CONJUGATED DI ENE POLYMER, CONJUGATED DI ENE POLYMER COVPCSI TI ON, AND METHOD
FOR PRODUCI NG CONJUGATED DI ENE POLYMER Technical Field The present
invention relates to a conjugated diene polyner, a conjugated di ene pol ymer
conposition, and a nethod for producing a conjugated di ene pol yner.
Background Art In recent years, with the growi ng concern over

envi ronnent al probl ens, the demand for good fuel econony for autonobiles
has been beconi ng stronger, and there is also a demand for excellent fuel
econony for rubb@NJUGADEBIRIENEPQISAMEROCONUUGADIERDI RIENE ROLYMERr ubber
conpositions for autonobile tires, a rubber congosi tion containing a

conj ugat ed di EAMRRSITIAN, ANR MEFHORFORPRAPHGING CONY SN ERR IEYEene

copol ymer and a reinforcing agent i g As polymers for enhancing
fuel econony, and pol yner conpositi o%@ﬁﬁ 6i ng good fuel econony, for

exanpl e, JP-A-7-82422 (JP-A denotes a Japanese unexam ned patent
application publication) proposes a polyner obtained by the living anionic
pol yrer i zaeckicadFielut adi ene, styrene and a vinyl aromatic conpound having a
functional group containing a nitrogen atomon a benzene ring using alKkyl
lithiumas a dehynﬁssqﬁtinmtlpnirghmsOho,a&ﬁwuaatsélw pelymebsa CPaHgaetht ai ni ng
the polyner and carbon black. JP-A-63-186748 .proposes .a . polynmer obtai ned by
Lhe |1 vi nBeaRPOMIEr FampRRifan, and 8 HOLAT BAREFBS 2RaMCagPL BBt BoNg SR
l'ithium a?a&rﬁ@}%%{i zation initiator, and then the nodification of one end
of the obtarmed polymer with a silane conpound containing a dial kylam no

group and an aljkme@neyparsatfth 2h® QrowiBg coREPRDVEN anvivanicatahiprabldris thel yner
and carbon bl ack. Summary of the Invention Problens to be Sol ved by the
| nvent i ondefard dor, gaddefueblepoamy farpatompliles hasi beprabeenminatstronger, @osj ugat ed
di ene pmth%?cﬂs glgg anc?émasr%f ;Jrctaixgg}eln%/fusé?teicggo%:)} %Wuli)bnertc%FnrrrJ%si |I)nsf Hsec-ld Fo(l;onorry.
automobile tires. As rubber compositions for automobile tires, a rubber composition
containing a conjugated diene polymer such as polybutadiene or butadiene-styrene
copolymer and a reinforcing agent is used.
As polymers for enhancing fuel economy, and polymer compositions having
good fuel economy, for example, JP-A-7-82422 (JP-A denotes a Japanese
unexamined patent application publication) proposes a polymer obtained by the living
anionic polymerization of butadiene, styrene and a vinyl aromatic compound having a
functional group containing a nitrogen atom on a benzene ring using alkyl lithium as a
polymerization initiator, and a polymer composition containing the polymer and carbon
black. = JP-A-63-186748 proposes a polymer obtained by the living anionic
polymerization of butadiene and styrene using alkyl lithium as a polymerization
initiator, and then the modification of one end of the obtained polymer with a silane

compound containing a dialkylamino group and an alkoxy group, and a polymer

composition containing the polymer and carbon black.

Summary of the Invention
Problems to be Solved by the Invention

However, the polymer compositions using a conventional conjugated diene
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Under such circunstances, an object of the present invention is to provide
a conj ugated di ene pol ynmer capable of giving a polyner conposition
excellent in fuel econony, a polynmer composition containing the conjugated
di ene polyner and a reinforcing agent, and a nethod for producing the

conj ugat ed di-ene polymer. Means for Solving the Problens A first

enbodi nent of the present jnvention.is directed t j ted di
pol ymer oBPUMRECHP! ? ‘E‘F'?tlr)@ag%@d@w&‘ gqrmg oggﬁfﬁcgoﬁg g@' gfgjngggoﬁynelreﬂgvi ng a
monomer unit bagad, gﬁ]:[g\aci@ams%@éfdgrﬂbﬁgﬁ Ak Pre¥BAORRENtYATE tdPRAREC a
conpound represente y Formula (1) wth a conpound represented by Formul a
(2). WBHjedtedrdibne gidlydsst rdapable of dyivige . Edyoneroconzpdsition cxaeliepk ingfuel:

g p

having 1 to 5 carbon atons; mis 0 or 1; R12 represents a hydrocarbyl ene
group; andcdbByared pRlymer egmpesitien coptaining e gerjugated diesieaPalymey laaﬁpg/ or a

trihydrocarbyl silyl group, q 3 and R14 are.b e 0, esent a

hydrR (ig ar bﬁ‘ﬁ%f“@rgﬂ?ﬁgﬁﬂ‘gﬁ "‘l‘reébocﬁgﬂwmg“ﬁ'ﬁg }'beg%%wg%ge% (g%'iﬁ %Jrlﬁﬁ%r' oxygen atom

or an epresenting a group bonded to a nitrogen

at om by aﬂ”ﬁé‘ﬁ%f%%on'gmﬁ%%{mz_a SloR), NSRS 2 ) R23 wherein n
represents an iA#@gembediment 6f the; prétbht i2atienid di23tedrtd epeonjiegated/dienpr esent s

a hydrocar byl group or a hydrocar byl oxy group, and at |east one of R21, R22
and R23 i polgmiey chbtaimach by orenctingoope ~aRel4 ofad coutanated) dipned Balymer Mayigsadnt s a

hyd i

S o o a0 e B 5o B, P
rou at

0o o BBl AR RSO B4 inerspeseniosy romEtend Fos

gro

H R! RIS

>— | (1)
H ®R'?),—N—R"
wherein R'" represents a hydrogen atom or a hydrocarbyl group having 1 to 5 carbon
atoms: m is 0 or 1; R represents a hydrocarbylene group; and R' and R™
independently represents a hydrocarbyl group or a trihydrocarbylsilyl group, or R™ and
R™ are bonded to represent a hydrocarbylene group that may have a nitrogen atom

and/or an oxygen atom, or R™ and R™ form one group representing a group bonded to

a nitrogen atom by a double bond.

RZI R24

I |
’R22——s‘,-i——(CH.2)n—N —R? (2)

R23

wherein n represents an integer of 1 to 10; R¥', R?2 and R?® independently represents
a hydrocarbyl group or a hydrocarbyloxy group, and at least one of R?', R* and R* is
a hydrocarbyloxy group; R? and R¥® independently represents a hydrogen atom or a
hydrocarbyl group that may have a nitrogen atom and/or an oxygen atom, or R?* and
R% are bonded to represent a hydrocarbylene group that may have a nitrogen atom

and/or an oxygen atom, or R?* and R? form one group representing a group bonded to

2



a nitrogen atom by a doubl e bond. A second enbodi nent of the
present invention is directed to a conjugated di ene polynmer conposition
cont ai ni ng the conjugated diene polyner and a reinforcing agent. A
third enbodi nrent of the present invention is directed to a nethod for
produci ng a conjugated di ene pol ymer having steps A and B bel ow.

step A polynerizing a nonmer comnponent contai ning a conjugated di ene and
a conpouné %&9‘*8?&38&3%”?‘%&’%5'@ (1) below by an alkali nmetal catalyst in
a hydrocarbon soluenty, ehB&dimBMt 6f YeBrelemOhyértion N8 \dirRBtel N8 2 lckAjubateB! al
derived fromthe alkali1 netal catalyst at |east at one end of a polyner
chai n havijige polypite EBmpusiidn basifingnhé benjogai¢d diehe polymen andadreimforoingmer
unit based on a conpound represented by Forrmula (1) bel ow. step B:
reacti ng epentpol yner obtained in step A and a conpound represented by

F | 2) bel L H 1 1 2 N, R 4 wher ej,. 1 {
hgcr:l;n(;ggn( a% omeoﬁo VQ‘%!“E?E&’BQ%?%?“%Lé{g]ﬁ%mi_'ﬂée%'of'g'ggélgegr%ohor %?h%@)?o%m?qrg 0 or
L RI2 reg@%ﬁ@ %&n{ﬁé%{eﬁ%n@y o rg{aQMﬁ;?t O‘i\ Rl#s8BEwRl4 i ndependently

r epr esent roca grou ratri carbylsilyl group, or R13 and
R14 are bonded gi¢p PeRoRARALING A yibnoaf Ryhposentr contaitihgia cenjudated: diensi t r ogen
atom and/ or an oxygen atom or R13 and R14 formone group representing a
group bonded a corapaindrregresented ybiyormutio () kelays by . anralkgpmetd zaglyst (rCpR) n- N
-R25( 2 ) R23 .. . . .

hydrocarbon solvent, thereby giving a polymer having the alkali metal derived from the

alkali metal catalyst at least at one end of a polymer chain having a monomer unit

based on the conjugated diene and a monomer unit based on a compound

represented by Formula (1) below.

step B: reacting the polymer obtained in step A and a compound represented

by Formula (2) below.
H R

H Ry —N—RH

wherein R'" represents a hydrogen atom or a hydrocarbyl group having 1 to 5 carbon
atoms; m is 0 or 1; R' represents a hydrocarbylene group; and R™ and R"
independently represents a hydrocarbyl group or a trihydrocarbylsilyl group, or R* and
R'™ are bonded to represent a hydrocarbylene group that may have a nitrogen atom
and/or an oxygen atom, or R™ and R form one group representing a group bonded to

a nitrogen atom by a double bond.

R21 R24

| l i
Rzz—S!i——(CHz)n-———N —R% (2)

R23

wherein n represents an integer of 1 to 10; R?!, R? and R* independently represents
a hydrocarbyl group or a hydrocarbyloxy group, and at least one of R*', R? and R® is

a hydrocarbyloxy group; R** and R? independently represents a hydrogen atom or a



wherein n represents an integer of 1 to 10; R21, R22 and R23 independently
represents a hydrocarbyl group or a hydrocarbyl oxy group, and at |east one
of R21, R22 and R23 is a hydrocarbyl oxy group; R24 and R25 i ndependently
represents a hydrogen atom or a hydrocarbyl group that may have a nitrogen
atom and/ or an oxygen atom or R24 and R25 are bonded to represent a

hydr ocar byl ene group that may have.a nitrogen atom and/o g atom
or R24 an%y‘%??)argﬂrgﬁg%g‘agmﬁﬁéay‘éﬁr'?été%qfﬁni ﬂ@gaanéi?%@g] %g‘é{\eémﬁ‘g Og)ﬁﬁi ?Jrg%gen
atom by apie t 2 HydRodRHAREHRL grolhy bt infdy K@ PhR6LER afdm

conj ugat e?d?gngorggpg%?p%%%‘agl e of givi ngg aa%ol yr?eﬁargl conposi tlbon excel | ent
in fuel eeapdPMn oygenlaydmror®iraas RES form coabemiupiregresdrting argjrogsberdeditene
polymer and a reinforcing agent such as silica, and a nmethod for producing
t he conj u@dtiteagesiatore bpeldprble boplde for Carrying Qut the Invention

The conjugat ed di ene polynmer of the present invention is a conjugated diene
pol ymer obtained by reacting one end of a conjugated di ene pol yner having a

monomer uni t bagged QA ARl RBC RBAIUGISR RS pIPinkr RaSATe @p 2

conpound represent 5%9%@} @oé;Hrtruﬁgéa?'lg wth a cjograbound reBrgsent ed by Formul a

(2). Rlgilvifd' a polymer composition excellent in fuel economy, a polymer composition
containing the conjugated diene polymer and a reinforcing agent such as silica, and a

method for producing the conjugated diene polymer.

Mode for Carrying Out the Invention

The conjugated diene polymer of the present invention is a conjugated diene
polymer obtained by reacting one end of a conjugated diene polymer having a
monomer unit based on a conjugated diene and a monomer unit based on a

compound represented by Formula (1) with a compound represented by Formula (2).

11

H>:<R 1|{13 0

H (Rlz)m——N —R"

wherein R'! represents a hydrogen atom or a hydrocarbyl group having 1 to 5 carbon
atoms: m is 0 or 1; R represents a hydrocarbylene group; and R™ and R™
independently represents a hydrocarbyl group or a trihydrocarbylsilyl group, or R™ and
R are bonded to represent a hydrocarbylene group that may have a nitrogen atom
and/or an oxygen atom, or R and R form one group representing a group bonded to

a nitrogen atom by a double bond.

R2l R24

| l
Rzz—sl,i—-——(CHz)n——N —R% (2)

R‘23

wherein n represents an integer of 1 to 10; R?', R?? and R* independently represents

a hydrocarbyl group or a hydrocarbyloxy group, and at least one of R*, R and R* is
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., (1) (R12)rn wherein R11 represents a hydrogen atom or a
hydr ocar byl group having 1 to 5 carbon atons; mis 0 or 1; Rl2 represents a
hydr ocar byl ene group; and R13 and Rl14 independently represents a
hydr ocar byl group or a trihydrocarbylsilyl group, or R13 and R14 are bonded
to represent a hydrocarbyl ene group that nay have a nitrogen atom and/or an

i 1T ogen ATYHABIAoTLAUE: Barid R dresheraR Y Sp Erens A oG D § Ros
hydrocarbyl group that may have a nitrogen atom and/or an oxygen atom, or R?* and
R2® are bonded to represent a hydrocarbylene group that may have a nitrogen atom
and/or an oxygen atom, or R?* and R® form one group representing a group bonded to
a nitrogen atom by a double bond.

In the present specification, the hydrocarbyl group represents a hydrocarbon
residue. The hydrocarbyloxy group represents a group formed by substituting a
hydrogen atom of a hydroxyl group by a hydrocarbyl group. The hydrocarbylene
group represents a divalent hydrocarbon residue.

A hydrocarbyl group having an X atom represents a group having a structure
formed by substituting a hydrogen atom and/or a carbon atom of a hydrocarbyi group
by the X atom, and a hydrocarbylene group having an X atom represents a group
having a structure formed by substituting a hydrogen atom and/or a carbon atom of a
hydrocarbylene group by the X atom. For example, a group having a nitrogen atom
includes a group having a structure formed by substituting CH by N. Examples of
groups having an oxygen atom include a group having a structure formed by
substituting CH, by O, and a group having a structure formed by substituting two
hydrogen atoms by O.

Examples of the conjugated dienes include 1,3-butadiene, isoprene,
1,3-pentadiene, 2,3-dimethyl-1,3-butadiene and 1,3-hexadiene etc., which are used in
one kind or more. Preferable conjugated dienes include 1,3-butadiene and isoprene.

R represents a hydrogen atom or a hydrocarbyl group having 1 to 5 carbon
atoms.

Examples of the hydrocarbyl groups of R'" include an alkyl group, an alkenyl
group etc. Examples of the alkyl groups include a methyl group, an ethyl group, a
n-propy! group, an isopropyl group, a n-butyl group, a sec-butyl group and a tert-butyl
group etc., and a methyl group is preferable. Examples of the alkeny! groups include
a vinyl group, an allyl group, a 1-propenyl group, a 1-methylethenyl group etc. As the
hydrocarbyl group, a vinyl group is preferable.

As R'", a hydrogen atom, a methyl group or a vinyl group is preferable.
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wherein n represents an integer of 1 to 10; R21, R22 and R23 independently
represents a hydrocarbyl group or a hydrocarbyl oxy group, and at |east one
of R21, R22 and R23 is a hydrocarbyl oxy group; R24 and R25 independently
represents a hydrogen atom or a hydrocarbyl group that nmay have a nitrogen
atom and/ or an oxygen atom or R24 and R25 are bonded to represent a

hydr ocar byl ene t i 1a en, atom
or R24 and R25 %&#1 gnge}qg?o pm?%}é g@%ﬁt@hgggﬁgrrggrghgo%ﬂ/dﬂgy'% gﬁsﬁ?’t%}’ogen
atom by aagnel goli®group formed bybéiting &g 2BneSGOAp fWithadr alRylehidgroup,

hydr ocar byl group represents a hydrocarbon residue. The hydrocar byl oxy
group repesents a group forned by substituting a hydrogen atomof a

/i val ent. hy GSEEPISaNOY B8, pfene’arolbs mAGHS R BRIISTE BRUBD SR AN X

atom repr t i ryct (o) | i

hydr ogen gtﬁ)glpd gntg %ﬁh@%ﬂggﬁ%%%gcﬁoas(# ga yé‘%o%rgﬁgy?@%%%ﬁébgﬁuhgg X?n atom
and a hydé@g@hbgkwpqsgfemmmbavi ng an X atomrepresents a group having a
structure fornmed by substituting a hydrogen atom and/or a carbon atom of a
hydr ocar byl ene Examplesbyf thbearylene gnoupsdncladen @pplenyleng rasoyp, reanaphthylemg t r ogen
atomincludes a group having a structure forned by substituting CH by N.
Exanpl es 8fugr @ug@hﬁ%m’??g 9ERHPo RlFg e rf*Sa i 3RS @E° g?dfﬁ’ﬁ“ﬂﬁ% OWp d¥ ructure
formed by l%lfg??ﬁlgt uting CH2 by 0, and a group having a structure fornmed by
substi tutPng WO hydrogen atons by O. Exanpl es of the conjugated

di enes i ncl ude ghagpldictdhe BRoup! FERREEHE bording BR AnAéhee8Rup with an alkylene
2,3-dimethyl-1, 3- bBt adi eneaang 1, 3- hgyiadi en:ge et W V\gi cFl are use¥j in one

ki nd or ngrogp intielea gioup farowd bydioadindiseptenyliene lgualp withGarbalkyenegreup,ral

i soprene. R11 represents _a hydrogen atom or a hydrocarbyl group having 1 to
5 carbon @foyRgormed by bonding, aryrapbinyiene our, With @i dlylens giayr. 8nd RIFOWRM I ude

an Atk QA o o o iR Y By TR ShyBhe 15,8 thoty Bigp 4 ! ude

a net hyl ap, opyl ~group, i'SOProp

n- butyl gg.@ugfora‘ea%%%ﬁamb anHéH?eﬁé‘Qro%f)t\nﬂthtanl%my!énegg'r_@&ﬁ)is%é?enabﬂi‘d a net hyl
group is preferable. Exanples of the al kenyl groups include a vinyl group,
an al |yl groupMaedvepriopkengtouprfomped by homdindwh etryiems grogp oxith a8t alkylése t he
hydr ocar byl group, a vinyl group is preferable. As Rl1l, a hydrogen atom a
met hyl gr 8@gPoPreierabn\a cibeiators f the @rvgnesgroup of the group is bonded to a

carbon atom to which R'! of formula (1) is bonded.

The group formed by bonding a phenylene group with an alkylene group (a
phenylene-alkylene group) includes a para-phenylene-alkylene group (for example, a
group represented by Formula (a) below), a meta-phenylene-alkylene group (for
example, a group represented by Formula (b) below) and an ortho-phenylene-alkylene
group (for example, a group represented by Formula (c) below), depending on the
position of a carbon atom from which a hydrogen atom is removed on a benzene ring
and the position of a carbon atom to which the alkylene group is bonded on the

benzene ring.



Exanpl es of the hydrocarbyl ene groups of R12 include an al kyl ene group, an
aryl ene group, a group forned by bonding an arylene group with an al kyl ene

group, etc. Exanpl es of the al kyl ene groups include a nethyl ene
group, an ethylene group, a trimethylene group etc. As the al kyl ene group,
a nmet hyl ene group or an ethylene group is preferable. Exanpl es of

the aryl efe. graoups i nclude a phenyl ene group, a naphthyl ene group, a

bi phenyl ene ¢ etc. As the aryl ene group, a phenylene group is

pr ef er abl e. Exanpl es of tHeagroup formed by bonding an aryl ene group
wi th an al kyl fro .Fi C'“%F a group formed by bondi ng a phenyl ene group

with an al kyl ene gro ;,:g grOup fornmed by bondi ng a napht hyl ene group with

an al kyl ene group, and a froup formed by bonding a bi phenyl ene group and an
al kyl ene group. Anmong them a group formed by bonding a phenyl ene group

wi th an al kyl ene group is preferable. Mor eover, in the group forned

atom of thea 8 Qro rof the group is bonded to a carbon atomto which
R11 of formul g i s bonded. (bg The group fornmed by bonding a

phenyl ene grolo p#h an al kyl ene 'group (a phenyl ene-al kyl ene group)

i ncl udes a para~phenyl ene-al kyl ene group (for exanple, a group represented
by Formula (a) pelow), a neta-phenyl ene-al kyl ene group (for exanple, a
group representoHE mul a (b) bel ow) and an ortho-phenyl ene- al kyl ene
group (for exany| e, /@ group represented by Formula (c) bel ow), depending on
the posit a._carbon atom from which a hydrogen atomis renoved on a
benzene ring § e position of a carbon atomto which the al kyl ene group
i s bonded on dnzene ring. whenein r represents an integer of 1 to 5,
and * denotes ~a ondi ng position. The groups fornmed by bondi ng an
aryl ene group with an al kyl ene group include preferably a group fornmed by

bondi ng a_phenyl ene _gr.oup .w Ik p : .ene- al kyl ene
group), rrB’Bgreﬂi/reqegFeggP@%ﬁ '%é%p&ﬁ et§r5 eéé‘ﬁt gagﬁgyggéﬁnﬂﬁgs?ﬁ&gbove, a group
represent ed by frar Sﬂébﬁs (f8PmeP BY omathg2all'4HABNé &6 &S Withesh kikyleenyioap ( C)
above, yet nore preferably a group represented by Fornula (a) above and a
group repinekelst mefembly-ar grolp férnedabypbendingich pberylenel groly Wwithedre @idylepe a

par a- phenyl ene- net hyl ene group (a group represented by Fornmyla (a) in which
ro= 1), agmdamhenxle%élkﬁe@mwﬁb 'mrswgsefe@b&r%aw%rﬁzféé@ﬂggayE&"%M?rru| a

b) in which r = 1 A i a_
) o s B B AL 1, 10 ki it soen
group repEgs&Ih ?‘9 aa?ﬁv QefThiofe fréferatily WrGip fepreséited bXSFormuMy(Q)’laB%’% dn@ a

hydr ogen atom o al Kyl group, preferably m= 1. t he hydrocar byl ene
group repaegenipedrepresBifed dygrrumpulaepbeseindved byd Fpantioliarly 3prefesaldyy Bs
preferable, and a group represented by Fornul a ;3?:) bel ow or Faormul a (3b)
bel ow i s p@iaepheniieae-msteylenengeup (@ Dersip repiesentpd PHoFBYIRR) i whichsr = 1),

pref er abl e rget%%h%hylene-methylene group (a group represented by Formula (b) in which r =

1), a para-phenylene-ethylene group (a group represented by Formula (a) in which r =
2), and a meta-phenylene-ethylene group (a group represented by Formula (b) in
which r = 2).

When R is a hydrogen atom or an alkyl group, preferably m = 1. As the
hydrocarbylene group represented by R'2, a group represented by Formula (3) below
is preferable, and a group represented by Formula (3a) below or Formula (3b) below is

more preferable. In Formulae, p is an integer of 0 to 5, preferably 0 to 2.



*\) CH2* (3) P wherein (CH2)p is a substituent on a benzene ring, p
represents an integer of 0 to 5 and, when pis an integer of 1 to 5,
(CH2)p is bonded to a nitrogen atomof Fornula (1), and * denotes a bonding
position. * (3a) CH2* P wherein p represents an integer of 0 to 5, and,
when p is an integer of 1 to 5 (CH2)p is bonded to a nitrogen atom of

Formula (1), and=™4genotes a bonding position. *CH)* P
% / 3
\ (3)
CH2>—*
p

wherein (CH,), is a substituent on a benzene ring, p represents an integer of 0 to 5,
and, when p is an integer of 1 to 5, (CHy), is bonded to a nitrogen atom of Formula (1),

and * denotes a bonding position.
*

(3a)
CH2>_ *
p
wherein p represents an integer of 0 to 5, and, when p is an integer of 1 to 5, (CHy)p is
bonded to a nitrogen atom of Formula (1), and * denotes a bonding position.

* CH2>" *
p

(3b)

wherein p represents an integer of 0 to 5, and, when p is an integer of 1 to 5, (CHy), is
bonded to a nitrogen atom of Formula (1), and * denotes a bonding position.

When R'" is an alkenyl group and m = 1, the hydrocarbylene group of R' is
preferably an alkylene group, and more preferably a methylene group or an ethylene
group. |

R™® and R™ independently represents a hydrocarbyl group or a
trihydrocarbylsilyl group, or R'® and R' are bonded to represent a hydrocarbylene
group that may have a nitrogen atom and/or an oxygen atom, or R™ and R" form one
group representing a group bonded to a nitrogen atom by a double bond.

Examples of the hydrocarbyl groups of R'* and R include an alkyl group, an
alkenyl group, an alkynyi group, an aryl group and an aralkyl group. Examples of the
alkyl groups 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 groups include a vinyl group, an allyl group, a 1-propenyl group and a

1-methylethenyl group. Examples of the alkynyl groups include an ethynyl group and
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wherein p represents an integer of 0 to 5 and, when p is an integer of 1
to 5 (CH2)p is bonded to a nitrogen atomof Forrmula (1), and * denotes a

bondi ng position. When R11 is an al kenyl group and m= 1, the
hydr ocar byl ene group of R12 is preferably an al kyl ene group, and nore
preferably a methyl ene group or an ethyl ene group. R13 and R14

i ndependent | hyd by . i ]yl
o oup. or SRISPAAN P FEBBaEn BN P ut e Be ArhEhtsET BauLald! .
may have %n&‘%&??ﬁ%@u&t OERARATHEOS 1R 2Ky BGBURY RBludER bBAR/ gRslipR14 form one

group represen a group bonded to & nitrogen atom by a doubl e bond.
Exanpl es of t heTHay dumbar bly tayoo Lgtsmefof Rba ydebcRibyl ignaipudie RAh aad BT igr oup,
an al kenyl rouP, an al kynyl group, an aryl group and an aral kyl group.
Exanpl es @feelﬁbYailtWIO,gm%mp@@fﬁf?ﬁh!@&’ﬁ’et hyl group, an ethyl group, a

e et butyt G B douBor Ry R bélnal AR 1) G805 B o i b, o
an allyl QP BralbaH Y ineat 3491 @Bp Rating Sl 814 EArbN slon Gush JRUATP! €S of

t he al kyn oups 1 nc e an e group”and a propargyl group.

Exanpl es  gfouphgavitigy? @8 Qafsoni ateme dandiygthmongl prgfecalily a andtioyl\drowy, @npethyld a
xylyl group. Exanples of the aral kyl groups include a benzyl group.
The nunbegrasp arantabyl giowms of t he hydrocarbyl group of R13 and R14 is

f bl 0, d f I 13 14 T1h d I

0 “R1s and RL AT e Bipearam Erou R R e o R o o
f bl | i I i ngs b I I

G oup. navBrgeoFE e EEnSER R, bkl aolb R ieomOBy L P &7 oup

an et hyl gpitydimehyisilyl lougre!p. Exanpl es of the _
trihydrocarbyl Silyl groups of R13 and R14 include a trialkylsilyl group

such” as a tri meAdhediiygroogrhyislyl group ofeR RpndiR "y 1a thalkylply! aroup hrdopBdeP! si | y!
rhyir 0o SRPR AU SpateEars. 20dcs AR Srcipin wbiokyhe BT g Bendesieng 3 o
9 carbon at i efe I A At i ; i ich the al kyl
group bon%esg@%agmﬂsl%nc%ﬁpgfb 6'8?‘%2'”% tél%#y%%ghﬁgﬁ%@ie%p%%{%m% car bon atgm;

is more prefer ablggples of the hirdbRbREn® Grdupe thutdhmcravield ritteger atopsaridiat nay
have a nitrogen atom and/or an oxygen atom forned by bonding R13 with R14

i ncl ude aahyakygeraatoy éormegrmubondind R4t withRIY inshisleca bygroparbylae arovpi Bogen
atom a hydrocar byl ene group having an oxygen aé og% qtc. Exarrﬁl es of the
hydr ocar b%’@’ﬁéa@w)éﬂ%&m%lhéﬂégeﬁ“&?qgﬁpeﬂex‘graoﬂﬁ rogRrRYIgRe groul ARY'R%@Ngr oup,
a trimethylen [ a I I and a
nexamet hy PRl Boex BRENBET S} G BRfocagitie FoaRThAIE i fJEnd cRuR

ni trogen ghgn ésncdnu@ﬁmfeNrngampr eI fFRHyRMeDyroupt 24 Hetrine®lidne grogp,0@p

represented by - CH2CH a group represented by -CH=CH N=CH, and a
group r epipes@nietityidne groti? Ght? aNexanetyizne gioupp Exsmelestaf thehiysiressesmigrieene

22~ 0 SEHBETEVING & niroge o inAbete & 0T BBIPsaT SO AR E i GHT 6t med by
0 o Bl i ptel by CHLBHEREH?, B Yrdfh reBRlcinfdaHyPicHOH R=E R Tang"d Vet
a group represented by -CH,CH>-NH-CH,CH,-. Examples of the hydrocarbylene
groups having an oxygen atom include a group represented by -CH2CH2-O-CH,CH,-.
The number of carbon atoms of the group formed by bonding R with R™ is
preferably 2 to 20, more preferably 2 to 7, and yet more preferably 4 to 6.
As the hydrocarbylene group having a nitrogen atom and/or an oxygen atom
as a hetero atom formed by bonding R'™ with R, a hydrocarbylene group is
preferable, an alkylene group is more preferable, and a polymethylene group is yet

more preferable.



As the hydrocarbyl ene group having a nitrogen atom and/or an oxygen atom as
a hetero atom forned by bonding R13 wth Rl14, a hydrocarbylene group is
preferable, an alkylene group is nore preferable, and a pol ynethyl ene group
is yet nore preferable. Exanpl es of R13 and R14 form ng one group
lsz)g(r:\ﬂed to a [nhtlr_ogen atom by a doubl e bond include a hydrocarbylidene group
as an ethylidene group, a propylidene grou a butylidene

1-met hyl et hy |b i Geaeplgs OO aanﬁ%bﬁv%f/]ﬂr%‘SerP'g%H%’?‘{ﬁdotﬁﬁ niffgoep storrby @

, 3-di met hyl but yl i dene groyp. ... The n a : (o] f ,R13 and
R14ffor lranl ﬂ‘@j-‘zbdﬁlé’ogg dﬂﬁ”%r?dg'gdﬁ%a@y'fﬁef‘?o%fgwygh %Frh %gy agw g@ﬁﬁqe@eb n(Lj’B’l g

prefera [R2n&": I &, JABERE afrdup? 1# B-methylethylidsheR1groapd B14, a
hydr ocar b rIOPwpﬂp, %{&f%rjl hydro%_r%ﬁ sib‘*y‘fpggroup r(r)xr geh%rogar g§/| gﬂe grbup
fornmed by haasigepyRdenargiop Bhd ai153-pinedtte/iaiylidenagwup. pol ymet hyl ene group

having 4 to 6 ‘carbon atons fornmed by bgnding, R13 with R14 is
pref erabl e. The nuBbenpf earbon atams @bﬂ%@]ﬂdé“rf@ﬁ?iégéﬁ?wlﬁ{/b‘ﬁﬁhﬁPé (1)

i ncl ude conpounds bel in which RI1 i =
of  compouReseAiaR ot faubi Bond g bl el o BB RN B o0 50077

ﬁ;)sNt y; ging?t hyl a1 pestyliepes  3- N6t sligmanatydtaamyislyl Ngfdup  betanyl am
hydrocarbylene group formed by bonding R™ with R'™ is preferable, and a
polymethylene group having 4 to 6 carbon atoms formed by bonding R"® with R™ is
more preferable.
Examples of the compounds represented by Formula (1) include compounds
below in which R'! is a hydrogen atom and m = 1.
Examples of compounds in which R'? is a group represented by Formula (3)
andp=0:
4-N,N-dimethylaminostylene,
3-N,N-dimethylaminostylene,
4-N,N-diethylaminostylene,
3-N,N-diethylaminostylene,
4-N,N-di-n-propylaminostylene,
3-N,N-di-n-propylaminostylene,
4-N,N-di-n-butylaminostylene,
3-N,N-di-n-butylaminostylene,
4-N,N-diallylaminostylene,
3-N,N-diallylaminostylene,
4-N,N-bis(trimethylsilylyaminostylene,
3-N,N-bis(trimethylsilyl)aminostylene,
4-N,N-bis(tert-butyldimethylsilyl)aminostylene,
3-N,N-bis(tert-butyldimethylsilylJaminostylene,
4-aziridinylstylene,

3-aziridinylstylene,
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di et hyl am nostyl ene, 4-N, N-di - n-propyl am nostyl ene,

di - n- propyl am nostyl ene, 4-N, N-di - n-butyl am nostyl ene,
di - n-butyl am nostyl ene, 4-N, N-d iallylamnostyl ene,
di
b

iallylam nostylene, 4-N,N-bis(trinethylsilyl)am no5tyl ene,

i s(trimethylsilyl)am nostyl ene,

bi s%tert OBJE' | di met hyl silyl)am nostyl ene,

bi s{tPY %f YI8?ret hyl si |yl ) ami nost yl ene, 4-aziridinyl styl ene,

i ridi By SbidifiGylene,

4-piperidinylstylene,

mzzzzzzz
S ZFZFZZZZ

3-piperidinylstylene,
4-hexamethyleneiminostylene,
3-hexamethyleneiminostylene.

Examples of compounds in which R'2 is a group represented by Formula (3)
andp=1:
4-N,N-dimethylaminomethylstylene,
3-N,N-dimethylaminomethylstylene,
4-N,N-diethylaminomethylstylene,
3-N,N-diethylaminomethylstylene,
4-N,N-di-n-propylaminomethyistylene,
3-N,N-di-n-propylaminomethyistylene,
4-N,N-di-n-butylaminomethylstylene,
3-N,N-di-n-butylaminomethylstylene,
4-N,N-diallylaminomethylstylene,
3-N,N-diallylaminomethylstylene,
4-N,N-bis(trimethylsilyl)aminomethylstylene,
3-N,N-bis(trimethylsilyl)aminomethyistylene,
4-N,N-bis(tert-butyldimethylsilyl)Jaminomethylistylene,
3-N,N-bis(tert-butyldimethylsilyl)aminomethylstylene,
4-aziridinylmethylstylene,
3-aziridinylmethylstylene,
4-pyrrolidinylmethylistylene,
3-pyrrolidinylmethylstylene,
4-piperidinylmethyistylene,
3-piperidinylmethylstylene,
4-hexamethyleneiminomethyistylene,

3-hexamethyleneiminomethylstylene.
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4-
3-
3-
a
4-
4-
4-
4-
4-
4-
3-
4-
3-
4-a
4-

pyrrolidinylstylene, 3-pyrrolidinylstylene, 4-piperidinylstylene,
pi peridinyl styl ene, 4-hexanethyl enei m nostyl ene,
hexanet hyl enei m nost yl ene. Exanpl es of conpounds in which R12 is
group represented by Formula (3) and p =
N, N- di et hyl am norret hyI styl ene, 3 N N- di rret hyl am nomet hyl styl ene,
N, N- di et hyl am no | ene,. 3- N, N-¢i et h | am _nonet
N, N- di - n- pr o &iﬁ?ﬁ%f"é‘?‘%ﬂ 'Br’(@'chR R roHp ;5?%@?%%@ ﬁ%#@frﬂ@?é?&ll ene,
N, N-di - F FL am nonet hyl styl ene, 3-N, N-d| n- but yl am nonet hyl styl ene,
N, N-di al'l'yI' am nonet hyl styl ene, 3-N, N-di al | yl am nomnet hyl styl ene,
N, N- bi S&INNrmhém*lamirwbﬁh@mymmt hyl styl ene,
N, N-bi s(trinethylsilyl)am nonet hyl styl ene,
N, N- bi s@il‘éNidlmethlenhlmtwy%tyé&ﬂeyl ) ami nonet hyl styl ene,
N, N-bi s rt but th i I'yl') am nomet hyl styl ene,
ziridi %VA?N&'% oyl gtﬁéls&gnﬁm ridinyl met hgl stgl ene,
yrrol | 'I\PM'J@N?X%%Eé’t’IﬁIQ@Ien@ pyrrolidinyl net hyl styl ene,

4-N,N-di-n-propylaminoethyistylene,
3-N,N-di-n-propylaminoethylstylene,
4-N,N-di-n-butylaminoethylstylene,
3-N,N-di-n-butylaminoethylstylene,
4-N,N-diallylaminoethylstylene,
3-N,N-diallylaminoethyistylene,
4-N,N-bis(trimethylisilyl)aminoethylstylene,
3-N,N-bis(trimethylsilylyaminoethylistylene,
4-N,N-bis(tert-butyldimethylsilyl)Jaminoethylstylene,
3-N,N-bis(tert-butyldimethylsilylyaminoethylstylene,
4-aziridinylethylstylene,
3-aziridinylethylstylene,
4-pyrrolidinylethylstylene,
3-pyrrolidinylethylstylene,
4-piperidinylethylstylene,
3-piperidinylethylstyiene,
4-hexamethyleneiminoethylstylene,
3-hexamethyleneiminoethylstylene.

Examples of the compounds represented by Formula (1) include compounds
below in which R is a methyl group and m = 1.

Examples of compounds in which R'2 is a group represented by Formula (3)
andp=0:
4-N,N-dimethylaminoisopropenylbenzene,

3-N,N-dimethylaminoisopropenylbenzene,
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4- pi peridi nyl met hyl styl ene, 3-pi peridi nyl net hyl styl ene,

4- hexanet hyl enei m nonet hyl styl ene, 3-hexanet hyl enei m nonet hyl styl ene.
Exanpl es of conpounds in which R12 is a group represented by Fornula (3)
and p = 2: 4-N, N-di net hyl am noet hyl styl ene,

3- N, N-di net hyl am noet hyl styl ene, 4-N, N-di et hyl am noet hyl styl ene,

N MBI Bl @ - propy!am nost iy sty ene
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,
4-N,N-diallylaminoisopropenylbenzene,
3-N,N-diallylaminoisopropenylbenzene,
4-N,N-bis(trimethylsilyl)aminoisopropenylbenzene,
3-N,N-bis(trimethylsilyl)aminoisopropenylbenzene,
4-N,N-bis(tert-butyldimethylsilyl)aminoisopropenylbenzene,
3-N,N-bis(tert-butyldimethylsilyl)Jaminoisopropenylbenzene,
4-aziridinylisopropenylbenzene,
3-aziridinylisopropenylbenzene,
4-pyrrolidinylisopropenylbenzene,
3-pyrrolidinylisopropenylbenzene,
4-piperidinylisopropenylbenzene,
3-piperidinylisopropenylbenzene,
4-hexamethyleneiminoisopropenylbenzene,
3-hexamethyleneiminoisopropenylbenzene.

Examples of compounds in which R'? is a group represented by Formula (3)
andp = 1:
4-N,N-dimethylaminomethylisopropenylbenzene,
3-N,N-dimethylaminomethylisopropenylbenzene,
4-N,N-diethylaminomethylisopropenylbenzene,
3-N,N-diethylaminomethylisopropenylbenzene,
4-N,N-di-n-propylaminomethylisopropenylbenzene,
3-N,N-di-n-propylaminomethylisopropenylbenzene,
4-N,N-di-n-butylaminomethylisopropenylbenzene,

3-N,N-di-n-butylaminomethylisopropenylbenzene,
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4
4
4
3
4-
3-
4-
4-
4-

N-di - n- butyl am noet hyl styl ene, 3-N, N-di-n-butylan noethyl styl ene,
N-di al | yl am noet hyl styl ene, 3-N, N-di al | yl am noet hyl styl ene,

N-bi s(trinmethylsilyl)am noethyl styl ene,
N-
N-

bi s(trinethylsilyl)am noet hyl styl ene,
bis(tert- butyI di et hyl si | yl ) am noet hyl styl ene,

 N-bis(tert- but di net hyl si | am noet hyl st yl

aziri fll %SN ¥din) \F/'W hﬁ OR{PP 'Tyaﬂeﬁﬁ%pt hy%/stsy%/eﬁge
rrolidiy I hyl I

B?lper | d?nyfoecﬁilp%hﬁﬁ%éﬁg%sgégp%@ | Gf“ét ﬁ;l }s/t f/][ gngne,

4-N,N- bls(tnmethylsﬂyl)aminomethylisopropenylbenzene

3-N,N-bis(trimethylsilyl)Jaminomethylisopropenylbenzene,
4-N,N-bis(tert-butyldimethylsilyl)aminomethylisopropenylbenzene,
3-N,N-bis(tert-butyldimethylisilyllaminomethylisopropenylbenzene,
4-aziridinylmethylisopropenylbenzene,
3-aziridinylmethylisopropenylbenzene,
4-pyrrolidinylmethylisopropenylbenzene,
3-pyrrolidinylmethylisopropenylbenzene,
4-piperidinyimethylisopropenylbenzene,
3-piperidinylmethylisopropenylbenzene,
4-hexamethyleneiminomethylisopropenylbenzene,
3-hexamethyleneiminomethylisopropenylbenzene.

Examples of compounds in which R'2 is a group represented by Formula (3)
andp=2:
4-N,N-dimethylaminoethylisopropenylbenzene,
3-N,N-dimethylaminoethylisopropenylbenzene,
4-N,N-diethylaminoethylisopropenylbenzene,
3-N,N-diethylaminoethylisopropenylbenzene,
4-N,N-di-n-propylaminoethylisopropenylbenzene,
3-N,N-di-n-propylaminoethylisopropenylbenzene,
4-N,N-di-n-butylaminoethylisopropenylbenzene,
3-N,N-di-n-butylaminoethylisopropenylbenzene,
4-N,N-diallylaminoethylisopropenylbenzene,
3-N,N-diallylaminoethylisopropenylbenzene,
4-N,N-bis(trimethylsilyl)aminoethylisopropenyibenzene,
3-N,N-bis(trimethylsilyl)aminoethylisopropenylbenzene,
4-N,N-bis(tert-butyldimethylsilyl)Jaminoethylisopropenylbenzene,
3-N,N-bis(tert-butyldimethylsilyl)aminoethylisopropenylbenzene,
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4- hexanet hyl enei m noet hyl styl ene, 3-hexanet hyl enei mi noet hyl styl ene.
Exanpl es of the conpounds represented by Formula (1) include conpounds
bel ow in which R11 is a nethyl group and m= 1. Exanpl es of
conmpounds in which R12 is a group represented by Forrmula (3) and p = O:
4- N, N- di net hyl am noi sopr openyl benzene,

3- N, N-di net hyl am noj.sopr openyl benzene,

=N, N- di g?ﬁ%ﬁ'r‘??'ﬁ&\%%ﬁﬂ?@ﬁ@%ﬁzeeﬁ?ene, 3- N, N-di et hyl ani noi sopr openyl benzene,
-N, N-di - 80 1a Ryl Yl SRRy BRRAHEDENZ ENe,

- N, N- di - n- prnopyl ar%lér?g):rsop?openyl benzene,

- N, N- di - a-phrolidiraatingissgropenyibenkémnzene,

3-pyrrolidinylethylisopropenylbenzene,

rwhb

4-piperidinylethylisopropenylbenzene,
3-piperidinylethylisopropenylbenzene,
4-hexamethyleneiminoethylisopropenylbenzene,
3-hexamethyleneiminoethylisopropenylbenzene.

Examples of the compounds represented by Formula (1) include compounds
below in which R'! is a vinyl group and m = 0.
2-N,N-dimethylamino-1,3-butadiene,
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,
2-N,N-bis(tert-butyldimethyisilyl)amino-1,3-butadiene,
2-aziridinyl-1,3-butadiene,
2-pyrrolidinyl-1,3-butadiene,
2-piperidinyl-1,3-butadiene,
2-hexamethyleneimino-1,3-butadiene.

Examples of the compounds represented by Formula (1) include compounds
below in which R'! is a vinyl group and m = 1.
2-N,N-dimethylaminomethyi-1,3-butadiene,
2-N,N-diethylaminomethyl-1,3-butadiene,
2-N,N-di-n-propylaminomethyl-1,3-butadiene,
2-N,N-di-n-butylaminomethyl-1,3-butadiene,
2-N,N-diallylaminomethyl-1,3-butadiene,
2-N,N-bis(trimethylsilyl)aminomethyl-1,3-butadiene,
2-N,N-bis(tert-butyldimethylsilyllaminomethyl-1,3-butadiene,
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4-
4-
3-

4-
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- N, N-di - n- but yl am noi sopr openyl benzene,

-N, N-di al | yl am noi sopr openyl benzene, 3-N, N-di al | yl am noi sopr openyl benzene,
-N, N-bi s(trinethylsilyl)am noi sopropenyl benzene,

-N, N-bi s(trinethylsilyl)am noi sopropenyl benzene,

-N, N-bi s(tert-butyldi nethylsilyl)am noi sopropenyl benzene,

N,N—blS& "duﬁwﬁ&Lﬂ1qum¥bghéyl)an1n0|sopropenylbenzene

aziridi nyl'i so enzene,” 3-aziridinylisopropenyl benzene,

pyrrol i dlgprbliGapmemory Bbaterme, 3-pyrrolidinylisopropenyl benzene,

pi peri di nyl i sopropenyl benzene, 3-piperidinylisopropenyl benzene,
hexanet 2ypigeviinyinmethydd(#-btedighdenzene,

hexanet hyl enei m noi sQpr openyl benz Exanpl es of conmpounds in

whi ch R122 r@examﬁm\.?ﬁe'ﬂé'ﬁ?"é%t%ﬁe%bwg'%‘? nula (3) and p =

N, N- di net hyl %Qaﬂqg;%:ﬂytf]é %891 SR E%@éﬁt@g by Formula (1) include compounds

, N-di met hyl amin I Sop openyl enzen

di efblawkn,anwnmm)élaﬁﬁﬁ gFeUpBRdiReZENE,
i et hyl ami nonet hyl i sopr openyl benzene,

- 2-I8 Negiye thiylandmaetyy-1 | 3slmgaddereny | benzene,

d
d| n- pr opyl am nonet hill | sopropenyl benzene,
d|

- ROk ?tHY\l?lﬁm%tm{y nyI benzene,
3Rt AR BMh P L GRERkE P Zene.

2-N,N-di-n-butylaminoethyl-1,3-butadiene,
2-N,N-diallylaminoethyl-1,3-butadiene,

N-
N-
N-d
N-
N-d
N-

2-N,N-bis(trimethylsilyl)aminoethyl-1,3-butadiene,
2-N,N-bis(tert-butyldimethylsilyl)yaminoethyl-1,3-butadiene,
2-aziridinylethyl-1,3-butadiene,
2-pyrrolidinylethyi-1,3-butadiene,
2-piperidinylethyl-1,3-butadiene,
2-hexamethyleneiminoethyl-1,3-butadiene.

As the compounds represented by Formula (1), compounds in which R"is a
hydrogen atom and m is 1 are preferable. More preferable compounds are, in
addition to the above, those in which both R™ and R are methyl groups or ethyl
groups, those in which R' and R™ are trimethylsilyl groups, and those in which R"
and R'* are bonded to each other to thereby form a polymethylene group having 4 to 6
carbon atoms.

Examples of compounds in which both R™ and R are methyl groups or ethyl
groups:
4-N,N-dimethylaminostylene,
3-N,N-dimethylaminostylene,
4-N,N-diethylaminostylene,
3-N,N-diethylaminostylene,
4-N,N-dimethylaminomethyistylene,
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' i allyl am nonmet hyl i sopr openyl benzene,

i allylam nonet hyl i sopr openyl benzene,
is(trimethylsilyl)am nonethylisopropenyl benzene,

) is(trinmethylsilyl)am nonethylisopropenyl benzene,

' i s(tert-butyldi methylsilyDam nonethylisopropenyl benzene,

bi s(tert:but vl di net ) am nonet hyl i sopr openyl benzene,
iridi é’f&é{"ﬁ?ﬁh%g@& e@wyﬁg%%#zene 3-aziridinyl net hyli sopropenyl benzene,
yrroli dlmwld@h,ﬂwngﬁafrg&webenzene
yrrolldlnylnet yl i sopr openyl benzene,

az
p
p
pi peri dBN;Nrdigthylamnometytsiyereenzene,
p
h
h

zzzizz
ZZZZZZ
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4

3

4

3

4

3-

4-

4-

3-

4-

3- pi peridinyl meth Ilsopropen | benzene,

4- hexanet # é’ﬁ’é’i‘ﬂg‘ penyl benzene,

3- hexanet n orret ropenyl benzene. Exarrpl es of conpounds
in which %{&ﬁa@mghq eﬁ’é{ﬁyggent ed by Fornmula (3) and p =

4- N, N-di ngtmwloqé{hﬂ%hggﬂhyggggngpenyl benzene,

3- N, N-di net hyl am noet hyl i sopr openyl benzene,

4- N, N- di e8Iy Natiethgiarmingeihgletylempeny| benzene,

3- N, N-di et hyl am noet hyl i sopr openyl benzene, ., 14 . .

4- N, N-di - n- pro@(amszieﬁ@ésmmwﬁﬁwéwmbs eragd R™ are trimethylsilyl groups:
3-N, N-di - am n | i sqpropenyl benzene,

4- N, N- di - ﬂ/\@{ﬁ@%’ 'mem}' ’P'QB%?’S %nyl benzene,

3-N, N-di - t nyI benzene,

4- N, N- di ? Paar{r%(ﬁ@e PIZAOHB@Q @R ‘benzene,

3-N, N-di ahJMNaiﬁ(ﬁﬂ@tMﬂVWﬁwﬁmﬁwsW‘ke

4-N, N-bi s(trinmethylsilyl)am noethylisopr openyl benzene,

3-N, N- bi sV, NM(MW%W'%}W&WQ@@&YE}M@@W openyl benzene,

4-N, N-bi s t | di rre hyl si m_noet hyl i sopr openyl benzene,
3-N, N- bi s%t’i&tb t'E}i'% PQ?‘#‘%'F%’%’?Fnoet hyl i sopropenyl benzene,

4-aziridi t e3-aziridinylethylisopropenyl benzene,
W’WL’"%‘?@’ T RRER ne |

4-pyrroli |hylet peny

3-pyrrolidinyl @xprle%QWth@ﬂiWh&:h R and R™ are bonded to each other to
4- pi peridi nyl et hyl i sopropenyl benzene, 3-pi peridinyl et hyl i sopropenyl benzene,

4- hexanet therehydom apelymethylanergspumbaving4 tne carbon atoms:

3- hexanet hyl enej. m noet hyl i sopr openyl benzene.
4-¥)yrrolldmylstylene y propeny

3-pyrrolidinylstylene,
4-piperidinylstylene,
3-piperidinylstylene,
4-hexamethyleneiminostylene,
3-hexamethyleneiminostylene,
4-pyrrolidinylmethylstylene,
3-pyrrolidinylmethylstylene,
4-piperidinylmethylstylene,
3-piperidinylmethylstylene,
4-hexamethyleneiminomethylstylene,
3-hexamethyleneiminomethylstylene,
4-pyrrolidinylethylstylene,
3-pyrrolidinylethylstylene,
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Exanpl es of the conpounds represented by Fornula (1) include conpounds
below in which R11 is a vinyl group and m= 0.
2- N, N-di met hyl am no- 1, 3- but adi ene, 2-N, N-di et hyl am no- 1, 3- but adi ene,
2- N, N-di - n-propyl am no- 1, 3- but adi ene, 2-N, N-di - n-butyl am no- 1, 3- but adi ene,
g- N xgl aI(I yl am no- 1, 3- but adi ene,

- N, I s(trinmethylsilyl)am no-1, 3-but adi ene,
2- N, N- bi s("ﬂél?‘i”dﬂlye)ﬂ?y&ﬁ%%’%%yl si |yl ) ani no- 1, 3- but adi ene,

2-aziridi L= R R @&ti,grnee, 2-pyrrolidinyl-1, 3-butadi ene,

2- pi peri d%@"l‘g’m tacil ene, 2-hexanet hyl enei m no-1, 3- but adi ene.

Exanpl es qthéxa@,eﬂ?@gmmmylmnt ed by Formula (1) include conpounds
below in which R11 is a vinyl group and m= 1.

2- N, N- di nethexamethyleneiniycetiylgyleng. adi ene,
. N-di et hyl ani hvl-1 3- :
, N-di - n- gr g%”%?&qgfﬁgp&ﬁre%?%%ﬁ@ﬁ Eormula (1), compounds in which R" is a

N

N, N-

N, N- di - n- ] 2t by 1- 18- hut adi

NN di alhp@rréé#\ %{OHnng X yél? &’?.1&1 t%ﬁ’i Igneaff@%onded to each other to thereby form a
N, N-

N

bi s GblyEaiyiberol hAAgWITEE EatBorl atdmsitra diosnpreferable.
, N-bi s(tert-butyldi methylsilypam nonmet hyl - 1, 3- but adi ene,
azi ri di nyl metAw thelconfpobndsaipezsented- yyForoiulal (y4-meroliginyietylsigengipate,
pi peri di nyl net hyl- 1, 3- but adi ene,
3-pyrrolidinylethyistyrene are particularly preferable.

2-
2-
2-
2-
2-
2-
2-
2-

R? R% and R® independently represent a hydrocarbyl group or a
hydrocarbyloxy group.

Examples of the hydrocarbyl groups of R?', R and R** include an alkyl group
such as a methyl group, an ethyl group, a n-propyl group, an isopropyi group, a n-butyl
group, a sec-butyl group and a fert-butyl group. The number of carbon atoms of the
hydrocarbyl groups is preferably 1 to 10, and more preferably 1 to 3.

As the hydrocarbyl groups of R¥', R? and R%, an alkyl group is preferable, an
alky! group having 1 to 10 carbon atoms is more preferabie, an alkyl group having 1 to
3 carbon atoms is yet more preferable, and a methyl group and an ethyl group are
particularly preferable.

Examples of the hydrocarbyloxy groups of R*', R and R* include an alkoxy
group such as a methoxy group, an ethoxy group, a n-propoxy group, an isopropoxy
group, a n-butoxy group, a sec-butoxy group and a tert-butoxy group; an aryloxy group
such as a phenoxy group; etc. The number of carbon atoms of the hydrocarbyloxy
groups is preferably 1 to 10, and more preferably 1 to 3.

As the hydrocarbyloxy groups of R*, R and R*, an alkoxy group is
preferable, an alkoxy group having 1 to 10 carbon atoms is more preferable, an alkoxy
group having 1 to 3 carbon atoms is yet more preferable, and a methoxy group and an
ethoxy group are particularly preferable.

At least one of R?!, R% and R% is a hydrocarbyloxy group, and, for enhancing

fuel economy, preferably at least two of R*', R?? and R* are hydrocarbyloxy groups,
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2- hexanet hyl enei m nonet hy1- 1, 3- but adi ene. Exanpl es of the conpounds
represented by Fornmula (1) include conpounds below in which R11 is a vinyl
group and m= 2. 2-N, N-di net hyl am noet hyl- 1, 3- but adi ene,

2- N, N- di et hyl am noet hy1- 1, 3- but adi ene,

2- N, N-di - n- propyl am noet hy1-1, 3- but adi ene, 2-N, N-di -n-butyl am noet hyl-1

, 3-but adi ene, 2: N, N-di al | ylamnaget hyil-1, 3- '

22NN bt SO B PYSH SEfts sty e ttaRloglBroues.

2- N, N-bi s(t ert gaugyd APMRIdPehabhty! reFretaRs bytroben Atdmibad hgdrecarbyl group
2-aziridinylethyl-1, 3-but adi ene?y Z%rrol I di r?g?l et hyl-1, 3- but adlyene,

2- pi per i dihay ey ate &, itrdyenaatomrend/d? -dneoxggen hipmemeiRf and RAYare bongdethte ad

i ene. As the conpounds represented by Formul aé&), onpounds in
whi ch R11repgesgnhg divdgsarbyleam aioup that eay have 3 Nittogen i am@éggrws?'bm e

d o ddi s he ab ' ' R14
ar e ot hy oY S Re: B BRI g e TERs ety frobf METcER pitbay afhe
trinmet hy'ﬁ*}éﬁbg@é?%&’ and those in which R13 and R14 are bonded to each

other to there orm a pol ynet hyl ene groug) having 4 to 6 carbon atons.
Examples of the hydrocarbyl groups of R** and R? include an alkyl group such

as a methyl group, an ethyl group, a n-propyl group, an isopropyl group, a n-butyl
group, a sec-butyl group and a fert-butyl group; an alkenyl group such as a vinyl group,
an allyl group, a 1-propenyl group and a 1-methylethenyl group; an alkynyl group such
as an ethynyl group and a propargyl group; an aryl group such as a phenyl group, a
tolyl group and a xylyl group; and an aralkyl group such as a benzyl group.

Examples of the hydrocarbyl groups of R?* and R® having a nitrogen atom
include a dialkylaminoalkyl group such as a dimethylaminomethyl group, a
dimethylaminoethyl group, a dimethylaminopropy! group, a diethylaminomethyl group,
a diethylaminoethyl group and a diethylaminopropyl group.

Examples of the hydrocarbyl groups of R?* and R? having an oxygen atom
include an alkoxyalkyl group such as a methoxymethyl group, a methoxyethyl group, a
methoxypropyl group, an ethoxymethyl group, an ethoxyethyl group and an
ethoxypropyl group; a monooxacycloalkyl group such as a 2-oxiranyl group, 2-oxetanyl
group and a 2-tetrahydrofuranyl group; a dioxacycloalkyl group such as a 2-dioxolanyl
group; an alkyl group substituted by such a monooxacycloalkyl group as a glycidyl
group or a tetrahydrofurfuryl group; and a 3,4-epoxycyclohexyl group.

In the present specification, the monooxacycloalkyl group represents a group
formed by substituting one CH, of a cycloalkyl group by an oxygen atom. The
dioxacycloalkyl group represents a group formed by substituting two (CHj)s of a
cycloalkyl group by oxygen atoms.

The number of carbon atoms of the hydrocarbyl groups of R* and R* that
may have a nitrogen atom and/or an oxygen atom is preferably 1 to 10, and more

preferably 1 to 6.
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Exanpl es of conpounds in which both R13 and R14 are net hyl groups or ethyl
groups: 4-N, N-di met hyl am nostyl ene, 3-N, N-di net hyl am nostyl ene,

4-N, N-di et hyl am nostyl ene, 3-N, N-di et hyl am nostyl ene,

, N-di net hyl am nonet hyl styl ene, 3-N, N-di net hyl am nonet hyl styl ene,

, N-di et hyl am nonet hyl styl ene, 3- N N-di et hyI am' nonet hyl styl ene,

-N
N
- N, N-di net hyl 'no t hyl st yl ene dj e | gbsy | enes
- N, N-di et hyl a %ﬁy& @%‘(eﬁ%ou% fﬁr Na b¥ hy am noFEeh?hg/Pps{t ;ﬁll erlle ca

anpl e V\/nd c c}?éﬁa%yﬁ‘@r% 1AadR® &I in B! sitdny| gr oups:
-N, N- bi s({/rl rretsﬁyl 5|? am nostyl ene, rduftl fadihg R e P
- N, N- bi Sbydrod:mbmr@grbyb hawing @atoxygereatom, etc. Examples of the hydrocarbylene

-N, N-bi s(trinethylsilyl)am nonet hyl styl ene,

- N, N bi s@fouprangiydesan ﬁ"SYéﬁ‘r‘ﬁn@fﬁﬁP HyEa 35 8 famethylene group, a tetramethylene

group, a pentamethylene group and a hexamethylene group. Examples of the

(D-hw-h;l'l-h-b-lf-h

hydrocarbylene groups having a nitrogen atom include a group represented by
-CH,CH,-NH-CH,-, a group represented by -CH>CH2-N=CH-, a group represented by
-CH=CH-N=CH- and a group represented by -CH,CH>-NH-CH,CH>-. Examples of
the hydrocarbylene groups having an oxygen atom include a group represented by
-CH,CH,-O-CH,CHo-.

The number of carbon atoms of the groups formed by combining R* with R*®
is preferably 2 to 20, and more preferably 2 to 12.

Examples of the groups of R** and R* forming one group bonded to a nitrogen
atom by a double bond include a hydrocarbylidene group such as an ethylidene group,
a propylidene group, a butylidene group, a 1-methylethylidene group, a
1-methylpropylidene group, a 1,3-dimethylbutylidene group;
4-N,N-dimethylaminobenzylidene group, etc.

The number of carbon atoms of R?* and R forming one group bonded to a
nitrogen atom by a double bond is preferably 2 to 20, and more preferably 2 to 12.

As R* and R®, a hydrocarby! group or a hydrocarbylene group formed by
bonding R** with R?, or a hydrocarbylidene group of R* and R*® forming one group
bonded to a nitrogen atom by a double bond is preferable, a hydrocarbyl group is more
preferable, and an alkyl group is yet more preferable. The alkyl group is preferably a
methyl group or an ethyl group.

n is an integer of 1 to 10, preferably 2 to 4, and more preferably 3.

Examples of the compounds represented by Formula (2) in which both R?* and
R? are alkyl groups include
[3-(dialkylamino)propyi]trialkoxysilanes such as
[3-(dimethylamino)propylltrimethoxysilane,

[3-(diethylamino)propyli]trimethoxysilane,
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4-N, N-bi s(trimethylsilyl)am noethyl styl ene,

3-N, N-bi s(trinmethylsilyl)am noet hyl styl ene. Exanpl es of conpounds
in which R13 and R14 are bonded to each other to thereby forma

pol ynmet hyl ene group having 4 to 6 carbon atons: 4-pyrrolidinylstylene,
3-pyrrolidinylstylene, 4- piperidinylstylene, 3- pi peridinyl styl ene,

4- hexanet | enei m nostyl ene,

4-pyrrollgyk‘ﬁ h?kﬁﬁsty) gwnéﬂ yrroI| I'nyl met hyl styl ene,

4- pi per i difgydimethpiahtiojprepgitricthgiysitariedi nyl net hyl styl ene,

4- hexanet h%/I enei m nonet hyl styl ene, 3-hexanet hyl enei m nonet hyl styl ene,
4-pyrrol i dé-tdjetaylapinoinrpryiliriethoxysilane, and

[3-(ethylmethylamino)propyi]triethoxysilane;
[3-(dialkylamino)propyi]alkyldialkoxysilanes such as
[3-(dimethylamino)propyllmethyldimethoxysilane,
[3-(diethylamino)propyl]methyldimethoxysilane,
[3-(ethylmethylamino)propylmethyldimethoxysilane,
[3-(dimethylamino)propyl]ethyldimethoxysilane,
[3-(diethylamino)propyl]ethyldimethoxysilane,
[3-(ethylmethylamino)propyi]ethyldimethoxysilane,
[3-(dimethylamino)propyl]methyldiethoxysilane,
[3-(diethylamino)propyl]methyldiethoxysilane,
[3-(ethylmethylamino)propyllmethyldiethoxysilane,
[3-(dimethylamino)propyl]ethyldiethoxysilane,
[3-(diethylamino)propyijethyldiethoxysilane, and
[3-(ethylmethylamino)propyl]ethyldiethoxysilane; and
[3-(dialkylamino)propyl]dialkylalkoxysilanes such as
[3-(dimethylamino)propyl]dimethylmethoxysilane,
[3-(diethylamino)propylldimethylmethoxysilane,
[3-(dimethylamino)propyl]ldiethylmethoxysilane,
[3-(diethylamino)propyl]diethylmethoxysilane,
[3-(dimethylamino)propyljdimethylethoxysilane,
[3-(diethylamino)propyl]dimethylethoxysilane,
[3-(dimethylamino)propyl]diethylethoxysilane, and
[3-(diethylamino)propyl]diethylethoxysilane.
Examples of the compounds represented by Formula (2) in which both R?* and
R? are alkoxyalkyl groups include
{3-[bis(alkoxyalkyl)amino]propyl}itrialkoxysilanes such as

{3-[bis(methoxymethyl)amino]propyi}trimethoxysilane,
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3-pyrrolidinylethylstyl ene, 4-piperidinylethylstylene,

3-pi peridinyl et hyl styl ene, 4-hexanet hyl enei m noet hyl styl ene,

3- hexanet hyl enei m noet hyl styl ene. As the conpounds represented by
Formula (1), conpounds in which R11 is a hydrogen atom mis 1, and R13 and
R14 are bonded to each other to thereby form a pol ynethyl ene group having 4

to 6 carbep . As the conpounds represented
by For mul gj]Pﬁ%@xﬁleﬁ@?&m%ﬁéﬁgﬁé@%@ga@e&nd 3-pyrrolidinylethyl styrene
are parti {31|bﬁ(ﬂnﬁth@k@ﬁt@ﬂ)@HirR)]prBBﬂ}trimetho%iIane, 11 and R23

y

I ndependent represent a hydrocarbyl group or a hydrocarbyl oxy group.
Exanpl es §3-[bidtethbxyethybaminplpropyijtripsetodxyBifene, R22 and R23 i ncl ude an al kyl

Psopr opy! oPBUBEE ISR AT R IBGRY RiCBRoRES | oroup and a tert:butyl oroup.
and more. presrRRRO A rob SRRy TLDF o obpe of Rel, Re2 and
R23, an at:-kbbﬁs(ﬂé@n@ﬁyéﬂ‘ﬁyl)Bfrﬁfcﬂﬁr@?gﬂ}?nietﬁdky@ildﬁé[ agd oup having 1 to 10 carbon
atons is nore preferable, an alkyl group having 1 to 3 carbon atons is yet
nor e pr ef E-fis(ethoxyethyammblpydpyi}irethoxgsithnen et hyl group are particularly
preferabl ?3-[bis(alkoxyalkyl)amino]propyl}alkyldialkoxysiIanes such as
{3-[bis(methoxymethyl)amino]propyl}methyldimethoxysilane,
{3-[bis(ethoxymethyl)amino]propyl}methyldimethoxysilane,
{3-[bis(methoxyethyl)amino]propyl}methyldimethoxysilane,
{3-]bis(ethoxyethyl)amino]propyl}methyldimethoxysilane,
{3-[bis(methoxymethyl)amino]propyl}ethyldimethoxysilane,
{3-]bis(ethoxymethyl)amino]propyl}ethyldimethoxysilane,
{3-[bis(methoxyethyl)amino]propyl}ethyldimethoxysilane,
{3-[bis(ethoxyethyl)amino]propyl}ethyldimethoxysilane,
{3-[bis(methoxymethyl)amino]propyl}methyldiethoxysilane,
{3-[bis(ethoxymethyl)amino]propyi}methyldiethoxysilane,
{3-[bis(methoxyethyl)amino]propyl}methyldiethoxysilane,
{3-[bis(ethoxyethyl)amino]propyl}methyldiethoxysilane,
{3-[bis(methoxymethyl)amino]propyl}ethyldiethoxysilane,
{3-[bis(ethoxymethyl)amino]propyl}ethyldiethoxysilane,
{3-[bis(methoxyethyl)amino]propyl}ethyldiethoxysilane, and
{3-[bis(ethoxyethyl)amino]propyl}ethyldiethoxysilane; and
{3-[bis(alkoxyalkyl)amino]propyl}dialkylalkoxysilanes such as
{3-[bis(methoxymethyl)amino]propyl}dimethylimethoxysilane,
{3-[bis(ethoxymethyl)amino]propyl}dimethylmethoxysilane,
{3-[bis(methoxyethyl)amino]propyl}dimethylmethoxysilane,
{3-[bis(ethoxyethyl)amino]propyl}dimethylmethoxysilane,
{3-[bis(methoxymethyl)amino]propyl}diethylmethoxysilane,
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Exanpl es of the hydrocarbyl oxy groups of R21, R22 and R23 include an al koxy
group such as a nethoxy group, an ethoxy group, a n-propoxy group, an

i sopropoxy group, a n-butoxy group, a sec-butoxy group and a tert-butoxy
group; an aryloxy group such as a phenoxy group; etc. The nunber of carbon
atons of the hydrocarbyl oxy groups is preferably Ito 10, and nore

pr ef er abl t . As .t he ca %él groups of R21, R22 and R23,
an al koxy¥3gtb6%?)tﬁP’&'"bert%\fl)gmé%ql%rf’pgwecalf‘ﬁ@?& ¥sglé>ée’havi ng 1 to 10 carbon atons
i s nore prRfd@elHexydhyIRhBNropyIRidnIR%tHodyshah® 3 carbon atons is yet nore
preferabl e, and a nethoxy group and an et hoxy group are particularly

pr ef er abl -[bi(ethegsthyaminoipréfdlidicthyrhetboxysdang, preferably at | east two of
R21, R22 and R23 are hédrocar byl 0@3 groups, nore preferably three of R21,
e

R22 and REBlbig(methoyyraetbyliapisaipragy thylethoxysilaR®s and R25 i ndependent!ly
repr esent , rogen atom qr a hydrocarbyl .aroup that may have a nitrogen
at om and/ g:}-ﬁésggtggvglggh&agmo?%rpp@ngﬁ&éMy%lgggbOnded to represent a

hydr ocar b?—%%m?{)h?i#étﬁ%hiﬁ’B}ﬁ!roBﬁ}b‘ﬁn@th?l’efHoQ%‘ﬂ@né‘,tOm and/ or an oxygen atom

or R24 an one group representing a group bonded to a nitrogen

at om by a{3imigethoyety)aminolpropyidimgthysthoysilévee, hydr ocar byl groups of R24 and
R25 include an al kyl group such as a nethyl group, an ethyl group, a
n- propyl -ibigémethoxymeipyligsyinolgropulidiethylethoxysiBngr oup, a sec-butyl group and

atett-bu .group; an al kenyl syuch as a vinyl group, an allyl group,
a 1-pr ope%db'sg‘?tga’@"ﬁ’av')&"HU%PHﬁde%L{ﬁﬂﬂ@]?P“@ﬁ%"fp; an al kynyl group such as an
et hynyl g0 g 100 ,a4p such as a phenyl group,
a tolyl g{%@%(@E@ogyegﬁ%ﬁﬁ@%ﬁg?l%gylgﬁogsg r&%laﬂgroup such as a benzyl

group. {3-]bis(&tkaxyetyhadinoigiepyidibtintathdysilaiieoups of R24 and R25 having a
nitrogen atominclude a dial kyl am noal kyl group such as a )
di met hyl ami noméixagiplegras the, camphiunds rspresentescbhornyia(2) in which both R™ and

di met hyl apighopr opyl group, di et hyl am nonet hyl group, a diethyl am noet hyl
gr oup andgg %{Eé‘f‘%yé °HB§F‘8E’59P gr oup. Exanpl es of the hydrocar byl

groups of . i atom i ncl ude an al koxyal kyl group
such as éﬁﬂﬂ%@*@%ﬁ?ﬁ’&%ﬁ%&ﬁﬁgﬁ%et hyl group, a nethoxypropyl group,
an et hoxyee{diykirailyhatino ooy sivhe gr oup and an et hoxpropyl group; a

nmonooxacycl oal kyl group such as a 2-oxiranyl group, 2-oxetanyl group and a
2- t et r ahy{B[di(axicanyl)argino]ppopymethyldimethoxysilane, gr oup such as a 2-di oxol anyl

group; an |. group, substituted by such a nonooxacycl oal kyl group as a
gl yci dyl @%Eéﬂ@?‘y&’g'@ﬂpﬂﬂy&?@y@ﬁ?}%ws@?%p; and a 3, 4- epoxycycl ohexyl
group. Tif i [ il i t he nonooxacycl oal kyl group
repr esentg3 [g'(%%'%SBS%B?%@WQ@%@M%%{%ne CH2 of a cycl oal kyl group by
an oxygen{3a[aq39(ira‘ﬁ?@,ﬂmgm@m@ht@mogggmg, represents a group forned by
substituting two 2) s of ‘a cycl oal kyl group by oxygen atons. The
nunber of {Sedildmng)amimolpropyi}dinefiiyimetiokydilage,oups of R24 and R25 that nmay
have a nitrogen atom and/or an oxygen atomis preferably 1 to 10, and nore
pr ef er abl g}-[gﬂt)@ra@yl)ammo]propyl}d|ethylme hoxysilane,

{3-[di(oxiranyl)amino]propyl}dimethylethoxysilane, and

{3-[di(oxiranyl)amino]propyl}diethylethoxysilane.

Examples of the compounds represented by Formula (2) in which both R?* and

R?® are tetrahydrofuranyl groups include

{3-[di(tetrahydrofuranyl)amino]propyl}trimethoxysilane,

{3-[di(tetrahydrofuranyl)amino]propyl}triethoxysilane,

{3-[di(tetrahydrofuranyl)amino]propyl}methyldimethoxysilane,

{3-[di(tetrahydrofuranyl)amino]propyl}ethyldimethoxysilane,

{3-[di(tetrahydrofuranyl)amino]propyl}methyldiethoxysilane,
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Exanpl es of the groups forned by bonding R24 with R25 include a
hydr ocar byl ene group, a hydrocarbyl ene group having a nitrogen atom a
hydr ocar byl ene group havi ng an oxygen atom etc. Exanples of the
hydr ocar byl ene groups include an al kyl ene group such as a trinmethyl ene
group, a tetranethyl ene group, a pentanethyl ene group and a hexanet hyl ene

group. Exappl .having a nitrogen atomi ncl ude
a group rep e'(gegrr?? g%fbﬂ@am%g@%;&mn%@lﬁt@%%%% represented by

- CH2CH2- itet@h@drofiiPariyD B RtosHdiYethfiifefiidxéishe, and a group represented
by - CH2CH2- 4042%&42-. Ig?arrpl es @?}dt he ’ﬁ‘;ﬁr ocar byl ene groups havi ng an
oxygen at {3 di(etiabgdroturanyt)aminodpopdidietedméethoxySi@es2- 0- CH2CH2- . The
nunber of carbon atons of the_groups forned by conbining R4 with R25 is

pr ef er abl §3-Higeirabydrotiranyhaminginrepydidipgthylethpxysiiane, and Exanpl es of the

groups of ] to a nitrogen atom by a
doubl e boé%@‘%%@ﬂ@@%%%@%ﬂ@ﬁ’%@%r@é}gﬁg‘ﬁch as an ethylidene group, a
propyl i dene gr qy@mplestifing tsHepings RReschtelt BTEEdHHURE (2Y In wisaiebath®iPand 1

- met hyl pr op¥l i dene group, a 1, 3-dinethyl butylidene group;

4- N, N- di mBChareaghiciiybgmaps indede group, etc. The nunber of carbon
atons of R24 and R25 form ng one group bonded to a nitrogen atom by a

doubl e bof#ldi@lygid¥iaminelpiepryrignetoxysldienore preferably 2 to 12. As

R24 and .a hydrocarbyl gr.o or,_a hydrocar byl ene group formed by
bondi ng %@@Vﬁ'&%'"@ﬂ%’yﬁ%%@éﬁ"B?ﬁ’i dene group of R24 and R25 form ng
one gr oup (efEREd IninSbidpYSRBthHdRRRtRYxyRilfHRUbl € bond is preferable, a
hydr ocar byl group’is nore preferable, and an al kyl group is yet nore

pr ef er abl ¢3-[d{blycidyikanhinojpropyliethylpinastiengsilanea et hyl group or an ethyl group.
nis an intecger of 1 to 10, preferably 2 to 4, and nore preferably 3.
Exanpl es 63-[di(alycidyipminelasrpybpetyidiathaxysilantor nul a (2) in which both R24 and

25[ gr (eda:{%)ﬂ(ﬁ@%‘gﬂ?%b‘g‘ﬁ%?légﬁ?t[‘ﬁﬁ'%&#%{s%ﬁ‘éég|ma22) propyl Jtrial koxysi | anes such
{3-[di(glycidyl)amino]propyl}dimethylmethoxysilane,
{3-[di(glycidyl)amino]propyl}diethylmethoxysilane,
{3-[di(glycidyl)amino]propyl}dimethylethoxysilane, and
{3-[di(glycidyl)amino]propyl}diethylethoxysilane.

Examples of the compounds represented by Formula (2) in which both R?* and
R?® are tetrahydrofurfuryl groups include
{3-[di(tetrahydrofurfuryl)amino]propyl}trimethoxysilane,
{3-[di(tetrahydrofurfuryl)amino]propyljtriethoxysilane,
{3-[di(tetrahydrofurfuryl)amino]propyl}methyldimethoxysilane,
{3-[di(tetrahydrofurfuryl)amino]propyl}ethyldimethoxysilane,
{3-[di(tetrahydrofurfuryl)amino]propyl}methyldiethoxysilane,
{3-[di(tetrahydrofurfuryl)amino]propyl}ethyldiethoxysilane,
{3-[di(tetrahydrofurfuryl)amino]propyl}dimethyimethoxysilane,
{3-[di(tetrahydrofurfuryl)amino]propyl}diethyimethoxysilane,
{3-[di(tetrahydrofurfuryl)amino]propyl}dimethylethoxysilane, and
{3-[di(tetrahydrofurfuryl)amino]propyl}diethylethoxysilane.

Examples of the compounds represented by Formula (2) in which R** and R%
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d iethylam no)propyl]trimethoxysilane,

et hyl met hyl am no) propyl ] t ri net hoxysi | ane,
di met hyl am no) propyl Jtri et hoxysi |l ane,

di et hyl am no) propyl ] tri et hoxysil ane, and
- (et hyl met hyl am no) propyl ] tri et hoxysil ane;

) di al kﬁ}@%rﬂ%%@éﬁﬁl t?ér{g%((lhgqeal koxysi | anes such as

i met hyl am no) pr opy di met hoxysi | ane,
et hgh(@pipeadipympypitiriehoxgiianghoxysi | ane,
hyl met hyl am no) propyl ] net hyl di net hoxysi | ane,
rret ﬁﬁﬂ@mmdmwbmpwltrlemnwsdaMt hoxysi | ane,

't

![ﬁg/lh %m%gﬁﬁwgfé‘?% W'I@ tho WS’?L)L?QEI ane,
ot hyl LSS REC AR Wdﬁ%ﬁéiﬂ ane,
t
't

hyl e&uipweaamwmrmméﬂhkmm&dlaﬁéhoxysI | ane,

met hyl am no) propyl ] et hyl di et hoxysi | ane,
et h§+(ér@inwgilpvlmwweihvlqlbtﬂlowsmws| | ane, and
hyl | di et hoxysi |l ane; and

al kg‘?i\r#l e BX‘J%’% ;‘gﬁ%%’géﬁéWWP&ﬁes such as

ot ngt LRl BRI | oo
i met Bxi@amﬁétﬁw@rwh]r@mbw Fw]taﬁﬁé‘tﬁbiy@%e |
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e
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di et hyl am no) propyl ] di et h oxysi | ane
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3- (di net &-ﬂ-aaxmne)tbylerwdn]rmomewlqthyddhmtmayhlme

3-(diet h%I am no) pr opyl ] di net hyl et hoxysi | ane,

3- (di net ﬁ%%tbylewm]rmmwwu@;@}mwme and

3-(dieth th n Exanpl es of the
onpoundsgr(gg%%&a{'@%%%%ﬁgqﬂ%f'%hgg'f}‘] ﬁ!ﬁf‘%h both R24 and R25 are
| koxyal k¥ImdpiasiRspropPtrittnoxysilane

3-[ bi s(al koxyal kyI yam no] propyl }trial koxysi | anes such as

3-
3-
3-
3-
3-
3-
3-
3-
3
3
3-
3
3-
3
3-
3-
3-
3
3
3-
3-

[ bi s( n@noophyotipoprppyisiethoaygiaogy! } t ri net hoxysi | ane,
[ bi s(et hoxyrret hyDani no] &' 9‘? }trinmet hoxysil ane,
8

[ gu s ( meTHERIIneRroRYimgHly P}Stsflﬁmﬁﬁt hoxy|5| | ane,
t

bt ¢ et RERIEEROPY R BT IASE | ot hoxya & ane,

% bi s ( e@hﬂ?ﬁmhbb/rb?ﬁ%ﬂﬂ]di&t%&'sl}éﬁe' ghdroxysi | ane,

[

bi s(met honf et hyl')am nd] propyl}triethoxysilane, and

bi s( e3-exptedlihgidepylethyigiethoxysianet hoxysi | ane;
4bi s( al koxyal kyl )am no] propyl } al kyl di al koxysi | anes such as

4bi s( met hoxy FEampPles ofrtheoGqmrasins mrﬁw@ﬁdxbx Resyda (Arie which R* and R?®

11 5 rePRORYAT R R HRBRRLR DItoBeE R Phaor “§9§§hgﬁgﬁde
abi L?ﬁ&ﬂ"&%ﬁ@?@m ‘%%iezﬁggﬁ%*”?ﬁg?’@d‘mgﬁﬁ'ﬁ il

[ bi s( enigosyimaethyiblgidene)3r@rRMaxgsilyl dbropaisamise.) ane,

bi s( nmet hoxyet hyDam no] propyl } et hyl di met hoxysi | ane,

bi s( et hoxyéshyl e nojompounds et higpdisenptedox y iyl anEormuIa (2), a
ropyl } met hyl di et hoxysi | ane,

%

b h

1[ Ib?g( é@’?{ﬁs@%??gﬁ?'ﬁhﬁmﬁwdﬁm BreierAbRy si | ane,
b hyl di et h I

[0i 5(80 oxyeﬁﬂﬁﬁﬂr%%%r@ﬁ%%eE@ YRy i et hoxysi | ane,

{ 34bi s( mgBhariHyRIN ?mq@hﬁ[myg,bﬁg hyl di et hoxysi | ane,

{ 3-[ bi s(et hoxymet hyl’) am no] propyl } et hyl di et hoxysi | ane,

{34bi s( ne[ﬁ#(dmmhywman)pmnyﬂtmmdx}mlahglmdet hoxysi | ane, and
{34bi s(et hoxyet hyDan no ﬁl)tropyl } et hyl di et hoxysi |l ane; and

{ 34bi s(al @ds!*yﬁwlaww@am ﬂ?@ewam%aweém@&(wifqrawésa%ch as

{51 bi of CE SN BRATOREPsR b R R e
{3-[bis( rret hoxyet hyl ) am no] pr opyl } di et hyl et hoxysi | ane,

{34bi s( et hoxyet hyDani no] pr opyl } di net h@bnet hoxysi | ane,
{34bi s(met hoxynet hyl ) am no] propyl yl i et hyl net hoxysi | ane,
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{31bi s(et hoxynet hyl ) am no] propyl }di et hyl net hoxysi | ane,
{3-[ bi s( et hoxyet hypani no] pr opyl } di et hyl met hoxysi | ane,
(3-[ bi s(et hoxyet hyl ) am no] pr opyl } di et hyl net hoxysi | ane,
{34bi s( met hoxymet hypam no] pr opyl } cl i met hyl et hoxysi | ane,



Exanpl es of the conpounds represented by Fornula (2) in which both R24 and
R25 are tetrahydrofuranyl groups include

{34di (tetrahydrofuranyl)am no] propyl }tri met hoxysil ane,

{34di (tetrahydrofuranyl)am no] propyl }tri et hoxysil ane,

{34di (tetrahydrofuranyl)am no] propyl } net hyl di met hoxysi I ane,

Lo (et £ oo TG aa B o e IR P HASHO 1 e 5P, gpresented by
{3-[di (teﬁsﬁﬁlgéiggf %‘ia%O%( amoﬁ% e 'o} %Maﬁéﬁbmeé rﬁﬂﬁ‘omer unit in the

{34di (tetra uranyl )am no di et hyl net hoxysi | ane,

{34di (tet b@{j.yght@f Lu‘mylp))@meno]splpcquﬂabm abihydsse tHaox 9 O Va g, weight, more

(34di (tetrahydr of uranyl no] pr opyl } di met hyl et hoxysi | ane, and

{34di (tet p@ffgrablmngt Iemh)aa@;w)y gy wsgahi @ndtyRl Mmetepreiesahhy et jéss than 0. 05%anpl es

o e £ w@%ﬁﬁﬁﬁmﬁmwmwﬁﬁ%w“%“

3-[di |
E345| I(E:]Igym i ) i?)l)r Al rgﬂl¥ h@l]tlﬂIQPrér)’etﬁ rb) )%?/ogiiu weué;ht and yet more preferably

{ 34di (gl yﬁdndﬁd)r)aalﬁamw}amywﬁwet hyI di met hoxysi | ane,
{34di (gl yci dyl) am no] propyl } met hyl di et hoxysi | ane,
{34di (gl yci dy| )Thsi emrjygatasly diesehpdlyiner obstheinresant invention preferably has a

Egjg: (g: z%oggm?gHmF'ggii%do% :a%\grlng[atwh'[\gl e hocgést:)l a@aevmyl aromatic hydrocarbon
{31di (gl ygh gyﬁfm&?]t "R %ﬁ%rfy%e%ﬁé{ %IR hopys Hngpﬁronﬂﬂig hydrog(\rbon mclud?s

{34di (gl yCi am no t'hoxys
COWPOUndss?@héese&trﬁ&hﬁﬂyréﬁ"eﬁm QinyRoluérie, Whiviyirzphihaaé, andwiﬁ?!ﬁeﬁiéﬁe
tetrahydrofurfuryl groups include

{ 34di (t et trixtmylipeozanef and tiyiayinapljthalens;| }Ammget!wamxymemarrﬁapreferable

{3- [dl(tetrahydrofurfuryl am noj pro yI triethoxysilane
(34di (tetrahydr GPLﬁOf't?P P % % Al 8Pr+é‘ifﬂ%mq‘s%"|%?ﬁ‘8“"9 the total

{34di (tet { 0
s b i AT 3 S0 v o
{34di (t et pplBRHH fé#ébW' ot fisB e 1oy b%@\td’gﬂt @h@bbmémsafltmeonjugated diene
{34di (tetrahydr rf uryl ) am no] propyl } di met hyl met hoxysi | ane,
{34di (tet umhrjsdiobmoref hay Igpwbmlphmwﬂ}mretwem!m&sﬁm, 15% by weight

31di (tetrahydrof urf I di net hy| t d
{3401 (1 ot M LSRG {16 Sar) G BroB! LTS LenGeyab WRER EdROUr of ¢ he
COWpOUﬂdS'Proq,ﬁéﬁg%g g‘?\%n%el %o mﬁln? tﬁ@coﬁt@nt"@?'tﬁ@w%ﬁr@rﬂg c%roc%ﬁ?onmqu to

each ot he
preferably not more than 50% by weight (the content of the conjugated diene unit is not

t he

less than 50% by weight), and more preferably not more than 45% by weight (the
content of the conjugated diene unit is not less than 55% by weight).

In order to enhance abrasion resistance, the total content of the conjugated
diene unit, the monomer unit based on the compound represented by Formula (1) and
the vinyl aromatic hydrocarbon unit, relative to 100% by weight of the total amount of
the monomer unit in the conjugated diene polymer, is preferably not less than 99.9%
by weight, more preferably not less than 99.95% by weight, and yet more preferably
100% by weight.

The Mooney viscosity (ML4.4) of the conjugated diene polymer of the present
invention is preferably not less than 10, and more preferably not less than 20, in order

to heighten the strength. Moreover, in order to heighten the processability, it is
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3-(1-pi peridinyl)propyltrimethoxysil ane,
3-(1-piperidinyl)propyltriethoxysilane,

3- (1- pi peridinyl) propyl net hyl di met hoxysi | ane,

3- (1- pi peridinyl)propyl et hyl di met hoxysi | ane,

3- (1- pi peridinyl)propyl met hyl di et hoxysi | ane,

3-(1-pi pet,}.gGi ) v A '

3-(1- hexahﬁq%@?ﬁgn"g# %%Yn% pa:aoipdél’ ? b?%ﬁ%ﬁé&(@%&gn@t more than 150.  The Mooney
3-(1- hexamb&a«?wew i§ BB GHRY lat N OB TEEY RIS K6300 (1994).

3- (1- hexanet hyl enel m no) pr opyl net hyl di met hoxysi | ane,

3- (1- hexanet hylTdeevinylninsk opytertt (pyopdirtiet lobeysjugatae  diene-based 1,2-addition
3- (1- hexanet hyl enei m_no) pr opyl met hyl di et hoxysi | ane, . o

3- (1- hexaf®s t'@ﬂ%‘iqﬂ'theg E\eo‘iﬂf‘ﬂ‘@?wr‘éi?%ﬁ Relysr phHie, present invention is, when

3 or phol LagA A KUISTIOHY eIl AR JedPUANG) 1GLRRBIR L RHAYNS g

3- nor phol 1"rnopr "

3- mor phol :tHHRFHG%’B* i endi nidre e iblydist more than 70% by mol, in order to heighten
3- nor phol i nopr opyl net hyl di et hoxysi I'ane, and

3- nor phol theofoebggdneinlyy | Mioegdver \irs bidenéo heighten gripEprapaaties itdé prdferablynmunds
represented by Formula (2) in which R4 and R25 form ng one group bonded to
a ni trogelesatian 1% dydaelbmerepprigterabiy poldess than 15% by mol, yet more preferably

(2 BB BN S A P R BALERA e
Ast heconporpdsdriRIPESHREHT i€ BB fHe?dbsBrption intensity near 910 cm™' that is the
absorption peak of a vinyl group by infrared spectroscopic analysis.

The molecular weight distribution of the conjugated diene polymer of the
present invention is preferably 1.0 to 5.0, and more preferably 1.0 to 1.5, in order to
heighten the fuel economy. The molecular weight distribution is obtained by
measuring the number average molecular weight (Mn) and the weight average
molecular weight (Mw) by a gel permeation chromatography (GPC), and dividing Mw
by Mn.

A preferred method for producing the conjugated diene polymer of the present
invention is a production method comprising steps A and B:

step A: polymerizing a monomer component containing a conjugated diene
and a compound represented by Formula (1) above by an alkali metal catalyst in a
hydrocarbon solvent, thereby giving a polymer having the alkali metal derived from the
alkali metal catalyst at least at one end of a polymer chain having a monomer unit
based on the conjugated diene and a monomer unit based on a compound
represented by Formula (1) above.

step B: reacting the polymer obtained in step A and a compound represented
by Formula (2) above.

The alkali metal catalyst used in step A includes alkali metals, organic alkali
metal compounds, complexes of an alkali metal and a polar compound, oligomers

having an alkali metal, etc. The alkali metal includes lithium, sodium, potassium,
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di al kyl am no) propyl ]trial koxysilane is nore preferable,

di met hyl am no) propyl ] tri nmet hoxysi | ane,

di et hyl am no) propyl ]Jtri net hoxysi |l ane,

di et hyl am no) propyl ] tri et hoxysi | ane, and

di et hyl am no) propyl ]Jtri et hoxysilane are yet nore preferable, and

di et hyl am no) pr.opyl ] tr Ltoet hoxy.si |.ane i i r r )
The cont eﬁ‘fb"ﬂ’mt ﬁ%'?fﬁnéﬁsr fii 298 gfe%agnm?%é%gé] ogﬁlﬁnﬂ{clrh}eé;?rgeés%éﬁt@ﬁblﬁy
Formul a ( hlorogy@liitidni € isoQrd@R MriRym WALl i@fiuhh@e-8UMI iAol IRRIGmITONOMTEY
unit in the conjugated diene polyner, is preferably not less than 0.01% by
wei ght, mardecpriigdienaphgnyhlithiuhe 2sndphéhy! hi¥oZblhutyieherivl jithaund 4ypttenyibutyl
pr ef er abl ¥1i not | ess than 0.05% by wei ght. Mreover, in order to enhance the
i

st rengt h, lishium,s qyelehehplithivabt 4erclopenth bty ditgthyiamingpiopyly rBRigMap| y not

more than 2% by .wei ght, . and yet re fer : e 10 wei ght .
The conj uaﬁ('yg’v"alP%‘HgPV@Jlt@H@r ’%“Wqﬁ@eﬂﬁ’kﬁéﬁ’{ﬁwéﬂﬁ%ﬂpﬁf rg%)gaﬁﬁggrﬂafr Is a
MONOMEr  URinfynpa | tilighidWSYrRRAEEO hitrfin V hip¥ididd, O Mhiune

hydr ocar bgﬂgfuﬁﬁ ;ﬁgﬁﬁm?nrh%?ﬁ{eemeg%m?g’htleh t‘ﬂg strength. Tﬂg \I/ilnyl aromatic
hydr ocar basptamethyi&asinside/r Bthym adodetdméthyigneimide, vi Aydilttoo-Qdnene, sodium

vi nyl napht hal ene, di vi nyl benzene, trivinylbenzene, and divinyl napht hal ene.
Among t henaphihglerige sodiupy kipeemytide potassium naphihaleside, el dhe corapigx qfan
aromati c hydrocarpon unit is, when denoting the.total apount of the

coni uoat edlh dRaaLand & rparmeopad TRgHer oS iRt %yekioss by
wei ght, p it Ogfa Yo aefgbi IERNgERA dMalit Rdtal

conj ugat egg%lggé'ﬁ@ a{u%tﬁ%?gh%ﬁ%tédm‘%)&tﬁ%h%gwh%yé\l/\gg%t) , n‘Tgnd m)raeI pr eaf erably
not |ess jftded 2 edtiureial il d-indehyistyrém tet@mer heOganjcujsitmdcahpnedsiort i s
not nore than 85% by weight). Mreover, in order to heighten fuel econony,
t he cont entgapic sodeinvéompounds aeg prefarghie. cangrasaanic fithtum eompamds 8BYINI Ade nor e
t han 50% ight (the content of the conjugat iene unjt is not |ess
than 5006 B) AEGIGMS GrRISHR S Brearmo I © 20 SHBak Aoty ARARIE (t e
cont ent O%réf&‘é @onj ugated diene unit is not less than 55% by weight).

In order U0 enhance abrasion resistance, the total content of the

conj ugat ed di enmellydfocaffon soNeAIBSed!i tepASiEt sulvenhthat dope notideaetivatsent ed

by Fornmula (1) and the vinyl aromatic hydrocarbon unit, relative to 100% by
wei ght of theherganicalalkatiovetal somposndrnaatyst, and tinglides @liphaticupyirecarbRnene

e T RS bbeD iy e S o S By B R "
The Mboney 4P blind Yod-shn! nbBitafio ThdBelERe. H-ABRNBOLIBKe Albitife PI eSent
I erabl'y no , an

i nvention pre €ss' than 'l nore preferably not |ess than
20, in or gelhiiéne) elaBbReutdre cRiZ-BUEHE,. 1-pbriteny,c2-pentener tikexene, Bdiegarieen t he
processability, it is preferably not nore than 200, and nore preferably
not nore elan Thé@ronTatie Hydmeasboniisaudsstbengenel talyenes xytens @ttadbeszens @ad

according to JI'S K6300 (1994). .
the alicyclic hydrocarbon includes cyclopentane, cyclohexane, etc. These are used in

[ 3-(
[3-(
[ 3-(
[ 3-(
[ 3-(
[3-(

not less than one, and the hydrocarbon solvent may be a mixture of various kinds of
components such as industrial hexane. Among them, hydrocarbons having 2 to 12
carbons are preferable.

In step A, a monomer component containing a conjugated diene and a
compound represented by Formula (1) is polymerized by an alkali metal catalyst in a
hydrocarbon solvent to produce a polymer having the monomer unit based on the
conjugated diene and the monomer unit based on the compound represented by
Formula (1). The conjugated diene includes 1,3-butadiene, isoprene, 1,3-pentadiene,

2,3-dimethyl-1,3-butadiene, and 1,3-hexadiene. These are used in not less than one.
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The vinyl bond content (proportion of conjugated di ene-based 1, 2-addition
constitutional unit) of the conjugated diene polyner of the present
invention is, when denoting the content of the conjugated diene unit by
100% by nol, preferably not nore than 80% by nol, and nore preferably not
nore than 70% by nol, in order to heighten the fuel econony. Moreover, in

order to heighten grip properties, it.i ref.erably not | ess than 10% by

mol , noreTﬁ‘Fé’PBJt“%t%?d%GF 9 &ggeraﬁéﬁ,31@ﬁgcﬁva|Is,0p>§%qe¥rmre preferably no('z | ess

than 20% By ' BRE AR hbiHeR" e m&gfs%ﬁﬁhg NRE hiRStntt BAANG O%nkdour@! - The
arned by the absor pt

vinyl bond content 1s ob ion intensity near 910 cm1
that is theprabsédby Pormaall)ad ba used)relagvetop 009 byiveighe df thpdatal aracanti ¢

anal ysi s. The nol ecul ar wei ght distribution of the conjugated diene
pol yner ofof tiee manementompenents used i theaialyregrizatian, ds peeferably ngidesfoinan
preferably 1.0 to 1.5 in order to heighten t fuel ecanony, T | ecul ar
wei ght  di S¢1% kY Waighk 'BWFaPrﬁg‘datﬂ)!/ '}?gzig?f‘r ﬁﬁ& &'ﬁ%/"nﬁﬁﬁ'@é}ﬂvgﬁggﬁ??%&gcul ar
wei ght ( ' A9 Gyl je3Nin OMEr BY endiRb th
perneati o %ﬁ&%ﬁéF§§p§%%§5?2¥§§?'g gmﬁgﬁidﬁﬁg&ﬁﬁ?bglwh. © A prgferred
net hod f orstBRQHUE isStefehdb e Adti HgrattRah dDRNSy WelhhtRTore breférablpmes mote thavent i on
is a production nethod conprising steps A and B: ~step A

pol yneri zi29) by weightraet cwm qrefetablyonobimoreidhan d¥n pygeaiaht. @nd arkigudary
conpound represented by Forn%la (1) above by an alkali netal catalyst in a
hydr ocar bfefgblyanot moré thap XS % Py Wehk pol yner having the al kali netal
derived fromthe al kali_ netal t.al. Dol yer
chain havi ng al&ﬁ%y rd %me85§gé$%ﬁﬁ%ﬂﬂ£@%ﬁ$@g§%§ﬁgﬂﬁgﬁgggﬁ%mgnﬁgtﬁner

uni t basedoRiratsPURR HecdnflRjafrdibRSakty theWofpoand feprédemieri by Formula @).ep B:
reacting the polynmer obtained in step A and a conpound represented by

For mul a ( Zheabinyke aromatic hydioearabk aincludes altyrene, abymethyistytenen vinydipluané.ncl udes
al kali netals, organic alkali netaL_conpounds,_cogglqﬁes of Pn 2!kali net al
and a pol ainylnerpbalene. divinytorpzanen dtyinybenrens divinvinapithalene. story Amangy) |
metal includes |ithiu sodi um potassium rubidium cesium etc. The
organic altm’iswf'%s Pg%fﬁ{?g’?ﬁ'.d. includes ethyl lithium n-propyl lithium

i so-propyl it hhk@”fhséb-eb%wmt! drtthe Wiyl Spsm&tet Bdrodaitiuni®) wheAcdeybting tHei um
n-decyl lithium phenyl [i1thium 2-naphthyl |ithium 2-butyl phenyl 1ithium
4- pheny! bustal usadeharnountwf the lverjubatedtdienarandi ey winglpanematic |hydigicampon by

di met hyl am nopropyl 1ithium diethylaninoEéopyl lithiu i

t - but yl di #80%y by Wejahtxqsriess, thani §%iynweigh P@%PQ%@WHE@P“ the; ¢anikgatad; ¢ hi um
hexanet hyl egnei.m d lifhiu olidide, Lithium.pinetidi it hd

hept anet hyedieep r‘ﬁo_ﬁg‘,m? haﬂl W/{jéﬂ@’@m H{/Préj%gliomﬂ%@tgq tlﬁféj%t?ﬁgtt%pg%% t ene,
sodi um nap R Gl fIFoo IHAGHONRN B tRouR e S LUNLIREN LiRAL GOhgemoRs C. The
conpl ex of "an alkali neta nd a polar conpound incl udes

pot assi umtht padysy atightnacd mbre prefectblys rotulessi treinhthiy diyheeightcimpueage et c. |
and the oligonmer having an al kali netal incluges a sodium salt of

a- met hy| staynasntof the canjpgateddigngi is npt mareLihae SApRNWEIORY. oMgEoVer. Koeifeim
conmpounds are, prefergble, and organic lithiu onpo i .20

car bon at d?rgei9 te@rtgﬁr%i‘ed e%QR'UYntEg Hﬁ%%ﬁ]a@%\ﬁpdﬁe gpn%&g%]aggmgrﬁcép é’?részar e
mor e pref e T &dhé BostigRed\dieRe &

sol vent t 5$g%’§gsnort16?°r%é%aﬂ]]ﬁ)v£¥)g ﬁ@{tgﬁ‘%a%%ggm?gﬁf nmet a?ﬁc%&rr%ounde

catal yst, apgskMdruses b@'\d/@@ﬁhi&\dhﬁdﬁe@@fm netrraonetthan G ncweigbin(the
alicyclic hydrocarbon, etc. The aliphatic hydrocarbon includes propane,

n- but ane, usage bmbantaf the gonligates diesoispwtiesathanrbileumeighbr opene, 1- but ene,

i so- but ene, trans-2-butene, cis-2-butene, 1-penten 2- pent ene,. 1- hexene,

2-hexene, etc. Mmsdertseaharcerthastiengthothe;taial ggntﬁgﬂﬁee?éjuqagq‘ﬁ@ﬁ%‘?'tﬁl ene,
thylb th i i .

oycl ohexaarpeihd repEseRted i bty DGR PEU oS niuteaBblicPeyees

sol vent t Aerklatb®, Biativétd PO Hyesigtiof &RMpen eficuns oftthe asoriofdust 1 i al
hexane. mn%e?(ﬁ)ém hydr’ocaar bons haGiiﬁrsllg 29to 12 carbons are preferable.

In step Ausaednenprstsralsp modresy thann92P% by veeiglinmayatpsefecibih eohless ghavnpound
represented by Fornula (1) is polynerized by an alkali netal catalyst in a
hydr ocar b&Q-gé%@bléW?'Qth and ygtiwerepisiargbhe 1 0RARYWEeMe nonomer unit based on

t he conjugated di ene and the nononmer unit based on the conpound represented
by Formula (1). The conjugated di ene irmgl udes 1, 3-butadi ene, isoprene,

1, 3- pent adi ene, 2, 3-di net hy1-1, 3- but adi ene, and 1, 3- hexadi ene. These are
used in not less than one. The conjugated diene is preferably

1, 3- but adi ene or i soprene.



In order to heighten the fuel econony, the anmpbunt of the conpound
represented by Fornula (1) to be used, relative to 100% by wei ght of the
total anmount of the nononmer conponents used in the polynerization, is
preferably not | ess than 0.01% by wei ght, nore preferably not |ess than
0.02% by wei ght, and yet nore preferably not |ess than 0.05% by wei ght.

Moreover, in order to enhance the strength, it .i refer e than
200 by viei ght . e PEIBFERIFIERB AT Bp B BT o Sn e T
preferably not. mare . 9 i ‘ bGialtadad HgdHt edraeglabihngrot nore
t han O. S‘Vg?%&'%\'/@g@hetY'W%Bn&éwnwgggk?mgggg@%hgqn@r, a S\]/i nyl aglgrratginc

hydr ocar bgqe ARWibRgorP@F YR Idorfagated diomdiundt areh thd chnstitent amjtsidwsed afi ene and

t he conpound represented by Formul avé_l). _The vinyl aromatic hydraocarbon
i ncl udes siopomess, othentitanythetconpgetedvdiene i thee penitdated, dieag ahaNe Hehain

di vi nyl benzene, trivinyl benzene, djvinyl naphthal en t m
styrene i éheseinafitaraggnerally cited as ﬂ?@”{?goéﬁi e%%?ﬁ%{eq?%aégrvgﬁiﬁﬁ@gﬁg%%{a?b
hydrocar bon..i s, when J R NtE@pidieoC il bmat ed

di ene and?"t%y\ﬁ'?l'ﬂ)?s'a&%ﬁ@'b%q’ﬁﬁggﬁﬁ ﬁéé%t%g%\fm% by wei gﬂn, not | ess than
0% by wei ght, &%r{?ﬁ USAQse 28RNt efferd heusoNhsig tstatlydiofinan, i detradtydropyrant han
100% by wel gﬁt , In order to heighten the strength, preferably not |ess
than 10% hy-diexayie! aliphatic userpethenosnch af dietbylcetheruand dibubvl efher 3liBhgtic nor e

t han 90% by wei ght), and nore preferably not |ess, thar %0 i,ght (the
usage anpdiethess sygheascethylang gler! inetbyl eéx‘?fof’tthMlﬁP% glyﬁé}rf]@é@)‘%h ’m%%ﬁ%’t“% .
Mor eover, |[n order to heighte . n ; t he
vi nyl aroH&F?‘cJ"Hgﬂreét&eé’r%Sﬁylﬁgggwgﬁeér'aﬁhyeqﬁ%t Qﬁn‘%(rjlg&&%gﬁ%g%os/!) %%tgﬂ{ (the
usage ambypy ﬁ%métﬂ?eﬁ\@&i S{%tﬁ‘éjdgihéﬁ;ﬂ dtfiern@fiisdigSétct hBxan§ilés by theeteglidry , and
nore preferably not nore than 45% by weight (the usage anount of the
conj ugat ednfikgdne i s invhidel ess triedhyl&bieby weitapropylamine, | riribytylamineg

enhance the strength, the total amount of e .conjugat.ed di en th
conpound NeNNAEtetrametiylatilenadiaming, d\ﬁﬁ"‘i'ﬁhae?'ﬁ"ﬁ' 89’6‘%@&4 @“Wﬁ?eocgfcoon to

b d in the polynerizati | At : Nt i al

amount - of EXABPIRR RS EndiobS touoBh e, HEh i diosting WieRphbRpHE E

more Pr et GiRhYipf¥phlngSste! MRt %ed koY megitaNised iy et inecmiinationralb! y
ght

100% by wei he pol ynerization reaction may be carried out in
t he presepgeopinomd agent for regulating the vinyl bond anbunt of the

conjugated diene unit, an agent for regulatin e, di.stribution of .fLhe

conj ugat ed di enEheupplymerization tengrsratire ﬁé’rﬁ?fe[ﬁt?ilytg%é E’a@daowo%w&%@@y Sltsher
than the conjugated di ene | he jJdgat j : iS BR¥dtably 10

( her ei naf ﬁ%?b%g@ﬁ e rP?recqr?{éBatbQ'SSd?g’gggddgat ?)ﬁ%g?l?@tg gﬂﬂhgﬁﬁﬁé P egurator, ether
corrpounds,mihﬁggitoag“oﬂgi nes, phosphi ne conpounds, etc can be cited. Exanples
of the ether conmpounds include cyclic ethers such as tetrahydrofuran,

t et r ahydr opyr ann step! Beltrexameuntadfi qohepgound b fiarawtee(ll thatds castagiedtwithl thet her

and di butyl ether; aliphatic diethers such as ethylene col . dj nmet hyl
ether, et ipplyeres mepared inlistaphd iserrpterabhe Oxl, te Jemg) \é%r‘“%g’ti{ﬁe‘y?"‘étﬂ ﬁ'é“r‘g

ot 1 o erflehde e The DiaapraRg] melHl enlebit afie priipiRi0 81T d Kb EAdger and
tertiary amn i i | am ne, tripropylam ne, tributylam ne,

N, N, IN , KI T%??Zﬁé@%bﬁgfh({/1gﬁidg?’am ne, N, Nl-g i g%lhyl ani | i nel, By?/i di ne,

qui nol i ne, et c. nEawB, % Rimpdistuhaswhichahe polymen geepiarer indslep A and the

trimet hyl phosphine,” triethyl phosphine, triphenyl phosphine, etc. These

r egul at or somppuix ofifeniulsi (i lare contacted iscprefsrably i26rC &9 100, drorgdreferably

The pol yneri zation tenperature is ef erabl y .25 10 100C r bly 35
to 90C, ars§°Gde gﬁ‘fﬁ,eafﬁrl@ﬁé‘?odﬁlpyefg@%[yog%g 0 épné ptrl'?ﬁ%'%??éﬁ)eoﬁ q?clgfﬁeﬁa%lfyg
preferably 10 mnutes to.5 ho . B, the amount of conpound
of formul a@o(ﬁef’)otg’ HrS; 8“%8}?{%&9@%3%1%’?'%&%3’ gﬂrorer prepared in step Ais
preferably 0.1 {rﬂpé‘r oFRluch&H of Bk [ésdribtvahtied, iif meekedangrd coupting agerftmoay t he

nmet a

or ganoal kal i catalyst, nore preferably 0.5 to 2 nol, and yet nore
pr ef er abl yeladdetido thebhyaipdcarbon solutiohrof §1eegonBigatasediersmprlyraeiip @ REMOAHOEh t he

pol ynmer prepared in step A and the conpound of faqrmula,(] ar.e act ed
i s pref er dbe ptaptsdt R%Y"Zﬁ]g@,g the monemsr &y 4b¢ 9‘?@@@%@ Cg%&',s" g%{ﬁ‘)efé‘fi rré‘gér“e
preferably 50C to 80C. The contact tinme is preferably 60 sec to 5 hours,
and nore preferably 15 min to 1 hour. 30 In the production of the
present invention, if necessary, a coupling agent may be added to the

hydr ocar bon sol uti on of the conjugated diene polyner in a period fromthe
start of polynerizing the nononer by the alkali nmetal catalyst to the end.
As the coupling agent, conpounds represented by Fornula (4) bel ow are
cited.



R4lara4..a(4) wherein R41 represents an al kyl group, an al kenyl group, a
cycl oal kenyl group or an aryl group, Mrepresents a silicon atomor a tin
atom L represents a hal ogen atom or a hydrocarbyl oxy group, and a
represents an integer of 0 to 2. Exanpl es of the coupling agents
represented by Fornula (4) include silicon tetrachl oride,

met hyl t i ghlGhgSheancomsHuiBS Rpr&liehtid®,asrmaRaa) balbwatdwiteah! or osi l ane, tin
tetrachl or?u(feh, 8m%t hyﬁngéﬁgﬁlﬁofé(ﬁr%ﬁ’ di nygt%ﬁyl %ie(ciﬂ orotin, trimethylchlorotin,
t et r amet hoxysi IRfh@iLaet hyl {4)i met hoxysi | ane, di met hoxydi net hyl si | ane,

met hyl tri et hoxysilane, ethyltrinethoxysilane, dinethoxydiethylsilane,

di et hoxydwhersify RS regrasentsean alkylseyrs janaalkenyd OFaHP; A YEIRBKGRY! |g5eHp or an

di et hoxydi et hyl sil.ane, etc. .. The ampunt , i t hat
my be. adaBLOtouB, WIBTRSRTS 2 sipon,oTecha i BPRL ogarsras § "BeoPlafBth 2,60t oo
di ene pol N&HeY YanB Y reb®sentt BatEadldfaRb orel ative to 1 nmol of the
al kal i rre%‘géﬁa?arr% t hgag‘%’kgl i rr?ét al ncat zlil ygst, and nore preferably not |ess
than 0.05 nol . Bxafhpldsnofahéasbuplingi agents/ eeprdésentedeby Eommdany4) intluds spiced er abl y
not nmore than 0.4 nol, and nore preferably not nore than 0.3 nol.

The conj utpiracbiotdes neethyltyehiarosiiane b dinethyldichlepsiianem trimetivichlosesiiarntiz ol ut i on
of the copjugated di ene polymer known col | ecti met hads,.can be. cited.
For exanppéér,agﬁﬂ% % can y@?’n{;@e{oﬁ%) a %ﬁ@ﬂdﬁﬁfoﬁﬁi ng anmgiy hg?ﬁ&nto t he
hydr ocar b i f the J ki pol Yy MEfimefadvdirdithdisiigichod of
gi ving stfeagrr%ﬁ%lé%:xkﬂgﬂg’dr ocar g{o?ér}hglgﬁje??oo é'%f%t he cgﬁ(jjmgat gy(fﬁ@i egg pol ymer,
etc. The grifyRaétRekyeMicigat ed dtmametHoxysilangry be ddimethdxydisthiyisime, dryi ng
machi ne such as a band drying machi ne or an extrusion drying machine.

The conj udiethedydinetiwisilariey ntetrasthoxysians, e sthwltrigtheeyailanen disthoxgdiethylsiianen t h
anot her pol yner conponent or an additive to be used as a conjugated diene
pol ymer c%’posi tion. Exanpl es of the other polynmer conponents

i ncl ude conventy e- but.adi r r; J Lene
ubber . but adi et ¥ BRGNS oGER, (i0RaY BB adbd i RRLNIHRECLE"S
addi tion, thaadrgéddsability R fthe cOijiiyated BichE PRYNRIEpRANablY Mot lesStiiyl @0B Rt ane
copol yner, etc. These pol yner conponents may be used singly or in a

conbi nat i maatve to iomoalroftine elkali metal frouhithe alkedi roeta] cajalysidant o prsfeyally of t he

present invention is mxed with another gol}/rée#r |co onen{., thfeﬁagﬁnt?nt of

t he conj uBeli'ess @?@H_@%Plynéﬂddf‘ Of ¢S to frarrayg th YEHRACBAMY <" ISIPETEIRRHI P not

| ess thanm%pé’/ﬂ]gx vahggra?{i ﬁ*&%hf{?ﬁeé@xmp%?’vth?ﬁb%ﬂpf the total content of
g ent of

t he pol yner tonpohen e con € conj ugat ed di ene

pol yner), and mpeeoRjughRbainée puimérsan Bdadlied@lofiyn Wi idtocarboar sdRitioh O
hei ghten fuel econony.

of the conjugated diene polymer by known collecting methods can be cited. For

example, there can be cited (1) a method of adding a coagulant to the hydrocarbon
solution of the conjugated diene polymer, and (2) a method of giving steam to the
hydrocarbon solution of the conjugated diene polymer, etc. The collected conjugated
diene polymer may be dried by a known drying machine such as a band drying
machine or an extrusion drying machine.

The conjugated diene polymer of the present invention can be mixed with
another polymer component or an additive to be used as a conjugated diene polymer
composition.

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

copolymer rubber, butyl rubber, etc, and, in addition, natural rubber,
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As the additive, a known additive may be used, and exanpl es thereof include
a reinforcing agent such as silica or carbon black; a silane coupling
agent; an extender oil; a vul cani zing agent such as sul fur; a vul cani zing
accel erator such as a thiazol e-based vul cani zi ng accel erator, a

t hi uram based vul cani zi ng accel erator, a sul fenam de-based vul cani zi ng

accel erator, a guanidi ne-based v ani tor. ca,zLNg
acti vat or ciyignezRoRyiqng, CEPAYEY: o#@?rheég%é}%dchgglkﬁgﬁgg{rcfi cag)ﬁeélré%x?ﬂgﬁgﬂch as
di cunyl p%@épﬂé%té’fnaﬂ]béh%& siRgtl B inReEdmIisktiondf fvid behouch as cal ci um

car bonat e, c, alumna, cfay, al um num hydroxi de or mca;, a processing

ai d; an anti oxivpet theabehjagdtetd dienantolymer of the Bresesk dveption isemiiedi with i ncl ude
dry silica (anhydrous silicic acid), wet silica éh%/cg;ﬁted silici ﬁ1 acid),

col | oi dal aspihiet olymee ciopipoaerid the icpriant ehing GaRIYgated stene polymel Shithim

sed 1 caeRLBPONon H B oot papts fon 1oy ifdonttBlivg KERTop 7L T be
pref er abl Y 4 b6 GfltBf the pHiYindpEimpBRSI [ifiddiid Meontenoi the BBgasHted |

accordance Wt comer ci al product, product nanes VNS,
AQ ER, anrgbn@PolhitrTand inwsé preferably nbbleek ti@in 20% bgoveight in owley tophelghien nanes
Zeosil 1115MP and 1165MP manufactured by Rhodia, etc. may be used.

Exanpl es didelebenavay: bon bl ack i nclude furnace bl ack, acetyl ene bl ack,

t hermal bl ack, channel bl ack, and,graphite. W¢th re n
bl ack, channel %saﬁhS&ﬁ‘dB'l"%'c?(lé% a tng;E?y Eﬁ’t‘,se ra"{;}(f;c‘;(%Fn (t}#etﬁgeéeﬁgggﬁg{dggbl ack

sueh a5 Sk , : aAffne ESuplifd ageheRan ORerieF
t her mal ca?rr%‘?lééF%gg@EuSg%ﬁg%Sﬁ%%rr%n an‘g(' gcetr;ﬁ enuep “gaa:?%on bnl acek can be

cited as gqanpl\ekanighg byse bher eef sifly; lze wikadizingr ateaterator nuch ey pas

t hereof may be used in conbination. ) The nitrogen adsorption

speci fic thiafcke-basadesulcaiang asteletatorc & thinramrhasrd | wisanzing: ast8leratof.oa 200
n2/ g, and the dibutyl phthal ate P) absorption of . t I is

pr ef er abl fuiﬁeﬂaﬂ"%baﬁﬁg/%!z'"ﬂf’é;g%ﬁ)l%g% ﬁuﬁ'ﬁg@?’ﬁ?f%%v@%‘engﬁéj%&g Berr %g'lée ar ea
I's measured in 0 it %3‘53 0593 0xi@8 hrf igamBBerikRI@SREN @8 | S
nmeasur ed ianvuéccaggﬁﬁa%cgg&\(éf%#%%]%% }1_§3_' AgXIa ’con’é}rgrci gl product, product
names SEAGfufnyl PEARIbE’ 5IMii-RRDbUBEASToXiH; reafildrasuictr & chigiuffo kabo@te btat, Co. |
Ltd., product ‘names CK 3 and Speci al Bl ack 4A manufactured by Degussa,

I nc., et c.alumigabelay sadaminum hydroxidghenh micas Gnpriegessing aideAn %@8@9‘?{@‘7 osition
is formed by conbining a reinforcing agent wth the conjugated diene

pol ymer oflultri§@ntor esent i nvention, the ampunt of the reinforcing agent

conbi ned, relatiyve e i BNLi Y (drR§doR8) SRt sddyiveaesiieal ymrer
of the present #W\%FA% éﬁ%&%%ﬁé@%{u%!’%}e‘%"g §b|§ 10 to 150 p)grts by wei ght.
From the v HRficiefacipr anbian dilRS] sresipitstedsillcas caleuyt silicatd)andrabuwmituroonbi ned
is nore preferably not [ess than 20 parts by weight, and yet nore

pr ef er abl silicate. | ©5e tygeathe®Of prythe uspdwsitydor More iPes thafeefpay b ugad in

rei nforcenent being enhanced, it is nore preferably t than 220 parts
by wei ght combinajien. riecBlF spesifipsiufane aredys dhe f %'f@éer*%abﬂé’éﬂﬁv %@i"@ﬁ%

Wen a conju d diene pol r. Iotil | J G Rl i guacong aggent is
conbi ned vnémﬁ?éﬁgp%cgeij P%ép% 'éﬁ‘gé%gfé&r#@%@%‘?’a?#g ‘g'lrfheggnt invention is
used, fro tEMRRadUct, Ofrofi@ | naRfe@MONE, AQl ER; dpdeiR8150] rmaiufadtered iyl | ca as
a reinf org Ir:fgﬁgélént. T(ﬂjg 'gérrrgunt of silica conbined is pref erablty not | ess
than 50 pardssh Biicactarpbration, airbdect named Zepait 11 $1HP aadgHiESMP maeufeeitieed amount
of the reinforcing agent conbined, and nore preferably not |ess than 70
parts by wyiRHedia, etc. may bejusedr der t o enhance fuel econony and reinforcing

Y e ah fpocr der . forein:
aent and t e cerTaes of Dexaoin bRGeReLbETinRve Bipck Felére AoC ufsfnfl 027 00
ol ack) 1S PA&! SAAEY bidck. dnd qiflonite. 20 TBGdRb Ahe EbLN blick, danASK carbon

Exanpl es hé 'si"ane ¢oupli ng agent include vinyltrichlorosilane,

vi nyl t ri etdpx\stich a8 PO, MPC,rdr T furehtoearbbm blegh sudheameSAF, ISAF, HAF, MAF,

8- (3, 4- epoxycycl ohexyl )et hyl tri met hoxysi | ane, y-gl yci doxypropyl tri hoxysi |
an(e, P EEF. SRF. GPF, A?PF, PEOF SoF o LRE: fhamndl hrbon BlsaR Such S F1 or M"Y

and acetylene carbon black can be cited as examples. One type thereof may be used
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y- met hacryl oxypropyl tri met hoxysi | ane,

N- (8- am noet hyl ) - y-am nopr opyl t ri net hoxysi | ane,

N- ( 8- am noet hyl ) -y-am nopropyl met hyl di net hoxysi | ane,

N- phenyl - y- am nopr opyl t ri met hoxysi | ane, y-chl or opropyl tri nmet hoxysi | ane,
y- mer capt opropyl tri net hoxysi | ane, y- aninopropyltriethoxysiIane

bi s(3-(tr 'o?{w %*K'We*ﬁegrfﬁ@fwfﬂéfﬂé Pﬁéﬁep%ﬁ{b% i ﬁl et hoxysi | yl )pr opyl )tetrasu

| fide, y-tri oxysi Tyl propy hi'ocarbanyl tetrasul fide, and

y-trimet hoxysi IMepﬁuﬁpgérbamﬁtmnaipémﬁb@uﬁawIafeedmzs@mfttb@eartbbﬁrmﬂk igay be
used or two or nore types thereof may be used in conbination. As a
conmer ci aprqjer@blycﬁ to ﬁﬂ@c!mfdﬂ andnbe dibdg phitalge7®BHmbsamtion ¢f ths cabgnssa,

compos: 1§ BIFRS RIGTegaby 519,300 wh/10Bao R gest Sisomien sabfy ﬁagggéﬁfpae'ﬁgolt he |
conj ugat e?’ne%%@%ﬂ iRak Jménc%qug.gsﬂ'lol\’[?ﬁéb% aﬁwB%h&?@#’e&fso@;tiohhsen@ t?rrér ably 1

coupling agen rela Ive t I's prefe

to 20 par irs aeyord@hde vith rmmpmzztﬂr@d)l yAQ d @oﬁqﬁmermlt proBct\v@rdiflict nafésyet
nore preferably 5 to 10 parts by weight. Exanpl es of the extender

oi | i ncl uSEAST Gr SEAST 7THMNandISEAST Kii maousfactyregr by iTokaicCarbomGo. ( MdG. C.
val ue) 0.900 to 1.049 k a naphthenic mneral oil (V.G C value 0.850 to
0. 899), aﬁHJdézctp%ﬁr%w it and seeeipl Blagk ¢Ay reansfaciued dyPeaygsa. dng. sigomaythe
pol ycycl i Be %g%gmtlc content of the extender oil is preferably less than 3 %
by wei ght, nor e preferabl y less than 1 % by wei ght. The pol ycyclic

ar omati ¢ cont ekinérd JTEAGIAE derRCEAYABN eBmpblitlorPid Yarmea ! BP bivinhed

Pet r ol eum et hod 346/ 92 hermore, the aromatic conpound content (CA) of
t he ext endsnfomirg agentrwitte tizd lcgnjngated edienet palym20 df/otbq pnese@htmveﬁhm othenor e
types of extender oils may be used in conbinati npl es of the
sul fur i néMmeyet aﬁmfefel@,femgr ageiit canmined, delalive m r1 OocmrtsOPMve@m qfuﬁhe

i nsol ubl e d ersibl.e sul fur to be
conpoundegoiieatés Abe oWss Uit BreSeh Bréien domalie®, B Bk 19dh

pref erabl pafs il)¥ Weight ﬂﬂéhsthQVIeW%bﬂhbf abrasien Péﬁgtﬁr'iéébédd Qre%gfho tHDarRBitS by

wei ght, and yelt nore preferab .5 to 5 parts by wei ght. Exanples of the
vul cani zat:ombmedamdnereapreferabiy:hmtd&céﬂhaazolpaﬂbabsewélglm arelyet aidre preferably -
accelerators such as 2-mer capt obenzot hi azol e, di benzot hi azyl disulfide, and
N- cycl oheR9t Jesshthapodhirartsl By weightni deom; fhey vigwrsint of tRinferspment being

accel erat gr h.as tet rane I th{nuram m)ng%zl fi,de and tet rgmetthrxl t hi uram

G oul 11 qesharcptni 3 more HeRrap bl Mol " 120, mettf Gy Peioh A

preferably not more than 100 parts by weight.

When a conjugated diene polymer composition in which a reinforcing agent is
combined with the conjugated diene polymer of the present invention is used, from the
viewpoint of fuel economy, it is preferable to use silica as a reinforcing agent. The
amount of silica combined is preferably not less than 50 parts by weight relative to 100
parts by weight of the total amount of the reinforcing agent combined, and more
preferably not less than 70 parts by weight.

In order to enhance fuel economy and reinforcing properties, the weight ratio of
the content of silica used as a reinforcing agent and the content of carbon black
(content of silica: content of carbon black) is preferably 2:1 to 50:1, and more
preferably 5:1 to 20:1.

Examples of the silane coupling agent include vinyltrichlorosilane,

vinyltriethoxysilane, vinyitris(B-methoxyethoxy)silane,
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N- cycl ohexyl- 2- benzot hi azol esul f enam de, N-t - but yl - 2- benzot hi azol esul f enam d
e, N-oxyet hyl ene-2-benzot hi azol esul f enam de, and

N, N -di i sopropyl- 2-benzot hi azol esul f enam de; and guani di ne- based

vul cani zati on accel erators such as di phenyl guani di ne, diorthotol yl guani di ne
and orthotol yl bi guani di ne. The anount thereof used is preferably 0.1 to 5

parts by L ght relatlve.t s by wei gl . , and
nore pref @-ﬁ%&eyog%g?%e@l)%ﬁylﬁ%?%@%lfag Pit ) g%ycgﬁgpgg%{nﬁ%wg$sg%oduci ng
a conj ugal_pRirdc fiffetReXyBiRpEt | on by combi ni ng anot her pol ymer
corrponen?% an aﬁgﬁ(gﬂ?y etc. with the conjugated di ene polyner of the
present i Nypanimethyd)-karoinopropyliviotetsaxybilane, for exanpl e, a nethod in which
t he conponents are kneaded by neans of a kgovvn m xer such as a roll or
Banbury miVx{Bramingetiyd-roaraigopropyimethWimathpxysiane t o kneadi ng condi ti ons, when

"3 Comi nbpnaE St e R e TRRV AR 7 o of o SEBRATE BRSSO
pref erablr%_n%ggp; rdpyRimeRBRsiilite kneadi ng tine i sy.gmfopfapbitietiidkysitdel 0 30

mn and re preferably 1 min to 30 mn. Wien a vul cani zing agent or a

vul cani zabis@A(trietiooxysilybpropyl) s odisdifidecd, his(8-(kietratysily)pronykr attetrasuifisie,
preferably not nore than 100C, and nore preferably roomtenperature (25C)
to 80C. A-tmeaysivipionpyidimethylthiacarbaredni zi ng agdp¥ass#ids: vul cani za®%%bn

I . bi ned i f I dAaf '
il cani et rBRPRab R e P LR Co Y BRfeotkY p8itsaf ot o1
t enper at ua.emb% t@?e’%ftﬁér‘ég* ryﬁ%r%@ Gs%@in%%ina%ﬁ'. RS & cBinfferéialpradubf Produet 180C.

The conj ugate ene po and the conjugated di ene polymer conposition

of the presmes S60RHISiTImAnfactarddy Beyuséa)dhc. setonoaybe used.  The conj ugat ed
di ene polyner and the conjugated di ene pol yner conposition of the present
i nvention are Usthe dase wherea conjlaated gians, POIYMRS ICOROREPR IS tq be, formed by

oL ot O S0k AR RL S b TR BB A ) Pibtieticd [
L
preferably 1 to 20 parts by weight, more preferably 2 to 15 parts by weight, and yet
more preferably 5 to 10 parts by weight.

Examples of the extender oil include an aromatic mineral oil (viscosity-gravity
constant (V.G.C. value) 0.900 to 1.049), a naphthenic mineral oil (V.G.C. value 0.850
to 0.899), and a paraffinic mineral oil (V.G.C. value 0.790 to 0.849). The polycyclic
aromatic content of the extender oil is preferably less than 3 % by weight, and more
preferably less than 1 % by weight. The polycyclic aromatic content is measured in
accordance with British Institute of Petroleum method 346/92. Furthermore, the
aromatic compound content (CA) of the extender oil is preferably not less than 20 % by
weight. Two or more types of extender oils may be used in combination.

Examples of the sulfur include powder sulfur, precipitated sulfur, colloidal
sulfur, insoluble sulfur and highly dispersible sulfur. The amount of sulfur to be
compounded, relative to 100 parts by weight of the polymer component, is preferably
0.1 to 15 parts by weight, more preferably 0.3 to 10 parts by weight, and yet more
preferably 0.5 to 5 parts by weight.

Examples of the vulcanization accelerator include thiazole-based vulcanization
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1. Mooney viscosity (M-1+4)

The Mboney viscosity of a polyner was

nmeasured at 100C in accordance with JI'S K6300 (1994). 2. Vinyl content

% by nol) The vinyl content of a polymer was determ ned by

| R spectroscopy fromthe absorption intensity at around 910 crn-1, which is
an absorption peak of a vinyl group. 3. Styrene unit content (units:

(units:

wei ght)

"Yo by

Th ' ) . ' f
00l LB e, ORATEASP i oo
di stri but NQRcibMWy M benzothiazyldfeBihideY SihiBsmPaked UV @Eanigitioht atddratonsl

nunber - aver age nol ecul ar wei ght

(M) were neasured under conditions (1) to

(8) bel owsih aageltepamatbgittivanmc hineomasuifide p lanf GPEframethydbiuraamd diswdfideol ecul ar
wei ght distribution (Mv Vn) of a polyner was determned. (1) Instrunent:

HLC- 8020 #lfenpmisiechased by Tosw8licanEaEeR at i on aCEPraBar at i otHCol urm: 3BVH XL
(2 col urmEléc!yglgé%@ﬂ?—ﬁ%n@ﬁi%f@%ulff{eﬁgmb Tosofy SOERILLSiazbrdufdhgmilesment

t enperatu

ydr of uran
N-oxyethylene-2-benzothiazolesulfenamide, and

N,N'-diisopropyl-2-benzothiazolesulfenamide; and guanidine-based vulcanization
accelerators such as diphenylguanidine, diorthotolylguanidine and
orthotolylbiguanidine. The amount thereof used is preferably 0.1 to 5 parts by weight
relative to 100 parts by weight of rubber component, and more preferably 0.2 to 3 parts
by weight.

As a method for producing a conjugated diene polymer composition by
combining another polymer component, an additive, etc. with the conjugated diene
polymer of the present invention, a known method such as, for example, a method in
which the components are kneaded by means of a known mixer such as a roll or
Banbury mixer can be used.

With regard to kneading conditions, when an additive other than a vulcanizing
agent or a vulcanization accelerator is combined, the kneading temperature is
preferably 50°C to 200°C and more preferably 80°C to 190°C, and the kneading time is
preferably 30 sec to 30 min and more preferably 1 min to 30 min.  When a vulcanizing
agent or a vulcanization accelerator is combined, the kneading temperature is
preferably not more than 100°C, and more preferably room temperature (25°C) to
80°C. A composition in which a vulcanizing agent or a vulcanization accelerator is
combined is preferably used after carrying out a vulcanization treatment such as press
vulcanization. The vulcanization temperature is preferably 120°C to 200°C, and more
preferably 140°C to 180°C.

The conjugated diene polymer and the conjugated diene polymer composition
of the present invention have excellent fuel economy.

The conjugated diene polymer and the conjugated diene polymer composition

of the present invention are used for tires, shoe soles, fiooring materials,
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(5) Flowrate: 0.6 mrin (6) Anpbunt injected: 5 pL (7) Detector:
differential refractoneter (8) Ml ecular weight standard: standard
pol ystyrene 5. Fuel econony A strip-shaped test piece having a
width of 1 or 2 mfmmand a |l ength of 40 mm was stanped out from a
sheet - shaped vul cani zed nmol di ng and used for testing. The | oss tangent

( Uashi . SerBRiresng ettty ST eamen Eaegy e PPaRe o 1o ana

frequency of 10 Hz. The smaller this value, the better the fuel econony.

Exanmple 1 A 20 liter capacity stainless polynerization reactor
provi ded EXAMRLES irrer was washed, dried, and fl ushed with dry nitrogen.
Subsequently, the reactor was charged with 10.2 kg i ndustrial hexane

(density: 680 Klerrsgsensipgentiopfis prﬁ'mﬁ%ﬁl?‘eﬁéfe@@ﬂc‘iﬂ%@xa@mﬁ%ne 2.58 g of a
m xture of 4-piger noet sty ddi noet hyl styrene, 6.1 m of
t et r ahydr of uranﬁ 5’??3 eﬁn;@r%ﬁ @‘t E§?@%83me§e§?5§et hyl et her. Subsequently,
the reactor vvasp@ ?é}lﬁf?pa%ﬂll%sgw%ré gQ%lg?f@H'b yPhe R1IGMhY hetiddsum as a n- hexane

solution, thereb nmeri zati on reaction.

Thecopol yﬁewbaﬁéymoe@cwlgnpfl 3- but adi ene, styrene,

4-pyrrolidinoethyl styrene, and 3-pyrrolidinoethylstyrene was carried out
for 3 hours at 1awest\z1¢qneyw@cgqmesxﬁa@pymwaﬁrm%aswqdr?é15%@#*@990@@&%%!1 ure of
the reactor % whi | e conti nuously supplying 1, 3-but adi ene and styrene
to the red@ 001( ggﬁrmunt of 1, 3-butadi ene suppl i ed was 912 g, and the

anount of 8Is g‘e%ﬂew@mhéaﬂb 288 g. The anount of

4-pyrroli rene a pyrrol i di noet hyl styrene charged was 0.13%
by wei ght rel atfhéeviiy® chbitent 6t &lpofyiiev iasdeténmivastielys IR bpegy@dcapy fsarpithe ed t o
the reactor. Next, the obtai ned polymer solution was stirred at a

stirring apsmdtmfmteﬁgtyrqj motmd@wzm% wifish i fn absorption peak of a vinyl group.

[ 3- (di et hyl am no) prop i e ne was added to the pol yner solution, -
whi ch was)‘(3 plyreneding Xtﬁlib{”f‘it%%gy 8'9 nutes. Next, 20 ml of a hexane

sol ution cont a"ﬂt' rgneggﬁﬂ g&tteﬂ%f%%m%asa@é{@%lﬁéd 5 rBRAKHIE indeQliMt i on,

whi ch was stlrre 1 onal
accordance with JIS K6383 (1995).

4. Molecular weight distribution (Mw/Mn)

Weight-average molecular weight (Mw) and number-average molecular weight
(Mn) were measured under conditions (1) to (8) below by a gel permeation
chromatograph (GPC) method, and the molecular weight distribution (Mw/Mn) of a
polymer was determined.
(1) Instrument: HLC-8020 manufactured by Tosoh Corporation
(2) Separation column: GMH-XL (2 columns in tandem) manufactured by Tosoh
Corporation
(3) Measurement temperature: 40°C
(4) Carrier: tetrahydrofuran
(5) Flow rate: 0.6 mL/min
(6) Amount injected: 5 pL
(7) Detector: differential refractometer
(8) Molecular weight standard: standard polystyrene

5. Fuel economy
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Tot hepol yner sol uti on, 8. Ogof

2-tert-butyl-6-(3-tert-butyl-2-hydroxy-5-nmet hyl benzyl) - 4-net hyl phenyl
acrylate (trade name: Sumlizer GM nanufactured by Sum tono Chem cal Co.,
Ltd.), and 4.0 g of

pentaerythrityltetrakis(3-] aur yI t hi opr opi onate) (tradename: Sum | i zer TP- D,

f d by S Che dde |
Colut fon ves oruSIOP shamPdecrseaait s widif of 4 G EpRoaREs D o dd rfio ™"
further er\rNgﬁ_ Hnﬁ%ﬁa&ut fof 4 h@et-sﬁ?ﬁ’&ﬁ@alﬁnﬁ%ﬁ%&dnﬁ@ran&%s@@%rstesthber ?ﬁ’é/ 9' ngg

a pol yner Ives t e evaluation results of the pol yner

parts by wes ofahgert (tbﬁs [Pby0)Eratt TOre @bt taentdt pidced waar mabweweughg af
silica (trade nane: Utrasil VN3-G nanufactured by Degussa, |nc. 6.4
parts by vietasiasterhetar ﬁdesama Seispkushg Geehtd. )(!ﬂrrd@ﬂ@i’\%@s @.%gtralmu%ct ur ed
by Degussa, ht. of ¢ rad nane:

DI ABLACK Rﬂ%é?feﬂé\%nﬁ'é’gﬂ d B@W?@%Bh‘§ﬁ?'“%§éﬁ1%8‘é‘?”ﬁfbf“8 §°°"2 Y6 parts by
wei ght of E2&m t1ender oil (trade name: JOVO PROCESS NC- 140, manuf act ur ed by
Japan Energy rporation), 1.5 parts by weight of an antioxidant (trade

nane: Antigene A38) lifERaLRRY dthtledtypshytiation reorgpaovideal with adstijrer Raparts by
wei ght of stearic acid, 2 parts by weight of zinc oxide, 1 part by weight

of a wvul cwaslzedagrla@,cae\kiéluaheﬂw(th daydétrogeme: Sgbsaauentlycihe f@ﬁﬁtef was ghargedy
Sum t onD Chemca Co. art b t zin ccC Ierator
(trade nahih Q&Jfgreﬂmdystrwhh%ﬁa&et( sty 0%4%&]) ﬁ@g@:ﬁéﬁ' qE? , A

arts b t f

i nico B 280l i OF 4iirckitiRfrdte BRTY ‘ﬁﬁé'we"?%w?*s@? b ur
vere kneagedmpyf t&@ﬁﬁjr@ﬁ:ra’h laAB Q. Pl If @fyidnet Slydvl @RsAiiytetherd OlSyibEdquently,
conposi tion. The polymer conposition thus obtained was nolded into a sheet

using 6-i thehreactor syasachhrgeuewith ekt 08eenal df gaiitylithiupy ak entiheyans SQJBtND for 45
m nut es, thereby giving a vul cani zed sheet. Table 1 gives the eval uation
resul ts ofhereky 'B‘H?‘éﬂgcth? PBWG‘G@?‘itP@@?ﬁtmf‘he vul cani zed sheet. Exanple 2

A 20 liter cap st y i on feac ed

stirrer was \/vazlﬁ'l cﬁ°§8'8m%§%?}%$| ugﬁéé&\%}]t h c?% nﬁﬁ%ﬁéﬂgh ubs\eg(?{ﬂent ly, the
reactor wgs ﬁ’dlﬂ&‘éih Wétjrend andl $€yrﬂ§hdln@d€h§%’9ﬁéﬂe waxedifed oatrfor 3 Hour6&Pakg/ nB) ,
608 g of 1,3-butadiene, 192 g of styrene 73 g of a m xture of

4- pi peri dstlmeg hspéed y)f eae rpmdan%l— thiepisteridi tanmeIWU@t ofr hagreagon oh656, while

t et rahydr of ur an, of ethyl ene ycol dieth I et her. Subsequently,

t he react 6?""!%!9”%!%6&“@@'&'"% 1 R-butadigrie Apg sgferpp Bty IP3HPumRe %f"?l”'ﬁgci}ane

sol ution, er.e initiatin p [ [

Thecopol yrjrlaiJ ?%3?%’6?1138%'990 %f yg gbgpégﬁéer?é{aotgb nge%\@%we %p"ed was 288 g.
4-pyrroli %Q%ﬁ&)ﬂtS&fyd-ﬁﬂ?ondﬁa'aeth?rs@%r{é)bhe“ﬁ@,&ﬁaumns&w@ﬂﬁeﬁeaéha?gédwad out
for 3 hours at a stirring speed 130 rpm and the interior tenperature of
t he react 0r139¢ by Weightinelativectorthe Ituialuahqurﬁ wp plopomgrsl cigarged avsuppiecitadthet yr ene
to the reactor. The anpunt of 1, 3-butadi ene supplied was 912 g, and the
amount of readjdrene suppl i ed was 288 g. The am)unt of

oy vl gt r ot aths g PR ah el ey el ¢ Le BeBHr Sl cy o
the reactgpg 12.8 mmol of [3-(diethylamino)propyl]trimethoxysilane was added to the polymer
solution, which was stirred for additional 15 minutes. Next, 20 ml of a hexane solution
containing 0.8 ml of methanol was added to the polymer solution, which was stirred for
additional 5 minutes.
To the polymer solution, 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,
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Next, the obtained polyner solution was stirred at a stirring speed of 130
rpm and 12.8 mmol of [3-(diethylam no)propyl]trinmethoxysilane was added to
t he pol yner solution, which was stirred for additional 15 m nutes. Next, 20
m of a hexane solution containing 0.8 m of nethanol was added to the

pol ymer sol ution, which was stirred for additional 5 m nutes.

Tot hepol yner sol uti on, 8. 0go

f
2-t er t - bumanuigciumd éYtS%‘%IWP Sheiisah,Ge-5 Lot Wi 8Ad5H ) -I\Iﬁnrfetthﬁy??)l Ry |

acrylate (trade nane: i L) A mofaal Co.
Lt dI/) , angOIﬂt.'%’ \ﬁa%?v%g%t'%ae%{;fﬁha%pgw %ﬁgéfga%I ?ﬁ'ﬂg&gg?ﬁﬁt e) (trade
name: Sunjlidg st 5558 iPa reBHeEESLEERE fd1V12%w0urd, anareBh givingad palymer. LiTable er e

added. Next, the polyner solution was evaporated at normal tenperature over
24 hour s, giwbs the evakiafion teseltsafitee polymdr.at 55C in a reduced pressure for 12

h , th b i Vi I . Table 1 qgi ti f

the pol yrer . 180 parsbpsan o7 by m@n@%ﬁm@?’ébﬁ&%§?¢%§Sﬁuﬁeq%I°§?§§Z 78.4
arts | 0 111 r ‘ -

bogussa, Hdbyans: piigsi i fEFuRRTRe of Sidien, WER G paRol) EEH A8 Y e

Si 69, man { RE A8 Banle? 88D, mBndfapaiFddsbyoPegusisginc.hi6.4 pattoby bl ack
(trade na%ﬁDﬁEﬁ%gg N3g9, manuf aI:tIJred by M tsubishi Chem cal Corp.),

47.6 part selnht \oeicgivon dflackn(texdt arasies: RIABLACKaN33%h anenufactyyed saditssbisc. 140,
manuf act ured by Japan Energy Corporation), 1. arts wei ght .

ant i oxi da@he(rigahdeornand? 6AReIty dive Weight f{naf ‘?Iﬁjgﬁl %yaégﬁi P%IIS‘ gﬁ&@ cal
Co., Ltd. wei ght . of st | C ' ) ' htZi nc
oxi de, 1 I?MC%II@’SI‘IIn@r%ga%?%gxﬁgéénngEggﬂggICeor%%loII%II&n?tIrjg ‘gﬁ%g?é/v oxi nol
CZ, manuf %?EHEﬁﬁq)I&énﬁgﬁh%%% ChRigena!3cChanutdetlrdd byl SpaltombLhemighCoof a
vul cani zi ng accel erat or trage name: Soxinol D, manufactured by Sumtono
Chermical @gy.), 2lgatts by woidht pastearibacidved parts f weighteof zincraxige, haae by @igiic N,
manuf act ured by Quchi Shi nko Chem cal |ndustri 4 parts

Co. . Ltd, d.1.
by wei ght offa sultdnizingvaceelRiatardtrade nammeamoxiel £ 'a{B%r“IffFQII‘é’FSIIIyl SII'I"IIOIB?epare a

pol ymer caonposition. e polynmer. conpositi o i . \lgd into
a sheet usthsgiea Pr?cIIrt‘lI;III ;garI @I%\Helgﬁte&g ‘ZLI(I(IéIn\?\ZI/aIII@I %F?Q%Iggﬁegygﬁgétgﬁg&at 160C
for 45 m ilEsurdAFEEBY SUimibRB ChothibA TV 2ad) ShS phrts Bpbightlofi wes (ttale

eval uation results o he physical properties of the vul cani zed sheet.
Conpar at i wanfex@tmhéc N, manufactufed By IOuchi Shiaka Ehegical industsias Cpollfdrbrangat i on
reactor provided wth a stirrer was washed, dried an'g fIH@Ged wth dry

ni trogen. 15tpsrsjbeweight oftswur weretkoradedsby mepgeaf 3-28p HgsOMILO Wehag st 1 i al

hexane (density: 680 kg/ nB 547 of 1 3. j Y t e, 6.1
n of tet rPaﬂWb‘%Io?%”ﬂpé’ﬁ!t‘%BndIbﬁ ?°I¥Ir%6f°°ngﬁ§'I'§ﬁtéﬁIgI §§‘§I"e§i‘§?ﬂﬁ‘IeﬁdeIﬁI@a
Subsequent i t{i6q 6SAEH Ais!8Rd G SAES Whd DuidniZsh Bypeatiig Bt BB0Y far 5] um as
a n- hexane soI u |%n, ereby initiating the polynmerization reaction.

The copol yfRUiedatHepsby’ @R iaovuleinizedBshest. adiablect gives 3hg evaluatignsresalfs Pled out
for 3 hours at a stirring speed of 130 rpmand the interior tenperature of
t he react ahe physicaCprophitiee of thetvulvanizsd $hegippl yi ng 1, 3- but adi ene and styrene
to the reactor. The anobunt of 1, 3-butadi ene supplied was 821 g, and the
amount of BXR®E supplied was 259g. Next, the obtained pol ymer

sol ution was sti,r Lk o of ovitled with 3 etirarokasf

[ 3-(di et hyl am né‘)%osﬂﬁchpt FIEIIré{aIII(I)é%g I aneIZ\QAI/é(’snléa%ggg)gan t he pol yner sol ution,

whi ch was ghdHededridd?and RusHeaukithsdry Neidgen 20Subseqliertlyhtheaaactevag ehaiged
containing 0.8 m of nethanol was added to the mer solution whi#;h was

oly .
stirred fowitrdolRtkganaiduStrial rexaes (densityi §861kgird sefdd Poh3Butrgiane, 192g o
2-tert-butyl-6-(3-tert-butyl-2-hydroxy-5-met hyl benz = 4-.17] I
acryl ate (styrgie, hdaea ofs mikiuses pf éﬂpeﬁﬁ'ﬁﬂ?'g%?&?eé‘& ?ﬁpy %I?Iﬁef'g'ﬁn%&&Ig&l%gél Co. ,
Ltd.), and_4.0 0 entaerythri,t raki I O 08| trade
" sum 0178+ brBralS AR et A 5t B IeP Ty p A spRaeg
added. Nexfye rteﬁaggga}é%hg%a' With 98 368y P PEIAtgithia aranedhexanepsolation; e over

24 hours, whic urthernore
thereby initiating the polymerization reaction.

The copolymerization reaction of 1,3-butadiene, styrene,
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dried at 55C in a reduced pressure for 12 hours, thereby giving a polyner.
Table 1 gives the evaluation results of the polyner. 100 parts by
wei ght of the polynmer thus obtained, 78.4 parts by weight of silica (trade
nane: Utrasil VN3-G nmanufactured by Degussa, Inc.), 6.4 parts by wei ght
of a silane coupling agent (trade nane: Si 69, manufactured by Degussa,

Inc.), 6. b i gh f ban. bl ack e DI 9,
mnut act uf B RARRERr. BeRPRSedr TS YR GRTES gt ivd B0
extender Qfiking asf)gg&}; gfﬁg@ Bgln:\% REGRERS Nepbfdlurendinté aeidioresk 657C) apeia Ener gy

Cor por ati on), wel ght of an antioxidant (trade name: Antigene
3C, manuf aehtiHuedsipsubplying ONB-bGheiisneabndCstyreriet th Yhe Zegsdort s Thg ameougihtof of

t i id, 2 ts b i ght of zi ide, 1 t b i ght

Ul cani 21 ig-hdadbes avemleq vasB1anand o AROHTCo! SURAG HPPUFEHE 298 5 oo

Chem cal ., _Ltd.), t. b | ght of L Zik trad

oo SoxiTAS| apig, FaRt gty Ealie A oAbl RF R b TRCE,
i ght of ' ddicdlippfidy toki

Chen cal | PPy Mg g o o T bl Tur

Chem cal 1.4 parts by weight of sulfur were
kneaded byedstns of a Labo Plastomi || to prepare a pol yner conposition. The
pol ymer conposition thus obtained was nol ded into a sheet USiPﬁ? 6-1 nch

rolls, and the Nédhewbtainedl paymersolutipn neaststirgd at a soingrspeed st it

t her eby gi vi | canj zed sheet . Tabl ives th £ I'ts of

Lhe physt @R OB e Gl npeiran b Eretofyiiehe e Sided BLhboiiRe 5° ©

A S TiTer CRRACINCAL NiedfoPAdifERe] Fofiied CREALROPARY b¢egand ddutnst i I er
) i'ed, "an dry

was washe ushed w nitrogen. Subsequently, the reactor

was char gegniaininy @895 df thefifaniondas hdded tolike polgmedsaistidny whisBovasgetim8yl forl37 g
of 1, 3-butadiene, 43 g of styrene, 0.53 g of a m xture of

4- pi per i diadditibhglI5Sahiputese and 3- pi peri di noet hyl styrene, 1.52 m of
tetrahydrofuran, and 1.18 m of ethylene glygcol diet et her. Subseguently,
the reactor wasi@har gedheni t h 3PY¥MBhoI  of gﬂlﬁﬁ‘lﬂ’yl lit W{)Jm as & n- hex‘glrjle

sol ution, ther i RiLLali el [ an LA - d
Thecopol yEPTIa Srr bl BHRA B SR bE ) AERTRhEAN. acniate (rade

4- pyrrol i gispretduindey 'GMemanifaciarddyby SuiritbmoeCharisalyCendtdypanda4.0igedf out
for 2 hours at a stirring speed of 130 rpmand the interior_ tenperature of

t he react gentientriytavakis(S-launylthiopopicsbie) sufade nghame- b RWRilizehe dRPst yrene
to the reactor. The ampunt of 1, 3-butadie suppl i 205.a, and the
amount of eanufagiered typSusttongs Chemigal %‘?e Qﬁﬁu‘ﬁg'%o?gged\{\a%e Pt pélfifel
4-pyrrolidipaet hyl styren - Vs i di eREB . 12%
oy wei ght SPBITER Mpe SYEPTRE e ElREIHlrE R ROl AR NSRS o

the react gred Bﬁ%vc Da TedRbd BrésanRr 32/Hsus) thereiyt giving opdlyrber! Tablerfet hanol
was added to the polymer solution, which was stirred for additional 5

m nut es. Tgiidsehe byateatdol rasulisrof theGaptymer.
2ot 31 at e (11 agel Rubats BONPBIHAEROV AT TLRGPAGRY. 19 AAHFUNPRNNFLS co.,
name: " sunirpde perns. WRERL TR Tt feRBy el Bilhk ) PRESHY fghPar, o0
24 hour s, I RO B g, e, B bcaa o ocetn'c for 12
hours, theyagm & o4rbeh dlaeR! (a8 nameb DIABLACK ed33%h enanddatured dy Mitsublishs of
the pol ymscr:ﬁemical Corp.), 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 antioxidant (trade name: Antigene 3C, manufactured by Sumitomo Chemical Co.,

Ltd.), 2 parts by weight of stearic acid, 2 parts by weight of zinc oxide, 1 part by weight

of a vulcanizing accelerator (trade name: Soxinol CZ, manufactured by Sumitomo

Chemical Co., Ltd.), 1 part by weight of a vulcanizing accelerator (trade name: Soxinol
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100 parts by weight of the polyner thus obtained, 78.4 parts by weight of
silica (trade nanme: Utrasil VN3-G manufactured by Degussa, Inc.), 6.4
parts by weight of a silane coupling agent (trade nane: Si 69, nmanufactured
by Degussa, Inc.), 6.4 parts by weight of carbon black (trade nane:

DI ABLACK N339, manufactured by M tsubishi Chem cal Corp.), 47.6 parts by

Japan. EncPogaCHRRbied I GC BEESl G Mg he PArS bt “aitt it WA L
nane: Ant| e Y, i &t i L d.td.), @hdoarts by
wei ght of h%ﬁ%‘a?'?ngogﬁgﬂ&gﬁ%g@?g t%yowgstﬁ?mgf zZi ncagb(?%g:al P%’artt )by wei ght

of a vul caal pana%y&mm t OF QUlfF weke RiitdBa bR me3ax iofialLabiz Plastomill fcprepare 2y

Sum tono Chem ca ., Ltd.), 1 part by weight of a vul cani zi ndg_accel er at or
(trade napelymoxompositian. ndhafpainercepragosiion thuswbtainad was reglded intg a1 5

b i gh f d - S N f [
Sl nko Cnemeldisnarariel 1ol 208, the e was ficengeray eange M BN 4 ¢ ur
ver e knea%ﬁqq‘tél)% éﬁ%%#@ﬁ@{ngg%hglggni?é@% 1 | tapie 1 Ri3%N8 évaRiation Risults of

conpositi osSitiron thus obtai'ned was nol ded into a sheet
usi ng 6- i feprySichipropEitbsiditheiaginiaashued cani zed by heating at 160C for 45
m nutes, theréby giving a vul cani zed sheet. Table 1 gives the evaluation
resul t s oConmphmtipdsarople 1pr operti es of the vul cani zed sheet. Conparative

Exanmpl e 3 A5 liter capacit tainle | ynmer.i zati.on r.eactor
pr O\r/rip ded with & 3Q fitef é‘!ﬁpm swg@ﬁ%dgolﬁ'ﬁ?f@&?‘Oé?ﬁ?pC?quPé%"é%ez‘ﬁX”'jEma&?‘WnYV?? ogen.

Subsequent | e reactor . it i } ane
(density: W@%?Figi'ﬁ%)a," f@?h%@ggﬁq&rﬁtg&eﬁﬂdi gHése%gghtg/ Q{e '|58ta %i‘h’g& élligr fsid(g of a
m xture ofyid-1BioNgY bed Sné(8avesitnEBokghhD e54 Tg ob ¢ BHytadioneen®3 g bf 52 i

of tetrah&gﬁg?%%fqur}%ﬁ%w% m (of et?hylog(r?e BI ycoglJ di et hyl et her.
Subsequenttyyenet &1 r mhaf ofetralgirofosang exhdnidth 8. 8fl etideneofglysob disthylether. um as a
n- hexane solution, thereby initiating the pglt nmer | zat} on reiﬁﬁ-ti on,

Thecopol y®ubseasenthn rtba cteasionfwass chaigsd; Wit 1 R})/Bré'HB?' of r-butyllithium™as a
4-pyrrolidinoet hyl styrene. and .3- Ldi. rene was carried out
for 2 houf’é‘eé?nedx@t'tfo%r ﬁ‘ﬁ@ébgd@g%f%gﬁ M%@%ghq&g%?ﬁ%@{m erior tenperature of
the reactor of §pGop¥l)ineAzARArEAMBH Dt ¥, 38 tRlidtiodhdlstirehs wadicamiedandfost yr ene
to the reactor. The anpbunt of 1, 3-butadi ene supplied was 205 g, and the
anount of 3slioursata stipphispeedas 186 rpm afidetharinfarier temperature of the reactor of
4-pyrrolidinoethylstyrene and 3-pyrrolidinoethyl styrege hargﬁd 0.40%
by wei ght 66%.awhilec coriiinupisly supplyiBglSrPUigtiens RINeSYIERR Pgtﬁa B8 upplfed to

t he reactor. 0 of a hexa o) [ | Id : t hanol
was added am?“fqﬁ@t%%%ngk"gﬂ‘ﬁ?‘le nvya%\i%zﬁ C#‘b\t,\n/ggﬂ%t% ﬁ@&@d&%ﬁeg%gﬁqhgﬁgﬂagg

m nut es. Eg?laepol ymer sol ution, 1. 890f
2-tert-butyl~6-(3-tert-butyl-2-hydroxy-5-net hyl benzyl) - 4- met hyl phenyl
acryl ate (tradeNée@nie obtaiiddi potymdsdolutian waacstiored @t b)stismmspeﬂﬁoé‘}&ﬂp@hl Co. ,

Ltd.), and 0.9 g of pentaerythrityltetrakis(3-1aurylthiopropjonate) (trade
nane: Sumahﬁz13r80'ITPmD[)0fr{§r(dile iam'@@PWY‘ﬁUWPf"\?W"@ﬂ%ﬁiaéé’\dd&)?cmhﬁtﬁ?ﬁ &ler e

added. Next, .the po]ymer sol ytjon was evapoyat.ed,~at n re over
24 hour s, Salfieh YEGhY§Fe 1RIRE o i BandEe SokBk, 29" i, Soheb A ® 77
hours, th -0 Vi I I e Wnrhivas stigedldrs of

t he pol yng:';oﬁtg}ﬁwﬂi dh?@ggn%gﬁétﬁgﬁ&a/s%%ﬁf*%?biflg@e%%mmr t hus obt|ai nedr, 78. 4
parts by wah@ibhalG&mmulesca (trade nanme: U trasil VN3-G manufactured by

Degussa, Inc.), 6.4 parts by weight of a silane coupling agent (trade nane:
Si 69, manuf act ufed by Begussa, polwme), 6. 4splfies by wed-§ht of car bon®bl ack
(trade nanme: DI ABLACK N339, nmanufactur b t supi shi_ Chem cal p.),
47.6 part @-W-h»é{'ﬁr@-t@i-bHW‘-%%V%THHEP*WW?‘E’@%"ﬁﬁﬁ%&’%%%&%ﬁ%— 140,
manuf act ured by J n e i . J '

ant i oxi darﬂa"ler )réé'@%%éﬁ’ &%ﬁ?fggt%ge%g%; %gn@ﬁ écd?rtﬁ#eh 'E(jgéﬁvrf’t%lﬁrg 4C)':(fr)leg‘rfjlné'gfcaI

Co., Ltd. )oentacRAhrititcdakised-BhkyitRbpobRABIEY attatie 2 mané:s tBumitdeght TBEDzi nc

oxi de, 1 part by weight of a’vul canizing accel erator (trade name: Soxi nol
CZ, manuf andnufadurey SuSutitomoOBbernzal Coo. Ltd)twWere, addeshr tNaxy: thei BAlYmer a

vul cani zi ng_accel er at or gtrade nanme: Soxi nol D, nuf aﬁ.tHred b|¥ Sun}etorm
Cheni cal @8lutiop was)evaporsted atnorpgl tgmpgiaturgover o pours, Wh wag furhermare. ~
manuf act ured by Quchi Shinko Chem cal Industrial Co., Ltd.), and 1.4 parts
by wei ght of sulfur were kneaded by neats of a Labo Plastom || to prepare a
pol ymer conposition. The pol yner conposition thus obtained was nol ded into
a sheet using 6-inch rolls, and the sheet was vul cani zed by heating at 160C
for 45 m nutes, thereby giving a vul cani zed sheet. Table 1 gives the

eval uation results of the physical properties of the vul canized sheet.



Table 1 Ex. 1 Ex. 2 Conp. Ex. 1 Conp. Ex. 2 Conp. Ex. 3 Mboney viscosity -
42.2 57.1 49.4

dried at 55°C in a reduced pressure for 12 hours, thereby giving a polymer. Table 1
gives the evaluation results of the polymer.

100 parts by weight of the polymer thus obtained, 78.4 parts by weight of silica
(trade name: Ultrasil VN3-G, manufactured by Degussa, Inc.), 6.4 parts by weight of a
silane coupling agent (trade name: Si69, manufactured by Degussa, Inc.), 6.4 parts by
weight of carbon black (frade name: DIABLACK N339, manufactured by Mitsubishi
Chemical Corp.), 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 antioxidant (trade name: Antigene 3C, manufactured by Sumitomo Chemical Co.,
Ltd.), 2 parts by weight of stearic acid, 2 parts by weight of zinc oxide, 1 part by weight
of a vulcanizing accelerator (trade name: Soxinol CZ, manufactured by Sumitomo
Chemical Co., Ltd.), 1 part by weight of a vulcanizing 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 by means of a Labo Plastomill to prepare a
polymer composition. The polymer composition thus obtained was molded into a
sheet using 6-inch rolls, and the sheet was vuicanized by heating at 160°C for 45
minutes, thereby giving a vulcanized sheet. Table 1 gives the evaluation results of
the physical properties of the vulcanized sheet.
Comparative Example 2

A 5 liter capacity stainless polymerization reactor provided with a stirrer was
washed, dried, and flushed with dry nitrogen. Subsequently, the reactor was charged
with 2.55 kg of industrial hexane (density: 680 kg/m®), 137 g of 1,3-butadiene, 43 g of
styrene, 0.53 g of a mixture of 4-piperidinoethylstyrene and 3-piperidinoethylstyrene,
1.52 mi of tetrahydrofuran, and 1.18 ml of ethylene glycol diethylether. Subsequently,
the reactor was charged with 3.73 mmol of n-butyllithium as a n-hexane solution,
thereby initiating the polymerization reaction.

The copolymerization reaction of 1,3-butadiene, styrene,
4-pyrrolidinoethylstyrene, and 3-pyrrolidinoethylstyrene was carried out for 2 hours at a

stirring speed of 130 rpm and the interior temperature of the reactor of 65°C, while
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40.7 38.9 Vinyl bond content % by nol 56.7 56.5 57.6 57.6 58.2 Content of
styrene unit % by weight 24.9

continuously supplying 1,3-butadiene and styrene to the reactor. The amount of
1,3-butadiene supplied was 205 g, and the amount of styrene supplied was 65 g. The
amount of 4-pyrrolidinoethylstyrene and 3-pyrrolidinoethylstyrene charged was 0.12%
by weight relative to the total amount of monomers charged or supplied to the reactor.
Next, 10 ml of a hexane solution containing 0.5 ml of methanol was added to the
polymer solution, which was stirred for additional 5 minutes.

To the polymer solution, 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.) were added. Next, the polymer
solution was evaporated at normal temperature over 24 hours, which was furthermore
dried at 55°C in a reduced pressure for 12 hours, thereby giving a polymer. Table 1
gives the evaluation results of the polymer.

100 parts by weight of the polymer thus obtained, 78.4 parts by weight of silica
(tréde name: Ultrasil VN3-G, manufactured by Degussa, Inc.), 6.4 parts by weight of a
silane coupling agent (trade name: Si69, manufactured by Degussa, Inc.), 6.4 parts by
weight of carbon black (trade name: DIABLACK N339, manufactured by Mitsubishi
Chemical Corp.), 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 antioxidant (trade name: Antigene 3C, manufactured by Sumitomo Chemical Co.,
Ltd.), 2 parts by weight of stearic acid, 2 parts by weight of zinc oxide, 1 part by weight
of a vulcanizing accelerator (trade name: Soxinol CZ, manufactured by Sumitomo
Chemical Co., Ltd.), 1 part by weight of a vulcanizing 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 by means of a Labo Plastomill to prepare a
polymer composition. The polymer composition thus obtained was molded into a
sheet using 6-inch rolls, and the sheet was vulcanized by heating at 160°C for 45

minutes, thereby giving a vulcanized sheet. Table 1 gives the evaluation results of
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24.6 24.8 24.4 24.5 Mol ecul ar weight distribution - 1.21 1.34 1.17 1.09
1.13 Fuel econony tan6 (700

the physical properties of the vulcanized sheet.
Comparative Example 3

A 5 liter capacity stainless polymerization reactor provided with a stirrer was
washed, dried, and flushed with dry nitrogen. Subsequently, the reactor was charged
with 2.55 kg of industrial hexane (density: 680 kg/m®), 137 g of 1,3-butadiene, 43 g of
styrene, 1.81 g of a mixture of 4-piperidinoethylstyrene and 3-piperidinoethylstyrene,
1.52 ml of tetrahydrofuran, and 1.18 mi of ethylene glycol diethylether. Subsequently,
the reactor was charged with 3.81 mmol of n-butyllithium as a n-hexane solution,
thereby initiating the polymerization reaction.

The copolymerization reaction of 1,3-butadiene, styrene,
4-pyrrolidinoethylstyrene, and 3-pyrrolidinoethylstyrene was carried out for 2 hours at a
stirring speed of 130 rpm and the interior temperature of the reactor of 65°C, while
continuously supplying 1,3-butadiene and styrene to the reactor. The amount of
1,3-butadiene supplied was 205 g, and the amount of styrene supplied was 65g. The
amount of 4-pyrrolidinoethylstyrene and 3-pyrrolidinoethylstyrene charged was 0.40%
by weight relative to the total amount of monomers charged or supplied to the reactor.
Next, 10 ml of a hexane solution containing 0.5 ml of methanol was added to the
polymer solution, which was stirred for additional 5 minutes.

To the polymer solution, 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.) were added. Next, the polymer
solution was evaporated at normal temperature over 24 hours, which was furthermore
dried at 55°C in a reduced pressure for 12 hours, thereby giving a polymer. Table 1
gives the evaluation results of the polymer.

100 parts by weight of the polymer thus obtained, 78.4 parts by weight of silica
(trade name: Ultrasil VN3-G, manufactured by Degussa, Inc.), 6.4 parts by weight of a
silane coupling agent (trade name: Si69, manufactured by Degussa, Inc.), 6.4 parts by

weight of carbon black (trade name: DIABLACK N339, manufactured by Mitsubishi
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0.120 0.115 0.135 0.199 0.194 dains 1. A conjugated diene pol yner
obt ai ned by reacting one end of a conjugated diene pol ynmer having a nononer
unit based on a conjugated di ene and a nononmer unit based on a conpound
represented by Fornula (1) with a conpound represented by Fornmula (2): 3RIL(
1) (R wherein Rl1l represents a hydrogen aton1or a hydrocar byl group

haV|ng1t05carbon atons; mis 0 o

group; an&h R’I@aérﬁPrPQM“? ﬁdéﬁ%ﬁd’é(ni"’ﬂghég eé‘%rﬁ'??ﬂjd{l%ggr ! drOﬁQWI C A

trihydr oCak de‘?'ét
hydr ocar byIR?nee gr oupﬂ{(ﬁ%mgﬂﬁggg%%é%ggﬁcgt om arrl‘d/ or Bgr‘;t]seﬁ

gyg n atom

or R13 andf f4ntforidahofradd hame: Aktiens 8T magurc@ifaltyy Sanitteab Chemical Co.0gen

atom by a doubl e bond;

Ltd.), 2 parts by welght of stearic acid, 2 parts by weight of zinc oxide, 1 part by weight

of a vulcanizing accelerator (trade name: Soxinol CZ, manufactured by Sumitomo

Chemical Co., Ltd.), 1 part by weight of a vulcanizing 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 by means of a Labo Plastomill to prepare a

polymer composition. The polymer composition thus obtained was molded into a

sheet using 6-inch rolls, and the sheet was vulcanized by heating at 160°C for 45

minutes, thereby giving a vulcanized sheet. Table 1 gives the evaluation results of

the physical properties of the vulcanized sheet.

(Table 1)
Comp. | Comp. | Comp.
Bx 11 Bx 20 e 1 | Ex 2 | Ex 3
Mooney viscosity - 42.2 571 49.4 40.7 38.9

Vinyl bond content % by mol 56.7 56.5 57.6 57.6 58.2

Content of styrene

unit % by weight| 24.9 246 248 244 245

Molecular weight

distribution - 1.21 1.34 1.17 1.09 1.13

Fuel economy

tand (70°C) 0.120 | 0.115 | 0.135 | 0.199 | 0.194
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R21R24 R22 Si- (CH 2),1 N-R25( 2 ) R23 wherein n represents an integer of
1 to 10; R21, R22 and R23 independently represents a hydrocarbyl group or a
hydr ocar byl oxy group, and at |east one of R21, R22 and R23 is a

hydr ocar byl oxy group; R24 and R25 independently represents a hydrogen atom
or a hydrocarbyl group that may have a nitrogen atom and/or an oxygen atom
or R24 anﬂlaRZS are bonded to represent a hydrocarbyl ene group that nay have
a nitroge fP'¥m and/ or an oxygen atom or R24 and R25 form one group
representing a group bonded to a nitrogen atom by a double bond. 2. The
conj ugat ed di ene polyner according to Claim1, wherein, in Formula (1), Rl1
IS a hydrogen @& oonjugated dieneapulyrhdr2obtainad dyorepctirgpors entd ed gortjogated a ( 3)
below. * (3) \// CH2* P wherein (CH2)p is a substituent on a benzene
ring, p reispepelymer Havingaegenorser unit kased aingl conjHaates diepeand; {magemesf 1 to

. (CH2) p, i.s, bonded i f | d * d
bondi ng. pHYT PRO.0" 3 comAeinfARGAN Gt 1 SRy NP LrnP A R B 1 or

2, V\hereigypgg%lﬁig la (2), R21, R22 and R23 are a hydrocarbyl oxy group,

and R24 and ~a, hydrocarbyl group.
H RI

L

H (R%,—N—R™M

wherein R'" represents a hydrogen atom or a hydrocarbyl group having 1 to 5 carbon
atoms; m is 0 or 1; R'? represents a hydrocarbylene group; and R* and R"
independently represents a hydrocarbyl group or a trihydrocarbyisilyl group, or R' and
R'" are bonded to represent a hydrocarbylene group that may have a nitrogen atom
and/or an oxygen atom, or R'® and R form one group representing a group bonded to

a nitrogen atom by a double bond;

RZI R24
l | )
R22—S[,i——(CH2)n—N —R? (2)
'R23

wherein n represents an integer of 1 to 10; R?', R?? and R% independently represents
a hydrocarbyl group or a hydrocarbyloxy group, and at least one of R, R? and R% is
a hydrocarbyloxy group; R* and R% independently represents a hydrogen atom or a
hydrocarbyl group that may have a nitrogen atom and/or an oxygen atom, or R** and
R? are bonded to represent a hydrocarbylene group that may have a nitrogen atom
and/or an oxygen atom, or R?* and R? form one group representing a group bonded to

a nitrogen atom by a double bond.

2. The conjugated diene polymer according to Claim 1, wherein, in Formula (1),

R' is a hydrogen atom, m is 1, and R'? is a group represented by Formula (3) below:
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4. The conjugat ed di ene pol yner according to any one of Clainms 1 to 3,
wherein the content of the nononmer unit based on the conpound represented
by Forrmula (1) is 0.01 to 20% by weight relative to 100% by wei ght of the
total anmount of the nmononer unit in the conjugated diene polyner. 5. The
conj ugat ed di ene pol yner according to any one of Clains 1 to 4, wherein the
vi nyl bond cont of the conjugated diene polyner is from20% by nol to
70% by noly 0 100% by 39f the content of nononer unit based on
6.\ A conj ugat'ed di ene pol ymer conposition conprising
t he conjugated d #ccording to any one of Clains 1 to 5 and a
rei nforci ng agent, erei'p the content of the reinforcing agent is 10 to
150 parts by weight relative to 100 parts by weight of the conjugated di ene
pol yner . wRerefN@H:RS WOaibRkuehiEsiLabRhETRY iy Preprdsets arcinteyei oigd to5C ai m 6,
conprising silica and carbon black as the reinforcing agent, wherein the
wei ght r aaind) witentphie asiintegax of drio &n(CHahrds bbrdedap voritregeaditoro ohFemula 61l i ca
content: carbon black content) is 2:1 to 50:1. 8. A nethod for producing a
conj ugat e8nd{ deRete? PARGNEBAFHANsi ng steps A and B bel ow. step A

pol ymeri zi ng a nononmer conponent containing a conjugated di ene and a
conpound represented by Fornmula (1) below by an alkali metal catalyst in a
hydr ocar bgn Sowg%njuP&@H AheSolnist RcoraingrBreiainyi Bg 2! Wherdlnk &l ForRilal
derived fromthe alKali netal catal yst at |east at one _end of a polyner

chai n hav{2)gR¥, R¥namkR®uareta hydsechroyiotyhgroumrandgRt’ enddRE rmee arhydeocathybner

unit based on a conpound represented by Fornula (1) below, and step B:
reacting 9¥&Ppol ynmer obtained in step A and a conpound represented

4. The conjugated diene polymer according to any one of Claims 1 to 3, wherein
the content of the monomer unit based on the compound represented by Formula (1)
is 0.01 to 20% by weight relative to 100% by weight of the total amount of the

monomer unit in the conjugated diene polymer.

5. The conjugated diene polymer according to any one of Claims 1 to 4, wherein
the vinyl bond content of the conjugated diene polymer is from 20% by mol to 70% by
mol relative to 100% by mol of the content of monomer unit based on the conjugated

diene.

6. A conjugated diene polymer composition comprising the conjugated diene
polymer according to any one of Claims 1 to 5 and a reinforcing agent, wherein the
content of the reinforcing agent is 10 to 150 parts by weight relative to 100 parts by

weight of the conjugated diene polymer.
7. The conjugated diene polymer composition according to Claim 6, comprising

silica and carbon black as the reinforcing agent, wherein the weight ratio of the silica

content and the carbon black content (silica content: carbon black content) is 2:1 to
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by Formula (2) below, R13 ( 1) (R 1.2)in wherein R11l represents a hydrogen
atom or a hydrocarbyl group having 1 to 5 carbon atons; mis 0 or 1; Rl12
represents a hydrocarbyl ene group; and R13 and R14 independently represents
a hydrocarbyl group or a trihydrocarbylsilyl group, or R13 and Rl14 are
bonded to represent a hydrocarbyl ene group that may have a nitrogen atom
and/ or an oxygen atom or R13 and R14 form one group representing a group
bonded t o5&1ni trogen atom by a doubl e bond, R2Z1IR24 N-R25( 2 ) R23 wherein n
represents an integer of 1 to 10; R21, R22 and R23 independently represents
a hydrocarbyl group or a hydrocarbyl oxy group, and at |east one of R21, R22

and R23 ig a hw'ﬁw@ﬁﬁa%!ﬂ RSAuHPH BonBPfte@ BN ERBlyiied epraprdsing bgps dmanestnt s a
hydrogen atom or a hydrocar byl group that nay have a nitrogen atom and/ or
an oxygenpalam or R24 and R25 are bonded to represent a hydrocarbyl ene
group that may have a nitrogen atom and/or

0 aq Oxila?rﬁn at Ooﬁ ogﬁ@%%ngnd R25
form one group stempAepelyrierigna aMATBMEH FABRORG ! LORIFT Y EnCUVEIRA oubl e
bond. 9. The nethod for prodyci opy ' MReLtaRREM i ng to
Gaim s, AABAEPPOAdBpraapaey By Fodhyle h S By chraRaRIREEARER 8 3
I's a group, §QRABSH BbiIGchtPhefeBy Gy & BblyRRF AXing the alkali metal derived from the

alkali metal catalyst at least at one end of a polymer chain having a monomer unit

based on the conjugated diene and a monomer unit based on a compound

represented by Formula (1) below, and

step B: reacting the polymer obtained in step A and a compound represented

by Formula (2) below,
H Rll

H (Rl‘z)m—*N—R”

wherein R'! represents a hydrogen atom or a hydrocarbyl group having 1 to 5 carbon
atoms; m is 0 or 1; R'? represents a hydrocarbylene group; and R"™ and R™
independently represents a hydrocarbyl group or a trihydrocarbylsilyl group, or R"™ and
R' are bonded to represent a hydrocarbylene group that may have a nitrogen atom
and/or an oxygen atom, or R and R" form one group representing a group bonded to

a nitrogen atom by a double bond,

1‘{21 l|124
R22——s|i——(CH2)n—N —R% (2)
R23

wherein n represents an integer of 1 to 10; R*', R and R* independently represents
a hydrocarbyl group or a hydrocarbyloxy group, and at least one of R*', R% and R® is
a hydrocarbyloxy group; R? and R? independently represents a hydrogen atom or a
hydrocarbyl group that may have a nitrogen atom and/or an oxygen atom, or R?* and

R? are bonded to represent a hydrocarbylene group that may have a nitrogen atom
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* CH2* P (3) wherein (CH)p is a substituent on a benzene ring, p
represents an integer of 0 to 5 and, when p is an integer of 1 to 5,
(CH2)p is bonded to a nitrogen atomof Fornula (1), and * denotes a bonding
position. 10. The nethod for producing a conjugated di ene polymer according
LodCI ai mb8l or 9, wherein, in Fornmula (2), R21, R22 and R23 are a
rocar
Y %ngl)é%/ag E»(()y%gh a?or;g, oFr\)zR 4 gr?éj R gm(;i cr>r(1ae Sroﬁié?é&%?én%Xé a%rrgu%onded to

a nitrogen atom by a double bond.

9. The method for producing a conjugated diene polymer according to Claim 8,
wherein, in Formula (1), R" is a hydrogen atom, m is 1, and R' is a group

represented by Formula (3) below:
Dy
7o)+
p

wherein (CHy), is a substituent on a benzene ring, p represents an integer of 0 to 5,
and, when p is an integer of 1 to 5, (CHy), is bonded to a nitrogen atom of Formula 1,

and * denotes a bonding position.
10. The method for producing a conjugated diene polymer according to Claim 8 or

9, wherein, in Formula (2), R?', RZ2 and R? are a hydrocarbyloxy group, and R* and

R? are a hydrocarbyl group.
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