%ﬁ’?%gﬁg%%%%’ |gk%§§based
polymer cortlpogitlymianivistion gildmticouting hgeetisitoor poratetkiitonthe thenjngatedeatiene-based

polymer of hGHBIERCIUANERURIS s {1 AMANLPL NG Plang peunling:Z gent incorporated is

preferably 1 to 20 parts by weight, more prefe ) parts by weight, further preferably 5 to 10
parts by welgrdsatbomsela bymelghecfohiigiited dienehasplasody therextBrdarits piclude an

aromatic mingral oIl (YISEaALY, BRETIG LA GARSIANk %&&t}éﬂ!r&@&@%@%&g%&ﬁﬁ%”aphthene

mineral oil (V.G.C. valué 0.850 to 0.899), and a paraffin mineral oil (V.G.C. value 0.790 to 0.849). The
polycyldlic ak8Matic content of the extender oils is preferably less than 3% by weight, more preferably
less than 1% by Weﬁﬂtéﬁﬂg_ &polylgz)yclic aromatic content is measured according to the

wherein R3! represents an alkyl group, an alkenyl group, a cycloalkenyl
group or an aryl group, 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 (3)
include silicon tetrachloride, methyltrichlorosilane, dimethyldichlorosilane,
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

41



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
exteMdER &84t used. Our Ref. 561320 As a method of incorporating the other polymer
components or additives into the conjugated diene-based polymer of the present invention to produce
a conjugated diene-based polymer composition, a publicly-known method, for example, a method of
kneading each component with a 5 publicly-known mixer such as a roll mixer or Bambury mixer can be
used. As knaaldigig conditions, when additives other than the vulcanizing agent and the vulcanization

accelerator are incogporated, thgt kg(éadinggtemﬁzer(a#%re is usu$g 50 to Zoa%ﬁreferably 80 to 190C,
and the kneading ti %C?@Uéﬁl@ 56 SLEn§816%8 Hﬁﬁgscaﬁf‘ %?/Vf% H?30 minutes. 10
When the viigdrizing agenlaridihd vhtcesidatiavedicébleralon e pudorpordied; the kneading

temperature is usually 100C or lower, preferably room te ture to 80C. dition, a composition
i wich the VLN A RO R ST BE G ra s B THESSh BT ol subjoctod
to VU:ICéTZZOam Zg%imﬂgmgemblh@ﬂéﬂégsévudﬁa}fimm ; ﬁbh53ﬁ$he%aj\tlg‘§afkﬂzdtmt®ﬁmiature i? )
usually to , prefera 0 : con iene-based polymer composition of the
oresent IvEIGTTE AT RS ST AR Lo SATRGATRE SONHORC Hibne-based
polymer cormpgsifiatedf dienprésentlipubniien haBlROreighytansilecelpngeatdndad heeaksahd is excellent

in destructiQn yesistance. The conéﬁgaiate&%!celne-based %ol mer a. dagoanjoua%?&e I_diene-based

polymer co11?1%("Yéjﬁleornnol?l thepg'eré%%ﬁﬁvent n are%skeIl hiire ,%ro?élf, loor materia s?%%arvibration

prevention matesiatgsaoul;tpadidufarty, are suitably used in tires. 25 Examples The present invention

;/\r/]i(! 1?0 gv?/?r?ribed b vgg w%a% XAm eI%s. Tl?f e\gsa}luatioors\ﬁﬂgl%%seiggrll {%Qgg'#ciagnwasnpgerformed by
g methods. 1- ey Viscosity a\?ﬁ_ E4Y30The Mo6 ey viscosity of a pocle)l/mer was

measured ant0f®uceatding other polymer components, additives, etc., and used as a
conjugated diene-polymer composition.

Examples of the other polymer components include conventional
styrene-butadiene copolymer rubber, polybutadiene rubber,

15 butadiene-isoprene copolymer rubber, and butyl rubber. In addition,
examples 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.

As the additives, publicly-known additives can be used, and examples
thereof include vulcanizing 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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to JIS K6300 (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-1, which is an absorption
peakOBf ﬁ‘*&iﬁgﬁs ?oup, using infrared spectrometry. 3. Content of styrene unit (unit: wt%) 5The content
of a styrene unit of a polymer was obtained from a refractive index according to JIS K6383 (1995). 4.
Molecular weight distribution (Mw/Mn)  The weight average molecular weight (Mw) and the number
average molecular weight (Mn) were measured by a gel permeation chromatography 10 (GPC)
method undgrb folleskinflitendiians:d r40c{Bmand Hoa sreleputarameigiigistapution (Mw/Mn) of a

polymer was,obtained., (1) Apparatus; HLC-8220 manufactured by Tosoh Corporation (2) Separation
Column: HVENPRER G ARG g o GEuh ETH AL (O [TUEAEENTS CHRAS fifient tomperature
40C (4) Canriexdetiabydiddusartioiien prietd bt datndte (6) Injection amount: 5 id, (7) Detector:

R e L S L S A VN A A BT
5 colloidal sulfur, insoluble sulfur and high dispersing 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, and N-cyclohexyl-2-benzothiazyl sulfenamide; thiuram-based
vulcanization accelerators such as tetramethylthiuram monosulfide and
tetramethylthiuram disulfide; sulfenamide-based vulcanization accelerators
such as N-cyclohexyl-2-benzothiazole sulfenamide, N-t-butyl-2-benzothiazole

15  sulfenamide, N-oxyethylene-2-benzothiazole sulfenamide,
N-oxyethylene-2-benzothiazole sulfenamide, and
N,N’-diisopropyl-2-benzothiazole sulfenamide; guanidine-based
vulcanization accelerators such as diphenylguanidine, diorthotolylguanidine,
and orthotolylbiguanidine. 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 D1993-03. As
commercially available products, trade name Ultrasil® VN3-G
manufactured by Degussa, trade name VN3®, AQ, ER, RS-150
manufactured by Tosoh Silica Corporation, trade name Zeosil® 1115MP,

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

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

thermal black, channel black, and graphite. Examples of the carbon black
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5. Fuel cost-saving properties From a sheet-like vulcanization molded body, a strip-like test piece
havi%%raR\ég(g&rlls% 1 mm or 2 mm and a length of 40 mm was punched out and subjected to a test. For
measurements, loss tangent (tan8 (70C))of a test 25 piece at a temperature of 70C was measured
with a viscoelasticity measuring apparatus (manufactured by Ueshima Seisakusho Co., Ltd.) under the
conditions of a strain of 1% and a frequency of 10 Hz. As this value is smaller, fuel cost-saving
properties are more excellent. 6. Elongation at break (EB, unit: %) 30Using a No.3-shaped dumbbell
test piece, elorigadamatwndlich thertddbplesadk brokdt(ywadbasdréatfartenseasbenf 500

mm/minute,gccording to J ; efé I Intar olymerization
reactor ma e&cﬁ% s?élﬁ?ﬂeéé %@Fg&%&% vﬁ\iit aafs;lti?rzf%g’gewc’e%ﬁ%&r%})gr? ﬁ; érﬁg‘lj\$§l§n%ng 5L was
washed, driB§ Bhtheptedechwitmdsjackregehn £EHET, sh 8T of datidstrialchekaneé B density 680 kg/m3),
137 g of 1, tadien f styrene, 0.5 f & mixture of 3-(1-pyrrolidinyDethylstyrene and
4-(1-pyrro|i?%&DoegtF%?g?/%r’?ecfsl. %rr%??o?gtgtf%a%%%furan, and 1.18 ml of ethylene glycol diethyl ether
were placed into th& helpmerizeationd sesetom Bpeni i 64ufatbistaieliyiGhind)methyiiiwisiane and a

luti fn: ithium in 104, t z ithi . . d into th
polymerizaith %%%E?%L@a ?ﬁ@?ﬁ%@ﬁ%ﬁéﬁt&%&%{%ﬁ @iﬁiﬁ%ﬁ%ﬁ%ﬁ%ﬁﬁa&ﬁ reaction
of 1,3-butadiemsistyreeres: is(dledly Erpirdhrahy 1GingSTehe 1 8L00 gy rrdlidmpDadg@styrene, and
4'(1'py”°'i‘?i&é’%%‘%%lﬁ%ﬁ@@ﬁ%@ﬁﬁﬁé@%{?@? J&Ex?eg]gﬁf&?‘agc%@féﬂ@% %‘%agﬁ“f\?i Hihtpmyand a
temperature In the polymerization reactor of 65C while 1,3-butadiene and styrene were continuously

supplied int@l’tﬁeﬂp@m&i&bﬁ@fpM@mmﬁ@émmﬂ@ﬁwas%mmw§m Wai285)g.and the
amoug of sirepe, snpled Was6Rig1dn g faid! 2maun AHNIReMeiR wRighawere placed and

supplied into the polymerization reactor, 20 the amount of the mixture of 3-(1-pyrrolidinyDethylstyrene

and 4-(1-pyRémisgoiaaaddeyr & sihisln vde o1 (Rrpighoantr dde AABLPERSL® 6,
bis(diethylaminoimethlyinyisiianeiplacad vas Q% By ¥EIghtCarboh e RRlyMes solution was

added 10 ml of a hexane solution containing 0.5 ml of methanol, and the polymer solution was stirred
for 5 name CK® 3, Special Black® 4A manufactured by Degussa, etc., can be used.

When a conjugated diene-based polymer 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 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 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 silica 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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25 minutes. Then, to the polymer solution were added 1.8 g of
2-tert-butyl-6-(3-tert-butyl-2-hydroxy-5-methylbenzy0-4-methylphenyl acrylate (trade name:

Sumitizefed BMP%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 hours, and further dried at 55C for 12 hours under reduced pressure to obtain a polymer. The

evaluation resgilf:of i BONBEEAFBANBIRED kaPle] QHERENS61320 thore pha&ihallP fatis by weight
of the resulting polymer, 78.4 parts by weight of silica (trade name: Ultrasil(r) VN3-G, manufactured by

Degussa), 62°p8pERY 10EIgAE F a'sharn? cduBlingsgdt erad@rmine S5 88y MEnufactured by

Degussa), §A.parisywaightefitaibendiaticdradeapmaidya Black(r) N339, manufactured by
Mitsubishi Chemical Corporation), 47.6 parts by weight of an extender oil (tta%??name: JOMO process

NC-140, manufactufedBYP ibgh RCHIF RS POPATLA 8E S hattUste WergHt BF BIPErH &g Mg agent
(trade mame: AVHERRER Bt Iaa ARGt (B SuURiMARe:hamisal Co., Ltd.), 2 parts by weight of
stearic acid 2q arts by Wei%g%zg%sg%er, 1 part by, weight of a vulcanization accelerator (trade
name: SoxiRo 5')4@?9%8 & h PEVEIAREL Co., Ltd.), 1 part by weight of a

vulcanizatiopdeeelesaterdpaiei pastieo Saxinak!)y/bn sranciagisredy S niepgchamicss Co,., Ltd),

1.5 parts by n%{ght of a wax (trade name: 1%Sunn c(r) N, manufactured by Ouchi Shiko Chemical
Industrial CO', FraS B8 PA AT GREGRYSFS &%AB&ded with a laboplast mill to prepare a

polymer comp(siintindbehdbytingipolyrosty haabesiiencyaspeidacnto a sheet with a 6 inch roll,
and the,shegt was heated at 160C f%r 45 minutes.for vulcapization topgre are.a vul%ﬁgized sheet. The

evaluation 20 R of pryBISTBre %H?é%thf’f%g AR e SRR S RGERRY SHRPE: Comparative
Example 1 y-mérexptiesianedapabiheszaliondcpaion noadeof siastlkesssiiehequipped with a stirring

g 0f et eGSR CB0 Vg o7 op £ TSROy 13 6y LOHRAE L of o
mixture of 3y{tepyediiskyyBetpytatyidie atid A ispyrinlidiny Detndsifidocatd2 ml of tetrahydrofuran,
o 110 e il S et ede min e sggor men 921
polymEfizatidre realtion weed initiatechThe oopblymesidatibn peadtiotsot s dbutadie 663G rene,
S5175® 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
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 to 0.899), and a paraffin mineral
oil (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.
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3-(1-pyrrolidinyl)ethylstyrene, and 4-(1-pyrrolidinyeethylstyrene was Our Ref 561320 performed for 2
hours at a stirring rate of 130 rpm and a temperature in the polymerization reactor of 65C while
1,3-611%%‘?@% attd 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 5 g. In the total amount
of monomers which were placed and supplied into the polymerization reactor, the amount of the
mixture of 3-(1-pyrrolidinyl)ethylstyrene and 4-(1-pyrrolidinyDethylstyrene placed was 0.40% by

weight. To the polymerselutioniveds aded tding ehs bﬁi@mcﬁméﬁlp@n@mm@o 5 ml of
methanol, a g?rlﬂﬁe polymer solution was redf rs mlngﬁis The othe mer solutlo were
elod LB c B S B e B PN Lo RO R R AL e (racie

name: Summﬂa&@@m@g@mmmwoas@atpm@@emm@amd@ pabl B dabwn
pentaeryth laurylthiopro ate)( name Sumilizer(r manufactured by
Sumltomo ﬂ?ﬁl ?é% e’ﬁg‘?i%& fﬁ F?‘ﬂ&e gg %&8&8}% ﬁ%rg%%é%r‘a‘t@g{a?room temperature
over 24 hoqre,b&mﬂiyfﬂtrﬂmrrd rectat 5chfas h2rbturs wnder mm&prmserecmdlutameaipolymer The
evaluation results of, th lg ﬁmer are hown in TabI%q}géOThe art ]gwelgat .of the resulting

polymer, 78.4 parts‘%?r HF St %tlr%rbse %Vl?r ranuradtied’ byxﬁegussa) 6.4
parts by weighirof @nsilahe mlqejirigagmta(rtradtefamnm&ﬁﬁ(m}mmmtactheehzmaaa@ssa) 6.4 parts

by weight of carbon black trade 33 ubishi Ghemical
Corporatlong AP D pgrt %y We algoe%ghé%?l}lo iarde na;fgqlgﬁw%lglr%%e%s?\?g 1‘50
manufactureﬁrbyzéamraﬁytéi@ys@ommamﬁ() it 15 pians e feeighityol aniantieagirifagemeiesade name:
Antig rg)(r) 3%, man fact r%dn Pz\l{ nSumrto em%allﬂcaem%q zmz Jparts, g we Qat of stearic acid, 2
parts by Welgr]?t 5% zmc fower p%rat y welg tof a vileanization acee eraFor (%ade name: 30
Soxinol(r) ChcmaoufaetirdoedynSahitgme@hernicaleGe yétch )yl IHit Gy weigler op refertehitization

accelerator l(trade r;%r]gzlf %oxr%%% alfgfg %eg gé(ﬁgﬁlﬁ%m%%ew % h&td ), 1.5 parts by

weight of a wax e name: unn anufacture uchi Shiko Chemical
Industrial Coylcah)zamel ﬂgﬂ%@%ﬂwmglﬂwf&ammwemade@mwwwm mdill to prepare a

polymer comagaiion FieFE311iug, ROXIRLSA RSO, R MMOISH 0 A bRt iR Sinch rol.

and the sheet was heat
15  use. The vulcanization temperature is usually 120 to 200°C, preferably 140

to 180°C.

The conjugated diene-based polymer composition of the present
invention is excellent in fuel cost-saving properties. In addition, the
conjugated diene-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 1n 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-q)
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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5 for 45 minutes for vulcanization to prepare a vulcanized sheet. The evaluation results of physical
properties of the vulcanized sheet are shown in Table 1. Comparative Example 2 The interior of a
polyl%‘érr%tft?ﬁ%?@actor made of stainless steel 10 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/m3), 137 g of 1,3-butadiene, 43 g of styrene, 0.53 g of a mixture of
341-pyrrolidinyDethylstyrene and 4-(1-pyrrolidinyDethylstyrene, 1.52 ml of tetrahydrofuran, and 1.18

ml of ethylene glycargict iyl ehaidiesealboplaced nppihmpolywme brationekadstabsbgtios. 73 mmol of
n-butyllithium was placed as a p-hexane_solytion jnto the polymerizatiaon reactor, and a polymerization
reaction waSHATSIEN 5t AEBHHOYHEFERHON HEL DA A LSBT e G énginy! BXoub,
3(1-pyrrolidinyiRetinistyeanep endoddepyrrolidinyDethylstyrene was 20 performed for 2 hours at a
stirring rate of 130 rpmﬁgwd a temperat(l;re in the polymerization reactor of 65C while 1,3-butadiene

and styrene wefBEOREAL SBLIS S FHEdURIG & Bolymerization reactor. The amount of 1,3-butadiene
suppliesl was 205 g'Binel dhetantosi etstyienesitgiedwlgsed g:dn dhedntatafannt of monomers

30 pyrralh LS AT A L D SO FEhe placed was 0.129% by weight.  To the
polymer sol@tiﬁ_{b%a&hddedigﬁtrﬂﬁgﬁrabhmmmémmmhﬂ containing 0.5 ml of methanol, and the polymer
2 ertuty1-o.(3 etk KR BRSBTSy A VR S BAARL 48 e
Sumilizer(r)uEdV mbEnudasiine iy SumitomeaShesdidyl :0zrlRekh64 8260 Corphidfogndrh g of
Semitino QB B B R R S L A e A perature
over 24 houssiighd ustiméruriec QSER! fordf2:hmlpmememedotadedessure to 5 obtain a polymer.
The evaluatdTPA%%%F&&{ghﬁﬂ@y@%baﬁea%%%&tiﬂ‘e-arcfl Blye ’f‘(‘)soh Corporation
(2) Separation column: HM-H manufactured by Tosoh Corporation (two in
series)
15 (3} Measurement temperature: 40°C
(4) Carrier: tetrahydrofuran
(5) Flow rate: 0.6 mL/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 strain of 1% and a frequency of 10 Hz. As this
value is smaller, fuel cost-saving properties are more excellent.
6. Elongation at break (EB, unit: %)
30 Using a No.3-shaped dumbbell test piece, elongation at which the
test piece is broken was measured at a tensile rate of 500 mm/minute
according to JIS K6251.
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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
nam&15i8985 13 manufactured by Deg-ussa), 6.4 parts by weight of carbon black (trade name: Dia
Black(r) 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 Corporation), 1.5 parts by
weight of an anti-aging agent (trade name: Antigen(r) 3C, manufactured by Sumitomo 15 Chemical
Co., Ltd.), zm;ﬁm weight of stearic acid, 2 parts by weight of zinc flower, 1 part by weight of a
vulcanization accelerator (trade name: Soxinol(r) CZ, manufactured by Sumitomo Chemical Co., Ltd.),

1 part by weight of & VaIEBEREIION dceal¥ratsitaHEE ransdosBIass ¢f BraidRbtieftd by Sumitomo
Chemical Coyafiffhddlwri AR S RYAEIdIAEE MAX RO Alade MEvSHBROGI BN, Manwashugd by Ouchi

Shiko Chemical Industrial Co., Ltd.), and 1.4 parts by weight of sulfur were kneaded with a laboplast
mill to prep&aedaihiEr iRP ISR ST HE Htitng pet9Ret Soksodfiss waE #loedifto a sheet

with a § inclgilsapdHreishest wastheated 218061 fol4 2 inptesfes valleapizatignato prepare a
vulcanized sheet. The 25 evaluation results of physical prgperties of the vulcanized sheet are shown in

Table 1. CofbdatR ek apTars idiny HelmisiyEanR AOskG MBTE SRERFIROHEE & RApped with a

stirring devigeshawnefas triendloflkine S 20 L1 was wasiRdlatiespasd JRieRipeeswiiedsy nitrogen.
Then, 10.2 kg of industrial hexane (densjty 680 kg/m3), 608 g of 1,3-butadiene, 192 g of styrene, 6.1

ml of tetrah¥k AR QMWW&WQHJWBME (ARt e%v%n%fplaced into the Our Ref: 561320

polymerizatisia(edackgnathein) méthglef higdiathylamino ypritvioylsHeneyihthasaluton of
n-but I%thium_'n n-hex?ne (conte t%f n- t)lf}{]%ithiu 4.72 mmol) wer pll%%ed intqQ the polymerization
reactor: andaY5aRfe FORIER QAT OH WAL PR SIS FeRARRSh RN of 1,3-butadiene,

styrene, angdigtdiatranine)meshyhidyisiiiemas peitaimesddos 3 hauwrsmatiatsidring rate of 130 rpm
and a temperature i&}tﬁhe ﬁEol merization reactor of 65fC v%hge 1,3-butadiene and styrene were
continuously suppli iliegial [5’6%1&3 TSRS 'ilh H ?%?’1§§YBEP§diene supplied was 912

g 10 and thdiakdoeniiydhstyrenmstippliddyed-2a8 9:( e totaliayDutiipkeesnan)eradvhich were
Blaced was B P I Lo ek BRSSO ™ £ & FEaRatgh
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 l,S"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,
20  the amount of the mixture of 3-(1-pyrrolidinyDethylstyrene and
4-(1-pyrrolidinyl)ethylstyrene 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 solution was stirred for 5
25  minutes. Then, to the polymer solution were added 1.8 g of
2-tert-butyl-6-(3-tert-hutyl-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 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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15 containing 0.8 ml of methanol, and the polymer solution was stirred for 5 minutes. Then, to the
polymer salution were added 8.0 g of

2-tert-buty “??é @ “ert- buty1-2-hydroxy-5-methylbenzy0-4-methylphenyl acrylate (trade name:
Sumilizere4 GM, manufactured by Sumitomo Chemical Co., Ltd.) and 4.0 g of
pentaerythrityltetrakis(3-laurylthiopropionate)(trade 20 name: Sumilizer(r) TP-D, manufactured by
Sumitomo Chemical Co., Ltd.) and, then, the polymer solution was evaporated at room temperature
over 24 houts, and further dried at 55C for 12 hours under reduced pressure to obtain a polymer. The

evaluation results oil[,)he pql re shown nT 1. 25 en 10187( arts%v fthe resulting
polymer, 78.4 parts %}Wé(lwﬁp a‘ilcay(t?ga&gktacr%ke% liES isin b)?’ Degussa), 6.4

parts by wetghtgifta)ﬁ|@1&&®p%%@&ﬂt@%ﬂ%@¥3:@&nmnﬁmmmm) 6.4 parts
by welgh_t o% grboré% I%lvggtrallclqlgOr’I;ame %}eag)ll?gg f{’?e%No%ﬁ?‘%% (A ;;c;uredwl%ég l@ublshl Chemical

Corporation Welg an ex process NC-140,

manufai:turmmm&b@mwhtﬁ)é)paﬁsdaﬁwmghe|gf1tmfkamdﬂacég(nmdgemmkade
name: Antlgg}&r)B’igcc}g%a §tu1§1 Hr@ggrgo i{rst %? gﬁ%he aI Co, Ltd)& rts by
[ par

weight of stearic ac s by welg zinc flower, by we| ff:anlzaﬁon accelerator
(trade namexsStxipp el Mwm%mé&bﬁﬁﬁmdmmﬁheﬁ@%@md@& N@amﬂy weight of a

vulcanizatio I%Qﬁ%%%% L ét{ggg @%}%@ r? T%tmnr)u ure b}é;;umlt hemical Co., Ltd.),

1.5 parts by weig wax (tra e name manu Ouc hmfi‘o Chemical

Industrial C@nﬂ_tdglfwldgpnﬂén@deynﬂa@hﬁ@ﬁsaﬁu@@ék m&ummnakﬁzpmmu to prepare a
polyme compesiign Fae fenkion o camResiian.uan malfes g2 sbsek uilh g6 inch rol,

and the sheet was 10 hedte 5mi or vu anization'to prepare avulcanized sheet.
The evaluatidnerorerof praidal progbitiesortHeanicativedeteletaverdivvdeinamefe 1. Example 2

The interlorsef  plmeizalian.seeeintmadsatsialicse ingld eginnerh il & gting device

having an internal volume of 5 L was washed, dned and replaced with dry nitrogen. Then, 2.55 kg of

industrial hexaightad ey bEoiH®), azrlguwten paddivan 4 g snelfeRe noam: fpofure
4-dimethylagynometiyisty teemlea? ¢, 0 L@&Baﬁyﬂfﬁmrbﬁ%ﬁgﬁ% 5@'@&&4&3&%%& lyggl diethyl ether

were placed into the polymerization reactor. 20 Then, 0.64 g of bis(diethylamino methylvmylsﬂane and

a soluti®n oﬁm@@ﬁt%@mﬂwkﬁr@w@m@fﬁb@hw&m@s@mww - pih@é into the
polymerizatignyreagtos, 80 ALolymerizaiien wariamuasiaiiateds 1hsaRlymalizgtion reaction of

1,3-butadiene, styrene, 25 bis(diethylamino)methylvinylsilane, and 4-dimethylaminomethylstyrene was
performed fBFEPASA BOWBIRFISGRRESERB0 1A RePaiaRD eRIURE T CAERRAVARSFRoN reactor of

65C while 13-pgtadians 206 &Y RN WSS nch roll, and the sheet was heated at 160°C for
45 minutes for vulcanization to prepare a vulcanized sheet. The evaluation
20 results of physical properties of the vulcanized sheet are shown in 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/m3), 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-pyrrolidinyDethylstyrene, and 4-(1-pyrrolidinylethylstyrene was
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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
pIaC(g)éil N %ﬂg%‘ﬁed into the polymerization reactor, the amount of 4-dimethylaminomethylstyrene
placed was 0.10% by weight, and the amount of Our Ref. 561320 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 solution was stirred for 5 minutes. Then, to the polymer
solution weresddack 4. g Dbarterkbutylrbi(3 textdufyls2-hydiaxydSamethytienay0-drmiethylphenyl

acrylate (trade name: Sumilizer(r) GM, ufactured | umitomo Chemical Co., Ltd.) and 0.9 g of
entaeryh RO AR AT P ey WLEIG M SR S 20 PR R Hactured by
Sumitomo Coetnioal Wsdy, dibg) land ;i therthihe ety salotior aasrevdPosadetbatroofn temperature

over 24 10 haurs, and further dried, at 55 r 12 hoyrs under reduced pressure o gbtain apolymer.
The evaluatoh RO ) &R dbr TpBowne S e S B AR B e
resulting polymén MBe4peatsbyoweight wiositoacitsastt nhnrec gl pbsifd) MNBsGp planlifactured by
Degussa), 15 6.4 parts by weight of a silane coupli nt (trade narpe: Si698, manufactured by
Degussa), é?ﬁep})a(}%lg?%%%ﬁgo ar Oorh%gcﬁ(nhra ngon?aqn?ilg: %%Faec rFr) N339, manufactured by
Mitsubishi Ghemigal codpoyiich)y; 147 6epartsaidyvdightoblin axidedey ity etz plamet 3@MO process
NC-140, m@%@/%tHred gﬁgpan Energy Corporation), 1.5 parts by weight of an 20 anti-aging agent
(trade name:’ ntlge%(‘% , manufactured by Sumitomo Chemical Co., Ltd.), 2 parts by weight of
stearic acid, 2 partshytheigboheineciiotver, ¥ grandsed/dig bbbl a blesairatiohiticeelerator (trade

name; SOXNOIe) 64 PATIBESEL Y SHTLGNIS CHEIERLC 0y i LB gy o

vulcanization acc r (trade name: Soxino ‘ nufacture umitomo Chemical Co.,
Ltd.), 1.5 pansiyaseighheia twabhéneeiemameoclstimmose)y & addeifadtgretl by Ouchi Shinko Chemical

industral Co. e A0 d-sRafis BYpeinh, 8t sl Merasadad it fabaplasiil o prepare o

polymer composition, ‘The resulting polymer composition was molded into a sheet with a 6 inch roll,

and the sheeiaialthedectoan e bBnalize @itk srenniikeivzed iy 1 praperecCligeaitiabd sheet.
The eva'Ua’@&,fE%H!BSa%Pm@ig%k&i&&&iéifﬁﬁ%ﬁﬁétmé@1%&%9&&{&)&}?@!8&&%%%&:3 Our Ref

561320 Comparative Example 4 A polymerization reactor made of stainless steel egwpped with a

stirrind Yevisemavidgmalinesd Vol mmatbactured Washea i thied, Glrerrégnd et it dry nitrogen.
Then, 10.2 kg of ipdvistial PexARRAdenSiE8hs 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
1.
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® N3389, 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., Ltd.), 1.5 parts by weight of a wax
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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.
Thet‘?,“f[g%@%%%l of n-butyllithium was placed as a n-hexane solution into the polymerization reactor,
and a polymerization reaction was initiated. 10The 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 65C while 1,3-butadiene and styrene were continuously
supplied int@:héepeimeriationdedsion Amefasnersd bl 1 Bqbhistishe Sippliechivhsddk2rinl5 and the

amount of styre pplied,was 288 g. In the total amount of monomers whjch were placed and
supplied int Othi‘%@;r&ﬁzd&tﬁ)ﬁE’r)é%ﬁc%r,“fﬁ@%#@ﬁ?%?ﬁ%ﬁﬁéﬁﬁ%%ﬁﬁiﬁﬁ&hﬁs%epé)ﬁgaﬁ?éced was
0.10% by waighto prepatbe pllypansaluiios:wasmaddiige26: sullofia: hiane: selutigroedidaining 0.8 ml
of methanol, and t lymer solution was stirred for.5 20 mjnutes. Then, to th I sp@lution were
added 8.0 dvgfsﬂéﬁ%ﬁ%%aé?}g?fm Bt {9 -%&%eﬁ%%ﬁ){jﬁﬁ?e ﬁ%%%gﬁ%/rﬁa%@fygate (trade
name: 'sumitizedrxoivis toaforfgetlaed iy bunidenepehemical o zk i ghard. 4. 0 'hof
pentaerythrityltetrakis(3-laurylthiopropionate) (trade name: Sumilizer(r),TR-D, manufactured by

S emtomo B Eae Y SePURE AR BRE BT Rt O s BB Ites S fomperature
over 24 hodtFsblnd.further dried at 55C for 12 hours under reduced pressure to obtain a polymer. The
evaluation rgsults of the pﬁl merarg shown in Table 2. Then, 100 parts by weight of the resulting

h
polymer, 7 _E%Q%Eéﬁvfo Wé’ig}ﬁ ofsilica (trade name: Ultrasil(r) VN3-G, manufactured by Degussa),
6.4 parts by weightBha sil@néccarfjplinglagent ¢race ramdao8i68(de niataiadesestbglDegussa), 6.4

parts by weight. of carbon black (trade,name; Qur Ref: 561320 Dia,Black(r) N339 ured by
s e b B D Process
NC-140, mamiddctamddbylaapdwitiiedyy Gurpaationil ies paridisevedigid wftamamesaitg agent
(trade name; i nyfactur / j 5,Ghemi ts by weight of
stearic acid?dfﬁgélirgrg %(ébw%g%ﬁ%’f lil%ﬁ %S%Vdé?%/f gggrg géﬂvg\/eflg%%oﬁqag% %gr? f;glgsc%} ngaggélerator (trade

name: SoximotpeZ ofritthliaturditbyyDethirdstprene mivdlCd. ity i parDsyhwiightota
yulcanizatio ¢ ¢e1alpiar R0 AANELORKR Y (I AR IRAIR LAY CSH BILPEY? SRR 0 L)

1.5 parts by weight of a w
15  placed into the polymerization reactor. Then, 3.73 mmol of n-butyllithium

was placed as a n-hexane solution into the polymerization reactor, and a
polymerization reaction was initiated.
The copolymerization reaction of 1,3-butadiene, styrene,
3-(1-pyrrolidinyDethylstyrene, and 4-(1-pyrrolidinylethylstyrene 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-pyrrolidinylethylstyrene and 4-(1-pyrrolidinylethylstyrene placed was
(.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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10 (trade name: Sunnoc(r) N, manufactured by Ouchi 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
resuﬂi?fggﬁaoﬁﬁ%? composition was molded into a sheet with a 6 inch roll, and the sheet was heated at
160C 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 50oWwasdveshed) 2Q:drfash renad regiangdoniin dy(Bilrogeri: Hivproibh @ oftindustrial

h d ity 680 k 3), f1,3-b i , 43 f .70.9 of

e mo R e B e s A SRR SRS P PRSSte b col dietiy

ether were pladechinip ithe polymerizaliotisaactor eVhpo £:.64 giofdois(diethytaminegroetybdnylsilane
d luti f 25 n:-hutylithium.in, n- t of n-bugyllithium 3,66 | laced int

tho porymel TS B A B Tt GRS WAE TRhARes PR iy merizaton.

reactiof of didiutadiebemnstyre it ds{diethyiamiaeyuietblilieyisilsnesaacke shown 1n Table

4-bis(trimetlilylsinDaminostyrene 30 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 pdiimeriAéiopaeacher whhghambting of Qi Rebbbld20, T3-butadiebs supplied was
205 g and the amount qgf styreneg suppliedwas 65 4.1 the-fotal ameunt of mongmers which were
olace and SoEd T e R e A A B R S osy rene

placed was® 4L 6% tyyhyeighigtenf the ikmeurtuofl Snigi s@heth {taade o) mettyBiB®ilane placed was
0.14% fy weight e e 2 G PRYMELS0Iuign was added 10 ml-of.ahexa 100 %’élff?e}'f“”g 0.5 m|
?h f%an %\l § éfscfylﬁ}l as c?f % e rlg u

of methanol, e polym Ion was stirre O¥ gVﬁ%%% es. n, to ﬁ%ﬁgyémer solution were

added 1.8 duhBlackivdas 3 rernblegterhddrpdisembtalibcheyticalisthydphtiop) 18 abrylate (trade

s ‘ ) ok G .
pentacryi i e T SR B T G Iy a0 B IR 2D v by
Sumitomo OhenvibatiCoed by Jamd.tHems e bolpmertsoittioh varey dpyorettehaofoom temperature
over 24 hours, and:further dried. 2 2 3G I8 1o RS IEAUCELRIESSHE Qimitomo

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 a 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 6 inch roll, and the sheet was heated at 160°C
for 45 minutes for vulcanization to prepare a vulcanized sheet. The

25  evaluation results of physical properties of the vulcanized 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 ml of ethylene glycol diethyl ether were placed 1nto the
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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: UltrasilA VN3-G,
manﬁfgﬁfﬁéé%v Degussa), 6.4 parts by weight of a silane coupling agent (trade name: Si698, 20
manufactured by Degussa), 6.4 parts by weight of carbon black (trade name: Dia Black(r) 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 Corporation), 1.5 parts by weight of an
anti-aging agslpiitrade tiames Antige N SC, Sy fathisédibyhSlmitonh& BietnghiBae Ltd.), 2
parts by weight of stearic acjid, 2 par. t%wei ht of zinc flower, 1 part.by,wei tllttt f a vulcanization
Bcolorator e A ST SRR R AR PTG A S TR 12 Bt by
weight of a mricallizatienpiocsiciatorn Heapel narns zSaxin ok Hebynand fagtolech by Suinitomo Chemical

Co., Ltd.), 1.5 p%rt ge/avgei ht ch wax 30 (trade name: Sunnoc(r) N, manufactured by Ouchi Shinko
0

S
Chemical Indasthar y & f[)l,aa 1.4 parts by weight of sulfur were kneaded with a laboplast mill to

preparé a polymer Gimpogitiym hieaesulting godymdrl OurRaefl b3 20ycompasition was molded into
2 sheet with, 2.6 nef.1olland e, sheet ws feated 8t LOBG for #e minyies,for vulognizaion to
prepare a vulcanizet sheet. The evaluation resuits of Bﬁysmgf properties §f the vulcanized sheet are
shown in Table 3f3 EbrpparativdeBEranpeenbure iMhthinpedprofrazpolymesaationofed@tor made of
stainless steel gquipped.with a stirring device having an. internal volume of 5 s washed, dried and
replaced vl i A A s LS e B B N BB iR 7 g o
1,3-butadiepel¥8aruisigrenesdtd2 mlbe toxetrahpdibfintantddiSombobethytbneig§E8l gliethyl ether,
and Oyfp o el drbislimeivsibGaminstysasysle Pasedinte i, polymezafionactor. Then, 3.81
mmol of n-butyllithium was placed as a n-liéxane solution into the polymerization reactor, and a
polymerizationxenstisrmiashinitine gplasthecdpulyphedzatitm tlea pidyroé 1 B biotadiernsostyrene, and

polymerizatbaeuss e o d
omperature i (O e A Y BLC e L S i PR ML cominuousy

supplied. Theeaghdunt of 1,3-butadiene su_pplied was 205 g and the amount of styrene sm_Jpp!ied was 20
65 9. In the total amgupy of, mopeEISWhIChywere placesdRno SPPIsd.info {pf,pRlymerization reactor,

the amount of 4-bis(trimethylsilyDaminostyrene placed was 0.16% by weight. To the polymer

solutid® wasatiaening fhBobd vlesantb sonltisndshealmbigoes pelutivRtvasoilanediiergblymer solution
was stirred {QF By tes. Then, to the polymer sclution 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-laurylthiopropionate)(trade

20 name: Sumilizer® 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 55°C for 12 hours under reduced pressure to
obtain a polymer. The evaluation 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: Si69®,
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 oil (trade name: JOMO process NC-140,
manufactured by Japan Energy Corporation), 1.5 parts by weight of an

anti-aging agent (frade name: Antigen® 3C, manufactured by Sumitomo
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25 minutes. Then, to the polymer solution were added 1.8 g of
2-tert-butyl-6-(3-tert-butyl-2-hydroxy-5-methylbenzy1)-4-methylphenyl acrylate (trade name:
Sumﬂ??e}f“fﬁsé ,Omanufactured 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 hours, and further dried at 55C for 12 hours under reduced pressure to obtain a polymer. The
evaluation résulisiofHpdymer aestown welghlef Quahaf 26832003 rts bykesigl@® parts by weight

of the resulting polymer, 78.4 parts by ight of silica (trade name: Ultrasjln VN3-G, manufactured by
Degussa) ETHIRIED haHHt B IS EbaTi g SGaHE (A e TIFRE S ASTA S P lacturcd by
Degussa), Géspankebi iyeight ofcathed blakutiadenafie: Diad|6ick(7).0d339, paandfactured by
Mitsubishi Chemical Corporation), 47.6 parts by wejght, of an extender oj de name: JOMO process
NC.140, maEITEH By A ERE A o & BAS b5 B U an antt-aging agen
(trade BamenAntifeny&Thnannfactre Chy:SiomltGmoILOChentigad S6 by tatdighpaits byaweight of
stearic acid,,2 parts by weight of zing flower art by.weight of a,vulcanization accelerator (trade
name: Sox B B R R e S ot
vulcanizatiomdoeéteshtGo (tiactk)namé : 1Sbxiavi bP wemhfadtediibwSumitomal @hentibat Co., Ltd.),

1.5 par_ts byh\ﬁ)ei t %f}%. X 1% traxgeeanao e: S%nn%‘({ rgsl}lﬁ.mnagnu céulgesduli) iOuco' Sﬁrll{ianko Chemical
incustial Co LR BT R B S SR © prepare a
polymer comipasitisiniothe zesultig potyiner Sompositiva Weasohotdtld antd thshelstatithea 6 inch roll,
gl AR 410 IS SR oIS g 20 e
561320 [Table¢}. ERhmptelnation results of physical properties of the vulcanized sheet
are shown in Table 1.
Example 2
The interior of a polymerization reactor made of stainless steel
15  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/m3), 137 g of 1,3-butadiene, 43 g of styrene, 0.43 g of
4-dimethylaminomethylstyrene, 1.52 ml of tetrahydrofuran, and 1.18 ml of
ethylene 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
initiated.
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. Inthe total amount of monomers which were placed and supplied into
the polymerization reactor, the amount of 4-dimethylaminomethylstyrene

placed was 0.10% by weight, and the amount of
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Comparative Example 1 Comparative Example 2 Comparative Example 3 45.3 Mooney viscosity 53.0

38.9 40.7 Vinyl binding amount mol% 58.7 58.2 58.5 57.4 Content of styrene unit wt% 24.1
Our Ref: 561320

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
minutes. Then, to the polymer solution were added 1.8 g of

5  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.)
and, then, the polymer solution was evaporated at room temperature over 24

10  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
2.

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

15 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
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

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., Ltd.), 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 OQuchi 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

30 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 2.
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24.5 23.9 24.1 Molecular weight distribution 1.11 1.13 1.09 1.06 Fuel cost-saving properties tan6
(70C3u1~0 1;_’0 0,194 0.199 0.124 Elongation at break s 410
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Ref* 561320

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
kg/m?), 608 g of 1,3-butadiene, 192 g of styrene, 2.04 g of
4-dimethylaminomethylstyrene, 6.1 mi 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 as a n-hexane solution into
the polymerization reactor, and a polymerization reaction was initiated.

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 1,3-butadiene supplied was 912 g
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 a hexane solution
containing 0.8 ml of methanol, and the polymer solution was stirred for 5
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-laurylthiopropionate) (trade
name: Sumilizer® TP-D, manufactured by Sumitomo Chemical Co., Ltd.)
and, then, the polymer soclution was evaporated at room femperature 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
2.

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: 5i69®,
manufactured by Degussa), 6.4 parts by weight of carbon black (trade name:
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450 460 320 [Table 2] Example 2 Comparative Example 4 Mooney viscosity 50.6 39.0 Vinyl binding
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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 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
zine flower, 1 part by weight of a vuleanization accelerator (trade name:
Soxinol® CZ, manufactured by Sumitomo Chemical Co., Ltd.), 1 part by
weight of a vulcanization accelerator (trade name: Soxinol® D,
manufactured by Sumitomo Chemical Co., Ltd.), 1.5 parts by weight of a wax
(trade name:’ Sunnoc® N, manufactured by Ouchi Shinko Chemical
Industrial Co., Ltd.), and 1.4 parts by weight of sulfur were kneaded 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 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,
dried, and replaced with dry nitrogen. Then, 2.55 kg of industrial hexane
(density 680 kg/m3), 137 g of 1,3-butadiene, 43 g of styrene, 0.70 g of
4-bis(trimethylsilyl)aminostyrene, 1.52 ml of tetrahydrofuran, and 1.18 ml of
ethylene glycol diethyl ether were placed intc the polymerization reactor.
Then, 0.64 g of bis(diethylamino)methylvinylsilane and a solution of
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(trimethylsilyDaminostyrene
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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wt% 24.3 24.5 Molecular weight distribution 1.09 1.06 Fuel cost-saving properties tan5 (70C) % 0.135

0.216 EIor}gsation at break 400 420 [Table 3]
Our Ref 561320

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

5 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 solution was stirred for 5
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-laurylthiopropionate) (trade
name: Sumilizer® 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 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 Corporation), 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® 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

30 (trade name’ Sunnoc® N, manufactured by Ouchi 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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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 vuleanized
sheet. The evaluation results of physical properties of the vulcanized sheet
are shown in Table 3.

Comparative Example 5

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/m3), 137 g of 1,3-butadiene, 43 g of styrene, 1.52 ml of
tetrahydrofuran, 1.18 ml of ethylene glycol diethyl ether, and 0.70 g of
4-bis(trimethylsilylaminostyrene 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
initiated.

The copolymerization reaction of 1,3-butadiene, styrene, and
4-bis(trimethylsilyl)aminostyrene 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. 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
the polymerization reactor, the amount of 4-bis(trimethylsilyl)aminostyrene
placed was 0.16% 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
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.)
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

59



1.10 1.09 Fuel cost-saving properties tan5 (70C) 0.130 0.188 Elongation at break % 390 355 Our Ref
561320 WHAT IS CLAIMED IS: 1. A conjugated diene-based polymer having a monomer unit based
on a¥5rjtiy3tE#Yiene, a monomer unit based on a compound represented by the following formula (1)
and a monomer unit based on a compound represented by the following formula (2). X1 (R'2)111x2 m

X3
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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
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:
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 a wax
(trade name: Sunnoe® N, manufactured by Ouchi 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
sheet. The evaluation results of physical properties of the vulcanized sheet

are shown in Table 3.
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wherein R11 represents a hydrogen atom or a hydrocarbyl group, m is an integer of 0 or 1, R12
repr%serﬁtsf ash)o(drocarbylene group, and X1, X2 and X3 each independently represent a substituted
aminou§r5UB, g hydrocarbyl 10 group optionally having a substituent, provided that at least one of
X1, X2 and X3 is a substituted amino group. wherein R21 represents a hydrogen atom or a
hydrocarbyl group, n is an integer of 0 or 1, R22 represents a hydrocarbylene group, and A represents
a substituted. amino group, or a nitrogen-containing heterocyclic group. 15 2. The conjugated

diene-based pBRfner-according-to-claim-1..whegein-m-in-the formula{1)-is 0.

2d>polyme! 3 Theconjugated
5 j ol \ 3 J
diene-based polymer according to :E MRS 2,%%@ BR2] }@éﬁfﬁgﬁ%m%ﬁgj&g‘?ogen atom,
nis 1, R22 iﬁ&%yup representedpy the-fottowmgformuta-(23Y),and-Atsagubstitutedamino group.
Our Ref. 56%3@fitwherein r'is an jméder of 0/t8%%and, when r48-an integer of*# 5, (CI-10t is a
substituent vl benzeae ngg}_,\?gd (E%}éZ), bongl oAand,w §§1 Is 0, (Cllzgr?rfpresents a bond
between a benaerte ring an U5 4, conjugatéd diene-bag ‘éolymer aceording to any ane of
claims 1 tq Sowikateif the vinylsponding amountgfthe conjugateddliene-based,pglymer is 20 mol% or
more and 7&%%%%%«, relativelto the content of 100 mol% of a.monomerlunit.based.on.a
conjugated @gﬁ ‘éﬂf@ 5. The _conjugalte% diene-blaffd polymer alcggrding to any, one of claimg 1 to 4,
wherein thedggﬁ B{Ri%a monomer unit based pih a’ compound|represented by &1e ormula (1) is 0.01 to
20% by weigjLyand the corjtent of amonomer unit based o g compound Tepresented by the formula
2)is 0.01t eight, relative_ to 100% by weight of the copjugated diene-bhased polymer. 15
(2) 60d0%aygveight, 0190 ° P¥.1919 5°[459 §fgsed poly
properties
tand (70°C)
Elongationat | o 410 450 460 320
break
[Table 2]
Example | Comparative
2 Example 4
Mooney viscosity | - 50.6 39.0
X;‘gigé“dmg mol% | 59.0 55.5
ggirztent of styrene wit% | 243 945
Molecular weight | _
distribution 1.09 1.06
Fuel cost-saving
properties - 0.135 0.216
tand (70°C)
Egggﬁau‘m at % 400 420
{Table 3]
Example | Comparative
3 Example 5
Mooney viscosity | - 54.0 50.0
Zﬁgi:;ndmg mol% | 59.3 58.6
Szitent of styrene wt% 19294 93 5
Molecular weight
distribution 1.10 1.09
Fuel cost-saving
properties - 0.130 0.188
tand (70°C)
prongation at % | 390 355
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6. A conjugated diene-based polymer composition comprising the conjugated diene-based polymer
according to any one of claims 1 to 5 and a reinforcing agent, wherein the content of the reinforcing
age %]%6 éq} parts by weight per 100 parts by weight of the conjugated diene-based 20 polymer.
7. The conjugated diene-based polymer 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 25 black (content of silica content of carbon black) is 2 1 to 50 1. 8. A process
for producing g 40rjggaieditigtile-b8sed polymer comprising polymerizing a monomer component
containing a conjugated diene, a Our Ref: 561320 compound represented by the following formula (1)
and a compound represented by the following formula (2) with an alkali metal catalyst in a

hydrocarbo. solvenhjugansiikneXSaddd @Weihﬁlﬁgmﬁﬁatﬁ@ hyﬁm‘gmatoma)r a
hydrocarbyl s O or 1, R12 represen d ocarb Iene oyp, an 3 each
mdepende %‘ g@ 4%%%%&&%8’%% §r§&;§v Oélﬁ’y Fg@ﬁe@ﬁﬁgééll ng a
substitéent fpllovidag fhataillefbt and afXbnzhanchXd iscasd hstlwtgﬂxmnungf@pamsb&ted

by the following formula (2).

H Rli

H (R%m~%~xz
X3

wherein R1! represents a hydrogen atom or a hydrocarbyl group, m is an

integer of 0 or 1, R!2 represents a hydrocarbylene group, and X!, X2 and X3

each independently represent a substituted amino group, or a hydrocarbyl
10  group optionally having a substituent, provided that at least one of X1, X2

and X3 is a substituted amino group.

H R21

>:ﬁ<“. (2)

H R*™),—A

wherein R?! represents a hydrogen atom or a hydrocarbyl group, nis an
integer of 0 or 1, R?2 represents a hydrocarbylene 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 or 2, wherein
20  R2lin the formula (2) is a hydrogen atom, n is 1, R22 is a group represented

by the following formula (2-Y), and A is a substituted amino group.
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wherein R21 represents a hydrogen atom or a hydrocarbyl group, nis 0 or 1, R22 represents a
hydrgg%g _Igfﬂgzgroup, 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 or 9, wherein R21 in
the formula (2) is a hydrogen atom, n is 1, R22 is a group represented by the following formula (2-Y),
and A is a substituged amino group. Our Ref 561320 (CH2),. (2-Y)

/ (2-Y)
J™(CH,),—

wherein r is an integer of 0 to 5 and, when r is an integer of 1 to 5, (CHa)r1s a
substituent on & benzene ring, and (CHg): bonds to A and, when r is 0, (CHa),

represents a bond between a benzene ring and A.

5 4. The conjugated diene-based polymer according to any one of claims 1 to 3,
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 any one of claims 1 to 4,
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 any one of claims 1to0 5 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

20  polymer.

7. The conjugated diene-based polymer 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
25  black (content of silica : content of carbon black) is 2 1 1 to 50 ® 1.

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

polymerizing a monomer component containing a conjugated diene, a
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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
benzgne.ring: ang (CH2), bonds to A and, when r is 0, (CHO, represents a bond between a benzene
ring and A.

compound represented by the following formula (1) and a compound
represented by the following formula (2) with an alkali metal catalystin a

hydrocarbon solvent.

H Rll

=< X (1)

H (R, —Si—X?
I

5  wherein R represents a hydrogen atom or a hydrocarbyl group, m is 0 or 1,
R12 represents a hydrocarbylene group, and X!, X2 and X3 each
independently represent a substituted amino group, or a hydrocarbyl group
optionally having a substituent, provided that at least one of X!, X2 and X3 1s

a substituted amino group.
10

H R*!
< (2)
H (R*™),—A
wherein R?! 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 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 or 9, wherein R2! in the formula (2) is a hydrogen atom, n is 1, R22
is a group represented by the following formula (2-Y), and A is a substituted

amino group.
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Our Ref: 561320

/ (2-Y)
\_ ey —

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

represents a bond between a benzene ring and A.
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