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 diene

pol ymer conposition, and a nmethod for producing a

conj ugat ed di ene polyner. Background Art In recent
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conpositions used for apmMERe tires. As a poI ymner
conposition for autonobile tires, a pol yner
conposition conprising a conjugated di ene pol ynmer such
as poI but adi ene or a butadi ene-styrene copol ymer and
Tgchnigal Eieldsuch as carbon bl ack or silica, etc. is used.
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styrene, lumas a polynmerization
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terminus of a polymer formed by copolymerizing butadiene and styrene using an
alkyllithium as a polymerization initiator (see e.g. JP-A-1-217048) is known.
Furthermore, a polymer composition employing as the conjugated diene polymer a
polymer formed by modifying with a dialkylamino group-containing acrylamide one
terminus of a polymer formed by copolymerizing butadiene and styrene using an
alkyllithium as a polymerization initiator (see e.g. JP-A-1-217047), a polymer
composition employing as the conjugated diene polymer a polymer formed by
modifying with a dialkylamino group-containing alkoxysilane one terminus of a
polymer formed by polymerizing butadiene or copolymerizing butadiene and styrene,
using an alkyllithium as a polymerization initiator (see e.g. JP-A-63-186748,
JP-A-2005-290355), etc. have been proposed as polymer compositions having good

fuel economy.



However, the above-nentioned conventional polyner
conpositions enploying a conjugated di ene polyner are
not al ways satisfactory in terns of fuel econony.
Under such circunstances, an object of the present
invention is to provide a conjugated di ene pol yner
that can give a pol yner conposition having excell ent
fuel econony, a polynmer conposition fornmed by
conmbi ning the conjugated di ene polynmer and a filler
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group_ havi ng 1 to 20 carbon atons or a substituted
har"!mr%'&i‘ﬁﬂjp EYRdDs having 1 to 20 carbon atoms, and
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wherein X' X2, and X® independently denote a group of formula (la), a hydroxy
group, a hydrocarbyl group, or a substituted hydrocarbyl group, and at least one of

X' X2, and X is a hydroxy group or a group of formula (1a),
Rl

—N (1a)

wherein R' and R? independently denote a hydrocarbyl group having 1 to 6 carbon
atoms, a substituted hydrocarbyl group having 1to 6 carbon atoms, a silyl group, or a
substituted silyl group, and R! and R? may be bonded so as to form, together with the

nitrogen atom, a ring structure,




denotes a functional group having a nitrogen atom A
second aspect of the present invention relates to a
conj ugat ed di ene polymer conposition conprising the
above-nenti oned conjugated diene polyner and a
filler. Athird aspect of the present invention
relates to a nethod for producing a conjugated di ene
pofymer, conprising steps A and B. step A:
poﬁynerizing nmononers conprising a conjugated di ene
—ang-a\(Ipy— aconpound of fornilila (V1) in a hydrocarbon
solvent in the presence of an alkali netal catalyst
to produce a polyner having an al kali netal
wheréigipnderiotes ® oo T ldenctes @ iyysirocarbyiane grewr haypg 1 to 20 carbon
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conmpound having a Iinkage of formula (I1), .
compound of formula (QJI) in a hydrocarbon solvent in the presence of an alkali metal

catalyst to produce a polymer having an alkali metal originating from the catalyst at at
least one terminus of a polymer chain comprising a conjugated diene-based

monomer unit and a monomer unit based on the vinyl compound of formula (V1)
H,C CH
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wherein X¢, X%, and X8 independently denote a group of formula (Vla), a hydrocarbyl
group, or a substituted hydrocarbyl group, and at least one of X, X°, and X% is a

group of formula (Vla),
R3

—N (Via)

wherein R® and R* independently denote a hydrocarbyl group having 1 to 6 carbon
atoms, a substituted hydrocarbyl group having 1 to 6 carbon atoms, a silyl group, or a
substituted silyl group, and R® and R* may be bonded so as to form, together with the

nitrogen atom, a ring structure, and




O III(T~ (if) wherein p denotes 0 or 1, T denotes a
hydr ocar byl ene group having 1 to 20 carbon atons or a
substituted hydrocarbyl ene group having I to 20 carbon
atons, and A denotes a functional group having a
nitrogen atom |In accordance wth the present
invention there can be provided a conjugated diene
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Mode for Carrying Out the Invention

The conjugated diene polymer of the present invention is a conjugated diene
polymer having a conjugated diene-based constituent unit and a constituent unit of
formula (I), at least one terminus of the polymer being modified by a compound

having a linkage of formula (il).

CH,—CH
Xl_Si’_‘X3 (I)
)

wherein X', X2, and X® independently denote a group of formula (la), a hydroxy
group, a hydrocarbyl group, or a substituted hydrocarbyl group, and at least one of

X' X2 and X3 is a hydroxy group or a group of formuia (la).




nitrogen atom a ring structure. C(T - (11) wherein p
denotes 0 or 1, T denotes a hydrocarbyl ene group
having | to 20 carbon atons or a substituted
hydr ocar byl ene group having 1 to 20 carbon atons, and
A denotes a functional group having a nitrogen atom
Exanpl es of the conjugated di ene-based constituent
unit imklude 1, 3- butadiene, isoprene, 1,3-pentadiene,
2,3-H et hyl -1, 3- but adi ene, and 1, 3- hexadi ene, and
—endNt ype t hereof may be used or ¢ha) or nore types may
be uéed,J Fromthe viewpoint of ready availability,
1, 3- bukadi ene and i soprene are preferable. X1, X2, and
X3 of the constituent unit of formula (1)
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n “gggﬁﬂiﬁ&b%gﬁﬁﬂﬁaving 1to 6 carbon atons, a sily
groyp, or a substituted silyl group, and RL and R2 nay
bej onded so as to form togetger with the nitrogen

—at—qm—a(T)p—ﬁg—'glructure. In the plé&dent speci fication,
t he hydrocarbyl group denotes a hydrocarbon residue.
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gr%gg o(t)fe Porrkr)\}.ltla (la), a hydroxy group, a hydrocarbyl group, or a substituted
hydrocarbyl group, and at least one of X', X2, and X3 is a hydroxy group or a group of
formula (la).

R' and R? in formula (la) independently denote a hydrocarbyl group having 1
to 6 carbon atoms, a substituted hydrocarbyl group having 1 to 6 carbon atoms, a
silyl group, or a substituted silyl group, and R' and R? may be bonded so as to form,
together with the nitrogen atom, a ring structure.

in the present specification, the hydrocarbyl group denotes a hydrocarbon
residue. The substituted hydrocarbyl group denotes a group in which at least one
hydrogen atom of the hydrocarbon residue is replaced by a substituent. The
hydrocarbyloxy group denotes a group in which the hydrogen atom of a hydroxy

group is replaced by a hydrocarbyl group, and the substituted hydrocarbyloxy group
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R1 and R2 include an al kyl group such as a nethyl
group, an ethyl group, an n-propyl group, an

i sopropyl group, an n-butyl group, a sec-butyl group,
a tert-butyl group, an n-pentyl group, a neopentyl
group, an isopentyl group, or an n-hexyl group; a
cycl oal kyl group such as a cycl ohexyl group; and a
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Examples of the substituted silyl group denoted by R' and R? include a
trialkylsilyl group such as a trimethylsilyl group, a triethylsilyl group, or a t-
butyldimethylsiltyl group.

Examples of the group in which R' and R? are bonded include a divalent
group having 1 to 12 carbon atoms, which may have at least one type of atom
selected from the atomic group consisting of a nitrogen atom, an oxygen atom, and a
silicon atom. Examples thereof include an alkylene group such as a trimethylene

group, a tetramethylene group, a pentamethylene group, or a hexamethylene group;




represented by -CH2CH2- N=CH . The hydrocar byl group
denoted by RL and R2 is preferably an al kyl group,
nore preferably an al kyl group having 1 to 4 carbon
atons, yet nore preferably a nethyl group, an ethyl
group, an n-propyl group, or an n-butyl group, and
particularly preferably an ethyl group or an n-butyl
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di (t-butyldinmethylsilyl)amno group. 7 Exanples of the
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Examples of formula (fa) include an acyclic amino group and a cyclic amino
group.

Examples of the acyclic amino group include a dialkylamino group such as a
dimethylaminc group, a diethylamino group, a di(n-propyljamino group, a
di(isopropyl)amino group, a di(n-butyl)amino group, a di(sec-butyl)amino group, a
di(tert-butylyamino group, a di(neopentyl)amino group, or an ethylmethylamino group;
a di(alkoxyalkylamino group such as a di(methoxymethyl)Jamino group, a
di{(methoxyethyl)amino  group, a di(ethoxymethyl)amino  group, or a
di(ethoxyethyl)amino group; and a di(triakylsilyllamino group such as a

di(trimethylsilyl)amino group or a di(t-butyldimethylsilylJamino group.




of the cyclic amno group include a 1-im dazolyl
group, a 4,5-di hydro-1-imdazolyl group, a
1-imdazolidinyl group, a 1-piperazinyl group, and a
nmor phol i no group. From the viewpoint of econony and
ready availability, the group of formula (la) is
preferably an acyclic am no group, nore preferably a
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an al koxyal kyl group having 1 to 4 carbon
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denoted by X' to X? is preferably an alkoxyalkyl group, and more preferably an
alkoxyalkyl group having 1 to 4 carbon atoms.

The hydrocarbyl group or substituted hydrocarbyl group denoted by X' to x3
is preferably an alkyl group or an alkoxyalkyl group, more preferably an alkyl group
having 1 to 4 carbon atoms or an alkoxyalkyl group having 1 to 4 carbon atoms, yet
more preferably an alkyl group having 1 to 4 carbon atoms, and still more preferably
a methyl group or an ethyl group.

At least one of X', X2, and X? of formula (i) is a hydroxy group or a group of

formula (la). It is preferable that two or more of X', X2, and X* are a hydroxy group




based constituent unit of formula (VI), which is
described later. It is preferably a vinyl

conmpound- based constituent unit of formula (1V) in
which two of X', X5, and X6 are acylic am no groups,
and fromthe viewpoint of fuel econony and grip
properties is nore preferably a

bi s(di al kyl am | kyl vi nyl si | - d ty t
or a'r;;gq;, gm%v@;“(ﬁ’q%;‘@ g;sg.',ng grlpgp?g»ﬁe 925 G0 SP %P 1XE URRYC are a
i s(di net hyl am ngo i nyl si | ane-based constituent
hy rﬁ’?‘& grayp %%‘sqrﬁ?%?gﬁgﬁ"ﬂ%hé&'nzt hyl vi nyl si | ane- based

Consﬁx%rh'ﬁ&t. of tHel cortiftieff Ghif Bf formula (VI) include a vinyl compound-
propyl)am no) net %yl vinyl si | ane-based constituent unit,
baBéd RohstRlsHt Uit didbMylaEVowhieh Hy Ideseridedi latene-Ibissprgferably a
constituent unit. Anong them fromthe Vi evvpotj)gt of X8
vinyb aiypeuns-hased [donstitesnt LR of farmylmdV) i which two of X', X7, and

arg igﬁ&li%;q%inélg%{:ipg? lgge }rgr}/mltma Upélu‘?)ioan?QFfuePe?c%ﬂgmg%atdrﬁa%&ﬁerﬁes
is ?ri)oﬁ]'é ?)iréfgr'algtftty h%ﬁglgﬁ%ﬁﬁﬁgﬂeﬁﬂiWéilﬁﬁé-ﬁﬂﬁedoé’cﬁﬁﬂt_uent unit, and yet

aen abl'e. Fromthe viewoint
m8ife pHAEraByOROBHK(dHABthgRaTind)megvryisiiand-basedonorsttuent unit, a
the constituent unit of fornula g_l) in the conj ugat_efi,
bis{dietreylayoing)methylyieylsilane based ght castitugat  pdinjtmer @ s bis(di(n-
preferably not |ess than 0.001 mmol/g of polyner. ang. . g
prepylampeniethnviny!silaneiasedy o CORURYARL, ~ YRy e Bi/ef & apPFEi®

b&ﬂhﬁiﬁ%ﬁ%lﬂﬁ%lggébgg@yL%n%titgﬁ@ﬂ ygtﬁ.r aRfhoRQt thef®! from the

nore preferably
vi@@ﬁoih@&%eé&%a@a&ﬂ? of & ohtpodihd P® bis(dethgiadinoirhetigiviaylsilane-
than 0.05 mmol | g of pol yner. The conjugated di ene .
basaidyuoastitoénttuné apd wﬁs(ﬁi(h-huyhamim))mgthalvpmlp%r@rbqqsgq icﬁgstltuent
at least one termnus of the polyner nodified with a
uRibABARErAREi ng a |inkage of formula (11), O1l-(T),,
A - ’ i ntent of the
hydrf&é@%%é’ﬁeﬁgﬁé%g“ﬁ%\%ﬁﬁgo 1ytaédzqglpgtg? orﬁés'g?%rcrg or a
cotfilcnt URIE ST foMAiIa GBI HeCR| @atEdNditee poigmér, trer Bit waigbbof the
atons, and A denotes a functional group havi ng% a
polytende preférably not then tharns0.00b mmol/grof holmerang not more than 0.1

e il b e B P s o
o460 S Tl P A R AR 3t e tan 003

mmol/g of polymer and not more than 0.05 mmol/g of polymer.

The conjugated diene polymer of the present invention is a polymer having at

least one terminus of the polymer modified with a compound having a finkage of

formula (11,
8]
ﬂ (Mr—A (1D)

wherein p denotes 0 or 1, T denotes a hydrocarbylene group having 1 to 20 carbon
atoms or a substituted hydrocarbylene group having 1 to 20 carbon atoms, and A
denotes a functional group having a nitrogen atom.

p denotes 0 or 1. T denotes a hydrocarbylene group having 1 to 20 carbon




i nclude an am no group, an isocyano group, a cyano
group, a pyridyl group, a piperidyl group, a
pyrazi nyl group, and a norpholino group. Exanples of
conmpounds having a |linkage of formula (11) include
conpounds having a linkage of fornmula (lla), in which
pinformula (11) is 0 and Ais an amno group. _I

atom A BOEVHES r{vﬁ%pé’%al%ﬁe”ﬁﬁq‘iﬁim B BYerahehRgRe "

ound o S
pr% aﬁrﬁgr?ae % ']?&ggt e#i‘g%?' ?%dc el)jgrgpgs ereo
|ncEJYJS|érP aﬁ@rﬁﬁ’%% %Cﬁoéﬁanb%r@ﬂgoh@hn@@oum aleyiidtgroep, a

hereof, or “a | actam Exanpl es of conpounds havi ng a

plplendﬁ}{ggmpoé plyazimyl grogp, |amyl amcrlpbdlmOeger boxylic acid
am de conpound of formula

\ Rgixmm!ea of qEPoyEdHhadnga prb%%gqrforgetﬁaﬁl)dnéuée 3°mp°unds
vl 2R ORI, ot f RGP 002 A i o

gr ons, a heterocycllc group having a nitrogen atom
a fjor an oxygen atom as a heteroatom R32 and R33
pendent|ly denote a group having 1 to 10 carbon
at , Which may have at | east %3 atom sel ected from
—t+he-ateNi-e—gr oup consi sting of é ﬁarogen atom an
oxygen atom and a silicon atom R32 and R33 may be
bonded $0 as to form together with the nitrogen
atom a ring structure, and R32 and R33 may be a

Si ngI e rou bonde o.the nitr ;
bondEamelay pLerarounie ages 8 idiass o PEVisTUBL SR § aipppyte
au:c{1 % e -4 Aﬁy SudW Q&'Worrllapmc?éjcébe?aﬁmae "B PipicBaRitS. Frther
g mI F an n-propyl group, an Isopropyl group, an
ex%mphéét mbre@r HMéfudeda gpdlichismpoupd auph asrimidazelimintone, grdaryative
an aryl group such as a phenyl group, a nethyl phenyl
thepeof)pr adactarnhyl phenyl group, or a naphthyl group; and

an %;grlnlél)és o%grggounﬁc tﬂa\%ﬁg g Iut'il((aangzey of FOrmuE’ (lla) include a carboxylic

acid amide compound of formula (lll).

11D

wherein R*' denotes a hydrogen atom, a hydrocarbyi group having 1 to 10 carbon
atoms, a substituted hydrocarbyl group having 1 to 10 carbon atoms, or a
heterocyclic group having a nitrogen atom and/or an oxygen atom as a heteroatom,
R and R® independently denote a group having 1 to 10 carbon atoms, which may
have at least one atom selected from the atomic group consisting of a nitrogen atom,
an oxygen atom, and a silicon atom, R* and R*® may be bonded so as to form,
together with the nitrogen atom, a ring structure, and R* and R* may be a single
group bonded to the nitrogen via a double bond.

Examples of the hydrocarbyl group denoted by R* include an alkyl group

10



Exanpl es of the substituted hydrocarbyl group denoted
by R31 include a substituted hydrocarbyl group having
as a substituent at |east one type of group selected
fromthe group consisting of a nitrogen

atom contai ning group and an oxygen atom contai ni ng
group. Exanples of a group having a nitrogen atom

sugh 55 RyTaIihsBRRAN G aFP 0. eh rtov SRRk BF ifpramytaropp on
bug % hawcﬁ%ﬁ%tpf' d’roéaf Bty SFoﬁFPan AR praBIEsa®hb phenyl

gen atom contal ni ng group as a

&HPS& He*ﬂﬂflﬁheh?lcbr@dﬁ am etthyirnengll gnplip, gr aupaphitiyh gessipa and an
nmet hoxynet hyl “group, a nethoxyet hyl group, an

arﬁkilgxgumﬁt.‘tmlas agfrevap, Qéwp andeLhoxyit hﬁl group. The
t t 1
ot onFEaplgp o the Gebelreg: Do ot Jepaed it cBefide a
ugg{ge e anyA&qcagW?%?&Sﬂg ﬂa\n idug sﬁﬁ&k@éﬂ?'aﬁ‘gefst dhet fySSQﬂ group

mlnt e ring, and exan'p es

setictdd Froff ngdﬁ@' H&%lstlﬁg Zof Py ritébgengatonpcontaiding ygroay land an
group, a 4-pyridyl group, and a 2-furyl group

opyenTHtem-oohtaittdg ignadpudeEpneles ablay gwl-myhamrebwtrogp@@om-

having 1 to 10 carbon atons and _a subst
cam%'ngaaraw 2 Bupisbn el o0y Bgmolg Bfoug,guen as
I
dlgle 9&'2@ H@%éaﬁé*hgﬁigﬁﬁ@etﬁ@%% ]?ﬁdg?%ng;ﬁéQQF‘a group
iHclud lkyl
s e
graviflrauear &y la @femmydnathvhgrohp. tao misthagetbyingwupman giioymethyl

substituted hydrocarbyl group having 1 to 10 carbon
grmupnys. anstheryethy! @gbubhe hydrocar byl group denoted by

R32 d 3 includ [ Kyl 1
2 S e BB g Bk o
?}g%H'%t m3a8 dhdtstbitontd s Ah8RfodyicydonbodH residueacontaining a

utyl group; an aryl group such as a phenyl group,
nirogBit BidnP BedYY aboygen aoman thel irige Apdl egam.ps of thegroup include

I T A R et

0 S BEAFROAS 1 dt  Eay A b o i 8 o 0
cgéb%rﬁ ggtgrns g{ug ﬁ}%ggﬁitgtlﬁﬁ ?ﬁgﬁg%@é@gg haviRg ¢ a690 Shibon atdms, and
more preferably an alkyl group having 1 to 4 carbon atoms and yet more preferably
a methyl group, an ethyl group, an n-propyl group and an n-butyl group.

Examples of R% and R*® of formula (11l) include a hydrocarbyl group having 1
to 10 carbon atoms and a substituted hydrocarbyl group having 1 to 10 carbon
atoms.

Examples of the hydrocarbyl group denoted by R* and R* include an alkyl
group such as a methyl group, an ethyl group, an n-propyl group, an isopropyl group,
an n-butyl group, a sec-butyl group, or a t-butyl group; an aryl group such as a phenyl
group, a methylpheny! group, an ethylphenyl group, or a naphthyl group; and an

aralkyl group such as a benzyl group.

1




oxygen atom contai ni ng group. Exanples of a group
having a nitrogen atom containing group as a
substituent include a dial kyl am noal kyl group such as
a di nethyl am noet hyl group or a diethylam noet hyl
group, and exanples of a group having an oxygen
at om cont ai ni ng group as a subst i tuent include an
al koxyal k r ou rnQUB32 33
ot MR o e dHo S TR S aled 18RS dnd R
: 0 t%t‘{éastlbn e of
et S gﬂiﬁ?@*f A A
r&?; Zllediad e s grdtip cW%lﬂmgrﬁi\ﬂ rhtmgenadtom@nehmmegmw@“d an
atom selected fromthe atom c group consisting o
oxgger atawreontaining) grupox Fyemples o aaﬂf BUR hayingi %d’ﬁtr%e&'matom'

contaTeR o se B rsubLe ed Rt MOy b Yok = <

r " grou
B RRITARR oy Sy PR RILLENRTRR) Su¥Bles AT growp
haR g0y G ¥ioRNEorB4iRNG - grodh Gisaa rislubéttt@em mﬂtndeilanlaigoxyalkyl
group such as a group represented by -CH2CH2- NH
grouip augh Gspa rmethexyemdteyl droup, Gragethoryethyl 9reups Al ethoavmethvl
t he single group denoted by R32 and R33 that is bonded
growp,tai@n efloxyelid9relPa a doubl e bond i ncl ude a dival ent
group_havj n to 12 Nt [
| eas X%’HB“*?%&@" & 91oHp § Qéq%e%t e from ﬁg’ngﬁm"g‘ﬁéf"‘o%a'em
grﬁeﬁ‘ﬂﬁhb@m 90 @arﬁﬁﬁ BRARN vHiSH magnhavey gcleast ome typedofaatom
icon“atom Exanples thereof include an ethylidene
seﬁﬂdﬂed)f,roza the alah'ﬁtyglpuppyhsmimge)fgrmthgenaatom an oxygen atom, and a
3-di met hyl butyl i dene gr oup nethélethylld

m@muﬁoman ExemAlenherepinEchge 2 %‘&Eﬁéﬁ’z%’PP fjifethylene
2 and R3
Ry DD oCh et HIBng B, 80 fioflrmetyyigne oroup
aﬁ/ 8 dﬂ?ﬁﬁer@ Gb&S 8l adn BWéthﬂér%J?rohp\dr ag oitydluproﬁwene group;
atons, and especially preferably a nethy
afg:’ auﬁlrog&n-oehiayimgggmup sueln as -apgrowy repgeagmd l@md;‘l-aaq:Hz-NH—CHz-
n- butyl group. Exarrpl es of the carboxylic acid am de

OE%GW@QWGPFGW%QN‘&H WA 111) include a formani de
CO”’D%W@ [ﬁ ;{1 %ﬁﬁ@n& up Nemitgél ey h@rﬁmmﬂ‘?‘s b&fded to the

an ac tam e COfT'pOUI’] such

nitrog&T $la2adeBnle Nbohd dhéﬁﬁehé“dﬂfaﬁﬁ:ﬂ@nﬂﬁ) hdVifg 2 to 12 carbon atoms,

which may have at least one type of atom selected from the atomic group consisting

of a nitrogen atom, an oxygen atom, and a silicon atom. Examples thereof include
an ethylidene group, a 1-methylpropylidene group, a 1,3-dimethylbutylidene group, a
1-methylethylidene group, and a 4-N,N-dimethylaminobenzylidene group.

Examples of R* and R® include preferably a hydrocarbyl group, more
preferably an alkyl group, yet more preferably an alkyl group having 1 to 4 carbon
atoms, and especially preferably a methyl group, an ethyl group, an n-propyl group
and an n-butyl group.

Examples of the carboxylic acid amide compound denoted by formula (111}

include a formamide compound such formamide, N,N-dimethylformamide, or N,N-
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di et hyl acet am de, am noacetam de, NN-di nethyl-N , N
di met hyl am noacet am de, N, N-di net hyl am noacet am de,
N- et hyl am noacet am de, N, N-di net hyl -N -
et hyl am noacet am de, NN-di et hyl am noacet am de, or
N- phenyl di acet am de; a propi onam de conpound such as
propi onam de or N, N-di net hyl propi onam de; a
'qp(ﬁ{yri dyl am de conmpound such as 4-pyridyl am de or
diethyligrramidel - 4- pyri dyl ani de; a benzami de conpound such
as_benzam | fIRH P ide, MvMimethRtacetamide, N,N-
oA, oot AR M s oy ,
di(%}hﬂaeéét&hﬂb?t RriRdE caRnies Z aNi MidimdthyWViiNteintethyldiniNoaggtamide,
| met hyl am no) benzam de, or NN-di methyl -N, N . ,
N (edihietytapincacetiridez ani d¥:etyviamiopgeetamige. conpdbiNgiagiby-N-
as N, N-di net hyl acryl am de, or N, N-di etn)%acrg.l arp' rﬂ%'e' a
ethlaminoagetamidge NV fimainviarsinepcetamide, or N-phenyldiaceiarnide;
NN- di et hyl et hacr yl amnj r N : i ide:
2 POPIATIS AR e 6 1op inplMidk o unidimetoyioropionamide
' L\ RL dueR Es dSpyPiktyIbimidte 6F /AL dIBEMNYEOpiyaytanide;
a@%ﬁ]ﬂ?%renaﬂggblggﬁr%und g‘f}glhyas ) .

a NbdNzbinidet ebmpotichysupit dsalbantataider NNNimethiibenzamide, N N-(p-
tetraet hyl pht hal am de; and a phthalimd ctggpg.un% T’W:RI
disrethylareinb)penzarnidei N, ii(oolieiylafing) penzam]idey; Hdv-dimethy-NN*(o-

Furt hernore, exanpl of. cycl i,c . ' .
SeHMEBRDeh T (Y MmN Y BT naTbes PR

N dinYEthylalrylafde O MN=diBthiRderylamide;
a% %@h@%ﬁ%ﬁgr&%%w ylablyla

ein mdenotes an’integer of 0 to 10,
adsbtiRdchyianfieRdripodapesdent 4y  Ngwdimetayimbthderyteanids | or  N.N-
group having I to 20 carbon atonms or a substituted
dietigtroethadsylamigeoup  having | to 20 carbon atoms. 13 ON

o3 ikinitie Cakuubs Fd Do R et o

diethylnicotinamide;

a phthalamide compound such as N,NN' ‘tetramethylphthalamide or N,N,N'N*-

tetraethylphthalamide; and

a phthalimide compound such as N-methylphthalimide or N-ethylphthalimide.
Furthermore, examples of cyclic compounds having a linkage of formula (lla)

include a compound of formula (1Va) or formuia (IVb).
0

N

“N—R® (IVa)

—N
\CH'z )1{

wherein m denotes an integer of 0 to 10, and R*' and R* independently denote a

Riﬂ

hydrocarbyl group having 1 to 20 carbon atoms or a substituted hydrocarbyl group

having 1 to 20 carbon atoms.
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1 to 20 carbon atons or a substituted hydrocar byl
group having 1 to 20 carbon atons. R41, R42, and R43
in formula (l1Va) and formula (IVb) independently
denote a hydrocarbyl group having I to 20 carbon
atonms or a substituted hydrocarbyl group having 1 to
20 carbon atons. Exanples of the hydrocarbyl group
defioted by R41l, R42, and R43 include an al kyl group
su¢h as a nethyl group, an ethyl group, an n- propyl
an isopropyl group, an n-butyl group, a
Yutyl group, or a t-butyl p; an aryl group
such asya—phriyl group, a neth%ﬁ@%ényl group, an
enyl group, or a naphthyl group; and an
_ group such as a benzyl group. Exanples of the
substituted hydrocarbyl group denoted by R41, R42, and
wh&tdin ol %%Bféqeaﬂnt%?rséf'dﬂét@ ahy P 0gaHokag a Bydpsarid group resing
a substituent at [east one group selected fromthe
1 €5 QDPCHHSIE hfpisngr af substifutedoyenocaryingrount havingd t9r 3¢ sarbon
an oxygen atomcontaining group, and a silicon
atatem cont ai ni ng group. Exanples of the group having a

nitrogen ., ato nt ai ni ng,.gr.ou S '

T RO B 54D e BT gty denie

@ ey | hifRert ytro
R gAY 1628 4R fofi Wy SATIRR! Rytognsiiarop
ha&Viry™ &R0 @afioRtatems U pExasniiles obtiei Hyd axcartiyhgloup eleaeted by R™,
al Koxyal kyl group such as a net hoxynet hyl grolw, a
Rffeahd R/ irclude groalkyl gieup eucioss Aetehy! grgrFn eihylgroup, an n-

et hoxyet hyl . group; and an al koxyaryl 0 S |
PIRBPGRYR A PEPEPRLODP. ah e/ P Bydell 2 Loty
of 1t j | { yisHEh Rl gt &thyiphenyl
oo A afj BitRp BKh B FonethL o0, ALV G008 Sefioren
gfoup! ol apntiyiTgriol! arid af analregroyy suphoasm benzgtl group.
trimethoxysilylpropyl group. R4l and R42 in f&§1nw4@ 4 R¥
(| Va)Examplesrafitee subsfituisdhytrasashy! aseupugrnotedbeR™, R™, an

Rhhcs S VS B0 oY FuRIBER A0 ore ron

. I'S prerera

s%¥&58 ‘ﬁ%ﬁp?ﬂeg%ﬁ% ?ogﬁ%‘n& R £hRO58 ¥toicorkt4inl l@fbl#ﬂ lrahU@(ygen

an ary et nore preferably a net

aflinfebntaining gRe\§N) Bhd adsiliRep atom-aoataininigrgréur. mExampleszf thenaroup
formula (I'Vb) each denote an integer of O to

10..  Fr.om
havieg i rdtrggenratonfcopianing: JieyP fag s%@Wngclpq!%9 diglylaminoalkyl
g?{;u%f s%rcﬁbalsya Qi%etrly?asrgingélﬁﬂ g%éup or a diethylaminoethyl group. Examples
of the group having an oxygen atom-containing group as a substituent include an
alkoxyalkyl group such as a methoxymethyl group, a methoxyethyl group, an
ethoxymethyl group, or an ethoxyethyl group; and an alkoxyaryl group such as a
methoxyphenyl group or an ethoxyphenyl group. Examples of the group having a
silicon atom-containing group as a substituent include a trimethylsilylmethyl group, a
t-butyldimethylsilyloxymethyl group, and a trimethoxysilylpropyl group.

R* and R* in formula (iVa) are preferably hydrocarbyl groups, more
preferably alkyl groups, and yet more preferably methyl groups.

R* in formula (iVb) is preferably a hydrocarbyl group, more preferably an
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and fromthe viewoint of enhancing econony during
production, they are preferably not nore than 7.
Exanpl es of the conpound of fornmula (IVa) include a

1, 3- hydrocar byl - substituted 2-im dazolidi none such as
1, 3-di net hyl - 2-i m dazol i di none, 1, 3-di et hyl -

i m dazol i di none, 1, 3-di (n-propyl)-2-imdazolidinone,

tyl) i
syt G e RE 9 5, B it e et arppp o @ ey
gréup- substituted 2- imdazolidinone, nore preferably a
1, 3-hydrocar byl - substituted 2-im dazolidi none, and
yet moamd plrefoenalhI(Waa afbd Bordhutd {vih)-eaich niedateani idﬁegern@ 0 to 10.
The 1, 3-di al kyl -2- im dazolidinone is prefera
Fromathgi Viewnejnt-cf einha@carzgafuea EERSIREYY, they. Qf?é'-t’?f?fabbl ot less than 2,

azol i di non
and S e VBB DT Sheneine sapramnditine piRgiigphey are preferably
I 1,3- d inmethyl-2-imidazolid inone.
"&"Zgr{%ft@f" of the conpound of formula (1Vb) include a
prda&ambmt oimtheC @BPUGLH ficBrmasla (IVa) include a 1,3-hydrocarbyl-
N-rret | - p- propi ol actam N tbutyl - p- propi ol actam or
subspwm&//mmislamlblmooeemcams 3oty - reidaroligbanehd diethyl-2-

WRROIG09R.) 30 SN o TaaZEla Ay 326 PHHr2 idpzolidinone.
orl' E@-«ﬂ@g% h'ﬁiﬁ¥£ Id%fm;‘ rrol ftd%‘e ﬁreferably a 1,3-substituted 2-

eny pyrroli

mﬁdél%ﬂéimbne? PidFd refeiBRy, almaﬁiawcwbyﬁslﬁwméd doRfidazolidinone,
1- phenyl - 5- net hyl -2- pyrroli

ano[tyetjumdr? Praierably| a2-hydiatiyl-2-irodezoliginone.  The 1,3-dialkyl-2-

'"Zd?ﬁoﬁ&PP ne‘%cgﬁgﬁlf ﬁbhshéﬁag thy?2|m|cpa\zollcfa inone, 1,3-diethyl-2-
n’!idéztoh éf(%zlgﬁy Hgﬁ g‘%@ﬁ‘z dlgnr%@at}%ﬁtylhor?é, PLREHhER Brefdrably 1,3-
drﬂrﬂl@i-ﬂ‘ﬁhﬁﬁé&mﬁ‘tﬁﬁw) 2- pi peridone, or 1-naphthyl -

pi peri done; an c-caprol actam conmpound such as
N- netﬂxympdesc apribé aearepnunil et Hyrimuda dafh) oinablclanﬁ B-propiolactam

o LR eI B eSS g RO 5 SRR, 3 pheny

B?%&@‘t imc-caprolactam and 15 a w| aurol act am
ound Such as N-phenyl -w | aurol actam The conpound

a Fpyravlidohe compBlnd Suddr 88 etmdthyl-Ppyrdidione | 1-@oagyl)-2-pyrrolidone,
conmpound or an s-caprol actam conpound, nore

1pheny2amiriplidorie, hydremathyiphegylh2pyrrolidote.2- pyipmathexypkenyl)-2-
pyrrolidone, 1-benzyl-2-pyrrolidone, 1-naphthyi-2-pyrrolidone, 1-phenyl-5-methyl-2-
pyrrolidone,  1-(f-butyl)-5-methyl-2-pyrrolidone, or  1-(t-butyl)-1,3-dimethyl-2-
pyrrolidone;

a 2-piperidone compound such as 1-(f-butyl)-2-piperidone, 1-phenyl-2-piperidone, 1-
(p-methylphenyl)-2-piperidone, 1-(p-methoxyphenyl)-2-piperidone, or 1-naphthyl-2-
piperidone;

an g-caprolactam compound such as N-methyl-e-caprolactam, N-ethyl-e-caprolactam,
N-(n-propyl}-e-caprolactam, N-phenyl-g-caprolactam, N-(p-methoxyphenyl)-¢-

caprolactam, or N-benzyl-e-caprolactam; and
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or an N-hydrocarbyl -substituted e-caprolactam yet

nore preferably a 1-al kyl- substituted 2-pyrrolidone,

a l-aryl-substituted 2-pyrrolidone, an

N-al kyl -substituted c- caprolactam or an

N-aryl -substituted s-caprolactam and particularly

preferably 1- phenyl-2-pyrrolidone or

N- acEfrpounds having a
a 'laH O(Jagéfgm% 015@86'94 afcba%%N Fﬁé\fwa’ga%@npounds havi ng a

i nk’ﬁﬂbecd?rk)d‘uﬁﬂ B tRmlal (W) id ﬁkefdﬁétﬂ{ﬂa@- Wroindtﬁrl‘aktm;(duhbl or an
is 1 and is an amno group. O I-TN(IIb)

s-capeilamtam Toohpoohd: Inare hyefecabdyr oyl I-fmde:)ogrtlyuguhsatmetgzpytr@tdone

20 carbon atons or substi tuted drocarb
or | RgVropab PRI G HEBREISCSTamAPLINTF EEARIBIHGE el

Sl GH89 5 AR PGkl B b 35 Rty snsges
P BRNEHORE N-SRPBMLRReEXRBHYoRBR, m&ﬂaﬂéﬂWQWéTﬁbiﬁ 1-

age of formula (Il'b) include a conpound
pheayli2pyaro(i¥one 6 NRmelfpl-c-Caprotastan.V) |\ R3 V\herel n R51
denotes a hydrogen atom a hydrocarbyl group having
t o 1Bxareple®nf cemraunds having &t linkageaf 'ﬁVﬂWédH\} Ipgiude, Pe'aaounds

having 1 to n ato | i r.Qu
neg: K20 o OB AT anars P B Prag L 8 find & 8’ dmino
g§E?E”°at°”‘ R52 and R53 independently denote a group
ng 1 to 10 carbon atons, which may have at | east
ongjatom sel ected fromthe atom c group consisting of
ﬁltrogen atom 16 an oxygen giggj and a silicon
—atwm—RF2—antf R53 may be bonde as to form
together with the nitrogen atom a ring structure, R52
and R53 may be a single group bonded to the nitrogen
via a double bond, and T denotes a hydrocarbyl ene

wt%rgilrj\pT denotes a hydrocarbylene group having 1 to 20 carbon atoms or a
substituted hydrocarbyl group having 1 to 20 carbon atoms.

Examples of compounds having a linkage of formula (lib) include a
benzaldehyde compound, an acetophenone compound, and a benzophenone
compound.

Examples of compounds having a linkage of formula (lib) include a

compound of formula (V).

RL—C—T—N (V)

wherein R®* denotes a hydrogen atom, a hydrocarbyl group having 1 to 10 carbon
atoms, a substituted hydrocarbyl group having 1 to 10 carbon atoms, or a
heterocyclic group having a nitrogen atom and/or an oxygen atom as a heteroatom,
R% and R® independently denote a group having 1 to 10 carbon atoms, which may

have at least one atom selected from the atomic group consisting of a nitrogen atom,
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having 1 to 20 carbon atons or a substituted
hydr ocar byl ene group having 1 to 20 carbon atons.
Exanpl es of the hydrocarbyl group denoted by R51

i nclude an al kyl group such as a nethyl group, an

et hyl group, an n-propyl group, an isopropyl group, an
n- butyl group, a sec-butyl group, or at -butyl

gr%ﬁ@w |a¥\a,aor§igu<§)na%t%§{]t§§rﬁ%gp ﬁnlél?%&g’rl%g@égaéo as to form,
BRI ki 3™ g e SR e

bdiRBats dhé’)ﬁltB’één iviich %ﬁb@ béiidh ahi tlulisbtéy drigapsdaiylene group
group having as a substituent at |east one group

hasiriget te @0 darkzom atbmsg:rrwwbwhmdshydﬁgcam'wmgtquod‘tﬂ’dmg 1to 20
atom contai ni ng group and an oxygen atom cont ai ni ng
C%PQHJ%""Exarrpl es of the group having a nitrogen

oS g by S S PRy o

s&hoéépa Rt GioRb i myngelpyan AprRIpYI grahs aﬁ%@&]’bﬁﬁ g®dup, an n-

the group "havi hg an 0xygen atom contalning group as a
bwbgroup ue Bec-botyl yaapaor al ddautyl ajréuyd; ayraxybgmuprsuab as a phenyl
met hoxynet hg roup, a methoxyethyl group,
gr@unoayrnethhlp el@y? awp @n athylpbemd ay@Lm ar a;neemhvlmeup- and an
clic denoted by R51, having a nitrogen
a@ﬁ%ﬁ?@HéFB‘fh %%agﬁ%bgﬁ’ugtom as a heteroatom denotes a
het er, C OB\ RSBt RiM0d
and/ GRS of HEPOUBMALE hidtBeatEl! G8uf dcoledPBp R Tikide
stﬂfsﬂﬂlt)ed ﬁ?drbﬁ&byiagraum}ﬁabidglasga @ubstitaend ¢ yeast he grougp selacted
4-pyridyl group, and a 2-furyl group. R51 is
frpmethe gebipycansistiel ot itgematam-egetainng GouP R @p PR9Ematom-
to. 10 car bstituted hy
cgnta*awwwmg Srieorr P sutbes g & Ariaef g epifing oroup
eﬁ gF’bJﬂiﬁ)@n’E‘ grf1 cludea ]tﬁalﬁfléljﬂ%aﬁ("ypﬂﬁaubss&h e$ 'bagihﬁétlﬁ{hmmoethyl
-1 yl group havi ng 0 4 cafbon atons or a phenyl

guBLYT, a diethyanihoethyiagrbyp, paref examylys af thet grplip drasing, aranxygen
et hyl group, an n-propyl group, an n-butyl group,
aforepgMaigingug@rouF LA Resyhstivient gqq:@dgug@,tqllfq;y%l[gy group such as a

"ﬁdrocaiﬂ"i %{ﬁﬂéf% R w’%?%‘ﬁt)o%é& ﬁgg‘ "8t ?ﬁﬁ%ﬁy{ Yroup, or an

?éupnl ng group as a substituent, and nore
pre era a di al kyl am nophenyl group or a

rmm’fwhﬂémabdhydro@ﬁ adgnoted by R*, having a nitrogen atom andfor an

oxygen atom as a heteroatom denotes a heterocyclic compound residue having a
nitrogen atom and/or an oxygen atom in the ring, and examples of the group include
a 2-pyridyl group, a 3-pyridyl group, a 4-pyridyl group, and a 2-furyl group.

R is preferably a hydrogen atom, a hydrocarbyl group having 1 to 10
carbon atoms, or a substituted hydrocarbyl group having 1 to 10 carbon atoms. The
hydrocarbyl group having 1 to 10 carbon atoms is preferably an alkyl group having 1
to 4 carbon atoms or a phenyl group, and particularly preferably a methyl group, an
ethyl group, an n-propyl group, an n-butyl group, or a phenyl group. Furthermore,

the substituted hydrocarbyl group having 1 to 10 carbon atoms is preferably an aryl
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Exanpl es of R52 and R53 in formula (V) include a

hydr ocar byl group having 1 to 10 carbon atons and a
substituted hydrocarbyl group having 1 to 10 carbon
atons. Exanpl es of the hydrocarbyl group denoted by
R52 and R53 include an al kyl group such as a nethyl
group, an ethyl group, an n-propyl group, an isopropyl

gl?[]%ﬁ?\’wg ngitﬂi [ H%&n&%ﬁtﬁ@;n&ﬁ%ﬁ@% z gut%bstﬂﬂ%{ﬁayqd%og@ J)ur%f’erably

a
r oup, ch®as a phe

a BialGlahihspteAY gréliPstia —ﬁ’fbrﬁ"dﬂﬁb;}ﬂ‘l’éﬁ?b’dmw.wp, or a

4
napht hyl group; and an aral kyl group such as a benzyl
gr ouExafpkesyf &S arfd Rffdn serbaita () tiretideyalhyatracaniyy! ggrupuaving 1
denoted by R52 and R53 include a substituted
ton @& catanbatomsr anth ahsupstiytess hydraeasay!li arowmhagind | e i 110 asbon
roup selected fromthe group consisting of a
rogen atom containing group and an oxygen

at omeGaRhRisTifike H%&U&rb Gendtdd bY RETLYRAVUGE af alkyl

nitrogen atom containing group as a substituent

gronp lsucteasia theth graup, o athylydrogp cann-propll @du@ an isopropyl group,
di met hyl am noet hyl group or a diethyl am noet hyl group,

am fRdpubyk aravPes sed-bitikargurn wp a Hbaitd auanapRybaraup such as a phenyl
aton}coq% iﬂin roup as @ s%ﬁétituent i ncl %g an oo
9IRHRORYEFRYIPNEYT GIPs 3netKiPhe amﬁéﬁqufﬁfﬂ (HHOUR, and an
t hoxymet hyl group, or an
a@@?@@?éﬁ%@¥4%?%8%&”E@§H@|es of the group in which R52
and Ro3mpled BOMECdubsiitlted tydrodaibgl griup Gsrbtgd bavRTgad R™
to 20 carbon atonms, which nmay have at | east one atom

inslutle gt substituted hydrecasloyd rareupghaning 89 @ssubstitugniodt lgast one group
itrogen atom an o en atom. and a silican atom

SRCIRY TN e AP eRrstg s Jiiegaem, oG eRrieIGia oFaup gnd an
' | ; e r .

Nl IR our? EEHPRECSOULCHBE AU & rirogen atom-

centaifling! gaolpnds @r substiieah ifdudd aodigitiiaiindatye geiupuBUE as a
an oxydi propyl ene group; and a nitrogen-containin
dimethitarsineethylsaraug) po aligtbyaminesthwtigioup - @ examples group

nBYs ofr Bef RO CoReTNEIrasp w5 S TRER! MopRRE Afovalky

5 . b : .
o565 to Rl A AR, ol oSy
g@up| et ethowgettyDgiogpel ected fromthe atom c group

ConSIES)}aIm?J esogf tﬁe group in which R® and R® are bonded include a divalent
group having 2 to 20 carbon atoms, which may have at least one atom selected from
the atomic group consisting of a nitrogen atom, an oxygen atom, and a silicon atom.
Examples thereof include an alkylene group such as a trimethylene group, a
tetramethylene group, a pentamethylene group, or a hexamethylene group; an
oxydialkylene group such as an oxydiethylene group or an oxydipropylene group,
and a nitrogen-containing group such as a group represented by -CH2CHz-NH-CHs-
or a group represented by -CH;CH>-N=CH-.

Examples of the single group, denoted by R*® and R%, bonded to the

nitrogen via a double bond include a divalent group having 2 to 12 carbon atoms,
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nitrogen atom and an oxygen atom Exanpl es thereof

i ncl ude an ethylidene group, a 1-nethyl propylidene
group, a 1, 3-dinmethyl butylidene group, a

1- net hyl et hyl i dene group, and a

4- N, N-di net hyl am nobenzyl i dene group. R52 and R53 are
pref erably hydrocarbyl groups, nore preferably alkyl

ARk, S S it o pBLAERR SO DebS o o

N - p ’. -
ety SRR PLBYMIHES U e

a Hymé@thilpedpytidenengralipya erGBdingstioututgidee agoup, Bt feteyathylidene
roup, an ethylene group, a trinmethylene group, a

QT%EP-rQi'ﬁ’eQ‘FTW:@ efhyaminohepayidenegioypene group, or a

R R T i -
t e_ @0 (- -] hyl r

o8 B DR R T S8 4 i

priefethblgd ethyl gmgg,ielttwl gFbupy Jh-BERYRITLEPE 0B h BB/ BRYUPEY as

a substituent at |east one group selected fromthe

gr oufExampieissefi thg hyidracarhyleneggroupt demoteginbwiThincywdg raou plkylene

and an oxygen atom containing group. Exanples of the
gngBLﬁHCHa%y %g"‘&tWiq"Pog@HPaﬁan?‘gﬂﬁﬁ%igﬁﬁ’% #tgnpthylgge group, a

' i nc i al ky i noal kyl en roup such
teg‘gmgml!!ﬁ“ﬁgrﬂ% a:-] nﬁ%ﬁg@ﬁ&&%ﬁs dé&% IOor & F%‘ame?hyq?ne 8roup, and an
arffiefk Nytaup ok hys ?Qefgérﬁﬂkiih'e Hruit  adirmdthylbRetyRPR Y&RHE an

group such as a di nethyl’am nophenyl ene group or a
ethylehénylene grouh @nglnapiethgiene groupnd exanpl es of the group
havi ng an oxy%en atom containing group as a

substEameles ofribe gybstivled hygrasaryianeoup dapoteddly hdnciude a

SRR A B v P, S Sl A R sfectec
frorf the GFctibaldh¥isnd W ARBESY BRECORtaHMg d?&?[?aﬁ’& &h nYatom-
an arylene group, and yet nore preférably a phenylene

captainipg gioupp Examplestdf¢he grqupuheaingfa hitrogeh atdrvicontainingdgroup
a di al kyl am no-substituted benzal dehyde conpound such
a%s . &Pﬁ%‘tﬂf*ﬁnfan'ﬂﬁ'%%nzm Jéplyiaminpalkylene  group such as a

i A yA hyde, or .. . .
B BSOS LA L&, of o igdeminogtnyiepg, gpong: and @
diaikainirodkyRshed CSb AP N8N Cad ORP AiRélhPLRihoBRenylene group or a
4- di met hyl am noacet ophenone or 4- 719
diethylaminophenylene group, and examples of the group having an oxygen atom-
containing group as a substituent include an alkoxyalkylene group such as a
methoxymethylene group, a methoxyethylene group, an ethoxymethylene group, or
an ethoxyethylene group.
T is preferably a hydrocarbylene group, more preferably an arylene group,
and yet more preferably a phenylene group.
Examples of the compound of formula (V) include a dialkylamino-substituted
benzaldehyde  compound such as  4-dimethylaminobenzaldehyde, 4-

diethylaminobenzaldehyde, or 3,5-bis(dihexylamino)benzaldehyde; a dialkylamino-

substituted acetophenone compound such as 4-dimethylaminoacetophenone or 4-




di et hyl am noacet ophenone; a heterocyclic

gr oup- substituted acet ophenone conpound such as

4- mor phol i noacet ophenone,

4' -imdazol -l -yl acet ophenone, or 4-
pyrazol yl acet ophenone; a di al kyl am no-substi tuted
benzophenone conpound such as

Ao b j an1 0) no . ;
dl%’fhﬁ!apﬁ?(g%%’fogﬁﬁy e n%) bﬁbﬁ%gﬁ@gong@ugﬂsubﬂltumd acetophenone

céthpRindyd i asobatorsholinsavetphénehes Uhinidazoh o lyenzophemsries or 4-
3- di net hyl am nobenzophenone, or

pBazpidacatophennotica zialkarone-substiluted Henzephepens compound such
ag ‘?,%pfﬂﬂg ﬁ%&%ﬁ;g bg”%q‘i@ﬂgﬁé’ n% 4 8ITPdO etﬂyﬂamlno%enzophenone 4-
di éﬂ ﬂl:)ﬁ zX éophenone4 &?étl%amlnabe?zopheno e 3-

razo enzop e’none The conpoun ornmul’a (V)
dmtm@ﬁiﬂb@éﬂszﬁerﬁﬂes bt 3udisylaeficbBRALIPPBERONE QRO NHetérbeyclic
a substituted benzophenone compound, and exanpl es
gtoluprsatbtituted Ibadmphanmmmpuﬂndfsubb asdimorphalinpbenzophenone, 4'-

fornmul a Sl?e CH, (lYe) wherein r denotes an
"i"l‘ﬁaé@'e?yl ”Zoﬁﬂe"Q"e \er 4%%%‘-’-95"?@"8@% n

i . T o, B PP i Hrbbl°g o PRut e JEEtES eGone

chhpsd é0va &fbsﬁu@ed’@éﬁz@ﬁhé%@tdoﬁﬁ%uﬁ@ & éi('aﬁfp@sf’(ﬁéref)f iPBlude
each ot her. (Yz Yt wherei'n s denotes an

aicotnpgend offfofmuja (ISIc) dirfdmmm eb’d)an integer of 0 to 2, Y2
and Y3 __denote @i trogen atomcontaining groups as
s onj|{t he benzene rlngs when there are a

ity Y2 t he plurallty ﬁs may be identi cal
'~ differfentCrrombeach ot her IVQ d when there are a
ity Y3s the plurality of Y3s nay be identi cal
rferent fromeach other. Y, YZ and Y3 in
fornula (1Ve) and fornula (IVd) denote nitrogen atom
wheRlit BEfdeI5R Wéger%f‘ql o 22 WP lRRoth S @ fRigen b d8n@ifhing group

am no group, an Isocyano group, a cyano group, a
ap)er sabystignbon, tha benpertd dyg, giduwhen ah@*;arammpluregnt)oqu‘sa the

di.nyl 20 | yl : d |yl
o i o s

(Tvd)

s ()

wherein s denotes an integer of 1 or 2, t denotes an integer of 0 to 2, Y? and Y?
denote nitrogen atom-containing groups as substituents on the benzene rings, when
there are a plurality of Ys the plurality of Y?s may be identical to or different from
each other, and when there are a plurality of Y’s the plurality of Y°s may be identical
to or different from each other.

Y’ Y%, and Y? in formula (IVc) and formula (IVd) denote nitrogen atom-
containing groups, and examples thereof include an amino group, an isocyano group,

a cyano group, a pyridyl group, a piperidyl group, a pyrazinyl group, a pyrimidinyl
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group. They are preferably dial kyl am no groups,

i m dazol yl groups, or norpholino groups. Furthernore,
the al kyl group of the dial kylam no group is
preferably an alkyl group having 1 to 10 carbon
atons. The conpound of fornmula Mis preferably a

het erocyclic group-substituted acetophenone conpound,

ofup.ef GYRP brGpod ToidsEbi SRLE: BENIONGAEHIE: eofsb e hoino
Qfgnﬁil mﬁéﬁﬁ[ﬁéﬁaﬁg%ﬁ%ﬁgﬁ% ’groups, imidazolyl groups, or morpholino

gréupsdr Husthemasre cthe pIgNgBap ofthe dialkylamino group is preferably an alkyi
di met hyl am nobenzophenone, 4-di et hyl am nobenzophenone,
graup havipg 3 ¢el il Bsatbph atdms) benzophenone,

4, 4" -bi s(di et hyl am no) benzophenone, or 4- .
ror piTBF CHOGHI Sh BRI (e RESRPRY:A Daterheurls goupsbstiuted
n J I r
o ogBBofls At Y S Bk A0S bRABRER s grpfounc, or
heterotydlie YrowoaitattutHERehzaPhénoneconfNRl | AEPArtitWAdy preferably
based on anot her nonomer. Exanpl es of said other
4'rinidarelr1-ylacetbphbmone, ar onat i c4-womHolinsacetopnendre,i | e, 4-
and an unsaturated carboxylic acid ester. Exanples of

dipgthyiaminelanzorhengne; nci ude 4distheaminobenzaphenens r ene, 4.4-

A i.nyl napht hal e dj vi.nyl benzene
ot bR st RGREr U e ik beeR e, o +
mb}f’pﬁom{dbﬁhmdréhbﬁe_i nclude acrylonitrile, and exanpl es

of the unsaturated carboxylic acid ester include

met hifhe @onjygatee dieak pplynees rof trat mresert irvghtisremaa duritea témprise,
_and et h?{l met hacryl ate. Anong them an aromatic vinyl
injaddifiop te thenrenju diepe-based gonstifyeat pribfoonivopted digngunit), a
> Y] e [ f strength the conjugated di ene pol yner
odgBiuthBRE sabed onTRrCmopP P, At RGneheRe affer Fonomer
inQUGERh SroMially MfJRSE dingPitdk] BHEMN Y 0@6 i/ 128! ester.
Inunit), aﬁdat hglr?gnt eln of the ar ohrlrrglgtalttucréepny %)ﬁlm%/,ae%ﬁe?smr
Exediplés of thei giumadic ving inchuieu gytend, di-arthyistyrenéndinyitguene,
aromatic vinyl unit, is preferably not |less than 10 %
vipynaphhalgne. ( ¢ Aiuingloanzane, of trivinglbeesgnegat@ad didivieyinasihthalene.

' nan_ 90, % b i.ght), and nor.e
EXiFifes 3P WofntEdndhiae, 38l ahd mERpieRcetCom upspturated
catboryliaci @BicH #iRlLaE ntithl Ack/ité, 16} 38nHe, MBKhR hétRfcrate’and
by wei ght). Furt herm)tﬁg, |f#rmon'w tﬁ% Vi e\/\'/prg%n? o%l ?burg? e.dn
etbyometmcrylabee  domdrgnthead, drhercematiecading iy ipreferabid, tandSstyrene is
preferably not 21
more preferablé.

From the viewpoint of strength the conjugated diene polymer of the present
invention preferably contains an aromatic vinyl-based constituent unit (aromatic vinyl
unit), and the content of the aromatic vinyl unit, per 100 % by weight of the
conjugated diene unit and the aromatic vinyl unit, is preferably not less than 10 % by
weight {the content of the conjugated diene unit being not more than 90 % by
weight), and more preferably not less than 15 % by weight (the content of the
conjugated diene unit being not more than 85 % by weight). Furthermore, from the

viewpoint of fuel economy, the content of the aromatic vinyl unit is preferably not




nore than 50 % by wei ght (the content of the
conjugated diene unit being not |less than 50 % by
wei ght), and nore preferably not nore than 45 % by
wei ght (the content of the conjugated diene unit
bei ng not |less than 55 % by weight). Fromthe

vi ewpoi nt of strength, the Money viscosity (M-1-4)

m8fe ﬁ':gﬁ 50%%)‘\93%&%@0? erﬂoéf%@rco@ﬂ%étgq Sghgqﬁﬂtbemrg not less

I nventi on not | ess

thaﬁ eg0e v bY Yweigtt), IéﬁSme&Pre?&ablliu{dt hfisréDhen 45 Wby Meight (the
vi ewpoi nt of processability, it is preferably not

canterd of tharcofjQated diEnenng beingfrot kiss thandid Ybyevetigidy 150.
The Mooney vjscosity (M.1+4) is nmeasured at 100C |n
accof R cEewwviewrgint 9(63'@?)"9“1 1§'§4)M°°PPB nYISeastty; @%ptﬁ f the

co%s) r#auga@&f]e"&gwﬁr En‘qgﬁe S\é#ﬁg%t IB%}E 88 8 g&&%bﬁ Hétr]% thﬁn 10, and

meeefjrﬁfe?éﬂls)’ néQéssMER 20 N apurdRniBleS rdh tAS dlewgBi'h?of processablllty
preferably not nore than 70 nole % per

it ish preferably get eebrelitieare 200,nand moré:prdféreblgmot mdredhan I1§0 The
vi ewpoi nt _of grip properties, is preferably n
Mpeney Vﬁﬁ@ﬁwlﬁbﬂnﬂfés ypeanyrad gt éﬂ@r(ébﬂl ;acwtian@sswthh#ﬁ 8300
A e% yet nore preferably not Iless than 20 nole %
"particularly preferably not less than 40 mole %

The ¥irdh khe RORCLIRAHGE echiforh méﬁh*ﬁoﬁﬁﬂéh{éﬁ@oﬂ?ﬂe #agated

spectroscopy fromthe absor ion intensity at arou

diede polyiner of\thieCtesent driveaticm rspﬁremraumakt 0breatheh 189l mole %, and
group. Fromthe viewpoi nt of fuel econony, the
mets piefarably net gate tast?0 palei %6rpes 100 meole &b af trgamwgeteérmene

o EpeRg i B e BRI b rBpBEER of Bt nt s
theh s1t0r h@lﬁt%oﬁ‘lo@?@?& ’\%IV it [R¥s WRASHE hidie o) H’vgpﬁnbgeapr%\"é}%y not

nol ecul ar wei g and V\BI t-aver age no

les thgint20( vkl %bandaaamdulamrmtamnnmm@mmgn aphe 4GPThe vinyl
met hod, and dividing Mv by WMh. A preferred nmethod for
b%%nmrﬁgs tvn@atbomeayae@ &y dR@nectmﬁcymefromfth@ Absorpliassiatansity

R SR b i B AR PP BTG SR ai i g 5
conj §9Gth Qﬁ’e dlbﬁBS‘ nﬁ@tdfu@I é’do'ﬂ%*ntyC@l@ﬁﬁ&@&laﬂﬁeiéﬂrdﬁth&t@ﬂ&f the

in a hydrocarbon solvent in the presence of an al
corpigaited: dieaé \polynied of [the Quesend invehtorels preferatdy antoas kaid more

nmetal originating fromthe catal yst at at |east one

prﬁtﬁfﬂblhu% 2. a el Meacutenaveighiadistigutionc isnpbigined by measuring
ml!rH ”rﬁvﬁgaﬂ%eeg.gﬁgg@%}g&gﬁﬂ @F'ﬂlﬁ’}ga W@Eﬁtqgvré?ggeurrr]llo ecB arS svelg%{] (Mw)
by a gel permeation chromatograph (GPC) method, and dividing Mw by Mn.

A preferred method for producing the conjugated diene polymer of the
present invention is a production method comprising the steps A and B:
step A: polymerizing monomers containing a conjugated diene and a vinyl compound
of formula (V1) in a hydrocarbon solvent in the presence of an alkali metal catalyst to
produce a polymer having an alkali metal originating from the catalyst at at least one

terminus of a polymer chain having a conjugated diene-based monomer unit and a

monomer unit based on the vinyl compound of formula (VI).
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22 H2C CH X4-Si-X6 (VI) x5 wherein X4, X5, and X6
i ndependently denote a group of fornmula (MVia), a
hydrocar byl group, or a substituted hydrocar byl
group, and at | east one of X4, X5, and X6 is a group
of formula (Via). R3 N (Via) \ 12't wherein R3 and
R4 i ndependently denote a hydrocarbyl group having 1
"0 Hon atons, a substituted hydrocarbyl group
havi ng to 6 carbon atoms a silyl group, or a
substitpted silyl group, ﬂ,lf?z and R4 may be bonded
so X¥is—igi—Foemf together wit he nitrogen atom a
ring stfucture; and step B: reacting the resulting
pol ymery.4 n step A W|th a conpound having a |inkage of
fornula (11). O I -(T)1, A (Il) wherein p denotes O
or 1, T denotes a hydr ocar byl ene group having 1 to 20

4 yat ® SR r
e S " dBpElRRl HAAE o R0 G BT a8 @ Hitrocarby
gfoupcbi arsubsiituiedthydeasarteyl groupt aadeat [edsd itne Exa(f'pb(éSan'u‘ Xtis a
the alkali netal catalyst that may be used in step A
gioyelofifsmyla (Vladkal i metal , an organoal kal i net al
conmpourg®, a conpl ex between an alkali netal and a
pol ar /conpound, an oligoner having an al kali netal,
-eteN Exanpl es of the alkali r@d@) include lithium
sodi U 4pot assi um rubidium and cesium Exanples of
t he orddnoal kali netal conpound include ethyllithium
n-propyllithium iso- propyllithium n-butyllithium
wheibRE yht IR“hh:tI’éﬁenHew derotd Blha}'mocﬂrlﬁl?gmhblﬁabingm to 6 carbon

henylllthlum apht hyl l'ithium
a\pupsituted Ihwrnp@r | groghlawinglita/f carbpn atams, 23silyl group, or a

substituted silyl group, and R® and R* may be bonded so as to form, together with the

hitrogen atom, a ring structure; and

step B: reacting the resulting polymer in step A with a compound having a linkage of

formula (11).

(|)|

C—(Tr—A (II)

wherein p denotes 0 or 1, T denotes a hydrocarbylene group having 1 to 20 carbon
atoms or a substituted hydrocarbylene group having 1 to 20 carbon atoms, and A
denotes a functional group having a nitrogen atom.

Examples of the alkali metal catalyst that may be used in step A include an
alkali metal, an organoalkali metal compound, a complex between an alkali metal
and a polar compound, an oligomer having an alkali metal, etc. Examples of the
alkali metal include lithium, sodium, potassium, rubidium, and cesium. Examples of
the organoalkali metal compound include ethyllithium, n-propyllithium, iso-
propyitithium,  n-butyllithium, sec-butyliithium,  t-octyliithium,  n-decyllithium,
phenyllithium, 2-naphthyllithium,  2-butylphenyllithium,  4-phenylbutyllithium,
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cycl ohexyl l'ithium 4-cyclopentyllithium

di met hyl am nopropyl | it hi um

di et hyl am nopropyl I'it hi um
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R e e TS T
Ekampies 'of §Plsinpldp ge%eﬁ ARk hBial! g?d& %%%nﬁfound include a

or ganosodil um conpou aving 2 to n atons |

potassiumtetraiyd if@ran ompesds L ar fgssidh-drRoxiydthbnéraymprex, and
used in step Ais a solvent that does not deactivate
exaieples (b rihel digpmermbasing conpikal dnetat ircjuse, thensodiura rgalitesf§ a-

TSP R TARRETERE BICeRSER R BRI
| i.phat i d ' .
oFEBIAR Lot B Bl PR o

ofjahesciien compdditichavingRHoetsarbdiPatomy isiBre preferable.
trans-2- butene, cis-2-butene, 1-pentene, 2-pentene,

1- heXidedydeearion saivesh that 8pydie Usedeinaaigp Ads af salveat that does
t ol uene,

ic hyd bgon .i ncl ude b
T N—_—
AP0 e SRS o GRFRS, H, ap mcron

hgrotirbei.i Bpechlit dxampis ¢the dlighfR. hys@rehdrm@luda propane, n-

hydrocarbon having 2 to 12 carbon atons is
bytaee.cispHidand, nn-peelgng, iseepantanes rebexanienipiopene, 1-butene, iso-

conj ugat ed .di ene andg .a. vinyl conpound of fo la (VI
b'étlegé’pg'la?ﬁgfquﬁl?' t‘ﬂs'gfﬁﬁ’ée"& 0{3’86@9 ' a"rﬂeﬂ?é'f*ed{'g;’@ﬁ@v bl 2-
e . | _ . . ali
e SpRaHE o ot 00 AR AN O e bl Ee Bnflrhduene,
xyi&rie land attaibeptend andRpecTioExaniRes Siithsl BRdyeRt KidPdarbon include

i ncl ude 1, 3-but adi ene, isoprene, 1, 3-pentadiene,
cyclgpentangtangicygioBexane adTkeyonay hel usedsomtheirdiverar, in argdmbination
hey may be used on their own or in a cqonbination of .
of 0 S MoFS Py p ATONARETY. 2 HUSFOCHPORENES 2P ladtn gpms is
pfefidt Meavail ability, 1,3-butadiene and isoprene are
preferable.

in step A, monomers containing a conjugated diene and a vinyl compound of
formula (V1) are polymerized to thus produce a conjugated diene polymer having at a
polymer chain terminus an alkali metal originating from the above-mentioned alkali
metal catalyst. Examples of the conjugated diene include 1,3-butadiene, isoprene,
1,3-pentadiene, 2,3-dimethyl-1,3-butadiene, and 1,3-hexadiene, and they may be
used on their own or in a combination of two or more types. Among them, from the

viewpoint of ready availability, 1,3-butadiene and isoprene are preferable.
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24 X4, X5, and X6 in formula (VI) independently denote
a group of formula (Via), a hydrocarbyl group, or a
substituted hydrocarbyl group, and at |east one of X4,
X5, and X6 is a group of fornula (Via). R3 and R4 in
formula (Via) independently denote a hydrocarbyl group
having 1 to 6 carbon atons, a substituted hydrocar byl

Jube TRy A v%m@méﬁfﬁﬂ%@mﬁd edp A et Vi)
atydAzaiyl §UP) or 4 Qgﬁgtftlﬂs ‘g@&rtgﬁéergﬁl ﬂ]l?%% gﬂ@nﬁuta}éé@on@ of X*, X5,

rlng structure. gr oup
ahdiX rsgadrotlpoﬁfocmuhqmaatorrs denoted by R3 and R4
|nclu e an_al kyl group such as a nmethyl group, an
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135 8 Selbart R p cubstiuce ol rpBeiving 1ite fyeatogn Bloms, a
@ Bf'b'algygrr a %ﬂ‘b&'}lﬂg&%l\ 1 8Fo?1ﬁpandf"R3 GHE F’Q%éy Q@ée ﬁ%ua%r\o form,

cl ohexy gro pheny

tdgbfhewhlﬁ&héMtr@@bmé‘tgﬁ'ﬁﬁahglétru&h%up haVl ng 1to 6 carbon
atons denoted by R3 and R4 include a substituted

hydr doanples ofrtbamytimeamyl greup hasinp st o & eatboatatdéreasenoted by
l%épe of group selected fromthe group consisting
fana IPGledRoAn akylarPuR AYEh 7% AGNYIRY @ROUPa AN BRI SFPUP, a N-propyl

g%gw, RBPRE IS P prOLSighyE S EDRNL IR0 iy sroup. an
W@'é"d&p&ftﬂu&oﬁﬁ @n ﬁﬂwwltg&%ﬂb bPGnUASe

Qﬂ ?roup a
d| al kyI am noal kyl group such as a di net hyl am noethy

cyplanlky! groupaudh as hy;ydnhmegrbyb ardeauphenykgroppes of a
group_havi ng an oxygen atom contai nin rOU|;)p as a

substPEIRIRS Pinlbe sy staﬁteamvemr%groglp ing it ko Bpaghon atoms

h )
BRSO I Mg S50 R AL BENEE MR ol g o o
sEOGHTRNESt 18st B8 fibf iyRolip dbidtted frdrf Mk @rb@ﬁb@ﬁ’sﬂétﬁb Y qutrogen

group as a substituent include a trialkylsilylalk

atprecgnisiniog grisum anr oxygeh aten-dcghtaieirgydgrogp,cal silicéx atopi- eantammg
of the substituted silyl group denoted by R3 and R4

9fO4B; Gife §xamp|ea| ‘Pfyar‘ Q“P'-iﬂ hgyiag, 3 §ueaera@tcan-contammg group as a
I I th
<GP ek M PSR LRSI BL b Hrpeieantsrous o
a\/&étﬁhamoéﬂﬁl up! ExdMplEE dr hrb?bﬂtdﬁaﬂnéj laM 3xg8én aﬂ:"rﬁlle.’dihtamlng
having 1 to 12 carbon atons, which may havé™ at | eas
goup asygsubstituahbintlude an alkoxyalkyl group such as a methoxymethyl group,
a methoxyethyl group, an ethoxymethyl group, or an ethoxyethyl group, and
examples of a group having a silicon atom-containing group as a substituent include
a trialkylsilylalkyl group such as a trimethylsilylmethyl group.

Examples of the substituted silyl group denoted by R® and R* include a
trialkylsilyl group such as a trimethylsilyl group, a triethylsilyl group, or a t-
butyldimethylsilyl group.

Examples of the group in which R® and R* are bonded include a divalent

group having 1 to 12 carbon atoms, which may have at least one type of atom

selected from the atomic group consisting of a nitrogen atom, an oxygen atom, and a




sel ected fromthe atom c group consisting of a
nitrogen atom an oxygen atom and a 25 silicon atom
Exanpl es thereof include an al kyl ene group such as a
trimethylene group, a tetranethylene group, a
pent anet hyl ene group, or a hexanet hyl ene group; an
oxydi al kyl ene group such as an oxydi et hyl ene group or

P RO T B I8 ol SO s ehron
e 3 PEHRIERE S S5 SRS 2 Tt o

amdtydizigiene giéup Sichths 41T Oydietidishegroep bf &1 6%aIMr¥pylene group;
group represented by -CH2CHZ- NH-CH2- or a group

anded NEOEPN-CONBIPINg GAGHSUN-a5-a graupcrepsasented tyyCHyE HupH-CHy-
d ted b d R4 | bl | kyl ,

oA B oo Y AP Ry NG bup havi ng 1 o 4 car bon
at 0Mype gF‘JuR'm Whidh! & SR ¥rehonlEd %Ar?@feﬂ)gpa nmggﬁ-ggrl)taining
group, &n h-propyl group,-or an n-putyl- group, ~an

gro@y, tariumard Mrefé’-iélﬁ?%r Qr'@hﬁ réfreSédi¥d bgr-CHPCRAL-NAOCH;-BH Y broup
group. The substituted hydrocarbyl "group denoted by
rep@seantad By -CHGHeeCidbl y an al koxyal kyl group, and nore

preferably an.  al koxyal kyl group haying 1 to 4 carbon
at on‘i Fe %Méfogam& groyp slgnated |y @% 809 Rl referably,arrgikyngroup,

38 A S50 aReb ] 6 e BBmgn e B goreray o
meth@f Roah an eyl ;glrdﬁpl, 89 hﬁggpyl ghoup! K0xY AlbkYA gidligUahd @articularly

substituted si oup, of a nitrogen-contai ning
prgfecably an ebinil gnourSormanl nFslityl rgrolpo n die, sutsstitated phiyelf axaedy group

an al kyl .group, yet nore preferably an al kyl grou
del‘i‘aﬁ%n@y R® @and R G isy prgferably gnzalkoxyalkgigrpwp, rmdgmefeep@?%w an

Y, t : n-pr, ou r
oo B, V1o SRR, T BB B Bl e
byaR¥ ahd Wamrpaae&bw@ triEM1sRyICarelip Cardf bR P&Té?é‘lﬂy a timethylsilyl

Exanpl es of the acyclic amno group include a
grdémal kyl am no group such as a dinethylam no group, a

di et byl ami no group, ,a di (n-propyl)anm no group, a )

di (i Eoﬁf'&t@ﬁf%m%raew alky Qﬂ?l(m-aabﬁimxy@!ﬁvlraaow Gughbstituted
oK - yl. M . i (fertsib xani n
gt 4586 B S AN o AR 4 O 0 B, o
préfefsblyTaih RIKyRGIoRP, P&tQHEre preferably an alkyl group having 1 to 4 carbon
atoms, and still more preferably a methyl group, an ethyl group, an n-propyl group, or
an n-butyl group.

Examples of formula (Vla) include an acyclic amino group and a cyclic amino
group.

Examples of the acyclic amino group include a dialkylamino group such as a
dimethylamino group, a diethylamino group, a di(n-propyl)amino group, a
di(isopropyl)amino group, a di(n-butyl)amino group, a di(sec-butyl)amino group, a
di(tert-butyl)amino group, a di(neopentyl)amino group, or an ethylmethylamino group;
a di(alkoxyalkyl)Jamino group such as a di(methoxymethyl)amino group, a

di(methoxyethyl)Jamino  group, a  di(ethoxymethyl)amino group, or a
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a di (al koxyal kyl )am no group such as a

di (nmet hoxynet hyl )am no group, a di(nmethoxyethyl)am no
group, a di(ethoxynethyl)am no group, or a 26

di (et hoxyet hyl )am no group; and a
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an aIFlfé%t [ Ou haYi Fﬁ%l to 4 —carbon atons, and still

mor e ' pr ofeF X5TPOLt 1 RENAMYaARd Ay AYplabiityyithe gyqupneffgrmula

&34 falr. g'( I . f y H H

e Prereraply el R5/eRY A A oAE wrsteraBly 2 gikynyng prove. ve
mgreopirefatably taediakyladihd grodp sebstitoeawith 4| bﬁ(ﬁl ?rﬁﬁb We@ing™ to 4
al kyl group such as a nethyl group, an ethyl group, an

cabort @igms.ganslistill anorei erefarallly |a ginsethylaminon gioupy la diethytamino
- | , tert-b | . .
g@ﬂéfﬁi@&ﬁé&@“%&ﬁ fog’rg' grfa gh@bgﬁﬁmﬂgiﬁﬁp- hydr ocar byl
gr oupxhmpledds AR lﬁ}l&f@&@f@l liﬁ!())t)}& %ﬁﬁt&fﬁéff&“ ) )ge of formula (Vi)

nmet hoxynet hyl group, an ‘et oup,

inchadd e aliyhgroup guchss a drietiy) gRSUDO XM VY brotip O5W n-pldts
is(I?:.t%/rdrocar byl group denoted by X4 to ﬁ)}%bi sbpref é)rgt%’l §r°é‘ﬁ' an

REY! gioyRp , anndviutylp gy o] secebvtyd] Bspupgrosup eavbuty  Broup.
{ et f bl t hyl
FhefinG} Saingen ¥ i Sihetired PidioBarbyaras Hsbicscen Bpevaliy
O ey ebyMeh) ade, SnCESSRAIY om, 3 asthppethy
grgum wp an lethoxpethyl groupd car bon at onms. The hydrocar byl

group or substituted hydrocarpyl E(L_zjlroup denoted by X4
t o xéhe hydreearbyigsenn/deneted by X* torXlip praferablyainikaliy gtdupl more

prgfyepalmy a arlkeyl %Fo%fpeﬁgf?rlwgy 1 atg f lclél)f)lon gartgr%g. and yet more preferably a
methyl group or an ethyl group. The substituted hydrocarbyl group denoted by X* to
X8 is preferably an alkoxyalkyl group, and more preferably an alkoxyalkyl group
having 1 to 4 carbon atoms.

The hydrocarbyl group or substituted hydrocarbyl group denoted by X* to X8
is preferably an alkyl group or an alkoxyalkyl group, more preferably an alkyt group
having 1 to 4 carbon atoms or an alkoxyalkyl group having 1 to 4 carbon atoms, yet
more preferably an alkyl group having 1 to 4 carbon atoms, and still more preferably

a methyl group or an ethyl group.
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having 1 to 4 carbon atons or an al koxyal kyl group
having | to 4 carbon atons, yet nore preferably an

al kyl group having 1 to 4 carbon atons, and still nore
preferably a nethyl group or an ethyl group. 27 At

| east one of X4, X5, and X6 of forrmula (VI) is a group
of formula (Via). It is preferable that two or nore

of X n are r.oul a (Vi nd it . .
Ao B CrE o Rl O ek M s s
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citedi mlbﬂ(ﬁamm&k{lﬂhﬂy |aY|b ny |{dll(thalnﬁsﬂy!)amlno}d|alky|vinylsilane, and
(et hyl met hyl am no) di net hyI vinyl silane,
a(dja|l§!'hmlr@bdiaib9>damiuhyilsﬂaneyI SI | ane,
opyl am no) di met h silan

eth .
get h XPQB%SopyI 8hi no)tBe net h Q;W%-plgp)d@l{glvmylsﬂane include

(Oﬁfﬂ ggﬁ t¥| vﬂ’ﬁ/ &ﬂéﬁ? LSY{/Y :1;?/ Mn?erflsﬁjlammo)dlmethylvinylsilane

(&ﬂh)ﬂ%h‘lb}d\ﬁé&?ﬁh‘!&l@ﬁﬁd&o) di met hEétNyI-Wﬂ@;b\}lé}ﬂiﬁo)dlmethylvmylsﬂane
(di (n-butyl)am no)di net hyl vi nyl si | ane,

(ethiiliserrogylaminnidirdétbylnipyisiang| si | Adién-propyl)amino)dimethylvinylisilane,
eth | met hy|] am nog’dl et hyl vi nyl si | ane
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I sopropyl am no) di et hyl vi nyl si |l ane, (n-butyl -

prppyipwrwmlaﬂ;ylumpbugnew ny(sihyhanmopylammo)d.ethylvmylsnane (di(n-
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Examples of the  {di(trialkylsilyl)amino}dialkyivinylsilane include

{ditrimethylsilylyamino}dimethylvinylsilane, {di(t-
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propyl ) am no) di but yl vi nyl si | ane,
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bits(dié thiylamidm)ngthybiriyisiianest hy | vi big{ettiyi-a+preopylamino)methylvinylsilane,
bi é‘i‘ldl met hyl am no) et hyl vi nyl si | ane,
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ﬁ&(&fﬁBWI érﬁiﬂ@)’n?%inﬂml m] thyl vinyl sil ane,
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bis(ethylisopropylamino)ethylvinylsilane, bis(di(n-propyl)amino)ethylvinylsilane,
bis(diisopropylamino)ethylvinylsilane, bis(n-butyl-n-propylamino)ethyivinylsilane,
bis(di(n-butyl)amino)ethylvinylsilane,

bis(dimethylamino)propylvinylsilane, bis(ethylmethylamino)propylvinylsilane,
bis(diethylamino)propylvinylsilane, bis(ethyl-n-propylamino)propylvinylsilane,
bis(ethylisopropylamino)propylvinyisilane, bis(di(n-propyl)amino)propylvinylsilane,
bis(diisopropylamino)propylvinyisilane,  bis(n-butyl-n-propylamino)propylvinyisilane,

bis(di(n-butyl)amino)propylvinylsilane,
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bi s(di met hyl am no) pr opyl vi nyl si | ane,

bi s( et hyl net hyl am no) pr opyl vi nyl si | ane,

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

bi s(et hyl - n- propyl am no) propyl vi nyl si | ane,
bi s(et hyl i sopropyl am no) propyl vi nyl si | ane,
bi s(di (n-propyl )am no) propyl vi nyl si |l ane,

' I | am n ropyl vi nyl si |l ane . .
ol R BRAR, o0y oY b3 apemoygyipysiane
bis(dieth i RY! vi nyl si | 29 ; vl

b|( s( d*‘ﬁ%ﬁ{m‘mﬁ%@%w vi nyl i fieiEthy R propylamino)butyNvinyisiane.
bis{esliydisoprbpparminbiutyhinyiilayie,vi ny| sis{depropyl)amino)butylvinyisilane,
bi s(di et hyl am no) butyl vi nyl si | ane,
b'é(d;*x'?‘éﬁrﬁwiafﬁmpmwlmllﬂc?.bélﬁM—bm‘y‘ly'i-wbpflamino)butylvinylsilane, and

BRIy v oy e
o St BRSSP tgrngre  ncuce

bis:{cﬁ(trﬂlﬁétnyaam)am)r@mamgﬂbmwﬁaﬂenyI silane. Exanples of tfigqit-
bi s{di (trial kylsilyl)am no}al kyl vi nyl silane incl ude

butyld(regtiylsilyraminglraethylvippisiane} is{digtiimethykibyilfamires}ethylvinylsilane,
bis{dj(f- tyl di et hyl silyl)amnm t hyl vi nyl si | ,
o B b B L) et v 51 e
Elxij‘rp )éléfpo t%/lhgf rreh@/l S'bisYcli:;ﬂf%iﬂ%%k%é’tkﬁ%hﬁéi‘a%ge' include
bh(dﬁﬁ%ﬂbkﬁﬂcﬁlﬂbm}?ﬁ&ﬁﬁMﬁhkﬂdn\éi nyl silane include
0) me

bi s(di net hyl am n t hoxynet hyl vi nyl si | ane,
big(dirpethptemino)methosyetintvinytsianay | vi nyl si | a ne,

bj s(di met hyl am no) et hoxynet hyl vi nyl si | ane, o
b B P ANA LB W et amBo ethoxyethyivinylsians,
nj [ ' wl-vinyl si l.ane N
o SR SN BS R u riRetnomyethyivinyisane,
bib(dﬂtﬁﬁi@rhiﬁh&{eﬂiﬂxgﬁ'bﬂ{ym%é]yl vi nyl sil ane, and and
bi s(di et hyl am no) et hoxyet hyl vi nyl si | ane. Exanpl es of
bis(gietylemioa)ethoxyethylinglsildanie: ee of X4 to X6 are acyclic
amn roups, of forrmula (Via) include ) ]
Cri ( amelreeh e cPmepHady Bnwhich threerstarblocy’ eroaersiic amino
QlltOP %g?ﬁ; {rlrigﬂb@#ﬁ#g@ﬁrﬁ@%IiS('YIF%é‘r?Z)?Ji@yrlls?lane, etc. Examples thereof

intludé di et hyti@ihetayinmohdnylisiaRe, trilethylmethylamino)vinylsilane,
tri(ethyl propyl am no)vinylsilane,
tri{diethyiammepyimdsikane,) vi nyl si | ane, and tri(ethylpropylamino)vinylsitane,

tlprpB RIS 45T GO RIOBETEOMSRIFE. | ¢ ari no
0 U ROV Rl A B A S g i rups o
formula (Vla) and one thereof is a hydrocarbyl group or a substituted hydrocarbyl
group include bis(morpholino)methylvinylsilane, bis(piperidino)methylvinylsilane,
bis(4,5-dihydroimidazoiyl)methylvinylsilane, and
bis(hexamethyleneimino)methylvinylsilane.
The vinyl compound of formula (VI) in which two of X%, X, and X® are groups
of formula (Vla) is preferably a vinyl compound in which two of X*, X5 and X® are

acyclic amino groups; from the viewpoint of fuel economy and grip propetties it is
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group i nclude bi s(norpholino)nethylvinylsilane,

bi s(pi peri di no) net hyl vi nyl sil ane, bis(4,5-d

i hydr oi m dazol yl ) net hyl vi nyl si |l ane, and

bi s( hexamnet hyl enei mi no) net hyl vi nyl si |l ane. The vi nyl
compound of formula (VI) in which two of X4, X5, and
X6 are groups of forrmula (Via) is preferably a vinyl

i Rgebhna WG R B Rei R, i 48, R iy
bisgxlﬁié%%%ﬁ@?)gﬂrﬁﬂﬁ(gghylﬁlgpegObER:[i@thﬂéﬁfrﬁ:‘)ﬁ@ihylvmylsilane, bis(di(n-

vi nyl si |l ane, and yet nore

prédyBheiNnEthyRinglsimet oy ibisgired utgl)dmyiho)mefhdvingsilane.  Among
bi's(di et hyl am no) net hyl vi nyl si | ane, bi s(di (n-

themopy Frpani ntheret Migwppiny | siof anavaiigbility of * the compound,
_bi s(di (n-butyl)am no) nmet hyl vi.nyl si | ane. . : :

Dine AT OMEpbITHO 8 oveh | ST PGPyl gEne &
btj S gqiet hyl am no) net hyl vi nyl si | ane or

pfﬁPE{" ‘(n-butyl)am no)net hylvinylsilane is preferable.
I'n Shegepa, BOMEREAEAIMA b&BArTRE 0bBUSING theotdnjugatedgdiereeand
conj ugated di éne and a vinyl conpound of formula (VI)

a iving campoundt obrfomntla @Abtinea nembination Witha @pelBigr gnonomer.
sai d other nmononer include an aromatic .vin l\f i\ ie. and an

Exsmpjes of saidcothermoaamer, inclidg, an aiPreaticn Yoyl B inyhigle, a
ester. Speciflc_exanples 4 h | @\

Bl el SR P ARG e PR ey fhedrBianc Bt HBude

stgljeﬁ&l F‘%’-ﬂiéﬂﬁh nedi WiiiolRRASE Nevinylidghttiateb endieginglbenzene,
nd di vi nyl napht hal ene.” Specific exanples of the
trivingiskiene| hed divinldphthalens. dSpecificlexpmaled of thecvimylnitrile include

exanpl es of the unsaturated carboxylic acid ester ,
adrylehitrie anqieqp%rppﬁcaﬁ;xpmpgﬁseqf the WﬁatHf%fF} giugo tarﬂﬂ ester include

PR by 203! i FbRch 8! S AR ndcASRe. 2Among

yrene IS nore

tHRNE G lAbthStic VIR isitbiendt|é ZikiishlendlisThere pheferplebe

carried out 1 the presence of an agent for
r egul el payrvdrizatiomin st Adnaybe eatriedfout nethe Prgsggee etian agent

diene unit, an agent for reg&l? ati ,ng tae di stribution . o
far reguieting theu yiayk Bood cpateph| copiypated sdiepe, unit, an age

g s it hufOf kit sigiod BRDE JoNky el o A REnpRated

dRABEIR And ??gggﬂuéﬁt%ﬂﬂ BAsISon a abfoméExatpl Bmnathe uoojugated

agents I nc an ether conmpound, a tertiary am ne,

divig (RerBBfterpgéreeallyaaped nepulBprs) étoc Exatanies efsugh agerts include
et her conpound include cyclic ethers s“ch zégm ound.  Specific
aneethehyempoypdna tertiary amine, and a phosphine p p
examples of the ether compound include cyclic ethers such as tetrahydrofuran,
tetrahydropyran, and 1,4-dioxane; aliphatic monoethers such as diethyl ether and
dibutyl ether; aliphatic diethers such as ethylene glycol dimethyl ether, ethylene
glycol diethyl ether, ethylene glycol dibutyl ether, diethylene glycol diethyl ether, and
diethylene glycol dibutyl ether; and aromatic ethers such as diphenyl ether and
anisole. Specific examples of the tertiary amine include triethylamine,

tripropylamine, tributylamine, N,N,N’,N-tetramethylethylenediamine, N,N-

diethylaniline, pyridine, and quinoline.  Specific examples of the phosphine
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tetrahydropyran, and 1, 4-di oxane; aliphatic nonoethers

such as diethyl ether and dibutyl ether; aliphatic

di et hers such as ethyl ene glycol dinmethyl ether,

et hyl ene glycol diethyl ether, ethylene glyco

di butyl ether, diethylene glycol diethyl ether, and

di et hyl ene gl ycol dibutyl ether; and aronmatic ethers

n@SndLd¥ eftbth§ibREIphiied triétﬂ*lﬁ_ﬁ’és%hinép eplf iriphemddkssine.

of the tertiary amne include triethylam ne,

T Hetyi npaiyotpey bistea ametheit bwh ot in scomigination of two or more types.
N, N, N, N -tetranet hyl et hyl enedi am ne, N, N .
di et fbe applymerization rtepipaeEturanin Gtamdy iimaisughe 2 Gcto 100°C,
exanpl of th hosphi ne 1 compound.incl ude -

PrEMETHLY TR SO ek FIo RATRGY g o5 B0 T polymerizaton

tihd IsRIREEN) RNAFRSNE 5 hotiey MY be used on their own or
I'n"a corblination of two or nore types. The

pol yIfestep B, the shupebRbempodnd Fdvitly A lihkegesofafotiyuid 30 that is

100C, preferably 35C to 90C, and yet nore preferably
cahtRtecowdinthe piangrarepared imstepr istusaiiy @.1de damplyper onol of the

mnutes to 5 hours. In step B, the amount of co n
alkaly el qrigingtingeong the Brﬂﬁﬂ?ﬂk% mf*af Vet preferabi FR 1P 3 o
' t I repared in step Ais usually 0.1 to
a%@ﬂ '?'rgfe %gfrepér%ﬂgtsﬁﬁ& al kali net gl originati né from
the @f sRpEIthatdmppatate SAWMEY &e pds?frﬁér%rabérléd% Btep® and the

nol, and nore preferably 1 to 1.5 nol. In step B, the
canpquad dtaving aatinkelge afi forrellg I)yare reopiasiedrie disuallys2386 ta 100°C,
and the_ c%srrgpgund having a |inkage of f&[{gul (II@} g{.e .
et 386 10Uy Yetamite pesiably 506 ke Bl Trespntachtime s
' r t C. The cont act
u%%ﬁielﬁlggc éég%l&{q?%/‘eaéﬂg pgééfgrﬁ%gj @'ﬁ%&%q\oﬁ'ﬁd preferably 15
M N 49tk predictioh éthed Bf Bidlsrbdemn invRhiidid addoublt®y Sgert ety be
i nvention, a coupling agent may be added to the
addedr tocthe bydrasatheni soiutoh ofHbe conjuggtetetienti polgmpo Ry mecessary
as necessary frominitiation of p merization

RY; f ..
frof U ION 5 PAINMSTiRatioN G aronemen by Y Bikali gratal catalit b lemipation

oRBATESA enFIAT 8 Bl Sk oh8p o fkaunl e
denotes an al kyl group, an al kenyl group, a

cy’cl oa,\jl kenyl group, or an aromatic residue, M denotes
a si IR°dl..at om ¢il)a tin atom L denotes a hal ogen

wherein R® denotes an alkyl group, an alkenyl group, a cycloalkenyl group, or
an aromatic residue, M denotes a silicon atom or a tin atom, L denotes a halogen
atom or a hydrocarbyloxy group, and a denotes an integer of 0 to 2.

Here, the aromatic residue denotes a monovalent group in which a hydrogen
bonded to an aromatic ring is removed from an aromatic hydrocarbon.

Examples of the coupling agent of formula (V) include silicon tetrachloride,
methyltrichlorosilane, dimethyldichlorosilane, trimethylchlorosilane, tin tetrachloride,
methyltrichlorotin,  dimethyldichlorotin,  trimethyichlorotin,  tetramethoxysilane,
methyltrimethoxysilane, dimethoxydimethylsilane, methyliriethoxysilane,
diethoxydimethylsilane,

ethyltrimethoxysilane, dimethoxydiethylsilane,




atom or a hydrocar byl oxy group, and a denotes an
integer of O to 2. Here, the aromatic resi due denotes
a nmonoval ent group in which a hydrogen bonded to an
aromatic ring is renoved froman aromati c hydrocarbon
Exanpl es of the coupling agent of forrmula (VII)
include silicon tetrachloride, nethyltrichlorosilane,

s G Rl e I g she 2ne, 11T
di meg fHeChbWP@iH bf pltobéé'%mw ehinar &nijubated diene polymer, the

tetranet hoxysi | ane, " nethyl tri nmethoxysil ane,

antiunt bheouptingreb éntl sided rie prefieraibly ot lest lioany 8. 0B and ,per mol of the
et hyl tri met hoxysi | ane, di net hoxydi et hyl sil ane
alwllét\q:tgkgmglmﬁ_tmgqu It @Ikall g@et@ieqaft@ﬁthgw gpqr%,péeferably not less

d dieth | sjl
i 85 Rl o FEEBO B ﬁé@iigamqw%tw B ReF g, B wgferabhy o
m&’rle% @erﬁ(m drfwgfé r Amd&r el 19 rigent added is
pre rably not thanoog]rm per nol of the

al kaThe Bhjuigateti @ibR&tgolgndr! MEY the redovedeld fimathe hydrocarbon
catal yst, and nore preferably not |less than 0.05 nol.

sofedion [of thepecanjugateshtiene pwlyemdnyra kiwrf rsovery sneihgd sugh asg for
preferably not _nore than

Bl ea el & Gonautan i BudacEl tor BheroBaPpfapbiidn of
thg%nﬁ.lg {e‘acgéﬁé ﬁ)gz n{eiqn'&r {ﬁ J‘%t G irP WhicrS edhl RNa ﬂée&f B the

con by a nomn recovery mef

hydkseRrh, sbigtion %QH@'&njL{ngdad@th&lymér WHTHE cenjugated diene
coagul ant is added to the hydrocarbon solution of the

patyomgritbes extovkred engyobe died by a(krpwa dryeriauchias abanshdryer or an
steamis added to the hydrocarbon solution of the
eXHYRPOGRteEd di ene pol yner. The conj ugated di ene

pol y Eﬁﬁhérn}lé?e dr? g%vr%{eﬁ\%d '?grypljgﬁutﬁﬁ% @Yuaé’teg MR SHipHRér of the

such
prEsErt NAVERBbSE, a 'tfbaﬁﬂ&tnﬁt\hm% fapgrd@podﬂmrnwaauaprufwg@b@dwer is
di ene polynmer of the present invention, a treatnent
replaced by degmy \gooupby hydralysia, Qtlcamay bk carrpdl %ﬁerThlgtreatment
repl aced a hydrox m \t/)drol Si s, ¥
maY e éﬂ"‘SQtOUtTﬁl stateaiimahich ﬁ’&y PlEme § oy ! %Lﬂ‘”‘] QF dS in a
I risonits ow or isin a
C&ﬁo%pg'gh Sﬁ%% ééa}'t%gggdalé{ggescrl bed | ater. The

conj yeatRjudaRacdind YBRmeP fof the priseRe Mventibremay ®e Uswd in a
be used in a conjugated diene polyner conposition by

canjugated digneapalymer cqropasition byooptbiing anather polymer component, an

additive, etc. therewith.

Examples of said other polymer component inciude conventional styrene-
butadiene copolymer rubber, polybutadiene rubber, butadiene-isoprene copolymer
rubber, and butyl rubber. Examples further include natural rubber, an ethylene-
propylene copolymer, and an ethylene-octene copolymer. These polymer
components may be used in a combination of two or more types.

In the case where another polymer component is combined with the
conjugated diene polymer of the present invention, from the viewpoint of fuel

economy, the amount of conjugated diene polymer of the present invention is
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additive, etc. therewith. Exanples of said other

pol ymer conponent include conventional styrene-

but adi ene copol yner rubber, pol ybutadi ene rubber,

but adi ene-i soprene copol yner rubber, and butyl
rubber. Exanples further include natural rubber, an
et hyl ene- propyl ene copol yner, and an et hyl ene-oct ene

0 ed in
oEABBDNTRR ool a5, RIS WERIE 0l 5 b o 20
péﬂ@b? Weidh? pBNMBOD PAAPBY %ﬁgh’t of fR"tBial 8Fholh &F dolifner components
conj ugat ed di ene pol yner of the present |nvention,

cbmoimet fiecludiegyha arhowft of cerjugatecbdiems polyier combimdd), of
conj u ated dlene polgner of the present invention is

33 pr of Hhs afdiive, tan kpowp aﬂa'ilv% nay beiugad, anthexamples

AR i P b B A e
aQOQP%%ébaéHan%lﬁﬁﬂlzﬁﬁd?Pléég IB%ttSJhea a{ﬁﬂﬂ% ke VLhcanlzatlon

conj ugat ed di ene pol yner conbi ne Exanpl es o

aackleratorea sulfemamide daded Iv\dlealI‘l‘iﬁaftldnead.:t,‘eﬁéi*:atoﬂﬂzﬂL & uankR®-based
t her eof include a vul cani zi ng agent such as sul fur; a
vylgarizatiopacrelaraierc a Vulcanization astivaterssushtasi steatic@cisbarezinc oxide;

Y o S TR S grorte,
aKl‘rﬂlﬁz?rH! Elumhl.ﬁﬁﬁgt{!ﬁﬁl@éo&r 'mih; si %H@%gft)lrhgn acfl n extender ol

vul cani thﬂ accel erat'or a VU cani za

agodeseing aide an iantiddht;ind 2 06ricaxt.de; an organic
peroxide; a filler such as silica, carbon bl ack,

cal ci Examnigshehtessilicaainclude iy silica (anﬂystspusaﬂtim:m amdm wet silica
or . ane cou I|ng agent ;

d
OBEPRS et acid, SiStliGh aieaiRathd Shikhon Al Siisaie.q and
a|uHhﬁdrﬁ%plEateEx?ﬂglt)§J§ Erg)BF‘ﬁu V\zt e lfﬁ%d'd?ﬁjts d%r\%fvg%' ot hfefe types

(anhydrous silici

treréofanay be ushd inctimihatioh. SThe BET speeifit auﬂfﬁe%ies iof tHedsilica is
cal cium sili cate and alumnumsilicate. One type
upyrlly &9 torRBP mHg.usEne BET ispecifimeyrfase arem isomeasired inyawordance

i AR 0B85 B8 cofyrental alodusd icpdur agms VBBoAGL R, and
R’éhﬁsoBEnEn%%lréd | By ig;ﬁg&gﬁ@@@}%&ﬂ nb:‘ﬁes Zeosil 1115MP

accor dance conmer Cli

apd o GEEMP wmmwemamaodm&tc Ay bRusetnd RS- 1 50
manuf act ur ed bg Tosoh Silica Corporation, product
nameEX28148s of 1fle savbon blagk inchpfumacrublack, acetyieng black, thermal

bﬁgﬁdcgh%hneﬁtbfdck, ar}& graphli?'e. With regard to the carbon black, channel carbon
black such as EPC, MPC, or CC; furnace carbon black such as SAF, ISAF, HAF,
MAF, FEF, SRF, GPF, APF, FF, CF, SCF, or ECF; thermal carbon black such as FT
or MT; and acetylene carbon black can be cited as examples. One type thereof
may be used or two or more types thereof may be used in combination.

The nitrogen adsorption specific surface area (N,SA) of the carbon black is
usually 5 to 200 m%g, and the dibutyl phthalate (DBP) absorption of the carbon black
is usually 5 to 300 mL/100g. The nitrogen adsorption specific surface area is

measured in accordance with ASTM D4820-93, and the DBP absorption is measured
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Exanpl es of the carbon black include furnace bl ack,

acetyl ene bl ack, thermal bl ack, channel black, and
graphite. Wth regard to the carbon bl ack, channe

carbon black such as EPC, MPC, or CC, furnace carbon

bl ack such as SAF, | SAF, HAF, MAF, FEF, SRF, GPF

APF, FF, CF, SCF, or ECF; thermal carbon bl ack such as

. : d t arpon black can be cited as

1 pecioalle WM ASHE YREPSef AR St rodu Brpokgrtames

SBATE of BERSTTTHNY afi? SERST KN HANRLAGERCS TdRF cUidd08e" Lo,

adsor pti on speciticC ace area e carbpo

podcuek narmes CXUBkhy Spetial Rk AR hanufidtlrbdBy Befdsd, Inc., etc. may
pht hal ate (DBP) absorption of the carbon black is
Fjly 5 to 300 nmJ100g. The nitrogen adsorption

speci fic urfaFe area is rrg@_sured I n accordance with
ASTM €939 o (HEBNSBEOWRYE, AdeBh inglude 2 VifwiiEchigasilane,

: e with AST 4 14- rcial
e R T I
esbiyayolshaa)sthgRriridthdB)saandCar b??lﬁ%oxyﬁtb?yltriméfﬁb@é}gﬁne, 7-

nanes CK 3 and Speci al Bl ack manuf act ur ed
nssbeeyaxyprenyltrimethoxysitaye, be used. Exanpl es oiN-Bhaminoethyl)-y-
si.l ane ?Qupling_agent i ncl ude vinyltrichlorosil ane,
AIPRATERY t@frﬁg‘@(ngllpgﬂ,e N-(B-aminoethyl)-y-aminopropylmethyldimethoxysilane,

j [ - . xy)silane,, 0-(3, 4- .
A el P AREB AT P SRDGREToMyimethonysiane, -
nyerEAptEraeytYiRTeRiIkySilanBEL hOXY SLARRBpropyitriethoxysilane, bis(3-
met hacr yl oxypropyl tri met hoxysi | ane,
(Nethexyaiyimopyly | ) disulfidei nolis@pyriethioxysitd)propsl) | anétrasulfide, -
N- (R-am noet hyl ) - y- am nopr opyl net hyl di net hoxysi | ane,
i QWF'Y'VPHWM% fhipcatoarwt hoxy sitetmassilfide, and y-

tr@%@éﬁ{sgﬁé@gy%rﬁoﬁ%ﬂg %H}I ﬂ% é’ﬁe type thereof may be used or two

oy-rﬂxpfbnlgﬁés)mérédfi ﬁbvcﬁé’ﬁéé@ﬂ?coﬁg%ﬁén. As a commercial product,
(triethoxysilyl)propyl) disulfide,

pEidsicBRgmes 8i68 ang SiTSmpmufagtyied HyeDequssa, fineletcymay be used.

tri hoxysi Ifyl gropyl di et hyl t hi ocar banyl L

tetr MHlefof the gxtender qilipgiidegr aromatic sinerkeiklvishosityygravity

bk | £ j~d e r eof .be .used .o or
AT S a0 5 B, & Bop TReig i ol & K vae 0.850
tc0808Y, ahdla pHrafiHE minel S8 NEL Ok $768 10848, 7 i
manufactured by Degussa, F\fw. , etc. may ‘ﬁe ugjéd.grhe polycyclic
aomatic| wstent of the esdendedeit isqirbferalay lede tham RYOBRveRIht, and more
m neéal oi | (vioscosi ty-gravity constant (V.G C
PeieraRly lessdhen ¢ 7 byoveight. aThrplvevstic aromatic canteot i measured in
a&&ér&‘én%e \W“ lﬁ?itigh Eirtls'.-*gitute 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 wulcanization accelerator include thiazole-based
vulcanization accelerators such as 2-mercaptobenzothiazole, dibenzothiazyl
disuifide, and N-cyclohexyl-2-benzothiazylsulfenamide; thiuram-based vulcanization
accelerators such as tetramethylthiuram monosulfide and tetramethylthiuram

disulfide; sulfenamide-based vulcanization accelerators such as N-cyclohexyl-2-
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to 0.899), and a paraffinic mneral oil (V.G C. value
0.790 to 0.849). The polycyclic aromatic content of
the extender oil is preferably less than 3 % by

wei ght, and nore preferably less than 1 % by wei ght.
The pol ycyclic aromatic content is neasured in
accordance with British Institute of Petrol eum net hod

BB RIOIR, Gy SRR, SRy

bétrothiaiNesifiéittide, TWRoRfetHRR- Q-M&%tfﬁézo?ééhﬁé}%ﬁldé" lahd N,N-

may be used in conbination. Exanples of
diaoipoapyl-2-benzothiapdedvifemdride; ncandle ghnrmﬁoé-baémisedvulcamzatlon
vul cani zati on accel erators such as

accelgratospt otsepl ot m%zold@heavlﬁm@nw az?!onhgliobflguﬁﬂ'd@e and

oﬁﬁﬁa%fdﬁsa@hexibréaﬂbﬁ% B0l 4881 o5 AOPEDY 1] 19,5 parts by
vJefcj;hE b&ﬁ% Pena nq"ﬁg'&?’idﬂbfak @6mBeNerk Sir Bl Wretdranty 81 to 3

dISU ed vul cani'zati on
pag<sey weghprs such as N-cycl ohexyl-2- 35
benzot hi azol esul f enami de,
N-t - Bthen a2caniygatadhdiene | polymer espmmogition Ns daryredhipy gombiping a

Rﬁi %&h%ﬁhgg T Pfeéﬁﬁh‘%%“ban@e qmgunt of filer
Blaeé)%th ﬁathé éﬁt% a@ed diene z;Jolymer of

guam |ne rhased vul ca I‘on acce era S suc

th¥ preeent! iguenabhll id sudliyo1d o150 phes B Méighe. aFem the viewpoint of
ort hot ol yl bi guani di ne. The anount thereof used is

apragiopiresistanee and ﬁrﬁigﬂath@mguntwmgmad iseprefe@ablypaottiessithan 20
[ nt, and nore preferabl

Pgﬁé %Qﬁweiémy mgﬁrgﬁﬁ%: praje, r@ 'van%d?ﬁsuf@af' eAEnkY w&f@pﬁé%fgrg the

VRORBRE f It anch 5y 8B, £ eRrai bl i 4 pars
b@Right, a0t nhdrk [ppsferablyaiot e bﬁnqomyaﬁedy wefjht. 100 parts

by wei ght of the conjugated di ene polyner of the
pr es ifhen mvaonjtigated dienaupelymeycaapasgiondo whiaht a fikey is combined

wlf O goariad st PORBRDICh e BopRE BFEE) Rolsbdiom the
vfeﬁfgﬂmégf 2R bondhy WGl B SRELLEAREY. e st o

vi ewpol nt

siica odrabiaed R refefibOnGtRBSIS0 bhrtd By %@hep@rblloﬂ ;mts by weight
nore than 120 parts by weight, and nore preferably

of\the tetgl amountrof fitkes pambmeuyammgm prefiitalzly aotdess thgm 78 parts by
dﬁ]ge pol ymer conposition in which a filler is
ined wth the conjugated di ene polynmer of the

Presedd of e R Aroditiffa ESMMAAS 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 usually 50°C to 200°C and preferably 80°C to 190°C, and the
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vi ewpoi nt of fuel econony, it is preferable to use
silica as a filler. The amobunt of silica conbined is
preferably not | ess than 50 parts by wei ght per 100
parts by weight of the total amount of fillers

conmbi ned, and nore preferably not |less than 70 parts
by weight. As a nethod for producing a conjugated
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viigaftagin D Trb %@%ﬁ?@gﬁs@h@&%‘tﬁ'@ %, W80l 260 1o 2fec, and
prf&hey kb fb 18oect o 30 mn. Wen a vul cani zi ng agent

or a Vvul cani zation accelerator is conbined, the

kneadiheg conpiptedatdiere | polymeral and ntbhe wonjagatadn diedeC polymer
and preferably roomtenperature to 80C A conpositjon .
COMPOMIih of thel rrasenti inyenrtipanhavs excellant Juelzgeenemy. The grip
accel erator is  conbined is usually used after
pf?&’FﬁWﬁéealﬁ? 929¢/,| cani zati on treatment such as press
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usual s TEORBERh e CRAME: B BRDLTHERd' Tiene ol
coposition ¢fdhé pebsahtaneentioh yrensealfdr tiree, shoejsolpa! fabridg ensterials,
pol yner conposition of the present invention have
vibsatientpserfiing ueatedale mien/andrafe pgrticylarly suibaty el fartires) so
good. The conjugated di ene pol yner and the conj ugated

di ene polyner conposition of the present invention
EWF;LS@ for tires, shoe soles, flooring naterials,

vi bration-proofing materials, etc., and are

par t i The present inviehtidr ig edplaithetl delow hereferenodMBIEXSMplEse
present invention is explained bel ow by reference to

Exanpfhysical papeties weps ealuatedly efalioxing mathedsby t he
1" Rlobs NaTRy IRES;)

The Mooney viscosity of a polymer was measured at 100°C in accordance
with JIS K6300 (1994).

2. Vinyl content (units: mole %, proportion of conjugated diene-based 1,2-addition
constituent unit)

The vinyl content of a polymer was determined by IR spectroscopy from the
absorption intensity at around 910 em™, which is an absorption peak of a vinyl group.
3. Styrene unit content (units: % by weight)

The styrene unit content of a polymer was determined from refractive index in
accordance with JIS K6383 (1995).

4. Molecular weight distribution (Mw/Mn)

Weight-average molecular weight (Mw) and number-average molecular
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1. Mooney viscosity (M1+4) The Money viscosity of a
pol ymer was neasured at 100C in accordance wth JIS
K6300 (1994). 2. Vinyl content (units: nole %
proportion of conjugated di ene-based 1, 2-addition
constituent unit) The vinyl content of a polynmer was
determ ned by IR spectroscopy fromthe absorption

BTG Yol pOSYBE 00 SHanclR y BEenae Smeatn
chromdisgraph REPOR h&iod, Ehg th¢ Wi %éﬁhﬁ@%@%pﬁfﬂﬁmm of a

pol ymer was determ ned fromrefracti

palymer wasdetenninedJ1 S K6383 (1995). 4. Ml ecul ar wei ght
i,stribution éMN/ Mh) Wei ght - average nol ecul ar wei ght
(Pistrument Hif802Gmenuigeturas! tycTdsah Coddoratistnght  ( Mh)  wer e

under ¢ i,tions (1) tao (8) below by a gel
A3 3rten CoiGmp o Lo cobes Themam anoutbwered by Tosoh
CoRJopstignar wei ght distribution (Mv M) of a polymer
was determned. (1) Instrunent: HLC 8020 manufactured

(N MeBssmmend tepaperstu@n 402 Separation col um: GVH XL (2
colums in tanden) manufactured by Tosoh Corporation

(4) Sarigstetialydsefuranenper at ure:  40C ~ (4) Carrier:
rahydrofuran (5) Flowrate: 0.6 mmnn (6) Anount
(%)ﬁo&gaz%.o.%m MIN7) " Detector: differenti al

aliamt M [ ) Mol ecul ar wei ght standard: standard
(egol ystyrjgr‘::{ee(a E.W'Fuel econony A strip-shaped test piece

(Th Betevtpradifiérdhiial edfraktgheter "M and a I ength of 40 Mm was
st anped out from a sheet-shaped vul cani zed nol di ng and

(8) Molpcular weigbt stagdardTétendane polystpast (tan S (70C)) at

5_7|—_Q,g,ggonton1$ test piece was measured using a

A strip-shaped test piece having a width of 1 or 2 mm and a length of 40 mm
was stamped out from a sheet-shaped vulcanized molding and used for testing.
The loss tangent (tan§ (70°C)) at 70°C of the test piece was measured using a
viscoelastometer (Ueshima Seisakusho Co., Ltd.) under conditions of a strain of 1%
and a frequency of 10 Hz. The smaller this value, the better the fuel economy.

6. Grip properties

The loss tangent (tan § (0°C)) at 0°C of the vulcanized sheet was measured
using a viscoelastometer (Ueshima Seisakusho Co., Ltd.) under conditions of a strain
of 0.25% and a frequency of 10 Hz. The greater this value, the better the grip
properties.

Example 1

A 20 L capacity stainless polymerization reactor was washed, dried, flushed
with dry nitrogen, and charged with 10.2 kg of hexane (specific gravity 0.68 glem?),
547 g of 1,3-butadiene, 173 g of styrene, 6.1 mL of tetrahydrofuran, and 5.0 mL of
ethylene  glycol  diethyl ether. Subsequently, 110 mmol of

bis(diethylamino)methylvinylsilane and 14.3 mmol of n-butyllithium were poured in as
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vi scoel astoneter (Ueshi ma Sei sakusho Co., Ltd.) under
conditions of a strain of 1% and a frequency of 10
Hz. The smaller this value, the better the fuel
econony. 6. Gip properties The |loss tangent (tan S
(0C)) at OC of the vul cani zed sheet was neasured

usi ng a viscoel astoneter (Ueshi ma Sei sakusho Co.,

Ltd.) under conditions of a strain 59 izati
2 FybhEs, SO ang bk, SR esBhales” 6 Byfrerzation
wéstk‘?al%{d.p properties. Exanple 1 A 20 L capacity

staini’ess polynerization reactor was washed, dried, .
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| s(diet ' | iyl s .
ol BHRP BUEHI, St bl e pOmbdecholie o1 g, and

the o8k s‘?ﬁ,@né‘&:ﬂbﬁ@@%ﬁﬂwgl ution respectively, and
pol ynerization was started. Copol ynerization of

1, 3 IFolicwihg isis athe pdlymemsoluticn thais rabtained, wagiitired at a stirring
conti nuously supplying the npnopers tq..the
speedyefet30zae%, Ji-O watol “étd"a'BQWI'?':"I"HaZ"q@BQQE WS aegd thgrete:
and.a polyneri zatiqn t [ n t ini
a%cg@rnq&g«ag &Hﬁlﬁqto%gorl{éwéasdi gtn)gﬁlgg){l‘o Slhl%e dﬁélﬁi@ ﬁ]néammg

0884h{ &f Prféte(efq%i a8 tdd@Bd W8.$he3 Raly@her @BWitiort, mdative olynedr solution
styrene supplied was 259 g. Following this, the

wﬁ@lsﬁrfﬁﬂfoslfwnﬁegﬁ rhihutesobt ai ned was stirred at a

ti [ f 130 11.0 I f

1, 3. centhengolymer splyfiom Wk (ASHR] vl O atiadet RUVEG-43terthuvi-2-
irr| i ed - .

iRt a R D e iRhadyt arilgld Rbichdct Fimel Smifzer oM,

ng.\%ﬁ%@tl}ré’d t% FitoAR CHehdiddl 0De., antd.)! Redpolsy aenf pentaerythrityl

oluti1on s stirred for a further 5 mnutes. To the
teeikis®B laupithisb fopivnate) e(pactilet! riange: gSamilizer TP-D, manufactured by

2-tert-butyl-6-(3-tert-butyl-2- .

Swpnitome, Chemieaiya- bl dy | §ut2§_eﬁg?rnm gﬁé?ﬂl,ym%[ao%tlgfl was evaporated
oL B P b, LR ol 2
hours, thus giving a polymer. The amount of constituent unit of formula (1)
contained in the polymer thus obtained was 0.00611 mmol/g. The results of
evaluation of the polymer are given in Table 1.

100 parts by weight of the polymer thus obtained, 78.4 parts by weight of
silica (product name: Ultrasil VN3-G, manufactured by Degussa, Inc.), 6.4 parts by
weight of a silane coupling agent (product name: Si69, manufactured by Degussa,
Inc.), 6.4 parts by weight of carbon black (product name: DIABLACK N338,
manufactured by Mitsubishi Chemical Corp.), 47.6 parts by weight of an extender oil
(product name: X-140, manufactured by Kyodo Sekiyu), 1.5 parts by weight of an
aging inhibitor (product name: Antigene 3C, manufactured by Sumitomo Chemical

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

39




tetraki s(3-1aurylthiopropionate) (product nane:

Sum lizer TP-D, manufactured by Sumtono Chem cal
Co., Ltd.). Subsequently, the polyner solution was
evaporated at nornal tenperature for 24 hours, and
further dried under vacuum at 55C for 12 hours, thus
giving a polyner. The anount of constituent unit of

: ' ' 0 re t hu tai ned
Rt BotslceniaBl) Btitald? B8 Sl £ kb eteed by
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i nhi bi t_or(tgproduct nane: Antigene 3C, manufactured by
wa§ Yuicghiged R feating atciHo°Ciferd) minutemtius giyingiai whitanized sheet.

' 1 d, .2 parts by weight of zinc oxide, 1 part
T TS sEBidvatn R npmkicLaBrorioncbibpanizanied pretiare aiven
inTRdBke 1 Soxi nol CZ, manufactured by Sumtono Chem cal
Co., Ltd.), 1 part by weight of a vul canization
Exaropleéd at or (product nane: Soxinol D, manufactured by
Sum tono Chem cal Co., Ltd.), 1.5 parts by weight of
a wa 2P Lo@patityrainlesspalymerisationanadtacwvas edshsd, Gredyi flushed
[ . em cal_Industrial Co., Ltd.), and 1.4 parts
i) YL RigpgE Prd ra ARl ' aacitonre lupafe gty Biisoarom?),
58} gsgram-bh R r L h
pol ymer ctgzrir%gg’i tio %{% S g%/)tg":lli ngéh%lfbﬁga;[i %[dos'g ml. of
ethilene glysolmiethyl @thenc hSutdeluertiyd12. b enrilIaf h-but@ihium was poured
. vul cani zed by heating at 160C for 45 m nutes, thus
INAS, M G-Nexang Belutione @nd iwepelymeritation of 0| 3-sutediess ahd atyreme was
of _the vul cani zed sheet are

. i.£al propertie ¢
odttied it 0L Rburd" BRAAG oBRmariastop, (hecsiping eheest wam13agom,
theQlatyiReriz&fdH d f
vviqi h drr;éﬁtimt %&Oﬁ%gﬁg ! C reg%g%\;e\‘ﬁq? %gﬁ&? %nﬁgth%?# qig’g}ieﬁsewere
syppliecd cntiougusiyiotthie PolpMetzatiol reactdrd 7 g of
1, 3-butadiene, 173 g of styrene, 6.1 nL of
t et r Afigtihsmelymerzation Bacben esfried out for the 0.83 hour, 11.0 mmol of

bis(diethylamino)methylvinylsilane was charged into the polymerization reactor as a
cyclohexane solution under conditions of a stirring speed of 130 rpm and a
polymerization reactor internal temperature of 65°C.

Subsequently, the monomers were continuously supplied to the
polymerization reactor, thus carmying out copolymerization of 1,3-butadiene and
styrene for 1.67 hours. The amount of 1,3-butadiene supplied during the entire
polymerization was 821 g, and the amount of styrene suppiied was 259 g.

Following this, the polymer solution thus obtained was stirred at a stirring

speed of 130 rpm, 11.0 mmol of 1,3-dimethyl-2-imidazolidinone was added thereto,
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et hyl ene glycol diethyl ether. Subsequently, 12.9 mol
of n-butyllithiumwas poured in as an n-hexane

sol ution, and copol ynmeri zati on of 1, 3-butadi ene and
styrene was carried out for 0.83 hour. During

pol ymeri zation, the stirring speed was 130 rpm the
pol yneri zati on reactor internal terrperature vvas 6SC
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solution was Stirred for a further 5 m nutés.
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I'i zer TP-D, manufactured by Sum tonmp Chem ca
!rfaq ,8.4tpans. b$ulweightiarit tarbon Heagkol(ymeucts oamei MHIABBACK N339,
evaporated at nornal tenperature for 24 hours, and

nyan eqipy éfhtsubfa?@rchpg@@al (GO5P-). 356 pafts by wejght,pkan 9ﬁe§der oil

Vi n The t of C
it oo Y4 oo RIS oot b e of an
a&ﬁ? iOniBRG 1(hrd 8R! héme Thﬁt. e%uéé Smaﬁufa&u@ausv eqmlteﬁot @I%mlcal
polymer are given in Table 1. 100 parts by wei ght of
Cohd tehp | 2yparts Byhweiglotodfastereid, acEB 2%t yswéightuat iziplotoxialie, 1 part by
weight of a vulcanization accelerator {product name: Soxinol CZ, manufactured by
Sumitomo Chemical Co., Ltd.), 1 part by weight of a vulcanization accelerator
(product name: Soxinol D, manufactured by Sumitomo Chemical Co., Ltd.), 1.5 parts
by weight of a wax (product name: Sunnoc N, manufactured by Ouchi Shinko
Chemical industrial Co., Ltd.}, and 1.4 parts by weight of sulfur were kneaded by
means of a Labo Plastomill to prepare a polymer composition. The polymer

composition thus obtained was molded into a sheet using a 6 inch roll, and the sheet

was vulcanized by heating at 160°C for 45 minutes, thus giving a vulcanized sheet.

The results of evaluation of the physical properties of the vuicanized sheet are given




silica (product name: Utrasil VN3-G manufactured by
Degussa, Inc.), 6.4 parts by weight of a silane
coupl i ng agent (product name: Si 69, manufactured by
Degussa, Inc.), 6.4 parts by weight of carbon bl ack
(product nane: DI ABLACK N339, nmanufactured by
M t subi shi Chem cal Corp.), 47.6 parts by wei ght of an
. extender oil (product name: X-140, manufactured by
m%tg "Sekiyu), 1.5 parts by weight of an aging
ExaffpiPa tor (product name: Antigene 3C, manufactured by
Sumtono Chemcal Co., Ltd.), 2 parts by weight of
st eafi20 lacaphcity sfinléss poyyrmeizgtion rfactor mas ovastied, driedaflushed
by weight of a vulcanization accel erator (product 3
withagng nitegennand clrargesimith 48:2uka:af bgxane spacificrarayilyrf 68 g/cm”),
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pol yner conposition thus obtai ne$ \g\es ngl ed into a
palyrRrrzatian fgpcioreinfeiRs tegIReraliifgWeR Sostedpd Rgsmonomers were
. A ' L 45 mnutes, thus
Suéﬂl\'/elco%anéﬁ%lgygﬁ%wgﬂ@ﬁaﬁgﬁ%a%wrﬁesuI ts of eval uation
of t hGePihsSohtherRalRE had B8ewlcaiied outferahe Zedowheen ramel of

given 41 in Table 1. Exanple 3 A 20 L capacity
bis(tsthylarsisoyrwtiyyinnylsilané wvasrehacgedrintactbe nebimeadizaiinn wactor as a

flushed wth dry nitrgigen, c’gnd %harged \/gtE 1]3 .2 kg d
cyslohgeanen solutige Urdee cgpaliensy oh s Sugingnshesd gh7lvy M and a

- hut.adj . opb. 1 ML of
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di et Bybs&jueptly, SHESeRGIRIMdrY, wede 7 ddfitiucobly supplied to the

n-butyllithiumwas poured in as an n-hexane sol ution,

palyrderization yraactprz dhie reaoying, Gutbcapadiimatization of t,3-eniedigae and
carried out for 1 hour, Durin ol rizatipn, t
SN P SR AES RONPTSIEite T ST HG APSS W 130 rom and
gJ"%r- | d and t he nmononers
th\%gr% < ﬁ%ﬂ&%ﬁégaéghﬁ%gﬁé%@uﬁﬁgégg'ymeri zation
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cyclohexane solution under conditions of a stirring speed of 130 rpm and a
polymerization reactor internal temperature of 65°C.

Subsequently, the monomers were continuously supplied to the
polymerization reactor, thus carrying out copolymerization of 1,3-butadiene and
styrene for 0.5 hours. During polymerization, the stirring speed was 130 rpm and
the polymerization reactor internal temperature was 65°C.

After the polymerization had been carried out for the 0.5 hours, 11.0 mmol of
bis(diethylamino)methylvinylsilane was charged into the polymerization reactor as a

cyclohexane solution under conditions of a stirring speed of 130 rpm and a
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cycl ohexane sol ution under conditions of a stirring
speed of 130 rpmand a polynerization reactor

internal tenperature of 65C. Subsequently, the
nonomers were continuously supplied to the

pol yneri zation reactor, thus carrying out
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evaluation of the polymer are given in Table 1.

100 parts by weight of the polymer thus obtained, 78.4 parts by weight of
silica (product name: Ultrasil VN3-G, manufactured by Degussa, Inc.), 6.4 parts by
weight of a silane coupling agent (product name: Si69, manufactured by Degussa,
Inc.), 6.4 parts by weight of carbon black (product name: DIABLACK N339,
manufactured by Mitsubishi Chemical Corp.), 47.6 parts by weight of an extender oil
(product name: X-140, manufactured by Kyodo Sekiyu), 1.5 parts by weight of an

aging inhibitor (product name: Antigene 3C, manufactured by Sumitomo Chemical

Co., Ltd.), 2 parts by weight of stearic acid, 2 parts by weight of zinc oxide, 1 part by
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was stirred for a further 5 mnutes. To the pol yner

sol ution were added 1.8 g of
2-tert-butyl-6-(3-tert-butyl-
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utadieng syepliedwas g end thepameurs of styenaisyerliedivast 108rg

gi Veﬂn‘teri fle T;-)%ermeeri%:i.\tion had been carried out for the 2.5 hours, a solution of

2.8 mmol of bis(diethylamino)methylvinylsilane as a cyclohexane solution was

charged into the polymerization reactor under conditions of a stirring speed of 130

rpm and a polymerization reactor internal temperature of 65°C, and stirring was
carried out for 30 minutes.

Subsequently, 20 mL of a hexane solution containing 0.14 mL of methanol

was charged into the polymerization reactor, and the polymer solution was stirred for

5 minutes.

To the polymer solution were added 1.8 g of 2-tert-butyl-6-(3-tert-butyl-2-
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Conparative Exanple 1 A5 L capacity stainless

pol yneri zati on reactor was washed, dried, flushed
with dry nitrogen, and charged with 2.55 kg of hexane
(specific gravity 0.68 g/cnB), 137 g of

1, 3-but adi ene, 43 g of styrene, 1.5 nL of
tetrahydrofuran, and 1.2 nmL of ethylene glycol
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unden 06 pafds by amasiglitf of aths triolymerghsp ebidinet], 788 partsntnyawdigat of

pol ynmeri zation reactor internal tenperature of
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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 a 6 inch roll, and the sheet
was vulcanized by heating at 160°C for 45 minutes, thus giving a vuicanized sheet.
The results of evaluation of the physical properties of the vulcanized sheet are given

in Table 1.
Table 1
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with dry nitrogen, and charged with 10.2 kg of hexane (specific gravity 0.68 g/cm®),
547 g of 1,3-butadiene, 173 g of styrene, 6.1 mL of tetrahydrofuran, and 5.0 mL of
ethylene  glycol diethyl  ether. Subsequently, 11.0 mmol of
bis(diethylamino)methylvinylsilane and 14.3 mmol of n-butyllithium were poured in as
a cyclohexane solution and an n-hexane solution respectively, and polymerization
was started.

Copolymerization of 1,3-butadiene and styrene was carried out while
continuously supplying the monomers to the polymerization reactor at a stirring
speed of 130 rpm and a polymerization reactor internal temperature of 65°C. The
amount of 1,3-butadiene supplied during the entire polymerization was 821 g, and
the amount of styrene supplied was 259 g.

Following this, the polymer solution thus obtained was stirred at a stirring
speed of 130 rpm, 11.0 mmol of 1-phenyl-2-pyrrolidone was added thereto, and
stirring was carried out for 15 minutes. 20 mL of a hexane solution containing 0.54

mL of methanol was added to the polymer solution, and the polymer solution was
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g of 1,3-butadiene, 173 g of styrene, 6.1 nL of
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weight of a vulcanization accelerator (product name: Soxinol CZ, manufactured by
Sumitomo Chemical Co., Ltd.), 1 part by weight of a vulcanization accelerator
(product name: Soxinol D, manufactured by Sumitomo Chemical Co., Ltd.), 1.5 parts
by weight of a wax (product name: Sunnoc N, manufactured by Ouchi Shinko
Chemical Industrial Co., Ltd.), and 1.4 parts by weight of sulfur were kneaded by
means of a Labo Plastomill to prepare a polymer composition. The polymer
composition thus obtained was molded into a sheet using a 6 inch roll, and the sheet
was vulcanized by heating at 160°C for 45 minutes, thus giving a vuicanized sheet.
The results of evaluation of the physical properties of the vulcanized sheet are given

in Table 2.
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eval uation of the polynmer are given in Table 2. 100
parts by wei ght of the polyner thus obtained, 78.4
parts by weight of silica (product nane: U trasi
VN3- G, manufactured by Degussa, Inc.), 6.4 parts by
wei ght of a silane coupling agent (product name: Si69,
manuf actured by Degussa, 1Inc.), 6.4 parts by weight

e A By Sl i ORI OB Yoort. deg iyghed
wit d¥&iedenObnd Bh&y & Qﬁ’tﬁHOOZ kg)) of ?é%@‘“{&pé&[@graeﬁnga glemd),

rmnuf actured by Kyodo Sekiyu 5 parts by wei'ght of

54dng ofid3Amutadidmedi1rBrg $fostpenet 6.mante of wn'ahgzﬂmra%ﬂ,and 5.0 mL of
manuf actured by Sum tono Chemical Co., Ltd.), 2 parts

etwe%aglgml dtﬁhyée@ar i Subseanently, 1t mmey ofwe-bytytiithism wias poured
d ht of |

in F5 A Bl Yabm. B Fonmeszelon, o b Suladine.and stwgng s

R0, S, o i o

polnerzatiér resttdry inteshalt eiipetdied was 68°C; ahl Ghe, mdndmers were

parts by weight of a wax (product nane: Sunnoc N,
suppliag cantiovauslydy tt@updlymstidatiao reaCteeni cal | ndustri aI Co. ,

Lt d. and 1.4 parts b ht of sul fur vvere kn

by Aégh (e gronandrzaliorphig BeRe Bores i &gydhe Tahqysy yhermmol of
S ESIARhFe FABeos SATRAHE A8 o O A o o
cycloRgkaneVasiutioH %Béi%ﬂn&ﬂoﬁ@%\‘!ﬁ%ﬁﬁhﬁl%& of Y80 mm and a

m nutes, thus giving a vul cani zed sheet The results

pameyizatierateacior mternaldemhgratcebf §5°Gper t i es of t he

vul cg gzed sheet are given in Table 2. anple 5 47 A
20 LSHE3RaUPRYY st%‘?nl“&?“}ﬁﬁ ii:hi z&PF"HWW%'&ct%‘PPU%’s to the

n r
polfffotSion, oy, hi Refivipd Sk, e e ARG ot 355 AdRAE ana
styrérie Gorad.5 1103er UU@ﬂh@ %Iyn%?ﬁatﬁmoiheswff 19 Specdt \ﬂfaéﬂﬂfSOfrpm and

tetrahydrofuran, and 5.0 nL of ethylene glycol
thel DeM’mprlzaitOhéeactcsubszwtmmpeyatum@vas Ght6l of
n-bug\él [ithiumwas, poured in as an_n-hexane sol utj

and WPB MEERtaR Rad bees qatfed Ut fRE B B-Shareerd- gagiol o

big(tﬁ{e'iﬂ R 'R@pee@ﬁv vélﬁl%é% \nrrag‘rﬁﬁaft%dqmoy@ rﬁgﬁfm ?Qﬂont {¥ctor as a

cytlRBskaMe solLESM Ande BBRAIBSN f ViR stiftrg. speed bhe1 IR EAR a
were supplied continuously to the polynerization
palwagrization reactor internal temperature of 65°C.

Subsequently, the monomers were continuously supplied to the
polymerization reactor, thus carrying out copolymerization of 1,3-butadiene and
styrene for 0.5 hours. During polymerization, the stirring speed was 130 rpm and
the polymerization reactor internal temperature was 65°C.

After the polymerization had been carried out for the 0.5 hours, 11.0 mmol of
bis(diethylamino)methylvinylsilane was charged into the polymerization reactor as a
cyclohexane solution under conditions of a stirring speed of 130 rpm and a

polymerization reactor internal temperature of 65°C.

Subsequently, the monomers were continuously supplied to the
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After the pol ynerization had been carried out for the
1 hour, 11.0 mmol of
bi s(di et hyl am no) net hyl vi nyl sil ane was charged into
the polynerization reactor as a cycl ohexane sol ution
under conditions of a stirring speed of 130 rpmand a
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100 parts by weight of the polymer thus obtained, 78.4 parts by weight of
silica (product name: Ultrasil VN3-G, manufactured by Degussa, Inc.), 6.4 parts by
weight of a silane coupling agent (product name: Si69, manufactured by Degussa,
Inc.), 6.4 parts by weight of carbon black (product name: DIABLACK N339,
manufactured by Mitsubishi Chemical Corp.), 47.6 parts by weight of an extender oil
(product name: X-140, manufactured by Kyodo Sekiyu), 1.5 parts by weight of an
aging inhibitor (product name: Antigene 3C, manufactured by Sumitomo Chemical
Co., Ltd.), 2 parts by weight of stearic acid, 2 parts by weight of zinc oxide, 1 part by
weight of a vulcanization accelerator (product name: Soxinol CZ, manufactured by

Sumitomo Chemical Co., Ltd.), 1 part by weight of a vulcanization accelerator
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Example 6

A 20 L capacity stainless polymerization reactor was washed, dried, flushed
with dry nitrogen, and charged with 10.2 kg of hexane (specific gravity 0.68 g/em?®),
547 g of 1,3-butadiene, 173 g of styrene, 6.1 mL of tetrahydrofuran, and 5.0 mL of

ethylene diethyl  ether. Subsequently, 110 mmol of

glycol

bis(diethylamino)methylvinylsilane and 13.4 mmol of n-butyllithium were poured in as
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The results of evaluation of the physical properties

of the vul cani zed sheet are given in Table 2. Table 2
Ex. 4 Ex. 5 Mooney Viscosity - 46 44 Vinyl content %
60 59 Styrene unit content wt %25 25 Content of
constituent mol /g 0.00611 0.01833 wunit of fornula I
(polyner) Mol ecul ar wei ght distribution - 1.10 1.19

O kg@%@%sg%utta Br]r%énr& Aé}ne %ﬂ& o%orgﬁ%ééﬁgl 8{?@ rpE)iy‘raﬁsérizaticun

weilks&itaHeass pol yneri zati on reactor was washed dri ed,
flushed wth dry nitrogen, and charged vvith 10. 2 kg

of heSutmeqenlyci the grcmm'rrtays Owege g/conlB')upusI54ku9plin‘d to the
1, 3- but adi ene, 173 of styrene, 6.

F’Ph’f’}e&'ﬁ?ﬁmﬁof Q?r‘%m “&rﬁd Cé"ﬂngxto%fwP@{Yﬁlﬁ”é@i@"g pf, do}-butadiene and

150, SRR B A o e
ryﬁ‘létriiétlidnt\béyﬁﬁ dﬂﬁéjﬁﬁiguhtrb@ rem’s

g %@‘e
sol ution and exane sol ution respective

pol yniedlioagig thﬁs tﬁ@%o@hﬁrtseﬂjtloﬁuhﬁeeﬁbﬁmddy“lad bﬁ'red at a stirring
NONONEr s wer e contlnuously supplied to the

spgeq/@éﬂﬁﬁ apingd 1Ce menadrof N- mga@ul;&maynolvg:tmmas added thereto, and
SF TR oo stk o 59 Mt Shd Lk S eape SRGRG <piing 0.54
A bk hfethanol was added to the polymer solution, and the polymer solution was
stirred for a further 5 minutes.

To the polymer solution were added 1.8 g of 2-tert-butyl-6-(3-tert-butyl-2-
hydroxy-5-methylbenzyl)-4-methylphenyl acrylate (product name: Sumilizer GM,
manufactured by Sumitomo Chemical Co., Ltd), and 0.9 g of pentaerythrityl
tetrakis(3-laurylthiopropionate) (product name:. Sumilizer TP-D, manufactured by
Sumitomo Chemical Co., Ltd.). Subsequently, the polymer solution was evaporated
at normal temperature for 24 hours, and further dried under vacuum at 55°C for 12
hours, thus giving a polymer. The amount of constituent unit of formula (l)
contained in the polymer thus obtained was 0.01833 mmollg. The results of
evaluation of the polymer are given in Table 3.

100 parts by weight of the polymer thus obtained, 78.4 parts by weight of
silica (product name: Ultrasil VN3-G, manufactured by Degussa, Inc.), 6.4 parts by
weight of a silane coupling agent (product name: Si69, manufactured by Degussa,
Inc.), 6.4 parts by weight of carbon black (product name: DIABLACK N339,
manufactured by Mitsubishi Chemical Corp.), 47.6 parts by weight of an extender oil
(product name: X-140, manufactured by Kyodo Sekiyu), 1.5 parts by weight of an
aging inhibitor (product name: Antigene 3C, manufactured by Sumitomo Chemical
Co., Ltd.), 2 parts by weight of stearic acid, 2 parts by weight of zinc oxide, 1 part by

weight of a vulcanization accelerator (product name: Soxinol CZ, manufactured by

o1




pol yneri zation was 821 g, and the anount of styrene
supplied was 259 g. Followi ng this, the polyner

sol ution thus obtained was stirred at a stirring

speed of 130 rpm 11.0 mmol of N-nethyl -e-caprol actam
was added thereto, and stirring was carried out for
15 mnutes. 20 nL of a hexane sol uti on cont ai ning 0.54

aBpsTBRERRS, IS b8, 5o 5% AR, b

(ﬁ%ﬂﬁﬁt%meq_goilhﬁ O QharRAct&el %&'Eﬁ%lf&ﬁfoecﬁé’ﬁﬁg éo 8L.d.)01.5 parts
2-tert-butyl-6-(3-tert-butyl-2-

biaywieighty o anwhih y(plodoety hamd: Sﬁhlht)d ph enanufactiingd abye Ouchi Shinko
c((bﬁroduct name. Sumlizer GM manufactured by Sum tono

E\'ﬁaéz!ﬂdb@ti'al Cot.d-ty.). andd1d. partp by weiaht £ syfuirwerg| kneaded by

mang 197, 8, Capie” Sl BCPRPEE b, ol ComBoRRa: cHe polymer
cbp osnﬁérﬂth)ds oﬁéﬁ%ﬁ%ﬁ%‘%hlﬁed il %ﬂleé(t'@fng;é‘zé h%odaﬁ'gll Wha d the sheet

evapor at e at nor mal tenpera ure for

wha ulvanizdd ib@ theatiitpat YBICQUST 3% nilfsted, Qhusl iving @Jhﬂcarﬁiédssheet
Tg| Vi n a polymer. The anount of constituent unit of

eresy ta of Byalumt@ntcmthﬁe:!hvsmat propediey obthetvuicanizbd sheatdire given
V\% 0,01833 mml /g. The results of evaluation of the
'b SR) are given in Table 3. 100 parts by wei ght of
ﬁ% ynmer thus obtained, 78.4 parts by wei ght of
Pca (product nane: Utrasil VN3-G manufactured by

Degussao U epakity StathieR8 dolyritizatit @BEtoP{vad wiishéd &ried, flushed
coupl ing agent (product nane: Si 69, manufactur ed by
with iy wirogen,rand) chagget with 118.20kg ofcheyiane Qé.pemickgnamﬂyl(h@&g!cm ),
%/?r odu é DI ABLACK N339, manufactured
- iagiesg: 423 9 Ghshrsne. 571 mtpqrtsgawwaghembﬁ Q. of
u
%@g clt()P&lla hyl(%{ﬁ%d %h?é@@@nﬂ 1gh i -B\ﬁgl%ﬁ% RIXS poured

in a8 Iahlrfrﬁ?éxaf\@ rs@Rlti6H, éi@l%po&ﬂ{énﬂ@tﬂﬂ &Gl 3—E§I&erﬁ§tdl‘lﬂeﬁyrbble was
Sum tono Chem cal Co. d.), 2 parts by weight of

cgiried raut fercl bpur2 Paring pblymmxagbn thie stiming speedoyasl 13Arpm, the
‘bé Vel E’E't of a vulh%iml zation accel erator (t roduct
PRYMENZEER; frECtorznteah [pmRRiaREe WAS 68C.cad tlaprgnonomers were

&5 <8k ) ght of a

s\%ﬁcan?z%@gﬂyg:g‘ee pg}y;?egrﬁﬁﬁ )régéygt:t name: Soxi nol D,

nanufAfEr Uhe golyihebiatiohCHE Eéwrwrﬁéd ©0t for el 1)houd - 1.0 mmoal of

parts by weight of a wax (product nane: Sunnoc N,
bw@eﬁhﬂeﬂmemylvmbﬂanﬂm kbargeth énto dhé polpmiaszationl regdor, as a

CLQ ]f B rts by weight of sulfur were kneaded

cyg}o xane solu ton under conditions “of a stiming speed of 130 rpm and a
polymerization reactor internal temperature of 65°C.

Subsequently, the monomers were continuously supplied to the
polymerization reactor, thus camying out copolymerization of 1,3-butadiene and
styrene for 0.5 hours. During polymerization, the stirring speed was 130 pm and
the polymerization reactor internal temperature was 65°C.

After the polymerization had been carried out for the 0.5 hours, 11.0 mmol of
bis(diethylamino)methyivinylsilane was charged into the polymerization reactor as a

cyclohexane solution under conditions of a stirring speed of 130 rpm and a
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means of a Labo Plastom || to prepare a polyner
conposition. The polynmer conposition thus obtained
was nol ded into a sheet using a 6 inch roll, and the
sheet was vul cani zed by heating at 160C for 45

m nutes, thus giving a vul cani zed sheet. The results
of eval uation of the physical properties of the

| d | 3. Ex le 7 A 20
pEP E‘?fg‘géﬁ*zcte}veg? a ’tmez'eé t%Bﬁ%ﬁ%‘l’? 9583 bn er eact o?npvvag
wshe%bs%hkaqgffkﬁ@h% Wekd) n'cBﬁtﬂ%ﬂslya%pFﬁ@f 98l the

W th hexane speC| ic gravity 0.68 ¢

pofyiegizafi onl;ré’adthﬂ aislise aaeryidg ouy cpolymerigation 6f H 3rhutaﬂ|ene and
tetrahydrofuran, and 5.0 nL of ethylene gl ycol

stiirenenfdr (5 theurs. SDERg) pelmmegnzatm. thenstisting speed was 130 rpm and
n- but%l [.ithi um was pou as an hexane sol uti on,

thg,ROlWBEEFa}RR reackRriiiRT teI“p\?lr HEENATERCand st yrene was
carri ﬁ\qerC{He gf)@heﬁzg%g&ad%eh g@%lp r tﬁ@b'muré hﬁ 0 mmol of

stlrrlng spee olyneri zati on

Héiaaeﬂﬂranhﬁﬁ)ﬁ{eﬂﬂﬂlwﬁmaﬁé dadrchanitd ifloGhe PrtnidiRatit RZRIP as a

were “suppliedcontinuously to the pol ynerization
ayclahéxa@ne Abluton uhderpacbydansza)ﬁa)rstlrrmg bpesd ©irt30edprouand a
for the 1 hour, 11.0

nﬁlmemzath{weaﬁiowerfe@lrt?%erﬁwg Pf@HE-was charged into

th t

under SEEReAh. Mo " RGioRerf 1 yrp e EER° ARpld T the
ﬂWrﬁ(é’FEéh&rﬁtré&ﬁorr QRGS RarryiRg o itabogoRmmaizatiol of Of 3-Bbfadiene and
Subsequent | vy, t he nononers were conti nuously supplled

styrehdn éor Q)Blhp[IESI’I Mnn@rpolyemlzmhqn tthreu stirdng ispeedywasit130 rpm and
copol yneri zati on of 3-but adi ene and _styrene for

th@m@.vmwt-% rwt%mrﬁeh fegiperatie was 43Ry ) béeﬁ!m%rﬁ o 1.3-

T e g e %Etir‘sfp%ﬁvﬂié?ssﬁm& 528, € R e gt o
&ﬁéﬁéggp&i%“faglésb@e 0.5 hours, 11.0 nmol of
b1 s(di et'hyl am no) et hyl vi nyl si | ane was charged into

t he pBblowing i, the pabaérosolaionathus yoblaidesk wae stioed tat @nstirring

under conditions of a stirri ng speed of 130 r m and a
speed Afy1A0r ippmt 1 16h mnaalcefoN-methdrerrapralagipna Wit pddest theseto, and

Sub l. '
SHVRETHE Bl o B TR 55 A MRS Bpbit 0.5
rﬁQW'rb(éEﬁéﬁcﬂ dsOftdel 1o the HolyhttrRfitioRdand the polymer solution was

stirred for a further 5 minutes.

To the polymer solution were added 1.8 g of 2-tert-butyl-6-(3-tert-butyl-2-
hydroxy-5-methyibenzyl)-4-methylphenyl acrylate (product name: Sumilizer GM,
manufactured by Sumitomo Chemical Co., Ltd.), and 0.9 g of pentaerythrityl
tetrakis(3-laurylthiopropionate) (product name: Sumilizer TP-D, manufactured by
Sumitomo Chemical Co., L.td.). Subsequently, the polymer solution was evaporated
at normal temperature for 24 hours, and further dried under vacuum at 55°C for 12
hours, thus giving a polymer. The amount of constituent unit of formula (1)

contained in the polymer thus obtained was 0.01833 mmol/g. The results of

evaluation of the polymer are given in Table 3.




styrene for 0.5 hours. During polynerization, the
stirring speed was 130 rpmand the pol ynerization
reactor internal tenperature was 65C. After the
pol yneri zati on had been carried out for the 0.5 hours,
11.0 mol of bi s(di ethyl am no)net hyl vi nyl sil ane was
charged into the polynerization reactor as a
cycl 1,0 i f AP .
pocdlB e S HE WAL bORRE, T8 anl by Weignt of
siical @Fdifict hETRCORBSI YNBIG ORGnufSDRAMEDEVssal MR.), 6.4 parts by
nmononers were continuously suppliedto the
wegightyofea sitanel couplirgpagent, (ptodust mzamne: y3i89, roanufactured by Degussa,
copogynerization of 1, 3-butadiene and styrene for 0.5

InfduBst PBR | bty WRIhinek icadhono Rlack Herasiuet maf: SHABLARKS N339,
meRftaEP R A CMisBRsDERURREl CRlpnt7 bRty vl 8 gtender o
! duri o e _
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stirred at a stirring speed of 130 rpm 11.0 mmol of
Cov Ksthiipags by weight of alearimacia.okiparts bieweigbt ofine oxide, 1 part by

whhE e SRR asrear P (prerueh name: SpXl Hanpn {adured by
S@rﬂﬁ&'ﬁot&énlﬂgalpéb.., rﬁ&_&sgl ot B 'w@iﬁﬂt BE% QQil:é(ﬁTHtio:rl accelerator
sol ut or er o the

lon was stirre a furt m nut es.
(pRstU¢tTREME: B axiriod D, winefagfldedibyl SGm@omb Chemical Co., Ltd)), 1.5 parts
2-tert-butyl-6-(3-tert-butyl-2- o
byh yeight yof 5a rwedh (prpduct ynamed - Bnnieg | Nh enanufagturgd yeOuchi Shinko

CARORAL e Y 0 Sy BUTE S P RHS02 by

[ . r 0 : :
meEhd 2 2 SRl 9010008 P LIRS, T oo
cdrdpositiohdhys olifeine® wae Midided inttea Bitde! IBihg 08 inth @dll, WA the sheet
evaporated at normal tenperature for 24 hours, and
wag vulipanized by beatingeat 1AM fion 4 mBwiSs] thusigiving guulcanizag sheet.
i Vin ol ymer.  The anpunt of co ituent. upit of .
Tk 450, S AT PRI Re e b iH{GaN izt st oiven
iny&plel3 01833 nmmol /g. The results of evaluation of the
polyner are given in Table 3. 53 100 parts by wei ght
Table 8he pol yner thus obtained, 78.4 parts by weight of
silica (product name: Utrasil VN3-G manufactured by
Degussa, Inc.), 6.4 parts by
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wei ght of a silane coupling agent (product name: Si69,
manuf actured by Degussa, 1Inc.), 6.4 parts by weight
of carbon bl ack (product nane: DI ABLACK N339,

manuf actured by M tsubishi Chem cal Corp.), 47.6 parts
by wei ght of an extender oil (product nanme: X-140,

manuf act ured by Kyodo Sekiyu 1.5 parts by weight of
an aging inhibitor (product|nane: Anfigene 3C,
manuf act ured by Sunitonp Chepi cEx-6Co|, Exd7), |2 parts
by wei ght of stearif acid, 2|[parts by|weight ofj zinc
oxi Blepondy Yacdsithy wei ght- of a vulgani zati 48
accelerator (product nanme: Spxinol CZ] manuf actjured by
Sumt\nﬁpog%m cal OJ., k;@;d) 1 part by wgpght |of a
vutcam—zatton—accetgrator—(product—Teme—Soxijol D,
Sumto em cahbg Co. Lt .
mrwreﬁ\@ﬁ'ﬁ%:n%t a ggv/p(qp' f‘dug nate: %unncc ﬁl
cm Chem cal| I ndustrijal Co.,
E‘%ﬁﬁl_‘é{n?%ﬁé%%%ﬁbegrt’ 5 g)ﬁn{)/\g(ght 01884 fiup.oMag Kneaded
by uRRenerAlilaqy)Labo Rba@ﬁ-@ﬂ] [l to prepare a poljyner
conposition. Ihe polymer ositron|thus obtai ned
was Foklesgnomyo a sheet u5| n a 6 inch roll, and the
sheet was vul cani zéd by heafi n§-142 160CC182 45
m nut ﬁaﬂa CAY giving a vul canized sheet The rlesults
of ewaluation of the physi call propertijes of thg
vul céHP?&P Bet are gi ven in §$g 3. e 3 54 Ex.
6 EX. tdnp epey Viscosity - 44 i nyl content| % 59
—59  Styrene unit—Tctontent w %25 25—Content of the

constituent mol /g 0.01833 0.01833
(polyner) Fuel econony 0.112 0.102
gertles

unit of fornula |
tanb 70C Gip
Exa

A 20 L capacity stainless polymerization reactor was washed, dried, flushed
with dry nitrogen, and charged with 10.2 kg of hexane (specific gravity 0.68 g/cm®),
547 g of 1,3-butadiene, 173 g of styrene, 6.1 mL of tetrahydrofuran, and 5.0 mL of
ethylene  glycol diethyl ether. Subsequently, 826 mmol of
bis{diethylamino)methylvinylsilane and 14.3 mmol of n-butyllithium were poured in as
a cyclohexane solution and an n-hexane solution respectively, and polymerization
was started.

Subsequently, the monomers were continuously supplied to the
polymerization reactor, thus carrying out copolymerization of 1,3-butadiene and
styrene for 3 hours. The amount of 1,3-butadiene supplied during the entire
polymerization was 821 g, and the amount of styrene supplied was 258 g.

Following this, the polymer solution thus obtained was stirred at a stirring
speed of 130 rpm, 11.8 mmol of 4, 4-bis(diethylamino)benzophenone was added
thereto, and stirring was carried out for 15 minutes. 20 mL of a hexane solution
containing 0.54 mL of methano! was added to the polymer solution, and the polymer

solution was stirred for a further 5 minutes.
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- 0.942 1.105 tan8 OC Exanple 8 A 20 L capacity
stai nl ess polynerization reactor was washed, dried,
flushed with dry nitrogen, and charged with 10.2 kg
of hexane (specific gravity 0.68 g/cnB), 547 g of
1, 3-but adi ene, 173 g of styrene, 6.1 nL of
tetrahydrofuran, and 5.0 nL of ethylene glycol

di et hyl I :

o S e S SRS el 78 TR S g2
hyBroRiisyhéthlBe sFRMEMBHIRHER h&g{f%@e (BroeaM&t PR Sumilizer GM,

sol ution and an n-hexane sol ution respectively, and
maraifaoteed zby | Sumitonas Ghiemnita dCoSubideqaedt 09, gt he pentaerythrityl

nononers were conti nuousl% supplied to the

tel&his;(ﬁ-@qrﬂmqp@piqr@é@t grody u@r@%rﬁyﬁnméero[ﬂ’-& manufactured by

Suffifee ChemeaiGenk By sobsRbPaly BRABimerolliShfies Hyethrares

at%hhéﬁemg@avl ; rfégzﬂ hodfs VA RetheSdriGhdel Sa@ilM Bt 587C for 12
styrene supplied was 259 g. Followmng this, the

houed, ythies givihgita giolyinfers dtheaamedntvel cahstitieard it af formula (1)
stirring speed of 130 rpm 11.8 nmmol of 4,

coptaingids jrdithe Ipplyarer nby erbiaipgr: wase 0W845% daregl/g. t hEreeresults of
apd .sti1ret[1i ng was car.ri edToEt% or 15 mnutes. 20 nL of

evalugtion pldhe gPMeEpAre ¢t 8iTaPRe* 0. 54 nL of nethanol was
adde : l WL on, :
sol thl P%ﬁaﬁgys i Hr%g tﬁ %I‘p 0 urt?ﬁ;?bt%m%d’ﬁﬁé'gﬁ h SIWTV(‘)’GJIQHt of

sillcAqprauyBams AlitthsiPUNBas enanldasturbd bydDejussa, Inc.), 6.4 parts by
2-tert-butyl-6-(3-tert-butyl -2-
weightrof>ey sianeecauplingeagerit (preduelt napes (668 manifagtured by Degussa,

roduct name: Sumlj zer nuf act ur ed 1.1,0
IntheBide BErEDY, Wadl) of Gatop bagk gprogark Ramg: ipBpREK” 8o,
. | . . ; _ : ‘
maf et o3 bieh] Chiifleanb o) 7. SRS By e BF an extender of
(pfeRiuct harfle;) X-130DAaAURBIUNSd bY IKgod® ISeRKE), SIB pPhit by Wasght of an
evaporated at normal tenperature for 24 hours, and

aging trhibitod (predua mame: Vabigena 3€. praufagtured by fwmitomor Ghemical
.unit of

105 ol el R0 2 AR 0] o
wp I y(%e :?leré%mgél‘{@'g; aq’f’ﬁ'z'%%’f @?%HJC@ nShe: BYRhHAEZ Mafiraltlied by
Sumitomo Chemical Co., Ltd.), 1 part by weight of a vulcanization accelerator
(product name: Soxinol D, manufactured by Sumitomo Chemical Co., Ltd.), 1.5 parts
by weight of a wax (product name: Sunnoc N, manufactured by Ouchi Shinko
Chemical Industrial Co., Ltd.), and 1.4 parts by weight of sulfur were kneaded by
means of a Labo Plastomill to prepare a polymer composition. The polymer
composition thus obtained was moided into a sheet using a 6 inch roll, and the sheet
was vulcanized by heating at 160°C for 45 minutes, thus giving a vulcanized sheet.
The results of evaluation of the physical properties of the vulcanized sheet are given
in Table 4.

Example 9

A 20 L capacity stainless polymerization reactor was washed, dried, flushed
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100 parts by weight of the polyner thus obtained, 78.4
parts by weight of silica (product name: Utrasil
VN3- G, manufactured by Degussa, Inc.), 6.4 parts by
wei ght of a silane coupling agent (product name: Si69,
manuf actured by Degussa, 1Inc.), 6.4 parts by weight
of carbon bl ack (product nanme: DI ABLACK N339
manuf act ured by M tsubishi_Chem cal Cor

whigligoencmdinared it (0 prinrecen orayiy 088 arem),
54'??#18? QLIS (?]nbe‘r/)I % §’rp$§ hy'a 1 it 3¢ %}?Fa%gdr% %@'a%‘&ts 8'mL of

aging in duet “ndie!
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y weig of stearlc acid, 2 parts by weight of zinc
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accel erator (product nane: Soxinol CZ, manufactured by
a cyalrhexate epker and @ n-hexane 30'!"%|’QSP99“V@M gne relymaerization
Vm%}?%d;zatl on accelerator (product nane: Soxinol D,
tured by Sum'torm Chem cal Co., Ltd.), 1.5

part ht; r}éﬁk pr, CleoRBRuU

rranu?gc%r é@ﬂ\%y Chl ni m%erﬁoﬁal Sﬁ %h%lj
palyintbrizatiém dedctsr, pAGS S:ah')ﬁng\letbtﬁhéopbiyn‘ieﬂzétltin \wrﬁshnaatée.d and

by means of a Labo Plastom || to prepare a pol yner

Stxran@dglr 3 baursThdhgoapaent ot dipbetadieos suppledoidutingidte entire
ded [ a sheet using a 6 inch roll, d the
polmsiza %@asvgﬁ@srﬁ%@ae gyoNBtetisgeng SuRRied was 228 0.
m nubglﬁwwalﬁ ;ﬂ%n%}rvégltﬁ% 'tﬁﬁg ob d wa%r Eﬁﬁ&? Slat §tirring

of e physical properties o

spéad GRANBEQh, alzeze.hrrfu 6f Di(ivfdazold1-JB3kEtofherond WRlstadded tifieto,
L capacity stainless polynerization reactor was

angestingy was canded foutifindd mibetesi t RO dhlyofim hexagersolutiod containing
arged with 10.2 of hexane (specific raV|t .68
054" BHg5" melianoigwas addesin, Pepainer Soiiay. pd 35S pelimer golyton
wéég-stf?nfﬁdltf&t pmglr%w&& and 5.0 nL of ethylene glycol
et

sequently, 12.2 mol of
bi s( utb ethé YohimetOsdNRtionY weiensidddd a/8eg adl (-felpt-ButynB{3-teft-butyl-2-

n-butyllithiumwere poured in as a cycl ohexane

hydohtS-oathyibenzyl)-smedndptenyblagtylale  (pesqust thaned:y Sumilizer GM,
BT B S G oS 51 2 8 pontservy
te@%ll% ?ﬁé rﬁiﬁg@qﬁ%éﬁ%lg)t ﬁﬁl‘gdgﬁtja Jﬁ%{q ?ﬁﬁl%epu# -D, manufactured by
Sumitomo Chemical Co., Ltd.). Subsequently, the polymer solution was evaporated
at normal temperature for 24 hours, and further dried under vacuum at 55°C for 12
hours, thus giving a polymer. The amount of constituent unit of formula (i)
contained in the polymer thus obtained was 0.00678 mmol/g. The results of
evaluation of the polymer are given in Table 4.

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

Inc.), 6.4 parts by weight of carbon black (product name: DIABLACK N339,
manufactured by Mitsubishi Chemicat Corp.), 47.6 parts by weight of an extender oil
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styrene for 3 hours. The anount of 1, 3-butadiene
supplied during the entire polynerization was 821 g,
and the anmount of styrene supplied was 259 g.
Followi ng this, the polynmer solution thus obtained was
stirred at a stirring speed of 130 rpm 12.2 nmol of

-(imdazole-I-yl)- acetophenone was added thereto,
s

SRR SAUELGELAN Ko 80000 eEBar2fy Wil of an

exane so utlon con a|n
aaEeirhbRort (prodiet Kame: ﬁﬁilgétrieoﬁt; MBRufh&BredOobyy Eﬁfmtomo Chemical
solution was stirred for a further 5 mnutes. To the

Guo| ytdwpr2 paritsuby wmghtemfesteaixd:eatbldl Zaoagtsd:fy weight of zinc oxide, 1 part by
2-tert- butyl 6-(3-tert-buty

oA BlieARiZAjiPh @gsslerptor (mgdﬁyn @ﬁmﬁom Zataanufactured by

%ﬁ%gﬁ%"cbr’%%‘%1 L((SOdn}-d)g P%M % LiB ﬁt gé\f%q%ﬁa{s o M c28rator

gl%ﬁ[lamﬁr{e’sﬁoﬁi'ﬁﬁb’ﬂ)tlhhﬁtﬁﬁ&ﬂl‘eﬁrlﬁtﬁmlfd?ﬁ&éH%lcQﬁ@S Ltd) 1.5 parts

i zer D, manufact ured Sum tono Chem cal
byoweight &f Ja wakbpeguennbme; tMno@IN/rrmanmd:tutedony V@gchi Shinko
evaporated at normal tenperature for 24 hours, and

Ghamieal rindysitriad Gendidtd .}y aedidd parts b weight 10f SUH@ruwgre knfaged by

rgl Vi nﬁfaa(ﬁ gﬁ?ﬁ"%’;ﬂe anopunt of constituent. .unit Eﬁ%l polymer

elf PIEPAMR: 3 BPYMEF OMPOSHRT o
}(/Jrgrlgglq g}lxg Jg:fg\iil’lléénoqfv% T&J%g:{eﬁﬁ Laisd‘n%feb usﬁrYgg‘.l:l g;‘/lﬁc\&,\rg{bn%;not t?@ sheet

art
Wdﬁm@nmrbyt Hyating lat a60r€dfor 18 rdinQRE | thubd yiviey & Rtlcadized sheet.
silica (product nanme: Utrasil VN3-G nanufactured by
T[b@ggg@ts of jeyaluntiorcof4he physicah propediegiof thef vulcanizedrabeet are given
lﬂ)g'uﬁll i ng agent (product nane: Si69, nmanufactured by

Inc.), 6.4 parts by wei ght of carbon bl ack
-l(qrggé)gluct name: DI ABLACK N339, nmanufactured by

Mtsubisti—Chenicat—Corp )47 67 parts by werght—of—an
extender oil 57 (product name: X-14@x manuf aciyred by
Kyodo Sekiyu), 1.5 parts by weight of an aging
i nhi bitor (product nane: Antigene 3C 8nmanuiactu$ed b
Sum tomo Chem cal Co.| Ltd.), 2{parts by weight of
st ear Moosey iscagitpart s py wei ght of ziddc ox| de, 4¥ pari
by weight of a vulcan|zation acgelerator (product
name: Squymolhteﬁlz, manuf act L%ed by Swgtonp Chesti cal
Co., Ltd ), I part by pwerght of vutcani zation
acceggrr@\{é)&n,t&g[émjuct nanan,tg‘{}om ol Bs maan actagr ed by
Strtofro—Chenmeat—Co—1tt-a) b parts uy we+—gh{—oj
a %ﬁtehpgﬂqg%ng@mt SUinn@goly Manufactured by Quchi
Shi nko 0.00459 0.00678

unit of formule (1) (polymer)

Fuel economy

- 0.136 0.111
tand (70°C)
Grip properties
- 0.931 0.967
tand (0°C)
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Chem cal Industrial Co., Ltd.), and 1.4 parts by

wei ght of sul fur were kneaded by neans of a Labo

Plastom || to prepare a polyner conposition. The

pol ymer conposition thus obtained was nolded into a

sheet using a 6 inch roll, and the sheet was

vul cani zed by heating at 160C for 45 m nutes, thus

%iving a vul cani zed sheet. The results of eval uation
CI¥fSt he physical properties of the vul canized sheet are

gi ve Lo e T X 9 N
1 Vi sc'gsic%J @ua?tgé 2# i %ﬁ‘ﬁ%%nt%e&mpﬁ&n%%om t renedlﬁrr‘fle tb ased
cof@titligt tunitt arfd 8 ToABtitubMNIrANSf RImblAS(I)C @b 3ddst WaBttenAlLd Of the
0. 00459 0.00678 wunit of formule | (polymner) Fuel

polyown bringGnddifiedthyld éompaumidhavdg Girkpge pbioemuladlt): 0. 931
—0-96H, +anhgoC S8 Cains 1. A conjugated diene

pol ymer copprising a conjugated di ene-based
constituenEpunit and a constituent unit of fornula
(1), at lepst one term nus of thqur?poI ymer being
modi fX 1—a—c¥trpound having a |1’ nkage of fornmula
(Ir): CH,- X1-Si-x" (1) wherein X1, X2, and X3
independenxiy denote a group of fornmula (la), a
hydroxy ~
wherein X', X2, and X® independently denote a group of formula (la), a hydroxy
group, a hydrocarbyl group, or a substituted hydrocarbyl group, and at least one of

X', X2, and X3 is a hydroxy group or a group of formula (la),
—N (Ia)

wherein R' and R? independently denote a hydrocarbyl group having 1 to 6 carbon
atoms, a substituted hydrocarby! group having 1 to 6 carbon atoms, a silyl group, or a
substituted silyl group, and R' and R? may be bonded so as to form, together with the

nitrogen atom, a ring structure,
(l)'
C

wherein p denotes 0 or 1, T denotes a hydrocarbylene group having 1 to 20 carbon

(T)—A (ID)

atoms or a substituted hydrocarbylene group having 1 to 20 carbon atoms, and A
denotes a functional group having a nitrogen atom.

2. The polymer according to Claim 1, wherein R' and R? in formula (la) are
hydrocarbyl groups having 1 to 6 carbon atoms.

3. The polymer according to Claim 1 or 2, wherein two of X', X% and X* in

formula (1) are groups of formula (la) or hydroxy groups.
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group, a hydrocarbyl group, or a substituted

hydr ocar byl group, and at |east one of X1, X2, and X3
is a hydroxy group or a group of formula (la), RL N
(la) R7 wherein R1 and R2 independently denote a

hydr ocar byl group having 1 to 6 carbon atons, a
substituted hydrocarbyl group having 1 to 6 carbon

4.2 S "Boe Botined oo g to, B Bre B BHME ' B2 Wieftin 466 lifage o
fon’f‘dtflﬂl%)'i@ahﬁ]dabé%ﬁ%ﬂn@ﬁa‘]lﬁ) aring structure, 0 L- | (T)

wherein p denotes 0 or 1, T denotes a
hy rocar byl ene group having 1 to 20 carbon atons or a
suldsti tuted hydrocar byl ene g{ﬁgﬁ having 1 to 20 carbon
at Grrs,}‘and A denotes a func al group having a

nitrogen atom 2. The polynmer according to Caim1l,
wherein RL and R2 in fornmula (la) are hydrocarbyl

5. Jcool e AGVIG" erssing 1§ Ang ohe b £lRine fuig 4 igten T coppound
h%ﬁg"ﬂlnkggé %ﬁn&lé&ll)jé ﬁtljgééllbﬂﬁ BinpbMd3tIEctéd fdmQke compound

roxy groups ol ymer according to any one

gréfip EdritisiRg &f & aouapouﬁaedfecbrmuldwwé)uaﬁaagmmﬁounﬂ of fomhala((IVb):
Is a linkage of fornmula (Ila): O -I1-N(lIla) 5. The

pol ynmer j{according to any one of Clains | to 4, wherein
the co und having a linkage of forrmula (I1) is at
Ieast conmpound sel ected fromthe conpound group

—a_ganpound of fo (lI'va) and a
orrrgla(IVb) Eg?é)aN-R (1Va)

ting
corrpo nd of
\&CHo)/

m

wherein m denotes an integer of 0 to 10, and R*' and R*? independently denote a

hydrocarbyl group having 1 to 20 carbon atoms or a substituted hydrocarbyl group

having 1 to 20 carbon atoms,
O

N—~R" (IVb)

(CHz)n/

wherein n denotes an integer of 0 to 10, and R* denotes a hydrocarby! group having
1 to 20 carbon atoms or a substituted hydrocarbyt group having 1 to 20 carbon
atoms.

6. The polymer according to any one of Claims 1 to 3, wherein the compound
having a linkage of formula (ll) is at least one compound selected from the compound

group consisting of a compound of formula (IVc) and a compound of formula (IVd):
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\CH2) 111 wherein m denotes an integer of 0 to 10, and
R41 and R42 i ndependently denote a hydrocarbyl group
having 1 to 20 carbon atonms or a substituted
hydrocar byl group having 1 to 20 carbon atons, O N
R43 (I'Vb) (CH2)f wherein n denotes an integer of O to
10, and R43 denotes a hydrocarbyl group having 1 to
20 car toms Or a substituted hydrocarbyl group

havi n 20 c rbon atons 6 The pol yner according
to ay to er? %. t,he conpound
havi a |inkage 6T_' ﬂula (1) d 59 | east one
co nd sel/fected fromthe conmpound group consisting

a d of formula (l1Vc) and a conpound of
formula (Ivd): 60 O | (IVc) (Yl wherein r denotes an
WHHréig e ldefibtel aRlintégerYof UENBIYE'Sdeholiist 4 AfMPen atom-containing group
atom contai ning group as a substituent on the benzene
aS| agubstitdenttrenthehberzene ging, phdrvetiant thead alé a, plutatity of Y's, the
lurality of Y's nmay be identical to or different from
ewvsfﬁ maquPemlw}o Df(qfffz?nt framreach g ei n s
2, t denotes an integer of
_n| trogen at om cont ai ni ng
] he benze i ngs, when
; s the plurality of Yes nmay
PF—" ;{xi{(om each ot her, and
e”n there are a plurality oQ 3s the plurality of Y3s
may be identical to or different fromeach other. 7.
wheeeipa ﬁmesiéﬁﬂﬁté% éJoft P oR2Y t @BRotES ol intelBr &f Q0 @, Y? and Y?
wherein the vinyl bond content of the conjugated
dﬁneteenlb@umpmmntamm grasipatasraubsiftuents oodhg bgezead rings, when

tHere are a plurality of Y?s the plurality of Y?s may be identical to or different from

each other, and when there are a plurality of Y3s the plurality of Y3s may be identical
to or different from each other.

7. The polymer according to any one of Claims 1 to 6, wherein the vinyl bond
content of the conjugated diene polymer, with the content of the conjugated diene-
based constituent unit as 100 mole %, is not less than 20 mole % and not more than
70 mole %.

8. A conjugated diene polymer composition comprising the polymer according
to any one of Claims 1 to 7.and a filler.

9. The composition according to Claim 8, wherein the filler content is 10 to 150
parts by weight per 100 parts by weight of the conjugated diene polymer content.

10. A method for producing a conjugated diene polymer, comprising steps A and
B:

step A: polymerizing monomers comprising a conjugated diene and a vinyl
compound of formula (V1) in a hydrocarbon solvent in the presence of an alkali metal
catalyst to produce a polymer having an alkali metal originating from the catalyst at at

least one terminus of a polymer chain comprising a conjugated diene-based
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based constituent unit as 100 nole % is not |ess than
20 nole % and not nore than 70 nole % 8. A
conj ugat ed di ene pol yner conposition conprising the
pol ymer according to any one of Clains 1 to 7 and a
filler. 9. The conposition according to Cl aim 8,

- wherein the filler content is 10 to 150 parts by

mgnPlglh rP ¥ ﬁ{l ﬁ}oﬂaﬁ?é? urﬁ%&@?h%ﬁtﬂ?é’ vm%i &gﬂﬂﬁ&gﬁbﬁ%lgk\ﬂ?e

di ene polymer, conprising steps A and B:
step A polynerizing nononmers conprising a conjugated
di ene anfd a vinyl conpound ofgjeﬁrrml a (Vl) in a
hydgécargon sgl vent in the pre ce of an alkali netal
catal yst|to produce a polynmer having an al kali netal
originatlng fromthe catalyst at at |east one
term nusXof a pol ymer chain conprising a conjugated
di ene-based 61 nononer unit and a nononer unit based
whereirhX*, Wnyhd X6 indepentiently Hemotebagréiy df formlila (/18) axtiydrocarbyl
6 (M) X wherein X4, X5, and X6 |ndependentl)x25 denot e
QH-'U@r eua %bsmteteﬂmv&rqoarlad 9rouPh B Gt deasy ne §f ip? cﬁ”dax is a
substltut%d(i\p%drocarbyl group, and at | east one of X4,
gtaup of foymuta (Ve group of formula (Via), R3 N (Vla)
wher ei nNRR3 and R4 i ndependent|ly denote a hydrocar byl
group Maving 1 to 6 carbon atons, a substituted
“ydrbicar byl group having 1 to 6 qahon atons, a silyl
group,N\or, a substituted silyl group,” and R3 and R4
may be Wnded so as to form together with the
nitrogen atom a ring structure, and step B: reacting
the resulting polynmer in step Awith a conmpound havi ng
m@eﬁimﬁé@dd’ﬁ“ inflepandeatly denote @ hydrocarbyl group having 1 to 6 carbon

atoms, a substituted hydrocarbyl group having 1 to 6 carbon atoms, a silyl group, ora
substituted silyl group, and R* and R* may be bonded so as to form, together with the
nitrogen atom, a ring structure, and
step B: reacting the resulting polymer in step A with a compound having a linkage of
formula (H),

||

C—(Ty—A (IT)

wherein p denotes 0 or 1, T denotes a hydrocarbylene group having 1 to 20 carbon
atoms or a substituted hydrocarbylene group having 1 to 20 carbon atoms, and A
denotes a functional group having a nitrogen atom.

11, The method according to Claim 10, wherein R? and R* in formula (Vla) are
hydrocarby! groups having 1 to 6 carbon atoms.

12.  The method according to Claim 10 or 11, wherein two of X*, X®, and X® of
formula (V1) are groups of formula (Vla).

13. The method according to any one of Claims 10 to 12, wherein the linkage of

formula (I1) is a linkage of formula (1la).
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11 -(T), A(l I) wherein p denotes O or 1, T denotes a
hydr ocar byl ene group having 1 to 20 carbon atons or a
substituted hydrocarbyl ene group having 1 to 20 carbon
atons, and A denotes a functional group having a
nitrogen atom 11. The nethod according to O aim 10,
wherein R3 and R4 in fornmula (Via) are hydrocar byl

groups having 1 to 6 carbon atons. 12. The net hod
accdfding to Caim110 or 11, wherein two of X4, X5,

and g—Lormla (V) are grougqregf) fornula (Via).

13. The fethod according to any one of Clains 10 to

12, mher+in the linkage of fornmula (11) is a |Iinkage

of formula (Ila). 62 LN (Ha) 14. The nethod according

to any one of Clains 10 to 13, wherein the conpound

14avi nghémethodageomingf o raylofe OF Claiths 10tto H 8 aglher@iehe compound
compound sel ected fromthe conpound group consisting
having adinkpgrioffomula dirisi ktlegstvae camgoand setpaiec tfomfthe compound

for mul agg,IVbi): O R41-N N R42 ééllva) \CI_I'%\EQ”/ wherein
FRURLTRNSIENG AT 4 FerBRRUNIAf frmula (¥R) s R semPoyRd okipsmula (IVD):
i ndependeft |y denote a hydrocarbyl group having 1 to
20 carbon|jatonms or a substituted hydrocarbyl group
having 1 flo 20 carbon atons, ON -R43 (1Vb) (CH2)/
wher ei n otes an integer of 0 to 10, and R43
Héhotms a hydhgearRyt group havi nQIV% to 20 carbon
atons & a sybstituted hydrocarbyl*™ group having 1 to

20 carbg@Hgfons. 15. The nmethod according to any one
of Clains 10 to 13, wherein the conpound

wherein m denotes an integer of 0 to 10, and R*' and R*? independently denote a

hydrocarbyl group having 1 to 20 carbon atoms or a substituted hydrocarbyl group

having 1 to 20 carbon atoms,
O

R ( IVb)

N
(CH.z)/

wherein n denotes an integer of 0 to 10, and R*® denotes a hydrocarbyl group having
1 to 20 carbon atoms or a substituted hydrocarbyl group having 1 to 20 carbon
atoms.

15. The method according to any one of Claims 10 to 13, wherein the compound

having a linkage of formuia (11} is at least one compound selected from the compound

group consisting of a compound of formula (IVc) and a compound of formula (IVd):




having a |inkage of fornmula (Il) is at |east one
conpound sel ected fromthe conpound group consisting
of a conpound of formula (IVc) and a conmpound of
formula (Ivd): O 1'-CH (IVc) (Y1)/ 63 whereinr
denotes an integer of 1 or 2, Y denotes a nitrogen
atom contai ning group as a substituent on the benzene
' : r I L LY o
i BT S0 B 316 2 Y0 Rk ool o Mantaining group

asaf Bulbdtin®int onTtHe) benZeke ring, and wheWtBeRl BreSa ANkt of s the
integer of 1 or 2, t denotes an integer of 0 to 2, Y2

plunalityef Y'demayt lee identicabtoror aliftenerd dotregashretheyr oups as
subst i nzene rings, when there are a
pl ur ity of Y2s may be identica

to ot her, ang(lmnthere are a
ty of Y3 be identi cal

pl ur
t gOm di ent fro her., 64
(Y7) (Y7}

wherein s denotes an integer of 1 or 2, t denotes an integer of 0 to 2, Y2 and Y?
denote nitrogen atom-containing groups as substituents on the benzene rings, when
there are a plurality of Y2s the plurality of Y?s may be identical to or different from
each other, and when there are a plurality of Y>s the plurality of Y3s may be identical

to or different from each other.




