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DI ENE- BASED POLYMER, AND METHOD FOR PRODUCI NG POLYMER COMPQSI TI ON
BACKGROUND OF THE I NVENTION 5 Field of the Invention [0001

present invention relates to a nethod for prodUC|ng a nDdlhmmmwmmmm“wmfed
di ene-based pol ymer and a met hod for producing a pol yner conp05| on us
the polyner. 10 Background Art [0002] In recent years,

increase of interest in the environnmental problens, inprovement |n fueI
econony has 15 strongly been required on autonobiles, and a rubber
conposition to be used for autonDtive tires is also required to be superior
in fuel econo on for autonotive tires, rubber

a rubber co
conposi ti ons r@n%TﬁltogI WF’T‘E’R%DU(géHFU QEEBE% ENIUGAIER PIENE-BASED BCLYMER,

AND METHEOD FOR PRODUCING POLYMER COMPOSITION

BACKGROUND OF THE INVENTION
5 Field of the Invention

[0001]

The present invention relates to a method for producing
a modified conjugated diene-based polymer and a method for
preducing a polymer composition using the pclymer.
10
Background Art

[0002}

In recent years, with an increase of interest in the

environmental probklems, improvement in fuel economy has

15 stronglybeen required on automobiles, and a rubber composition
to be used for attomotive tires is also required to be superior
in fuel economy. As a rubber composition for automotive tires,
rubber compositions containing a conjugated diene-based
polymer such as polybutadiene or a styrene-butadiene copolymer,

20 and a reinforcing agent are used. The use of a silica
reinforcing agent in place of carbonblack, which has heretofore
been used as a reinforcing agent, has been studied in order to
improve performance as a rubber composition for tires.
[0003]

25 Silica reinforcing agents are lower in affinity with
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pol yner such as pol ybut adi ene or a styrene-butadi ene copol yner, 20 and a
reinforcing agent are used. The use of a silica reinforcing agent in place
of carbon bl ack, which has heretofore been used as a reinforcing agent, has
been studied in order to inprove perfornmance as a rubber conposition for
tires. [0003] 25Silica reinforcing agents are lower in affinity wwth 1
conj ugat ed di ene-based pol yners as conpared with carbon bl ack. | nprovenent
in fuel economnmy has believed to require to enhance affinity between silica
rei nforcing agents and conjugat ed di ene-based polynmers. In order to enhance
affinity between 5 silica reinforcing agents and conjugated di ene-based
polymers, JP-A-10-7702, for exanple, proposes a nethod in which isoprene

and but adi eng,af,g,.R0k yTELL 284 HHAGB: DYE YL hb L M + P bulowl didhi um i's then
reacted with the resulting polyner to performnmnetallization of a vinyl

group possessgskdy¢nansiideriehadddndfly ofastha ipoky rer;e@nde tthesgahter

chl oropropyltriethoxYsilane is reacted wth the resultant netalized pol yner.
to obtain a mbtlirfitgdoectoryengat eidtadiretretdrased poinyreind SUMMARY. <GF THE

| NVENTI ON 15[ 0004] Rubber conpositions containing nodified conjugated.

di ene-based PbIIATERSSPREdUBRES by R I dgBove-Ci e MEtTABYE 1ibsEHBsed
JP-A-10-7702, however, are still unsatisfactory in fuel economy and
gripping YOEé Tﬁ%ﬁflnﬁaffkﬁﬁﬂgen s and conjugate lene-bzsed polymers,

JP-A-10-7702, for example, proposes a method in which isoprene
and butadiene are polymerized-using rn-butyll:ithium,
n-butyllithium is then reacted with the resulting polymer to
performmetallization of a vinyl group possessed by a side chain
10 of the polymer, and thereafter chloropropyltriethoxysilane is
reacted with the resultant metalized polymer to obtain a

modified conjugated diene—based-polYmer.

SUMMARY OF THE INVENTICN
1t [0004]

Rubber compositions containing medified conjugated’
diene-based polymers produced by the above-cited method
disclosed JP—A-lO-77OZ, however, are still unsatisfactory in
frel economy and gripping properties.

20 [0005]

Under such circumstances, the problem to be solved by the
present invention is to provide a method for procucing a
modifiec conjugated diene-based polymer capable of aZforcing
a polymer composition superior in fuel economy and gripping

25 properties, and a method for producing a polymer composition



Under such circunstances, the problemto be solved by the present invention
is-to provide a nethod for producing a nodified conjugated diene-based

pol ymer capabl e of affording a polymer conposition superior in fuel econony
and gripping 25 properties, and a nethod for producing a polyner
conposition wusing the polynmer. [0006] The present invention relates
to a nethod for producing a nodified conjugated di ene-based pol yner, the
met hod 5 conprising a step of reacting a conjugated di ene-based pol yner
havi ng nononer units derived froma conjugated di ene conpound, nononer
units derived froma conpound represented by Formula (1) and nononer units
derived froma conpound represented by Fornula (2), with an organonetallic
conpound, and;g,step of; JQ-reacting the resulting product and an epoxy
conpound, wherei'n the conjugated di ene-based pol yner conprises the nononer
uni ts derivegdodoegm t he conpound represented by Fornmula .(1) in a content of
fromO0.01% by weight to 1% by wei ght where the total anmpbunt of all the
nonomer units conthe medsemt tiheeconjnugatadsls dieréobatedppodywaiey i s taken
as 100% by wei ght; wherein Rl, R12, Rn, R- -
and R15 each?itRfépendieirtiyoreyst €4entResk{drog@srat b1 dethed al kyl group; at

| east one_grou Selecteq:fro R11, R12, R13,t§%4 and R15 is an al kyl group;

R16, 17 5 comprlsing a step of reacting a conjuga diene-based polymer
having moncmer units derived from a conjugated diene compound,
monomer units derived from a compound represented by Formula
(1) and monomer units derived from a ccmpound represented by
Formula (2), with an organometallic. compound, énd a step of

10 reacting the resulting oroduct and an epoxy com_oound,_whefein___
the conjugated diene-based polymer comprises the rlno'n.om'er unit.é.
derived from the corﬁpound represented by Formula (1) in a
content of from 0.0X1% by welight to 1% by weight where the total
amount of all the monomer units contained in the conjugated

15 diene-based polymer is taken as 100% by weight;

pi? me%r4< <¥WR“ (M

R.;S RI4
wherein R, 'Rlz, R13, R™ and R each independently represent
a hycrogen atom or an alkyl group; at least one group selected
from RY, Rlz, R, R and R'® is an alkyl group:; R'®, R*? ang R™®
20 each independently represent a hydrogen atom or a hycdrocarbyl

group; R? represents a aydrocarbylene group; k is 0 or 1,



R- and R18 20 each independently represent a hydrogen atom or a hydrocar byl
group; R19 represents a hydrocarbylene group; k is 0 or 1, R25R27 R215
R24- ('\-R21 wherein the conpound represented by Forrmula (2) consists of
carbon atons and hydrogen atonms; RN, Rn, RN, RN and RN are all hydrogen
atons or two or nore groups selected fromR20, R21, 5 R22, R23 and R24 are
| inked to formone or nore rings consisting of carbon atons including the
carbon atons to which the groups

wherein the compound represented by Formula (2) consists of
carbon atoms and hydrogen atoms; RZO, RZl, Rzz, R*® and R* are
all hydrogen atoms or two or more groups selected from rR?°, R%,

5 RH,.waénd.Rﬂ-are_linked to form one or more ﬁings consisting
Qf carbon atofns i.n_cluding the carbon atoms to which the groups
are attached and each éf the rest of Rm, RH, RH, R*3 and rR%
is & hycrogen atom; R?%, R?® and R?’ each indepencently represent
a hyd:égen atom or a hydrocarbyl grcug.

10 [0007]

A second aspect of tﬁe present invention relates to a
method for producing a polymer composition, the method
compgrising a step of kneading 100 parts by weicht of a modifiec
conjugated diene-based polymer produced by the above-mentioned

15 methodwith from10 to 150 parts byweight of a reinforcing agent.
[0008]

According to the present invention, polymer compositions
superib: in fuel economy and gripping properzies can Dbe
obtained.

20

DETATILED DESCRIPTION OF THE PREFERRED EMBODIMENTS



are attached and each of the rest of R20, R21, R22, R23 and R2A 25, -26 is
a - hydrogen atom Rand R27 each independently represent a hydrogen atom or
a hydrocarbyl group. 10[ 0007] A second aspect of the present invention
relates to a method for producing a polyner conposition, the nethod
conprising a step of kneading 100 parts by weight of a nodified conjugated
di ene- based pol yner produced by the above-nentioned 15 nethod with from 10
to 150 parts by weight of a reinforcing agent. [0008] According to the
present invention, polynmer conpositions superior in fuel econony and

gri pping properties can be obtai ned. 20 DETAI LED DESCRI PTI ON OF THE
PREFERRED EMBCDI MENTS [ 0009]

[0003]

In the present specification, a hydrocarbyl group
represents a monovalent group obtained by rerﬁoving one hydrogen
atom from a hydrocarbon. A hydrocarbylene group represents a

5 divalent group obtained by removing two hydrogen atoms from a
hydrocarbon. A hydrocarkyloxy group represents a moncvalent
group having a structure Iin which a hydrogen atom of a hydroxy
group has been substituted with a hydrocarbyl group. An amino
group having a substituent {(hereinafter sometimes ;eferred to

10 as a.sﬁbstituted amino group) represents a. group having a
structure in which at least one hydrogen atom of an amino group
has been substituted with a monovalent atom or a monovalent
group other than a hydrogen atom, or a group having a structure
in which two hydrogen atoms of an amino group have been

i5 stbstituted with a divalent grcup. A Hydrocarbyl group having
a substituent (hereinafter sometimes referred to as a
substituted hydrocarbyl group) represents a monovalent group
having a structure In which at least one hydroger atom cf a
hydrocarby>: group has been substituted with a subst:tuent. A

20 hydrocarbylene group having a hetercatom (hereinafter
sometimes referred to as a hetercatom-containing
hydrocarbylene group) represents a divaZent group having a
~structure in which a carbon atom other than a carbon atom from
which a hydrogen atom has been removed, anc/or a hydrogen atom

25 of a hydrocarbylene group has been substituted with a croup



In the present specification, a hydrocarbyl group represents a nonoval ent
group obtai ned by renoving one hydrogen atom from a hydrocarbon. A
hydr ocar byl ene group represents a 5 dival ent group obtained by renoving two
hydrogen atons from a hydrocarbon. A hydrocarbvi oxygroup represents a
nonoval ent group having a structure in which a hydrogen atom of a hydroxy
group has been substituted with a h-ydrocarbyl group. An am no group having
a substituent (hereinafter sonetinmes referred to 10 as a substituted am no
grouc) represents a group having a structure in which at |east one hydrogen
atom of an am no group has been substituted wth a nonoval ent atomor a
nonoval ent group ot her than a hydrogen atom or a group having a structure
in which two,hydrogen.al.oos.0f -an.am nengtoup have; heen. L5, sihstituted with
a dival ent group.” A hydrocarbyl group having a substituent (hereinafter
soneti mes ref@rRentoas. asstRslcichuberh Rydl oCaEbydo GHOHrcEERIL£SENt S a
nonoval ent group having a structure in which at | east one hydrogen atom of
a hydr ocar bytongrecomp hhasndeen rsubste trutteidnve it Tezes tsulestyidrueatbylAx20
hydr ocar byl ene group having a heteroatom (hereinafter sonetines referred to
as a het er oaf oAt RAHIONGC hy diidéapbydt®Re group) represents a dival ent
group hav%ng Structure in which a carbon atom ot her than a carbon atom
from whi ch al d?ogen at om has been renoved, and/or a hydrogen atom 25 of a
hydr ocar byl e r.Qup . Su j tute i .croup _-having a heteroatom
(an aton1othg§m%ﬁ§% gﬂng §§&3%6ﬁ§%%%&§ %9%#%%§%da%%%§.81?mi

hydr ocar byl oxysjdeane conpound represents a conpound having a structure in
whi ch at | east one hydrocarbyl oxy group is bound to a silicon atom 5[0010]
[ Process for Prodose ngthbdi fdredrCondiigatedoddrera- BasedaPel yner] The net hod
for producing a nodified conjugated di ene-based pol yner of -the present

i nventi on refiresbeecdraittrod Il commensiingeat strepeleftes dactnatdpod conj ugat ed
di ene- based pol ynmer having nononer units derived froma conjugated di ene
conpound?® norITRET SHRT £sS tdér 1V E2 T r-di A CeBhBUNE T EpFasEtitee? By Eor mul a (1)
and nononer Hniis derived from a_ conpound repres Q}gd by Formula (2), with

Ving monomer Jdnits rive om CO uga len d
an oroanomet af 1i'C €ompotnd," “and a’st ep 6 “°rIHd ne compound,

monomer units derived from a compound represented by Formula
{1) and monomer units derived from a compound represented by
Formula (2Z), with an organometzllic compcund, and a step of
15 reacting the resulting product and an epoxy compound, wherein
the conjugated diene-based pclymer comprises the monomer units
derived from the compound representec by Formula (1) in a
content of from 3.01% by‘ﬂeiéht to 1% by weight where the total
amount of all the ronomer units contained in the conjugated

20 diene-based polymer is taken as 100% py weight;

R‘i R]S Rl H R]:

Rl ) iRw?k \ (I

wherein Rn, Rn, RB, R and R*® each independent_.y represent



15 reacting the resulting product and an epoxy conpound, wherein the

conj ugat ed di ene-based pol yner conprises the nononer units derived fromthe
conmpound represented by Fornmula (1) in a content of fromO0.01% by weight to
1% by wei ght where the total anmount of all the nononer units contained in

t e conj ugated 20 di ene-based polyner is taken as 100% by wei ght;. 106R'R12 .
R171119/k13(1) 10 Rmwherein RR12, Rn, R14 and R ndependently represent a
hydrogen atom or an al kyl group; at |east one group selected fromRu., R12,
R13, R14 and R15 is an al kyl group; R16, R17 and R18 each independently
represent a hydrogen atom or a hydrocarbyl group; R19 represents a
hydr ocar byl ene group; k is 0 or 1, RZ5R27 R2/6\R. .2e(2) R2,4 5R2-3R'

a hydrogen atom or an alkyl group; at least one group selected
from R, R, R'?, R" and R¥® is an alkyl group: R'®, R*" and R'®
each independently represent a hydrogen atom or a hydrocarbyl

group:; R? represents a hydrocarbylene group; k is 0 or 1,

R2 8 Rl?
/}_____“-\/ RIO
R;’.(i \ __/ . {2)
R24 _,/ ) \\_R?_-”a
qu RZ:

wherein the compound represented by Formula (2) consists of
carbon atoms and hydrogen atoms; Rm, Rn, RM, R** and R*! are
all hydrogen atoms or Zwo or more groups selected from R%°, R%,
R%?, R*® ard R*! are linked to form one or more rings consisting

10 of carbon atems including the carbon atoms to which the groups
are attached and each of the rest of Rm, Rn, R”, R?3 and R*
is a2 hydrogen atom; R%, R?® and R? each indepencently represent
a hydrogen atom or a hydrocarbyl group.
[0011]

15 <Conjugated Diene-Based Pclymer>

The ccriugated diene-besed polymer has monomer urits

derived frcm a conjugated diene compound, menomer units derived
from a compound represented by Formula (1}, and monomer units
derived from a compound represented by Formula (2).

20 Examples of tnhe conjugeated diene cémpound include

1,3-butadiene, isoprene, 1,3-pentaciene,



wherein the conpound represented by Formula (2) consists of 21 0, R R22,
R23 carbon atons and hydrogen atons; R2and R24 are all hydrogen atons or
.-_Wo or nore groups selected fromR20, R21, R22, R23 and R24 are linked to
formone or nore rings consisting 10 of carbon atons including the carbon
atonms to which the groups are attached and each of the rest of Rn, Rn, R22,
R23 and RN is a hydrogen atom R25, R26 and R27 each i ndepentenly represent
a hydrogen atom or a hydrocarbyl group. [0011] 15 <Conjugat edDi ene- Based
Pol ymer > The conj ugat ed di ene-based pol yner has nononer units
derived froma conjugated di ene conpound, nononer units derived froma
conpound represented by Fornmula (1), and nononmer units derived froma

conpound reps esented, by 1F@L§yda@1(=,g; £0Examn| 834084 heoconjugated di ene
conpound i ncl'ude 1, 3-but adi ene, isoprene, 1, 3-pent adi ene,

2, 3-di net hylm&ub%TQU&ﬂdir%ﬂear@-ﬂ@eai,3-1_|’J3X33.dliaﬁlﬁ@negle1@6pﬂ@{ee igenbers of them
are used. 1, 3-Butadiene or isoprene is preferred.

preferred.

[0012]

5 In Forhula (1), R”y Rm, RB, R™ and R*® each incependently
represent a hydrogen atom or an alkyl group, and at least one
of R, R¥, RY, RY and R is an a.kyl group.

[0013]
- The number of the carboﬁ atomé of eacflof the alkyl groups
10 of Ru, k*?, R*®*, R and R'® is preferably 1 to 8, more preferably
1 to &, even more preferably 1 to 2, particularly preferably
1.
[0014]
Examples of the alkyl grcups of R, Rn, RH, R and R?®®
1t include a methyl group, an ethyl grcup, a propyl grcup, an
isopropyl group, a butyl group, an isobutyl group, a sec-butyl
group, a pentyl group, a hexyl group, a heptyl group, and an
octyl group.
[0OLE:
20 Each of the alkvl groups of R, RY, R, R and R'® is
preferably an alkyl group which is bound to a benzene ring via
a carbcn stom to which one or more hydrogern atoms are bound,
more preferably an alky: group which is bound to a benzene ring
via a carbon atom to which two or more hycrogen atoms are bound,

2t even more preferably a linear alkyl group.



[0012] 5In Formula (1), R', R 2, R13, R14 and 17(15 each independently
represent a hydrogen atom or an al kyl group, and at |east one of Rn, R12,
Rn, R14 and Rn is an al kyl group. [0013] The nunber of the
carbon atons of each of the al kyl groups 10of R11l, R12, R13, K-19

and R15 is preferably 1 to 8, nore preferably 1 to 5, even nore preferably
1to 2, particularly preferably 1. [0014] Exanples of the al kyl groups of
R11, R12, R13, R19 and R15 15 include a nethyl group, an ethyl group, a
propyl group, an isopronyl groun, a butyl group, an isobutyl group, a
sec-butyl group, a pentyl group, a hexvl group, a heptyl group, and an
-octyl group. [001.5 20Each of the al kyl groups of Rn, R12, Rn, R14 and R15
i's preferabl yo@y;al kyl group which is bound to a benzene ring via a carbon
atomto which one or nore hydrogen atons are bound, nore preferably an

al kyl group whi chgksh hounHe taa kg1 berzgnrect inty, Wa a'‘garBomardmito whi ch two
or nore hydrogen atons are bound, 25 even nore preferably a |linear alkyl

gr oup. preferably a methyl group, an ethyl group, a n-propyl group,

a n-butyl group, or a n-pentyl group, more preferably a methyl
5 group or an ethyl grcup, even more preferably a methyl group.
[0027]

Preferably, one to three groups selected from R™, RY?,

rRY3, ¢R14 and R!® are alkyl groups, and the remaining groups are
hydrogen. atoms. More preferably, one or th groups selected
10 rom K*, R*?, R-?, R and R'® are alkyl groups, and the remalning
"groups are hydrogen atcms.
[0018]
When one group selected from RH, R12, R13, R and R'® is
an alkyl group and the remaining four groups are hydrogen atoms,
15 preferably any one group of Rlz, R!® and RM™ is an alkvl group
and the remaining four grcups are hydrogen atoms.
[0019]
When two groups selected from R'Y, Rlz( R'3, R and R?® are
alkyl groups and the remaining three groups are hydrogen atoms,
20 prefersbly, R and R® are alkyl groups and rR'?, R and R are
hvdrogen atoms, or R and R are alkyl groups and R*, R? and
R are hydrogen atoms, or R'? and R are alkyl groups and Rll,
R!® and R are hydrogen atoms.
[0020]

25 When three croups selected from Ru, R12, Rla, R and R'®



[0016] groups f R11l, R12 R13, R19 Each of the alkyl gro' and R15 is
preferably a nethyl group, an ethyl group, a n-propyl group, a n-butyl
group, or a n-pentyl group, nore preferably a methyl 5 group or an et hyl
group, even nore preferably a nethyl group. [0017] Preferably, one to three

groups selected fromRH, R 12 , - R13, R19 and R15 are al kyl groups,
and the renai ning groups are hydrogen. atons. Mre preferably, one or two
groups selected 10from Rn, R12, R113, -19 and

R15 are al kyl groups, and the remnaining groups are hydrogen atons. [0018]
When one group selected fromR11, R12, R13, R14 ,and R15 is

are alkyl groups and the remaining two groups are hydrogen atoms,,
prefefably, R, R*® and R?® are alkyl groups and R*? and R are
hydrogen atons.

[0021]

5 In Formula (l.).,.. Rls-, R'" and R each independentiy
represent a hydrogen atom or a hydrocarbyl group. Examples of
the hydrocarbyl group include an alkyl group, an alkenyl group,
an aryl group, and an arylalkyl group. Examples oI the alkyl
group include a methy: group, én e~hyl group, a n-propyl Zroup,

1C an isopropyl group, a n-butyl group, an isobutyl group, a
sec—-butyl group, a tert-butyl group, a n—-pentyl group, a n-hexyl
group, a n-heptyl group, and a n-octyl group. Examples of the
alkenyl group incluce a vinyl group, a l-propenyl group,
2-properyl group, an isopropenyl group, and & l-buternyl group.

1k Examples of the aryl group include a phenyl groﬁp, a tolyl group,
a Xylyl group, and a naphthyl group. Examples of the arylalkyl
group include a benzyl group and a 2-phenyl-l-ethyl group.
[0022]

When R*® or R is a h'ydrocarbyl group, the R or RY is

20 preferably an alkyl group or an alkenyl group, more preferably
an alkenyl group. wWhen RY® is a hydrocarbyl group, the R is
preferably an alkyl group, an alkenyl group, or an aryl group.
[0023]

When Rls, RY or R¥® is a hydrocarbyl group, the number of

25 the carbon atoms of the R*®, R*’ or R¥? is preferzbly 1 to 10.

10



an al kyl group and the renmaining four groups are hydrogen atons, 15
preferably any one group of R12, R13 and R14 is an al kyl group and the
remai ni ng four groups are hydrogen atons. [0019] When two groups
selected from R11, R12, R13, R19 and R15 are al kyl groups and the renaining
t hree groups are hydrogen atons, 20 preferably, RH and R13 are al kyl groups
and R12, R14 and R15 are hydrogen atons, or RH and R14 are al kyl groups and
R12, R13 and R15. are hydrogen atonms, or R12 and R14 are al kyl groups and
RH, R13 and R15 are hydrogen atons. [0020] 25When three groups sel ected
fromR1l1l, R12, R13, R19 and R15 are al kyl groups and the remnai ning two X
groups are hydrogen atons, preferably, RH R13 and R15 are al kyl croups and

R12 and R_l4 h&h hys(,jr}ggeﬂ I@tgoirgsan'[aqqlgi]group, thel ﬁir&%rr% Qh@laarbglﬁ! R17 and
R18 each i ndependently represent a hydrogen atom or a hydrocarbyl group.

Exanpl es of &thenhydr ocamrbyl r§r ouprF nod yae raramlykyl tgregupnd aibral kenyl group
an aryl group, and an arylal kyl group. Exanples of the al kyl group include
a net hyl grompﬂkanbéfhytogvoﬁﬁpI%GnRghogyB“bi@@p@ﬂ3©nahgksopr@pyl group, a
n- butyl group, an isobutyl group, a sec-busyllgrougm a tert-butyl group, a
n-pentyl grotFed Af HéRyFagoauptons ﬁfﬁ€§t§{'d?o@6, and BrR=DEYY group.
Exanpl es of e al kenyl group include a vinyl ,group, asl-propenyl group,
2-propeny$ g%oﬁﬁ% aﬂd%@6%%662ﬁy35@7%uﬁ?déﬁaxé‘r- uten I:ﬁ$SHﬁfY¥5 Exanpl es
of the aryl graup LACUAE. A HNEYlc 0RO ofis k! Vho QEQURY &y yl group, and
a napht hyl group.” Exanples of the arylalkyl group include a benzyl group
and a 2- phenydrdethylar0r0dpso [0022] When R16 or R17 is a hydrocar by

croup, the R16 or R17 is
[0024]

R¥orRrY is preferably a nydrogen atom or an alkenyl croup
10 having 2 to 6 carbon ztoms, more preferably a hydrogen atom or
a vinyl group, even more preferably a hydrogen atom.
[0025]
RY® is preferably a hydrogen atom, an alkyl group having
1 to 6 carbon atoms, an alkenyl group having 2 to € carbon atoms,
15 or an aryl group having 6 to 8 carbon atoms, more preferably
a hydrogen aton, a methyl group, a vinyl group, or a phenyl group,
evan more preferably a hydrogen atom.
[00286]
In Formula (1), k represents O or 1, preferably O.
20 [0027]
. In Formula {1}, R? represents a hydrocarbylens group.
Examples of the hydrocarbylene group include an alkanediyl
'group and an arylene group. Examples of the alkanediyl gr.oup
include a methylene group and a polymethylene group. Examples

c¢f the polymethylene group include an ethylene grcup, a

Ny
()]

11



20 preferably an al kyl group or an al kenyl group, nore preferably an

al kenyl group. Wien R18 is a hydrocarbyl group, the R18 is preferably an

al kyl group, an al kenyl group, or an aryl group. [0023] Wen R 6, ,or Rnis
a hydrocarbyl group, the nunber of 25 the carbon atons of the R16, R17 or
Rnis preferably 1 to 10. 10 Wen R16, R17 or R18 is an al kyl group, the
nunber of the carbon atons of the R16, R17 or R18 is preferably 1 to 6, and
nore 17 16, R, preferably 1 to 2; when Ror Rn is an al kenyl group, the
nunber of the carbon atons of the R16, R17 or R18 is preferably - 5 2 to 6,
and nore preferably 2; and when R16, x17 or R18 is an aryl group, the
nunber of the carbon atons of the R16, R17 or R18 is nore preferably 6 to

8. [0024] R16 QfetRy1dnd §-BLSS ar abl dan@ - By RIsh- &, 0m O raRe 8l keny! croup

group, and a hexamethylene group. Examples of the arylene group
include a phenylene group.
[0028]

5 The number of the carbon-atoms of'R19 is preferably 1 to
8, more preferably 1 to 5, even more preferably 1 to 3.
[0029]

ngis preferably an alkanediyl group having 1 tc &€ carbcn
atoms, mcre preferably a methylene group, cr a.polymethylene

10 group having 2 to 5 carbon atoms, even more preferaply a
methvlene group, an ethylene group, or a trimethylene group.
[0030]

Of the compounds represented by Formulz (1), éxamples of
a compound in which R'®, R'” and R are hydrogen atoms, k is O,

15 cne group selected froanlﬂ.Rla R, R*™ and R?® is an alkyl group
and the remaining four groups are hydrocen atoms incluce
2-methylstyrene, 2-ethylstyrene, Z2-propylstyrene,
2-butylstyrene, 2-pentylstyrene, 2-hexyistyrene,
3—methylsfyrene/ 3-ethylstyrere, 2-propylstyrene,

20 2-butylstyrene, 3-pentylstyrene, 32-hexylstyrene,
4-methylstyrene, 4-ethylstyrene, 4-propylstyvrene,
4-butylstyrene, 4-pentylstyrene, and 4-hexylstyrene.

[0031]
Of the compounds_represénted by Formula (1), examples of

25 a compcund in which RM, R'7 and R!® are hydrogen azoms, k is O,

12



10 having 2 to 6 carbon atons, nore preferably a hydrogen atomor a vinyl
group, even nore preferably a hydrogen atom [0025] Rn is preferably
a hydrogen atom an al kyl group having 1 to 6 carbon atons, an al kenyl '
group having 2 to 6 carbon atons, 15 or an aryl group having 6 to 8 carbon
atons, nore preferably a hydrogen al=om a nethyl group, a vinyl group, -or
a phenyl croup, even nore preferably a hydrogen atom [0026] In Formula
(1), k represents 0 or 1, preferably 0. 20[ 0027] . In Formula (1),
R19 represents a hydrocarbyl ene group. Exanples of the hydrocarbyl ene group
i ncl ude an al kanediyl group and an aryl ene group. Exanples of the

al kanedi yl group include a nethylene group and a pol ynet hyl ene group.

Exanpl es 25 of, Lh&,olyinelbyleng rgr,onp, krclude, aniel hyl ang grouR. a
trimethyl ene group, a tetranethyl ene group, a pentanethylene group, and a

hexanet hyl engngroeprelfxanptesnele theud vk eneirghenpaddnel utder mephenyl ene
group. [0028] 5The nunber of the carbon-atons of R19 is preferably 1 to 8,
nor e preferabl3~dineohbstgvene mor &-Joreehelabirgnd, Lo331idro029jtyrene,

| 2,3-dibutylstyrene, 2,3-pentylstyrene, 2,3-hexylstyrene,

5 2-me£hyl—3—ethylstyfene, 2-ethyl-3-methylstyrene,
2,4-dimethylstyrene, 2,4-diethylstyrene, 2,4-dipropylstyrene,
2,4~dibutylstyrere, 2,4-dipentylstyrene, 2,4-dihexylstvrene,
z-methyl-4-ethylstyrene, Z-ethyl-4-methylstyrene,
2,5-dimethylstyrene, 2,5-diethylstyrene, 2,5-dipropylstyrene,

10 2,5-dibutylstyrene, 2,5-dipentylstyrene, 2,8-dinhexylstyrene,
2-methyl-5-ethylstyrene, 2-ethyl-S-methylstyrene,
2,6—dimethyls£y}éﬁé,é;é—diethylstyrene,2,6—dipropylstyrene,
2,6-dibutylstyrene, 2,6-dipentylstyrene, 2,6-dihexylstyrene,
2-methyl-6-ethylstyrene, 2-ethyl-6-methylstyrene,

15 3,4-dimethylstyrene, 3,4-diethylstyrene, 3,4-dipropylstyrene,
3,4-dibutylstyrene, 3,4-dipentylstyrene, 3,4-dihexylstyrene,
3—methyl—4—ethylstyrene, 3-ethyl-4-methylstyrene,
3,5-dimethylstyrene, 3,5-cdiethylstyrene, 3,5-dirropylstyrene,
3,5-dibutylstyrene, 3,5-dipentylstyrene, 3,5-dihexylstyrene,

20 3-methyl-5-ethylstyrene, and 3~-ethyl-5-methylstyrene.

[0032]

Of the ccmpounds represented by Formula (1), examples of
a compound in which R, R and R*® are hvdrogen azoms, k¥ is O,
three groups selectec from RH, Rz, RH, M and R zare alky-

25 groups and the remaining two groups are hydroger atoms include
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group having 1 to 8 carbon atons, nore
preferably a nechyl ene group, or a polynethylene 10 group having 2 to 5
carbon atons, even nore preferably a nethyl ene group, an ethyl ene group, or
a trinmethylene group. [0030] O the conpounds represented by Formul a
(1), exanples of a conpound in which R', R17 and R19 are hydrogen acorns, k
is 0, 15 one group selected fromR1l1l, R12, R13, R4 and R 5 isan al kyl
group and the renmai ni ng four groups are hydrogen atons include
2-met hyl styrene, 2-ethyl styrene, 2-propylstyrene, 2-butyl styrene,

2-pentyl styrene, 2-hexyl styrene, 3-nethylstyrene, 3-ethylstyrere,
3-propylstyrene, 20 3-butyl styrene, 3-pehtylstyrene, 3-hexylstyrene,

4-met hyl styr §,n§,4_4zgf5&>@l]y§g¥§%%, 4, ProRyh Sty RAG oo 4- butyl styrene,

4-pentyl styrene, and 4-hexylstyrene. [0031] O the conpounds
represented bys Ferpubsodyikeyexanpbes, of r2but @ seeapeaind in which R16, R17
and R19 are hydrogen acorns, k is 0, , R13, two groups selected from

R11, R-1 a andz RL3 -arepaltgpyktgraups 2ahd tthréheenmtaraget hr ee groups are
hydrogen atons include 2, 3-di net hyl styrene, 2, 3-di et hyl styrene,

2, 3-di propyl 3t3reheingt F 1l BIRNA sEy? ed r 12t SENE ISt yr ene,

2, 3-hexyl szyrene, 5 2-nmethyl -3-ethylstyrepe, 2-ethyl-3-nethylst yrene,
A ST R PR A AR R

ene; Yyl styrene,

R 9 ispreferably an al kanediyl

2,4 di butyl sty ene, , 2, 4-dbpontal stysene., 2.4 didexyl, styrene,
2-nethy|-4-ethyréty%éﬁéfg§-gt yT-ZYn%thﬁ.st§¥en ,_%,%-dinethylstyrene,
2, 5-di et hyl Stzyi,@l%rigeéfydlspﬁ%w,SEyﬁm,riéghﬁs‘éygbwyl styrene,

2, 5-di pentyl styrene, 2,5-di hexylstyrene, 2-nethyl-5-ethylstvrene,

2- et hyl - 5- me hyl sty pneyy12L rdianeb hy) Gtoptibaey’ 2 y6eck et hyl st yr ene,

2, 6-di probyl styrene, 2,6-di butylstyrene, 2,6-dipentylstyrene,

2, 6- di hexyl sgy?enaripemetlaylrSreet AyP siyurénexvisterhyd~ 6- net hyl st yr ene,

10 2,4,5-trimethylstyrene, 2,4,5-triethylstyrene,
2,4,5-tripropylstyrene, 2,4,5-tributylstyrene,
2,4,5-tripentylstyrene, 2,4,5-trihexylstyrene,
2,4,6-trimethylstyrene, 2,4,6-triethy.styrere,
2,4,6-tripropylstyrene, 2,4,6-tributvlstyrene,

15 2,4,6-tripentylstyrene, 2,4,6-tr_hexylstyrene,
3,4,5-trimethylstyrene, 3,4,5-triethylstyrene,
3,4,5-tripropylstyrene, 3,4,5-tributylstyrene,
3,4,5-tripentylstyrene, and 3,4,5-trihexylstyrene.

[0033]
20 Of the compounrds represented by Formula (1), examples cf

17 and R'® are hydrogen atoms, k is 1, .

a compound in which R, R
19 . - 1 12 13
R*” i1s a methylene group, one group selected from R*°, R™, R™7,
R and R* is an a-kyl croup and the remaining four groups are

hydroger. atoms include 2-methyl-1-(Z-propenyl)benzene,

25 2-ethyl-1-(2-propenyl )benzene,
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15 3, 4-di net hyl styrene, 3, 4-diethylstyrene, 3, 4-dipropyl styrene,
3,4-di butyl styrene, 3, 4-dipentylstyrene, 3, 4-dihexylstvrene,

3-net hyl - 4- et hyl styrene, 3-ethyl -4-nethyls-:yrene, 3,5-dinmethylstyrene,

3, 5-di et hyl styrene, 3,5-dipropyl styrene, 3,5-dibutylstyrene,

3,5-di pentyl styrene, 3,5-di hexylstyrene, 20 3-nethyl-5-ethyl styrene, and
3-et hyl -5-net hyl styrene. [0032] O the conmpounds represented by
Formula (1), exanples of a conpound in which R16, R11l and R18 are hydrogen
acorns, k is O, three groups selected fromR11l, R12" R13, R14 and R15 are
al kyl 25 groups and the remaining two groups are hydrogen atons incl ude
2,3,4-trimethyl styrene, 2,3,4-triethylstyrene, 2,3,4-tripropylstyrene,
2,3,4-tributylstyrene. 2, 3.4athpeptylstyrene, 2, 3,4-trihexyl styrene,
2,3,5-trinethyl styrene, ?,B,S-triethylstyrene, 2,3,5-tripropyl styrene,

2,3, 5-tri but ylistyynene2-2r-3pénfniveantyd styrene, 2, tri hexyl styrene,
2,3,6-trimethyl styrene, 2,3,6-trfethylstyrene, 2, tripropyl styrene,

2, 3, 6-tri but ytsityvene; (Z2p3pbetyli)pentyist yrene, 2, tri hexyl styrene, 10
2,4,5-trinmethyl styrene, 2,4,5-triethylstyrene, 2, tripropyl styrene,
2,4, 5- 2,
2,4, 6- 2,
2,4, 6-
3,4, 5-
3,4
[

tri but ytsthylehe!2-2rgrsoYyinsertyd st yr ene, ri hexyl styrene,
tripethyl styrenpe, 2,4,6-triethylstyrene, ri propyl styrene,
tri%ut%T%TV%éﬁ T“ﬁ?ﬁ?ﬁ?%@ﬂkaQ%FVIstyrene, -tri hexyl styrene,

, b-trinethy rene,_ -tk styrene, 3,4, ri propyl styrene,

, ,5-tributgléﬁ:%egeez§%§§§?¥PFE§%?%%%tyrene, and 3,4,5-trihexyl styrene.
0033] 200 fhewoupounds represeaheshdy Formula (1), exanples of a
conmpound i n which R16, R17 an& R18 are hydrogen atons, k is 1, RI9 is a
met hyl ene gr oug;hvare- gr-auppseyiectkedefis,om R 1, R12, R 13, R14 and R15 is an
al kyl croup and the renmaining four groups are hydrogen atons include

2- met hyl - 1- ( 2=proonvényt )benzeseyl 125n2=rg,hphd1- ( 2- propenyl ) benzene,

2- Propyl- 1- (2- propenyl ) benzene, 2-butyl-1-(2-propenyl)benzene,
3-nethy|é@-(?ﬂﬁﬁéﬁéhyi%ﬁéﬁ?@ﬁ@ﬂbgpéfﬁ?1-1-(2-oropenyl)benzene,

[0034]

3,
3,
3,
3,
4,
4,
4,
2,

5-
6-
6-
5-
5-t
6-t
4,6
5-t

Of the compounds represented by Formula (1), examples of

a compounc in which R'¢, R and R'® are hydrogen atoms, X is 1,

RY is a methylene group, two groups selected from rRY, r'?, RY®,

15 R and R'® are alkyl groups having 1 to 8 carbon atoms and the
remaining three groups are hydrogen atoms include
2,3=dimethyl-1-(2-propenyl)benzene,
2,3-diethyl-1-(2-propenyl benzene,
2,3—di§ropyl—l—(2—propenyl)be:zene,

20 2,3-diputyi-1-{2-propenyl )benzene,
2,4-dimethyl-1~-(2-propenyl )benzene,
2,4-diethyl-1-(2-propenyl)benzene,
2,4-dipropyl-1-(2-propenyl)berzene,
2,4-dibutyl-1-(2-propenyl)ktenzene,

25 2,5-dimethyl-1-(2-propenyl)benzene,
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5 3-propyl-1-(2-propenyl)benzene, 3-butyl-1-(2-propenyl)benzene,
4-1ret hyl - 1- (2- propenyl ) benzene, 4-ethyl -1-(2-propenyl ) benzene,
4-propyl-1-(2- propenyl ) benzene, and 10 4-butyl-1-(2-propenyl)benzene.
[ 0034] O the conpounds represented by Formula (1), exanples of a
conmpound i n which R16, R17 and R18 are hydrogen atons, k is 1, R 9 isa
~met hyl ene group, two groups selected fromRl1l, R 12, R13, 15 R14 and R15
are al kyl groups having 1 to B carbon atons and the remaining three groups
are hydrogen atons include 2, 3di net hyl-1-(2-propenvl)benzene,
2, 3-di et hyl-1-(2-propenyl)benzene, 2, 3-dipropyl-1-(2-propenyl)be7.zene, 20.
2, 3-di buzyl- 1- (2- propenyl ) benzene, ‘2, 4-di mezhyl- 1-(2-propenyl)benzene,
2, 4-di et hyl-1- 2n:prgpenvi pbgnzene; ggﬁ&éQEQropyl 1- (2- propenyl ) benzene,-

, 4-di buty1- 1: (2- propenyl ) benzene, 25 2,5-di nethyl-1-(2-propenyl)benzene,
di et hyl- 3;{-2ripropenl )be@z@éeyl%&mdmmpyl 1- (2- propenyl ) benzene,
-dibutyl-l-(2-propeny|)benzene, 2, 6-di met hyl-1- (2-propenyl )benzene, 5
di et hyl- 2,3-2ipuoperiyd (benzemng] ) PsrGediepr opy 1- 1- ( 2- propenyl ) benzene,

di butyl-1-(2-propenyl)benzene, 3, 4-dinmethyl-1-(2-propenyl)benzene,
dlethyl i % Jﬁﬁégéhﬂi)Beﬁ%ﬁﬁﬁylmﬁﬂge&edlpropyl 1- ( 2- propenyl ) benzene, -
di but ALl nyI benzene, dlnethyl 1- (2- propenyl ) benzene,
, 5-di et hy1- % % ﬁFggghV] pRHESHE %agzglpropyl 1- (2- propenyl ) benzene, and
15 3, 5-di but enyl 5] . O the conpounds
represented %y Fo%%o$ PH'Q¥ gpgﬂ%?ggm%%gggconpound in which R16, R17 and
R18 are hydr@g@nmﬁh99§HlJﬂ2L§r§pen319béﬁ%éﬂeUEthy|ene G oup, three groups
selected fromR :, RI2, 20 R R14 and R15 are al kyl groups and the
remai ni ng tme,g&ﬁm@5hgﬂ+1—hydprqpamyatmnnzehﬁpIude
2,3,4-trinmethyl-1-(2-propenyl)benzene, :
2, 3, 4-tri et hydt-12iE2bpt opeayb)bremyenesnzene,
2,3,5- trlnethyl 1-(2- propenyl)benzene

4-dipropyl-1- —properyl)benzene,

2

2, 5-
2,5
2, 6-
2, 6-
3, 4-
3, 4-
3, 5-

3,4-dibutyl-1-{2-propenyl )benzene,
3,5-dimethyl-1-(2-propenyl)benzene,
3,5-diethyl-1-{2~-propenvy.: )benzene,
3,5-dipropyl-1-(2-propenyl)benzene, and
15 3,5-dibuty:i-1-(2-propenyl)benzene.
[0035]
Of the compounds represented by Formula (1), examples of
a compound in which RS, R and R'® are hydrogen atoms, X is.l,
R is 2 methylene.group, three groups selected from R:, Rla
20 R, RM™ anc R'® are alkyl groups and the remaining two groups
are hydrogen atoms include
2,3,4-tzimethyl-1-(2-propenyl)benzene,
2,3,4-triethyl-1-{2-propenyl)benzene,
2,3,5—trimethyl—l—(Z-propényl)benzene,

25 2,3,5-triecthyl-1- . 2-propenyl)benzene,

le



2,3,5-trie-chyl-1-(2-oropenyl)benzene,
,3,6-trimethyl-1-(2-pronenyl)benzene,

,3,6-triethyl-1-(2-bropenyl)benzene,

, 4, 5-trimethyl-1-(2-propenyl)benzene,

,4,5-triethyl-1-(2-propenyl)benzene,
2,4,6-trimethyl-1-(2-propenyl)benzene,

4,6-triethyl-1-(2-propenyl)benzene,

i4,5-trinmethyl-1-(2-propenyl)benzene, and
3,4,5-triethyl-1-(2-propenyl)benzene. [0036] 10OF the conpounds represented
by Formula (1), exanples of a conmpound in which RL6, R17 and R 8 are
hydrogen a-zomg,s Kk i 5.,,1R0- h§pggogg@y&gqge@;oup, one group selected from
RiI, Rn, Rn, Rand R15 i's an alkyl group and the remaining four groups are
hydrogen atoz$3uﬂ&kudﬁna~meuh%hn&eﬁﬁlnuheeyé)benzene 15
2-ethyl-1-(3-bu-cenyl)benzene, 2-bropyl-1-(3-butenyl)benzene,

2- butyl - 1- ( 32butenylihdenzene| 2-Iropemyl . oEre8rdut enyl ) benzene,

3-et hyl -1-(3-butenyl ) benzene, 3-propyl-1-(3-butenyl)benzene,

3- butyI 1- (32bﬁfﬁﬁyF§HéﬁZéﬁé2Fﬁcﬁéﬁ 'Pe1ZEB2hut enyl ) benzene,

4- et hyl - 1 (3 b en ene,_ 4-pro 3-but enyl ) benzene, 20 and
4-but yl - 12 ( 3% b ﬁ%r%%@ﬁé ﬁ (2Fﬁﬁ@?%yéfmpé%n%bnpounds represent ed by
Formula (1), %egggglegtﬂﬁ_q ??WB%BQQ.i e%@LSQ R16, R-' and R15 are hydrogen

atons, k is i san et hyl ene croup, two groups selected fromR11, R12,
R13, 3,4,5- trlmethyl 1-({2~-propenyl )benzene, and

WNUINNNDNN

3,4,E-triethyl-1-(2-oropenyl)benzene.
[0036]

10 Of the compounds represented by Formula (1}, examples of
a compound in which R', R! and R'® are hydrogen aztoms, k is Z,
RY is an ethyv>ene croup, one group selected from Ril, R?, Ria,
R™ and R'® is an alkyl group and the remaining four groups are
hydrogen atoms include 2—met.hyl—-l—(3—butenyl)benzene,

15 2—ethyl—l—(3—b'_1:eny'_)benzene,. 2-propyl-1-(3-butenyl)benzene,
2—butyl—l—(3—butenyl)benzene, 3—methyl—l-(3—butenyl)bénzene,
3-ethyl-1-(3-butenyl)benzene, 3-propyl-1-(3-butenyl)benzene,
3-butyl-i-{3~-butenyl)bernzene, 4-methyl-1-(3-butenyl)benzene,
4—ethyl—l—(B—butenyl)benzene, 4-propyl-1-({3-buteny’)boenzene,

20 and 4-butyl—l—(3_—butenyl)benzene.

[0037]

Of the compounds represented by Formula (1), examples of
a compound in which Rls, R* and R*® are hydrogen atoms, X is 1,
R is an ethylene group, two groups selected from R, R'?, RY?,

25 RM and R are alkyl groups and the remaining three groups are
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25 R14 and R15 are al kyl groups and the remaining three groups are 17
hydr ogen atons i nclude 2, 3-di net hyl-1-(3-butenyl)benzene,

2, 3-di et hyl-1-(3-butenyl)benzene, 2,3-dipropyl-1-(3-butenvl)benzene,

2, 3-di butvl1-1-(3-butenyl)benzene, 5 2,4-dinethyl-1-(3-butenyl)benzene,
2,74-di ethyl-1-(3-butenyl)benzene, 2,4-dipropyl-1-(3-butenyl)benzene,
2,4-di butyl-1-(3-butenyl)beftzene, 2,5-dinethyl-1-(3-butenyl)benzene, 10
2, 5-di et hyl -1-(3-butenyl)benzene, 2,5-dinropyl-1-(3-butenyl)benzene,

2, 5-di butyl-1-(3-butenyl)benzene, 2,6-dinezhyl-1-(3-butenyl)benzene,

2, 6-di ethyl-1-(3-butenyl)benzene, 15 2, 6-di propyl-1-(3-butenyl)benzene,

2, 6-di butvl-1-(3-butenyl)benzene, 3,4-dinethyl-1-(3-butenyl)benzene,

3, 4-di et hyl-1o{ 3 byt enyly) benzene,, §¢éllr@tpwply1@1z>&§erpqt SBM%%—%G,“ZG“G" 20

3, 4-di butyl-1- (3-but enyl ) benzene, 3, 5-di net hyl- 1- ( 3- uteny enzene,

3, 5-di et hvi - 3; { 3ribuhenyil-) benzeng ) BedrLiepr opyl- 1- (3 but enyl ) benzene, and

3, 5-di butyl-1-(3-butenyl)benzene. 25[0038] O the conpounds
represent ed by3+fgpmubal {(11) 3-lexampl eserofena, conpound in which R16, R17 and Rn
are hydrogen atons, k is 1, Rn is an ethylene group, three groups selected
fromR I, Rn21P$L@uéhdﬂR1§ Arergl kKyerganGups and the remmi ning two groups 5

are hydro en ato; i hcl 3, 4-trinethyi-1-(3- butenyl)benzene
2,3, 4- trigthﬁl'fp?ﬁt?X& n§P5 EPEne> 7826t ri net hy1- 1- ( 3- but enyl ) benzene,
2,3,5-triethyl; ut.enyl n

,6-trinmet %%g?gpbutgﬁ %?§é§§é§%32%13,6-triethyl-l-(3-buteny|)benzene,

, b- trlnetbyﬂ{gpggp utienylybenzensen=2néd, 5S-triethyl- 1-(3-butenyl ) benzene,
6-trinethyl-1-(3-butenyl)benzene,
2,4-dibutyl-1-(3-butenyl benzene,

2,3
2,4
2,4

2,5—dimethyl—l—(3—butényl)benzene,
10 2,5-diethyl-1-(3~butenyl )benzene,
2,5-dipropyl-1-(3-butenyl benzene,
2,5-dibutyl-1-(3-butenyl}benzene,
2,6—diﬁe:hyl—l—(3—butenyl)benzene,
2,6-diethyl-1-(3-butenyl )benzene,
15 2,¢-dipropyl-1-(3-butenyl)benzene,
2,6-dibutyl-i-{3-butenyl)benzene,
3,4-dimethyl-1-(3-butenyl )benzene,
3,4-diethyl-1-(3-butenyl)benzene,
3,4-dipropyl-1-{3-butenyl)benzene,
20 3,4—dibutyl—l—(3—butenyl)benzeneh
3,5—dimethyl—l—(3—butenyl)benzene,
3,5-diethyl-1-(3-butenyl)benzene,
3,5-dipropyl-1-(3-butenyl)benzene, and
3,5-dibutyi-1-(3-butenyl)benzene.

25 [0038]
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152, 4,67triethyl-1-(3-butenyl)benzene,
3,4,5-trinethyl-1-(3-butenyl)benzene, and : _
3,4,5-triethyl-1-(3-butenyl)benzene. [0039] O the conpounds represented by
Formula (1), exanples of 20 a conpound in which R16, R17 and R15 are
hydrogen atons, k is 1, R19 is a trinethylene group, one group selected
fromRll, Rn, R1.3, R14 and R15 is an al kyl group and the remaining four
croups are hydrogen atons include 2-nethyl-1-(4-pentenyl)benzene,

2-et hyl - 1- (4- pent enyl ; benzene, 25 2-propyl-1-(4-pentenyl)benzene,
2-butyl-1-(4-pentenyl)benzene, 3-nethyl-1-(4-pentenyl)benzene,

3-ethyl -1-(4-bentenyl)benzene, 3-propyl-1-(4-pentenyl)benzene,

53-butyl -1- (4- penbenyle) DERZENSs ~oFzdRIAKL -&&m%%t(qr)}/lgmgz@gl%f
4- et hyl - 1- (4- pent enyl ) benzene, 4-propyl-1-(4-pentenyl)benzene, and

4-butyl - 1- (4a penbenyd ihenzener'* 16f 0040]r Ok rt hedcoppoOURdss f gpre£sent ed by
Formula (1), exanples of , a conpound in which R, Rl7 and R18 are hydrogen
atons, k is &° R ani saviehhydene, griowte, stowpsgselpsesef et &d',f RGmM R11, R12,
R13, R14 and R15 are alkyl groups and the remaining three groups are

R, R and R are zlkyl groups and the remalining two groups

5 are hydrogen atoms include

2,3,4—£rimethyl—l—(3—butenyl)benzené,_

2,3,4-triethyl-1-{3-butenyl)kenzene,

2,3,5-trimethyl-1-(3-butenyl )benzere,

2,3,5;triethyl—l—(3—butenyl)benzene,

10 2,3,6-trimethyl-1-(3-butenyl)benzene,
2,3,6-triethyl-1-(2-bucenyl)benzene,
2,4,5-trimethyl-1-(3-butenyl)benzene,
2,4,5-triethyl-1-(3-butenyl )benzene,
2,4,6-trimethyl-1-(3-butenyl)benzene,

15 2,4,6-triethyl-1-{3-butenyl)benzene,
3,4;5—trimethyl—l—(3—butenyl)benzene, and
3,4,5-triethyl-1-{3-butenyl )benzene.

[0032]
~ Of the compounds represented by Formula (1), examples of

20 a compound in which Rm, R' and R'® are hydrogen atoms, k is 2,

R is a “rimethylene group, one group selected from R, R?,
R, RY and R*® is an alkyl group and the remaining four croups
are hydrogen atoms include 2-methyl-1-(4-pentenyl)benzene,

2-ethyl-1-(4-pentenyl benzene,

25 2-propyl-1-{(4-pentenyl)benzene,
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15 hydrogen atons include 2, 3-di met hyl-1-(4-pentenyl)benzene,

2,3-di ethyl-1-(4-pentenyl)benzene, 2, 3-dinropyl-1-(4-pentenyl)benzene,

2, 3-di butyl-1-(4-pentenyl)benzene, 2,4-dinmethyl-1-(4-pentenyl)benzene, 20
2, 4-di et hyl - 1- (4- pent enyl ) benzene, 2, 4-di propyl-1-(4-pentenyl)benzene,
2,4-di butyl-1- (4-pentenyl)benzene, 2,5-dinethyl-1-(4-pentenyl)benzene,
2,5-di ethyl-1-(4-pentenyl)benzene, 25 2,5-di propyl-1l-(4-pentenyl)benzene,
2, 5-di butyl-1-(4-pentenyl)benzene, 2,6-dinmethyl-1-(4-pentenyl)benzene,

2, 6-di et hyl-1-(4-pentenyl)benzene, 2,6-dipropyl-1-(4-pentenyl)benzene, 5
2,6-dibityll-1-(4-pentenyl)benzene, 3,4-dinethyl-1-(4-pentenyl)benzene,
3-,4-diethyl-1-(4-pentenvl)benzene, 3, 4-dipropyl-1-(4-pentenyl)benzene,

3, 4-di but v1-1-( 4-pent enyl.) benzene, .0 3, 5-di met hyl- 1- (4- pent enyl ) benzene,

3, 5-di et hyl-1- (4-pent enyl ) benizene, . 3, 57di propyl- 1- (4- pent enyl ) benzene,
and 3, 5- di bus ydeth( 41 pent-enyénhepBzenene,[ 0041] 150GF the conpounds
represented by Formula (1), exanples of a conmpound in which R16, R17 and
R18 are hydregermyvatonsi-testdnylRb9nkgnean et hyl ene group, three groups
selected fromR11, R12, .R13, R14 and R15 are al kyl groups and the
remai ni ng t woYFBUPsl arePRyErDgeR=aEYB i ncl ude

202, 3,4-trinethyl-1-(4-pentenvl)benzene,

5, 3. 4. Ui &t Y1214 pEHtaAy Ty BeRzang "

2,3,5-trinmethyl-1-¢4: penl e
2.3 5 1 et hyt i 04 sert Gyl Y onzenere"

2,3, 6-trimet hyderly (4= pepf-gpyh ) beRzenes,
252, 3,6-triethyl-1-(4-pentenyl)benzene,
4-propyl-1-(4é-pertenyl)benzene, and

4—butyl—l—(4;pentenyl)benzene.

10 [0040]

Of the compounds represented by Formula (1), examnples of
a conmpound in which R'®, R*7 and R'® are hydrogen atoms, k is 2,
RY :is éﬁ ethylene group, twc groups seiected from r, r'?, R,
R and R!® are alkyvl groups and the remaining three groups are

15 hydrogen atoms include 2,3-dimethyl-1-(4-pentenyl)benzene,
2,3-diethyl-1-(4-pertenyl)kenzene,
2,3-dipropyl-1-{(4-pentenryl)benzene,
2,3-dibutyl-1-{4-pentenyl)benzene,
2,4-dimethyl-1-{4-pentenylbenzene,

20  2,4-diethyl-1-(4-pentenyl}benzene,
2,4-dipropyl-1-({4-pentenyl jbenrnzene,
2,4-dibutyl-1-(4-pentenyl benzene,
2,Ejdimethyl—l—(4—pentenyl)benzene,
2,5~-diethyl-.-{4-pentenyl)kbenzene,

2,5—dipropyl—l—(4—pentény1)benzene,

N
(&1}
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2,4,5-trinethyl-1-(4-pentenyl)benzene,
2,4,5-triethyl-1-(4-pentenyl)benzene,
2,4,6-trinethyl-1-(4-pentenyl)benzene,
2,4,6-triethyl-1-(4-pentenyl)benzene,

53,4,5-trinethyl-1-(4-pentenvl)benzene, and
3,4,5-triethyl-1-(4-nentenyl)benzene. [0042] O the conpounds represented
by Formula (1), exanples of a conpound in which R16 and R 7
arehydrogen atons, R 8 isa nethyl 10R R3, R14 group, k i's 0, one group
selected fromR11l, 12land R15 is an al kyl groun and the renaining four
croups are hydrogen atons include 2-nethyl-1-i-sopropenyl benzene,

2-ethy|-1-!sngggggy#pgpqgngmﬂ;hgﬁ?&¥%&$é5sopropenylbenzene,

2- butyl -1-i sopropenyl benzene, 3-frethyl -1-1sopropenyl benzene,

3-et hyl - 1-i sow-epeayhpenzeneyeni=ALopydkztnk sopr openyl benzene,

3-butyl -1-isonropenyl benzene, 4-nethyl-1-isopropenyl benzene,

4- et hyl - 1- i sops-epienylbenzeneentbnpl Dipyrizebel sopr openyl benzene, and

4- buoyl- 1-i sopropenyl benzene. [0043] 200O°F the conpounds represented by

Formul a (1), Zekaipiresyofl -d 4 ceripeant) ®easkhech R 6 and R7 ar ehydrogen at ons,
L 2;¢Q§§dﬁroqp selected. fromR R R13, R14 and R15 is an al kyl

T el

group,‘k“£5‘ ) SRR
group and’th Yng FourYrodps & fydr ogen at oms i ncl ude

2-(2-nethy|pggﬂxﬁkk%hgfggqggégﬂ%hygﬁéig%hgghyIphenyl)-1,3-butadiene,
3y74-diethyl-1-(4-pentenvl )benzene,
3,4-dipropyl-1-(4-pentenyl)benzene,
3,4-dibutyl-1-(4-pentenyl benzene,
-0 3,5—dimethyl—l—(4—pentenyl)benzene,
3,5-diethyl-1-(4-pentenyl benzene,
) 3,Sfdipropyl—l—(4—pentenyl)benzene, and
3, 5-dibutyl-1- (4-pencenyl )benzene.
[0041]
15 Of the compounds represented by Formula (1), examples of
a compound in which R'®, R and R'® are hydrogen atoms, k is 1,
RY is an ethylene group, three groups selected from Rn, R”,
.RH, R and R'® are alkyl groups and the remaining two groups
are hydrogen atoms ZZnclude
20 2,3,4-trimethyl-1-(4-pertenyl)benzene,
2,3,4-triethyl-1-(4-pentenyl)benzene,
2,3,5-trimethyl-1-{4-pentenvyl benzene,
2,3,5-triethyl-1-(4-pentenyl)benzene,
2,3,6-trimethyl-1-{4-pentenvl ,benzene,

25 2,3,6-triethyl-1-(4-pentenyl)benzene,
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2- ('
2-{
2-(

2- (4- nmet hyl phenyl) -1, 3- but adi ene, 2-(4-ethyl phenylHl, 3- bucadi ene,

2-(4- propyl phenyl1- 1, 3- but adi ene,

2-propy|phenyl)-1,3-butadiene,
3- net hyl phenyl) - 1, 3- but adi ene,
3- propyl pheny1) - 1, 3- but adi ene,

[ 0044]

conmpound i n which R16 andR17 are hydrogen atons, R 8 isa vinyl

2- (2-butyl phenyl) -1, 3- but adi ene,
2- (3-ethyl phenyl) -1, 3- but adi ene,
2- (3- butyl phenyl) -1, 3- but adi ene,

5

and 102-(4-butyl phenyl) -1, 3-but adi ene.

O the conmpounds represented by Forrmula (1), exanples of a

gr oup,

k is

1, R19 isa nethylene group, one group selected from15R |, R12, R13, Rl14
and R15 is an al kyl group and the remaining four groups are hydrogen atons
i ncl ude 2-(2-nmet hyl phenyl ) met nyl-1, 3-but adi ene,
2- ( 2- et hyl ph?,%’,'s)-@?mé’tjh} '-i;: péi‘l-tp%(fﬁgﬂeh)berzléene,

2- (2- propyl phenyl ) net hy

1, 3- but adi ene,

2- (2- but yl pheny,ls)}-ret k1) 3¢ pifeade PR benzene,
( 3- net hyl phenyl ) net hy1- 1, 3- but adi ene,
3- et hyl phenylg-met hwthizl -8- b=adnemeyl) benzene,
3- propyl phenyl ) met hy1- 1, 3- but adi ene,
3- but yl pheml et By 111 - S tREnEady erRenz2%e

2-
2-
2-
2-
2-
3-

(
(
(
(
b

4- met hy| |)methy1-1, 3-putadi ene; 2- (4-ethyl phenyl )nethyl -1,
i ohe, > o B BT T ARG ety £ o bt aa) cne, and

ut adi ene, "2-"(

10

20

25

. . . : pl?
a compound in which R'® anc R’ are hydrogen atoms, R

3,4,5-triethyl-1-(4-pentenyl)benzene.
[0042]

Of the compounds represented by Formula (1), examples of
a compound in which R*® and R! are hydrogen atoms, R¥® is a methyl
group, k is O, one group selected from R'Y, R'?, R'?, R and RY®
is 2n alkyl ¢roup and the remzining foqr groups are hydrogen
atoms include Z2-methyl-l-isopropenylbenzene,
2-ethyl-l-isopropenylbenzene, 2-propyl-l-isopropenylbenzene,
2-butyl-l-isopropenylberzens, 3-methyl-l-isopropenylbenzene,
3—ethyl—l—isopropenylbenzene, 3-propyl-l-isopropenylbenzene,
3-butyl-1-isopropenylbenzene, 4-methyl-l-isopropenylbenzene,
4-ethyl-1-isopropenylbenzene, 4—propyl—l—isopropenylbeﬁzene,
and d4-pbuty:-l-isopropeny.benzene.

[0043]

Of the compounds represented by Formula (1), examples of
¥ isa vinyl
group, k is 0, one group selected from rRY1, R*Z, RH, R and R®
is &n alkyl ¢roup and the remaining four groups are hydrogen
atoms include 2-{2-methylphenyl)-1, 3-butadiene,

2-(2-ethylghenyl;-1,3-butadiene,
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2- ( 4-butyl phenyl (et hyl -1, 3-but adi ene . [0045] 50O the conpounds
represented by Formula (1), exanples of a conpound in which R16 and R17 are
hydrogen atons, R18 is a vinyl group, k is 1, Ran ethyl ene group, one groun
selected fromRn, R1.2, 1.13, -19 r< and R15 is an al kyl
group and the remaining four groups are hydrogen atons include 102- [2- (
2- et hyl phenyl ) ethyl ] -1, 3-butadiene, 2- [2- ( 2-eth, 71phenyl ) ethyl ]
-1, 3-but adi ene, 2- [2- ( 2-oropyl phenyl ) ethyl] -1, 3-butadiene, 2- [2-
(2-but hyl phen-yl)ethyl]-1, 3-butadi ene, 2- [2- ( 3-nethyl phenyl ) ethyl:

-1, 3-but adi ene, 15 2-[2-(3-ethylohenyl) ethyl] -1, 3-butadiene, 2- [2- (
3-propyl phenyl ) ethyl] -1, 3-butadiene, 2-[2-(3-buthyl phenyi)ethyl] -1,

3- but adi ene, , 27,27 §qﬁQ§EQngh§@M£aaléﬁéhyl ] -1, 3-butadiene, 2- [2-
(4- et hyl phenyl ) etﬁ -1, 3-but adi ene, 202- [2- ( 4 -propyl phenyl ) ethyl

] -1,3- butadzenﬁ¢mapﬂpﬁanﬁ2 1 (FAvhuthydmphenyl ) ethyl] -1, 3-butadiene . |
0046] O the conpounds represented by Formula (1), exanples of a conpound
i n whi ch R3- 8- &aha=RByIbreemel hydriobenzatars, R18 is a vinyl
2-(3-ethylphenvl)-1, 3-butadiene,
5 2-(3-propylphenyl)-1,3-butadiene,
2-(3-butylphenvyl) -1, 3-butadiene,
2-({4-methylphenyl)-1, 3-butadiene,
2-(4-ethylphenyl; -1, 3~-pbutadiene,
2—(4—propylphenyl)—L,3—butadiene,.ana
10 2-{4-butylphenyl)-1,3-butadiene.
[0044]
Of the compounds represented by Formula (1), examples of
a compound in which R'® and R are hydrogen atoms, R is a vinyl
group, k is 1, RY is a methylene group, one group selected from
15 RH, Ru, RH, R and R'® is an alkyl group and the remaining four
groups are hydrogen atoms Include
2-(2-methylpheryl)methyl-1, 3-butadiene,
2-(2~-ethylphenyl )methyl-1,3-butadiene,
2-12-propylphenyl)methyl-1,3-butadiere,
20 2-(2-butylphenyl )methyl-1,3-butadiene,
2-({3-methylphenyl)methyl-1,3-butadiene,
2-(3-ethylphenyl methyl-1,3-butaciene,
2-(3-propylphenylimethyl-1,3-butadiene,
2-{3-butylphenyl ,methyl-_,3-butaciene,

25 2-{4-methylphenyl)methyl-1, 3-butadiene,
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25 group, kis 1, R19 is a trinethylene group, one group sel ected
fromR-12, Rn, K-14 and R15 is an al kyl group and the
remai ni ng four groups are hydrogen atons include
2-[ 3- (2- et hyl phenvl) propy1] - 1, 3- but adi ene,
- (2-et hyl phenyl ) propyl] -1, 3-but adi ene, 5
(2- propyl phenyl ) propyl] -1, 3- but adi ene,
(2- but hyl phenvl) propv1l] -1, 3- but adi ene,
(3- net hyl phenyl ) propy1] - 1, 3- but adi ene,
- (3-et hyl bhenyl ) propyl] - 1, 3- but adi ene,
( 3- bropyl phenyl ) propyl] -1, 3- but adi ene, 10
(
(
(

3- but hyl uj adiene. ,
4- neth%l%ﬂ%ﬁi%%%&%ﬁ%%%e%ng gutadféne e

4- et hyb phepyb) proeyndl ydet3nbut adicRRediene, and

- (4- propyl phenyl ) propyl] - 1, 3- but adi ene, and

- [ 3- (4- but hyt phény i) prapy 1hethy3-bud-aditedéend.5[ 0047] O the
conpounds represented by Formula (1), exanples of a conpound in which R 6
and R17 arehE@Fﬁﬁen atons, R18 isa phenyl group, k is 0, one group selected

fromR1l1, Rn, and R15 is an al kyl ou the remi ni_ng four

gr oups arghhydroggﬁﬁfﬁ at'ems" %EF%H%Ethékﬁg%HVﬁbﬁe ylf“fmﬁﬂa ghyfet hyl ene:
1-(2-et hyl ph wl 17 1),1s t hyl ene,

1- (2- but yl phgﬁ‘y"%O%“B ﬁ%&%ﬁ y|a§ﬂ§R ]a“%zh‘%% ¥ %ﬁ%ﬁ%’l %Qﬁgﬁé * hyl ene, 25
1- ( 3- et hyl phgayid),- 1sphenyl*athyl eBgy1ent-§3np, %yel phapyddrebrphenyhet hyl ene,

1- (3-butyl phenyl) - 1- phenyl et hyl ene, 1-(4-met hyl phenyl)-1-phenyl et hyl ene,

1- (4- et hyl phey R4, 1rRPheny ket Ryl enep B ki (Foppopyl phenydyirinptrenyl et hyl ene,
and 1-(4-butyl phenyl)-1-phenyl et hyl ene.

groups are hydrogen atoms include

1 1 1 1 1 1 1 1 I‘
PRPREEEEWE

2
2
2
2
2
2.
2
2
2
2
2

10 2-[2-{2-methylphenyl)ethyl]-1,3-butadiere,
2-[2-{2-ethyiphenyl)ethyl]-1,3-butadiene,
2-[2-(2-propylphenyl)ethyl:-1,3-butaciere
2-[2-(2-buthylphenyl)ethyl]l -1, 3-butadiene,
2-[2-(3-mezhylphenyl)ethkyl -1, 3-butaciene,

i5 2-[2-(3-ethylohenyl)ethyl]-1,3-butadiene,
2-[2-(3-cropylphenyl)ethyl]-1,3-butaciene,
2-[2-(3-buthylphenyl)ethyl]-1,3-butadiene,
2-:2-(4-methylphenyl)ethyl]-1,3-butadiene,
2-[2-{4-ethylpheryl)ethyi]-1,3-butadiene,

20 2-[2-{4-propylphenyl)ethyl] -1, 3-butadiene, and
2-[2-(4-buthylphenyl)ethyl] -1, 3-kutadiene.

[0046]
Of the compounds repfesented by Formula (1), examples cf,
a compound in which R® and R'" are hydrcgen atoms, R¥® is a vinyl

25 group, k is 1, RY ic a trimethylene group, one group selected
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[0048] O the conpounds represented by Fornula (1), exanples of a
conmpound in which RL6 and R17 are hydrogen atons, R18 is a 4 -tol vl

10group, k is 0, one group selected fromR11, R12, R13, R19 and R15 - is an
al kyl croup and the remaining four groups are hydrogen atons include

1,71- bi s(4- Met hyl phenvl ) et hylene, 1, 1-bis(4-ethyl phenyl)ethyl ene,

1, 1- bi s(4-propyl phenyl ) et hyl ene, and . 151, 1- bf s(4-but hyl phenyl ) et hyl ene.

[ 0049] O the conpounds represented by Formula (1), exanples of a
conmpound in which R16 is a vinyl group, R17 and R 8 arehydrogen atons, k is
0, one group selected fromR11l, R12, R13, -19 tc and R15 20 is an al kyl
group and the remai ning four groups are hydrogen atons include

1- (2- met hyl pheny4):- 128- hut adi eng =24 { 2rethyh ¥ idle 3 but adi-epe,
1- (2- propyLpheny1) -1, 3-buf adi ene, 1-(2-butyl phenyl)-1, 3- but adi ene,

251- ( 3- met hykpheydlpd , 3<buiadiepeatods (3cetdy! phenyl) - 1, 3- but adi ene,

1- (3-propyl phenyl)-1, 3- but adi ene, 1-(3-butyl phenyl)-1, 3-but adi ene,

1- (4- et hyl phemAlp-te3nbBphadyemrecpryl] -1, 3-butadiene,
2-[3-{2-ethylphenyl)propyl]-1,3-butadiene,

5 2—[3—(2—propylphenyl)propyl]—l,3—butadiene;
2—[3—{Z—bu:hylphenyl)propyi]—1,3—butadiene,
2—[3-(3—methylphenyl)propyl]—l,3—butadiene,
2-t3—(3—ethylphenyl)propyl]—l,3—butadiene,
2—[3—(3—propylphenyl)propyl]—l,3—bu§édiene,

10 2-[3-(3-buthylphenyl)propyl]-1,3-butadiene,
2-[3~(4-methylphenyl)propyl]l-1,3-butadiene,
2-[3-(4-ethylphenyl)propyl] -1, 3-butadiene,
2-[3~(4-propylphenyl)propyl]l-1,3-butadiene, and
2—[3—(4—buthylphényl)propyl]—l,3—butadiene.

15 [0047]

Of the compounds represented by Formula (1), examples of
a compound in which R and RY are hydrogen atoms, R¥is a phenyl
group, k is 0, one group selected from Rn, Ru, Rn, R* and rRY
is an alkyl group and the remesining fbﬁf.groups are hydrogen

20 atoms include 1-(2-methylphenyl)-~1l-phenylethylene,
1-(2-ethylphenyl)-1l-phenylethylene,
l1-(2-propylphenyl)-1l-phenylethylene,
l—(2—butylphenyl)—l—phenylethylene,
1-({3-methylphenyl)-l-pheny.ethylene,

25 1-(3-ethylphenyl)-l1-phenylethylene,
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51- (4- et hyl phenyl) -1, 3- but adi ene, 1-(4-propyl phenyl)-1, 3-butadi ene, and
1-{4-butyl phenyl) -1, 3-but adi ene. [0050] The conpound represented by Formul a
(1) is preferably a 10 conpound in which R11, R12, R13, R14 or RI5is a
hydrogen atom or an al kyl group having 1 to 8 carbon atons, at |eas': one
of* R11, R12, R13, R14 and R 5 is an al kyl group
having 1 to 8 carbon atons, R16, R17 and R18 are hydrogen atons, and k is
0. More preferred is a conpound in which 911, R12, 13 R-, R4 orRl5 is a
hydrogen atom 15 or an al kyl group having 1 to 5 carbon atons, at |east one
of 1112 R, R 13, R14 and R1S is an al kyl group having 1 to 5 carbon atons
which is bound to a benzene rine via a carbon atomwi th two or nore of

hydr ogen atoﬂBuﬁgﬁBQyI__n§§941ﬁ§@nyﬂéﬁaégﬁeﬁ'8 are hydrogen atonms, and k is
0. Even nore preferred is a conpound 20 in which one to three groups
sel ected from RLtbutRlZyern,) ~-Ritheantethylene, a
1-(4-methylphenylj-1l-phenylethylene,
l—(4—ethylphenyl)—l—phenyletﬁylene,
5 1-(4-propylphenyl}-l-phenylethylene, and
1-(4-butylphenyl)-1-phenylethylene.
[0048]
Of the compounrds represented by'Formula (1), examples cf
a compound in which R and R are hydrogeﬁ atoms ,I R¥®is a 4-tolvyl
10 group, k is 0, one group selected firom Rn, Rn, RH, R and R
is an alkyl cgroup and the remzining four ¢roups are hydrogen
atoms iﬁclude 1,1-bis{4-methylphenyl}ethylene,
i,l—bis(4—ethylphenyl)ethylene,
l,1-bis{d~propylphenyl)ethylere, and
15 l,l—gis(4—buthylphenyl)ethylene.
[0049]
Of the cqmpounds represented by Formu;a (1), examples of
a compecund in which R¥® is a vinyl group, R and R'® are hycrogen
atoms, k is 0, one grcup selected Zrom Rn, Ru, RB, R and R®®
20 is an alkyl group and the remgining four groups are hycrogen
atoms include 1-(2-methylphenyl)-1,3-butadiene,
1-(2-ethylphenyl)-1, 2-butadienre,
1-(2-propyv_phenrnyl)-1,3-butadiene,
1-{2-butylphenyl)-1, 2-butadiene,

25 1-({3-methylphenylj-1,3-butadiene,
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Rn are each a nmeThyl group or an ethyl group, the remaining groups are

hydr ogen atons, R16, R17 and R18 are hydrogen atons, and k is O.
Particularly preferred is a conmpound in which one - or two groups sel ected
fromR11, R12, R13, K14 and R15 are each 25 a nethyl group or an ethyl group,
the remai ning croups are hydrogen atonms, R16, R17 and R18 are hydrogen
atons, and k is 0. [0051] The conpound represented by Fornmula (1) is nost
preferably 3-nmethyl styrene, 3-ethylstyrene, 4-nethylstvrene, 5
4-et hyl stvrene, 2,4-dinethylstyrene, 2,4-diethylstyrene,

- 2,5-di net hyl styrene, 2,5-diethylstyrene, 3,5-dinethylstyrene, or
3,5-di ethyl styrene. [0052] Two or nore conpounds represented by Fornula (1)

may be 10useg*(3—ethylphenyl)—l,3—butadiene,
1-(3-propylphenyl)~1, 3-butadiene,
l—(3—butylphenyl)—l,3—bu£adiene,
1-(4-mrethylpohenyl)-1, 3-butadiene,

5 l1-(4-ethylphenyl)-1,3-butadiene,
l—(4—propylphenyl)—l,3—butadiene, and
1-(4-butylphenyl)-1,3-butadiene.

[0050]
The compound represented by Formula (1) is prefereply a

13

10 compound in'ﬁhich Ruy_Ru, R, R™ or RY is a hydrogen atom or

an alkyl group having 1 to 8 carbon atoms, at leasT one oi Rn,
rR?, R'?}, R and R?® is an alkyl group having 1 to 8 carbon atoms,
R, R! and R'® are hydrogen atoms, and k is 0. More preferred
is a compcund in which R, RY%, R*?, RM or R¥ is a hydrogen atom
15 or an alkyl group having 1 to 5 carbon atoms, at least one of
rRY™, R, R'?, RY and R? is an alkyl groug having 1 to 5 carbon
atoms which is bound to a benzene ring via a carbon atom with
two or more of hvdrogen atoms bound thereto, RH, RY and R®® are
hydrogen atoms, and k is 0. Even more preferred is a compound
20 in which one to three groups selected from RH, RH, RH, R and
R!® are each a methyl group or an ethyl group, the remaining
groups are hydrogen atoms, R, R' and R!® are hydrogen atoms,
and k is 0. Particularly preferred is a compound in which one

cr two groups selected from Rn, RH, R-7, R and R?® zre each

25 a méthyl group or an ethyl group, the remairing groups are
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[ 0053] - I n the conjugated di ene-based pol ymer, the content of the
nmononmer unit derived fromthe conpound represented by Fornmula (1) is from
O 01% bywei ght to 1% by wei ght where the total anobunt 15 of the nononer
units contained in the conjugated diene-based polyner ‘is taken as 100% by
wei ght, and in order to enhance fuel econony, gripping properties, and
tensile strength at break, it is preferably 0.02% by wei ght or nore, nore
preferably 0.05% by wei ght or nore, and even nore preferably 0.1% by wei ght
or 20 nore. Morreover, it is preferably 0.8% by weight or |less, nore
preferably 0.5% by weight or |ess, and even nore preferably 0.3% by wei ght
or less. [0054] O the conmpounds represented by Forrmula (2),

exanpl es of Zoa-caapouRd inswhith, RR® 21 aRoZn ReGhs, 2004 R24; are al |

hydrogen atonhs include styrene, a-nethyl styr ene a-ethyl styrene, and

a- propyl styreones11 0055] O the conpounds represented by Fornmula (2),
exanples of 5 a conpound in which two or nore groups selected from R20,
R21, R22 R23 and R24 ampohhakegreeedftordmba Femgileohns) stsi mgsof carbon at ons
together with the carbon atons to which the groups are attached, and each

of the rest BfeFIGPIREIMRPPLSIRPSNeNd- F@%%%Yéefl*ﬁrdﬁo“g@rﬁ‘yéﬁbﬁqnﬁcl ude
[0056] > PP T s st ORGSR eSS et ed: %3‘”&0\“ Wl s) are
R G
or 3,5-diethylstyrene.
[{0052]
Two or more compounds represented by Formula (1) may be
10 used.
[0053]
in the.conj ugated diene-based polWer, the content of the
monomer unit cerived from the compound represented by Formula
(1) is from 0.01% by weight to 1% by weight where the total amount
15 of the monomer units contained in the conjugated diene-based
polymer is taken as 100% by weight, and in order to enhance fuel
econcmy, dgripping properties, and tensile strength zt break,
it is preferably 0.02% by weight or more, more preferably 0.05%
by weight or more, and even more preferably C.1% by weight or
20 more. Moreover, it is preferably 0.8% by weight or léss, more
preferably 0.5% by weight or less, and evenmore preferably 0.3%
by welght or less.
[0054]
Of the compounds represented by Formula (2), examples of

22 a compound in which R?°, R?*', R??, R?3, and R* are all hydrogen
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15Formul a (2) may be used. [0057] I n the conjugated di ene-based

pol yner, the content of the nononmer unit derived fromthe conpound
represented by Formula (2) is preferably 10% by wei ght or nore, nore
preferably 15% 20 by wei ght or nore where the total anmount of the nononer
urtits contained in the conj ugated di ene-based polyner is taken as 100% by
weight. This content is preferably 50% by weight or |less, nore preferably
45% by wei ght or |ess. Adjusting the content to 10% by wei ght or nore can
enhance gripping properties and 25 tensile strength at break. [0058]

In the conjugated di ene-based polynmer, the content of the nonomer unit

- derived fromthe conjugated diene conpound is preferably 50% by wei ght or

more, and moLe, prefefapl %t@?é’/ﬂé),yém&ﬁhﬂ@tg%n ,_d’d@e al& Lhe tatal amount of

t he mononer units contalned i n the conjug I ene-based pol yner is taken
as 100% by weighpy13hysreontent is preferably 90% by wei ght or |ess, and
nore preferably 85% by weight or |ess. Adjusting the content to 55% by

wei ght or nofed%dn enhance fuel econony. 10[ 0059 The conj ugat ed

di ene-based pol yner may have a nitrogen atom containing group on at |east
one of pol ymer ch&f rFhemPEPoERahprRSs TR tEALYNTITHgen Zdr diveEehtaCAi ng gr oup

i nclude a_substitute ,an&no group and a nitrogen-containing, hey,erocyclic 15

group. [00D60F SHEPHEY for Frodlieig™conagated S or ere: Baged Polymer >

R", R?® and R?! are linked to form a ring corsisting of carbon

atoms together with the carbon atoms to which the groups are

attached, and each of the rest of‘Rm, RN; R”, R*® and R* is

a hydrogen. atom incluce vinylnaphthzlene, vinylanthracene,
10 vinylindene, and vinylphenanthrene.

[0056]

Preferrec as a compound represented by Formula (2) are
styrene, a-methylstyrene, and vinylnaghthalene, and more
preferred is styrene. Two or more compounds represented by

1t Formula (2) may be used.
[0057]

In the conjugated ciene-based polymer, the content of the
monomer unit derived from the compound represenzted by Formula
(2) is preferably 10% by weight or mcore, more preferably 15%

20 by weight or more where the tctal amount of the monomer unizts
conzained in the cenjugated diene-based polymer is taken as 100%
by weight. This content is preferably 50% by weight or less,
more preferably 45% by weight or less. AcZusting the content
to 10% by weight or more car enhance gripping properties and

25 tensile strength at break.



Preferably, the conjugated diene-based polynmer is obtained by polynerizing
nononmer conponents conprising a 20 conjugated di ene conpound, a conpound
represented by Formula (1), and a conpound represented by Formula (2) using
an organonetal | ic conmpound in a hydrocarbon solvent. [0061]

THe hydrocarbon solvent -is a sol vent which does not 25 inactivate
organonetal | i ¢ conpounds. Exanples of the hydrocarbon sol vent include

al i phati c hydrocarbons such as propane, butane, isobutane, pentane,

i sopent ane and hexane; aromatic hydrocarbons such as benzene, tol uene,

- xyl ene and et hyl benzene; and alicyclic hydrocarbons such as cycl ooentane 5
and cycl ohexane. One or nore nenbers of them are used. [0062] The
polynerizatigaﬁgﬁ t he nononer conponents nmay be performed in the presence
of an agent for adjusting the amount of vinyl bonds of nononmer units
derived from the ¢aRrhdGanhedyddqdi e -60aRoNthmeanNd nanagent okehead] usti ng
the distribution of nononmer units derived fromthe conjugated di ene
conpound andmpronGrenniunidesides ifved fiomoalconpouddent vempddrah ikhe

conj ugat ed di ene conpound in a conjugated di ene-based pol yner chain

(her ei naf t er Prefgiteeey iRA8l §y refahE etf Meras 3@ ™adj aseirglagem? Py. Exanpl es
of the adjusting agent inc|ude ether compounds, tertiary am nes, phosphine
corrpounds%5 a'V‘R]aqq\t ?f‘ét%‘?rear'bﬁi? &35, Fah g}%ﬁ&rllt[ et af ’?51?8%8%%55 Exanpl es of

the ether co i.ncl i thers, . . .etrahydrof.uean,
TR YR & PR R SED B LoD

t et rahydropvran, I oxa a rs, such as di et hyl
ether and di putyh ggt hetrni aldbphatd ¢ sdietriers,y suehase eiybenesgl ycol
~dinmethyl ether, ethylene glycol diethyl ether, and ethyl ene glycol dibutyl
“et’'hér; ali phatd cuotrei ptdersbigads ag whiethybenesgl ycaludt ethyheet her and

di et hyl ene gl ycol dibutyl ether; and aromatic ethers, such as di phenyl

et her and 25camnisssl €0 Blahpl esiabft ¢henarer crargrhantaesieinetadey -

10 [0059;

The conjugated diene-based polymer may have a nitrogen
atom-containing group on at least one of polymer chain ends.
Examples of the nitrogen atom-containing group include a
stbstituted amino group and & n.trogen-containing heterocyclic

18 group. |
[0060]
<Method for Producing Conjugated Diene-Based Polymer>
Preferably, the conjugated diene-based polymer is
obtained by polymerizing monomer components comprising a
20 conjuceted Qiene compound, a compound represented by Formula
{1), and a compound represented by Formula (2) using an
organometaliic compound in a hydrocarbon solvent.
[0061]
The hydrocarbon solvent 1s z solvent which does not

25 inactivate organometallic compounds. Examples of the
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triethylamne, tripropylamne, tributylam ne,

1,1, 2, 2-tetranet hyl et hyl enedi am ne, N, N-di ethylaniline, pyridine, and

qui nol i ne. Exanpl es of the phosphi ne conpounds include trinethyl phosphi ne,
triethyl phcsphine, and 5 triphenyl phosphi ne. Exanpl es of the alkali netal
al 'koxi des include sodiumtert-butoxide, potassiumtert-butoxide, sodium
tert-pentoxi de, and potassiumtert-pentoxide. Exanples of the alkali netal
phenoxi des i ncl ude sodi um phenoxi de and pot assi um phenoxi de. Two or nore
adj usting agents may be used. 1( 0063] In order to enhance fue
econony, gripping properties, and tensile strength at break, the anmount of
use of the conpound represented by Forrmula (1) in the polynerization of
nonomer conpg rbsn el enably: 010120:Bya el Ohb - OF 2 REE, s €515
preferably 0.02% by wei ght or nore, even nore preferably 0.05% by wei ght or
nore, and fuptdiemepreiembl ysébukdnby pwitghe, arsopereandhane tdenkot al usage
anount of the nononer conponents in the polynerization is taken as 100% by
wei ght. 1t isrpregfier abdnpck¥%bys weicghts Grenkess, tmbrenr efeeablapd0. 8% by

wei ght or |ess, 20 even nore preferably 0.5% by wei ght or |ess, and further
preferably 0S3WIBF-HRTYhENOALERES 1 AT BxAifpt &8 of “YRéCoYEanénetal lic
compound Lo be, used for, obtaining the coniydated diene:based pol ymer by

pol ymeri zi ng 55 Phé oS conponent’s 1 nclude ofgahoafkéil'netal conmpounds
such as an organgl i thium conpound, an organosodi um conpound, an

or ganopot assi um conpound, an organor ubi di um conpound, and an organocesi um
conpound. Exanpl esnhefpdiR@eof ganehi &hidhd senmpeundshginde may be

hydr ocar byl | i t hi um conmpound and a 5 hydrocar byl enedi | ithi um conpound.
Exanpl es of péaefcomgdnosoik presomzoendnigyehtde rsadliusm naphehalceni-de and
sodi um bi phenyl ide . Exanples of the organopotassi um conpound incl ude
pot assi um napﬁt?ﬂﬂYénP@Rﬁs of monomer units derived from the conjugated

10 diene compcund, and an agent for adjusting the distribution of
monomer units derived from the conjugated diene compound and
monomer units derived from a compound cther than the conjugated
diene compound in a conjugated diene-bkased polymer chain
(hereinafter, collectivelyreferred to as an"adjusting agent").

12 Examples of the adjusting agent include ether compounds,
tertiary amines, phosphine compounds, alkali metal alkoxides,
and alkali metzl pnenoxides. Examples of the ether compounds
irclude cyclic ethers, such as tetrahydrofuran,
tetrahydropyran, and 1,4-dioxane; aliphatic monoethers, such

20 as diethyl ether and dibutyi ether; aliphatic diethers, such
as ethylene glycol dimethyl ether, ethylene glycol diethyl
ether, and ethylene glycol dibutyl ether; aliphatic triethers,
suach as diethylene glycol diethyl ether and diethylene glyccl
dibutyl ether; and aromatic ethers, such as diphenyl ether and

25 anisole. Examples of the tertizry amines include
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[ 0065] 10Exanpl es of the hydrocarbyllithium conpound include al kyllithium
conpounds such as nethyllithium ethyllithium propylliThium

i sopropyllithium n-butyllithium isobutyllithium sec-butyllithium
tert7butyllithium tert-octyllithium and n-decyllithium aryllithium
conmpounds 15 such as phenyllithium 2-naphthyllithium and

2-butyl phenyllithium arylal kyllithium conpounds such as

4- phenyl butvilithium and cycl oal kyl I'ithi um conpounds such as

cyclopentyl lithiumand cycl ohexyllithium The hydrocarbyllithium conpound
is preferably an al kyllithium 20 conmpound, nore preferably n-butyllithium
or sec-butyllithium [0066] Exanpl es of the hydrocarbyl enedilithium

CO”DOPnd in?kyﬂﬁz;léﬁﬂhLiEQE ﬁ%ﬁQQRﬁﬁﬁ QQQbutylamine,
1,3-bis(1-1ithio-1I,3-di nmethvl pentyl)benzene. 25[0067] The anmount of use of

t he organonetal J4,c-conpoundyl e he cHsehnifel he Npak yomyFlaaat i o6, of the nononer
conponents is preferably fromO0.01 nmmol to :5 mmol per 100 g of the nononer
conponent s t pybeliusedridngtirelpokymeErpmatdsont thpQ0®8phine compdiimglsconj uga7. ed
di ene-based pol ymer nmay be a conjuga-zed di ene-based pol ynmer having a
nitrogen at oAPediftcai-fit PRy grBUP IR nat teasbybreseripd ywaer chain ends.

Pt A Lt S R e
include sodium tert-butoxide, pctassium tert-butoxide, sodium
tert-pentoxide, and potassium tert-pentoxide. Examples of the
alkali metal phenoxides include sodium phenoxide and pbtassium
phenoxide. Twc or more adjusting agents may be used.

1C [0063]

In order to erhance fuel economy, gripping properties,
and tensile strength at break, the amoﬁnf of use of the compound
represented by FTormula (1) in the pclymerization cf monomer
components is preferably 0.01% by weight or mcre, more

15 preferably 0.02% by weight or more, even more preferably 0.05%
by weight or more, and further‘preferably'o.l% by weight or more
where the total usage amount of the monomer components in the
polymerization is taken as 100% by weight. It is preferably
1% by weight or less, more preferably 0.8% by weight or less,

20 even more preiferably 0.5% by weight or less, and further
preferably 0.3% by weight or less.

[0064]

Exezmples of the organometallic compound to be used for

obtairing the conjugated diene-based polymer by polymerizing

25 the monomer components include organcalkali metal compounds
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(a) A method for producing a conjugated di ene-based pol yner using an
organoal kali netal conpound having a nitrogen atom containing group as an .
organonetal lic conpound. (b) A nethod of adding a nodi fyi ng agent. having a
nitrogen 15 atomcontaining group to a polynerization solution containing a
conj ugat ed di ene-based pol ynmer resulting from polynerization, and reacting
the nodi fying agent with an active end of he conjugated di ene-based

pol ymer. [0069] 20Exanpl es of preferred conjugated di ene-based pol yners
haying a nitrogen atomcontaining croup on at |east one of polynmer chain
ends include a conjugated diene-based pol ynmer produced by using an

orcanoal kali nmetal conpound having a nitrogen atom containing group as an

or ganomet al | §¢.;¢Qupuind,2%.1:RHnPoh VIRELZAL T QR o 24 ade RO af Alngohol to a
pol ymer solution containing a conjugated di ene-based Polymer reésulting

from the pol yAergzatp@nsst ierebyoimachh waljaRgr @t ekl Meenss pfantihe pol ymer
chain. A conjugated di ene-based pol ynmer conposition superior also in
tensil e streagtdroatobe€aln campdredobttxirnetedy fStusingathei wdnjpugat ed

di ene- based pol yner. [ 0070] Exanpl es of preferred conjugated

di ene- based POMSAYEFsMavCRg? B HrPFogen -atbhvie siiabwichg graoup on at | east

one of polyner chal ends al so include con ted dfene based 10 pol yner
produced % nﬁ%ﬂ?ﬂfaé gégttﬂﬁﬂ“ PRI Eonp Wg S %n* B?ganonetalllc

conpound i n pol yier !j%é?rli CQIEbOL%Bdm%Q%Q%O%UM' %Mtrﬁ‘agte%%g anda¥! g, a nitrogen

atom containing group to a polymner solution containing a conjugated
di ene-based poalnewetii&€subtimg EramHe-pobysesdzakicOnpotherehyqgeeacting The

potassium naphthalenide.
[0065]

10 Examples of the hydfocarbyllithium eempeuﬁd include
alkyllithium compounds such as methyllithium, ethyllithium,
propyllithium, isopropyllithium, n-buty lithium,
isobutyllithium, sec—butyllithium, tert-butyilithium,
tert-octyllithium, and n-decyllithium; aryllithium compounds

1t such as phenyllithium, 2-naphthyllithium, and
2-butylphenyllithium; arylalkyllithium compounds such as
4-phenylbutyllithium; and cycloalkyllithium compounds such as
cyclopentyllithium and cyclohexyllithium. The
hydrocarbyllithium compound is preferably an alkyllithium

2C compound, mcre preferably n-butyllithium or sec-butyllithium.
[0066]
ExamplesofthehydrocarbYlenedilithiumcompoundinclude
1,4-dilithic-2-butene and
'1,3-bis(i-lithio-1,3-dimethylpentyl)benzene.

25 [0067]
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15 nodi fying agent with an active end of the polyner chain. conjugated
di-ene- based pol yner conposition superior in gripping properties and fully
satisfactory in tensile strength at break can be obtained by using the
conj ugat ed di ene-based pol yner. 20[ 0071] . Exanpl es of preferred

conj ugat ed di ene-based pol yners having a nitrogen atom contai ning group on
at | east one of polyner chain ends also include a conjugated di ene-based
pol ymer produced by using an organoal kali netal conmpound having 25 a
nitrogen atomcontai ning group as an organonetal lic conmpound in

pol yneri zation, and adding a nodi fying aaent having a nitrogen

atom containing group to a polynmer solution containing a conjugated

di ehe-based pol yney. resulfing, ;L P the NQLYBRLiAat Lo, LhsseRy Eeacting the
nodi fying agent wth an 5 active end of the polymer chain. [0072] In the

above- ment i onedi net hied foa)ne exarpbesoOftha prreherr eshphganealkal i neta
conpound having a nitrogen atom containing group include a conpound
represent ed e ficreb19ffobhow digmkor ol 25 @81 dR311{B) of the monomer

components to be used in the polymerization.
5 [0068j
The conjugated diene-based polymer may be a conjuga:ted
diene-based polymer having a nitrogen atom—-containing group on
at least one of polymer chain ends. Examples of a method for
producing ~he conjugafed diene-based pclymer include the

10 follcewing method {a) and method (b).

(a) A method for.producing a conjugated diene-based poclvmer
using an organoalkall metal compound having a nitrogen
atom-containing grouo as an brgandmetallic compound.

(b) A method c¢f adding a modifying agent having a rnitrogen

15 atom-containing group to a polymerization solution containing
a ccnjugatecd diene-based polymer resulting frompclymerization,
and reacting the mocifying agent with an active encd of <he
conjugéted diene-based polymer.

[0069]

20 Examples of preferred conjugated diene-based polymrers
having a nitrocen atom-contairing croup on at least one of
polymer chain ends include a conjugated diene-based polymer
produced by using'an organoalkaii_metél cdmpound having a
_nitrogen atom-containing grouo as an organometa-lic compound

25 in polymerization, and adding an alcohol to a polymer solution
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R32 wherein Mrepresents an alkali netal atom R31 and R32 each

i ndependently represent a hydrocarbyl group optionally having a
substituent, or a trihydrocarbylsilyl group, or R31 and R32 15 together
represent a hydrocarbyl ene group optionally having ,a nitrogen atom and/ or
arf oxygen atom forned by the binding of- R31 and R32, R33 represents a
hydr ocar byl ene group, and mrepresents Cor 1. [0073] 20In Fornmula (3), M
represents an alkali metal atom. Exanples of the alkali netal atom i nclude
Li, Na, K, Ro and Cs, preferably Li. [0074] In Formula (3), R31 and R32
each independently represent a hydrocarbyl croup optionally having a
substituent, or a trihydrocarbylsilyl group, or R31 and R32 together

represent a era%%w @d%%ugg%pdpmg-%@@gé xsobﬁyérngeau@ P%%@m +@kom and/ or
an oxygen atom formed by thé. binding of R31- In

each of R3' @mqmm&meahyﬂmoea@hghrgﬁ@uﬁyapth@nﬁﬁbythaybﬂg af&m@stltuent is a
hydr ocar byl group or a substituted hydrocarbyl group. Exanples of the
substituent polvke shiist.i tAitced] lyedredcdl ds-bgreupol pod udemae sitisthi t ut ed
am no group
. superior also in tensile strength at break can be obtained by
éh.using the coniugated diene-based polymer.

[0070]

Examples oI preferred conrnfugated ciene-based polymers
having a nitrogen atom-containing group on at least one of
polymer chain ends also include a conjugated diene-based

1C polymer produced py using a hydrocarbyllithium compound as an
organometallic compound in polymerization, and adding a
modifying agent having a nitrogen atom-containing ¢roup to a
pdlymer solution containing a conjugated diene-based polymer
resulting from the polymerizstion, thereby reacting the

15 modifying agent with an active end of the polymer chain. A
conjuggted diene-based polymer composition superior in
gripping properties and fully satisfactory in tensile strength
a£‘5réak can be obtained by using the conjugated ciene-based
polyﬁeft

20 [0071]

- Examples of preferred ccnjugated ciene-based polymers
haVing a nitrogen atom-containing group orn at least one of
pol?ﬁér chain ends also include.a corjugated diene-based
polymer produced by using an organcalkali metal compound having

25 a nitrogen atem-containing group as an organometallic ccmpound
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10 or a hydrocarbyl oxy group. Exanples of the hydrocarbyl group include

al kyl groups such as a nethyl group, an ethyl group, a n-propyl group, an

i sopropyl group, a n-butyl group, an isobutyl group, a sec-butyl group, a
tert-butyl group, a n-pentyl group, a n-hexyl group, a n-octyl group, and a
15 n-dodecyl group; cycloal kyl groups such as a cycl opentyl group and a
cycl ohexyl group; aryl groups such as a phenyl group and a tolyl group; and
aryl al kyl croups such as a benzyl group. Exanples of the substituted
hydrocar byl group in which the substituent is a substituted am no group

i nclude an 20 N, N-di net hyl am nonet hyl group, a 2-N,N-di net hyl am noet hyl
group, and a 3-N;, N-di net hyl am nopropyl group. Exanples of the substituted
hydrocarbyl grqup B, WiGh,t hesulsiid uentql 8:&85hydracar byl pxy group

i ncl ude a net hoxynet hyl group, a methoxyethyl” group, and an et hoxynet nyl
group. 25[ 00d8]rogen atom-&XaRhesy 8foddes b bbhyeiocanbybsichbytaigi:eyp of each
of R31 and R32 include a trinethylsilyl group and a

tert-butyl - danethiypbsi¢d/idigretinrsef00TAme5Theshitdnocaurdyyftene group optional ly
having a nitrogen atom and/or an oxygen atom fornmed by the binding of R31
and R32 is aPhydicdéar byAre ne edupr casit1ad hiyitfr Bedrivdve etengr Big @Bnt ai ni ng a
nitrogen atom and/ or an_ oxygen atom_Exanpl es of the hydrocarbyl ene group
containing a® i trogeh %ﬁ&ﬁ%dﬁ%ﬁgfrdﬁuT@'oxygen atomincl ude a
hydrocarbylep&ygﬁoup containing a nitrogen atom a hydrocarbyl ene group
cont ai ni ng an oxygen atom and a hydrocarbyl ene group containing a nitrogen
atom and an oxygemnat:m:pE¥amescdq e bydr-9¢acbyene gfoup include an

al kanedi yl group and an al kenediyl group. Exanples of the 15 al kanedi yl
group i ncl udergtdyreet dndaenelcsldupst suchrmasusd trett aget hykesgegr oup, a
pent anet hyl ene group, and a hexanet hyl ene croup; and a

2, 2, 4-tri net Aydreeaneiing- diyde gnolpdle Bxaappesdofepirscaltkeénadityl group

i nclude a pentan-2-ene-1,5-diyl group. Exanples of the hydrocarbyl ene 20
group cohfai APhP a Ai FroYyen é%dn1include a group represented by

- CH=N- CH=CH @and a group represented by -CH=N-CH2-CH2-. Exanples of the
hydrocarbvlené\,_gggﬁcoQ{aininqg?n oxygen atominclude a group represented
by - CH2- 01- 12,9~ CHZ- (7R :

wherein M represents an alkall metal atom, R¥* and R* each
independently represent a hydrocarbyl group opticonally having
a subsTtituent, or a trikhydrocarbylsilyl group, or R* and rR*

15 'together represent a hydrocarbylene group optionrally hay;ngﬂg
nitrogen atom and/or an oxygen atom formed by the binding of
R¥? and Rn, R3? represents a hycdrocarby-ene g:oup, and m
represents C or 1.

[0073]

20 ‘In Formula (2), M represents an aikali metal atom..
Examples of the alkali metal atom include Li, Na, K, Rb and Cs,
pfeferably Li.

[0074)]

In Formula (2}, R*' and R¥ each ‘ndependentiy represent
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[ 0078] 25When R31 and R32 are each a hydrocarbvl group, the number

carbon atons thereof is preferably 1 to 10, nore preferably 1 to 4,

of the

respectively. Wien R31 and R32 are bound to form a hydrocarbyl ene group,
t he nunber of the carbon atons of the hydrocarbylene group is preferably 3

to 20, nore preferably 54 to 7. . [0079] R31 and R32 are each
group or are together a nydrocarbyl ene group
formed by the binding of R31 and R32, nore preferably a |inear alkyl

preferably a hydrocar byl

group

having 1 to 4 carbon 10 atons or are together a polynethyl ene group havi ng
4 to 7 carbon atons fornmed by the binding of R31 and R32. [0080]
and R32 are further preferably a nethyl group or an ethyl group. 15[ 0081]
I'n Fornula (3)n,233:L6Pr 3601 SR 1 By OeaLbyhene grou- Exanpl s of the
hvdr ocar bvl ene group as R33 1 nclude an al kanedi yl group, an al kenedi yl
group, and apraydrenergneupyl xaop) es et dkerBl kanedey eprosdghd acl ude a

nmet hyl ene group; 20 pol ynetnyl ene groups such as an et hyl ene group, a

tri nmet hyl enehgitiouproal ¢ret g et oyt ieme 1§y dep i nardn it pert arethydne gr oup; and
a 2, 2, 4--Lrimethyl hexane-1, 6-diyl qéﬁup. Exanpl es of the al kenediyl

group i ncl ude" PIEANPEBNEC I dvvFhgr
group, ang a[

10

15

20

B§ina 7 el
0075]

In each of R* angd Rn, the hydrocarbyl group optionally
having a substituent is a hydrocarbyl group or a substituted
hydrocarbyl group. Examples cf the substituent in the
substitutedhydrocarbylgroupincludeasubstitutedaminogroup
or a hydrocarbyloxy group. Examples of the hydrocarbyl group
include alkyl groups such as a methyl group, an ethyl group,
a n-propyl grocup, an isopropyl group, a n-putvl group, an
isobutyl group, a sec-butyl group, a tert-butyl group, a
n-pentyl group, a n-hexyl group, a n-octyl crcup, and a
n-dodecyl group; cycloalkyl groupé such as a cyclopentyl group
and a cyclohexyl grcup; aryl groups such as a phenyl group and
a tolyl group;'and arylalxyl groups such as a benzyl group.
Exampies of the substituted hydrocarbyl group in which the
substituent is a substituted amino group include zan
N,N-dimethylaminomethyl group, a 2-N,N-dimethylaminocethyl
group, and a 3-N,N-dimethylaminopropyl grcup. Examples of the
substituted hydrocarpyl group in which the substituent is a
hydrocarbyloxy group include a methoxymethyl group, a
methoxyethyl group, and an ethoxymezhyl group.

[0076]
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25 pentan-2-ene-1,5-diyl group. Exanples of the arvlene group include a
1,2- phenyl ene group, a 1, 3-phenyl ene group, 1, 4-phenyl ene group, a

1, 3-napht hyl ene group and a 1, 4-naoht hyl ene group. [0082] 5Exanples of the
hydr ocar byl ene group as R33 include a group in which 1 to 10 nononmer units
derived froma conjugated diene conpound bonds to an al kanediyl group.
Exanpl es thereof include a group in which 1 to 10 nononer uni-Ls derived
fromisoprene bonds to a nethylene group, a group in which 1 to 10 10
‘nmononer units derived fromisoprene bonds to an ethylene group, and a group
in which 1 to 10 nononer units derived fromisoprene bonds to a
trimethylene group. In the group in which 1 to 10 nononer units derived

froma conjugat ed QH&Q%SCQFEQHQQ199QQ§xu%yﬁQu%hk&H§QJ¥£eQEQ%E‘Rﬁhe
conj ugat ed di ene conpound Is 15 preferably isoprene and/or butadi ene and

the group preferabl:ypchase b toik-tmNeney1 WRbhs gerkved from the conjugated’
di ene conpound; the al kanediyl group is preferably a nethylene group or a
pol ynet hyl enee gr-oupyaniirtehbyhuirityér gofurt.-he carbon atons of the al kanediy
group is preferably 1 to 6, nore preferably 2 20 to 4, even nore preferably
3. [0083] [00771The nunber of the carbon atons of the hydrocarbyl ene group

as R33 is_prefera froml to 100, nore ref rably from 3 to 80, and even
more prefeérably f%%]h?'dtr8c%ﬁbyqufo%§°ﬂp SpblenaT1 9 having s s erogen

atom and/or an oxygen atom formed by the binding of R*! and R*
is a hydrocarbylene group, cr a hydrocarpbylene group corrtaining
a nitrogen atom and/or an oxygen ator. Examples of the
hydrocarbylene group containing a nitrogen atom and/or an
10 oxygen atom include a hydrocarbylene group containing a
nitrogeh atom, a hycrocarbylene group containing an cxygen atorm,
and a hydrocarbylene grecup containing a nitrogen aztom and an
oxyger. atom. Examples of the hydrocarbylene group include an
alkanediyl group and an alkenediyl group. Examples of the
1c alkanediyl group include polymethylene groups such as a
tetramethylene group, a pentamethylene group, and a
hexamethylene croup; and a Z,2,4-trimethylhexane-1,6-diyl
group. Examp_es of the alkenediyl group include a
pentan-2-ene-1,5-diyl group. Examples of the hydrocarbylene
20 group contzining a nitrogen atom include a group represented
by -CH=N-CH=CH- and a group represented by -CH=N-CH;-CH;-.
Examples of the hydrccarbylene croup containing an oxygen atom
include a group represented by —-CHy—-CHy—-0O-CHy-CHy-.
[0078]

25 When R*! and R%* are each a hydrocarbyl group, the number
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The hydrocarbyl ene group as R33 is preferably a group in which 1 to 10
nononmer units derived fromthe conjugated di ene conpound bonds to an

al kanedi vl group, or an al kanediyl group, nore preferably a group in which
1 to 10 nononer units derived 5 fromthe conjugated di ene conpound

consi sting of butadiene or isoprene bonds to a nethylene group or a

pol ynet hvl ene group, or a pol ynethyl ene group, even nore preferably a group
in which 1 to 10 nononer units derived fromisoprene bonds to a

pol ynmet hyl ene group having 2 to 4 carbon atons, particularly 10 preferably
a group in which 1 to 5 nononer units derived fromisoprene bonds to an

et hyl ene group or a trinethylene group. [0085] In Formula (3), mrepresents

0 or 1, prefggably o1.04,.0036} %greglf]?isc%r}g@é'%yr?p&?%%mﬁ by Formula (3),

exanpl es of a conmpound in which IT: is nd R3" andR32ar ehydr ocar byl

G oups i ncl udeetd-t:lhh ym dial kyt aMdes spchmas, kitt Mdrisdiretbyhlarsde, 1ithium
di ethyl am de, lithium ethylnethylamde, |ithiumdi-n-propylamde, lithium
di i sopropyl afvde a hyd-decany2@ndi gmpubuttylcamder ¢4 the warden sobut ylifam de,
l'ithiumdi-sec-butylamde, lithiumdi-tert-butylamde, |izhium

di - n- hexyl anf8e RyRFedvrbm ehe Arost ¥ anf ey aband 19 ERi aardPegEoiéxy| ani de;
l'ithiumalkyl.aryl,am des such as |ithium phenyl nethyl am de and |ithium
phenyleth%laﬁiﬁ%?'and l'ithium 25 diarylam des such as lithium

di phenyl am de-4,0087]

R¥* and R*? are each preferably a hydrocarbyl group or are
together a aydreccarkyliene group formed.by the binding of R*
and??z,morep:eferablyealinearalkylgrouphaving]_to4 carbon
10 atoms or are together a polymethylene grcup having 4 to 7 carbon
atoms formed by the binding of R* and R*.
[0080] |
R* and R* are further preferably a methyl group or an
ethyl group. |
15 [0081]
In Formula (3), R represents a hydrocarbylene group.
Exzamples of the hydrccarbylene group zas R* include an
alkanediyl group, an alkenediyl group, and an arylene group.
Examples of the aZkanediyl croup include a methylene group;
20 polymethylene groups such as an ethylene group, a trimethylene
group, a tetramethylene group, and a pentamethylene group; and
a 2,2,4-trimethylhexane-1,%6-diyl group. Examples of the
alkenediyl grecup include a butan-2-ene-1,4-diyl group, a
2-methylbutan-2-ene-1,4-diyl group, and a

25 pentan-2-ene-1,5-diyl group. Examples of the arylene group
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O the conpounds represented by Formula (3), exanples of a conpound in
which mis 0O and at | east one of R21 and R22 is a substituted hydrocar byl
group include lithiumb5 di ( al koxyal kyl ) am des such as |ithium di

(met hoxyntethyl ) amide and lithiumdi (ethoxynethyl)amde; lithiumbis

-(di al kyl am noal kyl ) am des such as |ithiumbis (dinmethylam nonethyl )

am de; and trial kyl sflylal kyl group-containing |ithiumam des such as 10
trimethylsilyl propyl met hyl am nolithium [0088] O the conpounds
represented by Fornula (3), exanples of a conpound in which m is 0 and

whi ch has a hydrocarbyl ene group fornmed by the binding of R2Z1 and O incl ude
lithium 15 trimethylenefmde, lithiumpyrroliCde, |ithium piperidide,

2- et hyl pi peg i di pal htP}%ekﬁé}ieug}@@&,a@eibédﬁ%k e LLEhium

oct anet hyl enei m de, |ithiumdecanethyl enei mde, [ithium '

dodecanet hyl epeighcde; e Rbly) pi pepiigrehi t fidimro3p reetahyl pi peri di nol it hi um
4- met hyl pi peridinolithium 20 3,5-dinethyl pi peridinolithium and

1, 2, 3, 6-tetrahydrappynvibe btdiaum [0089] O the conpounds represented by
Forrmul a (3), exanples of a conmpound in which mis 0 and which has a
hydr ocar byl eh@°%iloup . 25 having a nitrogen atom and/ or an oxygen atom

f or med by5t he

ExamplesofthehydrocafbylenegroupasFgaincludeagroup
in which 1 tc 10 monomer units derived from a conjugated diene
compound bonds to an alkanecdiyl group. Examples thereof
include a group in which 1 to 20 monomer units derived from
isoprene bonds tc z methylene group,.a group in which 1 to 10

10 monomer units derivec from isoprene bonds to an ethylene group,
and a group in which 1 to 10 monomer units derived from isoprene
bonds to a trimethylene group. In the group in which 1 to 10
monomer units derived from a conjugated diene compound bonds
to an alkanediyl group, the conjugated diene compound is

1t preferably isoprene and/or butaciene and the group preferakly
has 1 to 5 monomer units derived from the conjugated diene
compound; the alkanediyl group is preferably a methylene group
or a polymethylene group and the number of the carbon atoms of
the alkanediyl group is oreferably 1 to 6, more preferakly 2

20 to 4, even more preferably 3.

[0083]

The number of the carbon atoms of the hydrocarbylere group
as R¥ is preferably from 1 to 100, more preferably from 3 to
80, and even more preferably from 7 to é0.

25 [0084]
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bi nding of R31 and R32 include 1-im dazolyllithium

4,5-di hydro-1-imdazolyllithium and 4-norpholinolithium [0090]

O the conpounds represented by Formula (3), exanples of 5 a conpound in
which mis | and R3'" and R32 arehydrocarbyl groups include 2-

(N, N-di mret hyl am no) ethyllithium 2- (N, N-ciiethylamno) ethvilithium 3-
(N, N-di nmet hyl am no) propyl lithium and 3- (N, N-di et hyl am no) propyl |ithium
Exanpl es of the conpound 10 al so i nclude a conpound obtai ned by reacting

t he above-nenti oned conpound with a conjugated di ene conpound of an anpunt
of from1 nol to 10 nol per nol of the precedi ng conpound. [0091] 15OF the
conpounds represented by Fornul-a (3), exanples of a conmpound in which mis

1 and which has a I ne. gr.oup fogmed by, |, ndi . ,R31 and R32
i ncl ude 3- (1-pyrFg¥?a?%§§£%%§6gy%{?yﬁiun%ﬂgtp?%e%%%??gg}gggﬁfﬁthiun1 and

3- ( 1'hexanﬁﬁﬁ¥4@nﬂjmbWmemeQ@Mkslkhﬁb&ﬂmhoﬁﬁﬁﬁpb@ﬁﬁﬁﬁtEBQﬁ%Qeconpound
al so include a conpound obt ai ned by reacting the above-nenti oned conpound
with a conj ugatwednditends conpouhilzofdian amogntoroén ki bmediydlgradpl0 =1 per
nol of the precedi ng conpound. [0092] 250G the conpounds represented by
For nul a (3),n@§@aﬁﬁ¢@ggq@ﬂy'a group in which 1 to 10 monomer units derived

5 from the conjugated diene compound consiéting of butadiene or
isoprene ktonds to & metbylene group or a polyméthylene group,
or a polymethylene group, even more preferably a group in which
1l to 10 monomer units derived from isoprene bonds to a
polymethyléne group having 2 to 4 carbon atoms, particularly

10 preferably a group in which 1 to 5 monomer units derived from
isoprene bends to an ethylene group or a trimethylene group.
[0085] :

In Formula (3), m represents 0 or 1, prefercgbly 1.
[0088]

15 Of the compounds represented by Formula (3), examples of
a ccmpound in which m is O and_Rm'and R* are hydrocarbyl groups
include lithiumn dialkylamidés'Suchfas lithium dimethylamide,
lithium diethylamide, lithium ethylmethylamide, lithium
di-n-propylamide, .1ithium diisoprdpyiamide, lithium

20 di-n-butylamide, lithium diisobutylamide,_lithium
di-sec-butylamide, lithium di-tert-butylamide, lithium
di-n-hexylanide, lithium di—n—odtylamide, and- Zithium
dicyclohexylamide; lithium alkyiarylamides such as lithium
phenylmethylamide and lithium phenylethylamide; and lithium

25 diarylamides such as lithium diphenylamide.
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a conpound in which mis 1 and which has a hydrocarbyl ene group having a
nitrogen atom and/ or an oxygen atom forned by the binding of R31 and R32

i ncl ude 3- (4-norpholino)propyllithiumand 3- (1-imdazolyl)propyllithium
Exanpl es of the conpound also 5 include a conpound obtained by reacting the
above-nmenti oned conpound with a conjugated di ene conpound of an anount of
froml nol to 10 nol per nol of the preceding conpound. [0093] The conpound
represented by Fornmula (3) is preferably a 10 conpound in which mis 1, R33
is agroup in which 1 to 10 nononer units derived from butadi ene or

i soprene bonds to a nethylene group or a polynethvlene group, or a

pol ynet hyl ene group, and R31 and R32 are al kyl groups, nore preferably a -
conpound in wgh mis 1, R33 is a group in which 1 to 10 nononer units
derived 15 fromisoprene bonds to a pol ynethyl ene group having 2 to 4
carbon atonms wher et Rhkhenrpeliydetbyt et eyprd Swubaund, txatBeenbtr ogen at om
of Fornmula (3), R31 and R32 are each a linear alkyl group having 1 to 4

car bon at onsa orormrend dgetthish an pol § metihyt erresgr oup cliaki nendd RE01Z car bon
atons forned by the binding of R31 and R32, 20 and nore preferably a
compound in Wﬁ%tﬁﬁi%‘edl,hygee‘%“l@yé YrOWp IPAL YT ¢AAY 5 nonomer units

derived from| rene baonds.to a trinmethylene group wherein th
r1 et hyl Bne” brOUR TS BOAAE 1S EHE™ Arerogen alOmbr FOF RO X T35 and Ra
and R32 are Q%FHithL*gﬁq%§9%5%ktF%9¥%§B@y'ﬂgﬂﬁnko 4 carbon atons. 25[0094]

The conpound represent For mu is particularly preferably a
conpound obt gi Hed aby,1aaebhng, 18 &0apoUNdrset egteduhrom t he conpound group
consi sting of 2-(N, N-di net hylam no)ethyllithium 5"

2- (N, N- di et hyl ardine} et hylihbhdinyh) aBiddN, Nadi netiyasmi ndappkepy!l | it hi um and
3- (N, N-di et hyl am no)propyl lithiumw th isoprene of an amount of ‘1 nmol to 5
nmol per nol efourhecpreigediong! Cowpotnties 8095]2s10The conpound represent ed by

For mul a 53) maybe a_conpound _ .
0" trimethylsilylpropylmethylaminolithium.

[0088]
Of the compounds represented by Formula (3}, examgles cf
a compound in which m is 0 and which has a hydrocarbylene group
formed by the binding of R* and R¥ include lithium
15 trimethyleneimide,-lithium pyrrclicide, lithium piperidice,
"Z;methylpiperidinolithium, lithium hexamethyleneimide,
lithium octamethyleneimide, lithium decamethyleneimide,
lithium dodecamethyleneimide, 2-methylpiperidinolithium,
3—methy1piperidinolithium, 4-methylpiperidinolitnium,
20 3,5—dimethylpiperidinolithium, and
1,2,3,6-tetrahydropyridyllithium.
[008¢2]
Of the compounds represented by Formula {3), examples of
a compound in whicﬁ m is 0 and which has a hydrccarbylene group .

25 having a nitrogen atom and/or an oxygen atom formed by the
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produced in a solution containing nononer conponents. [0096] In the
above-descri bed nethod (a), exanples of the crganoal kali netal conpound
having a nitrogen atom contai ning 15 group ot her than the conpound
represented by Fornula (3) include
2,2,5,5-tetramet hyl- 1- (3-1ithiopropyl)-1-aza-2,5-disilacycl opentane,
2,2,5,5-tetranethyl-1-(2-lithioethyl)-1-aza-2,5-disilacyclo pentane,

bi s(di met hyl am no) net hyl sily=nethyllithium 20

bi s(di neThyl am no) phenyl sii vl net hyl |ithium

bi s(di et hyl am no) nmet hyl silyl methyllithium and

bi s(di et hyl am no) phenyl silyl nethyllithium [0097] In the

process (a),piha3mEnt ofiquge of.1aic0f gapealkalii i23; gt al conpound havi ng
a nitrogen atomcontaining group to be wused in polynerization of nononer

conponent s i s, praehedadl iy i0:i Od-dmyol i t10i kS BxDl4-perpHOQ ng1 of nimnoner
conponents to be used in polynerization. [0098] 5In the above-nentioned
met hod (b), &Xx¥%l es of a preferred nodifying agent having a nitrogen
atom cont ai ni ng group i nclude a conpound havi ng both an am no group
optional | y havi ng®a "astPruedt rapersenead BonmArgtaupg.) - [¥e98}410Fn t he

p0|ynEr|Z§tlg%o%£o£$ iggagggalﬁggggﬁﬁgﬁ%hdFﬁjarehydrocarbylgroups

.include 2-(N,N-dimethylamino)ethyllithium,
2-({N,N-diethylamino)ethyilithium,
3-{N,N-dimethylamino)propyllithium, and
-3—(N,N—diethylamino)pfopyllithium. Examples of the ccmpound
1C also include a compound obtained by reacting the
above-mentioned compound with a conjugated diene compound of
an amount of from 1 mel to 10 mol per mol of the preceding
compound.
[0091]

15 .Of the compounds represented by Formula (3), examples of
a compound in which m is 1 and which has a hydrocarbylene group
formed by the binding of R** and R** include
3—(l—pyrrolidinyl)propyllithium, 3—piperidinoprcpyllitﬂium,
and 3—(l—hexémethyleneimino)propyllithium. Examples of the

2G compound also include a compound obtained by reacting the
-above-mentioned compound with a conjugated diene compound of
an amount of from 1 mol =Zo 10 mcl per mol of the preceding
compound.

[0092]

25 Of the compounds represented by Formula (3}, examples of
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respective nononmer conponents nmaybe fed in a plurality of tines or all of
themnmay be fed at once. In addition, respective nononers nmay be fed to a
pol yneri zation reactor at different tinmes or alternatively may be fed at
the sane tinme. _5[0100] Exanpl es of the nethod of feeding the
conpound represented by Fornmula (1) in the pol ynerization of nononer
conponents include the follow ng ne-Lhod. That is a nmethod in which when

t he amount of the conpound represented by Fornmula 20 (1) to be used is
taken as 100% by wei ght, from 10% by wei ght to 40% by wei ght of the
conpound represented by Fornula (1) is fed into a hydrocarbon sol vent
before the degree of progress of polynerization exceeds 15% from 40% by
wei ght to 70%y, weight .k 1 he; comopnd: nepresanted by, franmy.a (1) is fed
into 25 a hydrocarbon solvent before the degree ‘of progress of

pol yneri zat i pavBxceaefs: 3% anth brhem Q% byyyei ghbnt o 408% py-neei ght of the
conpound represented by Fornula (1) is fed into a hydrocarbon sol vent
before the degmé®goﬁf@%@gcé@%imﬁupeEyﬂéfmzatbmhn@xneeQSlﬁﬂﬁmmAndonjugated
di ene- based golyner 5 conposition superior in gripping properties and fully
sati sf act or y>1 0t t'@Aade 7 @I Bt iLd RN Be™-br Bakrd&n Betlvbeaineedddtsasi ng t he
conjugateg di ene- based pol obt ai ned accor di t he nethodddescribed

: include a. copo Fnﬁg ained o exct Qg t%%pv -merticne

above. I n’the presedt SHec ?|éﬁt|8ﬁ,~ﬁhé_a%gP5b f progress-of
p0| ymeri za. —!i Au%fiqglﬁclhnaegokpuaf)aeue :h 'ern%té Qn :!59 Qfoft thea}é@&r@%faﬁ’r% a.ge .
nol ecul ar wei ght of the conjugate i‘ene-based polymer at a certain tine

poi nt in pol yMei zat i @uliOpt Aadiebghtha et age fpkeeid Al . wei ght of the
conj ugat ed di ene-based pol ymer finally obtained. [0101] 15In the

pol ymeri zati omo@d] t he nonomer conponents, the polymnerization tenperature is
usual ly 25C or higher, preferably 35C or higher, nore preferably 50C or
hi gher. 1t is usudhtyotQ0@Drepossarteprief Epablly 90Cierrdsdrerslyrer e

preferably 80C or | ower. The polyngrization time is usually 20 from 10
m nut es % SCW_d inwhichmis 1,”R*” is a group in which 1 to 10 monomer

units derived from butadiene or isoprene bonds to a methylene
group or a polymethvlene group, or a poiymethylene group, and
R* and R* are alkyl groups, mcre preferakly a compound in which
mis 1, R*® is a group in which 1 to 10 monomer units derived
15 fromisoprene bonds to a polymethylene group having 2 “o 4 carben
atoms wherein the polymethylene group is bound Zo the nitrogen
atomr of rormula .(3), R¥ and R¥ are each a linear al.kyl group
having 1 to 4 carb:on atoms or are together a polymethylene group
having 4 to 7 carbon atoms formed by “he binding of R* and rR¥%,
20 and more preferabliy a compound in which m is 1, R is a group
in which 1 to 5 monomer units derived from iscoprene bonds to
a trimethylene group wherein the trimethylene ¢roup is bound
to the nitrogen atom of Formula (3), and R** and R*? are each

a .linear alkyl group having 1 to 4 carbon atoms.

25 [0094]
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[0102] The conj ugat ed di ene-based pol yner maybe a pol ynmer whi ch has
been coupled with a coupling agent. The coupl ed polyner is usually obtained
by addi ng a coupling agent to a polyner 25 sol ution obtained by

pol ymeri zi ng nmononer conponents containing a conjugated di ene conpound, a
conmpound represented by Fornmula (1), and a conpound represented by Formul a
(2) to react them Wen a conjugated di ene-based pol ynmer having a nitrogen
atom cont ai ni ng group on at |east one of polyner chain 5 ends is produced
by the above-described nethod (b; , the addition of the coupling agent is
usual Iy perfornmed before adding the nodi fying agent having a nitrogen

atom containing group to a polynerization solution. Exanples of the

coupling agent inelude,a,compoynd L epsesent &diby 4,hesfall owing,Formil a (4)
: 10[ 0103] -41 aM.i-a (4) wherein RO1 represents an al'kyl group; an al kenyl

group, a cychpatkenyl a0 ual ARadkad bPrRUP:idY hePRESEH SeBecticki con at om
or atin atom L represents a halogen atom or a hydrocarbyl oxy 15 group,
and a represéniis thr toteger ofou® tonisti@d0df Exanpl es of the
coupling agent represented by Formula (4) include silicon tetrachloride,
met hyl t ri chl ér @biN-ahesthdilpat iyl <dibehl bresiy ane, trimethyl chlorosilane, tin
20 tetrachl ori de, thyltrichlorotin, di Methyldic'nlorotin,

trinethvighl ?&Pﬁﬁg??géﬁéﬁéP%B?§§ﬁh5HEfmhethyItrinethoxysilane,

G e ot [ S, TR L ) sl oL o e,
3-(N,N-ciethylamino)propyllithium with isoprene of an amount
of 1 mol to 5 mol per mol of the preceding compound.

[0095]

10 The compound representéd by Formula (3) may be a compound

produced in a sclution containing monomer components.
[0096]

In the zbove-describec method (a), examples of the
crganoalkali metal compcunc having a nitrogen atom-containing

15 group other than the compound represerted by FormuZa (3) inciude
2,2,5,8-tetramethyl-1-(3-lithiopropyli-l-aza-2,5~disilacycl
opentane,
2,2,5,5—tetramethyl—l—(2;lithioethyl)—l—aza—2,5—disilacyclo
pentane, bis(dimethylaminoimethylsily.methyl_ithium,

20 Dbis(dimethylaminojpherylsi_ylmethyllizhium,
bis(diethyXZamino)methylsilylmethyllithium, and
bis(diethylamino)phenylsilylmethyllithium.

[0097]
In the process (a), the amount of use of an organcalkzli

25 metal compound nhaving a nitrogen atom-containing group to be
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25 tetraet hoxysilane, ethyltriethoxysilane, and diethoxydi ethylsilane.

[ G105] The anopunt of the coupling agent to be added per nol of the
organonetal | i ¢ conpound used for the polynerization is 5 preferably 0.03
nol or nore, nore preferably 0.05 nol or nore, and it is preferably 0.4 nol
or- less, nore preferably 0.3 nol or less. [0106] In the conjugated

di ene- based pol yner, an active end of 10 the polynmer chain may have been

i nactivated with an alcohol or the like. Exanples of a nmethod of the

i nactivation include a nethod of adding an al cohol to a pol ynerization

sol uti on obtai ned by pol yneri zi ng nononer conponents containing a

conj ugat ed di ene-based conpound, a conpound represented by 15 Fornula (1),

and a conpoupd.d @95@?@&&@ pyorFQf AU & d 2dompBRef 181 2LeORA! 1 PRI RaNOI
1- butanol, etc. can be used 0107] When the conjugat eddi ene- based polyner
i s recover ednfig10fbt e rpol y_cr@r M@tgl @fl 1&0bit f Mampdheteon) wgatesh dhene- based
polymerization.
[00298]

5 In the above-mentioned method (k), examples éf a
preferred modifying agent having a nitrogen atom—gontaining
group incluce a compound having both an amino group optionarly
having a substituent and a carbonyl group.

[0099]

10 In the polymerization of the monomer components, .
respective moromer compocnents may be fed in a plurzlity of times
ocr all of them may be fed at once. In addition, respective
monomers may be fed to a polymerization reactor at different
times cr alternatively may be fed at the same time.

5 [0100]

| Examples of the method of feeding the compound
represented by Formula (1) in the polymerization of monomer
components include the following method. That is a method in
which when the amournt of the compouﬁd represented by Formula

20 (1) to be used is taken as 100% by weight, from 10% by weight
to 40% by weight of the compound represented by Formula (1) is
fed into & hydrocarbon solvent before the degree of progress
of pelymerization exceeds 15%, from 40% by weight to 70% by
welight of the compound represented by Formulza (1) is fed into

2% a hydrocarbon solvent pefore the degree of progress of
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20 pol yner can be recovered fromthe polynerization solution by a known

met hod such as a nethod of adding a coagul ati ng agent to the pol ynerization
solution, or a nmethod of adding steamto the polynerization solution. The
recovered conjugated di ene-based polynmer may be dried with a known drier
such as a 25 band drier or .an extrusion-type drier. [0108] The conjugated
di ene- based pol yner obtai ned by polynerization conducted in a hydrocarbon
sol vent may be subjected to a step of the reaction with an organonetallic 5
conpound described below, in the state of a polynerization solution. [0109]
<Reacti on between Conjugated D ene-Based Pol yner and Organonetal 1 i c
Conmpound> 10The nodi fi ed conj ugated di ene-based pol yner of the present

nventi on | Soofhalned: iy, Leackingd saRIMARlAA i enechased, pol yger with an

organonetal | Tc "conpound, a reacti ng an epoxy conpound with the

resul ting proguptc of GhLl0}orkaThe fpactiondel weenuiheigon yeatied-di ene- based
pol ynmer- and the organonetallic conpound is perforned preferably in a

hydr ocar bon sobhWerkars tshevérydecardamesobysi oft hereecanobe used t he

hydr ocar bon sol vents provi ded above as exanpl es of the hydrocarbon sol vent
to be used fg@lfﬁﬁ;ig@tyﬁep$9§gqsdﬁﬁ. A conjugated diere-based polymer

5 composition superior in gripping properties and fully.
satisfactory in tensile elongation at break can be obtained by
using the conjugated diene-based polymer obtained according to
the method cescribec above. In the present specification, the
degree of progress of'polymériza:ion is defined tc be the ratio

i0 of the weight average molecular weight of the conjugated
diene-based polymer at a certzin time point in polymerization
to the weight average molecular weight of the conjugated
diene-based pclymer finally obiained.
~[0101]
15 In the polymerization of the monomer components, the
polymerization temperature is usually 25°C.5r higher,
referably 35°C or hicher, more preferably 5C°C or higher. It
is usuzlly 100°C or lower, preferably 90°C or lower, more
preferably 80°C or lower. The polymefiiétion.time is usually
20 from 20 minutes to 5 hours.
[0102]
The conjugated diene-based polymer may be a polymer which
has been coupled with a coupling agent. The coupled polymer
is usual:y obtained by adding a coupiing agent to a polymer

solution obtained by pclymerizing monomer components

o
Ot
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20[ 0111] I n one possi bl e enbodi nent, the conjugated di ene-based

pol ymer is dissolved in the hydrocarbon solvent, the organonetallic
conmpound is then added to the resulting solution, and the conjugated

di ene- based pol yner and the organonetallic 25 conpound are reacted with
edch other. Wien the conjugated diene-based polyner obtained by the

pol ymeri zation performed in the hydrocarbon solvent is used in the state of
a polynerizazion solution, the organonetal lic conpound may be added to the
pol ynmeri zation solution to react te conjugated .di ene-based polyner with

t he organonetal lic conpound. [0112] Exanples of the organonetallic
conpound to be reacted with the conjugated di ene-based pol yner i nclude

or ganoal kal i cmaalmﬁorm&ma% 2BU€h; 8% an,Qnganal &Myounaqgggpm,edan 10
or ganosodi um conpound, and an organopot assi um conpound anpl es of the

or ganol i t hi upy crrpauad 1iynciida aodprdhacasdiykkhtdd wip eompoundz) Exanpl es of
t he oraanosodi um conpound i ncl ude sodi um napht hal eni de and sodi um

bi phenyl i de. r&anphes. oWhemea@pgammﬁmﬁass®Uﬁm@empquﬂdméndkudegp@tassium
napht hal eni de. [0113] Exanpl es of the hydrocarbyllithi um conpound
i ncl ude al kyP+‘ilf°rﬁeE}rﬁt€6‘ﬁ‘b%’tFrfd§l§@@H°%% oREfyI ISt FNGrR T B oAl dHERPum

ot butyPli RN PEEHR 'C%T*H St ?“%%Uﬁ'dbgw%% i S ST um
COITpOUI’ldS Su?Fit?\hi 8%]”@51)9 tbei %splt%ﬁb%tﬁ/ !)ErpAéjgéfg‘pe addlng the

2- but yl pheny conpoun such a
4- phenyl but yhbdii:ugl aand ﬁyﬁﬂr@ag kyilel bty i WP ORRAURESH S lg;tau Sto a

cycl opentyl lizhium and 25 cvcl ohexyllithium The hydrocarbyllithium
conpound i s pprefeetabt yoragoabkidrl.i tuaupl eonmpound, camnengrefeatrabl y
n-butyllithiumor sec-butyllithium even nore preferably sec- but vl i t hi um
include a compound represented by the following Fermula (4):
10 [0103]

R¥MMLs-a (4)
wherein R represents an alkyl croup, an alkenyl group, a
cyclecalkenrnyl group cr an aryl grcup, M represents a silicon atom
or a tin atom, L represents a halogen atom or a hydrocarbyloxy

15 group, and a represents an integer cf 0 to 2.
[0104]

Examples of the coupling agent represerted by Formula (4)
include silicon tetrachloride, methyltrichlorosilane,
dimethyldichiorosilane, trimethylchlorbsilane, tin

2C tetrachloride, methyltrichlorotin, dimethylcichlorotin,
trimethy_chlorotin, tetramethoxysilane,
methyltrimethoxysilane, dimethoxydimethylsilane,
methyltriethoxysilane, ethyltrimethoxysilane.,
dimethoxyciethylsilane, diethoxyvdimethylsilane, .

25  tetraethoxysilane, ethyltriethoxysilane, and
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[0114] 5The organonetal lic conmpound to be reacted with the conjugated
di-ene- based pol yner may be either the same as or different fromthe
organonetal | i c conmpound used in the polynerization. [0115] 10l n the step of
reacting the conjugated di ene-based polyner with the organonetallic
conpound,  the anmount of the organonetallic conpound added per 100 g of the
conj-ugat ed di ene-based polyner is preferably 20 mmol or |ess, nore
preferably 8 mmol or less, and is preferably 0.5 nmol or nore. 15[0116]
When t he conjugat ed di ene-based polynmer is a conjugated di ene-based pol yner
obt ai ned by using a hydrocarbyliithium conpound as the organonetallic
conpound, the anount of the organonetallic conpound to be added for
reacti ng w th; 4hex20: B9l Laer.ds preferably 1 mml or nore, nore preferably
2 mmol or nore, and is preferably 8 mmol or |ess, nore preferably 4 mol or
| ess, per 1000ps0f the conjugated di ene-based polynmer. [0117]

When t he conjugat ed di ene-based polyner is a conjugated 25 di ene-based

pol ymer obtai ned BYye wgongt ari dhgaronl kad oaet dl beerpgedimd rhasdi r§ a ni trogen
atom contai ning -group as the organonetal lic conpound, and addi ng an al cohol
to a pol ymer “BOIVERPBHCSAL AT iy A ¢ otijcdgat ed "G B 154484 P81 yfier obt ai ned

by p0| erEgi Zg‘géf()er}aE)?yionegtn!o\faéremgpe,a(r:ngiré/%rgggraglyt @.%SDr%lyg?rmore,
and it is preferably 0.4 mol or less, more preferably 0.3 mol
or less.
[0106]
. in the conjugated diene-based polymer, an active end of
10 the polymer chain may have been inactivated with an alcohol or
the like. &mxamples of z method of the inactivation include a
method of adding an alcohol *o a polymerization sclution
obtaired by polymerizing monomef components contairirg a

conjugated diene-based compound, a compound represented by

15 Formula (1), and a corpound represented by Fcrmula (2). As the
alcohol, methanol, l—butanol, etc. can be used.
[0107]

When the conjugated diene-based polymer is recovered from
the polymerizatién solution, the conjugated diene-based
20 polymer can be recovered from the polymerization solution by
a known method such as a methed of adding a coagulating agent
to the polymerization soluticn, or a method of adding steam to
the polymerization solution. The recovered conjugated
diene-based polymer may be driec with a known drier such as a

2%  band drier or an extrusion-type drier.
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5 chain, the anount of the organonetallic conmpound to be added for reacting
wi-th the polynmer is preferably 1 nmmol or nore, nore preferably 2 mol or
nore, and is preferably 8 nmml or less, nore preferably 4 mvl or | ess, per
100 g of the conjugated di ene-based polyner. 10[0118] When t he

conj ugat ed di ene-based polyner is a conjugated di ene-based pol yner obtai ned
by using an organoal kali netal conpound having a nitrogen atontcontaining
.group as the organonetal | ic conpound, and adding a nodifying agent having
15 a nitrogen atomcontaining group to a polynerization solution containing
a conjugat ed di ene-based pol ynmer obtained by polynerization to react the
nmodi fying agent with an active end of the polyner chain, the anobunt of the
organonetal | j & g@npound to be added for reacting with the polyner is
preferably 0.5 mvol 20 or nore, nore preferably 1 mmvl or nore, and is
preferably 3 nmmdl 7e¢ dLSSgatdt @iphrefiersabl yoRxnk rmowdaiekql ©ss, per 100 g of

t he conjugat ed di ene-based pol yner, so as to enhance fuel econony and
tensi |l e el ongeltyremiattizmeakndE19]n 25Tiye reeationoso betweeay tdee conj ugat ed
di ene-based polynmer wth the organonetallic conpound is perforned
preferably iﬁﬂﬁﬁ§tﬁ¢e§éﬁtét6@Céhéhérf%ﬁﬁéo%dﬁﬁ@uﬁ@§”¥ﬁé?@?ﬁﬁﬂﬂér sonmet i mes
referred to as conpo | ect ed fronlthe onp conS|st|ng of
an et her onﬁ%ﬁﬁﬁﬁg g ﬁgg%ngﬁfheLna 6h8§ﬁﬁiﬁg g‘ 8 1B§ﬁ al kal i

nmet al aIKOX|g§“mggq_an alkall nmet al phenoxi de, nore preferably in the
presence of a tertiary ami ne. Exanpl es-of the ether conmpound include cyclic
ethers such ag dgtrahydrofuran, tetrahydropyran, and 1, 4-di oxane; aliphatic
nonoet hers such as diethyl ether and di butyl ether; aliphatic 10 diethers
such as et hykenetgbycedtwdienetdnsluget bemicet hyderergl ywaal adiet hyl et her, and
et hyl ene glycol dibutyl ether; aliphatic triethers such as diethvlene

gl ycol di et h§fgaetohverabind Gretdiyidene gl ycol di butyl- ether; and aromatic

et hers such as di@henyl et her and ani sole. The ether conpound is preferably
10 he modified conjugated diene-based polymer of the

present invention is obtained by reacting a conjugated
diene-based polymer with an organcmetaXlic conpound, and :Hen
reacting an epoxy compound with the resulting product.
[0110]

15 The reaction between the conjugated diene-based volymer
and the organometallic compound is performed prefegably in a
hydrocarbon solvent. As the hydrocarbon solvent, there can be
used the hydrocarbon solvents provided above as examples of the
hydrocarbon sclvent to be used IZor the polymerization.

26 [0111]

In one possible embodiment, the conjugated diene-based
polymer is dissoclved in the hydrocarbon solvent, the
organometallic compound is then addec to the resulting sclutiorn,
and the conjugated diene-based pélymer and the organometallic

25 compdund are reacted with each other. When the conjugated
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15 a cyclic ether or an aliphatic diether, nore preferably tetrahydrofuran
or- ethyl ene glycol diethyl ether. Exanples of the tertiary am ne include
triethylamne, tripropylamne, tributylam ne,

, 2-t et ranet hyl et hyl enedi ami ne, N, N-di ethylaniline, 20

', N', N'- pent anet hyl di et hyl enetri am ne,

,1,4,7,10, 10- nexanet hyl tri et hyl enetetram ne, (-)-sparteine, pyridine, and
uinoline. The tertiary amne is preferably
,1,2,2-tetramet hyl et hyl enedi am ne. Exanpl es of the phosphi ne conpound

i ncl ude trimethyl phosphine, 25 triethyl phosphi ne, and tri phenyl phosphi ne.
Exanpl es of The alkali netal al koxide include sodiumtert-butoxide,

potassfuM teptshutaxidde.: sadi up i erds eptoyd der . and ot AL B meq
tert-pentoxide. Exanplés of the alkali nmetal phenoxide include sodi um

phenoxi de andn pHeassitinphenoxdident The w@eBuit the0ktdthe ogogpound (X) to be
added per nol of the organonetallic conpound is preferably from0.1 nol to
10 nol . [01206%lymerizazikire scbutpicundtii)o mmayotwer aiaddecbrtrouad cenj bgat ed

di ene-based pol yner solution after it is mxed with the organonetallic 10
conmpound i n adkrthée, Ty PPhENCEBAPBLATH SCXY T id TP heeas it gaforeR alddted conpound
may be added sequentially to the conjugated di ene-based | ymer sol ution.
(01217 The ¢ BhEET RETFS BRYIRT ¢H Ther coNCaBATSd i BrerBRYad 15 pol ymer i s
reacted witht qnorganonetalIic-conpound is preferably 40C or hioher, nore
preferably 56 or hicher. It is preferably 90C or |lower, nore preferably
80C or lower. [0122indihe bimdubbngmhiachi & hengonjdigat ed di-enesbased

pol yrer
with the conjugated diene-based polymer include organoa_kali
metal éompounds such as an organolithium compound, an

10 organosodium compound, and an organopotassium compound.
Examples of the organolithium compound include a
hydrocarbyllithium compound. Examples of the organosodium
compound include sodium napghthalenide and sodium piphenylide.
Exanrples of the organopotassium compound include potassium

15 naphthalenide.

[0113]

Examples of the hydrocarbyllithium compocund include
élkyllithium compounds such as ethyllithium, propyllithium,
isopropyllithium, n-butyllithium, isobutyllithium,

20 sec—butyllithium, tert-butyllithium, tert-octyilithium, and
n-decyllithium; aryllithium compounds such as phenyllithium,
2-napnthyllithium, and 2-butylphenyllithium;
arylalkyllithium compounds such as 4-phenylbutyllithium; anc
cycloalkyllithium compcunds such as cyclopertvllizthium and

25 cyclohexyllithium. The hydrocarbyl_ithium compound is
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20 is reacted with the organonetallic conpound is preferably 10 seconds: or

| oncer, nore preferably 1 mn=e or longer. It is preferably 150 m nutes or
shorter, nore preferably 50 m nutes or shorter. [0123] 25 <Reaction with
Epoxy Conpound>. An epoxy conpound is reacted with a product
‘obt ai ned by reacting a conjugated di ene-based polyMer with an
organonetal I i ¢ conpound. [0124] 5The reaction of the product with the epoxy
conmpound is performed preferably in a hydrocarbon solvent. As the

hydr ocar bon sol vent, there can be used the hydrocarbon sol vents provided
above as exanpl es of the hydrocarbon solvent to be used for pol ynerization.
10[ 0125] In the reaction of the product with the epoxy conpound,

preferably, therepoxy sonpound ins.Added 0.2 S9lULLoR CaRLai ning the
product produced by reacting the conjugated di ene-based polyner with the

or ganonet al | hemegmpoundirand themutbhel prraductedd hSré eactredanit h t he epoxy
conpound. [0126] Exanpl es of preferred epoxy conpound include an
epoxy conpounectranivhyitehigedr ocar byl oxvsilyl group. [0127]

(0114]

5 The organometallic compound to be reacted with the
conjugated diene-based polymer may be either the same as or
different froﬁ the organometallic compound used in tThe
polymerization.

[0115]

10 In the step of reacting the conjugated diene-based
polymer with the organometallic compound, the amount of the
organometallic compound added per 100 g of the conjﬁgated
diene-based pclymer is preferably 20 mmol or less, more
preferably 8 mmol or less, and is preferably 0.5 mmol or more.

15 [0116]

When the conjugated diene-based pclymer is a conjugated
diene-based polymer obtained by using a hydroczarbyl_itkium
corpound as the organometa:lic compcund, the amcunt of the
organcmetallic compound.to be added for reacting with the

2C¢ polymer is preferably 1 mmol or more, more preferably 2 mmol
or more, and 1s preferably 8 mmol or less, more preferably 4
mmol or less, per 100 g of the conjugated diene-based polymer.
[0117]

When the conjugated diene-based pelymer is a conjugated

25 diene-based polymer cbtained by using an organoalkali metal
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20Exanmpl es of the epoxy conmpound having a hydrocar byl oxysilyl group include
2-gl yci dyl oxyet hyl tri met hoxysi | ane, 3-gl yci dyl oxypropyl tri net hoxysil ane,
4- gl yci dyl oxybutyl tri met hcxysil ane, 25 3-gl vci dyl oxypropyl triethcxysil ane,
3-gl yci dyl oxypropyl tri propoxysi |l ane,

‘gl yci dyl oxypr opyl net hyl di met hoxysi | ane,

| yci dyl oxypr opyl net hvi di et hoxysi | ane,

| yci dyl oxypr opyl et hyl di propoxysi |l ane, 5

| yci dyl oxypr opyl et hyl di met hoxysi | ane,

| yci dyl oxypr opyl et hyl di et hoxysi | ane,

| yci dyl oxypr opyl et hyl di propoxysi | ane,
lyc!dylOX¥£H§UE%Edb£G¥Angnﬁ%éF%éXﬁlééyﬁacontaining group as the

| yci dyl oxypropyl di et hyl et hoxysi | ane, 10

| yci dyl oxypsopwkdl mBthebpsapeXyshd alBing an alcohol to a polymer

| yci dyl oxypr opyl di et hyl met hoxysi | ane,

3- gl yci dyl oxyprupyhdicet-hyhsichexysi hgameed diene-basecd polymer obtained

3-gl yci dyl oxypr opyl di et hyl propoxysi | ane,

bi s(3- gl yci dyY Beyprep\datdPiethérysiivaite, angctive end of the polymer

bi s(3-gl yci dyl oxypropyl ) di et hoxysi | ane, ,

bi s(3-g| ytpii d%ll" pFBgﬂv%)ap‘broofp6¥§lscirlgélﬂgr’netalllc compound to be added

bi s(3-glycid | ).met.hyl yisi

bi s(3- gl yci d¥+%%%§p |%l@tﬁ% fgegﬁﬁé’%s% %%g,%rably I rmol ormore, more

bi s(3- gl yci dylosipeopyd ket hyd et Roxyushl 80@re28raply 8 mmol or less,

bi s(3-gl yci dyl oxypropyl ) et hvl et hoxysi | ane,
tris(3-glycigdytoxyproepiymet hoxysicl ases, and 100 g of the conjugated

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

QK

tris(3-glycidyl oxypropyl)ethoxysilane. [0128] The epoxy
conmpound haviigreabhyet ordivbygt oxysilyl croup is 25 'preferably -
3-g|ycid¥lox%8£§§yltrinethoxysilane. [ 0129] The amount of the epoxy
compound'fo beliided is preferably 0.5 nml or nore, nore preferably 1 mol

or nore, per 100 %hggt%he conLug&}ggegggggég%%ggmgghgner. | t i%dpreferably

25 ol e conjuga va conjugat
diene-based pclymer obtained by using an organdalkali metal
compound having a nitrogen atom-ccntaining group as the
organometaZlic compound, and adding a modifying agent having

15 a nitrogen atom-containing group to a polymerization soluticn
containing a conjugated diene-based polymer obtained by
polymerization to react the modifying a.gent with an active end
of the pclymer chain, the amount of the organometallic compound
to be added for reacting with the polymer is preferably 0.5 nmol

20 or more, more preferably 1 mmol or more, and is preferably 3
mmol or less, more preferably 2.5 mmcl or less, per 100 g of
the conjugated diene-based polymer, so as to enhance fuel
economy and tensile elongation at break.

[0119]

25 The reaction between tnhe conjugated diene-based polymer
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5 or less, nore preferably 10 mmol or |ess, even nore preferably 5 nmol or
| ess. [0130] The tenperature at which a product obtained by
reac, zi nc the conjugated di ene-based polynmer with the organonetallic 10
conpound is reacted with the epoxy conpound is preferably 25C or higher,
nore preferably 35C or higher, further preferably 50C or higher. It is
preferably 1 00C or |ower, nore preferably 90C or |ower, even nore
preferably 8CC or |ower. [0131] 15The tine during which a product obtained
by reacting the conjugated di ene-based polynmer with the organonetallic
conmpound is reacted with the epoxy conpound is preferably 60 seconds or

| onger, nore preferably 5 mnutes or longer. It is preferably 5 hours or

shorter, nmorg; o efebabl okt DO Qn208haLt R £o EQB2) e forany y 1Rgberably, the
met hod for producing a nodified conjugated di ene-based polynmer of the

present inveptésghchast arst ep @ireObbmbdlindg anfeliyaeréZ abhepisd uti on

contai ning a 25 conjugated di ene-based pol yner by a step of polynerizing
nononer conpoagrtredcontai arimpguad denj ugdkededifens tWenpoundnd agreoppound
represented by Fornula |), and a conpound represented by Fornula (2) using
an or ganonet &19¢ {éBAPOUHY CHiF R CHRITBEarb bR 'solvetitis carfdPaeRiigean
organonetal | i c conpound t he resulting 5 pol ynmerization solution to react
t he conj uga- P ai” he‘frba?slg(aﬁbd?ey raéﬁ?ﬂdfheaﬁﬁﬁn%fﬁlél F$%®conpound, and a

e R B L A

hydr ocar byl oxysidiaReo £ MO KLr compound include cyclic ethers such as
tetrahydrofuran, tetrahydropyran, and 1, 4-dioxane; aliphatic
monoethers such as diethyl ether and dibutyl ether; aliphatic

10 diethers such as ethylene glycol dimethyl ether, ethylene
glycel diethyl ether, and ethylene glycol dibutyl ether;
aliphatic triethers such as diethylene glycol ciethyl ether and
diethylene c¢lycol dibutyl ether; and aromatic ethers such as
diphenyl ether and anisole. The ether compound is preferably

15 a cyclic ether or an aliphatic diether, more preferably
tetrahydrofuran or ethylene glycol diethyl ether. Examples of
the tertiary amine include triethylamine, tripropylamrine,
tributylamine, 1,1,2,2-tetramethylethylenediamine,
N,N-diethylariline,

20 N,N,N'",N'"'",N''-pentamethyldiethylenetriamine,
1,1,4,7,10,10-nexamethyltriethylenetetramine, (-)-sparteine,
pyridine, and quinoline. The tertiary amine is preferably
1,1,2,2-tetramechylethylenediamine. =Zxamples of the
phosphire compound include trimethylphosphire,

triethylphosphine, and triphenylphosphine. =Zxamples of zhe

N
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10[ 0133] As a nethod for recovering the resulting nodified

conj ugat ed di ene-based pol yner, a known nethod may be used, and exanpl es

t hereof include a nmethod of adding a coagul ating agent to a sol ution
cont ai ning a conjugat ed di ene-based polyner, and 15 a nethod of adding
steamto a solution containing a conjugated di ene-based polynmer. The
nodi fi ed conj ugated di ene-based pol yner recovered may be dried with a known
drier such as a band drier or an extrusion-type drier. [0134] 20[ Modified
Conj ugat ed Di ene-Based Pol yner] The Money viscosity (M1,4) of the
nodi fi ed conjugated thene-based pol yner i-s preferably 10 or nore, nore:
preferably 20 or nore in order to enhance tensile strength at break. In

order to inpLove iPLOcessaixk kL Vrchtad So816f ek ably,+ 200401 Lhess: uRS nore
preferably 150 or | ess. The Mooney viscosity (M1,4) is neasured at 100C

i n accor danceem it Ik SiK63001 (il 294} -p43b3be, and potreinmdl ecul ar wei ght
distribution of the nodified conjugated di ene-based polyner is preferably
from1l to 5, temre<btpriafcer dblayrieomil the 2 kalp veddr rhendxndreove f uel
econony. The nol ecul ar weight distribution is determ ned by measuring the
nunber aver agecsicetifiar REGREIT PRY Rtdsthe RefyhtidGverta§ertrorecul ar

vel ght (|\/g\l) OE tthgeconrt%%iuf!ie(d c njb%gg%;?d diererrln%-lbéafs%ge po(%lggggr';leipyllqgl
per neat1 on CFII’ onat ograpﬂy %5 , an Ftdhgn
compound is preferably from 0.1 mol to 10 mol.
[0120]
The compound {X) may be.added to a conjugated diene-based
polymer solution after i1t is mixed Witl"} the organometallic
_ lO . corﬁpound in advance, or the compound (X) and the crganometallic.
compound may be added sequentizlly to the conjugated
diene-based polymer solution.
[0121:
The temperature at which the conjugated ciene-based
15 polymer is reacted with the organometallic compound 1is
preferably 40°C cr higher, more preferably 50°C or higher. It
is preferakly 90°C or lower, more preferably 80°C or lower.
[0122]
The time during which the conjugated diene-based polymer
20 is reactec with the organometalli_c_ comp’ound is preferably 10
seconds or longer, more preferably l.minu:e of longer.. It is
preferably 150 minutes or shorter, more preferably 50 minutes
or shorter.

[0123]

N
(8]

<Reaction with Epoxy Compcund>.

(&3}
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10 dividing Mv by M. [0136] In order to inprove fuel econony, the
anount of vinyl bonds in the nodified conjugated di ene-based polyner is
preferably 80% by nol or |less, nore preferably 70% by nmol or |ess where 15
the content of a nononer unit derived froma conjugated diene is taken as
100% by nmol I n order to enhance gripping properties, the amount of vinyl
bonds is preferably 10 nol %or nore, nore preferably 15 nol % or nore,
even nore preferably 20 nol % or nore, particularly preferably 40 nol % or
nore. The anmount of 20 vinyl bonds is determned fromthe absorption
intensity at around 910 cm 1, which is an absorption peak of a vinyl group,
by infrared spectroscopy. [0137] [Polynmer Conposition] 25A pol yner

conposition can bﬁqu%Q Q§Q1QMH§Q.a?%£Qr@ dgflﬁ)uggg%#?g%_ glene based

polymer with a po Snent er ent ugat ed

di ene-based peolyeg, aaébn%dg!aﬁéd/%aeﬁ&%as[e@lggjwr@gxﬁm es, of the pol ymer
conponent different than the nodified conjugated di ene-based pol yner

i ncl ude a st yrenemxeutadiceremsopal.ymer, pol ybut adi ene, a b=adi ene-i soprene
copol ynmer, butyl rubber, natural rubber, an ethyl ene-propyl ene copol yner,
and an et hyl é#e29ct ene 10 copol yner. Two or nore pol yner conponents

di fferent than the nodified conLugated di ene- based pol yner may be used.
e reaction of croduct with the epdxy compoun is

performed preferably in a hydrocgrbon ;olvent. As the
hydrocarbon solvent, there can be used the hydrocarbon solvents
provided above as eXamples of the hydrocarbon solvent to be used
fof polymerization.

10 [0125]

In the reaction of the product with the epoxy compound,
preferably, the epoxy compound is added to a solution containing
the prcduct produced by reacting the conjugated diene—based
polymer with the organometallic compound and then the product

15 is reacted with the epoxy compound.

[0126]

Examples of preferred epoxy compound include an epoxy
compound having a hydrocarbyloxysilyl group.
[0127]

20 Examples of the epoxy compound héving'a
hydrocarbyloxysilyl grcup include
2-glycidyloxyethyltrimethoxysilane,
3-glycidyloxypropyltrimethoxysilane,
4-glycidyloxybutyltrimethcxysilane,

25 3-glycidyloxypropyltriethexysilarne,
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[ 0139] In the case of incorporating to a nodified conjugated
diene-based pol yner a pol yner conponent different than the 15 nodified

conj ugat ed di ene-based pol yner, the amount of the nodified conjugated

di ene-based polynmer to be incorporated is preferably 10% by wei ght or nore,
nore preferably 20% by weight or nore, where the total anount of the
nodi fi ed conj ugated di ene-based pol yner and the pol yner conponent different
than 20 the nodi fied conjugated di ene-based polynmer is taken as 100% by

wei ght, in order to enhance fuel econony. Hereafter, a nodified

conj ugat eddi ene- based pol yner and a pol ynmer conponent different than the
nodi fi ed conj ugated di ene-based pol yner are sonetines collectively called
pol ymer conmponent.s.,223L040]1 « ripropoxf24@aples of the additive include a

vU cani zi ng agent, vul cani zation accel erator, a vul canization activator, an
organi ¢ peroxige,ciayt &t pf-epsingnggentetndxfilie, a silane coupling agent,
an extending oil, a processing aid, an antiagina 5 agent, and a |ubricant.
[0141 3-Exanpl esaefrobhenatlveane tdiongsagent, | ncl ude sul fur. Exanpl es of
sul fur include powdery sulfur, precipitated sulfur, colloidal sulfur,

i nsol ubl e subf¥rycigntoRirghPyieH dpespisicexYoi sk ur. The anount of the

vul cani zi ng agent to be blended is preferably fromO0.1 parts by weight to
15 carts bywei GhicI I¥bre/prBY et abi§ 1 F i dSs Prt s by wei ght to 10 parts by
wei ght, even,npre.npr, ; - by weight to 5 parts by weight
per 100 partgqgvﬁﬁg%g%ﬁ&%gb¥ﬁ%£§gkg%§#9;8%%%ﬁénts. 15[ 0142] Exanpl es
of the vul cagigzatdigm Leyadal, 1 hnstdds vt hi 420! e- based vul cani zati on :
accel erators, such as 2-nmercaptobenzothi azol e, di benzot hi azyl di sul fide, and
N- cycl ohexyl32zlbenzaol hazypbeldfrenan meshokhi Lram, based 20 vul cani zati on
accel erators, such as tetranethylthi uramonosul fide and

3-glycidyloxypropyldimethy-ethoxysilane,

10 3-glycidyloxyoropyldimethylpropcxysilane,
3—g1ycidyloxypropyldiethylméthoxysilane,
3-glycidyloxypropyldiethylethoxysilane,
3—glycidyloxypropyldiethylpropoxysilane,
bis{3-glycidyloxyoropvl)direthoxysilane,

1% bis(3-glycidyloxypropyl)diethoxysilane,
bis(E—glycidyloxypropyl)dipropoxysilane,
bis(3-glycidyloxypropyl)methylmethoxysilane,
bis(3—glyCidylbxypropyl)methylethoxysilane,
bis(3-glycidyloxyrrooyl;ethylmethoxysilane,

z20 bis(3—glycidyloxypropyl)éthylethoxysilane,

- tris(3-glycidyloxypropyl)methoxysilane, and
tris(3-glycidyloxypropyl)ethoxysilane.
[0128]

The epoxy compound having a hydrocarbyloxysilyl croup is

25 preferzbly 3-glycidyloxypropyltrimethoxysilane.
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tetramet hyl t hi urandi sul fide ; sul fenam debased vul cani zation accel erators,
such as N-cycl ohexyl- 2-benzot hi azol esul fenam de, 25
N-tert-butyl -2-benzot hi azol esul f enan de,
N- oxyet hyl' ene- 2- benzot hi azol esul f enam de,
N-oxyet hyl ene- 2- benzot hi azol esul fenam de, and N, N
-di i sopropyl- 2-benzot hi azol esul fenam de ; and guani di ne- based
vul cani zati on accel erators, such as 5 di phenyl guani di ne,
di ort hot ol yl guani di ne, and orthot ol yl bi cuani di ne. The amount of the
vul cani zation accelerator to be blended is preferably 0.1 parts by weight
to 5 pal-7_5 by weight, nore preferably O . 2 par-:_s by weight to 3 Darts
by wei ght pefy L0 parts by weight of the polymer conponents. 10[0143]
Exanpl es of the vul cani zation activator include stearic acid and zinc
oxi de. Exanples ofh¢ hRooiganiteepgionyi depbitd vd@editdmyd ppefsaxibde and
di-tert-butyl peroxide. [0144] 15Exanples of the reinforcing agent include
a silica-based merhfearcireg agenbrafetadaybionmbl ackmofeQ1d&t 100 g o=
the conjugated diene-based polymer. It is preferably 25 mmol
5 or less, more preferaply 10 mmol or less, even more preferabkly
5 mmol or less.
[0130]
The temperature at which a product obtained by reaczing
the conjugated diene-based polymer with the organometallic
10 compcund is reacted with the epoxy compound is preferably 25°C
or higher, more preferably 35°C or higher, further preferably
50°Cor higher. It ispreferably l00°Cor lower, more preferakly
90°C or lower, even rnore preferably 8C°C or lower.
[0131]
i5 The time during which a product obtained by reacting the
conjugated diene-based polymer with the organometallic
compound is reacted with the epoxy comgound is preferably 60
seconds or longer, more preferably 5 minutes or longer. It is
preferaebly 5 hours or shorter, more preferably 1 hour or
20 shorter.
[0132]
Preferably, the method for producing a modified
conjﬁgated_diene—based pclymer of the present invention has a

step of obtaining a polymerization solution containing &

25 conjugated diere-kased polymer by a step of poclymerizirg
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Exanpl es of the silica-based reinforcing agent include dry silica
(anhydrous silicic acid), wet silica (hydrous 20 silicic acid), coll oidal
silica, precipitazed silica, calciumsilicate, and alum numsilicate. One
or nore nenbers thereof maybe used. The BET specific surface area of the
si'l i ca-based reinforcing agent is preferably from50 n2/g to 250 n2/g. The
"BET specific surface area i s neasured i'n accordance with ASTM 25 D1993-03.
As a commercially avail able product, there can be . used, for exanple, a
product avail abl e under the commercial nanme of U trasil VN3-G produced by
.Degussa GwbH, products avail able under the commercial names of "/N3, AQ

ER, and RS- 150 produced by Tosoh Silica Corporation, and products avail abl e

under the 5 g &cgﬁkﬁﬁgggfcggt%gﬁﬁhla%;%ggg% D dgg%§%£8égga _produced by

Rhodi a. [0146 npl es o € carb ck 1nclu annel carbon

bl ack such ascdRondMRereadttt GGy FAlRace 16aRan Mrgckna sUghe85.+SAF, 10 | SAF,
HAF, MAF, FEE , SRF, GPF, APF, FF, CF, SCF, and ECF: thernmal carbon bl ack,

such as FT andFMimnulacet)yhseme dCariyenobd cdk i candpgiaphn b @yd e eonnor e
menbers thereof may be used. [0147] The nitrogen adsorption specific
surface areast{NZESA) of aligachordbhandalsipreferds o thoresS i highg to 200

nR2/ g, and_the dibuh%l pht hal at e ([I%? absorgtion amount. of carbon black is
preferably fPORSIit? 100 §OtOH SO0 RyE00 §° TR I nPT r oy EncRusHesti on

specific surf area.is I ur I no.accordance wiith ASTM_D4820-93 and the
DBP absorpti%%ﬁg%%dﬁﬁjﬁéhﬂgg‘ﬂ?ﬁltf%? 0"accor dance ﬂffﬁpﬁéfﬁﬁéﬁﬂl4-93. As a

.commerci al | yaaq\@irb@mﬁylewgypatm BoiRHUCE, avail ablhe undernt e tgemmer ci al
nane of DI ABLACK N339 produced by M tsubishi Chem cal Corporation, products

. avai |l abl e ungesducie-reaimeds ¢h &he Fapegoiofy SEASH H5a SEASTp AAdMctandn SEAST KH
produced by Tokai Carbon Co., Ltd., and 25 products avail abl e under the
commer ci al namesvyafoCK&lagngsilane compound.

i0 [0133]

As a method for recovering the resulting modifiec
conjugated diene-based polymer, a kncwn method may be used, and
examples thereof include a method of adding a coagulating agent
to a solution containing a conjugated diene-based polymer, and

5 a method of adding steam to a solution contai.ﬁing a corsugated
diene-based polymer. The modified conjugated diene-based
polymer recovered may be dried with a known drier such as a band
drier or an extrusion-type drier.

[0134]

20 [Modified Conﬁugated Diene-Based Polymer]

The Mooney viscosity (MLiw) of the modified conjugated
diene-based polymer is preferably 10 or more, more preferably
20 or more in order to enhance tensile strength at break. In
crder to improve processability, it is preferably 200 or less,

25 more preferably 150 or less. The Mooney viscecsity (MLiwg! is
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Speci al Bl ack 4A produced by Degussa GrbH can be used. [0148] When a
polymer conposition is Produced by incorporating a reinforcing agent in a
nodi fi ed conjugated di ene-based 5 polyner, the anount of the reinforcing
agent to be incorporated is preferably from 10 parts by weight to 150 parts
by wei ght per 100 parts by wei ght of a conjugated di ene-based polyner. In
order to enhance abrasion resistance and strength, the amount to be
incorporated is nore preferably 20 parts by weight or nore, 10 even nore
preferably 30 parts by weight or nore. In terns of the dispersibility

of -the reinforcing agent, the amount to be incorporated is nore preferably
120 parts by weight or less, even nore preferably 100 parts by wei ght or

less. [0149], Jowien & Polymer, coupositiop; ;S jpk gd Dys4)ncorporating a
g j

r
rei nforcing agent 1T n a nodified conjugated diene-based polyner, it is
preferred tojussja silica-based reinforcing agent as the reinforcing agent
in order to enhance fuel econony. The anmount of the silica-based

rei nforci ng agent The nga ecntar perghedi2@ risutpreaf ef atiley nb@96 113 wei ght or
nore, nore preferably 70% by wei ght or nore where 't he anount of al

rei nforci ng agemdIsted PeresHEErpaatBar ils rekenalasy 100%bye veimghe. [ 0150] It
is preferred to use_a silica-based reinforcing agent the silica-based

rei nf or ci ng BGEMt 200Y 8™ cafBart bl £&CRSF %t h&P &l nf b et Ty *5gent’Se( t he

content of 's},1{£3:08570 of FLIV.QLELNG 08Nt c LG, CODY G 0T, £arRgn bl ack) is
preferably from?2 1 tG 50 - 1. 1h order to enhanc uel” econony and

enhance 5 rehfChigrdyOReitd fs,r Fhg el ght Jrat kQe iveiGRE expreherably from
5: 1to 20 : 1.
molecular weight (Mw) of the modified conjugated diene-based
polymer ky gel vermeation chromatography (GPC), and then
10 dividing Mw by Mn.
[0136]
Inorder to improve Zuel economy, the amount of vinyl bends
in the nmodified conjugated diene-based polymer Is preferably
80% by mol or less, more preferably 70% by mol or lesé where
i5 the content of a monomer unit derived from a conjugéted diene
is taken as 100% by mol. | In order to enhance gripping properties,
the amount of vinyl bonds is p:eférably 10 mel % or more, more
preferably 15 mol % or more, even more preferably 20 mol % or
more, particularly preferably 40 mol % or more. The amount of
20 wvinyl bonds s determined from the zbscrption intensity at
around 910 cm’!, which is an aksorption peak ¢f a2 vinyl group,
by infrared spectroscopy.
[0137]
[Polvmer Compcsition]

25 A polymer compcsition can be obtained by kneading a
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[ 0151] Exanmpl es of the filler include cal ci um carbonate, talc,

al-um na, clay, alum num hydroxide, and m ca. .10[0152] Exanpl es of
the silane coupling agent include vinyltrichlcrosilane,
vinyl tri et hoxysil ane, ., vinyltris(P-methoxyethcxy)sil ane,

P-°( 3, 4- epoxycycl ohexyl ) et hyl tri net hoxysi | ane, 15

- y-gl yci doxypropyl tri met hoxvsi | ane, y-nethacryl oxypropyltrinmethcxysil ane,
N- (P- m noet hyl)-y-am nooropyltri neThoxysi |l ane,

N- ( P- am noet hyl ) - 7- am noor opyl net hyl di net hoxvsi lane,

N- phenyl - y-am nopr opyl tri met hoxysi | ane, 20 y-chl oropropyltrinethoxysil ahe,
y- mer capt opropyl tri met hcxysil ane, y-am nopropyltriethoxysil ane,

b!s(3-(tr! et#%&%@ﬂehYééd%&%Q!&&(Hf%Htiﬁég%d polymer with a polymer
bi s(3-(triethoxysilyl)propyl)tetrasulfide, 55

y-tri met hcxysédgdnpropyildi pethyhthitoecanbaimiltietdrasybf ddaien@ndised

y-tri met hoxysil yl propyl benzot hi azvlitetrasul fide . One or nore nenbers of
t hese are used.ymds,aaccercyel legcavai |l abl e product, products avail abl e
under commerci al nanmes of Si69 and Si 75 produced by Decussa GrbH can be
used. 5[0153}j0138] VWien a pol yner conposition is produced by

i ncorporating a sELigq;basgdU&Fin orcing a en%tﬁng&gE%ngpe gﬁgpling agent

ina nodi%ied confUgHt €d df ene- Based polynets "t he" anmolnt —of the silane

COUp| i ng ager@éd%ﬂegecé%%%%pgé q}i%Qei—éas%rdeESharpéry iIﬁEﬂfHela
styrene-butadiene copolymer, polybutadiene, a
butzadiene-isoprene copolymer, butyl rubber, natural rubber, an
ethylene-propylere copclymer, and an ethylene—octeﬁé

10 copolymer. Two or more polymer components different than the
modified conjugated diene-based polymer may be used.
[0139]

In the case of incorporating to a modified conjugated

diene-based polymer a polymer component different than the

15 modified conjugated diene-based polymer, the amount oI the
modified conjugated diene-based polymer.to be incorporated is
preferably 10% by weight or more, more preferably 20% by weight
or more, where the total amount of the modifled conjugated
diene-based polymer and the polymer component different than

20 the modified conjugated diene-based polymer is taken as 100%
by weighz, in order to enhance fuel economy. HEereafter, a
modiZfied conjugated diene-based polymer and a polymer component
different than the modified conjugated diene-based polymer are
sometimes collectively czlled polymer components.

25 [0140]
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10 part by weight to 20 parts by weight, nore preferably from2 parts by
wei ght to 15 parts by weight, even nore preferably from5 parts by wei ght
to 10 parts by weight per 100 parts by weight of the silica-based
reinforcing agent. [0154] 15Exanpl es of the extending oil include aromatic
mneral oils (viscosity-gravity constant (V. G C. ) : fromO . 900 to 1.
04 9 ) , naphthene-based mneral oils (V. G C : fromO 850 to 0.899),
and paraffin-based mneral oils (V.GC : fromO0.790 to 3.849). The content
of a polycyclic aromatic conpound in the extending oil 20 is preferably

| ess than 3% by weight, nore preferably | ess than 1% by wei ght. The content
of the pol, 7cyclic aromatic conpound is neasured in accordance with the IP
346/ 92 nmethod of fghg hnstitute ofy;Pets ahebme Thai-cant enty fent, 2 _
aromati c- conpounds (CA) of the extending oil is pref erab%y 20% by wei ght or
more. Two 25v@rcaiBEgr &4 e@pdéng-0blks Myi1beniusedon 484185t0r, an  Exanpl es of
a nethod for producing a polyner conposition by incorporating to a nodified
conj ugat ed doerme-ibasecdpokynerreanpolgimer agenporehtl eirher $hlamet he nodifi ed
conjugated 5 di ene-based polymer, an additive, etc. include a nmethod of
kneadi ng t heP?4Rt1ingicA§ N RMEAEFHY "HEChr R ERARPI RS Bf 21t Me-1a9e88i ng nmachi ne
include a_roll kneading machine and a Banbury m xer. [0156] 10As far as the
kneadi ng tont 1 6n&"He &gﬁﬁéﬁ‘?etd, when an additive ocher than a vul cani zi ng
agent is i ncP%pélqnat ed, the kneading tenperature is usually from50C to
200C, prefera ]l y ‘from80C to 190C, and when a vul cani zi ng agent is

i ncorporated, thesgkagadisngs tiepenatdn:e:hs dsmal ty-11RQCeredqwer, preferably
15 fromroomtenperature to 80C. The kneading tinme is usually from 30
seconds to 3fxanimetes,sypref enablae pawarr soi put,epteai 30t i daud 8Fur A
conposition with a vul cani zi ng agent incorporated therein is usually used
after bei ng subjcedredsutlduvul Taavilzat ¢ onltfreatarenbiguohrdasrpradd e '

vul cani zlaéi on. The vul cani zation

sulfur. The amcunt of the vulcanizing agent to be blended is
preferzbly from 0.1 parts by weight tc 15 parts by weight, more
preferably from 0.2 parts by weight to 10 parts py weight, even
more preferably from 0.5 parts by weight to 5 parts by weight
per 100 parts by weight of the polymer components.

15 10142]

Examples of the vulcarization acceleratcr inc_ude
thiazole-based vulcanization accelerators, such as
2-mercaptobenzothiazole, dibenzothiazyldisulfiae, and
N-cyclohexyl-2-benzothiazylsulfenamide; thiuram-based

20 vilcanization accelerators, such as
tetramrethylthiuvrammonosulZide and
tetramethylthiuramrdisulfide; sulfenamide-kbased vuicanization
accelerators, such as
N-cyclohexyl-2-benzothiazolesulfenamide,

25 N-tert-butyl-2-benzothiazolesulfenamide,
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20 tenperature is usually from 120C to 200C, preferably from 140C to 180C.

[ 0157] Pol ymer conpositions obtained in the present invention are
superior in fuel economy and gripping properties and are 25 suitably used
for tires. Exanples [0158] Eval uati on of physical properties
was performed by the 5 follow ng nethods. [0159] 1. Money viscosity
(M.1+4) In accordance with JI'S K6300 (1994), the Mooney viscosity
of a polymer was neasured at 100C. 10[ 01601 2. Amount of Vinyl Bonds (Unit:
nmol 9% The amount of the vinyl bonds in a polyner was determ ned

fromthe absorption intensity at around 910 cm 1, which is an absorption
peak of a vinyl group, by infrared spectroscopy. 15[0161]

N-oxyethylene-2-benzothiazolesulfenamnide,
N-oxyethylene-2~-benzothiazolesulfenamide, and
N,N'—diisopropyl—2—benzothiazolesulfenamide;.and
guanidine-based vulcanization accelerators, such as
5 diphenylguanidine, diorthotolylguanidine; and
orthotelylbiguanidirne. The amourt of the vulcanization
accelerator-to be blended is preferably 0.1 parts by weight to
5 parts by weight, more preferably 0.2 parzs by weight to 3 parts
by weight per 100 parts by weight of the pclymer components.
10 [0143] |
Examples of the vulcanization activator include stearic
acid and zinc oxide. Examples of the organic peroxide include
dicumyl peroxide and di-tert-butyl peroxide.
[0144]
15 Examples of the reinforcing agent includ;.a silica;based
reinforcing agent and carbon black.
[0143] | |
\ Exzamples of the silica-based reinforcing égent incluae
dry silica (annydrcus silicic acid}, wet silica i(hydrous
20 silicic acid), colloidal silice, precipitated silica, calcium
silicate, and aluminum silicate. ©One or more members thereof
may be used. The BET specific surface area of the silica-based
reinforcing agent is preferably from 50 mz/g to 250 nﬁ/g. The
BET specific surface area i1s measured in acccrdance with ASTM

25 D1993-03. As a commercially avzilable product, there can be -



3. Content of Mononer Units Derived fromStyrene (Unit: % by wei ght)

The content of The nononer units derived fromstyrene in a polyner was
determi ned froma refractive index in accordance 20with JI'S K6383 (1995).
[0162] 4. Mol ecular Weight Distribution (Mv M) The wei ght

aver age nol ecul ar wei ght (Mv) and the nunber average nol ecul ar wei ghtof a
Pol ymer were neasured by a 25 gel perneation chromatograph (GPO nethod
under the following conditions (1) to (8), and the nol ecul ar wei ght

di stribution (Mv M) of the polyner was determ ned. [0163] (1)
Apparatus: HLG 8220 manufactured by Tosoh 5 Corporation (2)
Separation colum: TSKgel SuperHM H (two colums in series) “manuf actured by

Tosoh COI’ porg cpn“ r ample, a pro(jﬁzt %@ﬂﬂl@%nﬁ@gpﬁg }J%Qrcfé\qq(ame
(4) Carrier: tetra yd’?o uran 10(5) Flow rate: O. mn

of Ultrasil VN2-G procduced by Degussa GmbH, products availiakle
under the commercial names of.VN3, AQ, ER, and RS~150C produced
by Tosoh Silicea Corporation,:and products avéilable tnder the
5 commercial names of Zeosil 1115MP and Zecsil 1165MP produced
by Rhodia.
[0146]
Examples of the carbon black include channel carbon black
such as EPC, MPC, and CC; furnace carbon black, such as SAF,
10 ISAF,HAF,MAF,FEF,SRF;GPF,APF,FF,CF,SCF,andECF;thermal
carbon black, such as FT and MT; acetylene carbon black; and
graphite. One or more members thereof may be used.
[0147]
The nitrogen adsorption specific surface area {N;SA) of
1= carbon black is preferzbly froﬁ 5 HF/g to 200 nﬁ/q,,and the
dibutyl phtralaste {(DOBP) absorption amount of carbon black is
preferably from_5 ml/100 g to 300 ﬁl/lCO g. .The nitrogen
adsorptionspecificsurfaceareaisnfasuréjinaccordancewith
ASTM D4€20-93 and the DBPF absorption amount is measured in
20 accordance with ASTM D2414-93. As a commercially availacle
product, a product availablé under the commercial name cf
DIABLACK N339 produced by Mitsubishi Chemical Corporaticn,
products available under the commercial names of SEAST 6, SEAST
7HM, and SEAST KE produced by Tokai Carbon Co., Ltd., and

25 products available under the commercial names of CK 3 and
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(6) Injection amount: 5 "IL (7) Detector: differential refractoneter
(8) Mol ecul ar wei ght standard: standard pol ystyrene [0164] 15 5.
Monomer Units derived from4-Methylstyrene (Unit: % by weight)

content of the nononmer units derived from4-nmethylstyrene in a polyner was

déterm ned by a gas chromat ogr aph- mass spectroneter

Cont ent of
The

; GC- M5) net hod under

the 20follow ng conditions (1) to (3). [0165] (1) Apparatus:
GCMS- QP2010 Pl us manufactured by Shinmadzu Cor poration
Col um: Agilent J&WDB-5ms, 30 mx 0.25 mmi.d., 25 nmenbrane thickness 0.25
(3) Tenperature conditions: 40C (2 mnutes) - 10C/ mn - 320C

tim
(5 m nut es)

(4) lonizing nethod: electron ionization (E

eV) 5(5) Meagmding Beihodn seleckadod A gl takkNgad $eN)sH166]

10

20

25

[0148]

When a polymer composition 1s produced by incorporating
a reinforcing agent in a modified conjugated diene-based
polymer,theamountofthe:einforcingagent1x>beipcorporated
is preferably from 10 parts by weight to 150 parts by weight
per 100 parts by weight of a conjugasted diene-based polymer.
Ir order to enhance abrasion resistance and strength, the amount
to be incorporated is more preferably 20 carts by weight or more,
even more preferably 30 parts by weight or more. In terms of
the dispersibility of“the reirfcrcing agent, the amcunt tc be
ircorporated is more preferakly 220 parts by weight or less,
even more preferably 100 parts by weight or less.
[01491

When a polymer composition is produced by incorporating
a reinforcing agent in a modified conjugated diene-based
polymer,itijspreferred1x>usezasilica-basedreinforcingagent
as the reinforcing agent in order to enhance fuel econony. The
armount of the silica-based reinforcing agent to be incorporated
is preferably 50% by weight or more, more preferably 70% by
weight or more where the amount of all reinforcing agents to
be incorporated is taken as 100% by weight.
[0150]

It is preferred to use a silica—based reinforcing agent

and carbor black as reinforcing agents. The weight ratio of
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6. Fuel Econony Astrip of 4 mmin width, 40 rmin length and 1.2 mm
iR thickness was punched out froma vul cani zed sheet and was 10subjected to
a test. The loss tangent (tans (70C)) of the strip at a tenperature of 70C
was neasured under the condition represented by a strain of 1% and a
frequency of 10 Hz by using a viscoelasticity anal yzer (manufactured by
Ueshi ma Sei sakusho Co., Ltd.). The snmaller this value, the better the fuel
econony 15is. [0167] 7. Gipping Property A strip of 4 mmin w dth,
40 mmin length and 1.2 nmin thickness was punched out from a vul cani zed
sheet and was 20subjected to a-Lest. The |l oss tangent (tans (0C)) of the
strip at a tenperature of OC was neasured under the condition represented

by a strain pf. 2;9% and .a4f/8quency Of L0 EHz By &lasgbra,g @1a\ek899%| asticity
anal yzer (manufactured by Ueshi ma Sei sakusho Co., Ltd.). The larger this
val ue, the betirgtorthey Hgepps NG hA5-PHOPLRr by $ﬁMcaPBiﬁﬁﬂrEE%ﬁﬁﬁhagl]

agent : the content of carbon black) is preferably from 2 : 1

to 50 : 1. 1In orcder to enhance fuel economy and enhance

5 reinforcing properties, the weight ratio is more preferably

from 5 : 1 to 20 : 1.

[0151]

Examples of the filler include calcium carbonate, talc,
alumiﬂa,.clay, aluminum hydroxide, and mica.

10 [0152]

Examples of the silane coupling agent include
vinyltrichlecrosilane, vinyltriethoxysilane,
vinyltris(B—%efhoxyethoky)silane,

B- (3, 4-epoxycyclohexyl ethyltrimethoxysilane,
25  y-glycidoxypropyltrimethoxysilane, |
y-methacryloxypropyltrimethoxysilane,
—(ﬁ—aminoethyl)—7—aminopropyltrime:hoxysilane,
- (P-aminocethyl)-y-aminoopropylmethyldimethoxysilane,
N-phenyl-y-aminopropyltrimethoxysilane,

20 y—chloroprépyltrimethoxysilane,
Y-mercaptoprooyltrimethcxysilare,
y—éminopropyltriethoxysilane,
bis(3-(triethoxysilyl)propyl)disulfide,

bis(3-(triethoxysilyl)oropyl)tetrasulfice,

25 y-trimethcxysilylpropyidimethylthiocarbamyltetrasulfide,
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A polynerization reactor nmade of stainless steel equipped with a stirring
devi ce and having an internal volune of 20 L was washed, dried, and
flushedwith dry nitrogen. Subsequently, 10.2 kg of industrial hexane
(density 680 kg/nB), 608 g of 1, 3-butadiene, 192 g of styrene, 1.51 g of
47- et hyl styrene, 6.1 nml of tetrahydrofuran, and 3.9 m of ethylene glycol
di ethyl ether were charged into the polynerization reactor. le
Subsequently, a solution of n-butyllihiumin n-hexane (n-butyllithium
content 12.8 mmol) was charged into the polynerization reactor and then a
pol ymeri zation reaction was initiated. [0169] 15A copol ynerization reaCi On
of 1, 3-but adi ene, styrene and 4-net hyl styrene was perforned at a
tenperature |n, the neri.zation reactor .of and, a stirring rate of 130
rpmfor 3 holits "wh Hfmt¥m§sﬁ AR dhe enz'uFaFéggqﬁgfelgbn |nﬁougfy fed to

the pol ymerigatd Qemtt;&asct;@rthemeat@qsaavung cho%&atelm%ﬁyt adiengiwas 912 g,
and the fed anount of styrene was 8 g- After 20 mnutes from

The pol ynerizaiduen, mnbauaﬁdenal2ﬁﬂetnﬁkraxﬁ@bﬂ&i£mn£mmﬁafnnaga$d51.g of

4- et hyl styrene in hexane 25 was rapidly charged into the polynerization
reactor at aSi‘polyptréeFabyobedrerpefmtiucenofe 85€dand a stirring rate of 130
rpm [0171] After 40 mnutes fromthat (after 60 mnutes fromthe 5
polynerlz%tlbnuFﬂltlatlon) , 20 M of a solution containing 1.51 g of

4- met hyl styrene |p hexane was ra |d|y char% ngpothe ner.ization

reactor at a polynerlzdflgﬁef’bm at ur'’e gffand Jgflr?lng “fate of 130

rpm [0172] a silica-based reinforcing agenrnt and a silane ccupling agent
in a modified conjucated diene-based polymer, the amount of the
silane coupling agent to be incorporated is preferably from 1
10 part by weight tc 20 parts by weight, more preferably from 2
parts by weight to 15 parts by weight, even more preferably from
5 parts by'wetght to 10 parts by weight per 100 parts by weight

of the silica-based reinforcing agent.

[0154]
i5 Examples of the eXtending 0il include aromatic mineral
cils {(viscosity-gravity constant (V.G.C.): Zrom0.500t0 1.04¢2),
naphthene-based mineral oils (V.G.C.: frecm 0.850 to 0.899,, and
paraffin-based mineral oils {(V.G.C.: from0.790 to 30.849). The
content of a polycyclic aromatic compounc in the extending oil
20 is preferaply less than 3% by weight, more preferably less than
1% by weight. The content of the polycyclic aromatic ccmpound
is measured in accordance with the IP 246/92 method of The

Institute cf Petroleum. The content of aromatic compounds (CA)
.of the extending o0il is preferanly 20% by weight or more. Twc

25 or more extending cils may be used.
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10After 2 hours fromthat (after 3 hours fromthe pol ynerization
initiation), 12.8 mmol of 1-butancl was added to the pol yner sol ution,
followed by stirring for 15 mnutes. [0173] Subsequently, a
solution of sec-butyllithiumin cyclohexane (sec-butyllithiuncontent 64.0
ml), and 11.5 m -of 1,1, 2, 2-tetranethyl et hyl enedi am ne were charged into
.the polynerization reactor, followed by stirring for 30 mnutes. [0174]
Further, 64.0 mml of 20 3-glycidyl oxypropyltrinmethoxysilane was added,
followed by stirring for 15 mnutes. [0175] - To the polynmer sol ution
was added 20 ml of a solution containing 3.0 ird of methanol in hexane, and
the polyner 25 solution was stirred for 5 mnutes. Subsequently, to the

pol yrer solufé jwer e added 8.0 g of 2-tert-butyl-6-
(3-tert-butyl-2-hydroxy-5-nethyl benzyl ) -4-me thyl phenyl acrylate (trade
name: Sum |izer Gﬁ&ﬂ@ﬂQﬁQﬂﬂaQ%tg@ﬁkbgmﬁo@h@ﬂ$§ahxﬁ@merbbﬁpoéibioand 4.0 g of
5 pentaerythrit-yltetrakis (3-laurylthioprcpionate) trade nanme: Sum i zer
TP- D pr oducedy hyicSun taafrog Chemimedl £1Ga1 cobfudatpd disubsepeentdyyrehe sol vent
in the polyner solution was evaporated at nornmal tenperature for 24 hours
to afford a potsiyerr Jhweeart etherheharediibtiery fped yersy u@gasedri ed at 55C for

12 hours 10 under reduced pressure. Evaluation results of the Qolyner are
shown i n %ab?%FqF—based pclymer, an additive, etc. include a method o

kreading them by using a kneéding machine. Examples of the
kneading machine include a roll kneading machine and a Banbury
mixer.
[0156]
1GC As far as the kneading ccnditions be concerned, when an
additive other than a vulcénizing agent is incorporated, the
kneading temperature is usually from 50°C to 200°C, preferakly
from 80°C £to 190°C, and when a vulcanizing agent is inccrperated,
the kneading temperature is usually 100°C or lower, preferably
15 from room temperatdre to 8C°C. The kneading time is usually
from 30 seconds <o 30 minutes, preferably from 1 minute to 30
minutes. A composition with a vulcarizing agent incorporated
therein is usually used after being subjected to vulcanizaticn
treztment such as press vulcanization. The vulcanization
20 temperatureisusuallyfroleOWStoZOO°C,preferabl?froml40°c
to 180°C.
[0157]
Polymer compositiéns obtained in the present invention
are superior in fuel economy and cripping properties znc zre

25 Suitably used for tires.
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[0176] Subsequently, 100 parts by weight of the polyner, 78.4 parts
by weight of silica (trade nanme: U trasil VN3-G produced 15 by Degussa
GmoH), 6.4 parts by weight of a silane coupling agent (trade nane: Si69
produced by Degussa GrbH) , 6.4 parts by weight of carbon black (trade

- ndnme: DI ABLACK N339 produced by M tsubishi Chem cal Corporation) ,. 47.6
parts by weight of an extending oil (trade name: JOMO Process NC 140
produced by Japan 20 Energy Corporation) , 1.5 parts by weight of an
antiagi ng agent (trade nane: Antigen 3C produced by Sum tono Chem cal Co.,
Ltd. ) , 2 parts by weight of stearic acid, 2 parts by weight of zinc
flower, 1 part by weight of a vul cani zation accel erator (trade nane:

Soxi nol CZ produced by Sum tono Chem cal Co., Ltd. ), 1 25 part by wei ght
of a vul cani zation accel erator (trade name: Soxinol D produced by Sum tono
Chem cal Co.gxddde), 1.5 parts by weight of a wax (trade nanme: Sunnoc N
produced by Quchi Shinko Chem cal Industrial Co., Ltd.), and 1.4 parts by
wei ght of suléufislwere kneaded with a | aboplast mll to prepare a polynmer 5
conposition. The resulting polymer conposition was shaped into a sheet with
a 6 inch roll, an8vthetdheerf wagsRAlcarPEd1By 1reaPrhtpaireday £6600 for 45
m nutes, thereby to prepare a vul canized sheet. The results of physi cal
property ®2vaf (?6HQOTQ$W85VU|CaniZGd sheer are shown in Table 1. 10[0177]

[ Exanple 21 Ay :q pol yneri zation reactor made of stainless stee

equi pped with a stirring device and having an internal volunme of 20 L was

washed, dried, \and.f!ushedw{hydry, nitrogen. Subsequently, 1510.2 kg of
i ndustrial hexane (density 680 kg/nB), 608 g of

In accordance with JIS K6300 ({1994), the Moconey viscosity

of a polymer was measured af 100°C.
10 [0160: |
2. Amount of Vinyl Bonds (Unit: mol %)

The amount of the vinyl bonds in a polymer was determined
from the absorption intensity at around 810 cm™*, which is an
absorption peak of a vinyl group, by infrared spectroscopy.

15 [0l61]
3. Content of Monomer Units Derived from Styrene (Unit: % by
welght)

The content of —he monomer units derived from styrene in
a polymer was determined from a refractive index in acccrdance

20 with JIS K6383 (19%85).
[0l62]
4. Molecular Weight Distribution (Mw/Mn)
The weight average molecular weight (Mw) and théiﬁumber

averace molecular weight (Mn) o a polymer were measured by a

25 gel permeation chromatograph (GPC) method under the following
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1, 3- but adi ene, 192 g of styrene, 1.51 g of 4-nethylstyrene, 6.1 m of
tetrahydrofuran, and 3.9 m of ethylene glycol diethyl ether were charged
into the polynerization reactor. Subsequently, a solution in cycl ohexane of
6,7 mtl of a 20 conpound obtai ned by reacting

3% (N, F-di met hyl ani no)-1-cropyl lithiumw th isoprene [reactlon ratio:

i soprene/ 3- (N, N-di met hyl am no) propyllithium= 2/1 (in nolar ratio),

Al - 230CE2 produced by EMC (solution in cyclohexane)] and a sol ution of
n-butyllithiumin n-hexane 25(n-butyllithfumcontent 6.7 mmol) were charged
into the polynerization reactor, and then a polynerization reaction was
initiated. [0178] A copolynerization reaction of 1,3-butadiene, styrene, 5

and 4-met hyl st yienenwas pesfanmed.atna tamRerat weeqghh dihe-palyaeri zation
reactor of 65C and a stirring rate of 130 rpm for % hours whil e

1, 3- but adi enem@and )Sbyrane pueit:rc ok i dmeuskyed.ed to the pol ynerization
reactor. The fed anmount of 1, 3-butadi ene was 912 ¢, and the fed anmount of
styrene was 2885310g. [0179] After 20 m nutes fromthe polynerization
initiation, 20 nL of a solution containing 1.51 of 4-nethyl styrene in
hexane was rap|dIyltﬁ%ﬁﬁéatvﬁtﬁLFh%“ﬁbW?ﬁéF?%é¥ngx$eaé?%r at a 15 -
polynerlzgthn tenperature of 65C and a stirring rate of 130 rpm [0180]

Corpora

(2) Separation column: TSKgel SuperHM-H (two columns in
series) manufactured by Tosoh Corporation

'(3) Measuring temperature: 40°C

(4) Carrier: tetrahydrofuran

10 _(5) Flow rate: 0.6 ml/min

(6) Injection amount: 5 ML

(7) Detector: differential refractometer

(8) Molecular weight standard: standard polyétfrehé
[0164]

15 5. Content of Monomer Uﬁits derived_from A—Methylstyrene
(Unit: % by weight)

The content of the monomer unifs derived from
4-methylstyrene in a polymer was determined by a gas
chromatograph-mass spectrometer ;GC-MS) metnod under thé

20 following conditions (1} to (2).
[0165]

(1) Rpparazus: GCMS-QP2010 Plus manufactured by Shimadzu
Corporation

(2) Cclumn: Agilent J&W DB-Zms, 30 m x 0.25 mm i.d.,

25 membrane thickness 0.2% um
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After 40 mnutes fromthat (after 60 m nutes fromthe polynerization
initiation) , 20nl of a solution containing 1.51 20 g of 4-nethylstyrene in
hexane was rapidly charged into the polvnerization reactor at a

pol yneri zation tenperature of 65C and a stirring rate of 130 rpm [01811
.After 2 hours fromthat (after 3 hours fromthe 25 .polynerization
initiation), 13.4 mol of 1-butanol was added to the polyner solution,
followed by stirring for 15 minutes. [0182] Subsequently, a

cycl ohexane sol ution of sec-but-yllithium (sec-butyllithiumcontent 38.4 -
mmol), and 6.9 m of 5 1,1, 2, 2-tetranethyl et hyl enedi am ne were placed into
the polynerization reactor, followed by stirring for 30 mnutes. [0183]

Further, 38.4 mml ;pf;, %pgléftqu‘éﬂ%%%y] b d”?tzhf%xﬁ'ekﬁne 1Was added,

follomed by 10 stlrrln m nutes. [0184 he pol yner

sol uti on was- agded aﬁnnkuggsa.solutlon‘contalnlng 3.0 mM of methanol in
hexane, and the polynmer solution was stirred for 5 mnutes. Subsequently,
to the 15 pol yner ($pllghi oinaveeeha@ddetkBrOng cgfization (EI method: 70
2-tert-buty|-6-(3-tert-buty1-2-hydroxy 5- met hyThenzyl ) -4-me thy: phenyl
acrylate (tr&de nanme: Sumilizer GM produced by Sumitonp Chenica

Ltd.), and 4.0 ent aer thr| Itetrakls 3-laurylthiopro nat e . trade
nane? 20 uniligegt#peﬁsﬁfﬂ%ﬁ "By STATtof léﬁdﬁ?ﬁﬁpr g Eﬁhg ) (

subsequently[&ﬁﬁﬂsolvent in the polymer solution was evaporated

6. Fuel Economy
A strip of 4 mm in width, 40 mm in length and 1.2 mm in
thickness was punched out from a vulcanized sheet and was
10 subjected to a test. The loss tangent (tand (70°C)) of the strip
at a temperature of 70°C was measured under the condition
represented by a strain of 1% and a frequency of l.O Hz by using
a viscoelasticity analyzer (manufacfured by Ueshima Seisakusho
Co., Ltd.). The smaller this value, the better the fuel economy
15 is.
[0167]
7. Gripping Property
A strip of 4 mm In width, 40 mm in lenéth and 1.2 mm in
thickness was punched out from a vulcanized sheet ancd wes
20 subjected to a test. The loss tangent (tanS (O°C) ) of the strip
at a temperature of 0°C was measured under the condition
represented by a strain of 2.5% and a frequency of 10 Hz by using
a viscoelasticity analyzer (manufacturec by Ueshima Seisakusho
Co., Ltd.). The largex.f this wvalue, the better the griovping

25 property is.
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at normal tenperature for 24 hours to afford a polymer. Thereafter, the
resul ting polynmer was dried at 55C for 12 hours under reduced pressure.
Eval uation results of the polymer are 25 shown in Table 1. [0185]
Subsequently, 100 parts by weight of the polymer, 78.4 par-,:s by weight of
si'flica (trade nanme: U trasil VN3-G produced by Degussa GrbH), 6.4 parts by
wei ght of a silane coupling agent 5(trade nanme: Si69 produced by Degussa
GmH) , 6.4 parts by weight of carbon black (trade nane: DI ABLACK N339
produced by M tsubishi Chem cal Corporation), 476 parts by weight of an
extending oil (trade nane: JOMO Process NC-140 produced by Japan Energy
Corporation) , 1.5 parts by weight of an an- _iaging agent 10 (trade nane:
Antigen 3C produyced by Sumitonop Chemical Co., Ltd. , 2 parts by weight of
stearic acid, 2 pacts by weight of zinc flower, 1 part by weight of a

vul cani zat i one.aggekerator (trade name: Soxinol CZ produced by Sum tono
Chem cal Co., Ltd. > 1 part by weight of a vul cani zati on accel erator
(trade nane: 15 Sexicnghe D Zar-oducedc iy Buid dfommmriChess catelCoqyipped. ) , 1.5
carts by weight of a wax (trade nane: Sunnoc N produced by CQuchi Shi nko
Cheni cal | ndus#y iraft Grrirgldelicp, anthdayiad Far tstbypaherghireof £ 9l Fur were
kneaded with a | aboplast: ml| t prepare a pol ymer conposition. The

resul ti ng’ pol' §iErs Na C?Hdvggé‘ @?fgb’éﬁh 38 Tt K "sheBPSTi{H aY6 i nch

o1l pand theoshegt oyas vl el 280, by fgating deb %/Orf‘?g%aor gp m nutes,

t hereby to Prepar cani zed sheet. e results hysi daf ™ property

eval uation of , {he vyl cani zeds sheet,-ane, showg Jd:y Tabhe: dey {0186 1

25[ Conpar ati ve Exanple 1] A pol yneri zation reactor nmade of

stai nl ess steelofequt pprdrvfitera sid r.iongl deveteyiand diaxHongd adthivot er nal
volume of 5 L was washed, dried, and flushed with dry nitrogen.
Subsequent | yetiieShekyg gfarigndusttol ahe hexdaner{derisnt ye880rkg/ nB), 137 g of

1¢ Subksequently, a solution of n-butyllizhium in n-hexane
(n-butyllithium content 12.8 mmol) was charged into the
polymefization.reacfor.énd.fhen é polymerization reaction was
initiated.

[0169]

15 A copolymerization réaction of 1,3-butadiene, styrene,
and 4-methylstyrene was rerformed at a temperature in the
polymerization reactor of 65°C and a stirring rate of 130 rpm
for 3 hours while 1,3-butadiene and styrene were continuously
fed to the polymerization reactor. The.fed amount of

20 1,3-butadiene was 912 ¢, and the fed amount of stvrene was 288
g.

[0170]
After 20 minutes from -“he polymerization initiation, 20
mL of a solution containing 1.51 g of 4-methylstyrene in hexane

25 was rapidly charged irto the polymerization reactor at =a
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5 1, 3-butadi ene, 43 g of styrene, 1.52 ml of tetrahydrofuran, and 1.09 m
of- et hyl ene glycol diethyl ether were charged into the polynerization

react or. Subsequently, a solution of n-butyllithiumin n-hexane
(n-butyllithiumcontent 3.36 mmol) was charged into the pol ynerization
réactor, and then a 10 pol ynerization reaction was initiated. [0187]

A copol yneri zation reaction of 1 , 3-butadi ene and styrene was perforned at
a tenperature in the polynerization reactor of 65C and a stirring rate of
130 rpmfor "2 hours and 30 m nutes 15 whil e 1, 3-butadi ene and styrene were
continuously fed to the polynerization reactor. The fed anount of

1, 3-but adi ene was 205 g, and the fed anmount of styrene was 65g. [0188]

To the pol yng élﬁﬁﬁw&g%nmg added.o M o0t 459 4411:00,20 gantakahng 0. 21

of 1-butanol exane e polymer solution was Stir

m nutes. [018%. Subsequently, a solution. of sec-butvilithiumin
cycl ohexane (sec-butyllithiumcontent 14.4 mmol), and 2.59 m 25(17.4 nmol)
of 1,1, 2, 2-té&dr7dret hyl et hyl enedi am ne were charged into the polynerization

reactor, followed by stirring for 30 m nutes. [0190] Further, 14.4 mmol of
After 40 minutes Irom that (after €0 minutes from the

5 polymerizationiritiation), 20ml of a solution containingl.51
g of 4-methylstyrene in hexane was rapicly charged into the
polymerization reactor at a polymerization temperature of 65°C
and a stirring rate of 130 rpm.

[Ole]

10 After 2 hours from that (after 3 hours from the
polymerization initiation), 12.8 mmol of l-butancl was added
to the polymer solution, followed by stirring for 15 minutes.
[0173;

Subsequently, a scolution c¢f sec-butyllithium in

loﬂ cyclohexane (sec-butyliithium content 64.0 mmol), and 11.5 ml
-of 1,1,2,Z—tetramethylethylenediamine were charged into the
polymerization reactor, foliowed by stirring for 30 minutes.
[0174)]

Further, 64.0 mmol of

20 3—glycidyloxyp:opyltrimethoxysilane was added, Iollcwed by

stirring for 15 minutes.
[01753]

To the polymer solution was added 20 ml of a solution
containing 3.0 ml of methanol in hexane, and the »olymer

25 solution was stirred for 5 minutes. Subsequently, to the
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5[ 3- (di et hyl am no) propyl ] tri nmet hoxysi |l ane was added, followed by stirring
for 15 mnutes. -[01-91] To the polyner solution was added 5 m of a
solution containing 1.0 m of nethanol in hexane, and the polyner 10
solution was stirred for 5 mnutes. Subsequently, to the polynmer solution
were added 1.8 g _ _

of 2-tert-butyl-6-(3-tert-butyl-2-hydroxy-5-nethyl benzyl)-4-ne thyl phenyl
acrylate (trade name: Sumlizer GM produced by Sum tono Chem cal Co.,
Ltd.), and 0.9 g of 15 pentaerythrityltetrakis(3-1aurylthiopropionate)
(trade nane: Sumlizer TP-D produced by Sum tono Chem cal Co., Ltd.), the
pol ymer solution was then allowed to stand at roomtenperature - for 16

hours, and the sel.vent d:in,the - pakyoerg goLution was evaporated to afford a
pol ymer. Thereafter, the resulting 20 polymer was dried at 55C for 6 hours

under reducegd-jressut-.-cEval tati-ant yesuhl,srofy-thee pohyarsyar-a-shown in
Table 1. [0192] Subsequently, 100 parts by weight of the

resul ting potywimhenyB.akrgarts yyadeigre:obusilizea ¢ madéusadey U trasil 25
VNT3- G produced by Degussa GrbH), 6.4 parts by weight of a silane coupling
agent (tradeSwEmemoStBRigrbdifced by DegiSsh GHf, 6.4 parts by wei ght of
carbon bl ack (trade namne: DI ABLA 39 produced by Mt subishi Chem cal

o poratt o) PUT G a1 L5 WG DT BT RL RO | | (APAGE RANE: 3 M
Process NC- 140 .5 .pr ed Japa r. tatiaon), 1.5 parts by weight
of an anti aglé%“glqéggg%?r gg%d%“%%e?y%ﬁlgéﬂggé&%rlgg uc“é%’b]fl/t%tjrﬁ tomo Cheni cal
Co., Ltd. ),sddants:bycmebghlerefirstifard il u2i fakisebyodmirtght of zinc

flower, 1 part by weight of a vulcanization accelerator (trade nane:
Soxi nol CZ psoditcedl byerperbt @ for 24 hours to afford a polymer.
Thereafter, the resulting poclymer was dried at.55°C for 12 hours
10 under reduced pressure. Evaluation results of the polymer are
shown in Table 1.
[0176]
Subsequently, 100 parts by weight of tThe polymer, 78.4
parts by weicht of silica (tfade name: Ultrasil VN3-G produced
15 by Cegussa GmbH), 6.4 parts b};weight of @ silane coupling agent
(tradename:Si69producedby;&gus$aGmbH),6.4partsbvaight
of carbon black (trade name: DIABLACK N339 produced by
Mitéubisﬁi Chemical Cocrporation), 47.6 parts by weight of an
extending oil (trade name: JOMO Process NC-140 produced by Japan
20 Erergy Corporation), 1.5 parts by weight of an antiaging agent
(trade name: Antigen 3C produced by Sumitomo Chemical Co., Ltd.),
2 parts by weight of stearic acid, 2 parts by weight of zinc
flower, 1 parzt by weight of a vulcanization acceleratcr (trade
name: Soxinol CZ produced by Sumitomo Chemicail Co., Ltd.), 1

25 part by weight'of a vilcanizaticn accelerator (trade name:
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10 Chemcal Co., Ltd. ), 1 part by weight of a vulcanization accel erator
(t-rade nanme: Soxi nol D produced by Sumitono Chemcal Co., Ltd. ), 1.5 parts
by wei ght of a wax (trade name: Sunnoc N produced by Quchi Shinko Chem cal

I ndustrial Co., Ltd. ), and 1.4 parts by weight of sulfur were kneaded with
a“laboplast 15 mll to prepare a polyner conposition. The resulting polyner
conposition was shaped into a sheet wwth a 6 inch roll, and the sheet was
vul cani zed by heating it at 160C for 45 mnutes, thereby to prepare a

vul cani zed sheet of 150 mnmin width, 150 mmin length, and 1.2 mmin

t hi ckness. The results of physical 20 property eval uation of the vul cani zed
sheet are-shown in Table 1. 4 Conparative Exanple 1 r--L"9C flI 1WC
9C29-0

Soxinol D produced by Sumitomo Chemical Co., Ltd.), 1.5 parts
by weight of a wax (trade name: Sunnoc N produced by Ouchi Shinko
Chemical Industrizl Co., Ltd.}, and 1.4 varts by weight of
sulfur were kneaded with a laboplast mill to prepare a polymer
5 composition. The resulting polymer composition was shaped
into a sheet with a2 6 inch roll, and the sheet was vulcanized
by heéting it at 160°C for 45 minutes, thereby to prepare a
vilcanized sheet. The results cf physical property evaluation
of the vuicanized sheet are shown in Takle 1.
10 [0177]
[Example 2:
Apolymerization reactor made of stainless steel equipped
with a sfirring device and having an internal volume of 20 L
was washed, dried, and flushedwith dry nitrogen. Subsequently,
15 10.2 kg of industrial hexane (density 680 kg/m3), 608 g of
1,3-butadiene, 192 g of styrene, 1.51 g of 4-methylstyrene, 6.1
ml of tetrahydrofuran, and 3.9 ml of ethylene glycol diethyl
ether were charged into the polymerizaticn reactor.
Subsequently, a solution in cyclohexane of 6.7 mmcl of a
20 corpound obtained by reacting
3-(N,N-dimethylamino)-l-propyllithium with isoprene
[reaction ratio: iscprene/2-{(N,N-cimethy.amino)propyllithium
=2/1 (in molar ratici, AI—ZOOCE2 procuced by FMC {solutior in
cyclohexane;] anc a solution of n-butyllithium in n-nhexzane

25 (rn-butyllithium content 6.7 mmol) were charged into the
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10
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20

25

polymerization reactor, and then a polymerization reaction was
initiated.
[0178]

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

~and 4-methylstyrene was performed at a temperature in the

polymerization reactor of 65°C and a stirring rate cf 130 rpm
for 3 hours while 1, 3-butadiene and styrene were continuocusly
fed to the polymerization reactor. The fed amount of
1,3-butadiene was 912 ¢, and the fed amount of styrene was 288
g.

[0179]

After 20 minutes from the polymerization initiation, 20
mL of a solution containing 1.51 g of 4:methylstyrenejjlhexane
was rapidly charged into the polymerization reactor at a
polymerization temperature of 65°C and 2 stirring rate of 130
rpm.

[0180]

After 40 minutes from that (after 60 minutes from the
polymerization initiationj, 20 ml of a solution Containing 1.21
g of 4-methvlstyrene in hexane was rapidly charged into the
polymerizazion reactor at a polymerization temwperature of 65°C
and a stirring rate of 13C rom.

[o181?
. After 2 hours from tnat (after 3 hours Irom the

polymefization initiation), 13.4 mmol of l-butanol wzs added

76

T SZ



| % TOM % by weight % by weight | 1 N [ Mooney viscosity 1----- Ar nount
vienyl bonds Content of nononmer units derived fromstyrene 1Content of
nmononer units de rived from 4-nethyl styrene Fuel econony

to the polymer solutior, followed by stirring for 15 minutes.
[0182]

Subsequently,eacyclohexanesolution<3fsec—butyllithium

(sec—butyllithium content 38.4 mmol), and 6.9 ml of

5 1,1,2,2-tetramethylethylenediamine were placed into the
polymerization reactor, fcllowed by stirring for 30 minutes.
[0183]

Further, 38.4 mmol of
3-glycidyloxypropyltrimethoxysilane was added, followed by

10 stirring for 15 minutes.
[0184:

To the polymer solution was added 20 ml of a solution
containing 3.C ml of methanol in hexane, and the polymer
solution was stirred for & minutes. Subsequently, to the

15 polymer solution were acdded 8.0 g of
2—tert—butyl—6—(3¥tert—buty1—2—hydroxy—5—methylbehzyl)—4—me
thyZphenyl acrylate (trade name: Sumi_izer GM produced by
Sumitomo Chemical Co., Ltd.), and 4.0 g of
pentaerythrityltetrakis(3—laurylthiopropionate)(tradename:

20 Sumilizer TP-D preduced py Sumitomo Chemiczl Ceo., Ltd.),
subsequently the solvent in the polymer solution was evaporated
at normal temperature Zor 24 hours to afford a polymer.
Thereafter, the resulting polymer was dried at 55°C for 12 hours

under reduced pressure. Evaluation results of the polymer zre

25 shown in Table 1.
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tan& (70C) Gipping property Itan8 (0C) Wiat is clainmed is:

1- A nmethod for producing a nodified conjugated di ene-based pol yner, the
met hod conpri sing: a step of reacting a conjugated di ene-based

pol ymer havi ng nononer units derived froma conjugated di ene conpound,
mononmer units derived froma conpound represented by Formula (1) and
nmononmer units derived froma conpound represented by Formula (2), with an
oraanonetal | i ¢ conpound, and a step of reacting the resulting
product and an epoxy conpound, wherein the conjugated di ene-based
pol ynmer conprises the nonomer units derived fromthe conpound represented
by Formula (1) in a content of from0.01% by weight to 1% by weight where
the total a Q&ﬂof all the nononer units contained in the conjugated

di ene- based polymer is taken as 100% by weight; RR8 RIR2 Ro?p 1 - V'- 1k
RIR 4 wherein R guRediRntRL4 1800, 21 e8¢ R gdepandgatdy shepr esent

pér:s by weight of silica (trade name: Ultrasil VN3-G produced
by Degussa GmbH), 6.4 perts by weight éf a silane coupiing agent
5 {trade name: Si69 produced by Degussa GmbH), 6.4 parts by weight
of carbon black (trade name: DIABLACK N339 produced by
Mitsubishi Chemical Corporation), 47:6 parts by weight of an
extendingoil(tradename:JOMOProcessNC—;40producejbyJapén
Energy Corporation), 1.5 parts by weight of an antiaging agent
10 (trade name: Antigen 3C produced by Sumitomo Chemical Co., Ltd.),
2 parts by weight of stearic acid, 2 perts by weight of zinc
flower, 1 part by weight of a vulcanization accelerator (trade
name: Soxinol CZ produced by Sumitomo Chemical Co., Ltd.), 1
part by weight of a vulcanization accelerator (trade name:
15 Soxinol D produced by Sumiﬁomo Chemi;al Co., Ltd.}, 1.5 parts
by weight of a wax (trade name: Sunnoc N produced by Ouchi Shinko
Chemical Industrial Co., Ltd.), and 1.4 parts by weight of
sulfur were kneaded with a laboplast mill to prepare a polymer
composition. The resulting polymef composition was shaped
20 into a sheet with a 6 inch roll, and the sheet was vulcanized
by heating it at 260°C fo; 45 minutes, thereby to prepare a
vilcanized sheet. The results of physical property evaluation
of the vulcanized sheet are shown in Table 1.
[0186]

25 [Comparative Example 1]
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a hydrogen atom or an al kyl group; at | east one group selected from Rn,

Ri2, R13, R 4 andan al kyl group; R16, R17 and R 8and

R15 each

i ndependently represent a hydrogen atom or a hydrocarbvl group; Rn
wherein the conpound
répresented by Fornula (2) consists of carbon atons and hydrogen atons; R20,

represents a hydrocarbyl ene group; kis 0 or 1, (2)

R21, R22, R23 and R24 are all hydrogen atons or two

or nore gr

oups sel ected

fromR20, R21, R22, R23 and R24 are |linked to form one or

nore rings

consi sting of carbon atons including the carbon atons to which the groups
are attached and each of the rest of R20, R, R22 R23 and R24 is a hydrogen
atom R25, R26 and R27 each independently represent a hydrogen atomor a

hydr ocar byl groupAp@l"meriza:gonEt@%ﬂgﬂﬁgy@C%QQQHQEQQSEg%éﬂ%gdgi%etherein the

epoxy conpound has a hydrocar byl oxysilyl group.

net hod for

produci ng a polyEB:-icempPsiti@nNand hevimf Bed neerl SbNghedostsepwak kneadi ng
100 parts by weight of a nodified conjugated di ene-based pol yner
by the net hodasecordiisg,t entlfabapdd eritR duvt hiframnl0 Supséslepart s by wei ght
of a reinforcing agent.

5

10

15

20

25

2.55 kg of industrial hexane (density 680 kg/m3), 137 g of
1,3-butadiene, 42 g cf styrene, 1.52 ml of tetrahydrofuran, and
1.09 ml of echylene glyccol diethyl ether were charged into the
polymerization reactor. Subsequently, a solution of
n-butyllithium in n-hexane (n-butyllithium content 3.36 mmol)
was charged into the polymerization reactor, and then a
polymerization reaction was initiated.

[0187]

A copolymerization reaction of l,3¥butadiene aﬁa styrene
was performed ét a temperature in the polymerization reactor
of 65°C and a stirring rate of 130 rpnlfbr“Z hours and 30 minutes
while 1,3-butadiene and styrene were continuously fed to the
polymerization resctor. The fed amount of 1,3-butadiene was
205 g, and the fed amount of styrene was 65 g.

[0188]

To the polymer solution was added 5 rml of a solution
containing 0.21 mi of l-butancl in hexane, and the pglyﬁer
solution weas stirred for 15 minutes.

[0189]

Subsequently, a solution of sec-butyllithium in

cyclohexane (sec-butyllithium content 14.4 mmol), and 2.53 ml

(17.4 mmol) of 1,1,2,2-tetramethylethylenediamine were
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charged into the polymerization reactor, followed by stirring
for 30 minutes.
[0190]

Further, 14.4 mmol of

.[3—(diethylamino)propyl]trimethoxysilane was added, fcllowed

by stirring for 15 minutes.

--[0191]

To the polymer solution was added 5 ml of a solution
containing 1.0 ml of methanol in hexane, and the polymer
solution was stirred fcr 5 minutes. Subsequently, tc the
polymer solution were added 1.8 g of -

2-tert-butyl-6-(3-tert-butyl-2-hydroxy-5-methylbenzyl)-4-me

thylphenyl acrylate (trade name: Sumilizer GM produced by

Suritomo Chemical Co., Ltd.), and 0.9 g of
pentaerythrityl-etrakis(3-laurylthiopropionate) (trade name:

Sumilizer TP-D produced by Sumitomo Chemical Co., Ltd.), the

polymer solution was then allowed to stand at room temperature -~

for 16 hours, and the solvent in the polymer solution was
evaporated to afford a polymer. Thereafter, the resulting
polymer was dried at £5°C for 6 hours under reduced pressure.
Evaluation results of the polymer are shown in .Table 1.
[0192]

Subsequently, 100 parts by weight of the resulting
polymer, 78.4 parts by weight of silica {trade name: Ultrasil

VN3-G produced by Degussa GmbH), 6.4 parts by weight of a silane
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coupling agent (trade name: Si69 produced by Degussa GmbH), 6.4
parts by weight of carbon black (trade name: DIABLACK N339
prodﬁced by Mitsubishi Chemical Corporation), 47.6 parts by
weight of an extending oil (trade name: JOMO Process NC-140
produced by Japan Energy Corporation), 1.5 parts by weight of
an antiaging agent (trade name: Antiger13CIproduced by Sumitomo
Chemical Co., Ltd.), 2 parts by weight of stearic acid, 2 parts
by weight of zinc flower, 1 part by weight of a vulcanization
accelerator (trade name: Soxinol CZ produced by Sumitomo
Chemical Ce., Ltd.), 1 part by weight of a vulcanization
accelerator (trade name: Soxinol D produced by Sumitomo
Chemical Co., Ltd.), 1.5 parts by weight of a wax (trade name:
Sunnoc N produced by Ouchi Shinko Chemical Industrial Co., Ltd.},
and 1.4 parts by weight of sulfur were kneaded with a laboplast
mill to prepare a polymer composition. The resulting polymer
composition was shaped into a sheet with a 6 inch roll, and the
sheet was vulcanized by heating it at 160°C for 45 minutes,
thereby to prepare a vulcanized sheet of 150 mm in width, 150
mm in length, and 1.2 mm in thickness. The results of physical

property evaluation of the vulcanized sheet are shown in Table

1.
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What 1s claimed is:

1. A nethoed for producing a modified conjugated
diene-based polymer, the method comprising:

a2 step of reacting a conjugated diene-based polymer
having monomer units derived from a conjugatéd diene compoﬁnd,
monomer units derived from a compound represented by Formula
(1) and monomer units derived from a compound represented by
Formula (2), with an organometallic compound, and

a step of reacting the resulting product and an epoxy
compoundc,

wherein the conjugated diene-based polymer comprises the
monomer units derived from the compound represented by Formula
(1) in a content of from 0.01% by weight to 1% by weight where
the total amount of all the monomer units contained in the

conjugated diene-based polymer is taken as 100% by weight;

rlé  p!'S Rt RI2

>,w / N/
R! ¥ MA%R] '9-_‘. o N R k) { )
- \ 7k ‘\ 4% ) .
sz R4

wherein Ru, Rn, RB, R-* and R'® eacn independent.y represent
a hydrogen atom or an alkyl group; at least one group selected
from Rn, RH, RU, R' and R'® is an alkyl group:; Rm, R'? and R'®
each independently represent a hydrogen atom or a hydrccarbyl

group; R® recresents z nydrocarbylene group; k is 0 or 1,
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wherein the compound represented by Formula (2) consists of
carbon atoms and hydrogen atoms; R?°, Ru, Rm, R*® and R* are
all hydrogen atoms or two or more groups selected from rR?°, R?,
Rn, R%3 aﬁd R?? are linked to form one or more rincs conéisting
of cerbon atoms including the carbon atoms to which the groups
are attached and each of the rest of Rm, Rﬂy R”, R?3 ard R*
is a hycrogen atom; R?®, R?*® and R?" each independently represent

a hydrogen atom or a hydrocarbyl groupg.

2. The method according to claim 1, wherein the epoxy

compcund has a hydrocarbyloxysilyl group.

3. A method for producing a polymer composition, the
method comprising a step of kneading 100 parts by weight of a
modified conjugated diene-based polymer produced by the method
accorcding to claim 1 cr 2 with from 10 to 150 parts by weight

of a reinforcing agent.
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