1111111211211112121711121121111211Q1111 *159159* METHOD_FOR PRODUCI.NG_MODI FI ED
UGATED DI ENE- BASED POLYMER, AND METHOD FOR PRODUC mmmm&mm

COVPCSI Tl ON BACKGROUND OF THE | meld of

the Invention [0001] 111111111111111111111111111111111 *&0Q

The present invention relates to a nmethod for: producing a nD Vfied

conj ugat ed di ene-based pol yner and a nethod for producing a polyner
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[0001] *G00002*

The present invention relates to a method for producing
a modified conjugated diene-based polymer and a method for
producing a polymer composition using the polymer.
10
Background Art
[0002]
In recent years, with an increase of interest in the
environmental problems, improvement in fuel economy has
15 strongly been required on automobiles, and a rubber composition
to be used for automotive tires is also required to be superior
in fuel economy. As a rubber composition for automotive tires,
rubber compositions containing a conjugated diene-based
polymersnuﬂlaspolybutadienecn:astyrene—butadienecopolymer,
20 and a reinforcing agent are used. The use of a silica
reinforcing agent inplace of carbon black, 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



envi ronnment al probl ens, inprovenment in fuel econony has 15 strongly been
requi red on autonobiles, and a rubber conposition to be used for autonotive
tites is also required to be superior in fuel econony. As a rubber
conposition for autonotive tires, rubber conpositions containing a

conj ugat ed di ene-based 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 black, which has heretofore been used

as a rei QrGI g 2080 nehﬁﬁsgge&T%g%se%g&Q?B}éQ%d éﬂé?ﬁ%n%f%&?@”ce as

a rubber conp05|t|on or tire a reinforcrng agents are
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enhance a n|t etmeen silica reinforcing a ts and conj ugat ed
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rei nforcing ag nts and conjugated di ene- based olyners JP-A-10-7702, for

exanpl e, 4%?%% Q%rMHPCHrﬁ§6pF@n@naﬁacﬁuﬁ§dﬂ€néyap€tWﬂ?ﬁnﬂ|zed

usi ng_n- butylllthlun1 n-butyllithiumis then reacted with the resulting

pol ymer 59 19& 6?%%@{5@9?&%% srdLaningatpddpepesbasserpreess de chain

10 of the polyne and thereafter chloropropyltriethoxysilane is reacted

with thed e‘ﬁl‘lltoa‘ﬂﬂ%t APF zZ2RTR] § mBT AReSERt &itve Ethom dinf Wedch org arjaaresl

di ene-based pol ynmer. SUMVARY OF THE | NVENTI ON 15[ 0004] Rubber conpositions

cont ai ni g taddeerso ney atcsld e wirred axssch g o1 yoensl Jprtdduoed by t he

above-cited nethod di scl osed JP-A-10-7702, however, are stil

unsat i sf actoorty liln thieim ésonbep. 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 INVENTTON
| 15 [0004]

Rubber compositions containing modified conjugated
diene-based polymers produced by the above-cited method
disclosed JP-A-10-7702, however, are still unsatisfactory in
fuel economy.

20 [0005]

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

25 for producing a polymer compoSition using the polymer.



20[ 0005] Under such circunstances, the problemto be solved by the
present invention is to provide a nethod for producing a nodified
cohjugated di ene- based pol yner capabl e of affording a pol yner conposition
superior in fuel econony, and a nethod 25 for producing a pol yner
conposition using the polynmer. [0006] The present invention
relates to a nethod for producing a nodified conjugated di ene-based

pol ymer, the method conprising a step of reacting a conjugated diene-based
pol yrner %chﬁydng nononer units derived froma conjugated di ene conmpound,
nmononer units ‘derived froma conpound represented by Fornula (1) and

nononer units rrved f% ma ca ound re entede£§ Fog é&% wth an
or ganonet al | i ¢ "conpound, —ahd’ a st & %ﬁ %% (%6'3 e R g
nitrogen ato d car bonyl Wi resul ting product, wherein
t he conj L?gé?orrﬁfa’%reéﬂ q{%&%ﬁﬁﬁjﬁe&g‘%g‘?ﬁ W%n‘ﬂ?ﬁerm 1e¢ derived from
the conpound represented by Formula (1) in a content of from 0.01% by
wei ght t&olﬁ%lb%/l%ﬁgﬁ?ew EepREingtalconingRt ast dapnerRaspERPAYIERI t S -
contarned in the conjugated diene-based polyner is taken as 100% 15 by
wei ght; havii BpRorer, umlbs RET ived ARaNR Brgade iasHépengerrmyoedr esent a
hydr ogen atom or an al kyl group; at |east one group selected fromRn, Rl-2,
Rn, -14 monomer units derived from a, {:or@pgnndp{reprgﬁeratgwb}ngnpnuRi6 R17
and Ft 18 20 each independently represent a hydrogen atom or a hydrocar byl
group; R1G)r epregemoscx hpdtecdebyivedefgooup; cémpguldoredresented by
Formula (2), with an organometallic compound, and a step of
reacting a compound having a nitrogen atom and a carbonyl group
10 with the resulting product, 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 10% by weight where the total amount of all the monomer units
contained in the conjugated diene-based polymer is taken as 100%
15 by weight;
Rlﬁ R'S Rl] R]E

Ri? \nglk \ / RIS (])
RIS RM
wherein R'™, R'?, R™, R'" and R*® each independently represent
a hydrogen atom or an alkyl group; at least one group selected
from R', rR'?, R?*, R and R'® is an alkyl group; RY®, R'” and R'®
20 each independently represent a hydrogen atom or a hydrocarbyl

group; R'’ represents a hydrocarbylene group; k is 0 or 1,



wherein the conpound represented by Fornula (2) consists of carbon atons
and hydrogen atons; R20, Rn, R22, Rn and R24 are all hydrogen atons or two
or “more groups selected from R20, R21, 5R22, -23 x and R24 are |inked
to formone or nore rings consisting of carbon atons including the carbon
atons to which the groups are attached and each of the rest of R20, Rn,
R22, R23 and R24 is a hydrogen atom R25, R26 and R27 each independently
represent a hydrogen atom or a hydrocarbyl group. 10[0007] A second aspect
of the prggent ipgnvention relates to a nethod for producing a pol yner
conposi tiony the ] ,gd conprising a step of kneading 100 parts by weight
of a nodifi¢é onj udat ed di ene- based pol yner produced by the

above- mentR-
rei nforcingg 000831 According to the present invention, a

nodi fi ed conj ugy di ene-based pol yner suitable for the preparation of a
pol ymer conposi i om syperior in fuel econony can be provided. 20

DETAI LED DESCR“PTI OR"OF THE PREFERRED EMBODI MENTS [ 0009] In the
present specification, a hydrocarbyl group represents a nonoval ent group
obt ai ned BiET iRy P WRE FRIT [V IS I & M b af Doncoms hyles o@gr byl ene
group represents a divalent group obtained, py rﬁnnvhng { o hydgggen at ons
from a 5 dhBE@IeHE amch ladeynsgr &Rip: rRpr eBent & a anshdval @ae gr oup
having a structure in which a hydrogen atom of a hydroxy group has been
subst i t utadd Wyditogehyaltomardy ltwgr onprorin caviums gedepthdvingm R°8ulRét t uent
(hereinafter sonetines referred to as a substituted am no group) represents

a grobp IREGi rfﬁ:';eand R** are linked to form one or more rings consisting

of carbon atoms including fhe carbon atoms to which the groups
are attached and each of the rest of R*®, R?!, R??, R?’ and R*
is a hydrogen atom; R?*°, R?® and R?’ 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 polymer composition, the method
comprising a step of kneading 100 parts by weight of a modified
conjugated diene-based polymer produced by the above-mentioned

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

According to the present invention, amodified conjugated
diene-based polymer suitable for the preparation .o'f a polymer
composition superior in fuel economy can be provided.

20
DETATILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0009]



10 structure in which at |east one hydrogen atom of an anino group has been
substituted with a nonoval ent atom or a nonoval ent group other than a
hydrogen atom or a group having a structure in which two hydrogen atons of
an am no group have been substituted with a divalent group. A hydrocar byl
group having 15 a substituent (hereinafter sonetinmes referred to as a
substituted hydrocarbyl group) represents a nonoval ent group having a
structure in which at | east one hydrogen atom of a hydrocarbyl group has

been substi tut g Wikh . SUbs! Iduente; A AU 0CAHM NS G AURARY N0 @

het er oat om (herei na tinmes referre S a m cont ai ni ng

hydr ocar hyl ene. ar.ou represents_a di | ent oup _having a structure in

W|¥1i ch a (]:Tée %r? a tosmg)gl%neogf at%heanrr;t grggpbo\(?ﬁtaajt%?f?%yo%%\flc 8nﬁj_ﬂ¥éojﬁoe%erét om has
been renoved, _and/ or, a_hydrogen at.o f a hydrocar byl ene group has been
oubst | t UCHPTEEAMaS FYEOGHE RGN ndh AYREOSRS S IR Caf T 8EBNT CPREP SR harP
carbon atomand a - drogen atom . OO%%¥ [ Process for Producing

Modi i ed IRt 8FCBPeRR BB EH b‘&fﬁ&?‘jl HYGEYREP IS 2pPBELETAY &

nodi fi ed_conj ugat ed di ene-based polymer of the present invention relates to
a net hod 61 Q53 dRE ngRalBEPERERY B UGEPER BPRRBSBAEE P JeAneEtlenthe
met hod conprising a step of reacting a conjugated di ene-based pol ymer
havi ng mSFeYE haNing @et i iieat Y@ mih Was fhug il eveha tol e6np ik oxdnoner
units derived froma conpound represented by Formula (1) and nononer units
derived faremrahasnpesndusiridsdaedity Forarergd)y]l owoup .anAnrageiroret al | i ¢
conpound, and a step of reacting a conpound having a nitrogen atomand a
car bonyl gyreuphaivihgt Aes ulestd tuent pihedecdiina ideer sbomethae$5r e bay ngdt tsul
di ene- based pol yner conprises the nononer units derived fromthe conpound
r epr esentsed abysubatmmtue dl )aniima grantEentrepirdgamd. 0 Podup weiwgihig tao 10% by
wei ght where the total anount of all the nononer units contained in the
conj ugat et rdicena-danech peh Wiel ek s tt @ke myaly oV bymvef @it amBhé Ri:Soug ] R12
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
substituted with a divalent group. A hydrocarbyl group having
15 a substituent (hereinafter sometimes referred to as a
substituted hydrocarbyl group) represents a monovalent group
having a structure in which at least one hydrogen atom of a
hydrocarbyl group has been substituted with a substituent. A
hydrocarbylene group having a heteroatom (hereinafter
20 sometimes referred to as a heteroatom-containing
hydrocarbylene group) represents a divalent group having a
structure in which a carbon atom other than a carbon atom from
which a hydrogen atom has been removed, and/or a hydrogen atom

of a hydrocarbylene group has been substituted with a group

25 having a heteroatom (an atom other than a carbon atom and a



R171 9) R/ 3(1) 20R15R14 12,, Rl14 wherein R |, Rand R2-5 each independently
represent a hydrogen atom or an al kyl group; at |east one group sel ected
from R11, Rn, Rn, R14115 i and Rs an al kyl group; R16, Rl7 and R18 each

i ndependently represent a hydrogen atom or a hydrocarbyl group; R19
represents a hydrocarbyl ene group; k is 0 or 1, 5 wherein the conpound
represented by Fornula (2) consists of carbon atons and hydrogen atons;
R20, R21 R22 R23 and R24 are all hydrogen atons or two or nore groups

selectedﬂy&ygégghaggéu
[0010]
[Process for Producing Modified Conjugated Diene-Based
Polymer]

5 The method for producing a modified conjugated
diene-based polymer of the present invention relates to a method
for producing a modified conjﬁgated diene-based polymer, the
method comprising a step of reacting a conjugated diene-based
polymer having monomer units derived from a conjugated diene

10 compound, 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 a compound having a nitrogen atom and
a carbonyl group with the resulting product, wherein the

15 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 10% by weight where the total
amount of all the monomer units contained in the conjugated

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

(1

20

wherein R', R'?, R'}, R and R'® each independently represent

a hydrogen atom or an alkyl group; at least one group selected



R22 -23 x. and R24 are linked to formone or nore ri ngs consisting of
carbon atons including the carbon atons to which the groups , Rn, -n 10 are
attached and each of the rest of R20, R21.( and R24 is a hydrogen atom
R25, R26 and R27 each independently represent a hydrogen atomor a
hydr ocar byl group. [0011] <Conjugated Di ene-Based Pol ynmer> 15The conj ugat ed
di ene- based pol yner has a nononer unit derived froma conjugated di ene
conpound, a nononer unit derived froma conpound represented by Fornula (1)
, and a Qe Uyt Bi V. B3 .ggﬂ repr.esent eds by 1For nul_as (2) .
Exanpl es of t he ’cory‘nj Ug?t éd di é{rllgr%orr%%trj%g el uggéfoiléj’l, -’bbﬁt ad”.“gé%
i soprene,_ 1.3-pentadiene, 2.3 -dinethyl, -.1 3 -butadiene nd 1,3

eecn REGENEIE 1 ERpEPs SR { idenate™ ot ddth bt

- hexadi en

i ne i refagred. .
I sopre egf%d%faﬁﬁ represents a hydrocarbylene group; k is 0 or 1,

5 wherein the compound represented by Formula (2) consists of

carbon atoms and hydrogen atoms; R?°, R?!, R??’, R?’ and R* are
all hydrogen atoms or two or more groups selected from R?*°, R??,
R*?, R*> and R* are linked to form one or more rings consisting
of carbon atoms including the carbon atoms to which the groups

10 are attached and each of the rest of rR%°, R?', RrR??, R% and R*
is a hydrogen atom; R**, R?*® and R?’ each independently represent
a hydrogen atom or a hydrocarbyl group.
[0011]
<Conjugated Diene-Based Polymer>

15 The conjugated diene-based polymer has a monomer unit
derived from a conjugated diene compound, a monomer unit derived
from a compound.represented.by'Formula (1), and a monomer unit
derived from a compound represented by Formula (2).

Examples of the conjugated diene compound include
20 1,3-butadiene, isoprene, 1,3-pentadiene,

2,3-dimethyl-1,3-butadiene, and 1,3-hexadiene. One or more



[0012] In Formula (1) , R1-1, R12, R13 R14 and -15 x each independently 5
represent a hydrogen atom or an al kyl group, and at |east one of Rn, Rn, R14
and R15 is an al kyl group. [0013] The nunber of the carbon atons of each of
t he al kyl groups of R11l, R12, R13 R14 and -15 X
Is preferably 1 to 8, nore preferably 10 1 to 5, even nore preferably 1 to
2, particularly preferably 1. [0014] Exanples of the al kyl groups of R11,
Rn, Rn, -14 x and R15 include a nmethyl group, an ethyl group, a proPyl

group, a 0 ut yl -g [QUR,. & sec-butyl
group, a?n;?éiﬁtéﬁ %;fgﬂ%l,engah Saegfifoou%, 3 %ﬁ%gdl%%eroup, S%ﬁ)ggnﬁ 6§tyl group.
[0015] preferred.

[0012]

In Formula (1), RY™, rR'?, R??, R" and R'® each independently
5 represent a hydrogen atom or an alkyl group, and at least one
of RY, R'?, R, R'" and R'® is an alkyl group.
[0013]
The number of the carbon atoms of each of the alkyl groups
of R*, R'?, R*’, R™ and R' is preferably 1 to 8, more preferably
10 1l to 5, even more preferably 1 to 2, particularly preferably
1.
[0014]
Examples of the alkyl groups of R'!, R'?, R!?, R and R'®
include a methyl group, an ethyl group, a propyl group, an
15 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.
[0015]
Each of the alkyl groups of RY, R!?, R}, R and R'® is
20 preferably an alkyl group which is bound to a benzene ring via
a carbon atom to which one or more hydrogen atoms are bound,
more preferably an alkyl group which is bound to a benzene ring
via a carbon atom to which two or more hydrogen atoms are bound,
even more preferably a linear alkyl group.

25 [0016]



Each of the alkyl groups of Rl , Rn, Rn, R14 and R15 is 20 preferably an
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 which is
bound to a benzene ring via a carbon atomto which two or nore hydrogen
atons are bound, even nore preferably a linear al kyl group. 25[0016]

Each of the al kyl groups of Rl11l, R12, R13, Rl14 and R3-5 is preferably a

met hyl group, an ethyl group, a n-propyl group, a n-butyl group, or a

n-pentyl groupg, r%fprt%%e%g?%%l%rg%&}gyIofgg\mup fe amset hyd HPys eyen nore

preferably a methyl group. ef erably, one to’'three groups Sel ected
fromR', @1%, 1%%4 nls R 1R and R are gkkxl ﬁroups and t he. remai ni ng
groups ard Harogen Sl sy IWEFEURr ef8r SHYT SRh8UBr v R RYs Tet@t ed from
R', R12, R13b EB 4 and R15 are alkgk groqgg, and t he renginin 10 groups
are hydr SgBn P EisdT PR 1T @ DDyl ITouP o KT BEFESTEY LY dHEP YR, 2,
R13, R3.4 and R15 is an alkyl group and the remaining four groups are

hydr ogen Rt X pfef %g%fﬁ%?]‘igo Gt G OPTRESTARIY arfie FAYL | F P al kyl

ITOUPs 10017
| Preferably, one to three groups selected from R'', Rr'?,
R, R and R'® are alkyl groups, and the remaining groups are
hydrogen atoms. More preferably, one or two groups selected

12

from R"™, R, R?, R and R'® are alkyl groups, and the remaining

10 groups are hydrogen atoms.
[0018]

13 R and RY® is

When one group selected from R', R'?, R
an alkyl group and the remaining four groups are hydrogen atoms,
preferably any one group of R'?, R and R is an alkyl group

15 and the remaining four groups are hydrogen atoms.
[0019]

13

When two groups selected from R*?, R!?, R'?, R'™ and R'® are

alkyl groups and the remaining three groups are hydrogen atoms,

11

preferably, R 14

and R'® are alkyl groups and R*?, R and R!® are
20 hydrogen atoms, or R' and R™ are alkyl groups and R'?, R and
R?® are hydrogen atoms, or R'? and R are alkyl groups and R,
13 15
R™® and R are hydrogen atoms.
[0020]

When three groups selected from R'', R'?, R'®, R and R'®

25 are alkyl groups and the remaining two groups are hydrogen atoms,



15 and the remaining four groups are hydrogen atons. [0019] Wen two groups
selected fromRn, R2, R3, -14

.K‘and R15 are al kyl groups and the remaining three groups are hydrogen
atons, preferably, R | and R3-3 are al kyl groups and R12 , R14 and R15 are
20 hydrogen atonms, or Rl and R3-4 are al kyl groups and R12, R13 and R15
are hydrogen atons, or R12 and R14 are al kyl groups and R', R2-3 and RI-5
are hydrogen atons. [0020] Wen three groups selected fromR', Rl12, R13,

-14 E. a RS re,ial kythb s d.t r i.ni.n 201 0 sare
hydrogeanionsf§§B$% erab yfg&ﬁ%? ﬁ%%ag%%®&l§g§P§sagﬁérQbr%%%ggéﬁ%r?uz and
R14 are r}%(ﬁd#ro en ae'E OB, [0021] In Formula (1) , R16, R17 and R18 each

i ndepende reptr &%ent a hydrogen atom or a hydrocarbyl group. Exanpl es

of the hx[gj'o ca]r byl group include an al kyl group, an al kenyl group, an aryl
group, a aryl al kyl group. Exanples of the al kyl group include a nethyl

G oup, an | sobdryFaERBE: @x0 ke But PhagRuRAch RadSAsRAnGaoup,
n- pentyl group, a n-hexyl group, a n-heptyl group, and a n-octyl group.
ExanpPes PRGREH ReRYAT g8l §TR O de Y3 esATrrbggoup -1- EK@E@%?F @f oup,
2- propenyl group, an isopropenyl group, and a 1-butenyl group. Exanples of
the aryl Grobpdrechrubylagpianyincduggpan alikylygrgupumn alkenyl group,
~an aryl group, and an arylalkyl group. Examples of the alkyl
group include a methyl group, an ethyl group, a n-propyl group,
an isopropyl group, a n-butyl group, an isobutyl group, a
10 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 include a vinyl group, é l-propenyl group,
2-propenyl group, an isopropenyl group, and a 1-butenyl group.
Examples of the aryl group include a phenyl group, a tolyl group,
15 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 hydrocarbyl group, the R*¢ or RY is
preferably an alkyl group or an alkenyl group, more preferably
20 an alkenyl group. When R is a hydrocarbyl group, the R'® is
preferablyh'an alkyl group, an alkenyl group, or an aryl group.
[0023]
When Rlsl, R'” or R'® is a hydrocarbyl group, the number of

the carbon atoms of the R'®, R'Y or R'® is preferably 1 to 10.

25 When R'®, R or R!® is an alkyl group, the number of the carbon

10



15 a xylyl group, and a naphthyl group. Exanples of the arylal kyl group

i nclude a benzyl group and a 2-phenyl -1-ethyl group. [0022] When R16
or"R17 is a hydrocarbyl group, the R16 or R17 is preferably an al kyl group
or an al kenyl group, nore preferably 20 an al kenyl group. Wen R18 is a
hydr ocar byl group, the R18 is preferably an al kyl group, an al kenyl group,
or an aryl group. [0023] When R16 , R17 or R18 is a hydrocarbyl group, the
nunber of the carbon atons of the RL6, R17 or R18 is preferably 1 to 10. 25

the R 627 S A% T o ot S¥ably T 5 © i ok & i ot PR (0 2

the RI-6, RL7 or RI-8 1s prefera to 2;

of the REESREPRY 158 7 Tl &1 dufy 2obeke, L ROPETSAPEPRBTy 58 and
of Uhe RIBAIRE? oG CREBPEoR, 8 HPaI R A0l B 1 8. 01 0541° MU TREATLY o
Bt o, W 5008 L AETABPY S S EFEGRH d oAV B Kyt ] B S Lsodermnitt o0

prefegabky a hydrogen atom [0025] -18

roup, the number of the carbon atoms of the R'®, R’

or R' is

more preferably 6 to 8.
[0024]

R'® or R' is preferably a hydrogen atom or an alkenyl group
having 2 to 6 carbon atoms, more preferably a hydrogen atom or

10 a vinyl group, even more preferably a hydrogen atom.

[0025]

R!® ig preferably a hydrogen atom, an alkyl group having
1 to 6 carbon atoms, an alkenyl group having 2 to 6 carbon atoms,
or an aryl group having 6 to 8 carbon atoms, more preferably

15 a hydrogen atom, a methyl group, a vinyl group, or a phenyl group,
even more preferably a hydrogen atom.

[0026]
In Formula (1), k represents 0 or 1, preferably 0.
[0027]

20 In Formula (1), R' represents a hydrocarbylene group.
Examples of the hydrocarbyiene group include an alkanediyl
group and an arylene group. Examples of the alkanediyl group
include a methylene group and a polymethylene group. Examples
of the polymethylene group include an ethylene group, a

25 trimethylene group, a tetramethylene group, a pentamethylene

11



Kis preferably a hydrogen atom an al kyl group having 1 to 6 carbon atons,
an al kenyl group having 2 to 6 carbon atons, or an aryl group having 6 to 8
carbon atons, nore preferably 15 a hydrogen atom a nethyl group, a vinyl
group, or a phenyl group, even nore preferably a hydrogen atom [0026] In
Formula (1), k represents O or 1, preferably 0. [0027] 20In Formula (1) ,
R18 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 y, groupn g g%%g?qﬁé;?%gﬁieé%é ggugr Ouﬂﬁ%ﬂglés%%l %’ﬂ@%’i}é)l%ﬁ% Y-

Exanpl es of the polyr ncl u n ethyl'ene group,

trinmet hyl. 0 t et ranet hyl ene group, a pentanethylene group, and a
hexanethﬂ%gﬁég%%gﬁsﬁl gﬁ%ﬁ%é”%%“%he aryl ene group include a phenyl ene

group. [q%ﬁ?B The nunber of the carbon atons of R19 is preferably
l1to 5 8§, ré preferably 1 to 5, even nore preferably 1 to 3. [0029]

R19 is preferably an al kanediyl grqup having 1 to 8 carbon atons, nore
preferably a r’rg{“ﬁ‘yméﬂgeﬁr% p?ﬁ/%r B ARy PENB g SUBT RASTAGLY 1d% carbon

atons, even nore preferahly a
5 8, more preferably 1 to 5, even more preferably 1 to 3.

[0029]

RY is preferably an alkanediyl group having 1 to 8 carbon
atoms, more preferably a methylene group, or a polymethylene
group having 2 to 5 carbon atoms, even more preferably a

10 methylene group, an ethylene group, or a trimethylene group.
[0030]

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

a compound in which R'®, R'” and R'® are hydrogen atoms, k is 0,

13, R™ and R*® is an alkyl group

one group selected from R'!, R'?, R
15 and the remaining four groups are hydrogen atoms include
2-methylstyrene, 2-ethylstyrene, 2-propylstyrene,
2-butylstyrene, 2-pentylstyrene, 2-hexylstyrene,
3-methylstyrene, 3-ethylstyrene, 3-propylstyrene,
3-butylstyrene, 3—pentylsty£ene, 3-hexylstyrene,
20 4-methylstyrene, 4-ethylstyrene, 4-propylstyrene,
4-butylstyrene, 4-pentylstyrene, and 4-hexylstyrene.
[0031] |
Of the compounds represented by Formula (1), examples of
a compound in which R'®, R'” and R!® are hydrogen atoms, k is 0,

12 13
+ R77,

25 two groups selected from R, R R™ and R'® are alkyl groups

12



10 net hyl ene group, an ethylene group, or a trinethylene group. [0030]

O the conmpounds represented by Forrmula (1) , exanples of a conpound in
whi ch R16, R1-7 and R1-8 are hydrogen atons, k is 0, 12, R13, R A and -15
one group selected fromRl1l, R s an alkyl group 15 and the remai ning four
groups are hydrogen atons include 2-nethyl styrene, 2-ethylstyrene,

2- propyl styrene, 2-butylstyrene, 2-pentylstyrene, 2-hexylstyrene,

3-net hyl styrene, 3-ethyl styrene, 3-propylstyrene, 3- butylstyrene

o N MR SO M A,
[ 0031] é un epLesgnt e or Oixﬁi%gpl§§ of a
;?gﬁggng Inct q¥§%ilf%fzz ahélgi §|§F§n§§ép a?é aIk ups aagothe
renaining ?ﬁd;; éﬁ gﬁﬁ?%ﬁ%ﬁﬁyqqﬂﬁ'(%S%TQ?XXﬂ é%ﬂ% tyrene ,

2,3 -diethyl s tyrene Y 2 3 -dipra yIs tyrene , 2,3 -dibutyls tyrene , 2,3

-pentylszt§F§m¥ 3Hé5M§?Q%M thyl-3rmiefhy L quﬁ%?thls tyrene , 2

ethyl-3 - nethyl S tyrene , 5.2, 4- dlneth yl styrene, 2, 4-diethylstyrene,

008 or G- OISR LI <16 bk 01 35 SEP SREV T Eped i g R ore,

4- dlhexylsiﬁgene , 2 -methyl-4 - ethyl s tyrene , 2 -e thyl-4-ne thyl s

yrene , hﬁ?M%ﬁQMWﬁ%he 8- 8igpBENYBSYYEBAe,2 A Blidiemolsiiwisnene,

5-di butyl styrene, 2, 5-dipenty|styrene 2, 5-di hexyl styrene,
2—methy1—4—ethylstyrene, 2—ethyl—4—methylstyrene,

2,
2,
t
2

2,5-dimethylstyrene, 2,5-diethylstyrene, 2,5-dipropylstyrene,
2,5-dibutylstyrene, 2,5-dipentylstyrene, 2,5-dihexylstyrene,

10 2-methyl-5-ethylstyrene, 2-ethyl-5-methylstyrene,
2,6-dimethylstyrene, 2, 6-diethylstyrene, 2, 6-dipropylstyrene,
2,6—dibutylstyrene,2,6—dipentylstyrene,2,6—dihexylstyrene,
2-methyl-6-ethylstyrene, 2-ethyl-6-methylstyrene,
3,4-dimethylstyrene, 3,4-diethylstyrene, 3,4-dipropylstyrene,

15 3,4-dibutylstyrene, 3,4-dipentylstyrene, 3,4-dihexylstyrene,
3-methyl-4-ethylstyrene, 3-ethyl-4-methylstyrene,
3,5-dimethylstyrene, 3,5-diethylstyrene, 3,5-dipropylstyrene,
3,5-dibutylstyrene, 3,5-dipentylstyrene, 3,5-dihexylstyrene,
3-methyl-5-ethylstyrene, and 3-ethyl-5-methylstyrene.

20 [0032]

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

a compound in which R'®, R'” and R'® are hydrogen atoms, k is 0,
three groups selected from R'', R!?, R'?, R and R!® are alkyl
groups and the remaining two groups are hydrogen atoms include

25 2,3,4-trimethylstyrene, 2,3,4-triethylstyrene,

13



10 2 -methyl- 5- ethyl s tyrene , 2 -e thyl - 5 -nethyls tyrene , 2,6
-dinmethyls tyrene , 2,6 -di ethyls tyrene , 2,6 -dipropyls tyrene , 2
-dibutyls tyrene , 2,6 -dipentyls tyrene , 2,6 -dihexyl s tyrene ,
-methyl - 6-ethyls tyrene , 2 -ethyl - 6 -nmethyls tyrene ,

3, 4-dinet hyl styrene, 3,4-diethylstyrene, 3,4-dipropylstyrene, 15

3, 4-di butyl styrene, 3, 4-dipentylstyrene, 3, 4-di hexylstyrene, 3
-nmet hyl-4-ethyls tyrene , 3 - ethyl-4 -nethyls tyrene ,
3, 5-di
3,

1O T B e e e
DAL B R |, 0
16 T R S D L gt g el o
2.3.0 ?fi@ﬂ{ﬁdLt?%%ra@?@tfl”s‘its%r”e%#???pfip% rsqgn%%'éﬂet%‘%érfémy i but yl styrene,

4 tripentyl styrene, 2,3,4-trihexylstyrene, 2,3,5-trinethylstyrene,
tri‘eth yﬁy‘é%wylfty@%qfl Gy Sriiheterlstyrene ri but yi styrene, 5

, 6
2

tripentyl styrene, 2,3,5-trihexylstyrene, 2,3,6-trinethylstyrene,
tr|2@t3hy€/ ety 15 Y Ene i gy Sisieie lstyr@nar i but yi styr ene,
trlpentylstyrene 2,3,6-tri hexyl styrene, 2,4,5-trinethylstyrene,

, 52
5-
6-
6-
5- trEbﬁhﬁﬁﬂqﬁnﬂﬂﬂylﬁlyzene}tZﬁ%ﬁ&ngﬂkhquxﬁﬁiyﬁgﬂEB-tributylstyrene
5-
6-
6-
5-

tripentylstyrene, 2,4,5-trihexylstyrene, 2,4,6-trinethylstyrene,
t r i2et3hyi-Stryipemey 15 A erta i [,y stnyirtene; 1 <X vicehnd r i but yl st yr ene,
tripentylstyrene, 2,4,6-trihexylstyrene, 15 3,4,5-trinethylstyrene,

t r i2etdh\H-sinimertdy 13 g rierid | [@,0pyE -sindreile; 1 sk vicdnd 1 1 but yl styrene,
, 5-tripentyl styrene, and 3,4,5-tri hexyl styrene. [0033]

TONpeydS Hefasaitlect yerfeor mula -lr ibexandasered, 20 a conpound in
ich RI6, R17 and R18 are hydrogen atonms, k is 1, 19

2,4,5-tripentylstyrene, 2,4,5-trihexylstyrene,

r"’C.'t.)C.JLJI\.')l\)l\)l\)l\.')l\)I\)I\)I\.)

-
"TDPRARPRABRABEDWOLOWWLOWS

%

2,4,6—trimethylstyrene, 2,4,6-triethylstyrene,
2,4,6-tripropylstyrene, 2,4,6-tributylstyrene,
2,4,6-tripentylstyrene, 2,4,6-trihexylstyrene,

15 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]
Of the compounds represented by Formula (1), examples of

20 a compound in which R'®, R and R'® are.hydrogen atoms, k is 1,
.Rw is a methylene group, one group selected from R'!, R'?, R'3,
R' and R'® is an alkyl group and the remaining four groups are
hydrogen atoms include 2-methyl-1-(2-propenyl)benzene,
2-ethyl-1-(2-propenyl)benzene,

25 2-propyl-1-(2-propenyl)benzene,

14



R is a nethylene group, one group selected fromR11l, R12 R13, R14 and R15
is an al kyl group and the remai ning four groups are hydrogen atons incl ude
2-met hyl - 1- (2- propenyl ) benzene, 2-ethyl-1-(2-propenyl)benzene, 25

2- propyl- 1-(2-propenyl )benzene, 2-butyl-1-(2-propenyl)benzene,

3- et hyl - 1- (2- propenyl ) benzene, 3-ethyl-1-(2-propenyl)benzene,
3-propyl-1-(2-propenyl )benzene, 5 3-butyl-1-(2-propenyl)benzene,

4- et hyl - 1- ( 2- propenyl)benzene 4- et hyl - 1- (2- pr openyl ) benzene,

4- propyl-yl( 4~ qpeayé%§ﬁ$%§Q§ %ﬁy% butyI 1- (2- propenyl ) benzene. 10[ 0034]

O the conpounds repr ‘a (1), exanples of a conpound in

whi ch Rl% n%% nd_L 3f28§£ﬂ§%‘dr]&%fn tom; kis 1, R19 is a nmethylene group,

two groups se " R14 and R15 are al kyl groups having

1to 8 carb nms,.and t he renalnlng t hree groups are hydrogen atons
i ncl ude chi ﬁ"eﬁ‘n fafr(of%}yé@ zene

2, 3-di et en benze 3-di propyl- 1-(2-propenyl ) benzene,
2, 3-di bu%?rf—q %eﬁ{ﬂ%%ﬁééﬁ%e Z3'©, 4- di met hy1- 1- ( 2- propenyl ) benzene,

2, 4- dlet 1 1- (2 pro enyl)benzene 2, 4-di propyl- 1- ( 2- propenyl ) benzene,

2, 4- dP buty PRI 6% &ffgizeniey. di et hy1- 1- ( 2- propenyl ) benzene, 25
2, 5-di ethyl-1-(2-propenyl )benzene 2, 5-di propyl- 1- (2-propenyl ) benzene,

2, 5- di buty ety gro sEASrREnZER i et hy1- 1- ( 2- pr openyl ) benzene,

2, 6-di et hyl-1-(2-propenyl)benzene, 5 2, 6-dipropyl-1-(2-propenyl)benzene,
2,6 dibuﬁyﬁﬁbﬂkﬁkﬂ6b€mﬁ9¢mm@éﬁé¥eﬁabdinethyl-l-(z-propenyl)benzene

3,4-di ethyl-1-(2-propenyl)benzene, 3, 4-dipropyl-1-(2-propenyl)benzene,

4-propyl-1- (2-propenyl)benzene, and
4-butyl-1-(2-propenyl)benzene.

10 [0034]

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

a compound in which R'®, R and R'® are hydrogen atoms, k is 1,
R* is a methylene group, two groups selected from R!!, R'?, R!3,
R' and R'® are alkyl groups having 1 to 8 carbon atoms and the

15 remaining three groups are hydrogen atoms include
2,3-dimethyl-1- (2-propenyl)benzene,
2,3—diethyl—l—(2;propenyl)benzene,
2,3-dipropyl-1-(2-propenyl)benzene,
2,3-dibutyl-1-(2-propenyl)benzene,

20 2,4-dimethyl-1- (2-propenyl)benzene,
2,4-diethyl-1- (2-propenyl)benzene,
2,4-dipropyl-1-(2-propenyl)benzene,
2,4-dibutyl-1-(2-propenyl)benzene,
2,5-dimethyl-1-(2-propenyl)benzene,

25 2,5-diethyl-1-(2-propenyl)benzene,

15



10 3, 4-di butyl-1-(2-propenyl)benzene, 3,5-di nethyl-1-(2-propenyl)benzene,
3,5-di ethyl-1-(2-propenyl)benzene, 3,5-dipropyl-1-(2-propenyl)benzene, and
3,5-di butyl-1-(2-propenyl)benzene. 15[ 0035] O the conpounds
represented by Fornula (1), exanples of a conmpound in which R16, R17 and
R 8 arehydrogen atons, k is 1, R19 is a nethylene group, three groups
selected fromRil, 121-2, R13, R1-4 and R15 are al kyl groups and the
remai ni ng two groups 20 are hydrogen atons incl ude

g g j H: gﬁ\;%bfjoféapr openg%g) gengeqr}%nzene’
, 5-
i %%{l%f’teé &PL%E%& A AR hasme,

&R o et )nge“éﬁz»%nzene,

5-

6-

6-
, 5-trimet Jh(y(z prope benzene,
5-

6

6

5-

2,3
2,3
2, 3,
2,3
2,4
2, 4, 5-t ri%etn Sldferizene,

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

2,4, 62t r i2eth fpfo@zflprlod@nﬂl)oé??ﬁ%’étﬂé’enzene'

3,4,5-trinmeth 2- propenyl ) benzene, and

3, 4, 5-t rietth ]}blL PrdpemHoRRAdRenge36] Of the conpounds represent ed
by Formula (1), exanples of 10 a conmpound in which R16, R 7 and R 8

ar ehydr ogerd -atioedhwid -ls (R-rRI®eny labagideriesne group, one group sel ected
fromRl1l, R12, R13, R14 and R15 is an al kyl group and the remaining four
groups are 4r@dedden -dt-dis onegandd ) bamstengd - 1- ( 3- but enyl ) benzene,

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

2- but yl - B-, @3-dimtremyilHien2emeopenydt) ehzkr(e3- but enyl ) benzene,
3-ethyl-1-(3-butenyl)benzene, 3-propyl-1-(3-butenyl)benzene,

3- bur §1- B-, @3-dittenyl-Jibarzerepehyintbatzeh,3- but enyl ) benzene,

4- et hyl - 1- (3- but enyl ) benzene, 4-propyl-1-(3-butenyl)benzene, and

4- but yl - B, (63-dinleeyl1)-nenzerop2@A03&nzene,

3,5-diethyl-1- (2-propenyl)benzene,
3,5-dipropyl-1- (2-propenyl)benzene, and
3,5-dibutyl-1- (2-propenyl)benzene.
15 [0035]
Of the compounds represented by Formula (1), examples of
a compound in which R'®, R'? and R'® are hydrogen atoms, k is 1,
R' is a methylene group, three groups selected from R, R!?,
R, R'" and R' are alkyl groups and the remaining two groups
20 are hydrogen atoms include
2,3,4-trimethyl-1- (2-propenyl)benzene,
2,3,4-triethyl-1- (2-propenyl)benzene,
2,3,5-trimethyl-1- (2-propenyl)benzene,
2,3,5-triethyl-1-(2-propenyl)benzene,

25 2,3,6-trimethyl-1-(2-propenyl)benzene,

16



Of the conpounds represented by Fornula (1), exanples of a conpound in
which R16, R 7 and R 8 arehydrogen atons, k is 1, R18 is an ethyl ene group,
two groups selected fromR11l, R12, R13, R14 and R15 are al kyl groups and
the remaining three groups are 25 hydrogen atons incl ude
2, 3-di met hyl- 1- ( 3- but enyl ) benzene, 2, 3-diethyl-1-(3-butenyl)benzene,
- di propyl-1-(3-butenyl ) benzene, 2, 3-dibutyl-1-(3-butenyl)benzene,
nethyl 1-(3- butenyl)benzene 5 2,4-diethyl-1-(3-butenyl)benzene,
i 1-cl-( {#H&ﬁ ) HEQRQE y1-1-(3-butenyl)benzene,
i )é 6 (% uteny]1 (%g Zerie éléoeg{%y’l-l (3-but enyl ) benzene, 10
i 1- yl.) benzene di_but 1 1- ( 3- but enyl ) benzene,
i t y ,_51_?(%%&%/%']) éjery]gbcﬁ% ’-1- (3- but enyl ) benzene,
i 1-1- (3-huyteny enzene 2, 6- dlbutyl 1- (3- but enyl ) benzene,
i 5%t%§£§%{§n @% iﬁ% 171- 1- (3- but enyl ) benzene,
i 3- yI)benzene 3,.4- dlbutyl 1- (3- butenyl ) benzene, 20
i é%ér &ﬁayﬂyb@%ﬂ¥999e¥¥%?QﬁQﬁQ$fi-1 ('3- but enyl ) benzene,
dlpropyl 1- (3- butenyl ) benzene, and 3, 5-di butyl-1-(3-butenyl)benzene.
0038} 25GH toré Rﬁﬂﬁﬁﬁhﬂ%rQ%ﬂﬁﬁ?&ﬁﬁﬁ%fhﬁﬁ#%ﬁ%mla (1), exanples of a
conpound i n which - R1-7 and R18 are hydrogen atons, k is 1, Rl19 is an
et hyl ene 3grfowp, trtweetéwdr oups RreRaredt enReRel, P, R13, R14 and R15 are
al kyl groups and the renaining two groups are hydrogen atons include 5
2, 3, 4-t r i3mét, By tri-g3nhutlenid bemeend, ) et ehd r i et hyl- 1- ( 3- but enyl ) benzene,
2,3,5-trimethyl-1-(3-butenyl)benzene, 2,3,5-triethyl-1-(3-butenyl)benzene,
2,3, 6-trilPx3i1- 1- ( 3- but enyl ) benzene, 10
2,3,6-triethyl-1-(3-butenyl)benzene, 2,4,5-trinmethyl-1-(3-butenyl)benzene,
2, 4, 5-tri et hy10%- ¢ Be hrdmpydn)die rzpire s e tebbi rEdmidal -(19) ( Sehakpedys )JdEnzene,
2,4,6

1

000000000

U'IU'I-b-hCDCDU‘IO‘I-h-bOO’

2
2
2
2
2
2,
2
3
3
3
3,
[

-triethyl-1-(3-butenyl)benzene,
0 a compound in which R'®, R'” and R'® are hydrogen atoms, k is 1,

R is an ethylene group, one group selected from R!!, R'?, R!3,
R' and R' is an alkyl group and the remaining four groups are
hydrogen atoms include 2-methyl-1-(3-butenyl)benzene,
2-ethyl-1-(3-butenyl)benzene, 2-propyl-1-(3-butenyl)benzene,

15 2-butyl-1-(3-butenyl)benzene, 3-methyl-1-(3-butenyl)benzene,
3-ethyl-1-(3-butenyl)benzene, 3-propyl-1-(3-butenyl)benzene,
3-butyl-1-(3-butenyl)benzene, 4-methyl-1-(3-butenyl)benzene,
4—ethy1—l—(3—butenyl)benzene, 4d-propyl-1-(3-butenyl)benzene,
and 4-butyl-1-(3-butenyl)benzene.

20 [0037]

0f the compounds represenﬁediby'Formula (1), examples of

a compound in which R'®, R'7 and R'® are hydrogen atoms, k is 1,
R is an ethylene group, two groups selected from RY!, R!2, R!3,
R' and R' are alkyl groups and the remaining three groups are

25 hydrogen atoms include 2,3-dimethyl-1-(3-butenyl)benzene,

17



15 3,4,5-trinmethyl-1-(3-butenyl)benzene, and
3,4,5-triethyl-1-(3-butenyl)benzene. [0039] O the conpounds
represented by Fornmula (1), exanples of a conpound in which R16, R17 and
R 8 arehydrogen atonms, k is 1, 20 R19 is a trinethylene group, one group
selected fromR |, R12, R13, R14 and R3-5 is an al kyl group and the
remai ni ng four groups are hydrogen atons include

2-met hyl - 1- (4- pent enyl ) benzene, 2-ethyl -1-(4-pentenyl)benzene,

2- propyl-;l-{ 4e.nent.anyl ) benzane. 2 - | - 1- (4- pent enyl ) benzene,
3- et hyl 2}% jhlpent eny]l ) enzene,3/']3')-50e%h%/)e'fﬁ - (4- pent enyl ) benzene,

3-propyl-,1-{4-pente yj%p 1zene -hut yl - 1- (4- pentenyl ) benzene, 5

4- et hyl %35 ﬂlﬁ)eﬁﬂpé&yl bgﬂﬁoelﬂ:e%nyi)&%e-rf’( 4- pent enyl ) benzene,

4- propyl-1-(4:-pentenyl)henzene, d 4-butyl-1-(4-pentenyl)benzene. [0040]
10OF the &ﬂﬁﬁbﬂﬁii“ TRY '%Hnﬁi%ﬁﬂ?ﬁﬂ%x(l), exanpl es of a compound in

which R16, Rl17 and R18 are hydrogen atons, k is 1, R9 is an ethylene
group, tvo LGrHdREest elct GritiRRReTREEnE. R .3, R14 and R15 are al kyl
groups and the remaining three groups are hydrogen atons include
2,3-d?neﬁhﬁf@ﬂ%QhX%ﬂﬂTJ%nQQﬁﬁﬂﬁiﬂQeQEﬁgﬁ6-diethyl-l-(4-penteny|)benzene,
2,3-dipr%ﬁyl-l-(4-pentenyl)benzene, 2,3-di butyl-1-(4-pentenyl)benzene,

, 4- di metdyA-ERRRENt lenA YErerene benzend et hy1- 1- ( 4- pent enyl ) benzene, 20

di propyl- 1- (4-pentenyl)benzene, 2,4-dibutyl-1-(4-pentenyl)benzene,

di met2hy-di-qutperit-edHbummeanderzenali et hyl - 1- (4- pent enyl ) benzene,
d

i propyl-1-(4-pentenyl)benzene,
2,5-dimethyl-1- (3-butenyl)benzene,

2, 4-
2, 4-
2, 5-
2, 5-
2,5-diethyl-1-(3-butenyl)benzene,

10 2,5-dipropyl-1- (3-butenyl)benzene,
2,5-dibutyl-1-(3-butenyl)benzene,
2,6-dimethyl-1- (3-butenyl)benzene,
2,6-diethyl-1-(3-butenyl)benzene,
2,6-dipropyl-1-(3-butenyl)benzene,

15 2,6-dibutyl-1-(3-butenyl)benzene,
3,4-dimethyl-1- (3-butenyl)benzene,
3,4-diethyl-1-(3-butenyl)benzene,
3,4—dipropyl—l—(3—buten§l)benzene,
3,4-dibutyl-1-(3-butenyl)benzene,

20 3,5-dimethyl-1-(3-butenyl)benzene,
3,5—diethyl—l—(3—buteﬁyl)benzene,
3,5-dipropyl-1-(3-butenyl)benzene, and
3,5-dibutyl-1-(3-butenyl)benzene.
[0038]

25 Of the compounds represented by Formula (1), examples of
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5 2,5-di butyl-1-(4-pentenyl)benzen
di et hyl-1- (4- pentenyl ) benzene,
, i butyl-1-(4-pentenyl)benzene,

2 e, , 6-di net hyl- 1- (4- pent enyl ) benzene,
2, 6- 2,6
2,6-d 53
3, 4-di ethyl-1-(4-pentenyl)benzene, 3,4
3,4-d 3,5
3, 5- 3,5

[ 00

2
-di propyl- 1- (4- pentenyl ) benzene,

, 4-di met hyl- 1- (4- pent enyl ) benzene,
-di propyl-1- (4- pentenyl ) benzene,
-d
-d

i butyl-1-(4-pentenyl)benzene, i met hyl-1- (4- pentenyl)benzene, 10
, b-di et hyl- 1- (4- pentenyl ) benzene, i propyl-1-(4-pentenyl)benzene, and

3, 5-di butyl- 1- (4-pent enyl ) benzene. 41} O the conpounds represented by

Formul a (1), ; 6C o] 113 WD 16, 13..17 and R18

ar ehydr ogaér?ogﬁcé?rlsm Eﬁi ‘gﬁﬁ%}?ﬁ%’ iogma%&gt%yl %%%%%J%?e? r?rteoénsgr %uﬁ)g %EI ected

fromR11l,_iRn, R13, and R15 are.al kyl groups and .t remai_pi ng..HwWo

groups are h r%e%t%%b = i%cqliﬁieebf%e,%-g(l%%?glﬁ%-%ﬁ(eﬁﬁgﬁﬁbﬁ/l N Benzene, 20

2,3,4-triagthyll- (4- t enyl ) benzene, .

2,3,5-tr#ﬁét%@%-f§g4§§£ﬁF§%?ﬁ?BEnggﬁgps and the remaining two groups

3,5-triethyl-1-(4-pentenyl)benzene,

3, 6-t r i3t RYATIRIeH paftehyinDeHne,

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

4, 55t r i%vet Hy Teri et tpeklentd Y pererenl) benzene,,

4

4

4

, 5-triethyl-1-(4-pentenyl)benzene,
- t 1 idved My i qunperield i huiemehdenzene,

, 6

,6-triethyl-1-(4-pentenyl)benzene,

t r i2vet -t riinetpentlenid thererene) berraerte,

triethyl-1-(4-pentenyl)benzene.
2,3,5-triethyl-1-(3-butenyl)benzene,

WWNDNDNNDNNDN

4,5
4,5

2,3,6-trimethyl-1-(3-butenyl)benzene,

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

15 3,4,5-trimethyl-1-(3-butenyl)benzene, and
3,4,5-triethyl-1-(3-butenyl)benzene.

[0039]
Of the compounds represented by Formula (1), examples of
a compound in which R'®, R!” and R'® are hydrogen atoms, k is 1,

20 R' is a trimethylene group, one group selected from R!, R!?,
‘R™, R™ and R*® is an alkyl group and the remaining four groups
are hydrogen atoms include 2-methyl-1- (4-pentenyl)benzene,
2-ethyl-1-(4-pentenyl)benzene,
2-propyl-1-(4-pentenyl)benzene,

25 2-butyl-1- (4-pentenyl)benzene,
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[ 0042] O the conpounds represented by Formula (1), exanples of a
conpound in which R16 and R17 are hydrogen atons R18 is a nethyl group, k
is"0, one group selected fromR11l, R12, R13, F:..14 and R15 10 is an al kyl
group and the remai ning four groups are hydrogen atons include

2-met hyl - 1-i sopropenyl benzene, 2-ethyl-1-isopropenyl benzene,
2-propyl- 1-i sopropenyl benzene, 2-butyl-1-isopropenyl benzene,

3-net hyl - 1-i sopropenyl benzene, 3-ethyl-1-isopropenyl benzene,

3-propyl-;l- open _ﬁﬁgﬂgﬁg, D yl - 1-i sopropenyl benzene,
4-nethylj%}¢sogﬂ6§én%% enzen ,1&33%%y -1-i sopropenyl benzene,
4- propyl-;1-] r openy! 1]§99 }%utyl-l-isopropenylbenzene. [0043] O
t he conpé%ﬁ%%gﬁégTég%ﬁgggé%g ﬁonnjé% 1), exanples of 20 a conpound in
whi ch R16, and _R17 .are, hydroge tons, R18 is a vinyl group, k is O, one

R o P R P S

group seledt'éd¥ =% "Hvd R15 is an al kyl group and the
remai ni ng, four _groups areegé%b en atons include

2- (2- met 1 PHeRy D~ ‘2t RFk NZENS. et hyl pheny1l) - 1, 3- but adi ene, 25
2- (2- propyl pheny1) -1, 3- but adi ene, 2-(2-butyl phenyl)-1, 3-but adi ene,
( gret%ggyﬂ)l(. ( yl pheny1)

2-(3- AL 1 SRRR RGNS 2R et hyl phenyl) - 1, 3- but adi ene,
2- (3-propyl phenyl) -1, 3-but adi ene, 5 2-(3-butyl phenyl)-1, 3-but adi ene,
2- (4- met HyigsHeRy D~ @ -Ranferofenzenel.- et hyl phenyl) - 1, 3- but adi ene,
2-(4-proeylphenyl)-1,3-butadiene, and 2-(4-butyl phenyl)-1, 3-but adi ene.
10[ 0044] 4-propylefl -t He ravipuiddergrrsemed by Fornula (1) , exanples of a
conmpound i n which R16 and R17 are hydrogen atons, R18 is a vinyl group, k
is 1, R1g-iityInet-hid-arentprodp beymeng oup sel ected from Rn, R12, R13, R14
and K-15 is an alkyl group and the renaining four
[0040]
10 Of the compounds represented by Formula (1), examples of
a compound in which R'®, R'7 and R'® are hydrogen atoms, k is 1,
R is an ethylene group, two groups selected from R'!, R'?, R!?,
R' and R'® are alkyl groups and the remaining three groups are
hydrogen atoms include 2,3-dimethyl-1-(4-pentenyl)benzene,
15 2,3-diethyl-1-(4-pentenyl)benzene,
2,3-dipropyl-1-(4-pentenyl)benzene,
2,3-dibutyl-1- (4-pentenyl)benzene,
2,4-dimethyl-1- (4-pentenyl)benzene,
2,4-diethyl-1- (4-pentenyl)benzene,
20 2,4-dipropyl-1-(4-pentenyl)benzene,
2,4-dibutyl-1- (4-pentenyl)benzene,
2,5-dimethyl-1- (4-pentenyl)benzene,
2,5-diethyl-1-(4-pentenyl)benzene,
2,5-dipropyl-1-(4-pentenyl)benzene,

25 2,5-dibutyl-1- (4-pentenyl)benzene,
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5 groups are hydrogen atons include

(2- met hyl phenyl ) net hyl- 1, 3- but adi ene,

(2- et hyl phenyl ) nmet hy1- 1, 3- but adi ene,

(2- propyl phenyl ) net hyl- 1, 3- but adi ene,

(2-butyl phenyl ) met hyl- 1, 3- but adi ene, 20

(3- net hyl phenyl ) net hy1- 1, 3- but adi ene,
(3- ethylphenyl)nethyl 1, 3- but adi ene,
(
(
(
(
(

3-pro yI 1, Hﬁggq
3- butylpheny %ggh %% §§buta |e%%§mene’
4- met I thy - 1. 3-but adi.ene
4- eth?y f%?%gfhyl g?%ﬁﬁlggﬁ$nzene
4-pro y1l-1, 3-but adi and
2- (4- but§y6ﬁ2ﬁ§¥cﬁggh31 ‘PR qﬁ%&’ﬁ?ﬁﬁB] Of the compounds represented

by Formul a ( exanmpl es, of 5 a conpound in which RL6 and R1l7 are hydrogen
atons, RY88 g%’“\ﬁy "Il'g(r40LP§ntI8nsY11rg)€i%793r}es' an ethyl ene group, one group

sel ect ed fromR', R2, R13, Rl4 and R15 is an al kyl group and the remaining
four grodpd-ai@eRailogen %taﬂﬁtqrwéi WRpnzene,

2-[2-(2- gfthylphenyl)eth 1] -1, 3- but adi ene, 10

1
2-
2-
2-
2-
2-
2-
2-
2-
2-
2-
2-

2-[2-(2- eyl )€t r]pepmké%ﬁr@ﬁle,
2-[2-(2- propylphenyl)ethyl] 1, 3- but adi ene,
2-[2-(2- t%dlmmml)-ét—ﬂylr]pepwmh \&tinerae
2-[2-(3-net hyl phenyl ) et hyl] -1, 3- but adi ene,
2-[2-(3- étmﬂQﬂhuQMD1ﬁ4ﬁ£ﬂpentbnxhehhnﬂ&neJE
2-[2- (3-propyl phenyl)ethyl] -1, 3- but adi ene,
2-[2-(3- mﬁhﬁmmml)ﬂﬂw}b&&m)mme,

2-[2- (4- et hyl phenyl ) et hyl] -1, 3- but adi ene,

2-[ 214 4- et,mwdamwnﬂt%eheer@maﬁme,

2-[ 2- (4- propyl phenyl ) et hyl] -1, 3-but adi ene, and 20

2- [ 2- (4- butshd ipheytn)-at-hllpeh terBut aslirihe | QAAD] O the conpounds
represented by Fornula (1) , exanples of a compound in which R16 and R17

are hydr ogen BtRim,1 -RLE d- e tdniyl) dirighe K is 1, R19 1S a trinethyl ene
group, one group sel ected 25fron1R11 R12, Rn, R14 and 15 i
[0041]
Of the compounds represented by Formula (1), examples of
15 a compound in which R'®, R!’ and R'® are hydrogen atoms, k is 1,
R is an ethylene group, three groups selected from R, R'?,
R, R and R'® are alkyl groups and the remaining two groups
are hydrogen atoms include
2,3,4-trimethyl-1-(4-pentenyl)benzene,
20 2,3,4-triethyl-1-(4-pentenyl)benzene,
' 2,3,5-trimethyl-1- (4-pentenyl)benzene,
2,3,5-triethyl-1-(4-pentenyl)benzene,
2,3,6-trimethyl-1- (4-pentenyl)benzene,
2,3,6-triethyl-1-(4-pentenyl)benzene,

25 2,4,5-trimethyl-1-(4-pentenyl)benzene,
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n Rs an alkyl group and the remaining four groups are hydrogen atons

include 2- [3- ( 2 -nethyl phenyl ) propyl ] - 1, 3-butadiene, 2- [3-
(2-ethyl phenyl)propyl] -1,3-butadiene, 2- [3- ( 2 -propylphenyl ) propyl ]
-1, 3-butadiene, 5 2- [3- ( 2 -buthyl phenyl ) propyl ] - 1, 3-butadiene,

2,4,5—triethyl—l—(4-pentenyl)benzene,
2,4,6-trimethyl-1- (4-pentenyl)benzene,
2,4,6-triethyl-1-(4-pentenyl)benzene,
3,4,5-trimethyl-1- (4-pentenyl)benzene, and
5 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 0, one group selected from R, rR'?, R'?, R and R'®
10 1is an alkyl group and the remaining four groups are hydrogen
atoms include 2-methyl-l-isopropenylbenzene,
2-ethyl-1l-isopropenylbenzene, 2-propyl-l-isopropenylbenzene,
2-butyl-1l-isopropenylbenzene, 3-methyl-l-isopropenylbenzene,
3-ethyl-1-isopropenylbenzene, 3-propyl-l-isopropenylbenzene,
15 3-butyl-1l-isopropenylbenzene, 4—methyl—1—isopropenylben2ene,
4-ethyl-l-isopropenylbenzene, 4-propyl-l-isopropenylbenzene,
and 4-butyl-l-isopropenylbenzene.
[0043]
Of the compounds represented by Formula (1), examples of
20 a compound in which R'® and R’ are hydrogen atoms, R*® is a vinyl
group, k is 0, one group selected from R}, R'2, R}, RM and RS
is an alkyl group and the remaininé four groups are hydrogen
atoms include 2-(2-methylphenyl)-1,3-butadiene,
2-(2-ethylphenyl) -1, 3-butadiene,

25 2-(2-propylphenyl)-1,3-butadiene,
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2- [3- ( 3 -nethyl phenyl ') propyl] - 1,3-butadiene, 2- [3- ( 3 -
et hyl phenyl ) propyl ] - 1,3 -butadi ene , 2- [3- ( 3 -propyl phenyl )
propyl ] -1, 3-butadiene, 2- [3-

2-(2-butylphenyl) -1, 3-butadiene,
2-(3-methylphenyl) -1, 3-butadiene,
2-(3-ethylphenyl) -1, 3-butadiene,
2-(3-propylphenyl) -1, 3-butadiene,

5 2-(3-butylphenyl) -1, 3-butadiene,
2-(4-methylphenyl) -1, 3-butadiene,
2-(4-ethylphenyl) -1, 3-butadiene,
2-(4-propylphenyl)-1,3-butadiene, and
2-(4-butylphenyl)-1,3-butadiene.

10 [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, R is a methylene group, one group selected from
R'', R, R, R™ and R*® is an alkyl group and the remaining four

15 groups are hydrogen atoms include
2-(2-methylphenyl)methyl-1, 3-butadiene,
2-(2-ethylphenyl)methyl-1, 3-butadiene,
2—(2—propylphenyl)methyl—1,35butadiene,
2-(2-butylphenyl)methyl-1, 3-butadiene,

20 2-(3-methylphenyl)methyl-1,3-butadiene,
2-(3-ethylphenyl)methyl-1, 3-butadiene,
2-(3-propylphenyl)methyl-1, 3-butadiene,
2-(3-butylphenyl)methyl-1, 3-butadiene,
2-(4-methylphenyl)methyl-1, 3-butadiene,

25 2-(4-ethylphenyl)methyl-1, 3-butadiene,
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( 3 -buthyl phenyl ) propyl ] -1,3-butadiene, 10 2- [3- ( 4 -nethyl phenyl )

propyl ] - 1,3-butadiene, 2- [3- ( 4 - ethylphenyl ) propyl | -
1,3-but adi ene, 2- [3- (4-propyl phenyl)propyl] -1, 3-butadiene, and 2- [3- (
4- but hyl phenyl ) propyl ] - 1, 3-butadiene. [0047] 15O the conpounds

represented by Formula (1) , exanples of

2-(4-propylphenyl)methyl-1, 3-butadiene, and

2-(4-butylphenyl)methyl-1, 3-butadiene.

[0045]

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

5 a compound in which R'® and R'’ are hydrogen atoms, R'® is a vinyl

group, k is 1, R is an ethylene group, one group selected from

R, R'?, R??, R and R'® is an alkyl group and the remaining four

groups are hydrogen atoms include

2-[2-(2-methylphenyl)ethyl]-1,3-butadiene,

10 2-[2-(2-ethylphenyl)ethyl]-1,3-butadiene,
2-[2-(2-propylphenyl)ethyl]-1, 3-butadiene,
2-[2-(2-buthylphenyl)ethyl]-1, 3-butadiene,
2-[2-(3-methylphenyl)ethyl]-1,3-butadiene,
2-[2-(3-ethylphenyl)ethyl]-1,3-butadiene,

15 2-[2-(3-propylphenyl)ethyl]-1, 3-butadiene,
2-[2-(3-buthylphenyl)ethyl]-1,3-butadiene,
2-[2-(4-methylphenyl)ethyl]-1, 3-butadiene,
2-[2-(4-ethylphenyl)ethyl]-1, 3-butadiene,
2-[2-(4-propylphenyl)ethyl]-1,3-butadiene, and

20  2-[2-(4-buthylphenyl)ethyl]-1,3-butadiene.

[0046]

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 trimethylene group, one group selected

25 from RY, R*, R, R™ and R'® is an alkyl group and the remaining
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a conmpound in which R16 and R3-7 are hydrogen atons, R18 is a phenyl group,
k is O, one group selected fromR1l1l, R12, R13, R14 and R15 is an al kyl
group and the renmi ning four groups are hydrogen atons include 1-
(2-met hyl phenyl) -1-phenyl ethylene, 20 1- ( 2 - ethylphenyl ) - 1 -phenyl
ethyl ene , 1- ( 2 -propyl phenyl ) -1 -phenyl ethyl ene , 1- ( 2

-butyl phenyl ) - 1 -phenyl e thyI ene , 1- ( 3 -ne thylphenyl ) -1 -phenyl
ethyl ene , 1- ( 3 - ethyl phenyl - 1 -phenyl ethyl ene , 25 1- ( 3

lngpﬁtfiﬁﬂ%enyﬂ pjls %Wetﬁ{ﬂk&ne&e&%(i rre]tlhyei phenyl) - 1- phenyl et hyl ene,
and 5 1. GRSt e %p 'et@#ye”%ﬁﬁ e Ooee” Y T The compounds
o hyar Godr Aot RSy W BEIBIT GrsipEaeis one or oup sel ect ed 17 om
S?éup?ﬁrze%a%g#%x SR P OIRHIPYL i s R honyl ) ot hyl one.

1, 1- bi s(4- et .hyl phen I)ethylene 1, 1-bi s(4-prop Iphenyl)ethylene and
1, 1- bP s( £ Pt HAT IRheRlemropslogad-butadiene

2-[3-(3-methylphenyl)propyl]-1,3-butadiene,
2-[3-(3-ethylphenyl)propyl]-1,3-butadiene,

2-[3-(3-propylphenyl)propyl]-1,3-butadiene,
2—[3—(3—buthylphenyl)propyl]—l,3—butadiene,

10 2-[3-(4-methylphenyl)propyl]l-1,3-butadiene,

2-[3- (4-ethylphenyl)propyl]-1, 3-butadiene,
2-[3-(4-propylphenyl)propyll-1,3-butadiene, and
2-[3-(4-buthylphenyl)propyl]l-1,3-butadiene.
[0047]

15 Of the compounds represented by Formula (1), examples of
a compound in which R'® and R'” are hydrogen atoms, R'® is a phenyl
group, k is 0, one group selected from R'!, R'?, R*3, R' and R*®
is an alkyl group and the remaining four groups are hydrogen
atoms include 1- (2-methylphenyl) -1-phenylethylene,

20 1-(2-ethylphenyl) -1-phenylethylene,
1-(2-propylphenyl) -1-phenylethylene,
1-(2-butylphenyl)-1-phenylethylene,

1- (3-methylphenyl)-1l-phenylethylene,
1-(3-ethylphenyl)-1l-phenylethylene,

25 1-(3-propylphenyl) -1l-phenylethylene,
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O the conpounds represented by Fornmula (1), exanples of a conpound in
which R16 is a vinyl group, Rl7 and R18 are hydrogen atons, k is 0, one
group selected fromR11, 13.12, R 3, x-14 and R15 is an al kyl group and
the remai ning four groups are hydrogen 20 atons include

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

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

1- (3- et hyl phenyl) - 1, 3- but adi ene, 25 1-(3-ethyl phenyl)-1, 3-but adi ene,

1- ( 3- propy! (%-%%ip%l%ygﬁt-ﬁdjp%%y%ﬁlgLf’%]é'l pheny1l) -1, 3- but adi ene, .

1- (4- et hyl t adi“eng, Yyl pheny1l) - 1, 3- but adi ene,

1- (4- propyl phe -.1.3- hut.adi ene nd.1-.(4- butyl phenyl) -1, 3- but adi ene.
[ 0050] Tﬁ‘e @o?rrgétl)tl]f}r}’&prheeﬁl el%L eﬂt éjgjeonya]fgtrhﬁﬁlleane(’l) is preferably a conpound in

which R11, R12, .R13.-14 or R15 is ydrogen atom or 10 an al kyl group
havi ng 1]](059%‘%} Sons, L RDSREREHHERR R11, Rn, R13 R14 and K- 15

1- (4-propylphenyl)-l-phenylethylene, and
5 1-(4-butylphenyl)-l-phenylethylene.
[0048]
Of the compounds represented by Formula (1), examples of

the compound in which R'® and RY are hydrogen atoms, R'® is a

4-tolyl group, k is 0, one group selected from R!!, rR'?, R!®, R
10 and R is an alkyl group and the remaining four groups are
hydrogen atoms include 1,1-bis(4-methylphenyl)ethylene,

1,1-bis(4-ethylphenyl)ethylene,
1,1-bis(4-propylphenyl)ethylene, and
1,1-bis (4-buthylphenyl)ethylene.
15 [0049]
Of the compounds represented by Formula (1), examples of
a compound in which R'® is a vinyl group, R’ and R!® are hydrogen

13[ Rl4 and R15

atoms, k is 0, one group selected from R'!, R'?, R

is an alkyl group and the remaining four groups are hydrogen
20 atoms include 1-(2-methylphenyl)-1,3-butadiene,

1-(2-ethylphenyl) -1, 3-butadiene,

1- (2-propylphenyl) -1, 3-butadiene,

1- (2-butylphenyl) -1, 3-butadiene,

1-(3-methylphenyl) -1, 3-butadiene,

25 1-(3-ethylphenyl)-1,3-butadiene,
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is an al kyl group having 1 to 8 carbon atons, R16, -17 mand R 8
arehydrogen atons, and k is 0. Mre preferred is a conpound in which R11,
R12, R13 R14 or K-15 is a hydrogen atomor an al kyl group having 1 to 5
carbon atons, at |east one of 15R 1, R12 R13 -14 m and
RI -5 is an al kyl group having 1 to 5 carbon atons which is bound to a
benzene ring via a carbon atomwith two or nore of hydrogen atons bound
thereto, R -6, hydrogen atons, and k is 0. Even nore preferred is a

conpound 4i | \é@r%tb&ﬁ%gﬁ%l&lt hrle%_gr%%{%{ect ed fromR1I, R2, R3, R4 and

20 RI -5 are grdup or an group, the renarnrng groups are
hydr ogen .at R are hydrogen atons, and k is O.
Partrculérl pre é‘QKER%Q a co&%ﬁﬁﬁy'ln ‘whi ch one or two groups sel ected

fronrRllﬁ 3%? Jg ang§§§:e each a nmet hyl. group or an et hyl
group, the en atons, R16, RI-7 and RI-8 are
Pgd;ggen aﬂ%ﬁ%tﬂ?¥%ﬂéﬂfi() J(%E%gd;gggfonpound represented by Formula (1)
5 1-(4-propylphenyl)-1,3-butadiene, and
1-(4-butylphenyl)-1, 3-butadiene.
[0050]
The compound represented by Formula (1) is preferably a
compound in which RY™, R'?, R}, R or R'® is a hydrogen atom or
10 an alkyl group having 1 to 8 carbon atoms, at least one of R
R'?, 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 compound in which R'', R'?, R!®, R or R'® is a hydrogen atom
or an alkyl group having 1 to 5 carbon atoms, at least one of
15 RrRY™, rR'?, R, R™ and R is an alkyl group having 1 to 5 carbon
atoms which is bound to a benzene ring via a carbon atom with
two or more of hydrogen atoms bound thereto, R!®, R'” and R'® are
hydrogen atoms, and k is 0. Even more preferred is a compound
in which one to three groups selected from R*!, R'?, R*}, R™ and
20 R are each a methyl group or an ethyl group, the remaining
groups are hydrogen atoms, R'®, R'7 and R'® are hydrogen atoms,
and k is 0. Particularly preferred is a compound in which one
or two groups selected from R, R!?, R!?}, R and R'® are each
a methyl group or an ethyl groﬁp, the remaining groups are

25 hydrogen atoms, R'®, R'” and R'® are hydrogen atoms, and k is 0.
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preferably 3-nmethyl styrene, 3-ethylstyrene, 4-nethylstyrene,

4-ethyl styrene, 2,4-dinethylstyrene, 2,4-diethylstyrene, 5
2,5-di met 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 used. 10[ 0053] The conpound represented by Forrmula (1) is
preferably a conpound in which Ril, R12 R13 -14 x or R15 is a hydrogen atom
or an al kyl group having 1 to 8 carbon atons, at |east one of R |, Rl2 R13
R14 and ﬁ@g%lis an al kyl group having 1 to 15R16 x-17 and R 8
arehydrogen atons, and k is 0. is a conpound in which Rn, R12, R13 R14 or

RL5 iIs The compound represented by Formula (1) is most

preferably 3-methylstyrene, 3-ethylstyrene, 4-methylstyrene,
4-ethylstyrene, 2,4-dimethylstyrene, 2,4-diethylstyrene,
5 2,5-dimethylstyrene, 2,5-diethylstyrene, 3,5-dimethylstyrene,
or 3,5-diethylstyrene.
[0052]
Two or more compounds represented by Formula (1) may be
used.
10 [0053]
The compound represented by Formula (1) is preferably a
compound in which R', R'?, R'}, R or R!® is a hydrogen atom or
an alkyl group having 1 to 8 carbon atoms, at least one of R?,
R', R?, R and R'® is an alkyl group having 1 to 8 carbon atoms,
15 R', R'Y and R'® are hydrogen atoms, and k is 0. More preferred

2, R?, R™ or R'® is a hydrogen atom

is a compound in which R, R
or an alkyl group having 1 to 5 carbon atoms, at least one of
R'", R', R, R™ and R?® is an alkyl group having 1 to 5 carbon
atoms which is bound to a benzene ring via a carbon atom with
20 two or more of hydrogen atoms bound thereto, R'®, R!” and R'® are
hydrogen atoms, and k is 0. Even more preferred is a compound
in which one to three groups selected from R'!, R'?, R*®, R™ and
R'> are each a methyl group cjr an ethyl group, the remaining

16/ Rl7

groups are hydrogen atoms, R and R'® are hydrogen atoms,

25 and k is 0. Particularly preferred is a compound in which one
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8 carbon atons, Mrre preferred a hydrogen atom or an al kyl group having 1
to 5 carbon atons, at |east one of R11l, R12 R13 -14 x and R15 is an al kyl
group having 1 to 5 carbon atons which is bound to a benzene ring via a
carbon atomwith 20 two or nore of hydrogen atons bound thereto, R16, R 7
andR3-8 are hydrogen atons, and k is 0. Even nore preferred is a conpound
in which one to three groups selected fromR', R2, R3, Rl4 and R15 are
each a nmethyl group or an ethyl group, the remaining groups are hydrogen

at orrs, Rg?% tRot G SR§%1%VC%$W%%%WN%E; £D apte k1§ Ps Partigylarly
preferred is a conmpound 1n i ch one 28
a methyl group or an ethyl group, the remaining groups are
hydrogen atoms, R'®, R and R'® are hydrogen atoms, and k is 0.
[0054]
5 Of the compounds represented by Formula (2), examples of

22 R®, and R* are all hydrogen

a compound in which R?°, R?, R
atoms include styrene, o-methylstyrene, o-ethylstyrene, and
O-propylstyrene.
[0055]
10 Of the compounds represented by Formula (2), examples of
a compound in which two or more groups selected from R?°, R?!,
R*?, R?*’ and R*® are linked to form a ring consisting of carbon
atoms together with the carbon atoms to which the groups are
attached, and each of the rest of R?°, R, R??, rR® and R* is
15 a hydrogen atom include vinylnaphthalene, vinylanthracene,
vinylindene, and vinylphenanthrene.
[0056]
Preferred as a compound represented by Formula (2) are
styrene, o-methylstyrene, and vinylnaphthalene, and more
20 preferred is styrene. Two or more compounds represented by
Formula (2) may be used.
[0057]
In the conjugated diene-based polymer, the content of the
monomer unit derived from the compound represented by Formula

25 (2) is preferably 10% by weight or more, more preferably 15%

29



or two groups selected fromR11l, Rn, R13, R14 and Rl-5 are each a nethyl
group or an ethyl group, the remaining groups are hydrogen atons, R16, R17
and R 8 arehydrogen atons, and k is 0. [0054] 5O° the conpounds represented
by Formula (2), exanples of a conpound in which R20, R21, R22, R23, and R24

are all

hydrogen atons include styrene, a-nethylstyrene, a-ethylstyrene,

and a- propyl styrene. [0055] 10Of the conpounds represented by Fornmula (2),
exanpl es of a conpound in which two or nore groups selected from R20, R21,

R22 -23
t oget her
of ther
vi nyl nap
[ 0056]

styrene,
styrene.

10

15

20

25
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Two or re.comounds represented by Fornula.(2) may be used.
more pre eraﬁiy 5% by weight or‘%esé¥ Adggstlgg)theyéontent

to 10% by weight or more can enhance gripping properties and
tensile strength at break.
[0058]

In the conjugated diene-based polymer, the content of the
monomer unit derived from the conjugated diene compound is
preferably 50% by weight or more, and more preferably 55% by
weight or more where the total amount of the monomer units
contained in the conjugated diene-based polymer is taken as 100%
by weight. This content is preferably 90% by weight or less,
and more preferably 85% by weight or less. Adjusting the
content to 50% by weight or more can enhance fuel economy.
[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
substituted amino group and a nitrogen-containing heterocyclic
group.

[0060]
<Method for Producing Conjugated Diene-Based Polymer>
Preferably, the conjugated diene-based polymer can be

obtained by polymerizing monomer components comprising a
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[ 0057] In the conjugated diene-based polyner, the content of the nononer
unit derived fromthe conpound represented by Fornula 25 (2) is preferably
10% by wei ght or nore, nore preferably 15% by weight or nore where the
total anmount of the nononer units contained in the conjugated diene-based
polymer is taken as 100% by weight. This content is preferably 50% by

wel ght or less, nore preferably 45% by wei ght or |less. Adjusting the
content 5 to 10% by wei ght or nore can enhance gri pping properties and

tensile %{({{@%&ﬁ ﬂr%@(ﬁg[ﬂ%‘%%%]d a comp ﬂn}ihfﬁﬁ?@sgﬂt@ g'f&&qﬂ

pol yner, content o nomer un|t erive rom nj ugat ed d| ene

conpound efe 50% b re nd Jror e preferably 55% by
[ (ll c%%ﬁ)é{{m? ﬁlre\%ee q‘}%@omuf u) T EDrftai ned in the

wel ght or ere am)un nmono

conj ugat ed d| ene based pol msr S. tak s 10 % by %‘:‘Fﬂ This content is
pr ef er abl Y Y ight“% JLnaﬁ"’d a%c\fltv % by wei ght or
| ess. Adqut:gg the 15 content to 50@6by melght or nore can enhance fuel

econony The conj ugat ed di ene-based pol ynmer may have a
nitrogen atomcontaining group on at | east one of polymer chain ends.

ExanpPes of t hdfi tWEGOTaERGH EMVETT ¢ Gr G i dﬂbw&‘ HPesuBas t ut ed

am no group and a nitrogen-containing heterocyclic group. [0060]
inactivate organometallic compounds. ~ Examples of the

hydrocarbon solvent include aliphatic hydrocarbons such as
propane, butane, isobutane, pentane, isopentane and hexane;
aromatic hydrocarbons such as benzene, toluene, xylene and

10 ethylbenzene; and alicyclic hydrocarbons such as cyclopentane
and cyclohexane. One or more members of them are used.
[0062]

The polymerization of the monomer components may be

performed in the presence of an agent for adjusting the amount

15 of vinyl bonds of monomer units derived from the conjugated
diene compound, and an agent for adjusting the distribution of
monomer units derived from the conjugated diene compound and
monomer units derived from a compound other than the conjugated
diene compound in a conjugated diene-based polymer chain

20 (hereinafter, collectively referred to as an "adjusting agent") .
Examples of the adjusting agent include ether compounds,
tertiary amines, phosphine compounds, alkali metal alkoxides,
and alkali metal phenoxides. Examples of the ether compounds
include cyclic ethers, such as tetrahydrofuran,

25 tetrahydropyran, and 1,4-dioxane; aliphatic monoethers, such
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<met hod for Produci ng Conjugated D ene-Based Pol yner> Preferably, the

conj ugat ed di ene-based pol yner can be 25 obtai ned by pol ynerizi ng nononer
conponents conprising a conjugated di ene conpound, a conpound represented
by Formula (1) , and a compound represented by Fornula (2) using an
organonetal i ¢ conpound in a hydrocarbon solvent. [0061] 5The hydrocarbon
solvent is a solvent which does not inactivate organonetallic conpounds.
Exanpl es of the hydrocarbon sol vent include aliphatic hydrocarbons such as

popane SN SRS PROLERG, LERED|SNE AN DONBIEL BRI

hydr ocar bons suc enzene, ne, Xyl éne

alicyclic hydrocarbons such as cl-opent ane d cycl ohexane. . One or nore
menbers &F terci:ehr%(iaernee L@é’&&[ ey eetrhe£I’hee 5t iggé’fcfcg]n %’feﬁ%{ nononer
conponent s _may be _perforned iin the_presence _of an_agent for adjusting the
amount 15 e AP %U?#(f;efb? gﬂé’ﬁ@ﬁeﬁfﬁﬂﬂ’% Fd e  tPBAT LR CoihiREE ed di ene
conpound, and an_agent _for adjusting the distribution of nononer units
derived fUSH BFettBRiUYEREITHY et HRPBUNEtRT ABfodeetimieredeVs@E from a
conmpound ot her than the conjugated di ene conpound in a conjugated

di enebasEPYSarly pEReEhaand BN tel hathers . conre@s déppensfleetbdrtands an

"adjusting agent"” ) . Exanples of the adjusting agent include ether
conpound®nissgylis .ar fxamPhes, ophésghites téeryoandsesalikgludeet al al koxi des,
and al kali netal phenoxi des. Exanples of the ether conmpounds include cyclic
et hers, ducietdy tagtimehy ooyl asinet ratirgplamame and 1, 4- di oxane
al i phati c nonoethers, such
1,1,2,2-tetramethylethylenediamine, N,N-diethylaniline,
pyridine, and quinoline. Examples of the phosphine compounds
10 include trimethylphosphine, triethylphosphine, and
triphenylphosphine. Examples of the alkali metal alkoxides
include sodium tert-butoxide, potassium tert-butoxide, sodium
tert-pentoxide, and potassium tert-pentoxide. Examples of the
alkali metal phenoxides include sodium phenoxide and potassium
15 phenoxide. Two or more adjusting agents may be used.
[0063]

In order to enhance fuel economy, gripping properties,
and tensile strength at break, the amount of use of the compound
represented by Formula (l) in the polymerization of monomer

20 components is preferably 0.01% by weight or more, more
preferably 0.02% by weight oerore, even more preferably 0.05%
by weight or more, and further preferably 0.1% 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

25 10% by weight or less, more preferably 5% by weight or less,
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as diethyl ether and dibutyl ether; aliphatic diethers, such as ethylene

gl ycol dinethyl ether, ethylene glycol diethyl ether, and ethyl ene glycol
ditbutyl ether; aliphatic triethers, such as diethylene glycol diethyl ether
and di ethylene glycol 5 dibutyl ether; and aromatic ethers, such as

di phenyl ether and ani sole. Exanples of the tertiary am nes include

trii et hyl amine, tripropylamne, tributylan ne,

1,1,2,2- tetranethylethylenedianine N, N—diethylaniline, pyridi ne, and

qui nol i ne,, %Eﬂl i
trlnethylphos trlet phosghpne and tr|p dypgkggﬁhﬁhe Exanples of
t he al kal § ﬁj%p@% %§59? gpq] tert-but oxi de, potassium

e,

tert- but , un1ter OXi ‘pot assi um tert - pent oxi de .
Exanpl es QE%&ge al kal i netal phenOX|des |nclude sodi um phenoxi de and
potassiuél henoxi de. Two or nore adjusting agents may be used. [0063]

In order to enhance _f uel no i ng, ertieg, and tensile strength
at break, the & ﬁﬁ@ﬁéeﬁfoésEQan¥ﬂ@g EEBE%HE g?@%@ﬂ@eﬁo bye RETeRIIECY 1) in

t he polynerlzatlon of nmongomer 20 conponents is preferably 0.01% by wei ght
or nore, YRy G éP&bF?ngugé@@de&EPﬁhPaE?dr@? e Y R EmD| v

0. 05% by wei ght or nore, and further preferably 0 1% by wei ght or nore

wher e theth%mnqyse&gé:oa}ﬁmntcﬁ ined Ush RgRNEFIFEHdN et tqRepounds
polynmeri zation is taken as 100% by weight. It is preferably 25 10% by

wei ght oisucdsgs apbr erpaepéiabiyms5ephpowedghan orrdassssodiaverconpaupt ef er abl y
1% by weight or less, and further preferably 0.5% by weight or |ess. [0064]
Exanpl es agf orkenopgaasseral compoungouad ovgdrouskidien compaidi rapd he

conj ugat ed di ene-based pol yner by pol yneri zing the nonomer conponents

i ncl ude eargangmirncalds inet alonpapEunNdExamnpheas oéntheganghnbhi thicanmpound, an
or ganosodi um conpound, an or ganopot assi um conpound, an organor ubi di um

conpdlind coapbudid drganekes tpdraeaiid 1 itan esmgfour® sarqanol it hi um 10
conpound i ncl ude a hydrocarbyl|ithium conmpound and a

hydr ocar bylenr@idbyikings igarmound cdmpmies ekahpeecar ganesadi um conpound

i ncl ude sodi um napht hal eni de and sodi um bi phenyl i de. Exanpl es of the

Or ganopolALEIngBRARP BBApbiaHUde: PedaSIdimaRBhRAkeBHIBe and sodium
biphenylide. Examples of the organopotassium compound include
potassium naphthalenide.

15 [0065]

Examples of the hydrocarbyllithium compound include
alkyllithium compounds such as methyllithium, ethyllithium,
propyllithium, isopropyllithium, n-butyllithium,
isobutyllithium, sec-butyllithium, tert-butyllithium,

20 tert-octyllithium, and n-decyllithium; aryllithium compounds
such as phenyllithium, 2-naphthyllithium, and
2-butylphenyllithium; arylalkyllithium compounds such as
4-phenylbutyllithium; and cycloalkyllithium compounds such as

cyclopentyllithium and cyclohexyllithium. The

25 hydrocarbyllithium compound is preferably an alkyllithium
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15[ 0065] Exanpl es of the hydrocarbyllithium conpound incl ude
al kyl'l'i t hi um conpounds such as nethyllithium ethyllithium propyllithium
i sopropyllithium n-butyllithium isobutyllithium sec-butyllithium
tert-butyllithium 20 tert-octyllithium and n-decyllithium aryllithium
conpounds such as phenyllithium 2-naphthyllithium and
2-but yl phenyl lithium arylal kyllithium conpounds such as
4-pheny|buty||ithiun1 and cycl oal kyl I it hi um conpounds such as
cycl openty %EQF i 5_hy, j t.hi
cgnpound 'S c&%%eragFg aﬁgg %#k%%ﬂﬁgﬂgglﬁﬁﬁﬁb Pﬁ%%g%@ﬁégiéééﬁ%ﬁmﬂ
n- butyl i qy or sec- butylllthlun1 [ 0066] Exanpl es of the

en

hydrocar d||ithiun1conpound i nclude 1,4-dilithio-2-butene and 5
1,3-bis(1l-lithio-1 ene 6./] The anmount of use of

t he organoneta?ﬁl@pigﬁﬁgﬁﬁg ﬂ&é%@%ééﬁy ?Q&ikﬁ# FPTROM i € mononer
conponents jis_.prefera fromO0.0 to 15 mmol per 100 g of t he nononer
10 conporedydit %%%eéqt@r{%@ I yrrerl zation. [0068] In the

pol yneri zati on of the nonomer conponents, respective monomer conponents may
be fed i A& RiF iAol PedigethinsmtHRRELTR fed at once. In

addi ti on, reipectlve
[0067]

The amount of use of the organometallic compound to be
used in the polymerization of the monomer components is
preferably from 0.01 mmol to 15 mmol per 100 g of the monomer

10 components to be used in the polymerization.
[0068]

In the polymerization of the monomer components,
respective monomer components may be fed in a plurality of times
or all of them may be fed at once. In addition, respective

15 monomers may be fed to a polymerization reactor at different
times or alternatively may be fed at the same time.
[0069]
Examples of the method of feeding the compound
represented by Formula (1) in the polymerization of monomer
20 components include the following method. That is a method in
which when the amount of the compound represented by Formula
(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 a hydrocarbon solvent before the degree of progress

25 of polymerization exceeds 15%, from 40% by weight to 70% by
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15 nononers may be fed to a polynerization reactor at different tinmes or
alternatively may be fed at the sane tine. [0069] Exanples of the nethod of
f eedi ng.- t he conmpound represented by Fornula (1) in the polynerization of
nononer 20 conponents include the followi ng nethod. That is a nethod in

whi ch when the anmount of the conpound represented by Fornmula (1) to be used
is taken as 100% by weight, from 10% by wei ght to 40% by wei ght of the
conmpound represented by Fornula (1) is fed into a hydrocarbon sol vent

perore L hejdam g9 eaepggaggagﬁaﬁ =t RO IR of B NI srty 188 0708

wei ght t ound T epr esen ®is fed

into a hydr bon solv t b re the e of pr ess of po ynerlzation

exceeds 30% yd'if T TS e&qr% otqi%df ?/\é?%?ﬁr%qr?% npound

represent Forqﬁia 1) is fgg into a hy %erbon sol vent before the

degree off %?%Wﬁﬁqsz |onaﬁgcgﬁﬂ@ PYAWES Ry 5Ped0 BF &P based

pol ymer conp erior in gripping properties and fuII% satisfactory
®

ition
in tensi I“@J@%ﬁnﬁﬁ FBF‘I PIBPREE ’E%?F%%e%‘b?‘gl%gwq}ﬁ dd )t he €S8R iR ed
di ene-based pol yner obtai ned according to 10 the nethod descri bed above. In
the pPeséntSPAGFTRAR i, VaHe Reffn tgte gl L bfPIsaRs idhtion is
defined to be the ratio of the weight average nol ecul ar weight of the
conj ugat &Plamard-asdsad psrerds A0%a dercrailnoeites gbene-basef kit
aver age nol ecul ar wei ght of the conjugated di ene-based polyner 15 finally

obt ai ned.cqmE@Ed]tion supenipn he ot ypmEimio artaredfi eahembnonery conponent s,
the polynerization tenperature is usually 25C or higher, preferably 35C or
hi gher, rmatd sreeftemablin 5&Gs dble lgigat iheat break can be obtained by
using the conjugated diene-based polymer o.btained according to
10 the method described above. 1In the present specification, the
degree of progress of polymerization is defined to be the ratio
of the weight average molecular weight of the conjugated
diene-based polymer at a certain time point to the weight
average molecular weight of the conjugated diene-based polymer
15 finally obtained.
[0070]

In the polymerization of the monomer components, the
polymerization temperature is usually 25°C or higher,
preferably 35°C or higher, more preferably 50°C or higher. The

20 - polymerization temperature is usually 100°C or lower,
preferably'90°c or lower, more'preferably'80°c or lower. The
polymerization time is usually from 10 minutes to 5 hours.
[0071]

The conjugated diene-based polymer may be a polymer which

25 has been coupled with a coupling agent. The coupled polymer
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20 pol ymerization tenperature is usually 100C or |ower, preferably 90C or

| oner, nore preferably 80C or | ower. The polynerization tinme is usually
from10 mnutes to 5 hours. [0071] The conj ugat ed di ene-based
pol ymer may be a pol ynmer which 25 has been coupled with a coupling agent.
The coupl ed polyner is usually obtained by adding a coupling agent to a
pol ynmer sol ution obtained by pol ynerizing nononer conponents containing a
conjugated di ene conpound, a conpound represented by Formula (1) , and a

conpound | enrs%%qqgﬁ%ﬂ%xrg afd@d.r{)efagrcfe&%? %%n@ecdpa%dg dRm& the

coupling agent I's usual l'y per orne I fyi'ng "agent

h t t | ut
A e N R s L agﬁgﬁopfgoﬁtn&“ HEREAA "y tho
R31laM 4-a(4

foll mul. 0 lre re en
R %alﬁl ng(kenycrnﬂgu aﬁtp,d? b at, o 8816P8PR§ S
represen |CO tom atin at m L re res ts haIO en atomor
it ooar B e St ShAyeacripiud t eonhS BREeS dbY fomne bl 2 | g 3)

Exanpl es of the couplln repr esent ed b the Fornula (4) glven above
i ncl ude §FPFEoﬁhF3tra@ﬁ%o?ggétlﬂﬁtﬁ?lFPFCHP ¢dPPapgent is usually
dlnethyldlchlor05|lane 20 trinmethyl chlorosilane, tin tetrachl oride,

met hyl t r PERIFOEBEhbedpret ﬁglrianehtrltﬁ R I MgrBgeptcRRYLBEI & Nitrogen
tetranmet hoxysi |l ane, nethyl trinethoxysil ane, dlnethoxydrnethyIS|Iane

met hyl t r BEORoRPSitedRd N TRPHPY FPret E?@)ly@ﬁlraﬁétlénn%@h’e&y@ﬁlet Hpasin legre,

di et hoxydi net hyl si |l ane, 25 tetraethoxysilane, ethyltriethoxysilane, and
of the coupling agent include a compound represented by the

following Formula (4):
10 [0072]
R*MLy-4 (4)
wherein Rﬂ'represents an alkyl group, an alkenyl group, a
cycloalkenyl group or an aryl group, M represents a silicon atom
or a tin atom, L represents a halogen atom or a hydrocarbyloxy

15 group, and a represents an integer of 0 to 2.

[0073]

Examples of the coupling agent represented by the Formula
(4) given above include silicon tetrachloride,
methyltrichlorosilane, dimethyldichlorosilane,

20 trimethylchlorosilane, tin tetrachloride, methyltrichlorotin,
dimethyldichlorotin, trimethylchlorotin, tetramethoxysilane,
methyitrimethoxysilane, dimethoxydimethylsilane,
methyltriethoxysilane, ethyltrimethoxysilane,
dimethoxydiethylsilane, diethoxydimethylsilane,

25 tetraethoxysilane, ethyltriethoxysilane, and
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di et hoxydi et hyl si | ane. [0074] The anmount of the coupling agent to
be added per nol of the organonetal lic conpound used for the polynerization
is 5 preferably 0.03 nol or nore, nore preferably 0.05 nol or nore. The
added amount is preferably 0.4 nol or less, nore preferably 0.3 nol or

| ess. [0075] In the conjugated di ene-based polyner, an active end of 10 the
pol ynmer chain nay have been-inactivated with an al cohol or the |ike.
Exanpl es of a nmethod of the inactivation include a nethod of adding an

al cohol t{ Aapal dgggﬁyﬂgfybﬁgﬂution obt ai ned by pol yneri zi ng nononer
conponent's cont ai ni ng "a conj ugat ed di ene-based conpound, a conpound

represent@ﬂﬁﬂﬁ 15 Formula (1) , and a conpound represented by Formula (2)
As the alcohol, methanol, 1-butanol, etc. can be used. [0076] When the

' ted di - based I [ d f h I i zat ]
ol Ut o, t he. COR) GURUER. BT ohBe LERBRL S5 (1A JHerk & £ BECFECBUE B! (16m t he

pol yneri zation solution by a known pethod such as a nethod of, addjng a
coagulaﬂﬁﬁfaﬂﬁ%ﬁnqq?94i;ﬁﬁﬂ%RﬁQ99ﬂﬁi%ﬁ?@xﬁQHi?ﬂﬁ RRLlEneRt I 9t BRidi ng
steamto the polynerization solution. The recovered conjugated di ene-based
pol yner mReisrahlied -RBtRod ¥h&ATr <dr eresREdf asall ) Hihaodr PErmere an

extrusion-type drier. )
The added amount is preferably 0.4 mol or less, more preferably

0.3 mol or less.
[0075]
In the conjugated diene-based polymer, an active end of
10 the polymer chain may have been inactivated with an alcohol or
the like. Examples of a method of the inactivation include a
method of adding an alcohol to a polymerization solution
obtained by polymerizing monomer components containing a
conjugated diene-based compound, a compound represented by
15 Formula (1), and a compound represented by Formula (2). As the
alcohol, methanol, l-butanol, etc. can be used.
[0076]
When the conjugated diene-based polymer is recovered from
the polymerization solution, the conjugated diene-based
20 polymer can be recovered from the polymerization solution by
a known method such as a method of adding a coagulating agent
to the polymefization.solution, or a method of adding steam to
the polymerization solution. The recovered conjugated
diene-based polymer may be dried with a known drier such as a

25 band drier or an extrusion-type drier.
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[ 0077] The conj ugat ed di ene-based pol yner obtai ned by pol yneri zation
conducted in a hydrocarbon solvent may be subjected to a step of the
reaction with an organonetallic 5 conpound described below, in the state of
a polynerization solution. [0078] <Reaction between Conjugated D ene-Based
Pol ymer and Organonetal | i c Conpound> 10The nodi fi ed conjugat ed di ene-based
pol ymer of the present invention is obtained by reacting a conjugated

di ene-based pol yner with an organonetal | i c conpound, and reacting the

resul ting qy-pduct with a compound containing a nitrogen atomand a carbonyl
group. 15[[ 007 The reaction between the conjugated di ene-based

vl ocar bon S0 Vet O AL AT h SR A<k SIUSRISY (e B0 Useq | he

hydr ocar bon sol vents, provi ded abpve as ex | es of the 20 hydrocarbon
sol vent R PEUSARS pﬁﬂrﬁfﬁ'b“rti%cgtlirbrﬁ }Pﬁg%iarbon SO} YPRh e 36Re bl e

enbodi ment, the conjugated di ene-based po]yner is dissolved in the
hydr ocar B3PS 5RALEC tohes IER) okt 193C et dtieh § & t e 1 bl he

resul ting solution, 25 and_ the conjugated di ene-based pol yner and the
OrganénEnQﬂmHQPnd described below, in the state of a polymerization

solution.
[0078]
<Reaction between Conjugated Diene-Based Polymer and
Organometallic Compound>
10 The modified conjugated diene-based polymer of the
present invention is obtained by reacting a conjugated
diene-based polymer with an organometallic compound, and
reacting the resulting product with a compound containing a
nitrogen atom and a carbonyl group.
15 [0079]
The reaction between the conjugated diene-based polymer
and the organometallic compound is performed preferably in a
hydrocarbon solvent. As the hydrocarbon solvent, there can be
used the hydrocarbon solvents provided above as examples of the
20 hydrocarbon solvent to be used for polymerization.
[0080]
In one possible embodiment, the conjugated diene-based
polymer is dissolved in the hydrocarbon solvent, the
organometallic compound is then added to the resulting solution,

25 and the conjugated diene-based polymer and the organometallic
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conpound are reacted with each other. Wen the conjugated di ene-based

pol ynmer obtained by the polynerization perfornmed in the hydrocarbon sol vent
i$ used in the state of a polynerization solution, the organonetallic
conpound may be 5 added to the polynerization solution to react the

conj ugat ed di ene-based polynmer with the organonetal lic conpound. [0081]
Exanpl es of the organonetal lic conpound to be reacted with the conjugated
di ene- based pol yner include organoal kali 10 nmetal conpounds such as an

or ganol | I dBusRMAN Ge oAt I GANRS A HMAMBOUNG, ANMHAN BLIFBARAASST UM

conpound. Exanpl es of the organolithi um conmpound i ncl

hydr ocar byl Lt hj ) |as..of i 0 { ncl ude
o um e o e Pad S E b SRonyl 38 PLHRREEGFLLh iabtifed

or ganopot.asshkum, ¢ ound incl ude pot.assi um na hal eni de. [0082]

Exanpl es l%f %;hﬁee y ro&%%x?ﬁ Isﬂq‘rﬁeu Ct rrpu ue% lirﬁgthlfdégecaaﬁ&/ﬁ’% t%hi um conpounds
such as ethyllithium propyll.ithiu 20 i sopropyllithium n-butyllithium
obutyl BONFER 2 Bl o CERRGITUA i TR A 13 um
and n-decyllithiunk aryl lithium ¢conpounds.such as phenyllithium

2- napht hfddechitemF"enBC2YBEE Yy FpRe R PPERFAAT BPyFaPKYI Hi® i YEhRlinds
such as 4-phenyl butyllithium and 25 cycl oal kyl |.i t hi um conpounds such as
cycl openSEn HagacamP LY@ed SHEH 19he KIRgRnomRE alldio GamRAYL 3 hi um conpound

is preferably an al kyllithium conpound, nore preferably n-butyllithium or
sec- but yll008Hilum even nore preferably sec-butyllithium 5[0083]

Examples of the organometallic compound to be reacted
with the conjugated diene-based polymer include organoalkali
10 metal compounds such as an organolithium compound, an
organosodium compound, and an organopotassium compound.
Examples of the organolithium compound include a
hydrocarbyllithium compound. Examples of the organosodium
compound include sodium naphthalenide and sodium biphenylide.
15 Examples of the organopotassium compound include potassium
naphthalenide.
[0082]
Examples of the hydrocarbyllithium compound include
alkyllithium compounds such as ethyllithium, propyllithium,
20 isopropyllithium, n-butyllithium, isobutyllithium,
sec-butyllithium, tert-butyllithium, tert-octyllithium, and
n-decyllithium; aryllithium compounds such as phenyllithium,
2-naphthyllithium, and 2-butylphenyllithium;
arylalkyllithium compounds such as 4-phenylbutyllithium; and

25 cycloalkyllithium compounds such as cyclopentyllithium and
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The organonetallic conpound to be reacted with the conjugated di ene-based
pol ymer may be either the sane as or different fromthe organonetallic
conpound used in the polynerization. 10[ 0084] In 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 mol or |ess, nore 15
preferably 8 nnDI or less, and is preferably 0.5 mmol or nore. [0085]

The react tﬁﬁ on -&0es I h.the
organonet nggﬁ%QEFg pgﬁ %gﬁgc ?X?agﬁglﬁﬁ Xﬁgbpp%§6n%e of one or
nore co u ereinafte times 20 referred to ound (X))

sel ect ed (r)%rd%t re1 (ﬁ}hﬁllglr sqnﬁoq{bé 'of At é{rﬁ—:ger ound, a
tertiary_am osphine co n al kali_net al alko and an
kel R SR S eecp?géﬁey% b R Qe PHEG A | ar

am ne. Ex | es of the et her conpounds include cyclic ethers, such as 25
tetrahyd WQ%EY ropyran, and 1, 4-di oxane; aliphatic nonoethers,
such as diethyl ether and dibutyl ether; aliphatic diethers, such as

et hyl 2ne [QOFdI di methyl ether, ethylene glycol diethyl ether, and ethyl ene

gl ycol dlbutyl et her; allphatlc triethers, such as diethyl ene glycol
diethyl ether Bhen@r@recmptedd iql FOSPOUISULE bst FERCtasd wikdndtie et her s,

such as di phenyl ether and anisole . The ether conmpound is preferably
conjugated diene-based polymer may be either the same as or

different from the organometallic compound used in the
polymerization.
10 [0084]

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 conjugated

_diene—based polymer is preferably 20 mmol or less, more
15 preferably 8 mmol or less, and is preferably 0.5 mmol or more.
[0085] |

The reaction between the conjugated diene-based polymer
with the organometallic compound is performed preferably in the
presence of one or more compounds (hereinafter sometimes

20 referred to as compound (X)) selected from the compound group
consisting of an ether compound, a tertiary amine, a phosphine
compound, an alkali metal alkoxide, and an alkalili metal
phenoxide, more preferably in the presence of a tertiary amine.
Examples of the ether compounds include cyclic ethers, such as

25 tetrahydrofuran, tetrahydropyran, and 1,4-dioxane; aliphatic
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a cyclic ether or an aliphatic diether, nore preferably tetrahydrofuran or
et hyl ene glycol diethyl ether. Exanples of the tertiary am ne include
triethylamne, tripropylamne, 10 tributyl am ne,

1, 2, 2-tetranet hyl et hyl enedi am ne, N, N-di et hyl ani |l i ne,

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

,1,4,7,10, 10- hexanet hyl tri et hyl enetetram ne, (-)-sparteine, pyridine, and
uinoline. The tertiary amne is preferably 15

"ol o TEHATHARG SEIKLACH AT, oEHBIRLEE dlibdclA BPRBEN DE GRlROL O

o pnnss ool Kldn T ALRhO U3 AdIC i AR UL S
enont 06 i IR astarsr il 'Sty s s R T ath G0 Lo be
T g e AL R B et FLoL Sl L P S oLt

pol ymer solution after it is mxed with the organonetallic conmpound in
advanee, 319 2hETEYABBEMRIL S9! &idPuhd 8ER8RomA ARt s FpetREr fays W added
sequentiallg_to t he conjugated di ene-based pol ymer sol ution. 5[0087] The
t enper at @A HPhQRY E R tHeE afhpidacee - di Bre shassr pupgurd ippreietatlni t h t he
organonetal | ic conpound is preferably 40C or higher, nore preferably 50C or
hi gher. Bhevadmseredthare drs gur efldmiisi i QG athdroweror ergree feedflElnabl y 80C 10
or lower. [0088]
tetrahydrofuran or ethylene glycol diethyl ether. Examples of
the tertiary amine include triethylamine, tripropylamine,
10 tributylamine, 1,1,2,2-tetramethylethylenediamine,
N,N-diethylaniline,
N,N,N',N'"',N''-pentamethyldiethylenetriamine,
1,1,4,7,10,10-hexamethyltriethylenetetramine, (-)-sparteine,
pyridine, and quinoline. The tertiary amine is preferably
15 1,1,2,2-tetramethylethylenediamine. Examples of the
phosphine compound include trimethylphosphine,
triethylphosphine, and triphenylphosphine. Examples of the
alkali metal alkoxides include sodium tert-butoxide, potassium
tert-butoxide, sodium tert-pentoxide, and potassium
20 tert-pentoxide. Examples of the alkali metal phenoxides
include sodium phenoxide and potassium phenoxide. The amount
of the compound (X) to be added per mol of the organometallic
compound is preferably from 0.1 mol to 10 mol.

[0086]

25 The compound (X) may be added to a conjugated diene-based
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The tinme during which the conjugated di ene-based polyner is reacted with
the organonetal lic conmpound is preferably 10 seconds or |onger, nore
preferably 1 minute or longer. The time 15 is preferably 150 m nutes or
shorter, nore preferably 50 m nutes or shorter. [0089] <Reaction with
Conpound Cont ai ni ng Nitrogen Atom and Carbonyl G oup> 20A conpound
containing a nitrogen atomand a carbonyl group is reacted with a product
obtai ned by reacting a conjugated di ene-based polynmer with an

or ganomne I gﬁHqu qg%g%- : : T ct oduct
W th thetggéc}ﬁ\}ﬁrgetfﬁ cont gjlnni[ang lat it rmoléceenda 1oér¥1?a¢11§@aéfcggr (%éley#abglr%’fjp IS
performe eferably -in a hydr rban solv . he hydr oc rpﬁg.solvent,
t here ca%cﬁr{é)oﬁlglecglflhaed\ﬁ%/ncﬁ%’céfbtglﬁgsc&m\yeoﬁ]tnsd ggﬁ)\ﬂnﬁiahﬁb% a%%m%‘}(% t%s of
t he hydrocarbon sol vent to, be used far, pal ynerization..[0091] 5In the
react i on GFRIE lrr@é'ugfte \m‘f?d[ I‘?ee%’cﬁ?ptdl?ﬁ&%o‘?ﬂ AT fPH Y TSgen at om and a
car bonyl group, preferably, the conpound containing a nitrogen atomand a
carbonyl%%%ﬂ%}q%§%éd§a¥ﬁ%§1%ﬂﬂQR3QHrcontaining t he product produced from
t he conjugat ed di ene-based pol yner and the organonetal lic conmpound 10 and
then Phe ﬁ¥ Uct produced fromthe conjugated di ene-based polyner and the
organonetal lic conpound is reacted with the conpound containing a nitrogen
atom and a car B&SyltegPsyptureogs] which the copgmsladedbidignsdiasadd
conpound containing a nitrogen 15 atom and a carbonyl group include a
ConpoundEﬁépmégedﬁedﬂaﬁuaﬂwwﬂﬁh(?DQ organometallic compound is
preferably 40°C or higher, more preferably 50°C or higher. The

temperature is preferably 90°C or lower, more preferably 80°C

10 or lower.
[0088]
The time during which the conjugated diene-based polymer
is reacted with the organometallic compound is preferably 10
seconds or longer, more preferably 1 minute or longer. The time
15 is preferably 150 minutes or shorter, more preferably 50 minutes
or shorter.
[0089]
<Reaction with Compound Containing Nitrogen Atom and Carbonyl
Group>
20 A compound containing a ﬁitrogen atom and a carbonyl group
is reacted with a product obtained by reacting a conjugated
diene-based polymer with an organometallic compound.
[0090]
The reaction of the product with the compound containing

25 a nitrogen atom and a carbonyl group is performed preferably
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R31 \ Nt-R3")----C-R34(3) R32' --P wherein R31 and R32 are each :
i ndependently a hydrocarbyl group optionally having a subs tituent and R3
represents a hydrocarbyl 20 group optionally having a substituent, or a
hydrogen atom or R31 and R32 are linked to forma hydrocarbyl ene group
optionally having a nitrogen atom and/ or an oxygen atom and R34 represents
a ‘hydrocarbyl group optionally having a substituent, or R31 and R34 are
| inked to form a hydrocarbyl ene group optionally having a nitrogen atom

d/ d I ' |
anaror - an oxy %?ﬁﬁgtﬁt%@b%g% sB3%eheP! eRE nhgle \%%%8%%99{ ¢ %%\Q%Pt orbiopal 'y

havi ng a substrt represents a roup represents O or
L L0098k e o PrLIBARIHE! Un, AHCL o501 SroupoLignall, hovino
Y bee o 2, SO R s i SOBd LSS ISRy O, [ Nt ude
[0091]
5 In the reaction of the product with the compound
containing a nitrogen atom and a carbonyl group, preferably,
the compound containing a nitrogen atom and a carbonyl group
is added to a soiution containing the product produced from thé
conjugated diene-based polymer and the organometallic compound
10 and then the product produced from the conjugated diene-based
polymer and the organometallic compound is reacted with the
compound containing a nitrogen atom and a carbonyl group.
[0092]
Examples of a preferred compound containing a nitrogen

15 atom and a carbonyl group include a compound represented by

Formula (3);

R3i
N o o
,N-{;R' j“p—C—R“ (3)

R*? I

O

wherein R*! and R’? are each independently a hydrocarbyl group

' optionally having a substituent and R* represents a"hydrocarbyl:

20 group optionally having a substituent, or a hydrogen atom, or
R’ and R*? are linked to form a hydrocarbylene group optionally
having a nitrogen atom and/or an oxygen atom and R** represents

a hydrocarbyl group optionally having a substituent, or R* and
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10 which the substituent is a hydrocarbyl oxy group, and a substituted

hydr ocar byl group in which the substituent is a substituted am no group.
Exanpl es of the hydrocarbyl group include al kyl groups such as a nethyl
group, an ethyl group, a n-propyl group, an isopropyl group, and a n-butyl
group; 15 al kenyl groups such as a vinyl group, an allyl group, and an

i sopropenyl group; and aryl groups such as a phenyl group. Exanples of the
substituted hydrocarbyl group in which the substituent is a hydrocarbyl oxy

group i ngsu rbyl I : [oup, an
30" ot noxy ety LoP Ao Y e Hra B Spoy PSRV BRLTGRUTEL N 858
substituteqﬁn%grocarQ%! %%ggp i n_which theléubstii pt i s a substituted

am no gr Supti ncldde IR H K 1 Hhi W ETKAYY 6 uch®BEegents a

2- (N, N-di.nef hyl ani no) et hyl gr.ou 2- (N, N- di et hyl am no) et hyl,,group, a 25
3-(N,N—mq¥§qéﬁﬁﬁﬁﬁin%59ﬁ%ﬂéﬁﬁ%ﬁﬁfflﬁuﬁﬁylﬁﬁ(?i%@hﬁ%&qﬂé%ﬁﬁHB)propyI gr oup
(N, N-di al kyl am no) aryl _ grqups such as a_4- (N, N-di net hyl am no) phenyl group,
a 3- (N, NGRS i O PREFAT FTRHP 3R] N IRIFIRHE i %) bheny! ~ gr oup,
and a_5 3-(N, N-diethylam no) phenyl group; (N, N-dial kyl am no)al kyl aryl
group? suUdP3d a 4- (N, N-di net hyl ani no) met hyl phenyl group and a

4- (N, N- di net hyl am no) et hyl phenyl group; cyclic am no group-containing al kyl
groups such as Ia Bhgyoraiyld hé%r@pwdgp@agbyé Fpipeptdoneplypgydviraup, and
a 3-imdazol yl propyl 10 graoup; cyclic am no group-containing aryl groups
such as & supstidluadimephdilyl Yroepd &°%4-ig pertixtimophdnyl group,omr a

4-i m dazol yl phenyl group; and cyclic am no group-containing al kyl aryl
groups  ssetbsdst tartdyrydaidaininel gdpheny Exgroles af4-thiepeubditiaettied pheny!
group, and 4-im dazolyl ethyl phenyl 15 group. [0094] In Fornula (3)

, the hydrwarardagie gaoanp itkkdtidies af subedibytbintydgoB8tbyd dFBRugNth
optionally has a nitrogen atom and/ or an oxygen atom and the

hydrogar ytliene t@reowuddtittient argred Hyar-drmdidg, Ridod®, R3ds apd optional |y
has a nitrogen atom and/ or an oxygen atom are each a hydrocar byl ene group

or a hydie@rdivharel GhRD GAHA iR i tioged GHom Y rudit oygen at om
Exanpl es of the hydrocarbyl ene group containing a nitrogen atom and/ or an
oxygen atBdtichide) anlitl QY] ergagb94R 62NtRNHSrocarbyl group
include alkyl groups such as a methyl group, an ethyl group,
a n-propyl group, an isopropyl group;“and a n-butyl group;

15 alkenyl groups such as a vinyl group, an allyl group, and an
isopropenyl group; and aryl groups such as a phenyl group.
Examples of the substituted hydrocarbyl group in which the
substituent is a hydrocarbyloxy group include
hydrocarbyloxyalkyl groups such as a methoxymethyl group, an

20 ethoxymethyl group, and an ethoxyethyl group. Examples of the
substituted hydrocarbyl group in which the substituent is a
substituted amino group include (N,N-dialkylamino)alkyl
groups such as a 2-(N,N-dimethylamino)ethyl group, a
2-(N,N-diethylamino)ethyl group, a

25 3-(N,N-dimethylamino)propyl group, and a
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25 a nitrogen atom a hydrocarbyl ene group contai ning an oxygen atom and
a hydrocar byl ene group containing a nitrogen atom and an oxygen atom
Exanpl es of the hydrocarbyl ene group include an al kanedi yl group, an

al kenedi yl group, and an aryl ene group. Exanples of the al kanediyl group

i ncl ude pol ynet hyl ene groups 5 such as a trinethylene group, a :

t étramet hyl ene group, a pentanethyl ene group, and a hexanet hyl ene group;
and a 2, 2, 4-trimethyl hexane-1, 6-diyl group. Exanples of the al kenediyl

group incu L pentan- 2- [ﬁr é?ih {ou > QP#e of. the aryl ene group
i ncl ude a 1&’fp‘%enyi§ena§n%¥b§ p.- grlaor'r%?’esa%‘fﬁ%e %%ﬁ%ﬁ@ﬁ% gr oup
containing a nitrogen atominclude a graup represented by - CH=EN-CH=CH and
a group r ?%gﬁﬂﬁ%§¥t) -%ﬁlﬂlﬁﬁ%%iﬁ%ﬁéhy $l§b?ﬂy%kﬁF$E%Td%arbylene
o o tp' i t i ncl ud ted by (CH2) 0
group conf aj ni ng..an gxygen atom include a group represented by s- 0-
(CH2) t- nj( sa%%%lné%‘%ﬁyfaé‘ﬁr'&)éﬁe%ﬁ iFtBYer df 1 or 15 nmore) . [0095] In
Formul a (3) ex | es of the divalent group as R33 include a
hydrocarﬁ?]@%@“&f Y LAm R RSB SHEOUR o€ cht ai ning a nitrogen atom a
hydrocar byl ene_group contai ning 20 an oxygen atom a group in which a
hydr oear byl éh&V FHRFY g phanyi tF aP ox{Pyeh- Gitaky anfize g bapl i n whi ch
a hydrocarbyl ene group is conbined with a group represented by -NRS5-
wher ei n R3Y L gpe®enssch &f ar dc &b+ dgretby bamanayueshenpheom Exampl es of
t he hydrocar byl ene group include an 25 al kanediyl group, an al kenedi yl
group, amhdar &yede dGimmiiylamino) ethylphenyl group; cyclic amino
group-containing alkyl groups such as a 3-pyrrolidinopropyl
group, a 3-piperidinopropyl group, and a 3-imidazolylpropyl
10 group; cyclic amino group-containing aryl groups such as a
4-pyrrolidinophenyl group, a 4-piperidinophenyl group, and a
4-imidazolylphenyl group; and cyclic amino group-containing
alkylaryl groups such as a 4-pyrrolidinoethylphenyl group, a
4-piperidinoethylphenyl group, and 4-imidazolyl ethylphenyl
15 group.
[0094]
In Formula (3), the hydrocarbylene group that is formed
by binding R’ to R?*? and optionally has a nitrogen atom and/or
an oxygen atom, and the hydrocarbylene group that is formed by
20 binding R’ to R* and optionally has a nitrogen atom and/or an
oxygen atom are each a hydrocarbylene group or a hydrocarbylﬂene
group containing a nitrogen atom and/or an oxygen atom.
Examples of the hydrocarbylene group containing a nitrogen atom

and/or an oxygen atom include a hydrocarbylene group containing

25 a nitrogen atom, a hydrocarbylene group containing an oxygen
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Exanpl es of the al kanediyl group include polynmethyl ene groups such as a
trimethyl ene group, a tetranethylene group, a pentanethylene group, and a
hexanet hyl ene group; and a 2,2, 4-trinethyl hexane-1, 6-diyl group. Exanples
of the 5 al kenediyl group include a pentan-2-ene-1,5-diyl group. Exanples
of the arylene group include a 1, 4-phenyl ene group. Exanples of the

hydr ocar byl ene group containing a nitrogen atominclude a group represented
by -CH=N-CH=CH and a group represented by -CH=N CH2- CH2-. Exanples of the

Cr ssented by RS RoE P E R P S SRR FAE M T U ger of
oxygen atSOA RO no B LG R oY ReBRPERV g e FERRy Thoiigs
hyar ocar 171 BRE"GFO0RLi<F RUROPROBL SFR ALY DT Y e pPOdEn B IBpe. RESES - (RS-
ot cooniGHR S B ERE ARTICHIE) GRS A apE BB TSRy GPBEABIOBr oup

having 1 to. 6 carbon atons or a hydrogen atom and g is an integer of 1 or
nor e. 2 20[HH¥B2s @ trimgEphang oUW pref@r@nEnpirl FepiRsent ed by
Formula (3) include a conpound represented by Forrmula (3-A) , which is a
conpound REPrEESANEEIs vl anB)a iexanerplene grami B s a

hydr ocar byl group optionally having a substituent, or a 25 hydrogen atom
R31 N G- R34 inemyhyR3t@rte viher-al v IR3reuml. REXaawd esaolf itheéependent |y a
hydr ocar byl group optionally having a substituent and R34 represents a
hydr ocar ®milkenediyl group include a pentan-2-ene-1,5-diyl group.

Examples of the arylene group include a 1,4-phenylene group.
10 Examples of the hydrocarbylene group containing a nitrogen atom

include a group represented by -CH=N-CH=CH- and a group

represented by -CH=N-CH,-CH,-. Examples of the hydrocarbylene

group containing an oxygen atom include a group represented by

- (CH,)s-0-(CH,) - (s and t each represent an integer of 1 or
15 more). |

[0095]

In Formula (3), examples of the divalent group as R
include a hydrocarbylene group, a hydrocarbylene group
containing a nitrogen atom, a hydrocarbylene group containing

20 an oxygen atom, a group in which a hydrocarbylene group is
combined with an oxygen atom, and a group.in which a
hydrocarbylene group is combined with a group represented by
-NR’°- wherein R®® represents a hydrocarbyl group or a hydrogen
atom. Examples of the hydrocarbylene group include an

25 alkanediyl group, an alkenediyl group, and an arylene group.
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group optionally having a substituent, or a hydrogen atom or 5 R31 and R32
may be linked to forma hydrocarbyl ene group optionally having a nitrogen
atom and/ or an oxygen atom and R34 represents a hydrocarbyl group
optionally having a substituent . [0097] In Fornmula (3-A), explanation and
exenplification of a 10 hydrocarbyl group optionally having a substituent
of R31, R32 and R34, and a hydrocarbyl ene group optionally having a
nitrogen atom and/ or an oxygen atom formed by binding R31 to R32 are the

sanme as gggaﬁ) d1 ﬂ%ﬁg i

Formul a (3-A) ,1%ngtl)%i %hgrée% a yﬁg%‘fﬁoggf ggﬁ%@ﬁﬁ%&%%ﬁg%ﬁro&%ycar bon
atons, or_ ] r.Oup.: 1.S..ho 0 hydr ocar byl ene group
havi ng SStdgﬁll%sgéar g:(%nl%a%l leéfe% |’s|%(2)tu%1 a[ngé%gl%%e formea nalttrogen
atom containin rocar byl ene group.having.3 to 10 carbon ons. More 20
pref er ablp%,nq;l IT%lts f'}nenaﬁ l%/]%loué’r’oL?guﬁaa{/)ihnejcainqq%qyljoerbeargorocf?%t c?ﬁgé 6 an aryl
group havi 6 ta 10 _carbon ataons, or is a group that is bound to R32 to
form a pél'%ﬂ%@%ﬁ‘%ﬁ%gsfﬁty& ﬁ%%?'boﬁxéf“@%@,s Phatt®s bound to
R32 to forma gr.oup represented. by -CH=N-CH=CH or_that is bound to R32 to
forma gPdfs Yels STRBP Dy CIEENCREREPL 2 TR Hero PHfer@NYR- it is an

al kyl group having 1 to 6 carbon atons, Particularly preferably, it is a
met hyl  grFe@FdesaRiethy agréape grovpojnclude a 1A pheRy kenes-gynoums? s
preferably a hydrocarbyl group having 1 to 10 carbon atons, or is a group
that is Bewmples R@ichcebhffgrwarhyélen@angumﬁ@ngaéupbngawnhgregeo atprecar bon
atons or that is bound to R31 to forma nitrogen atom containing 10

hydr ocar Bylcdwsleyeo gy dvay itepresen tedl dar bdiH=at-¢is=Chivbramdpreefgsraatd y, it is an
al kyl group having 1 to 10 carbon atons or an aryl group having 6 to 10

car bon atremsesentadbyuHCH4NCH s Baund Exxamlles tod fhemyalqalammtiatdene

group having 3 to 10 carbon atons, that is bound to R31 to forma group
repregentgatup containing an oxygen atom include a group represented by
- (CH2)s-0-(CHz) - (s and t each represent an integer of 1 or more) .
Examples of the group in which a hydrocarbylene group and an
oxygen atom are bound include a group represented by - (CH,) .—O-
(r represents an integer of 1 or more). Examples of the group
15 in which a hydrocarbylene group is combined with a group
represented by -NR*’- (R®® represents a hydrocarbyl group or a
hydrogen atom) include a group represented by - (CH,),-NR>°-
wherein R?®® represents a hydrocarbyl group having 1 to 6 carbon
atoms or a hydrogen atom, and g is an integer of 1 or more.
20 [0096]
Examples of a preferred compound represented by Formula
(3) include a compound represented by Formula (3-2), which is
a compound represented by Formula (3) in which p is 0, and R34
is a hydrocarbyl group optionally having a substituent, or a

25 hydrogen atom:
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15 by -CH=N-CH=CH-, or that is bound to R31 to forma group represented by
-CH=N-CH2-CH2-. Further preferably, it is an alkyl group having 1 to 6 :
carbon atons. Particularly preferably, it is a nethyl group or an ethyl
group. [0100] 20In Formula (3-A), R34 is preferably a hydrocarbyl group or
a hydrogen atom nore preferably a hydrocarbyl group having 1 to 10 carbon
atons or a hydrogen atom even nore preferably an al kyl group having 1 to 6
carbon atons, an al kenyl group having 2 to 6 carbon atons or a hydrogen
atom and particularly 25 preferably a hydrogen atom a nethyl group, an
ethyl groBd'or a vinyl group. [0101] O the conpounds represented
by Forrrulg%?q-_A) r_gNi&anpl e§3_9\f t he conpound in which R34 is a hydrocar byl
group inclyge 5 [N, N-di hyd ocgr byl acet am de such as N, N-di net hyl acet ani de,
N, N-di et h{¥ acet qiyi de and N-net hyl - N-et hyl acet ani de;

N, N- di hydr ocar byl acryl am de such as N, N-di net hyl acryl am de,

e
N, N-di et hyl met hacryl am de and N-net hyl - N-et iyl met hacryl ami de.
optionally having a substituent and R’* ' represents a hydrocarbyl
group optionally having a substituent, or a hydrogen atom, or
5 R and rR*? may be linked to form a hydrocarbylene group
optionally having a nitrogen atom and/or an oxygen atom and R>*
represents a hydrocarbyl group optionally having a substituent.
[0097]
In Formula (3-A), explanation and exemplification of a

10 hydrocarbyl group optionally having a substituent of R3!, R?*?
and R**, and a hydrocarbylene group optionally having a nitrogen
atom and/or an oxygen atom formed by binding R*! to R?*? are the
same as those stated in the explanation of Formula (3).
[0098]

15 In Formula (3-3), R’ is preferably a hydrocarbyl group
having 1 to 10 carbon atoms, or is a group that is bound to R*?
to form a hydrocarbylene group having 3 to 10 carbon atoms or
that is bound to R’? to form a nitrogen atom-containing
hydrocarbylene group having 3 to 10 carbon atoms. More

20 preferably, it is an alkyl group having 1 to 10 carbon atoms
or an aryl group having 6 to 10 cafbon atoms, or is a group that
is bound to R*? to form a polymethylene group having 3 to 10

carbon atoms, that is bound to R*? to form a group represented
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[0102] O the conpounds represented by Formula (3-A), exanples of a
conpound in which R34 is a hydrogen atominclude 15

N,"N- di hydr ocar byl f or mam des such as N, N-di net hyl f or mam de,

N, N- di met hyl f or mam de, and N-net hyl - N-et hyl f ormam de. [0103] Exanpl es of a
preferred conpound represented by Formula (3) include a conpound
represented by Fornula (3-B), which is 20 a conpound represented by Formul a
(3) inwhich pis 0, and R33 and R3l- are bound to forma dival ent group:

R36 N C(35B)_ 32, wheral n 324 apresenss, @ dydgecagbyl, grqup, gaki onal |y
Pyt coar B

having a substituent, R36 represents a rocar byl ene grotp, or a group in

e one MARERA 8, SR RO, 3 AL SRS, B . o
Forn 2, (B Gt T R SR | et SR B P
it is a methyl group or an ethyl group.
5 [0099]

In Formula (3-2a), R*? is preferably a hydrocarbyl group
having 1 to 10 carbon atoms, or is a group that is bound to R>?
to form a hydroéarbylene group having 3 to 10 cafbon atoms or
that is bound to R*! to form a nitrogen atom-containing

10 hydrocarbylene group having 3 to 10 carbon atoms. More
preferably, it is an alkyl group having 1 to 10 carbon atoms
or an aryl group having 6 to 10 carbon atoms, or a group that
is bound to R*!' to form a polymethylene group having 3 to 10
.carbon atoms, that is bound to R?*!' to form é group represented -

15 by -CH=N-CH=CH-, or that is bound to R?*!' to form a group
represented by -CH=N-CH,-CH,-. Further preferably, it is an
alkyl group having 1 to 6 carbon atoms. Particularlypreferably,
it is a methyl group or an ethyl group.

[0100]

20 In Formula (3-2a), R** is preferably a hydrocarbyl group
or a hydrogen atom, more preferably a hydrocarbyl group having
1 to 10 carbon atoms or a hydrogen atom, even more preferably.
an alkyl group having 1 to 6 carbon atoms, an alkenyl group having
2 to 6 carbon atoms or a hydrogen atom, and particularly

25 preferably a hydrogen atom, a methyl group, an ethyl group or
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the same as those stated in explanation of Formula (3) . [0105] 10In
Formula (3-B) , exanples of the hydrocarbyl ene group of R36 include an
al’kanedi yl group, an al kenediyl group, and an aryl ene group. Exanpl es of

t he al kanediyl group include polynethyl ene groups such as a trinethyl ene
group, a tetranethylene group, a pentanethylene group, and a 15
hexamet hyl ene group; and a 2,2, 6-trimethyl hexane-1, 6-diyl group. Exanples
of the al kenediyl group include a pentan-2-ene-1, 5-diyl group. Exanples of

the aryl enpe ;glQuR,,] ude a 1, 4-phenyl ene group. Exanples of the group in
whi ch a hygpbéa'%#dgéigroup is conbined with a group represented by 20
- NR35- jﬁ R35 represents a hydrocarbyl group or a hydrogen atom as R36
i nclude a group represented by - (CH2) g-NR35- wherein R35 represents a

hydr ocar byl p QL a hydrogen_ ato nd is an integer of 1 or. nore.
[0106] 25In Fo?#u (%O@Oun%%ﬁpsr e‘éfafeﬁdagﬂy i‘8 <L§ ggr%% FFIW Shavi ng 1
to 10 carbon_ atons, nore preferabl Jan alg%ﬁ group, having 1 to 10 carbon

at ons or %n &S ICHRARhAR WIER & 1018 af dé?%ﬁﬁbyévéﬁoﬁﬁrénﬁiéﬁérabIy an
al kyl _group havkﬁg1l to 6 carbon atons or a hen group, particularly

pr ef ePaby Ny OB, 2 I R It AU Gt G, Wnﬂa@wwdef 0107]
In Fornmula (3-B) , R36 is preferably a hydrocarbylene group having 1 to 10

carbon atb d%ﬁth¥%ﬁQﬁH§m%¢ﬂMﬁﬂﬁ1Nrmﬂﬁhﬁizﬂiﬁﬂhykﬁ%ﬁﬁﬁmid%w|ng 1 to 10
carbon atons is bound to a group represented 10 by -NR35- wherein R35

r epr esents Ner diynidacaanydy grasng draden g ucht asl OV, dardiiowe Btyolresc myr Laanddelr ogen
atom nore preferably a pol ynethyl ene group having 3 to 6 carbon atons or a

group r eph@sahiteddiyiyg cry(1@HR) e -aikB N -me el -V -R3 v lepresiemt isiey; ket ocar by
group having 1 to 10 carbon atonms, and q represents an integer 15 of 2 to

5, and emEmqﬂihydnudanhymmeuhanﬁymamndeﬂﬁhqh(agn a tetramet hyl ene group, a
pent anet hyl ene group, or a group represented by - (CH2) 2-N (CH3) -
10 N,N-dimethylmethacrylamide, N,N-diethylmethacrylamide and
N-methyl-N-ethylmethacrylamide.
[0102]
Of the compounds represented by Formula (3-A), examples
of a compound in which R** is a hydrogen atom include
15 N,N-dihydrocarbylformamides such as N,N-dimethylformamide,
N,N-dimethylformamide, and N-methyl-N-ethylformamide.
[0103]
Examples of a preferred compound represented by Formula
(3) include a compound represented by Formula (3-B), which is

20 a compound represented by Formula (3) in which p is 0, and R*

and R*' are bound to form a divalent group:

R
7\ (3-B)

wherein R3? represents a hydrocarbyl group optionally having
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[ 0108] O the conmpounds represented by Formula (3-B) , exanples 20 of the
conpound in which R36 is a hydrocarbyl ene group include

N-hydr ocar byl - P- pr opi ol act am such as N-net hyl- 13- propi ol actam or

N- phenyl - P- propi ol act ami N-hydr ocar byl-2-pyrrolidone such as

N- et hyl - 2- pyrrol i done, N-vinyl-2-pyrrolidone, N phenyl-2-pyrrolidone,
N-tert-butyl-2-pyrrolidone or 25 N-nethyl -5-methyl -2-pyrrolidone;

N- hydr ocar by1- 2- pi peri done such as N-nethyl - 2- pi peri done,

N-vi nyl - %:Q{lgﬁg%ggggtor =3B Rbeny %ﬁg’éﬁ%o%%ﬁeg edrgtggar byIr g—gcla rol actam

such as caprol act'am or ' and

N- hydrocarb ws |l augi | oI act such _as Wl auril ol actam or

N-vi nyl - vv-nl é’ll}}rl 0 a%:l OCSF%%}FISQS gﬁpﬁﬁe%{rﬁﬁ %Qr?o?]f% rFsented

N- net hyl - gpl act are ref erred. [0109 t he conpounds represented

by For mul é’( gn%l e§© éeﬁ?nﬁsc% FPYthiSHPUR3BT| @ Y G f or ned
by binding a hydrocar byl ene group to a group represented by -NR35- wherein
R35 repr 's a hydrocarbyl group or a hydrogen atom i ncl ude

1, 3-di hydraocar byl- 2-i m dazol i di nones such as

1, 3- d? mety£43- i i dazol i di none, 15 1, 3-di et hyl- 2-i ni dazol i di none,

1, 3-divi nyl 2-im dazolidinone, and 1-nethyl-3-ethyl-2-imdazolidinone; of

t hese, 3- di meehFerpulai ¢3zB) i derphenatipnerd rexenpbifipfation of a

hydrocarbyl group optionally having a substituent of R3? are
the same as those stated in explanation of Formula (3).
[0105]

10 In Formula (3-B), examples of the hydrocarbylene group
of R*® include an alkanediyl group, an alkenediyl group, and
an arylene group. Examples of the alkanediyl group include
polymethylene groups such as a trimethylene group, a
tetramethylene group, a pentamethylene grbup, and a

15 hexamethylene group; and a 2,2, 6-trimethylhexane-1,6-diyl
group. Examples of the alkenediyl group include a
pentan-2-ene-1,5-diyl group. Examples of the arylene group
include a 1, 4-phenylene group. Examples of the group in which
a hydrocarbylene group is combined with a group represented by

20 -NR’®- wherein R*®® represents a hydrocarbyl group or a hydrogen
atom as R*® include a group represented by - (CHz)q—NR35— wherein
R3® represents a hydrocarbyl group or a hydrogen atom, and g
is an integer of 1 or more.

[0106]

25 In Formula (3-B), R*? is preferably a hydrocarbyl group
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20Exanpl es of a preferred conpound represented by Fornula (3) include a
conpound represented by Fornmula (3-C), which is a conpound represented by
Formula (3) in which pis 1, and R33 is a hydrocarbyl ene group: R31
NR'-CR34 (3-C) R32:11 0 wherein R31 represents a hydrocarbyl group
optionally having a substituent and R32 represents a hydrocarbyl group
optionally having a substituent, or R31 and R32 are linked to forma 5
hydr ocar byl ene group optionall y having a nitrogen atom and/ or an oxygen

atom R33 1ANESENS & tyaqbo y(;n%we mely @3 present ha/lg(glﬁ)pcar byl
AT i 'feo%ﬁﬁ kfe—i&’ il 4 F et

group optionally having t uent _
expl anat i el |cat| n of a 10 dr ocar p_optionally having
a substi tuenjt(’%ﬂ;alecl'%gB ﬁ%ﬁf%ag R33 °% aﬂfd‘:r%]chB P V E t%E{D (b?'g? havi ng
a nitrogen atomand/or an o atom b| nding R31 to R32, and a
hydr ocar li%oé[}?e gV et AL RIF %&@%Weag‘a%ﬁ(gﬁ hayipgdl i%e BxGAERRR | on of
Formula (3) . 15[0112] In Fornmula (3-0 R33 is preferably a

hydr ocar RHFCH PoipShal 9FQuP - t%a]i'él%‘é}%}ﬁ’ @F@rﬁ?r g ¥ed PeEP¥ SN
alkanedlyl group having 1 to 10 carbon atons or an aryl ene group having 6
to 10° carBorfEImIr Biken GForde PrEher ZHI3H: net hyl ene group, - a 20

pol ynet hyl ene group having 2 to 6 carbon atons, or a phenyl ene group,

partl cul dd8PTdreferably an ethyl ene group, a tri rret hyl ene group, or a 1,

4- phenyl ene group.
In Formula (3-B), R3¢ is preferably a hydrocarbylene group

having 1 to 10 carbon atoms, or a group in which a hydrocarbylene
group having 1 to 10 carbon atoms is bound to a group represented
10 by -NR’®- wherein R’® represents a hydrocarbyl group having 1
to 10 carbon atoms or a hydrogen atom, more preferably a
polymethylene group having 3 to 6 carbon atoms or a group
represented by - (CH,) -NR*>- wherein R?*® represents a hydrocarbyl
group having 1 to 10 carbon atoms, and g represents an integef
15 of 2 to 5, and even more preferably a trimethylene group, a
tetramethylene group, a pentamethylene group, or a group
represented by - (CH,;),-N(CH3) -
[0108]
‘0f the compounds represented by Formula (3-B), examples
20 of the compound in which R?*® is a hydrocarbylene group include
N-hydrocarbyl-B-propiolactam such as N-methyl-B-propiolactam
or N-phenyl-f-propiolactam; N-hydrocarbyl-2-pyrrolidone such
as N-methyl-2-pyrrolidone, N-vinyl-2-pyrrolidone,
N-phenyl-2-pyrrolidone, N-tert-butyl-2-pyrrolidone or

25 N-methyl-5-methyl-2-pyrrolidone; N-hydrocarbyl-2-piperidone
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[0113] In Formula (3-C) , R34 is preferably a hydrocarbyl group
having 1 to 10 carbon atons, or a substituted hydrocarbyl group having 1 to
10 carbon atons in which the substituent is a dial kylamno group, nore
preferably an al kyl group having 1 to 5 6 carbon atons, an aryl group
having 6 to 10 carbon atomns, a dial kyl am noal kyl group having 3 to 6 carbon
atons, or a dlalkylanlnoaryl group having 8 to 14 carbon atons, even nore
preferably a methyl group, an ethyl group, a phenyl group, a

3-di net hyd r}igtm)ﬁ%t%{ﬁu_pz fﬁfpera%?&{gwl@m qée]glré) 10[0114]

I n Fornul a y a hydro T Oup aV|n 1to 10

carbon a r.ooup that d Wt h FBZ to forma hydrocarbylene
group ha\t;\f)_”g'ieéq%lo_azf 'ofﬁﬁ" PO &P a {uGho

atomcontalnlr}g1 rocar hyl ene 15 roup haV|n 3 to 10 carbon atons nor e
pr ef er ablyj C&PSGgaﬁ§9Wh6r1 & f@yéaﬁbﬁﬁpéPéﬁﬁtém aflgryl group
having 6 to 10 carbon at ons, group that is bound to R32 to form an

al kanedi WGBS HRH g?iﬁ%%F%lP%ﬁﬁ%ﬁWl%H%ﬁmasa group that is bound to R32
to forma group represented by -CH=N CH=CH, group that is 20 bound to
R32 t® féﬁfmeﬁgﬂa@r#@pﬁwﬂ%ﬁ%yrmm@ﬂof}@rlmlacmmpftmw,s bound
to R32 to forma group represented by - (CH2)2-0- (CH2)2-, even nore
preferabwynﬁeﬂﬁhé% -yisied- e g 218t lhdn cabowd actama agreoup t hat i s
bound to R32 to forma pol ynet hyl ene group having 3 to 6 carbon atons, a
group th&@ref®rredound to R32 to forma group represented by - CHEN- CH=CH-
or a group that is bound to R32 to forma group represented by

- CH=N- CHZ03192), particularly preferably a nethyl group or an ethyl group,
or a group that is bound to R32 to forma tetranethyl ene group, a group

that is bound O BB2 ¢ompoumis regrsareidy bgnBogmalip, (®FBR, Gihpidmt 1S
bound to R32 to forma group represented by -CH=N-CH=CH . [0115] I n

Formiba ©F @ ,cor@dursl drefweriai R4 hyds ogesby| £ gFrae® Bavbigding0a10 carbon
atons, or a group that is bound to R31
hydrocarbylene group to a group represented by -NR*°- wherein
R’ represents a hydrocarbyl group or a hydrogen atom include
1,3-dihydrocarbyl-2-imidazolidinones such as
1,3-dimethyl-2-imidazolidinone,
15 1,3-diethyl-2-imidazolidinone,
1,3-divinyl-2-imidazolidinone, and
l-methyl-3-ethyl-2-imidazolidinone; of these,
1,3-dimethyl-2-imidazolidinone is preferred.
[0110]
20 Examples of a preferred compound represented by Formula
(3) include a compound represented by Formula (3-C), which is

a compound represented by Formula (3) in which p is 1, and R*3

is a hydrocarbylene group:
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10 to form a hydrocarbyl ene group having 3 to 10 carbon atons, or a group
that is bound to R31 to forma nitrogen atom contai ni ng hydrocar byl ene
group having 3 to 10 carbon atons, nore preferably an al kyl group having 1
to 10 carbon atonms or an aryl group having 6 to 10 carbon atons, or a group
that is bound to 15 R31 to form an al kanedi yl group having 3 to 10 carbon
atonms, a group that is bound to R31 to forma group represented by
-CH=N-CH=CH-, a group that is bound to R31 to forma group represented by
-CH=N-CH2-CH2-, or a group that is bound to R31 to forma group represented
by -(CH2)RID-(CH2)2-, even nmore 20 preferably an al kyl group having 1 to 6
car bon ator%N.:Q_rRz-a_,g@uql:ﬁhat (i3§cpound to R31 to forma pol ynet hyl ene group
having 3 tQ{B carbon|PtonB, a group that is bound to R31 to forma group
representh"i by -CH=N¢(fH=CH-, or a group that is bound to R31 to form

- CH=N- CH2- CH2-, particularly preferably a methyl group 25 or an ethyl

group, or _a groupsthat is bound to 1 to forma tetranethyl ene group, a
group t haSIEBolind IPIRER S f%rW$M SR Potrably HYFRH t hat
is bound to R31- to forma,group represented by -CH=N-CH=CH. [0116] 5C

t he conpGuRbESEepHBRERY Rhy TEBEREFPEtER Y ArOEavds 96PUR QRIPSSIMELY n whi ch
R34 is a _hydrocarbyl group include 4-(N,N-di hydrocarbyl am no)acet ophenones
such as SN & r?é’tbri*?}:lléﬁﬁ%'a@éft dpherdfeR ° are linked to form a

4- (N- et hyl - N- et hyl am no) acet ophenone, and 10

4- (N, N dirvdnpcarbyd)ease gophienopeicnadly-kycing aniitoegenophenared cmnpounds
such as 4'-(imdazol -1-yl)acetophenone and 4-pyrazol yl acet ophenone; of
these, aaf oxygsn @tamn®’’ acepophenosea coypoondrbglenef groed; Bifd

4' - (imdazol -1-yl)acet ophenone is nore preferred. 15[0117] O the
conpounds epefprsesers @ thyldy oearrinyllagf Suftpp texxarlleshad img eyt uenthi ch R34
is a substituted hydrocarbyl group include

bi s(di hydroagarbyl am noal kyl ) ket one such as

1, 7- bi s(met hyl et hyl am no) - 4- hept anone or 20

1, 3- bi s(di phenyhaprbRehid- PBOPAN0CARH14nk i By dsRgasheha nodhengerhenone such
as 4- N, N-di net hyl am nobenzophenone, 4-N, N-di -t-butyl am nobenzophenone or

4- N, N di pREMYRIFHAD RN RN®nally having a substituent as R, R
and R*, a hydrocarbylene group optionally having a nitrogen

atom and/or an oxygen atom formed by binding R*!' to R*?

, and a
hydrocarbylene group as R* are the same as those stated in
explanation of Formula (3).

15 [0112]

In Formula (3-C), R*is preferably a hydrocarbylene group
having 1 to 10 carbon atoms, more preferably an alkanediyl group
having 1 to 10 carbon atoms or an arylene group having 6 to 10
carbon atoms, even more preferably a methylene group, a

20 polymethylene group having 2 to 6 carbon atoms, or a phenylene
group, particularly preferably an ethylene group, a
trimethylene group, or a 1,4-phenylene group.

[0113]
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25 4, 4' - bi s(di hydrocar byl am no) benzophenone such as

4, 4" - bi s(di net hyl am no) benzophenone, 4, 4'-bi s(di et hyl am no) benzophenone or
4;4' - bi s(di phenyl am no).benzophenone; of these,

4, 4" - bi s(di hydrocar byl am no) benzophenone is preferred, and 5

4, 4" - bi s(di et hyl am no) benzophenone is nore preferred. [0118]

Exanpl es of a preferred conpound represented by Formula (3) include a
conpound represented by Fornmula (3-D) , which is a conmpound represented by

nycr ocar byl ene ey SOEBARA4 5 Anoxgen” St SEroat & BPSHRFrodh wiow
repr osent A B S BeoSTE BB o SRy hron MR R aRPCaREY ) S C -
navi g A SUBE tudl h R QT BEEries b By o U optd chal 1y
havi ng a substituent, or R31 and R32 are |inked_ to form a_hydrocarbyl ene
group optHGTAMAATHAA Ay COHPni PPEYAH LGARIR LS 2 BRY by BEYHIIRE 70
represents a hydrocarbyl ene group; A2 20 represents an oxygen atom or
-NR352, KB353EEre SERMS  a 2Ry 8L ¥dalbyHenBayiBUpo ok O al hyeRBeeh UG, ahd R34
represents a hydrocarbyl group optionally having a substituent. [0119]
dialkylaminoalkyl group having to 6 carbon atoms, or a
dialkylaminoaryl group having 8 to 14 carbon atoms, even more
preferably a methyl group, an ethyl group, a phenyl group, a
3-dimethylaminoethyl group, or a 4-diethylaminophenyl group.
10 [0114]
In Formula (3-C), R is preferably a hydrocarbyl group
having 1 to 10 carbon atoms, or a group that is bound with R3?
to form a hydrocarbylene group having 3 to 10 carbon atoms, or
a group that forms a nitrogen atom-containing hydrocarbylene
15 group having 3 to 10 carbon atoms, more preferably an alkyl group
having 1 to 10 carbon atoms or an aryl group having 6 to 10 carbon
atoms, or a group .that is bound to R*? to form an alkanediyl
group having 3 to 10 carbon atoms, a group that is bound to R3?
to form a group represented by -CH=N-CH=CH-, a group that is
20 bound to R*? to form a group represented by -CH=N-CH,-CH,-, or
a group that is bound to R*? to form a group represented by
- (CHz) 2-0-(CH3) 2-, even more preferably an alkyl group having
1 to 6 carbon atoms, or a group that is bound to R*? to form

a polymethylene group having 3 to 6 carbon atoms, a group that

25 is bound to R* to form a group represented by -CH=N-CH=CH-,
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In Formula (3-D), explanation and exenplification of a hydrocarbyl group
optionally having a substituent as R31, R32 and R34, and a hydrocar byl ene
group optionally having a nitrogen atom and/or an oxygen atom forned by
binding R31 to R32 are the 5 sanme as those stated in explanation of Formula
(3). [0120] In Fornula (3-D), A2 is preferably an oxygen atom or a
group represented by -NR35- wherein R35 is a hydrocarbyl ene group having 1
to 5 carbon atons or a hydrogen atom nore preferably 10 an oxygen atom or

a gro repre d - se preferahl r db
i FofAir DEBhB e D o SR RS Y Reh R e B PR S BTN
as R37 incl.u kanediyl. grou an_al ke iyl grau and 15 an aryl ene
gr oup. Ei?nf%%g—ﬁﬁf él{ﬁ—e’ a ?%%]e%f%%%e%%%? y?)éﬁ?/’%@fp%ﬂ%%ép oS such
as atri hyl ene gro a tetranethyl.en r oup, aspent apet hyl ene group,
and & heXRtnFEaNe gfup SRS o8 45 HHEChyIhakant? 11281 91 or oup.

Ex I of the al kenediyl group include a 20 pentan-2-ene-1,5-diyl group.
Dxanpl o8 B IPGIERie Sblp PG & 54 Lh ERFenE Corouri® [CEBIA [ n
Formula (3-D), R34 is preferably a hydrocarbyl group having 1 to 10 carbon
at ons> e erlemsy PR kiR GrOWP Zhakadisngporndo te &ar Hoh BW@hs, even

nore preferably a vinyl group
a group represented by -CH=N-CH=CH-.

[0115]
In Formula (3-C), R%*? is preferably a hydrocarbyl group
having 1 to 10 carbon atoms, or a group that is bound to R>:
10 to form a hydrocarbylene group having 3 to 10 carbon atoms, or
a group that is bound to R*! to form a nitrogen atom-containing
hydrocarbylene group having 3 to 10 carbon atoms, more
preferably an alkyl group having 1 to 10 carbon atoms or an aryl
group having 6 to 10 carbon atoms, or a group that is bound to
15 R’ to form an alkanediyl group having 3 to 10 carbon atoms,
a group that is bound to R*!' to form a group represented by
-CH=N-CH=CH-, a group that is bound to R?*!' to form a group
represented by -CH=N-CH,-CH,-, or a group that is bound to R*
to form a group represented by - (CH;),;-0-(CH;),~-, even more
20 preferably an alkyl group having 1 to 6 carbon atoms, or a group
that is bound to R?*!' to form a polymethylene group having 3 to
6 carbon atoms, a group that is bound to R*! to form a group
represented by -CH=N-CH=CH-, or a group that is bound to R
to form -CH=N-CH,~CH,-, particularly preferably a methyl group

25 or an ethyl group, or a group that is bound to R*' to form a
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or ‘an isopropenyl group, particularly preferably a vinyl group. [0123]

In Formula (3-D) , R37 is preferably a hydrocarbyl ene group having 1 to 10
carbon atons, nore preferably a pol ynethylene 5 group having 1 to 6 carbon
atons, still nore preferably an ethyl ene group or a trimethylene group, and
particularly preferably a trinethylene group. [0124] In Formula (3-D) ,
R33- is preferably a hydrocarbyl group 10 having 1 to 10 carbon atons, or a
group that is bound to R32 to form a hydrocarbyl ene group having 3 to 10

carbon atQns, u hat i.s d.t R?% fg{ a_pitrogen
atom con%tal nlang th@&%%%a%o%%ﬁe ag 03%1 é:\;l%ntg tfbg) (rzgé)r l%{gn N ggn%]fm rfor e
preferably an alkyl group having 1 to 10 carban atons, or ap,aryl_15 group
havi ng 6}%@8(%%% acﬁrg)rlrlsp (SDrrng FFOUR et S E’(?L‘fﬁ’(ﬁl tQ R32 tt% %G an
-al kanedi yl group having 3 to. .10 carbon _atons, a group that is bound to R32
to form#& &%&’&plr&?rr@f%ﬂt@dioﬁ%y ~EHENEHEEE - a group that is bound to R32
to forma group represented by -CH=N-CH2-CH2-, or a group that is bound to
R32 20 td %h a group represented by - (CH2)2-0- (CH2) 2- , even nore
preferably an al kgl group having 1 to 6 carbon atons, or a group that is
bound®t o R32 t &% bRfh GOHAYRES MARTRE PYH R WaFPrguUBat 63 6C Lardyorkems, a
group that is bound to R32 to for3£n a group represented by - CH=N-CH=CH-, or
a group tHa@ comEeWRG tie REZCI5 R0 f9ran kydrecarpepr esewp etingjude
-CH=N- CH2- CH2-, particularly preferably a nethyl group or an ethyl group,
or a grodp ®hat-didvisoaed rty 1R3¢E na) Aatndnaretresetund exse group, a group
that is bound to R32 to form a hexanet hyl ene group, or a group that is
bound t o 4R3A, N diararnhy lgmdunp ) eeEtepdrenethd)y - CH=N- CH=CH- . 5[ 0125]
4- (N-methyl-N-ethylamino)acetophenone, and
10 4-(N,N-diethylamino)acetophenone; and 4-cyclic
aminoacetophenone compounds such as
4'-(imidazol-1-yl)acetophenone and 4-pyrazolylacetophenone;
of these, a4-(cyclic amino)acetophenone compound is preferred,
and 4'-(imidazol-1-yl)acetophenone is more preferred.
15 (0117]
Of the compounds represented by Formula (3-C), examples
of a compound in which R’ is a substituted hydrocarbyl group
include bis(dihydrocarbylaminoalkyl)ketone such as
1,7-bis(methylethylamino)-4-heptanone or
20 1,3-bis(diphenylamino)-2-propanone;
4- (dihydrocarbylamino)benzophenone such as
4-N,N-dimethylaminobenzophenone,
4-N,N-di-t-butylaminobenzophenone or

4-N,N-diphenylaminobenzophenone;

25 4,4'-bis(dihydrocarbylamino)benzophenone such as
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In Formula (3-D), R32 is preferably a hydrocarbyl group having 1 to 10
carbon atons, or a group that is bound to R31 to form a hydrocarbyl ene
group having 3 to 10 carbon atonms, or a group that is bound to R31 to form
a nitrogen atom containing 10 hydrocarbyl ene group having 3 to 10 carbon
atons, nore preferably an al kyl group having 1 to 10 carbon atons or an
aryl group having 6 to 10 carbon atons, or a group that is bound to R31 to
form an al kanedi yl group having 3 to 10 carbon atons, a group that is bound
to R31 tqg form: . t - N-CH=CH, a group that is
bound tleFX34(1l @&%%l%&%ﬂr%@%pﬁéﬁﬁ%%%N CH2- CH2-, or a group that
is bound t g R3L fqrm ro represented by -(CH2)2-0-(CH2)2-, even nore
preferabI4y%a%%<</%}leg:rh(}’ul%l eﬁﬁ%%ﬁeﬁzocfp%leél%%? boolyn atons, or a group that is
bound to R31 ta for.m.a | ynet hyl ene _group havi 3 to 20 6 carbon atons, a
group that' 3 s—Lbo1 u(ﬁ%lp[kber&glf%]dlq%?‘?ﬂzao ‘?’ep‘?ég@ﬁ%%l' by - CHEN- CH=CH-, or
a group that is bound to R31 to form -CH=N-CH2-CH2-, particularly

pr ef erabl4y84a ‘r@tsh(ﬁllq'é’ FHOHRRAIR) PR ZRRR NG 1 dipekeiated s F¥lnd to
R31 to forma _tetramethyl ene group, a group that is bound to R31 to forma
25 heXandt/Hy 1 & GHRRRY IR R hanone boufPto Jaferddrm a group
represented by -CH=N-CH=CH . [0126] O the conpounds represented by
Formul a (@J@) ] exanpl es of the conpound in which A2 is an oxygen atom
include 5 2-N, N-di hydrocar byl am noet hyl acryl ate such as

2- N, N- di net hy| Zrenedelsy b faz o efter tad Zonpudicerkpiresencethlyy Bormil e;

3- N, N- di hydr ocar byl am nopr opyl acryl ate such as 3-N, N-di net hyl am nopr opyl
acryl at e; (32- Nnsldidky dr oosp dyha m et s t ed tthadoyinatla $83eh) aswAdch is

2- N, N-di et hyl am noet hyl net hacryl ate or 2-N, N-di et hyl am noet hyl

met hacr ylaatempanad3xrdpNediehy ddobar hytmani ao(@ oyl wiichapr yt at £ sl R3as

3- N, N- di net hyl am nopropyl nethacryl ate; of these,

3- N, Nodi hyduogaotp! foi wiopsio py hyaiHodaattsy lish P igelory B8naBdtdSan oxygen

3-N, N-di net hyl am nopropyl acrylate is nore preferred. [0127] O the

conpounds tegir 68 eNg£8uP i rFWRItha %d%ca@%?%hé%ﬁuﬁb@ﬁ&@%g b ch A2
is a group represented by -NR35- erein R35 is a hydrocarbyl ene group or a

hydr ogen I@p}r@géaﬁ-,léais},%ﬁﬁ Nrgidpedrpgee byl sk BREL fav@e%hg%%% as

N, N- di met hyl am noet hyl acryl am de and N, N-di et hyl am noet hyl actylam de;

N, N- di hy dr,0carRM YHORRY.l acryl am des such as
N, N- di net hyl am nopropyl acryl am de and

R3i '
N—RY-A?—C—R*  (3-D)

R3Z i

15 wherein R*' represents a hydrocarbyl group optionally having
a substituent and R’? represents a hydrocarbyl group optionally
having a substituent, or R*! and R?*? are linked to form a
hydrocarbylene group optionally having a nitrogen atom and/or
an oxygen atom; R*’ represents a hydrocarbylene group; A2

20 represents an oxygen atom or -NR*°-, R?® repreéents a
hydrocarbylene group or a hydrogen atom; and R3* represents a
hydrocarbyl group optionally having a substituent.

[0119]
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25 N, N-di et hyl am nopr opyl acryl am de;

N, N- di hydr ocar byl am nobut yl acryl am des such as

N; N- di met hyl am nobut yl acryl am de and N, N-di et hyl am nobut yl acryl am de;
N, N- di hydr ocar byl am noet hyl net hacryl am des such as 5

N, N- di met hyl am noet hyl net hacryl am de and

N, N- di et hyl anmi noet hyl net hacryl am de;

N, N-di hydr ocar byl am nopr opyl et hacryl am des such as

N, N- di met hyl amiynoprepy:h ag) yI gl o
N,N—dlethylanlnopr%py%ngfﬁgcr @Qg Qn%g on and exemplification of a
N, N-di h ar b nobut t. hacr des such 31 32
N, N- di me rac.)r(ﬁ néaa/rﬂ gr&ﬁggﬁ onr%lgté/ aﬁa‘lng %stltuent as R, R

N, N-di e h b h ; . . , '
NN di b #ﬁﬁ? %%%%%@5§§%§%¥%aﬁﬁ@ewetbP&F&}V&bﬁV%a nicrogen
N, N- di met hyl am nopropyl acryl am de is nore preferred 3115L

Preferred Eé gﬁd"’ﬁé ?]%saetrﬂr%ofs ngupén(ié?gl R Eo‘?‘rpo@uﬁ% the

represent ed by For rrul a (3-B)_, and nore preferred is conpound wherein in
FornuPa G395 25 RIS Srfarﬁﬁﬂﬂr d‘éhretiiﬂjéﬁ?tglr%ﬁ%ﬁ%”@*]cﬁjp(?ﬁn which a

hydr ocar byI ene group bonds to a group 20 represented by -NR35- wherein R35
representsO 12Xydrocarbyl group or a hydrogen atom [0129] Wien reacting a
conj ugat ed di ene-based pol yner vvlth an organonetal | i ¢ compound and then
reacting the résuFoirmylpr ddu@t) 2B°wi % hoee tengblvdar ovragen rgtem bt ravgen
atom and a carbonyl group, %/drocar byl ox¥5| | ane conpound may be used

t oget her gr[oml.‘pet)?presentedlhyefﬁli “edwlesneph 8° 6f & hydnpdrobai bykowsip ane
conpound to be used together include a hydrocarbyl oxysil ane conmpound 5

havi ng ahaivtinggéntat®macdatrashbng gr cupydoca esoof, nbeemtebgsbly
at om cont ai ni ng group i nclude an am no group, a substituted am no group, a

ni t r dYen e REAIGEM G doad 10 GY & vty Ny e fercyean My r-p,, antbramdsocyanat o
group. Exanples of the substituted am no group include a group represented
by Formulxeferably a group represented by -NH-.
[0121]
In Formula (3-D), examples of the hydrocarbylene group
as R¥ include an alkanediyl group, an alkenediyl group, and
15 an arylene group. Examples of the alkanediyl group include
polymethylene groups such as a trimethylene group, a
tetramethylene group, a pentamethylene group, and a
hexamethylene group; and a 2,2,4-trimethylhexane-1,6-diyl
group. Examples of the alkenediyl groﬁp include a
20 pentan-2-ene-1,5-diyl group. Examples of the arylene group
include a 1,4-phenylene group.
[0122]
In Formula (3-D), R** is preferably a hydrocarbyl group

having 1 to 10 carbon atoms, more preferably an alkenyl group

25 having 2 to 5 carbon atoms, even more preferably a vinyl group
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10 (4-A) described | ater. Exanples of the nitrogen-containing heterocyclic
group include a 4-pyridyl group and a 2-im dazolyl group. [0131]

Preferred exanpl es of the hydrocarbyl oxysil ane conpound 15 having a
nitrogen atom contai ning group include a conmpound represented by Fornul a
(4) @ R41-Si-(CH21)i-A4 1 (4) wherein R41l, R42 and R43 each independently

répresent a hydrocarbyl group or a hydrocarbyl oxy group, at
20 selected fromR41, R4A2 and R43 is a hydrocarbyl oxy group,

| east one group
A4 represents

T DR N G RN - A S e

representoq @ﬁdrocarbyl group or a hydrocarbyl oxy group, and at Ieast one

group selecte

fromR41, R4A2 and R43 is a hydrocarbyl oxy group. Preferably,

and nore

el eoabl v CRan it (319 3 AP E At PR By bt Byl ang b D

having 1 to 10 carbon atoms, more preferably a polymethylene

5 group having 1 to 6 carbon atoms, still more preferably an

ethylene group or a trimethylene group, and particularly

preferably a trimethylene group.

[0124]

In Formula (3-D), R’ is preferably a hydrocarbyl group

10 having 1 to 10 carbon atoms, or a group that is bound to R>?

to form a hydrocarbylene group having 3 to 10 carbon atoms, or

a group that is bound to R*? to form a nitrogen atom-containing

hydrocarbylene group having 3 to 10 carbon atoms, more

preferably an alkyl group having 1 to 10 carbon atoms or an aryl

15 group having 6 to 10 carbon atoms, or a group that is bound to

R*? to form an alkanediyl group having 3 to 10 carbon atoms,

a group that is bound to R*? to form a group represented by

-CH=N-CH=CH-, a group that is bound to R?*? to form a group

represented by -CH=N-CH,-CH,-, or a group that is bound to R>*2

20 to form a group represented by -(CH;),-0O-(CH;),-, even more

preferably an alkyl group having 1 to 6 carbon atoms, or a group

that is bound to R*? to form a polymethylene group having 3 to

6 carbon atoms, a group that is bound to R3*? to form a group

represented by -CH=N-CH=CH-, or a group that is bound to R>2

25 to form a group represented by -CH=N-CH,-CH;-, particularly
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The nunber of the carbon atons of a hydrocarbyl group and a
hydr ocar byl oxy group as R41l, R42 and R43 is preferably 1 to 8, 10 nore
preferably 1 to 6, even nore preferably 1 to 4. [0134] Exanpl es of

t he hydrocarbyl group as R41l, R42 and R43 include al kyl groups such as a
met hyl group, an ethyl group, a n-propyl group, an isopropyl group, a
n-butyl group, an isobutyl group, 15 a sec-butyl group, a tert-butyl group,
a n-pentyl group, a n-hexyl group, and a n-octyl group; alkenyl groups such

as a vinyl 2-nr. nyl _group, _an N, i ropeny! _group: .and ar
g?oupglségﬁggg%gﬂ'héh?%tggguérgﬁg §Bt83ygt§ %y%?gﬁggf%¥a %?"% 5?%%? g?oup,
ar oup. o "2 TR gt B of oy ¥ Vtrars i Gl iR 1 P by or oup
as R41l, R42_and R43 ipclude al ko roups .such as a net hox roup, an

et hoxy gFﬁUF?uﬁanBr%%o§9 E%%th)%%ﬁ%mf 396F5&913W§Up9raﬂdg%$$@d?@abroups

such 25 as a phenoxy gsoup,_preferably an al koxy group. Particularly
preferredS LANHORY groliP Bt RPN ELREKRPI LD 186] - CH=N-CHI§IEf er abl vy,
R4l R42 and R43 are hydrocarbyl oxy groups having 1 to 8 carbon atons or
hydr oear By12gloups having 1 to 5 8 carbon atoms, and at |east one group
selected fromR41l, R42 and R43 is3a.hydrocarbyloxy group having 1 to 8
carbon atons. WMoy Bopmuiar 4B+D), FRT, iRAPrafer M3y a2 ervdkesariy bugoumvi ng 1
to 6 carbon atons or an al kyl group having 1 to 6 carbon atons, and two or
nore gr ol igwl dctted 1f0r gmrRen, atdmsandrRé3 ganoepalthesty 150 bypuodpsoh&it ng 1 to
6 carbon atons. Even nore preferably, R4l
to form a hydrocarbylene group having 3 to 10 carbon atoms, or
a group that is bound to R*! to form a nitrogen atom-containing
10 hydrocarbylene group having 3 to 10 carbon atoms, more
preferably an alkyl group having 1 to 10 carbon atoms or an aryl
group having 6 to 10 carbon atoms, or a group that is bound to
R* to form an alkanediyl group having 3 to 10 carbon atoms,
a group that is bound to R*! to form a group represented by
15 -CH=N-CH=CH-, a group that is bound to R?*!' to form a group
represented by -CH=N-CH,-CH,-, or a group that is bound to R
to form a group represented by - (CH,),-0-(CH,),-, even more
preferably an alkyl group having 1 to 6 carbon atoms, or a group
that is bound to R* to form a polymethylene group having 3 to
20 6 carbon atoms, a group that is bound to R*!' to form a group
represented by -CH=N-CH=CH-, or a group that is bound to R
to form -CH=N-CH,-CH,-, particularly preferably a methyl group
or an ethyl group, or a group that is bound to R*! to form a

tetramethylene group, a group that is bound to R?*! to form a

25 hexamethylene group, or a group that is bound to R*' to form
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R42 and R 43 are al koxy groups having 1 to 4 carbon atons. Particularly
preferably, R41, R42 and R43 are nethoxy groups or ethoxy groups. [0137]
15In Formula (4), j represents an integer of 1 to 5, preferably 2 or 3.

[ 0138] In Fornula (4), A4 represents a nitrogen atom contai ni ng
group. Exanples of the nitrogen atomcontaining group include 20 an anino
gfoup, a substituted amino group, a nitrogen-containing heterocyclic group,
a cyano group, and an isocyanato group [ 0139] The substituted

am no graqu §§§§ represented by Fornmula (4-A);
Ra4 N(4%A%I%&%A%€%§E|n iﬁq%%rgée s a ydrocar byl group optionally

havi ng a %ﬂ |tuent or a trihydrocarbylsilyl group and R45 represents a
hydrocaréy oup optionally having a substituent or a

Of the compounds represented by Formula (3-D), examples
of the compound in which 2% is an oxygen atom include
5 2—N,N—dihydrocarbylamiﬁoethyl acrylate such as
2-N,N-dimethylaminoethyl acrylate or 2-N,N-diethylaminoethyl
acrylate; 3-N,N-dihydrocarbylaminopropyl acrylate such as
3-N,N-dimethylaminopropyl acrylate;
2—N,N—dihydrocarbylaminoethyl methacrylate such as
10 2-N,N-dimethylaminoethyl methacrylate or
2-N,N-diethylaminoethyl methacrylate; and
3-N,N-dihydrocarbylaminopropyl methacrylate such as
3-N,N-dimethylaminopropyl methacrylate; of these,
3-N,N-dihydrocarbylaminopropyl acrylate is preferred and
15 3-N,N-dimethylaminopropyl acrylate is more preferred.
[0127]
Of the compounds represented by Formula (3-D), examples
of a compound in which A% is a group represented by -NR*’- wherein
R* is a hydrocarbylene group or a hydrogen atom include
20 N,N-dihydrocarbylaminoethylacrylamides such as
N,N-dimethylaminoethylacrylamide and
N,N-diethylaminoethylacrylamide;
N,N-dihydrocarbylaminopropylacrylamides such as
N,N-dimethylaminopropylacrylamide and

25 N,N-diethylaminopropylacrylamide;
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5 trihydrocarbylsilyl group, or R4 and R45 are linked to forma
hydr ocar byl ene group optionally having a nitrogen atom and/ or an oxygen
atom [0140] Exanples of the hydrocarbyl group optionally having a 10
substituent as R44 and R45 include a hydrocarbyl group, a nitrogen

at om cont ai ni ng substituted hydrocarbyl group, and an oxygen

af om cont ai ni ng substituted hydrocarbyl group. [0141] Exanples of the
hydr ocar byl group include al kyl groups 15 such as a nethyl group, an ethyl

' R A , - byt vl , i sobut yl
970U, AN PR a Ay 12 BRIIAMC9NUR TRt e oToup, an T sobuty

group, a sec- atert- group, a n-pensyl group, a n-hexyl
3 or openg TR A L PSS RSN STyl groups ‘such 20 as a
2P22¥L02?g$§Fﬁgg%§ﬁgﬁh%t¥g%gﬂgﬁ?g'142]e”groyp Fﬁgrﬁggsd?;|?gfaﬂiﬁgggﬁg|
?G?EPﬁyfgﬁgﬁ%ﬁéf kﬁ qﬁgﬁkggﬁggﬂﬁyigéﬁﬂg§g§ﬂ%ﬁﬁ%ﬁ%Eﬁ%%bﬁ§§f) am no group,
and % bl ?\T,g\Tqideitm@{:lh@Ta?n%%to%ytthlmaertr:ihg%rsyloalflnpi'de and
N,N-diethylaminoethylmethacrylamide;
N,N-dihydrocarbylaminopropylmethacrylamides such as
N,N-dimethylaminopropylmethacrylamide and
N,N-diethylaminopropylmethacrylamide;

10 N,N-dihydrocarbylaminobutylmethacrylamides such as
N,N-dimethylaminobutylmethacrylamide and
N,N-diethylaminobutylmethacrylamide;
N,N-dihydrocarbylaminopropylacrylamides are preferred, and
N,N-dimethylaminopropylacrylamide is more preferred.

15 [0128]

Preferred as a compound represented by Formula (3) is a
compound represented by Formula (3-B), and more preferred is
a compound wherein in Formula (3-B), R3¢ is a hydrocarbylene
group or a group in which a hydrocarbylene group bonds to a group

20 represented by -NR*°- wherein R*® represents a hydrocarbyl group
or a hydrogen atom.

[0129]
When reacting a conjugated diene-based polymer with an

organometallic compound and then reacting the resulting product

25 with a compound containing a nitrogen atom and a carbonyl group,
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[0143] S5Exanpl es of the oxygen atom contai ning substituted hydrocar byl
group i nclude hydrocar byl oxyal kyl groups such as a net hoxynet hyl group, an
et hoxymet hyl group, a mnethoxyethyl group, and an et hoxyethyl group;
nonooxacycl oal kyl groups such as a 2-tetrahydrofuranyl group;

di oxacycl oal kyl groups such as 10 a 2-di oxol anyl group; and al kyl groups
stbstituted with a nonooxacycl oal kyl group such as a tetrahydrofurfuryl
group. [0144] In the present specification, the nonooxacycl oal kyl

group repr ) 0 [ 5 'cn ﬁg f | pal kyl, .group 15 has been
substitu It%1 e gi%]{%c agfnhg%lxoy eénﬂaa\quc])ém e %d'%(ac;i)%éa&/ ckFeo g‘ﬁ%‘? atg(?%%tblger%p resents a

group in %ﬂb two CH2 groups of a cycl oal kyl group have been substituted

W th oxydé atons. [0145] The hydrocarbyl group optionally

having a substituent as 20 R44 and_ R45 js_preferably a, hydrocarbyl group,
Pyap Sty d

more pref er abl y 74T SEHEA SPBRASS KedBfo PEREPY S1LPREFOPRERD gr oup.
[ 0146] The nunber of the carbon atonms of the hydrocarbyl group
opt i onal 15 P& iYREh LQARIIS UM LR Dt 9o Bl G3ret eratif yCampeing g,
nor e Ereferably 1to 5, even nore preferably 1 to 3. [0147]
ExanpP es BV iHe & MARKAIRIERAY] GGR aibiily S5 R aféares sisnelfudde
trialkylsilyl groups such as a trinmethylsilyl group, a triethylsilyl group,
and a di Fetirdgereatdunceanid yuing @eup include an amino group, a
substituted amino group, a nitrogen-containing heterocyclic
group, a cyano group, and an isocyanato group. Examples of the
substituted amino group include a group represented by Formula
10 (4-A7A) described later. Examples of the nitrogen-containing
heterocyclic group include a 4-pyridyl group and a 2-imidazolyl
group.
[0131]
Preferred examples of the hydrocarbyloxysilane compound

15 having a nitrogen atom-containing group include a compound

represented by Formula (4):

R*2
R“—éi.—((}l—[z)j—}\" 4
R43
wherein R*', R* and R*} each independently represent a
hydrocarbyl group or a hydrocarbyloxy group, at least one group
20 selected from R*, R*? and R*’ is a hydrocarbyloxy group, A®
represents a nitrogen atom-containing group, and j represents

an integer of 1 to 5.

[0132]
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5[ 0148] When R44 and R45 are trihydrocarbylsilyl groups, R44 and
RA5 are preferably trihydrocarbylsilyl groups having 3 to 7 carbon atons,
nore preferably trialkylsilyl groups having 3 to 7 carbon atons, in which
t he nunber of carbon atons of each al kyl 10 group bound to a silicon atom
is 1to 4, even nore preferably trinmethylsilyl groups. [0149]

Exanpl es of the hydrocarbyl ene group optionally having a nitrogen atom
and/ or an oxygen atom forned by binding R44 to 15 R45 include a

hydr ocar byl ene 1gr 9ggmuqahy(qr>ocinbylfgneagaoiép %%%ai-@{d@%e JutQoen atom a
ini’ { d'a yg1

hydr ocar byl ene group containing an oxygen atom an rocarpyl ene group
cont ai ni i troge g a g t | es_of the
hydr ocar %%pgﬁ%l eélrto%pﬂyﬁgﬁ%gg rll QFggﬁeg?yg %%E%é%% g%x%l%ré%ue%i yafn%r oup.
Exanpleséﬁp of the al kanediy! .arqup, incl uda.polyrnethybene groups such as
an et hyl &fe 1§P5Tp °7% SFioRt ﬁﬁ%ﬁ%% ™t et an@?ﬁy%‘enelsg%oup, a
pent anet hyl ene group, and a hexanet hyl ene groyp; and a 2,2,.4 ,,
-trineth &ﬁ8¥%ﬁéipﬁiq§369§?u§rou%?eéﬁéﬁB}%s &t Lers taFwerbiRi & odd ncl ude
a pentan-2sene-1, 5-diyl g;oup. 25 Exanpl es of the hydrocarbyl gge group
contaPni iy~ &5 PYOYERZEPSAPXY IET QRS a AIOHRT FepF eERRRREY bR - CHENFI®CH  or
a group rgpresented by - CH=N-CH2-CH2- . Exanpl es of the hydrocarbyl ene
group coft ai I gIEH SR FEBrETPEPUde a group represented by
- CH2- CH2- 0- CH2- CH2- . [0150] The hydrocar byl ene group optionally
havi ng a [W1t33dgen at om and/ or an oxygen atomis preferably a hydrocarbyl ene
group, nore preferably an al kanediyl group, even nore preferably a
pol ynet hyl ene Gheupumief @f5the carbon atoms of a hydrocarbyl group and
a hydrocarbyloxy group as R*, R!? and R*? is preferably 1 to 8,
10 more preferably 1 to 6, even more preferably 1 to 4.
[0134]
Examples of the hydrocarbyl group as R*?, R*? and R*? include
alkyl groups such as a methyl group, an ethyl group, a n-propyl
group, an isopropyl group, a n-butyl group, an isobutyl group,
15 a sec-butyl group, a tert-butyl group, a n-pentyl group, a
n-hexyl group, and a n—.octyl group; alkenyl groups such as a
vinyl group, a 2-propenyl group, and an isopropenyl group; and
aryl groups such as a phenyl group and a tolyl group, preferably
an alkyl group, more preferably a linear alkyl group.
20 Particularly preferred is a methyl group or an ethyl group.
{0135]
Examples of the hydrocarbyloxy group as R*!, R*? and rR®
include alkoxy groups such as a methoxy group, an ethoxy group,

a n-propoxy group, and a n-butoxy group; and aryloxy groups such

25 as a phenoxy group, preferably an alkoxy group. Particularly
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The nunber of carbon atons of the ‘hydrocarbyl ene group optionally having a
nitrogen atom and/ or an oxygen atomis preferably 2 to 10, nore preferably
3-to 8, even nore preferably 4 to 6. 15[0152] R44 and R45 each are
preferably a hydrocarbyl group having 1 to 8 carbon atons, or a
trialkylsilyl group having 3 to 7 carbon atons, or R44 and R45 are |inked
to forma hydrocarbyl ene group having 2 to 10 carbon atons, nore preferably
an al kyl group 20 having 1 to 5 carbon atons, or a trialkylsilyl group

haV|ng 3 o atons of each
al kyl up ounép?o% gat |cor}y\ﬁ§%&r¥%§ ranrl to 4h(9}Iy %ﬁ%d R45 are linked to

forman a[m diyl group having 3 to 8 carbon atons, even nore preferably a
| i near al Q"eroup having 1 to 3 carbon 25 atonms, or a trinethylsilyl

group, or R44 nd R45 _are I|4{1ked.12 £3m roup having 4 to
6 car bon atons fﬁ- nd' B éM%QQH%C rb§10£§ Jroups

having 1 to 8 carbon atoms or hydrocarbyl groups having 1 to
5 8 carbon atoms, and at least one group selected from R*', R*?
and R* is a hydrocarbyloxy group having 1 to 8 carbon atoms.

41 R* and R*® are alkoxy groups having 1 to

More preferably, R
6 carbon atoms or an alkyl group having 1 to 6 carbon atoms,

and two or more groups selected from R*!, R*? and R*’ are alkoxy

41

1

10 groups having 1 to 6 carbon atoms. Even more preferably, R
R*? and R* are alkoxy groups having 1 to 4 carbon atoms.
Particularly preferably, R*', R*? and R*} are methoxy groups or
ethoxy groups.

[0137] -

15 In Formula (4), j represents an integer of 1 to 5,

preferably 2 or 3.
[0138]

In Formula (4), A* represents a nitrogen atom-containing
group. Examples of the nitrogen atom-containing group include

20 an amino group, a substituted amino group, a
nitrogen—containing'heterocyclic group, a cyano group, and an
isocyanato group.

[0139]
The substituted amino group of a% is preferably a group

25 represented by Formula (4-3);
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R44 represents a hydrocarbyl group optionally having a substituent or a
trihydrocarbylsilyl group or represents a 5 group that is bound to R45 to
form a hydrocarbyl ene group optionally having a nitrogen atom and/or an
oxygen atom |In addition, R45 represents a hydrocarbyl group optionally
having a substituent or a trihydrocarbylsilyl group or represents a group
that is bound to R44 to form a hydrocarbyl ene group 10 optionally having a
nitrogen atom and/ or an oxygen atom [0154] O the substituted am no
groups represepted by Fornula (4-A), exanples of a group in which R44 and
R45 are hydrg€ar byl grouggﬁbnclude a di et hyl am no group, a diethyl am no
. group, a 15 ‘di\-n:-propylam no group, a diisopropylam no group, a
di - n- butyIaninB.group, and an et hyl net hyl am no group. [0155] O the
substituted_am nQ,grou rese Formul a (4-A),. ex s of a group
T whi Ch YRR Sa N S SR AT 14 (LA R T GELP O S o g an
oxygen atominclude a bis (nethoxynethyl am no group, bi s (et hoxynet hyl
) anino Gr%%Stht%?gt%Ph%&wmcﬁr%w& GEOUPRE R ?é%%)@ifé‘?tr}fyq )
am no grou bi s( 3- tetrahydrofuranyl)anlno group, and a
bls(tetréhglél’ﬂé‘ W PERURD Aptd@Ralls] deyEng a substitgentherswhst it ut ed
am no_groups represented by Formula (4-A), exajples of a group in which R44
and FBI5 &réhyirRgarsydstylydi By eugr oapsRi nenddR aabeslinkedetdyfiamal) ami no
group, a bis(triethylsilyl)am no group, and a 5
bi s(t er t hiyderpicaicivilienies D phpaes hoorr bly Ly Ousr b nitroge@fatdre asdysty t ut ed
am no groups represented by Fornmula (4-A), exanples of a group in which one
of R44 apd R&ygiesm atlepdr ocar byl group and the other is a
tri hydrocarbyl silyl group

[0140]

Examples of the hydrocarbyl group optionally having a
10 substituent as R** and R*® include a hydrocarbyl group, a nitrogen
atom-containing substituted hydrocarbyl group, and an oxygen
atom-containing substituted hydrocarbyl group.
[0141]
Examples of the hydrocarbyl group include alkyl groups
15 such as a methyl group, an ethyl group, a n-propyl group, 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,
and a n-octyl group; alkenyl groups such as a vinyl group, a
2-propenyl group, and an isopropenyl group; and aryl groups such
20 as a phenyl group and a tolyl group.
[0142]
Examples of the nitrogen atom-containing substituted
hydrocarbyl group include dialkylaminoalkyl groups such as a

bis(dimethylaminomethyl)amino group, a
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10 include a trinethylsilylnmethylamno group and a trinethylsilylethylam no
group. [0158] O the substituted am no groups represented by Fornmul a
(4-A), exanples of a group in which R44 and R45 are linked to 15 forma
hydr ocar byl ene group i nclude a pyrrolidino group, a piperidino group, a
hexanet hyl enei m no group, and a 1, 2,3, 6-tetrahydropyridyl group. [0159] O
t he substituted ami no groups represented by Forrmula 20 (4-A), exanples of a
group in which R44 and R45 are linked to forma nitrogen atontcontaining

hydr ocar kyl BLaTeI Mo SN Pan) 369; oup, a

4, 5-di hy rc??(frl-qie%rhgg%o 131? grgla%,)]aédlﬁog razgﬂ’ goup, and a 1-pi perazinyl

group. [0160]-.25 £ Ssubsti t-ut.ed _am no _qgroups, represented by Formul a
%f%#géi?%hyfyﬁlﬂéé%hyfi q%:o QEE 4%&5

(4-A) , exa of "a group rn nd %re |inked to forman
[0101] B es o PRe i Rad e e e itig het erocyl 1< 6roup i ncl ude
4-pyridy%o%%%ﬂp and a 2-im dazolyl group. [0162] :
5 Examples of the oxygen atom-containing substituted
hydrocarbyl group include hydrocarbyloxyalkyl groups such as
a methoxymethyl group, an ethoxymethyl group, a methoxyethyl
group, and an ethoxyethyl group; monooxacycloalkyl groups such
as a 2-tetrahydrofuranyl group; dioxacycloalkyl groups such as
10 a 2-dioxolanyl group; and alkyl groups substituted with a
monooxacycloalkyl group such as a tetrahydrofurfuryl group.
[0144]
In the present specification, the monooxacycloalkyl
group represents a group in which one CH; of a cycloalkyl group
15 has been substituted with an oxygen atom. The dioxacycloalkyl
group represents a group in which two CH; groups of a cycloalkyl
group have been substituted with oxygen atoms.
[0145]
The hydrocarbyl group optionally having a substituent as
20 R and R*® is preferably a hydrocarbyl group, more preferably
an alkyl group, even more preferably a linear alkyl group.
[0146]
The number of the carbon atoms of the hydrocarbyl group
optionally having a substituent as R** and R*° is preferably 1

25 to 8, more preferably 1 to 5, even more preferably 1 to 3.
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Exanpl es of a preferred hydrocarbyl oxysil ane conpound in the present

i nvention include a conpound represented by Forrmula 10 (4) in which A4 is
represented by Formula (4-A) , nanely, a compound represented by Fornul a
(4-1) : wherein R41l, R42, and R43 each independently represent a
hydrocarbyl group or a hydrocarbyl oxy group, at |east one group 15 sel ected
fromR41l, R42 and R43 is a hydrocarbyl oxy groups; R44 and R45 each

i ndependently represent a hydrocarbyl group optionally having a subs
tituent qrgqa-tyrihydrocarbylsilyl group, or R44 and R45 are linked to forma
hydr ocar byl ené group optionally having a nitrogen atom and/ or an oxygen

atom and 20 | n i to 5 0163 s O e

%ngougdé4geprg%%ﬁ%@%%b§§F?ﬁﬁu?%§%§§ﬁ§i?%%?giit¥% %?O%Zéﬁﬂﬁ%uﬁgu?%pmgifh
an ar rqcarhy roups, an an ar ydr ocar byl oxy

groups i nelh eeditéflllgﬁﬁ%’r%sry%‘&é’ﬁkﬁrt r"lpﬁyﬁ}’lglc”‘a‘rl’lﬁy?o§§§m?§ﬁ%1%bﬁ%gu%ﬁ%u%’uch as

2-di met hyl am,noet hyl.t ri_met hoxysi | gne, _2-di et hyl am noet hyl {ri met hoxysi | ane,

5 3 i molh AR REdRYTL BrREPnoRye: ¢ ane iy TV STt MRt Yo Iy Igr el ™

3-di et hyl am nopropyl tri net hoxysi | ane, 2-di met hyl am noet hyl tri et hoxysil ane,

2-die?hyl%ﬁﬁﬁ8ethyltriethoxysiIane, 3-dinethylaninopropyltriethoxysiIane,

and 44 45 . : a4
When R™ and R™ are trihydrocarbylsilyl groups, R*® and

RY are preferably trihydrocarbylsilyl groups having 3 to 7
carbon atoms, more preferably trialkylsilyl groups having 3 to
7 carbon atoms, in which the number of carbon atoms of each alkyl
10 group bound to a silicon atom is 1 to 4, even more preferably
trimethylsilyl groups.
[0149]
Examples of the hydrocarbylene group optionally having
a nitrogen atom and/or an oxygen atom formed by binding R** to
15 R* include a hydrocarbylene group, a hydrocarbylene group
containing a nitrogen atom, a hydrocarbylene group containing
an oxygen atom, and a hydrocarbylene group containing a nitrogen
atom and an oxygen atom. Examples of the hydrocarbylene group
include an alkanediyl group and an alkenediyl group. Examples
20 of the alkanediyl group include polymethylene groups such as
an ethylene group, a trimethylene group, a tetramethylene group,
a pentamethylene group, and a hexamethylene group; and a
2,2,4-trimethylhexane-1,6-diyl group. Examples of the
alkenediyl group include a pentan-2-ene-1,5-diyl group.

25 Examples of the hydrocarbylene group containing a nitrogen atom
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10 3-di et hyl am nopropyl tri et hoxysilane. [0164] O the conpounds
represented by Fornula (4-1) , exanples of a conpound in which R44 and R45
are hydrocarbyl groups, two groups selected fromR41l, R42 and R43 are
hydr ocar byl oxy groups, 15 and the remaining one group is a hydrocar byl
group include dial kyl am noal kyl di hydr ocar byl oxyal kyl si | ane conpounds such
as 2-di net hyl am noet hyl di met hoxynet hyl si | ane,

2- di et hyl am noet hyl di met hoxymnet hyl si | ane,

3-di et h)ih%mu%p%o%?@é)ﬁ?g?ﬁ%%%rﬁdsﬁi} ANGy=P¥H=CH- or a group

3-di et hyl am nopr op Xyme ane,
2-di met hyl am_noe | di et h ila
2-di et hy S rﬁo%ﬁ%%d?%t_h%g_y@% g-]iszl—anenn‘,aXamples of the hydrocarbylene
3-di net hyl_ am nopr | di et hoxynet hyl si |l ane, . and
3-di ot hy CARIRoPPBPYT B O HORGHBITT 8L PENLC L87D Fo6T OVBr ™ PRESBREB s
r epr esent ed bg Fornmula (4-1), exanples of a conpound in which R' and R45
are Iinké&ﬁﬁi?&ﬁQﬁ%ﬁ%§: ocar byl ene group, and R41, R42 and R43 are
hydr ocar byl oxy groups include (cyclic am no)al kyltrihydrocarbyl oxysilane 5
conpotindd %d&@&H as pyrrolidi nonet hyl t ri met hoxysil ane,
pi peridi nonet hyl tri met hoxysi | ane, hexanet hyl enei m nonet hyl tri met hoxysi | ane,
2-pyrro|idinoeéhﬁlhVﬁﬁ@?ﬁé%V&ﬁP&néFOEPppﬁﬁﬁP@ﬁﬁéQTﬁ@WﬂﬁQﬂétﬁé%?@Qﬁ@ne, 10
2- hexanet hyl enei m noet hyl tri nmet hoxysi | ane,
3- pyr r ol iediomoprdp9r Bni ertdRIX pEohareprefpirpblivd hugropgrbyilevetenoust | ane,
3- hexanet hyl enei m nopr opyl t ri net hoxysi | ane,
3- pyr r ol ndireopredErehilot Rox ydikiaaredliyls 3-qirpe aviimaprep Wrterfieetdidyy s | ane,
and 3-hexanet hyl enei m nopropyl tri et hoxysil ane. [0166] O the
conpoundpolegpreedhwiced oy okar.mul a (4-1), exanples of a conpound in which R44
and R45 are linked to forma nitrogen

10 [0151]

The number of carbon atoms of the hydrocarbylene group
optionally having a nitrogen atom and/or an oxygen atom is
preferably 2 to 10, more preferably 3 to 8, even more preferably
4 to 6. |

15 [0152]

R** and R*® each are preferably a hydrocarbyl group having
1 to 8 carbon atoms, or a trialkylsilyl group having 3 to 7 carbon
atoms, or R* and R*® are linked to form a hydrocarbylene group
having 2 to 10 carbon atoms, more preferably an alkyl group

20 having 1 to 5 carbon atoms, or a trialkylsilyl group having 3
to 7 carbon atoms in which the number of carbon atorﬁs of each
alkyl group bound to a silicon atom is 1 to 4, or R* and R*
are linked to form an alkanediyl group having 3 to 8 carbon atoms,
even more preferably a linear alkyl group having 1 to 3 carbon

25 atoms, or a trimethylsilyl group, or R** and R*® are linked to
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20 atom cont ai ni ng hydrocar byl ene group and R41, R42, and R43 are

hydr ocar byl oxy groups include N-(2-trinmethoxysilylethyl)imdazole,

N (2-trimethoxysilylethyl)-4,5-di hydroi m dazol e,

N-(3-triethoxysilyl propyl)imdazole, and 25

N-(3-triethoxysilyl propyl)-4,5-di hydroi m dazole. [0 167] O the
conpounds represented by Fornula (4-1) , exanples of a conpound in which
R44 and R45 are linked to form an oxygen atom containi ng hydrocarbyl ene

group and R41, R4 anct[R 3.are_ 5 hydr.ocar byl ox r oups i ncl ude
2- nmor pho%ior]fgletahﬁotzlryimr?e }}Yéxefsel Igérr?él%gltfvinr%flp%cﬁ/i nocﬁr‘gop%ﬂ tal'ct_icfli[ést'hoxysi | ane.
[0168] O Oﬁ%corrpounds represented by Fornula (4-1) , exanples 10 of a
conmpound b ich R44 and R45 are hydrocarbyl groups having a substituent,
and R41l, R42 and, R43 are hydrocarb on%@g]:ou s include [bis ( .
t et r ahydr of ur afly| ) SRASRAR & 1& 179 @f%&ﬁﬂ%%&tﬁﬂw%&h as 15
2- [di ( tetrahydrofuranyl ) am no] ethyltrinethoxysilane, 2- [di (
tet rahydrsélhﬁsrtd-rwl%ntalﬁrn(ﬂ téftlﬁwqrrqcﬁﬁqh%@yssﬁhydn@,rm@ Jhieprepents a
-tetrahydrofuranyl ) am no] propyl trimethoxysilane, and 3- [bis ( 3
-t et rahy Grefimr &MAY Igni Gy IR T i 6@ hBxy8 | 3 dpedr ¢oaripy D§ne 0Tk owhe
conpounds represented by Fornmula (4-1) , exanples
optionally having a nitrogen atom and/or an oxygen atom. In
addition, R* represents a hydrocarbyl group optionally having
a substituent or a trihydrocarbylsilyl group or represents a
group that is bound to R* to form a hydrocarbylene group
10 optionally having a nitrogen atom and/or an oxygen atom.
[0154]
Of the substituted amino groups represented by Formula
(4-3), examples of a group in which R** and R*® are hydrocarbyl
groups include a dimethylamino group, a diethylamino group, a
15 di-n-propylamino group, a diisopropylamino group, a
di-n-butylamino group, and an ethylmethylamino group.
[0155]
Of the substituted amino groups represented by Formula
(4-2), examples of a group in which R** and R*® are substituted
20 hydrocarbyl groups containing an oxygen atom include a
bis(méthoxymethyl)aminogrOup,alﬁs(ethoxymethyl)aminogroup,
a bis (methoxyethyl)amino group, a bis(ethoxyethyl)amino group,
a bis(3-tetrahydrofuranyl)amino group, and a

bis(tetrahydrofurfuryl)amino group.

25 [0156]
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of a conmpound in which R44 and R45 are trial kylsilyl groups, two groups
selected fromR41l, R42 and R43 are hydrocarbyl oxy groups, and the renaining
group is a hydrocarbyl group include

N, N-bi s(trial kyl silyl)am noal kyl hydr ocar byl oxysi | ane 25 conpounds such as-
2-[ N, N-bi s(trinmethylsilyl)am no]ethyl di net hoxynet hyl si | ane,

3-[N, N-bis(trimethylsilyl)am no]propyl di net hoxynet hyl si | ane,

2-[N, N-bi s(trinethylsilyl)am no]ethyldi ethoxynethyl silane, and 5

compound T epr eSantad ByLESr ML So A EhC! e rey cranrae e ey P o
ydr ocar By U ouBe ARG 1 1 GFOLh Enrhir Arore 4 RPeSZE one group.
Car bon At GriEy E Y e o € RUER TRy AR e DTS car bon
atons or a trialkylsilyl. group having 3 to 7 carbon_ atons, or R44 and R45
weIHW&@W%&%%H&ﬁ%ﬁ%ﬁ&@%ﬁﬁﬁ%ﬁ%g@4@10
5 Dbis(tert-butyldimethylsilyl)amino group.
[0157]
Of the substituted amino groups represented by Formula
(4-2), examples of a group in which one of R** and R*® is a
hydrocarbyl group and the other is a trihydrocarbylsilyl group
10 include a trimethylsilylmethylamino group and a
trimethylsilylethylamino group.
[0158]
Of the substituted amino groups represented by Formula
(4-B), examples of a group in which R* and R*® are linked to
15 form a hydrocarbylene group include a pyrrolidino group, a
piperidino group, a hexamethfleneimino group, and a
1,2,3,6-tetrahydropyridyl group.
[0159]
Of the substituted amino groups represented by Formula
20 (4-A), examples of a group in which R* and R?® are linked to
form a nitrogen atom-containing hydrocarbylene group include
a l-imidazolyl group, a 4,5-dihydro-1-imidazolyl group, a
l-pyrazyl group, and a l-piperazinyl group.
[0160]

25 Of the substituted amino groups represented by Formula
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15 carbon atons, and j is an integer of 1 to 5. Mre preferableis a
conpound in which R41, R42 and R43 are al koxy groups having 1 to 6 carbon
atons or al kyl groups having 1 to 6 carbon atons, at |east two of R41, R42
and R43 are al koxy groups having 1 to 6 carbon atons, the remai ning group
is an al kyl group having 20 1 to 6 carbon atons, R44 and R45 areeach an

al kyl group having 1 to 5 carbon atonms or a trialkylsilyl group having 3 to
7 carbon atons in which the nunber of the carbon atonms of each al kyl group

bound o &5l CORAhaB ik 1 Loctp of BATANAIRI.Aes L Laked oo daran an

alkanedlyl group bon atons Integer of 1 to

R42 d R43
havi ng. 173 TRy %559°#€4% ot ﬁgg}lar%z%‘# P

having 1 to zl arbon atons or a trlnethyIS|IyI group, or R44 and R45 are
bound t o 5" é;ﬁ i{R¥%ne group having 4 to 6 carbon atons, and j is 2

>0 [0161]
5 Examples of the nitrogen-containing heterocyclic group
include a 4-pyridyl group and a 2-imidazolyl group.
[0162]
Examples of a preferred hydrocarbyloxysilane compound in
the present invention include a compound represented by Formula
10 (4) in which A% is represented by Formula (4-A), namely, a

compound represented by Formula (4-1):

R42
| R*

RY!—Si—(CH,),—N] @-1)
' R4 R4S
wherein R, R?*?, and R*’ each independently represent a
hydrocarbyl group or a hydrocarbyloxy group, at least one group
15 selected from R*, R* and R*® is a hydrocarbyloxy groups; R*
and R*> each independently represent a hydrocarbyl group
optionally having a substituent or a trihydrocarbylsilyl group,
or R* and R*® are linked to form a hydrocarbylene group
" optionally having a nitrogen atom and/or an oxygen atom; and
20 j represents an integer of 1 to 5.
[0163]
Of the compounds represented by Formula (4-1), examples

of a compound in which R** and R*® are hydrocarbyl groups, and
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[0171] The conpound represented by Forrmula (4-1) is particularly
preferably 2-di nmethyl am noet hyl tri net hoxysil ane,

2:di et hyl am noet hyl tri net hoxysi | ane, 10

3- di net hyl am nopr opyl tri net hoxysi | ane, or

3-di et hyl am nopropyl tri nmet hoxysil ane. [0172] The anmount of the
conpound containing a nitrogen atom and a carbonyl group to be used is
preferably 0 5 mmol or nore, nore 15 preferably 1 mol or nore, per 100 g

of the c e%8g| ﬁme-aﬁaeserg,cﬂogé/% 1A)£y %rﬂ era%r?gi e25 mml or |ess,

nore pre erab eve nore or |ess, per

100 g of a n. sed 173 20I S|n conpound

cont ai ni aelkﬁcﬂta!rmolgler?%iyg?ﬁ é'%&'cgr caef%?)y ]{ﬁf‘ ‘? | Xysi | ane

conpound .CO ati.on total anDunt of then1used IS preferably 0.5
&%%E'%ﬁh' ﬁﬂ%ﬁd %ﬂﬁ B it per 100 g of the conjugat ed

dlene based ol i.S preferably 25 nmmol or 25 less, nore preferably
10 mol gfq%ﬁiﬁg%ﬁﬂﬁ?Qﬁﬁ W IH MG EMIY S L3RR or | ess, per 100 g of the
conj ugat ed di ene-based pol ynmer. [0174] The tenperature at which a
produgt ohCHTRERYATHARRTGRY 4 e ReiH} gt kPR ene- based pol yner with the

organonetal | ic
3—dlethylamlnopropyltr1methoxys1lane

2-dimethylaminoethyltriethoxysilane,
2-diethylaminoethyltriethoxysilane,
3-dimethylaminopropyltriethoxysilane, and

10 3-diethylaminopropyltriethoxysilane.

[0164]

Of the compounds represented by Formula (4-1), examples
of a compound in which R** and R*° are hydrocarbyl groups, two
groups selected from R*', R*? and R*? are hydrocarbyloxy groups,

15 and the remaining one group is a hydrocarbyl group include
dialkylaminoalkyldihydrocarbyloxyalkylsilane compounds such
as 2-dimethylaminoethyldimethoxymethylsilane,
2-diethylaminoethyldimethoxymethylsilane,
3-dimethylaminopropyldimethoxymethylsilane,

20 3-diethylaminopropyldimethoxymethylsilane,
2—dimethylaminoethyldiethokymethylsilane,
2-diethylaminoethyldiethoxymethylsilane,
3—dimethylaminopropyldiethoxymethylsiiane, and
3-diethylaminopropyldiethoxymethylsilane.

25 [0165]
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5 conpound is reacted with the compound containing a nitrogen atom and a
carbonyl group and the hydrocar byl oxysi |l ane conpound is preferably 25C or
ht gher, nore preferably 35C or higher, further preferably 50C or higher. It
is preferably 100C or | ower, nore preferably 90C or |ower, even nore
preferably 80C 10 or lower. [0175] The tinme during which a product obtained
by reacting the conjugated di ene-based polyner with the organonetallic
conmpound is reacted with the compound containing a nitrogen atom 15 and a

carbony! oroupcandkhe iugipsg: b Aallans PRI |- br e SLajly o0

seconds or |onger, nore efera on S

pr ef er abl ) shorter: he eferably .1 _hour or shorter. [0176]
20Pr ef er aﬁ >5,a rbtoq%(é)or}l%{ ot fv'(7)hrlcpl} roﬂguc?lﬁ&g % m?éie%/ilel&l]}c? jtl(,?g P& & ene- based
pol ymer qf ihe present invention si1a Si.ep aof _@btainiing.a polynerization
sol ution ?ﬁ4%9¥ A M Wat &'Yiene- as@ﬁ%pgiyﬁﬁetﬂééfgéaﬁg&ﬁoxy

pol ymeri zi ng nononer conponents contai ning a conjugated di ene conpound, a
25 conpo&ﬁﬁgﬁﬁbHégaﬂég;quéiﬂQHﬁQ%Qngikéiﬁf%PXéﬁﬂﬁﬁﬁRY#Qﬁﬁﬁﬁﬁﬁﬂ%d by
Formul a (2) using an qrganonetalljc conpound in a _hydrocarbon sol vent, and
addi ng aﬁQHﬁﬁﬂﬂﬁ%ﬂ%th(?ﬁuﬂﬁﬁﬁﬂﬁ?4%¥Qmﬁ$h¥%ﬁﬂ%WQE??%N%#&#R%@Iion sol ution

to react the conjugated di ene-based polyner with the organonetallic
conpound PiRfF i ineme iy dddingF ey sioiidund  cont ai ning a ni trogen at om and
a carbonyl group and a hydrocar byl oxysil ane conpound to a solution
cont ai ni ApxERe Proanaimbiaietdy oy inrtHarssjoiange step to react the product
with the conmpound containing a nitrogen atom and a carbonyl group and the

hydr ocar BHpyrysill ighie cegripolidime thoxysilane,

2-piperidinoethyltrimethoxysilane,

10 2-hexamethyleneiminoethyltrimethoxysilane,
3-pyrrolidinopropyltrimethoxysilane,
3-piperidinopropyltrimethoxysilane,
3-hexamethyleneiminopropyltrimethoxysilane,
3-pyrrolidinopropyltriethoxysilane,

15 3-piperidinopropyltriethoxysilane, and
3—hexamethyleneiminopropyltriethoxysilane.

[0166]
Of the compounds represented by Formula (4-1), examples
of a compound in which R** and R*® are linked to form a nitrogen

20 atom-containing hydrocarbylene group and R*', R*’, and R*® are
hydrocarbyloky groups include
N- (2-trimethoxysilylethyl)imidazole,
N-(2-trimethoxysilylethyl)-4,5-dihydroimidazole,

N- (3-triethoxysilylpropyl)imidazole, and

25 N-(3-triethoxysilylpropyl)-4,5-dihydroimidazole.
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10[ 0177] 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 diene-based polynmer. The
modi fi ed conj ugat ed di ene-based pol ynmer recovered may be dried with a known
drier such as a band drier or an extrusion-type drier. [0178] 20 [ Modified
Conjugate¥bfg7%ne-8ased Pol ymer] The Mooney viscosity (M1+4) of the
nodi fi ed conj ugat ed di ene-based polyner is preferably 10 or nore, nore

preferebly 20 ol ML RiSE 48, SIaNCE: SNSLLS.SurPROL D, SLbistly L

order to inprove proces IS pre a

preferably. 150 or |ess. The. ey_Vvisgesity (M. 1+4) i nmeasured at 100C
in accor dy%@ecai“?ﬂuﬁlﬁsl%"g%g{?%gmé [%t)lﬂg ixed 'Ft?e%ﬁﬁpe%ﬂl AFY 9 ght

di stribution of the nodified conjugated di ene-based,pol yer is,preferably
from1 t &SN HRAEFPRG i %P#l&%i.efl% FTOUR 206} der - t B | ipCove fared
econony. The nol ecul ar weight distribution is determ ned by neasuring the
numbe?  avHREARNEQGRAIVBIRftIINMYI%Nd t he wei ght average nol ecul ar

wei ght (My) of the nodified conjugated di ene-based pol ymer by gel
per neat i AT RHRAREIGHeIRA oM thans e and

3-morpholinopropyltrimethoxysilane.
[0168]
Of the compounds represented by Formula (4-1), examples

10 of a compound in which R*! and R*® are hydrocarbyl groups having
a substituent, and R*, R*? and R* are hydrocarbyloxy groups
include
[bis (tetrahydrofuranyl)aminolalkyltrihydrocarbyloxysilane
compounds such as

15 2-[di(tetrahydrofuranyl)amino]ethyltrimethoxysilane,

2-[di (tetrahydrofuranyl)amino]ethyltriethoxysilane,
3-[bis(3-tetrahydrofuranyl)amino]lpropyltrimethoxysilane,
and 3-[bis(3-tetrahydrofuranyl)amino]lpropyltriethoxysilane.
[0169]

20 Of the compounds represented by Formula (4-1), examples
of a compound in which R** and R*® are trialkylsilyl groups, two
groups selected from R, R“Zand.ngareIhydrocarbyloxy'groups,
and the remaining group is a hydrocarbyl group include
N,N-bis(trialkylsilyl)aminoalkylhydrocarbyloxysilane

25 compounds such as
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10 dividing Mv by M. [0180] In order to inprove fuel econony, the
anmount of vinyl bonds in the nodified conjugated di ene-based polyner is

preferably 80% by nol or |less, nore preferably 70% by nol or |ess where 15
the content of a nononer unit derived froma conjugated diene is taken as
100% by nmol . In order to enhance gripping properties, the anmount of vinyl
bonds is preferably 10 nmol % or nore, nore preferably 15 nol % or nore,

even nore preferably 20 nol % or nore, particul arly preferably 40 nmol % or

more.  The anpyih,f )1 _S)ar&rf*oe]t 4&9 & RPeer Pl on
(s 50

intensity at ar ound ich1's @an sor ion H VI nyl group,
by i nf rarg ﬁ : ro Cf%tr{ 18]]1¥r1-Le?P0| ymlp O‘fl:ntéelch“c 25A ﬁ based
conpositio an Al ned lti} (?ﬁggll %HIW{% Bife-

pol ynmer oI ne [ ffer nt .t nmodi fi ed conj ugat ed

di ene- ba eoﬁb%{ M%e e}gjggﬁl\r)é’ﬂ e] hl ! %%e%?y]tsﬁel yer
conmponent fferent than the nodifi ed conj ugat ed di ene-based pol yner

i ncl ude &%t yrene-but adi ene copol yner, pol ybut adi ene, a but adi ene-i soprene

copol ymer, butyl rubber, natural rubber et hyl ene- propyl ene copol yner,
and ap et¥nyite %%%W&@W@mlﬂmwm oI paEre tduMFT e S

di fferent[otlr%%r} the nodified conjugated di ene-based pol yner nay be used.

The compound represented by Formula (4-1) is preferably

a compound in which R*, R*? and R*’ are hydrocarbyloxy groups
having 1 to 8 carbon atoms or hydrocarbyl groups having 1 to

10 8 carbon-atoms, at least one group selected from R*!, R*? and
R® is a hydrocarbyloxy group having 1 to 8 carbon atoms, R%
and R*® are each a hydrocarbyl group having 1 to 8 carbon atoms

or a trialkylsilyl group having 3 to 7 carbon atoms, or R* and

R*> are linked to form a hydrocarbylene group having 2 to 10

15 carbon atoms, and j is an integer of 1 to 5. More preferable
is a compound in which R*', R*? and R*? are alkoxy groups having

1 to 6 carbon atoms or alkyl groups having 1 to 6 carbon atoms,

at least two of R*', R% and R*’ are alkoxy groups having 1 to

6 carbon atoms, the remaining group is an alkyl group having

20 1 to 6 carbon atoms, R** and R* are each an alkyl group having
1 to 5 carbon atoms or a trialkylsilyl group having 3 to 7 carbon
atoms in which the number of the carbon atoms of each alkyl group
bound to a silicon atom is 1 to 4, or R** and R*° are linked to
form an alkanediyl group having 3 to 8 carbon atoms, and j is

25 an integer of 1 to 5. More preferred is a compound in which
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[ 0183] In the case of incorporating to a nodified conjugated

di ene- 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
nmodi fi ed conjugat ed di ene-based pol yner and the pol ynmer conponent different
than 20 the nodi fied conjugated di ene-based polynmer is taken as 100% by

wei ght, iJaiorgder phance el econony.. Hereafte nodi fi ed conj ugat ed
diene-baggd’polyﬁég gndagep8ﬁ$ﬁ§¥ g5ﬁﬁ§%eﬂ?vﬁpgfiréﬂt2tﬁ% PRI F i ed
conj ugat edsdi ene-doased polyner. .are sometines col | ectively called pol ynmer
conponen&g.éﬁg?3184ire S 1ﬁ5§ﬂﬁﬂ%£}¥% QH%?paEEWFPQéliEBI cﬁ?%ﬁgn

vul cani zi ng agent, a yulcanizaiiﬂn accel eratqy, a vyl canization activator,
an or ganidd-PEr O%i BetT EOPERRE B LY A Bt O R | [an€t R g a%ig Rrengotiplbag
agent, an extending oil, a processing aid, an antiaging 5 agent, and a

| ubri cant® HO¥Esthylene grenmheyige dhEoval earPeRrnatanent 2aRdct ube 3ul fur.
Exanpl es of sul fur include powdery sulfur, precipitated sulfur, colloida
sul fuP, 9¥%sal-uble sulfur, and highly-dispersible 10 sul fur. The amount of
the vul cani zing agent to be blended is preferably fromO . 1 parts by

wei ght td05Idarts by weight, nore preferably fromO0.3 parts by weight to
10 parts by weight, even nore preferably from0.5 parts by weight to 5
parts by wei ghtfhgerompoupd repriep entieghty &0 rinad apod yie i sqeanpoinentsr 131 5] 0186]
Exanpl es of the vul cani zati on accel erator include thiazol e-based

vul cani z atriedreraddet r-atiorethysliaohi rase thryrierrciapd tirenzoit ldraz,ol e,

di benzot hi azyl di sul fi de, and N-cycl ohexyl-2-benzot hi azyl sul f enam de;
t hi ur am RasEc tHY Nan icard Akl i nea g/ 8fitlarfe, such as
t et ranet hyl t hi uranmonosul fi de and tetranethyl thi urandi sul fide;
sul f epamizderibrses, 1\ iEAY R 1Y ideael Shal e SWh as
3-diethylaminopropyltrimethoxysilane.
[0172]
The amount of the compound containing a nitrogen atom and
a carbonyl group to be used is preferably 0.5 mmol or more, more

15 preferably 1 mmol or more, per 100 g of the conjugated
diene-based polymer. It is preferably 25 mmol or less, more
preferably 10 mmol or less, even more preferably 5 mmol or less,
per 100 g of the conjugated diene-based polymer.

[0173]

20 In using a compound containing a nitrogen atom and a
carbonyl group and a hydrocarbyloxysilane compound in
combination, the total amount of them used is preferably 0.5
mmol or more, more preferably 1 mmol or more per 100 g of the

conjugated diene-based polymer. It is preferably 25 mmol or

25 less, more preferably 10 mmol or less, even more preferably 5
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N- cycl ohexyl- 2- benzot hi azol esul f enam de, 25
N-tert-butyl -2-benzot hi azol esul f enam de,
N oxyet hyl ene- 2- benzot hi azol esul f enam de,
N- oxyet hyl ene- 2- benzot hi azol esul f enam de, and
N, N -dii sopropyl-2-benzot hi azol esul f enanm de; and guani di ne- based
vul cani zation accel erators, such as 5 di phenyl guani di ne,
di ort hot ol yl guani di ne, and orthotol yl bi guani di ne. The anount of the
vul cani zat i @Qn_.accgler e bl L e _ wei ght
to 5 par?%k%yoaegg %Zq%%ﬁékgkQf%?éﬁﬂgggnbagggggté§g§¥m§?gﬁ$%é%£§R%ﬁfts by
wei ght p%%l%%ﬁ parts by weight of the polyner conponents. 10[0187]
Exanpl es "of ‘the vul cani zati on activator include stearic acid and zinc
oxi de. Exanpl eg,of  the organi c_peroxide include djcunyl peroxide and
di-tert-butyl §E$b§F88?ngE§§]a?éﬁ%&#bFb??SP“FﬁeO#EFE¥8PcP%gF%@&ﬁ&n$nc|ude
a silica-hased reinforcing agent and carbon bl ack. [0189] Exanpl es
of the sitASCE&BIICR TS (FHGRE RPSRIEROIMETUIE tdt -1 19ngaamiak bvs silicic
acid), wet silica, (hydrous 20 silicic acid), colloidal silica, precipitated
silich, CARARSHS TEAECTNHLRICHT FRMPIIY CoNE210ABIGH NAbFOIREMIITS
t hereof maybe used. The BET specific surface area of the silica-based
rei nf or cidi 8geATPPBY hreftRFRA thenhBeragagbydozseihang. caneoBEY kpecific
surface area is nmeasured in accordance with ASTM

preferably 25°C or higher, more preferably 35°C or higher,

further preferably 50°C or higher. It is preferably 100°C or
léwer, more preferably 90°C or lower, even more preferably 80°C

10 or lower.

[0175]

The time during which a product obtained by reacting the
conjugated diene-based polymer with the organometallic
compound is reacted with the compound containing a nitrogen atom

15 and a carbonyl group and the hydrocarbyloxysilane compound is
preferably 60 seconds or longer, more preferably 5 minutes or
longer. The time is preferably 5 hours or shorter, more
preferably 1 hour or shorter.

[0176]

20 Preferably, the method for producing a modified
chjugated diene-based polymer of the present invention has a
step of obtaining a polymerization solution containing a
conjugated diene-based polymer by a step of polymerizing
monomer components containing a conjugated diene compound, a

25 compound represented by Formula (1), and a compound represented
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25 D1993-03. As a commercially avail able product, there can be wused, for
exanpl e, a product avail able under the comercial nane of Utrasil VN3-G
produced by Degussa GtbH, products avail abl e under the commercial names of
VN3, AQ ER and RS-150 produced by Tosoh Silica Corporation, and products
avai |l abl e under the 5 commercial nanes of Zeosil 1115MP and Zeosil 1165WMP
pfoduced by Rhodia. [0190] Exanpl es of the carbon bl ack include
channel carbon bl ack such as EPC, MPC, and CC; furnace carbon bl ack, such

as SAF, 5, EEF E.. FE n CE:

therrmmi o3 boAerace) Mo sE el L ersu- S ST AR Ty
graphite. e t her eof Dbe used. 19 The. njtrogen
adsorpt i gr?cfsq’[e)eélg’f fg}ga;%ur g%eggroe W@&)ﬂﬁﬁflc‘lgo@gf?gaﬁqbcf é%ﬁ Tt &t abl y
from5 n2/g to 200 n2/ g, and.the dibutyl phthalate (DBP) absorption_anount
of car bo®DIYAER 1728 Th<at éoiﬁtﬁofnr i3 §‘?‘%/tlég"eg ‘i%‘%&?trﬁ‘g f%oefb@:- i trogen
adsorption _specific surface area is nmeasured in accordance w.th_ ASTM
D4820- 93 Péﬂdgfteﬁewbéb HHR GEFFNSHRIIAIC FETRENE G c¥RH P SGSRCe B wi t h
ASTM D2414-93. As a commercially avail abl e product, a product avail able
under>t hé& EBRREHEFAaFORERENHRI (B ABILACKCRB3HOPr it e G2 PONVE sEBPYRi atheni cal
Cor poration, products available under the commercial nanmes of SEAST 6,
SEAST 7HR hanlgoseaby IRRYSidaNEe §OBPOTHRatoCar oI THoR ¢enitaimirl 28her oduct s
avai |l abl e under the commercial names of CK 3 and - Special Black 4A produced
by Degus®xoGusty ehhabeedsedtheFryzooing step to react the product with

the compound containing a nitrogen atom and a carbonyl group
and the hydrocarbyloxysilane compound.
10 [0177]

As a method for recovering thé resulting modified
conjugated diene-based polymer, a known 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

15 a method of adding steam to a solution containing a conjugated
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.

[0178]

20 [Modified Conjugated Diene-Based Polymer]

The Mooney viscosity (MLiy) 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. 1In
order to improve processability, it is pref_erably 200 or less,

25 more preferably 150 or less. The Mooney viscosity (MLius) is
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When a pol ynmer conposition is produced by incorporating a reinforcing agent
in a nodified conjugated di ene-based 5 polyner, the anmount of the

rei nforcing agent to be incorporated is preferably from 10 parts by wei ght
to 150 parts by weight per 100 parts by wei ght of a conjugated di ene-based
polymer. In order to enhance abrasion resistance and strength, the anount
t0 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 reinforci agent,. the_amount to be i ncqrpgr d i re preferably
120 partgeﬁfuﬁ§¥g%¥:g$) gs%? 8988r§898epWéFérggﬁy%fgb%péﬁﬁgqu wei ght or

| ess. [0%%@% éSVhen a polynmer conposition is produced by incorporating a

r ei.nf or ci g ent in a nodified conjugated di ene-based polyner, it is

preferred to use a silica-based reinforci, agent as.the reinfoycing agent
Pn order to enfiaRcBOLSENTaEoNEHPRCTAE SR 5P (e HG A aSe
reinforcing agent tq.be inpcorporated 20 is preferably 50% by wei ght or
nor e, norcé’%ﬁr"%faéir%g}el?ﬁfygﬁﬁe@eﬁ’% BF IoPESHFELELYNET FOUNC Bf mgYe
reinforcing agents to be incorporated is taken as 100% by wei ght. [0194]
It is°pr@r&fed@ly §5emal si9 iZcalBaSEdeF ihfFREANE dyent ©28namY - caftbdn bl ack
as reinforcing agents. The weight ratio of the silica-based reinforcing
agent toTMHeddeFoweBIgack digtrhbutdpnf dpciagengened by HeeawisrBrg die
silica-based reinforcing agent : the content of carbon black) is preferably
from 2 : numbers@verhgd madregrrl & wailtdric e(Mnielarst diimmwedirah te thaareg &
reinforcing properties, the weight ratio is nore preferably from5 : 1 to
20 : 1. pEl%sjular weigBtarfivesobf thaenddifeediowmt vdes tad clienedvdmat e,
talc, alumna, clay, alum num hydroxide, and m ca.
polymer by gel permeation chromatography (GPC), and then
10 dividing Mw by Mn.
[0180]
In order to improve fuel economy, the amount of vinyl bonds
in the modified conjugated diene-based polymer is preferably
80% by mol or less, more preferably 70% by mol or less where
15 the content of a monomer unit derived from a conjugated diene
is takenas 100% bymol. Inorder to enhancegrippingproperties,
the amount of vinyl bonds is preferably 10 mol % 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 vinyl bonds is determined from the absorption intensity at
around 910 cm™!, which is an absorption peak of a vinyl group,
by infrared spectroscopy.
[0181]

[Polymer Composition]

25 A polymer composition can be obtained by kneading a
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10[ 0196] Exanpl es of the silane coupling agent include
vinyltrichlorosilane, vinyltriethoxysil ane,

vi nyl tri s(P-net hoxyet hoxy) si |l ane,

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

y-gl yci doxypropyl tri met hoxysi | ane, y-mnethacryl oxypropyltrimethoxysil ane,
N- ( P- am noet hyl ) - y- ami nopropyl t ri net hoxysi | ane,

N- (P-am noet hyl) -y- aninopropylnethyldinethoxysilane

N- phenyl 1 Wl hane, rgggyhoxy5|lane
7- gercgpﬁ%ﬁgg%y cgﬁélﬁ%xy5|lane anf%é) py tr|e ox&gﬂlane
b s( 3- (trlgﬁﬁgé%&; f %&%%%l%ga§u£EIQ$o%lf13§ conjugated diene-based

bi s(3- (trle oxyS| propyl rasu

y-trinmethoxysil Iprop i.et hyl t hi ocar banyl tetrasul fide, and
y-trimet kR §§§iry | fro Sthi%Zyl tetrasul fide. One or nore menmbers of

t hese arﬁﬁg_gp As a commercially avail abl e product, products avail abl e
under S¢ilal names of S169 and Si 75 produced by Degussa GtbH can be
used. 5[ 0197] When a pol yner conposition i s produced by

i ncorpor ating EXEMPiLES- Béséﬂer WHF%'ﬁ@“§@@@Ptaﬁdf§5§eménéh@6U§#¥hg agent
in a nodified conjugated di ene-based pol yner, the anount of the silane

coupl i ng ™M@t eco asa Jusesiash Chase basadk lalamsr fimshubel®@ part by wei ght to

20 parts by weight, nore preferably from2 parts by weight to 15 parts by
wei ght, @\tymam-@%@éfi@n@blqomldm%,pmlywweﬁegm, too 10 parts by wei ght
per 100 parts by weight of the silica-based reinforcing agent. [0198]
15Exanpl éstefditme -dxtoprdinegcopd 1ymet udel tarlomabber pinedneda lorisber, an
(viscosity-gravity constant (V. G. C. ) : from0.900 to 1.049 ) ,

napht henethydethaviprensil esid dpdlener,: dndmar).8H) tandd-B33Bneg and

paraffin-based mneral oils (V.GC : from0.790 to 0.849) . The content of
a polycyelopelghestat | Twoosp ok ipd Ihherexbepdneate 8ifferent than the
modified conjugated diene-based polymer may be used.
[0183]
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 of 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 modified conjugated
diene-based polymer and the polymer component different than
20 the modified conjugated diene-based polymer is taken as 100%
by weight, in order to enhance fuel economy. Hereafter, a
modified conjugated diene-based polymer and a polymer component
different than the modified conjugated diene-based polymer are

sometimes collectively called polymer components.

25 [0184]
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20 is preferably less than 3% by weight, nore preferably |ess than 1% by
wei ght. The content of the polycyclic aromatic conpound is nmeasured in
accordance with the IP 346/ 92 met hod of The Institute of Petroleum The
content of aromatic conpounds (CA) of the extending oil is preferably 20%
by weight or nore. Two 25 or nore extending oils may be used. [0199]
Exanpl es of a method for producing a pol ymer conposition by incorporating
to a nodified conjugated di ene-based pol yner a pol ymer conponent other than

t he nodified cgg%gﬁﬁﬁgﬂﬁg ghSﬂ%i?Pé eg_(%gE#ECaPHgggE£%égpéggé?tinclude a

met hod of knea y using a knéadin t he
kneadi ng (%H e i.nclude a roll. kneadi_ng machi ne. and Banbury m xer.
[ 0200] 16&?’zﬁl%%§%?ﬁaiﬁﬁ§%|ﬁﬁf?§ﬂuﬁtYé%ﬁ?qﬁ?%kﬁﬁﬁn?éﬁﬁvﬁﬂgﬁ’éﬂladditive
ot her than a wvul cani zi.ng agent i s.incorporated, the kneading tenperature is
Usual |y FESABCCHY TH0E 51 Ty IO ABE 1 & 1500 Shnch ot AE
vul cani zin Lgfent is incorporated, the kneading tenperature is usually 100C
or | ower ,Cog’r BBPFES FY) BRT FROME Sier APEOSSES 18R 1 TheNGREHAFY | me i s
usual Ly from 30 seconds to 30 mnutes, preferably from1l mnute to 30
ni nut 8s. 3NPSEY i YRR 3 %l cani zi ng agent incorporated therein is
usual |y used after being subjected to vul cani zation treatnent such as press
vul cani zat4'&?! The vul cani zation 20 tenperature is usually from120C to
200C, preferably from 140C to 180C. [0201] The pol yner conposition
obt ai ned in t h&xpmesd@st dfnvédrs ivorl dagtisiper ieagreritn ifngdludec egndrurand i s
suitably used for tires. 25
Examples of sulfur include powdery sulfur, precipitated sulfur,
colloidal sulfur, insoluble sulfur, and highly-dispersible
10 sulfur. The amount of the vulcanizing agent to be blended is
preferably from 0.1 parts by weight to 15 parts by weight, more
preferably from 0.3 parts by weight to 10 parts by 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 [0186]

Examples of the vulcanization accelerator include
thiazole-based vulcanization accelerators, such as
2-mercaptobenzothiazole, dibenzothiazyldisulfide, and
N-cyclohexyl-2-benzothiazylsulfenamide; thiuram-based

20 vulcanization accelerators, such as
tetramethylthiurammonosulfide and
tetramethylthiuramdisulfide; sulfenamide-based vulcanization
accelerators, such as

N-cyclohexyl-2-benzothiazolesulfenamide,

25 N-tert-butyl-2-benzothiazolesulfenamide,
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Exanpl es [ 0202] Eval uati on of physical properties was perforned by
the foll owi ng nethods. 5[0203] 1. Mooney viscosity (M1+4) I n
accordance with JI'S K6300 (1994) , the Money viscosity of a polyner was
measured at 100C. [0204] 10 2. Amount of Vinyl Bonds (Unit: nol %

The amount of the vinyl bonds in a polyner was determined fromthe
absorption intensity at around 910 cm 1, which is an absorption peak of a
vinyl group, by infrared spectroscopy. [0205] 15 3. Content of Mononer

Units Denj V?g;%ﬁ&’iveg{dé'rf%er{%gﬁﬁlazépé/sdﬂerqﬁﬂlde, The_ content of the

nononer uni fromstyrene i'n a s determned froma
refractive ind n ac r.dance .wi th 383 (1995 20[ 0206] 4.
Nbleculaﬁf éﬁ lﬂ§nzo esu enamléé 3 d

N,N'-diisopropyl-2-benzothiazolesulfenamide; and
guanidine-based vulcanization accelerators, such as
5 diphenylguanidine, diorthotolylguanidine, and

orthotolylbiguanidine. The amount of the vulcanization
accelerator to be blended is preferably 0.1 parts by weight to
5 parts by weight, more preferably 0.2 parts by weight to 3 parts
by weight per 100 parts by weight of the polymer components.

10 [0187]

Examples of the vulcanization activator include stearic
acid and zinc oxide. Examples of the organic peroxide include
dicumyl peroxide and di-tert-butyl peroxide.

[0188]

15 Examples of the reinforcing agent include a silica-based
reinforcing agent and carbon black.
[0189]

Examples of the silica-based reinforcing agent include

dry silica (anhydrous silicic acid), wet silica (hydrous

20 silicic acid), colloidal silica, 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 m?/g to 250 m?/g. The
BET specific surface area is measured in accordance with ASTM

25 D1993-03. As a commercially available product, there can be
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The wei ght average nol ecul ar wei ght (Md) and the nunber average nol ecul ar
wei ght (M) were neasured by a gel perneation chromatograph (GPC) net hod
under the follow ng conditions (1) 25 to (8) , and the nol ecul ar wei ght

di stribution (Mv M) of the polynmer was determ ned. [0207] (1)
Appar atus: HLC- 8220 manufactured by Tosoh Corporation 5(2) Separation

col um: TSKgel SuperHWH (two colums in series) manufactured by Tosoh
Corporation (3) Measuring tenperature: 40C (4) Carrier: tetrahydrofuran (5)

Flow rat ?fseQi,GfSQ'/e@aﬂlp:h%(, 63 plr%jd%%tti &0 PTRAL 'unéepri the commercial name

of Ultrasil VN3-G produced by Degussa GmbH, products available
under the commercial names of VN3, AQ, ER, and RS-150 produced
by Tosoh Silica Corporation, and products available under the
5 commercial names of Zeosil 1115MP and Zeosil ll65MP_produced
by Rhodia.
[0190]
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, and ECF; thermal
carbon black, such as FT and MT; acetylene carbon black; and
graphite. One or more members thereof may be used.
[0191]
The nitrogen adsorption specific surface area (N,SA) of
15 carbon black is preferably from 5 m?/g to 200 m?/g, and the
dibutyl phthalate (DBP) absorption amount of carbon black is
preferably from 5 ml/100 g to 300 ml/100 g. The nitrogen
adsorption specific surface area is measured in accordance with
ASTM D4820-93 and the DBP absorption amount is measured in
20 accordance with ASTM D2414-93. As a commercially available
product, a product available under the commercial name of
DIABLACK N339 produced by Mitsubishi Chemical Corporation,
products available under the commercial names of SEAST 6, SEAST
7HM, and SEAST KH produced by Tokai Carbon Co., Ltd., and

25 products available under the commercial names of CK 3 and
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(7) Detector: differential refractoneter (8) Mol ecul ar wei ght
standard: standard pol ystyrene [0208] 5. Content of Mnoner Units
derived from 4-Met hyl styrene 15(Unit: % by wei ght) The content of

t he nononer units derived from4-nethylstyrene in a polyner was determ ned
by a gas chromat ogr aph- mass spectroneter (GC-MS) net hod under the foll ow ng

conditions (1) to (5). 20[0209] (1) Apparatus: GCMs-QP2010 Plus
manuf act ured by Shi madzu Corporation (2) Colum: Agilent J&W DB-5ns,
30 mx O. rrgf%{ t %@?g?d ure conditions: 40C
(2 mnute Cnﬂgfo m%@%-A? m%ﬁzuﬁjeegnszs% %mb?%%{ Cge( iﬁsef%'ni zi ng _

nmet hod: glﬁgbﬁon i oni zation (El nethod: 70 eV) (5) Measuring
met hod: éﬁected ion nonitoring (SIM 5[0210] 6. Fuel Econony

When a polymer composition is produced by incorporating

a reinforcing agent in a modified conjugated diene-based
5 polymer, the amount of the reinforéing agent to be incorporated
is preferably from 10 parts by weight to 150 parts by weight
per 100 parts by weight of a conjugated diene-based polymer.
In order to enhance abrasion resistance and strength, the amount
to be incorporated is more preferably 20 parts by weight or more,

10 even more preferably 30 parts by weight or more. In terms of
the dispersibility of the reinforcing agent, the amount to be
incorporated is more preferably 120 parts by weight or less,
even more preferably 100 parts by weight or less.

[0193]

15 When a polymer composition is produced by incorporating
a reinforcing agent in a modified conjugated diene-based
polymer, it is preferred touse a silica-based reinforcing agent
as the reinforcing agent in order to enhance fuel economy. The
amount of the silica-based reinforcing agent to be incorporated

20 is preferably 50% by weight or more, more preferably 70% by
weight or more where the amount of all reinfdrcing agents to
be incorporated is taken as 100% by weight.

[0194]
It is preferred to use a silica-based reinforcing agent

25 and carbon black as reinforcing agents. The weight ratio of
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A strip of 4 nmin width, 40 mmin length and 1.2 mmin thickness was
punched out from a vul cani zed sheet and was subjected to a test. The | oss
tangent (tans (70C) ) of the strip 10 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 analyzer (manufactured by Ueshi ma Sei sakusho
Co., Ltd. ) . The smaller this value, the better the fuel econony is.

15[ 0211] 7. Gipping Property A stripof 4 min wdth, 40 mMmmin
I th [ ' t ' t d
was subj CRed o e et SRIRFoKETal BN e B RORP AR B P00 21

t enper at 0C was. neasur under, the condition.represented by. a strain
of 2.596§#§§é¥%ﬁ%§? rﬁ%FQ)S 1 q?% ﬁ%ﬁ%ﬁ§ﬁm§é§ %%ﬁﬁﬁﬂ%ﬁ%%é;ﬁffﬁigﬂééﬂﬁ

(manuf act_ur ed by shi Sei sakusho . Ltd..) . The larger. this vaJue, the
bet t er ttﬁ?%ﬁ% ppF#% bPBpEFty© s?aékﬁé§§&ﬁékj[éfhﬁﬁﬁ °fp 1y £rom Z Y4

pol yneri zati on reactor nmade of stajnless steel equipped with a stirring
devi ce oft%arY nt drnal™vEFARE &P SBPANGEs fHgdheFonarYedrdaf@berGsned with
dry nitrogen._ Subsequently, 10.2 kg 5 of .industrial hexane (densitf 680

kg/ nBY, 6CETY VCRBRARRKH EiRE . 19 Jeiiohdt e is swoxg greferably
4-met hyl styrene, 6.1 m_of tetrahydrofuran, and 4.4 m of ethylene glycol

di et hyl &8s Jner el dtardfed ilnto the pol ynerization reactor. Subsequently, a
solution of n-butyllithiumin n-hexane (n-butyllithium 10 content 14.81 '
mol ) wad ©lPdrlged into the pol ynerization reactor, and then a

pol yneri zation reaction was initiated. [0213]
Examples of the filler include calcium carbonate, talc,

alumina, clay, aluminum hydroxide, and mica.

10 [0196]

Examples of the silane coupling agent include
vinyltrichlorosilane, vinyltriethoxysilane,
vinyltris (B-methoxyethoxy)silane,
B—(3,4—epoxycyclohexy1)ethyltrimethoxysilane,

15 vY-glycidoxypropyltrimethoxysilane,
Y-methacryloxypropyltrimethoxysilane,

N- (B-aminoethyl) -y-aminopropyltrimethoxysilane,
N—(B—aminoethyl)—y—aminopropylmethyldimethoxysilane,
N—pheﬁyl—y—aminopropyltrimethoxysilane,

20 vy-chloropropyltrimethoxysilane,
Y-mercaptopropyltrimethoxysilane,
Y-aminopropyltriethoxysilane,
bis(3—(triethoxysilyl)propyl)disulfide,
bis(3-(triethoxysilyl)propyl)tetrasulfide,

25 y-trimethoxysilylpropyldimethylthiocarbamyltetrasulfide,
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A copol ynerization reaction of 1, 3-butadiene, styrene, and 4-nethyl styrene
was perfornmed at a tenperature in the 15 polynerization reactor of 65C and
a~stirring rate of 130 rpmfor 3 hours while 1, 3-butadi ene and styrene were
continuously fed to the polynerization reactor. The fed anount of

1, 3- but adi ene was 912 g, and the fed amount of styrene was 288 g. 20[ 0214]
After 20 minutes fromthe polynerization initiation, 20 nL of a solution
containing 1.51 g of 4-nethylstyrene in hexane was rapidly charged into the

i i . I i i . f. 65C and

e i e i S AL L
1 | i i Lnitiati . Omnm tion
Cont ai ni ASTE SEihen* e, 1hRd IB LE8H OTal T eé%é’r?%lp%%f%m%%%%; Fnto the
i i . I i i t t 5

R i R A e T e
hours. f_rom7%ol ey i zgi oninitiatio 20 nl of a.hexane soluti on
cont ai ni m} 2 PHAUES P DRFUERA &ffed® 3*89%f2 pol ymer sol ution, and

t he polyner solution was stirred for 15 m nutes.
5 [0197] .

__When a polymer composition is produced by incorporating
a silica-based reinforcing agent and a silane coﬁpling agent
in a modified conjugated diene-based polymer, the amount of the
silane coupling agent to be incorporated is preferably from 1

10 part by weight to 20 parts by weight, more preferably from 2
parts by weight to 15 parts by weight, even more preferably from
5 parts by weight to 10 parts by weight per 100 parts by weight
of the silica-based reinforcing agent.

[0198]

15 Examples of the extending oil include aromatic mineral
0ils (viscosity-gravity constant (V.G.C.): from0.900 to 1.049),
naphthene-based mineral oils (V.G.C.: from 0.850 to 0.899), and
paraffin-based mineral oils (V.G.C.: from 0.790 to 0.849). The
content of a polycyclic aromatic compound in the extending oil

20 is preferably less than 3% by weight, more preferably less than
1% by weight. The cbntent of the polycyclic aromatic compound
is measured in accordance with the IP 346/92 method of The
Institute bf Petroleum. The content of aromatic compounds (CA)
of the extending oil is preferably 20% by weight or more. Two

25 or more extending oils may be used.
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[0217] Subsequently, a solution of sec-butyllithiumin cycl ohexane
(sec-butyllithiumcontent 63.95 mmol) , and 11.5 m 15 of 1,1, 2, 2-
tetramet hyl et hyl enedi am ne were charged into the polynerization reactor,

followed by stirring for 30 mnutes. [0218] Further, 63.95 mmol of
N- phenyl - 2- pyrrol i done was added, followed by stirring for 15 m nutes.
20[ 0219] To the polyner solution was added 20 m of a sol ution

cont ai ni ng 3.0 mM of nethanol in hexane, and the polymer solution was
stirred Z[CU 953]m nut es. Subsequently, to the polyner solution were added 8.0
g of 25 tert-butyl -6- (3 tert- butyl 2- hydroxy 5- et hyl benzy1) - 4- me

thyI phenyl acrylate_(tra na mliz roduced by Sum tonp Chem cal
Co., Ltd. ) , ?ﬁ( l% B@E‘Eﬁ’éir gf’ﬁﬁ???ﬁ‘f%ﬁglﬁ Qoggm?%??ﬂ‘??ﬁbw%l onat e)
(trade nrat& Sum | i zer. TP— girjr ced by Symtonmo Chem cal Ltd.
subsequett yREREPRGATHBE EBI tn} ﬁ&féﬁppé%@&t@é @%ﬁﬁ%rﬁ?@egtp‘?ﬁw
tenperature for 24 hours, and further was dried at 55C for 12 hours under
reduced [ &EITEL FORRBISN 2 POSFENATEVI UG e irardugate pol ymer are

shown_in Table 1. [0220] 10Subsequently, 100 parts by weight of the
resul Pi n@iene based polymer, an additive, etc. include a method of

kneading them by using a kneading machine. Examples of the
kneading machine include a roll kneading machine and a Banbury
mixer.
[0200]

10 As far as the kneading conditions be concerned, when an
additive other than a vulcanizing agent is incorporated, the
kneading temperature is usually from 50°C to 200°C, preferably
from 80°C to 190°C, and when a vulcanizing agent is incorporated,
thé kneading temperature is usually 100°C or lower, preferably

15 from room temperature to 80°C. The kneading time is usually
from 30 seconds to 30 minutes, preferably from 1 minute to 30
minutes. A composition with a vulcanizing agent incorporated
therein is usually used after being subjected to vulcanization
treatment such as press vulcanization. The vulcanization

20 temperature is usually from 120°C to 200°C, preferably from 140°C
to 180°C.

[0201]
The polymer composition obtained in the present invention
is superior in fuel economy and is suitably used for tires.

25
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polymer, 78.4 parts by weight of silica (trade nane: Utrasil VN3-G
produced by Degussa G nbH) , 6.4 parts by weight of a silane coupling agent
(trade nane: Si69 produced by Degussa GrbH) , 6.4 parts by weight of carbon
bl ack (trade name: DI ABLACK N339 15 produced by M tsubi shi Chem cal
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 wei ght
of an antiaging agent (trade nanme: Antigen 3C produced by Sum tonp Cheni cal
Co., Ltdg)y p2e arts by weight of stearic acid, 2 parts 20 by wei ght of

zi nc flower part by wei ght of a vul cani zation accel erator (trade nane:

Soxi nol 2Slduced by Sumtono Chem cal Co., Ltd. ) , 1 part by weight of
a vul canl Za n accel erator (trade name: Soxinol D produced by Sum tono
Chem cal Co., Ltd. ) ts . by weight of a wax (trade name: 25 Sunnoc
N produced by 5Y€‘H1 ol’?k(i’fcﬁé%?&&lall RUHREFFAPSCHes penfoymed Byidthes parts

by wei ght of sul fur were kneaded with a laboplast mll to prepare a polymer
conposi t ifH1oMHET &8RRGy pol ymer conposition was shaped into a sheet with
a 6 inch roll, and the sheet was heated to vul cani ze at 160C for 45 m nutes
to prepar®293d vul cani zed sheet. The results of physical property

eval uation of the vul cani zed sheet are shown in Table 1. [0221] [Exanple 2]
A pol ynerli.z #dagreyr edctaws tade(Mif1+st ai nl ess steel equipped 10 with a
stirring device of an internal volume of 20 L was washed, dried, and
flushed with dip atcevdence Subdediemd300 10924kg thfe Mndusyriid cdeikane
(density 680 kg/n8) , 608 g of 1, 3-butadiene, 192 g of styrene, 3.02 g of

4- et hyl sifyreenpelyinelr Wamdatumdy drofioeea, and 4.4 m of ethyl ene gl ycol

di et hyl ether 15 were charged into the polynerization reactor.
Subsequeritd2p4]a solution of n-butyllithiumin n-hexane (n-butyllithiurn
content 14.81 mmol) was charged into the polynerization reactor, and then a

pol ymn 2at izefduraeifi oririas Bdidd a(tmt { @22]%)20A copol yrer i zatl on reaction
of 1, 3-butadi ene, styrene,

The amount of the vinyl bonds in a polymer was determined
from the absorption intensity at around 910 cm™?, which is an
absorption peak of a vinyl group, by infrared spectroscopy.
[02 05]-

15 3. Content of Monomer Units Derived from Styrene (Unit: % by
weight)

The conteﬁt of the monomer units derived from styrene in
a polymer was determined from a refractive index in accordance
with JIS K6383 (1995).

20 [0206]
4. Molecular Weight Distribution (Mw/Mn)

The weight average molecular weight (Mw) and the number
average molecular weight (Mn) were measured by a gel permeation

chromatograph (GPC) method under the following conditions (1)

25 to (8), and the molecular weight distribution (Mw/Mn) of the
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and 4-nethyl styrene was perforned at a tenperature in the polynerization
reactor of 65C and a stirring rate of 130 rpmfor 3 hours while

1; 3- but adi ene and styrene were continuously fed to the polynerization
reactor. The fed anobunt of 25 1, 3-butadi ene was 912 g, and the fed anount
of styrene was 288 g. [0223] After 20 mnutes fromthe

pol ynmeri zation initiation, 20 nL of a solution containing 3.02 g of

4- et hyl styrene in hexane 5 was rapidly charged into the polynerization

react or %xgglxgﬁg gfperature of 65C and a stirring rate of 130
rpm [022&1 ter 40 nlnutes ‘omthat (after 60 mnutes fromthe 10
polynerlqﬁ} initiation) , 20 mM of a solution containing 3.02 g of

4- et hyl s in hexane was rapidly charged into the polynerization
reactor at a p rization t e .o n rri.ng rate of 130
rpm [0225] 15Aft n%p?aﬁ&ﬂlff 1 ;t ueq%‘% (?gjrifré’rﬁ Pol ymeri zati on
|n|t|at|o , 20  of a hexane solutlon containing 1.3 m of 1-butanol was
added to% solution, and the polymer solution was stirred for 15

m nut es. [0226] i .
5 (2) Separation column: TSKgel SuperHM-H (two columns in

series) manufactured-by Tosoh Corporation

(3) Measuring temperature: 40°C

(4) Carrier: tetrahydrofuran

(5) Flow rate: 0.6 mL/min

10 (6) Injection amount: 5 uL

(7) Detector: differential refractometer

(8) Molecular weight standard: standard polystyrene
[0208] |
5. Content of Monomer Units derived from 4—Methylstyrehe

15 (Unit: % by weight)

The content of the monomer units derived from
4-methylstyrene in a polymer was determined by a gas
chromatograph-mass spectrometer (GC-MS) method under the
following conditions (1) to (5).

20 [0209]

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

(2) Column: Agilent J&W DB-5ms, 30 m X 0.25 mm i.d.,
membrane thickness 0.25 pum

25 (3) Temperature conditions: 40°C (2 minutes) - 10°C/min
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20Subsequently, a solution of sec-butyllithiumin cycl ohexane
(sec-butyllithiumcontent 76.75 mmol) , and 13.7 m of

1,1, 2, 2-tetranet hyl et hyl enedi am ne were charged into the polynerization
reactor, followed by stirring for 30 m nutes. [0227] 25Further, 38.37 nmol
of N-phenyl -2-pyrrolidone and 38.37 mmol of

3= di net hyl am nopropyl tri net hoxysi | ane were added, followed by stirring for
15 mnutes. [0228] To the polymer solution was added 20 ml of a solution 5
cont ai ni ng Crri 5o;ni%§g%nol i n hexane, and the pol yner solution was
stirred for m nat es. ~Su %equently, to the polynmer solution were added 8.0
g of 2-tert-butyl-6-(3-tert-butyl-2-hydroxy-.5-nethyl be 1)-4- thyl phenyl
acrylate (t rade(4r%a28§ll§ﬁﬂgllp éejl?g%i\/lep]réol%ﬁ%ﬁ L&plf@%ﬂﬂ Réry{og‘%ﬁ]agsca?gm ,
Ltd.), and 4.0 g of pentaerythrityltetrakis(3-laurylthiopropionate) (trade
nane: Sufilizer TP-D produced by Sum tono Chemical Co., Ltd.), the polyner
solution was then allowed to evaporate_at nornmal tenperature for 24 hours,
and furt her vvag%dr?“@&séltrlﬁ’gcn\e&iloﬁ P lRGHeS 3 mEdRtddSréddlre to
afford a polyner. Evaluation results of the polyner are shown in Table 1.
[0229P [0210lone hundred parts by weight of the resulting pol ymer, 78.4
parts by weight of silica (trade nanme: U trasil VN3-G produced 20 by
Degussa Grbfjuel et s by weight of a silane coupling agent ( trade
nane: Si 69 produced by Degussa GrbH) , 6.4 parts by weight of carbon bl ack
(trade nanme: DPABEACKR NB39 mmoduseditdy MG swbiizhileGhéehi gal To? pon atri on)
47.6 parts by weight of an extending oil ( trade nanme : JOMO Process NC 140
produced thickpgssms was punched out from a vulcanized sheet and was

subjected to a test. The loss tangent (tand (70°C)) of the strip

10 at a temperature of 70°C wés measured under the condition
represented by a strain of 1% and a frequency of 10 Hz by using

a viscoelasticity analyzer (manufactured by Ueshima Seisakusho

Co., Ltd.). Thesmaller thisvalue, the better the fuel economy
is.
15 [0211]

7. Gripping Property

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
subjected to a test. The loss tangent (tand (0°C)) of the strip

20 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 (manufactured by Ueshima Seisakusho
Co., Ltd.). The larger this value, the better the gripping
property is.

25 [0212]
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25 Energy Corporation) , 1.5 parts by weight of an antiagi ng agent (trade
name: Antigen 3C produced by Sumtono Chemcal Co . , Ltd. ) , 2 parts by
wei ght of stearic acid, 2 parts by weight of zinc flower, 1 part by weight
of a vul cani zation accel erator (trade name: Soxinol CZ produced by Sum tono
Chem cal Co., Ltd. ) , 1 5 part by weight of a vulcanization accel erator
(trade name: Soxinol D produced by Sumitono Chemical Co., Ltd. ) , 1.5
parts by weight of a wax (trade nane: Sunnoc N produced by Quchi Shinko
ChenicaI[EQ%M&;%gqh Co., Ltd. ) , and 1.4 parts by weight of sulfur were
kneaded with a | aboplast mll to prepare a polynmer 10 conposition. The

resulting poly i tlo i nt-0 e 1 6. 4nch.roll
and the sheet %O%%%%l%%gﬁﬁggﬁgdéggé%ﬁ Smg%%?:ége%lpﬁee%are a
vulcanizedt hee%ﬁ The resul.ts o phxskcal gro er2%9§x€¢gﬁtion oﬁlt e

vul cani 280 Thae Hre AR LoR FasiolS18RH2%0] 4 §ps washed,”s

pol yneri zat,i on reactqr e of stainless steel equipped wth a stirring
devi ce oéﬁd'r? 'nfaél%ngﬁu\? 160 %YLn\}\égoﬁﬁgheds,‘ﬂa‘?&g‘be,n 13 UshetP wi t h
dry nitrogen. Subsequently, 10.2 kg 20 of ingdustrial hexane (density 680
kg/ m8y, GGsldeftilal hiddiceheendndy $& ke(Prien08y gf 1y fbutadiene,
4-met hyl styrene, 6.1 m of tetrahydrofuran, and 4.4 nm_ of ethylene glycol

di et hyl el W SteR@Ged 1i-mtlo & IRF Jormarp lairang edotloml Qbsequently, a

solution of n-butyllithiumin n-hexane (n-butyllithium 25 content 14.81
mol ) wadedirahysd afmran, hengolydemlzafi ephytage ovlycahdli¢d la ether
pol yneri zation reaction was initiated. [0231] A copol yneri zation
react i onwsfrel cBaygeddiiatie, theypeheneandasiopt hgdstyr ensSukmeqmrifdnned at a
tenperature in the :
a solution of n-butyllithium in n-hexane (n-butyllithium
10 content 14.81 mmol) was charged into the polymerization reactor,
and then a polymerization reaction was initiated.
[0213]
A copolymerization reaction of 1,3-butadiene, styrene,
and 4-methylstyrene was performed at a temperature in the
15 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
1,3-butadiene was 912 g, and the fed amount of styrene was 288
g.
20 [0214]
After 20 minutes from the polymerization initiation, 20
mL of a solution containing 1.51 g of 4—methylst§1rene in hexane
was rapidly charged into the polymerization reactor at a
polymerization temperature of 65°C and a stirring rate of 130

25 rpm.

93



5 polynerization reactor of 65C and a stirring rate of 130 rpmfor 3 hours
whil e 1, 3-but adi ene and styrene were continuously fed to the pol ynerization
reactor. The fed anount of 1, 3-butadiene was 912 g, and the fed anmount of
styrene was 288 g. 10[ 0232] After 20 m nutes fromthe pol ynerization
initiation, 20 nL of a solution containing 1.51 g of 4-nethylstyrene in
hexane was rapidly charged into the polymerization reactor at a

pol ymeri zation tenperature of 65C and a stirring rate of 130 15 rpm [0233]
Af ter 40[ qﬁges fromthat (after 60 m nutes fromthe pol ynerization
|n|t|at|oq% 20 mM of a solution containing 1.51 g of 4-nethylstyrene in

h t I [ act

pol yner | zat i Sﬁb&g#ger‘@t ol oot ¥ 4 Pt (e BB At e F i 0 234]
Af t 2 h f t.hat ft 3 lynerization.initiation 20
oot 5 RS AR Bhi DO R BFAPRY: £ GmhO R S AT BHBE AL Sie b’ ¢ he

pol ymer solution, and the polynmer solution was, stirred for 15 m nutes.
g of 4-methylstyrene 'in hexane was rapidly charged into the

5 polymerization reactor at a polymerization temperature of 65°C
and a stirring rate of 130 rpm.
[0216]

After 2 hours from that (after 3 hours frompolymerization

initiation), 20 ml of a hexane solution containing 1.3 ml of
10 l-butanol was added to the polymer solution, and the polymer

solution was stirred for 15 minutes.

[0217]

Subsequently, a solution of sec-butyllithium in

cyclohexane (sec-butyllithium content 63.95 mmol), and 11.5ml

15 of 1,1,2,2-tetramethylethylenediamine were charged into the
polymerization reactor, followed by stirring for 30 minutes.
[0218]

Further, 63.95 mmol of N-phenyl-2-pyrrolidone was added,
followed by stirring for 15 minutes.

20 [0219]

To the polymer solution was added 20 ml of a solution
containing 3.0 ml of methanol in hexane, and the polymer
solution was stirred for 5 minutes. Subsequently, to the
polymer solution were added 8.0 g of

25 2-tert-butyl-6-(3-tert-butyl-2-hydroxy-5-methylbenzyl)-4-me
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[ 0235] Subsequently, a solution of sec-butyllithiumin cyclohexane
(sec-butyllithiumcontent 63.95 mol) , and 11.5 m 5 of
1; 1, 2, 2-tetranet hyl et hyl enedi am ne were charged into the polynerization

reactor, followed by stirring for 30 mnutes. [0236] Further, 63.95
mmol of 1, 3-di nethyl-2-im dazolidinone was added, followed by stirring for
15 m nutes. 10[0237] To the polyner solution was added 20 m of a

sol uti on cont ai ni ng 3.0 mM of nethanol in hexane, and the polynmer solution

was stirr u(t}ge:giée t?q the \ re added
8.0 g of t?%l e t ut{? Saf(ste(SS tert- %Jt%el gLrox -Sdgireq]ﬁ&#lgéenzyg\e

t hyl pheny, ryl at t.r I|ze produced by Sum tono Chem cal
Co., Ltd. u,mlccctyﬁrl Cg“e(gm OC% perﬁ e(eryt?#;I it ﬁI} tfﬂ(l%( Iaurylthi opr opi onat e)
(trade nane:_ Sum | TP- r.oduced b m t ono .Chemi cal Ltd.), the
20 pol ynét® nst(ﬂqﬁr ]%é’sltter%‘?ﬁﬁl T %’ R Aa bty r‘rﬁF afemAi%t ure for
24 hours, further was dried at 55C for 12 hours under reduced pressure
to afforcf ARfert P R ANRAYST 6 iU taMe K 1 SAerCre 1wy i n Tabl e
1. [0238] 250ne hundred parts by weight of the resulting polyner, 78.4
par t s°by SHEISFEVBIC S FPEaPPLYRAE %H’étl@llt"fafsral IoNSAGEr BYEeeHa B9 Pegussa
GrbH) , 6.4 parts by weight of a silane coupling agent (trade nane: Si69

pr oduced H9rTReg fsswetaibHy e, fer 42 Hdaur sy andi hrtbercaaboirisdelt Fbf@de

nane: DI ABLACK N339 produced by 5 M tsubishi Chemi cal Corporation) , 47.6
parts by figgi gt hsfurgh uwdaesmhd@dusidd @uesdaineats D Prao qeslsyNg: 140

produced by Japan Energy Corporation) , 1.5 parts by wei ght of an anti agi ng
agent ('t rEage usdnen Argsuwgdrs 3C pritvd geeEldminr Sure tdrmovrChiemi TegdleCol ., Ltd. )
2 parts by weight of stearic acid, 2 parts by weight of zinc
[0220]
10 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
coupling agent (trade name: Si69 produced by Degussa GmbH), 6.4
parts by weight of carbon black (trade name: DIABLACK N339
15 produced 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: Antigen 3C produced by Sumitomo
Chemical Co., Ltd.), 2 parts by weight of stearic acid, 2 parts
20 Dby 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: Soxinol D produced by Sumitomo

Chemical Co., Ltd.), 1.5 parts by weight of a wax (trade name:

25  Sunnoc N produced by Ouchi Shinko Chemical Industrial Co., Ltd.),
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10 flower, 1 part by weight of a vul canization accelerator (trade nane:

Soxi nol CZ produced by Sumitonmo Chemcal Co., Ltd. ) , 1 part by weight of
a- vul cani zati on accel erator (trade nanme: Soxinol D produced by Sum tono
Chem cal Co., Ltd. ) , 1.5 parts by weight of a wax (trade nanme: Sunnoc N
produced by Quchi Shinko 15 Chemi cal Industrial Co., Ltd. ), and 1.4 parts
by wei ght of sulfur were kneaded with a | aboplast mill to prepare a pol yner
conposition. The resulting polymer conposition was shaped into a sheet with

2ot Mo 8Lt AR, lgehy e e 0 yuleanize AL B0R Lgn o m nutes

to prepare a vulcani ze hysical ~prop
evaluatioqia; t he vulcanizeq_sheet are shown in_Table 1 Exanple 3 1 6 LE

Eo9c 6 D EPERTPHEE F BESWVRIEE SOPPOS1EFSn - Theé resulting polymer

composition was shaped into a sheet with a 6 inch roll, and the
sheet was heated to vulcanize at 160°C for 45 minutes to prepare
5 a vulcanized sheet. The results of physical property
evaluation of the vulcanized sheet are shown in Table 1.
[0221]
[Example 2]
Apolymerization reactor made of stainless steel equipped

10 with a stirring device of an internal volume of 20 L was washed,
dried, and flushed with dry nitrogen. Subsequently, 10.2 kg
of industrial hexane (density 680 kg/m3), 608 gof 1, 3-butadiene,
192 g of styrene, 3.02 g of 4-methylstyrene, 6.1 ml of
tetrahydrofuran, and 4.4 ml of ethylene glycol diethyl ether

15 were charged into the polymerization reactor. Subsequently,
a solution of n-butyllithium in n-hexane (n-butyllithium
content 14.81 mmol) was charged into the polymerization reactor,
and then a polymerization reaction was initiated.

[0222]

20 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 of 130 rpm
for 3 hours while 1,3-butadiene and styrene were continuously
fed to the polymerization reactor. The fed amount of

25 1,3-butadiene was 912 g, and the fed amount of styrene was 288
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g.
[0223]

After 20 minutes from the polymerization initiation, 20
mL of a solution containing 3.02 g of 4-methylstyrene in hexane

5 was rapidly charged into the polymerization reactor at a

polymerization temperature of 65°C and a stirring rate of 130
rpm.
[0224]

After 40 minutes from that (after éO minutes from the

10 polymerizationinitiation),20nﬂcﬁfasolutidncontaining3.02
g of 4-methylstyrene in hexane was rapidly charged into the
polymerization reactor at a polymerization temperature of 65°C
and a stirring rate of 130 rpm.

[0225]

15 After 2 hours from that (after 3 hours from polymerization
initiation), 20 ml of a hexane solution containing 1.3 ml of
l-butanol was added to the polymer solution, and the polymer
solution was stirred for 15 minutes.

[0226]

20 Subsequently, a solution of'sec—butyllithium in
cyclohexane (sec—butyllithiuﬁlcontent'76.75nmw1), and 13.7 ml
of 1,1,2,2-tetramethylethylenediamine were charged into the
polymerization reactor, followed by stirring for 30 minutes.
[0227]

25 Further, 38.37 mmol of N-phenyl-2-pyrrolidone and 38.37
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% Tow % by weight % by weight | | 1Mooney viscosity Anount of vinyl
bonds Content of nononer units derived fromstyrene Content of nononer
units derived from 4-nethyl styrene Fuel econony tano (70C) G i pping
property tans (0C)

mmol of 3-dimethylaminopropyltrimethoxysilane were added,
followed by stirring for 15 minutes.
[0228]
To the polymer solution was added 20 ml of a solution
5 containing 3.0 ml of methanol in hexéne, and the polymer
solution was stirred for 5 minutes. Subsequently, to the
polymer solution were added 8.0 g of
2-tert-butyl-6-(3-tert-butyl-2-hydroxy-5-methylbenzyl)-4-me
thylphenyl acrylate (trade name: Sumilizer GM produced by
10 Sumitomo Chemical Co., Ltd.), and 4.Q g of
pentaerythrityltetrakis(3-laurylthiopropionate) (trade name:
Sumilizer TP-D produced by Sumitomo Chemical Co., Ltd.), the
polymer solution was then allowed to evaporate at normal
temperature for 24 hours, and further was dried at 55°C for 12
15 hours under reduced pressure to afford a polymer. Evaluation
results of the polymer are shown in Table 1.
[0229]
One hundred parts by weight of the resulting polymer, 78.4
parts by weight of silica (trade name: Ultrasil VN3-G produced
20 by Degussa GmbH), 6.4 parts by weight of a silane coupling agent
(trade name: Si69 produced by Degussa GmbH) , 6.4 parts by wéight
of carbon black (trade name: DIABLACK N339 produced by
Mitsubishi Chemical Corporation), 47.6 parts by weight of an
extending oil (trade name: JOMO Process NC-140 produced by Japan

25 Energy Corporation), 1.5 parts by weight of an antiaging agent
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What is clained is: 1. A nethod for producing a nodified conjugated
di ene- based pol yner, the nethod conprising: a step of reacting a conjugated
dt ene- based pol yner 5 having nonomer units derived froma conjugated di ene
conmpound, rnonomer units derived froma conpound represented by Formula (1)
and nononer units derived froma conmpound represented by Fornula (2) , with
an organonetal |l i c conpound, and a step of reacting the
resulting product and a conpound 10 containing a nitrogen atomand a

car bonyl @roun, pon e“Vggfe;negep&%%u%%wg%g@ﬂt%&n%n@hg fggl 'y”f gopmri ses

t he nono r unlts romthe co represen 0y a (1) |nfa
t ent 01%) t .10W b ret anpunt o
gfr ?Re ﬁ%ﬁéﬁ % tgl %eF%lfhgcié mg ﬁﬁﬁﬁ?e Y iV ehel ﬁ%&yner is

0,
taken as fjlogv/eorbyl pagttby weight of a vulcanization accelerator (trade

name: Soxinol CZ produced by Sumitomo Chemical Co., Ltd.), 1
5 part by weight of a frulcanization accelerator (trade name:
Soxinol D produced by Sumitomo Chemiéal 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
10 composition. The resulting polymer composition was shaped
into a sheet with a 6 inch roll, and the sheet was heated to
vulcanize at 160°C for 45 minutes to prepare a vulcanized sheet.
The results of physical property evaluation of the vulcanized
sheet are shown in Table 1.
15 [0230]
[Example 3]

Apolymerization reactor made of stainless steel equipped
with a stirring device of an internal volume of 20 L was washed,
dried, énd flushed with dry nitrogen. Subsequently, 10.2 kg

20 of industrial hexane (density 680 kg/m®), 608 gof 1,3-butadiene,
192 g of styrene, 1.51 g of 4-methylstyrene, 6.1 ml of
tetrahydrofuran, and 4.4 ml of ethylene glycol diethyl ether
were charged into the polymerization reactor. Subsequently,
a solution of n-butyllithium in n-hexane (n-butyllithium

25 content 14.81 mmol) was charged into the polymerization reactor,
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R15R14 wherein R11, R12, R13, R14 and R15 each independently represent a
hydr ogen atom or an al kyl group; at |east one group selected fromRn, Rl12
R13 R 4 and R15 is an al kyl group; R16, R17 and R18 20 each independently
represent a hydrogen atom or a hydrocarbyl group; R1-9 represents a
hydr ocar byl ene group; k is 0 or 1, wherein the conpound represented by
Formul a (2) consists of carbon atons and hydrogen atons; R20, R21 R22,  R23
and R24 are all hydrogen atonms or two or nore groups sel ected from R20,

R21, R22,__- A r i tQ f one or._.nmre, rings consisting
of car bor?néitzgrl;ls%ﬁ ﬁc%&&%gér?h%éclg}ﬁg%aa olr%% tr\r%aé\}ﬁllr%: tjt eedg'r oups are attached
and eaché%%Bng rest of R20, Rn, R22, Rn and R24 is a hydrogen atom R25,
R26 and each i ndependently represent a hydrogen atom or a hydrocar byl

group. 10 - 2. .The nethod for_producinpg di fi ed conjugated

di ene- based pofyfBPCA¥ESFAFRG1PE EFQEﬁf?? e}g%" Yﬁ%é%%%%od% Hitaining a
nitrogen atom and_a _carbonyl group is a conpound represented by the
foIIomﬁn€9ﬂnﬁﬁﬂ%¥q¥§%t¥rene was performed at a temperature in the

5 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
1,3-butadiene was 912 g, and the fed amount of styrene was 288
g.

10 [0232]
After 20 minutes from the polymerization initiation, 20
mL of a solution containing 1.51 g of 4-methylstyrene in hexane
was rapidly charged into the polymerization reactor at a
polymerization témperature of 65°C and a stirring rate of 130
15 rpm.
[0233]
After 40 minutes from that (after 60 minutes from the
polymerizationinitiation),20ndcﬁfasolutioncontainihgl.Sl
g of 4-methylstyrene in hexane was rapidly charged into the
20 polymerization reactor at a polymerization temperature of 65°C
and a stirring rate of 130 rpm.
[0234]
After 2 hours from that (after 3 hours frompolymerization
initiation), 20 ml of a hexane solution containing 1.3 ml of

25 l-butanol was added to the polymer solution, and the polymer
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R31 NMR33)--C-R' (3) R31IP 15 wherein R31 and R32 are each independently a
hydr ocar byl group optionally having a substituent and R34 represents a
hydr ocar byl group optionally having a substituent, or a hydrogen atom or
R31 and R32 are linked to forma hydrocarbyl ene group optionally having a
nitrogen atom and/ or an oxygen atom and R34 represents a hydrocarbyl group
optionally having a substituent, or R31 and R34 are linked to forma
hydr ocar byl ene group optionally having a nitrogen atom and/ or an oxygen

at om and &%t{.ié’g{ %@tsscﬂr%é]y%ﬂoq]ag byl @rQup optional ly having a
I'va

substi tuent; represents a ent group and p represents 0 or 1.
3. A net fzar produci ng a pol yner conposition, the nethod conprising a
step of knéadi'ng 100 parts by weight of a 10 nodified conjugated

d ene: based pOLMIRLLUCEd DY LIE 5! oo SccqLdiag ho Lol 1 or 2 it
cyclohexane (sec-butyllithium content 63.95 mmol), and 11.5 ml
5 of 1,1,2,2-tetramethylethylenediamine were charged into the
polymerization reactor, followed by stirring for 30 minutes.
[0236]

Further, 63.95 mmol of 1,3-dimethyl-2-imidazolidinone

was added, followed by stirring for 15 minutes.
10 [0237]

To the polymer solution was added 20 ml of a solution
containing 3.0 ml of methanol in hexane, and the polymer
solution was stirred for 5 minutes. Subsequently, to the
polymer solution were added 8.0 g of

15 2-tert-butyl-6-(3-tert-butyl-2-hydroxy-5-methylbenzyl)-4-me
thylphenyl acrylate (trade name: Sumilizer GM produced by
Sumitomo Chemical Co., Ltd.), and 4.0 g of
pentaerythrityltetrakis(3-laurylthiopropionate) (trade name:
Sumilizer TP-D produced by Sumitomo Chemical Co., Ltd.), the

20 polymer solution was then allowed to evaporate at normal
temperature for 24 hours, and further was dried at 55°C for 12
hours under reduced pressure to afford a polymer. Evaluation
results of the polymer are shown in Table 1.

[0238]

25 One hundred parts by weight of the resulting polymer, 78.4
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parts by weight of silica (trade name: Ultrasil VN3-G produced
by Degussa GmbH), 6.4 parts by weight of a silane coupling agent
(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
extender oil (trade name: JOMO Process NC-140 produced by Japan
Energy 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 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:
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 heated to
vulcanize at 160°C for 45 minutes to prepare a vulcanized sheet.
The results of physical property evaluation of the vulcanized

sheet are shown in Table 1.
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What is claimed is:

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

a step of reacting a conjugated diene-based polymer
having“monomer'units derived from a conjugated diene compound,
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 a compound
containing a nitrogen atom and a carbonyl group,

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 10% by weight where
the total amount of all the monomer units contained in the

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

(1)

wherein R', R'?, RY, R and R each independently represent
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,

104



10~

15

(2)

wherein the compound represented by Formula (2) consists of
carbon atoms and hydrogen atoms; R?*°, R?', RrR??, R?® and R* are
all hydrogen atoms or two or m.ore'groups selected from R?°, rR??,
R*?, R*’ and R** are linked to form one or more rings consisting
of carbon atoms including the carbon atoms to which the groups
are attached and each of the rest of R*, R*', rR??, R?® and RrR*
is a hydrogen atom; R*’>, R*® and R?*’ each independently represent

a hydrogen atom or a hydrocarbyl group.

2. The method for producing a modified conjugated
diene-based polymer according to claim 1, wherein the compound
containing a nitrogen atom and a carbonyl group is a compound

represented by the following Formula (3);

31
RO

,N-ER”}LP—%—R“ (3)
2

3
R o)

wherein R’ and R*? are each independently a hydrocarbyl group
optionally having a substituent and R** represents a hydrocarbyl
group optionally having a substituent, or a hydrogen atom, or

R’ and R*? are linked to form a hydrocarbylene group optionally
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having a nitrogen atom and/or an oxygen atom and R*? represents
a hydrocarbyl group optionally having a substituent, or R*! and
R3** are linked to form a hydrocarbylene group opticnally having
a nitrogen atom and/or an oxygen atom and R?*? represents a
hydrocarbyl group optionally having a substituent; R*3

represents a divalent group and p represents 0 or 1.

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
according to claim 1 or 2 with from 10 to 150 parts by weight

of a reinforcing agent.
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