PROCESS FOR PRCODUCI NG MODI FI ED CONJUGATED DI ENE- BASED POLYMER
MODI FI ED CONJUGATED DI ENE- BASED POLYMER AND POLYMER COVPOSI Tl ON
Background of the Invention 1. Field of the Invention The
present invention is filed claimng the priority of Japanese Patent
Application No. 2011;078767 filed on March 21, 2011 under the Paris
Convention,, the entire content of which is incorporated herein, by
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15 In recent years, with an increase of interest in the environmental

problems, fuel cost saving has been strongly required on automobiles, and a
rubber composition used in tires for automobiles is also required to be
excellent in the fuel cost saving effect. As the rubber composition for tires
for use in automobiles, a rubber composition containing a conjugated

20 diene-based polymer such as polybutadiene or a styrene-butadiene
copolymer, and a reinforcing agent has been used. Use of a silica
reinforcing agent in place of carbon black, which has previously been used as
a reinforcing agent, has been studied in order to improve performance as a
rubber composition for tires.

25 Since the silica reinforcing agent has lower affinity with the
conjugated diene-based polymer as compared with carbon black, it is
necessary to enhance affinity between the silica reinforcing agent and the
conjugated diene-based polymer in order to enhance the fuel cost saving
effect. In order to enhance affinity between the silica reinforcing agent and

30 the conjugated diene-based polymer, for example, JP-A-10-7702 proposes a
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Summary of the Invention

However, a rubber composition containing the modified conjugated
diene-based polymer produced by the above-mentioned process is not

10  sufficiently satisfactory in the fuel cost saving effect.

Under such a circumstance, an object to be achieved by the present
invention is to provide a process for producing a modified conjugated
diene-based polymer suitable for preparing a polymer composition excellent
in the fuel cost saving effect.

15 The present invention relates to a process for producing a modified
conjugated diene-based polymer, comprising reacting a conjugated
diene-based polymer having a monomer unit based on a conjugated diene
compound and a monomer unit based on a compound represented by the
following formula (1) with an organometallic compound, and reacting the

20 resulting reaction product with a hydrocarbyloxysilane compound:

R16 RIS Rll R12
RI? :|R19 (1)

wherein R}, R12, R13) R14 and R!5 each represent a hydrogen atom or an alkyl

256  group, at least one of R11, R12, R13, R14 and R!% is an alkyl group, R16, R17 and

R18each represent a hydrogen atom or a hydrocarbyl group, R!9 represents a

hydrocarbylene group, and k represents O or 1.
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Detailed Description of the Invention
In the present specification, a hydrocarbyl group represents a
monovalent group obtained by removing one hydrogen atom from a

15  hydrocarbon. A hydrocarbylene group represents a divalent group obtained
by removing two hydrogen atoms from a hydrocarbon. A hydrocarbyloxy
group represents a monovalent group having a structure in which a
hydrogen atom of a hydroxy group is substituted with a hydrocarbyl group.
A substituted amino group represents a group having a structure in which at

20 least one hydrogen atom of an amino group is 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 are substituted
with a divalent group. A hydrocarbyl group having a substituent
(hereinafter, sometimes referred to as a substituted hydrocarbyl grﬁoup)

25  represents a monovalent group having a structure in which at least one
hydrogen atom of a hydrocarbyl group is substituted with a substituent. A
hydrocarbylene group having a heteroatom (hereinafter, 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

30 from which a hydrogen atom has been removed, and/or a hydrogen atom, of a
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15
wherein R1!, R12, R13, R4 and R!% each represent a hydrogen atom or an alkyl
group, at least one of R11, R12, R13, R4 and R!5 is an alkyl group, R!6, R17 and
R!8 each represent a hydrogen atom or a hydrocarbyl group, R19 represents a
hydrocarbylene group, and k represents 0 or 1.

20 <Conjugated diene-based polymer>

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

isoprene, 1,3-pentadiene, 2,3-dimethyl-1,3-butadiene, and 1,3-hexadiene.
One or more kinds of them are used. Preferable is 1,3-butadiene or
1soprene.

25 In the formula (1), R11, R12 R13, R14 and R15 each represent a
hydrogen atom or an alkyl group, and at least one of R1!, R12, R13, R14 and R15
is an alkyl group.



rijugatedciienecc e isoprene, 1,3 13 ntadiene, 2 One O nore kin.d.s
or 1,1)eifl are -used. Prc isoprene. capound tacin.de
3.,33-butad.ren.e, and 1., 3-1lega.di epge. 1, 3-butadi ene or

forrama en atomor an a' is an al kyl group. The nunber of carbon
atons of an al kyl group of12, R=3, R14 and Ri5-ireferably 1 to 8,
nore preferably 1 to 5, further preferably 1 to 2, particularly

preferably 1, The nukkanpf @sboh dtb@salfiylalgybepuefofH, RR, B23, RH afiU
and R15 include a nmethyl group, an ethyl group, a propyl group, an
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5 methyl group, an ethyl group, a propyl group, an isopropyl group, a butyl
group, an isobutyl group, a sec-butyl group, a pentyl group, a hexyl group, a
heptyl group, and an octyl group.

The alkyl group of R11, R12, R13, R14 and R15 is preferably an alkyl
group which is bound to a benzene ring with a carbon atom to which one or

10 more hydrogen atoms are bound, more preferably an alkyl group which is
bound to a benzene ring with a carbon atom to which two or more hydrogen
atoms are bound, further preferably a linear alkyl group.

The alkyl group of R1, R12, R13, R4 and R15 is preferably a methyl
group, an ethyl group, an n-propyl group, an n-butyl group, or an n-pentyl

15 group, more preferably a methyl group or an ethyl group, further preferably
a methyl group.

Preferably, one to three of R11, R12, R13, R14 and R15 are alkyl group(s),
and the remainder is hydrogen atoms. More preferably, one or two of R,
R12, R13, R14 and R15 are alkyl group(s), and the remainder is hydrogen

20 atoms.

When one of R11, R12, R13, R4 and R!5 is an alkyl group and the
remaining four are hydrogen atoms, preferably, any one of R!2, R13 and R4 is
an alkyl group and the remaining four are hydrogen atoms.

When two of R, R12, R13 R14 and R!5 are alkyl group(s) and the

25  remaining three are hydrogen atoms, preferably, Rl and R13 are alkyl groups
and R12, R4 and R15 are hydrogen atoms, or R!! and R14 are alkyl groups and
R12, R13 and R15 are hydrogen atoms, or R12 and R4 are alkyl groups and R11,
R13 and R!% are hydrogen atoms.
When three of R11, R12) R13, R14 and R15 are alkyl groups and the

30 remaining two are hydrogen atoms, preferably, R11, R!3 and R15 are alkyl



r? nmore hydrogen, atons are bound, nore preferably an al kyl group

whi ch, is uound to a benzene ring with a carbon atomto which two or
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a. n n-prepydnAl e¥Pup andiS2RHeRYl- 1tdyPeraabut yl group, an isobutyl

group, a sec-butyl group, a tert-butyl group, an inpentyl group, an
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alkyl groups, the number of carbon atoms of R16, R17 and R!8 is more
20  preferably 1 to 6, further preferably 1 to 2; when R16, R17 and R18 are alkenyl
groups, the number of carbon atoms of R16, R17and R!® is more preferably 2
to 6, further preferably 2; and when R6, R!7 and R!8 are aryl groups, the
number of carbon atoms of R16, R17 and R1!8 is more preferably 6 to 8.
R16 and R!7 are preferably hydrogen atoms or alkenyl groups having
25 2 to 6 carbon atoms, more preferably hydrogen atoms or vinyl groups, further
preferably hydrogen atoms.
R18 is 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 a hydrogen atom, a methyl

30 group, a vinyl group, or a phenyl group, further preferably a hydrogen atom.



-When RIG R17 and MB are hydrocarbyl groups, the nunber of carbon
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is nore 20 preferably 1 to 6, further preferably 1 to 2; when R16, and
RIS are al kenyl groups, the nunber of carbon atons of R18, R17 and

R 18 is nore preferably 2 to 6, further preferably 2; and when R G
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and R18 is nore preferably 6 to 8. RIG and RI 7 are preferably

hydr ogen at ons Iorthalfteenuld (1gr Bi¥psphesdntg a hydrosadarlbon gatwns, nore
preferably hydrogen. ato or vjnyl groups, further preferably t RLE .
Wen at omiZXAhA r%ﬁéhﬁ@laﬁg@f@ﬁbﬂeaﬁ] gfgﬁpépkmdeg%aﬁax%\#wggmw gnd an
car bon. . I k i 110 an
aryl gr 03‘%9%3‘3% %‘gug't%knc@%gggﬂg?é@eﬁééle@gp gﬁ%?g@lesé a %’?ongeen
atom5a nebhylandth goBuPethaglatiditougl OWxarepled aiBayolghethylehel ki

preferably a hydrogen atom In the thrnmul arepresents 0 or 1, prefe

in the forehuds quyBryiage gepie seimtsethiiyde geein y tesnemgtovlgne Branpl es
of e NygLseaLiv ane SEOUP IS AL slianedut srolp sl an

0 oUP Sl BTEUALERE o gt fcgEranmes of Lhc ol et he aroup
group, a The number of carbon atoms of R19 is ’preferabI’y 1 to 8, more

10  preferably 1 to 5, further preferably 1 to 3.

R19 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, further preferably a methylene group, an ethylene group, or a
trimethylene group.

15 Of the compounds represented by the formula (1), examples of a
compound in which R!6, R17 and R18 are hydrogen atoms and k is O include
the following compounds.

A compound in which one of R1}, R12, R13, R14 and R is an alkyl
' group and the remaining four are hydrogen atoms:

20  2-methylstyrene, 2-ethylstyrene, 2-propylstyrene, 2-butylstyrene,
2-pentylstyrene, 2-hexylstyrene,
3-methylstyrene, 3-ethylstyrene, 3-propylstyrene, 3-butylstyrene,
3-pentylstyrene, 3-hexylstyrene,
4-methylstyrene, 4-ethylstyrene, 4-propylstyrene, 4-butylstyrene,

25  4-pentylstyrene, and 4-hexylstyrene.

A compound in which two of R11, R12 R13 R14 and R!5 are alkyl groups
and the remaining three are hydrogen atoms:
2,3-dimethylstyrene, 2,3-diethylstyrene, 2,3-dipropylstyrene,
2,3-dibutylstyrene, 2,3-pentylstyrene, 2,3-hexylstyrene,

30 2-methyl-3-ethylstyrene, 2-ethyl-3-methylstyrene,



pent anet hyl ene group, and a hexanet hyl ene group. Exanples of the
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y1- 3- me22emhhvIaE aehlpirengr dwehyl6- methylstyrene

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

15  3-methyl-5-ethylstyrene, and 3-ethyl-5-methylstyrene.

A compound in which three of R11, R12, R13, R4 and R!% are alkyl
groups and the remaining two are hydrogen atoms:
2,3,4-trimethylstyrene, 2,3,4-triethylstyrene, 2,3,4-tri-propylstyrene,
2,3,4-tri-butylstyrene, 2,3,4-tri-pentylstyrene, 2,3,4-trihexylstyrene,

20  2,3,5-trimethylstyrene, 2,3,5-triethylstyrene, 2,3,5-tripropylstyrene,
2,3,5-tributylstyrene, 2,3,5-tripentylstyrene, 2,3,5-trihexylstyrene,
2,3,6-trimethylstyrene, 2,3,6-triethylstyrene, 2,3,6-tripropylstyrene,
2,3,6-tributylstyrene, 2,3,6-tripentylstyrene, 2,3,6-trihexylstyrene,
2,4,5-trimethylstyrene, 2,4,5-triethylstyrene, 2,4,5-tripropylstyrene,

256  2,4,5-tributylstyrene, 2,4,5-tripentylstyrene, 2,4,5-trihexylstyrene,
2,4,6-trimethylstyrene, 2,4,6-triethylstyrene, 2,4,6-tripropylstyrene,
2,4,6-tributylstyrene, 2,4,6-tripentylstyrene, 2,4,6-trihexylstyrene,
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.

30 Of the compounds represented by the formula (1), examples of the



4-di net hyl styrene, 2, 4-di ethylstyrene, 2, 4-dipropyl styrene,

24-d.i butyletyrene, 2,-dipentylstyrene, 2,4:-dihexyletyrene, 2- ric
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2, 5-di butylstyrene, 2,5-dipentyistyrene, 2,5-dihexyistyrene,
2-metnyl-5-ethyi styrene, 2-ethyl-5-nethyistyrene,

6-di m ebmosiryr @nehick B, Biekhdyetye Qi?@lrog’-’erﬁato@s of opY| Sty FRRes a
6- di butyi styrene, 2"6-dipentyl styrene, dlbexylstyrene

met hy 1-18e qn@gwahmcl eethwﬁolbmmgmnmww@ﬁe

di%;igi“ets;?re l%r%p();u %?@%bggﬁgl ﬁ% By{ g?eizl%tﬁ Sun alkyl
=thy gnf}u £l S néé%?idﬁé’ﬁe ﬁy&l’&%&%ﬁ%é@é

3, 5-di nethylstyrene, yl styrene, I eropyi styre", e,

3, 5- (bi bryieshyr Me,prapényli)mrﬁeyﬂesﬁwthy\bl (3 Iﬁoﬂdaﬂilﬂ)(b’érﬂzteymene
153-net | ayi - 5- et hen styr ene> and 3-et h%/I - 5 met hyl et yr ene. A
conpound 4 Rrawil dh(% rrae ngt) brpzane, g butskib (2 Rigpeayd lrnzenar e alky

b hyl
3 ot rory et | RamO B BLE PP e T b B By
82, 3,4 L5 pRABIN- G YRty Bedndnd 1 BRI SIHpRIRNyIMeBLbiE SLYT ene,

5-tri et hyl'styrene, rtrlgropy|styrene -yributyi'styrene,
5-t r idperetlzy’ls ] 62 prap&y B harideeny i sty hd2- 20 Be By bénvetky | et yr ene,

trleth | styrene, tripro ren 2.3,6-tributyl stene,

Ot r iRt y ? y{gwenyﬁﬁegzgmqe@%ﬁiﬁy%h@ propenyleenzen)é

5-trimet hy i styyhepe,

, b-tripr opy (E d gn &’ﬁ%ﬁ %’8' Eﬁult yflyléztei;r ér%ie14 agdfﬁ arg allfylegroups

| g‘t y Mewing.l t6 8 &aﬂb’bh%oiﬁ@ Sid e BOmalBinkrthies Byé SHMF@breatoms:
6.

2,
2
2
1
3

tiethyletyrene, 2,4,6-tripropyistyrene” a.tyrene,
t r iZp@nitiyplesiylr EhepropenyBilritrexvi 8Bvdieteyl- 1-(2- propenyl)benzene,

2,3-dipropyl-1-(2-propenylbenzene, 2,3-dibutyl-1-(2-propenyl)benzene,

2, 3,
2,3,
2,3,
2,3,
2, 4,
2, 4
nty
2.4,
2, 4

15  2,4-dimethyl-1-(2-propenyl)benzene, 2,4-diethyl-1-(2-propenyl)benzene,
2,4-dipropyl-1-(2-propenylDbenzene, 2,4-dibutyl-1-(2-propenyDbenzene,
2,5-dimthyl-1-(2-propenyDbenzene, 2,5-diethyl-1-(2-propenylbenzene,
2,5-dipropyl-1-(2-propenyDbenzene, 2,5-dibutyl-1-(2-propenylbenzene,
2,6-dimethyl-1-(2-propenyl)benzene, 2,6-diethyl-1-(2-propenyl)benzene,

20  2,6-dipropyl-1-(2-propenylbenzene, 2,6-dibutyl-1-(2-propenyDbenzene,
3,4-dimethyl-1-(2-propenylbenzene, 3,4-diethyl-1-(2-propenyl)benzene,
3,4-dipropyl-1-(2-propenylbenzene, 3,4-dibutyl-1-(2-propenylbenzene,
3,5-dimethyl-1-(2-propenyDbenzene, 3,5-diethyl-1-(2-propenyl)benzene,
3,5-dipropyl-1-(2-propenylbenzene, and 3,5-dibutyl-1-(2-propenylbenzene.

25 A compound in which three of R!1, R12, R13 R4 and R15 are alkyl
groups and the remaining two are hydrogen atoms:
2,3,4-trimethyl-1-(2-propenylbenzene, 2,3,4-triethyl-1-(2-propenyl)benzene,
2,3,5-trimethyl-1-(2-propenyl)benzene, 2,3,5-triethyl-1-(2-propenyl)benzene,
2,3,6-trimethyl-1-(2-propenylbenzene, 2,3,6-triethyl-1-(2-propenyl)benzene,

30  2,4,5-trimethyl-1-(2-propenylbenzene, 2,4,5-triethyl-1-(2-propenyl)benzene,



3,*5-trimstyrene, 3,*5-triethylstylelle, 4,5t 5-trilu -"styrene,
3,4,5 yripentyistyrene” and 3,4,5-tri hexyl styrene, 30O the conpounds
represented by the fornul aexanpl es of ,the conpound in which R16, R17
and Rla are hydrogen atonms, k is |I. and R 19 is a nethyl ene group

i nclude the foll ow ng conpounds. A compound i n which one of

R11, R 2, R13, R1$ and s is an aikyl group and the remaining four are

hydr ogen 284 @riimatiitl- B{dykopekryl(dnRe hOPEAZRt e tty]-d- @ tpenyDbethZe fE OP
ee nzene 2-prop371.1-(2-propenyCoenzene,

2- but y1- B425propeityl Thehzeresnydtheszhge, and ( 2- prepenyl) benzene,
3-ethyl-1-(2-propenyDhenzene, ..3- propyl - F( 2- pr openyCbenzene,

3-buty1- h{*éﬁg}%ﬁzﬂg@%ﬁ?@%ﬁly@g?g%ﬁ t hyl- 1- 02- proper| yi Thenzene,
4-ethyl - - ropepp A6 - CH b and,
4-but 71-1-(2-pr opgﬁas, ' &%s%%ggée%éd %y %e%%%%gi)r ﬁ%\%@&s t wo eof

R 11, 5Rt 2pRipbuanddnRibidr By bngdrRdpse hadirogeilaton § lcar ham&Rovrss and
the remaining three are hydrogen atons: 2, 3 - dine thyl- -

- pr openy;ﬂﬁbﬁ egropp anclygde thgyiplloywing G(anﬁﬁéé%nyTCbenZet te, 2, 3 ddp

e 2 R LR AR 0 Rk i d i
2 ool heed o ot priaiane adoglungion 1 14,27 (o
2, 5- di ni %mthylé24’&fm¢eny]%eniezmné;ethyB-ldB_dlLttyhyl)i)enzene, _
gt el e T P R e o
AL O R A R A SR
ze ne,  3-propyl-1-(3-butenylbenzene, 3-butyl-1-(3-butenyl)benzene,

' 4-methyl-1-(3-butenylbenzene, 4-ethyl-1-(3-butenyl)benzene,
4-propyl-1-(3-butenylbenzene, and 4-butyl-1-(3-butenyl)benzene.

15 A compound in which two of R11, R12, R13, R14 and R15 are alkyl groups
and the remaining three are hydrogen atoms:
2,3-dimethyl-1-(3-butenyl)benzene, 2,3-diethyl-1-(3-butenyl)benzene,
2,3-dipropyl-1-(3-butenylbenzene, 2,3-dibutyl-1-(3-butenyl)benzene,
2,4-dimethyl-1-(3-butenyl)benzene, 2,4-diethyl-1-(3-butenyl)benzene,

20 2,4-dipropyl-1-(3-butenyl)benzene, 2,4-dibutyl-1-(3-butenyl)benzene,
2,5-dimethyl-1-(3-butenylbenzene, 2,5-diethyl-1-(3-butenyl)benzene,
2,5-dipropyl-1-(3-butenyl)benzene, 2,5-dibutyl-1-(3-butenylbenzene,
2,6-dimethyl-1-(3-butenyl)benzene, 2,6-diethyl-1-(3-butenyl)benzene,
2,6-dipropyl-1-(3-butenyl)benzene, 2,6-dibutyl-1-(3-butenyl)benzene,

25  3,4-dimethyl-1-(3-butenyl)benzene, 3,4-diethyl-1-(3-butenyl)benzene,
3,4-dipropyl-1-(3-butenylbenzene, 3,4-dibutyl-1-(3-butenyl)benzene,
3,5-dimethyl-1-(3-butenylbenzene, 3,5-diethyl-1-(3-butenylbenzene,
3,5-dipropyl-1-(3-butenylbenzene, and 3,5-dibutyl-1-(3-butenylbenzene.

A compound in which three of R1!, R12, R13) R4 and R15 are alkyl

30 groups and the remaining two are hydrogen atoms:



$, 4- dimethyl- 1 -(2 -propenybnzene, 3, 4- die

tl-e2-propenyi Thenzene, 3, 4- diprop yl- 1 -(2 -prorie nyQoe n
zene,utyi - - (2- prop eny0O b enze e,13, 5 - d iniethyl 1- (2- prope
nypbe nzens ,-(2 Tropenyi kenzene, 3, - diprop 1-(2-p rop e ny e ze

ne and 3, 5 -dit: utyl- 1 -(2-p rop e nyO b e nze nti A conpound in

which three of Rl12, R R14 and R15 are alkyl [-rrQUI DS and the

remai ni ng,3 Mrmﬁﬁzlﬂyy'dl‘@gb@temyb)benzené 3 uhyricthy - 2 «(priapgehyYbenbere nze
, 234tr|ethyL1 e) € nze n.e, 3, 5 t>r|methyI
1 - t, pe Ayl &H@m@mlét@ybutepy @znpem%p?e?)ﬁ el ié%@tenzl bgngeng.rj m

eth I re nze. tri - - nnze
ne, %02 25% ﬁ%ﬁgpﬁp@ﬁp@ Qﬁ?gﬁ@e§§9 L5 %h(i]l?[ t Vep?l)&en?ezn% rop
e nyDbe QZ@mrleneth?;ﬁn qsnsﬁﬁéylw)%éﬁéen&@emsldﬁ%ﬁ?p16(3 RutnPbEhedhy] -
1- (2-propényl rinethy (2- propenyi I'bénzene2 and

42- prippefiyl, bisemzetig]-1- (8 butemfl)fohnzrezmnﬁmﬁdmethpl és8rirgdnpybeheene,

f or mexanpl es of ttﬁg ound whi ch I, RL7 and RI B are hydrogen
atonms, koi%o1r E-Hy Wét Eﬁniz?f%ﬂ the fol | ow ng conpounds.

A conpou g%gqr%@h]hlgg%uggdgﬁ%re ﬁy Rid, R 14 and RThis an a tyl

group an e re i ning drogen at ons:

2- et hyl - 1- ( 3- bt Raybhpenadsepresehtlbit the SoutiRN(1Y ] d:heRgRRCS 5102-
ropyl-1-(3-butenyil hengene % \éi 1- ( 3- but enyi Thenzene,

3- net hyl campguhdiienilyickdi*zBHeandRet hegyhydragenmtoemy k)isdn a2drB1 is a

10 trimethylene group include the flowing compounds.

A compound in which one of R, R12, R13, R4 and R!%is an alkyl
group and the remaining four are hydrogen atoms:
2-methyl-1-(4-pentenyl)benzene, 2-ethyl-1-(4-pentenyl)benzene,
2-propyl-1-(4-pentenyl)benzene, 2-butyl-1-(4-pentenylbenzene,

15  3-methyl-1-(4-pentenyl)benzene, 3-ethyl-1-(4-pentenyl)benzene,
3-propyl-1-(4-pentenyl)benzene, 3-butyl-1-(4-pentenyl)benzene,
4-methyl-1-(4-pentenyl)benzene, 4-ethyl-1-(4-pentenyl)benzene,
4-propyl-1-(4-pentenyl)benzene, and 4-butyl-1-(4-pentenyl)benzene.

A compound in which two of R11, R12, R13 R4 and R'5 are alkyl groups

20 and the remaining three are hydrogen atoms:
2,3-dimethyl-1-(4-pentenyl)benzene, 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,
2,4-dipropyl-1-(4-pentenyl)benzene, 2,4-dibutyl-1-(4-pentenyDbenzene,

25  2,5-dimethyl-1-(4-pentenyl)benzene, 2,5-diethyl-1-(4-pentenyl)benzene,
2,5-dipropyl-1-(4-pentenyl)benzene, 2,5-dibutyl-1-(4-pentenyl)benzene,
2,6-dimethyl-1-(4-pentenyl)benzene, 2,6-diethyl-1-(4-pentenyl)benzene,
2,6-dipropyl-1-(4-pentenylbenzene, 2,6-dibutyl-1-(4-pentenyl)benzene,
3,4-dimethyl-1-(4-pentenyl)benzene, 3,4-diethyl-1-(4-pentenyl)benzene,

30 3,4-dipropyl-1-(4-pentenylbenzene, 3,4-dibutyl-1-(4-pentenyl)benzene,



3 -propyl-1 -(3-butenypbenzene 3-bu tyl - 1 - (3-buteriyikerize ne ,
4 -me thyl 1- (3-butenyl)benze ne, 4- ethyl- 1 - (3-butenyl)b nmaze
ne, 4-oronyl-1-(3-butenyikenzene, andlél: butyl- 1-(3-butenyl)benzene.
15A compound in which two of Ril, RL12, fill,and fi.1 are al kyl groups
and the remaining three are hydrogen atons: 2,3 - dimethyl - 1-
(3-butenyi)he nzene , 2,3 -di ethyl-1 -(3 bute nypbenzene,

2, 3- di pr gpydirhefl3/]butLpyhidgibenesndi Hodydthil-(134bpdetayid)) benzene, 2, 4-
di net hyl 1t e dtbenzene, 2, 4-djethyl-1-(3-butenyi Thenzene, 28

2, 4-di pr épifdlpropsl-ﬂ;dﬂm@ﬁﬁmenz; andipdidyautyd- 1¢ @ prittenyhbenzare
ne, 215-di nethyl-1-(3-buyutenyl)benzene,
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2, 5-di bu ide RZORES 4Bt <= 1- (3- but enyi Thenzene,
2, 6-di et %(I;ulis %lgd Eﬁ% gﬁﬁ%b@%n. zeneajl 29%‘11??%?0%%5 but enyl ) benzene,

2, 6- db butyd 4 trir3e iyl dn anBpedzehd, 2e3 |-t Rbhut-2rigtydmazeibenzdée, 4-
di ethyl-1 - (3 -bute %Ilbe nz)e ne, 3 4- dip BOP 4, -(3-b a]he ny Qbe
nzene 3 2d3,6'tmn9¢tth:1'{1 DeRteng DR PRI Tzef ety § (4 Rentanyhenzene 1p

1)Yb - i - _ .
opyi 12 8BSty R by gbelip 28 B EPRERE R e B Sidne,
A conpounds 5Rridé Y1 tIR(LEe ¥ nf)bbnzdhcl 2,4 BHrlethiy-A(4aithte R be @ he,

al kyl groups and the remaining two are hydrogen atons:
2, 3, 4- t r Rk bHyimdtiw] 3- GupenteinThbnzeers, 'Zet Aytiriethyl 3-Buteariympbheerme,

2 S A RS, S e 1w
2,3,6-tri VM ' , 2,4,5-tri - 1- (3-1,
O s i i A

2, 4, 6-tri met hy Dfthé IohipormyPiepzanated by the formula (1), examples of a
2,4,6-triethyl-1.-(3-butenyhbenzens, .
, 4, 5- t r comphyhdlinpghisht RSN BHzarehyduegen atoms, R18 is a methyl group,

3
3,475-tr iaxelgirpl%s_ -ilg(ﬁ{lglej ttﬁ(re] )f'(ﬁ?oevglznegnc%mpounds.

15 A compound in which one of R11, R12, R13, R4 and R1%5is an alkyl
group and the remaining four are hydrogen atoms:
2-methyl-1-isopropenylbenzene, 2-ethyl-1-isopropenylbenzene,
2-propyl-1-isopropenylbenzene, 2-butyl-1-isopropenylbenzene,
3-methyl-1-isopropenylbenzene, 3-ethyl-1-isopropenylbenzene,

20  3-propyl-1-isopropenylbenzene, 3-butyl-1-isopropenylbenzene,
4-methyl-1-isopropenylbenzene, 4-ethyl-1-isopropenylbenzene,
4-propyl-1-isopropenylbenzene, and 4-butyl-1-isopropenylbenzene.

Of the compounds represented by the formula (1), examples of a
compound in which R6 and R!7 are hydrogen atoms, R!8 is a vinyl group, and

25 ks 0 include the following compounds.

A compound in which one of R, R12, R13, R4 and R%is an alkyl
group and the remaining four are hydrogen atoms:
2-(2-methylphenyD-1,3-butadiene, 2-(2-ethylphenyl)-1,3-butadiene,
2-(2-propylphenyl)-1,3-butadiene, 2-(2-butylphenyl)-1,3-butadiene,

30 2-(3-methylphenyl)-1,3-butadiene, 2-(3-ethylphenyD)-1,3-butadiene,



O the compounds represented by the formula (1), exanples of a
compound in which R15, H17 and Ris are hydrogen atonms, kid., and H19
is a 10 trinethylene, group include t fl owi ng conpounds. A
conmpound i n which one of R11, R12, R1Z, R14 and R15 is an al kyl group
and the remai ning Four are hydrogen atons:

nmet hyl- 1- (4- pentenyl) benzene, 2-ethyl-1-(4.-pentenyDbenzene, 2-p
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the remaini ng three ar n at ons peritenynbenzene, a,

Ydi ety leddhpdupéiin' wlaMR Rllé andZR1"3ire Hdidpog@y atorks, R{t4isp enlyépryibek iz e

ne, 2 3- difrutyl -(4 -pentenyl k enzene
2, 4 di metthgnd R194s 9énﬁﬁlwmé¥qude the following compounds.

2,4-diethyl-1-1"4-pent enyl Thenzene A+l P¥%2 gtvl - p e
nt enynbenzene Adz H&W’%’ E”B’e%’?%%ﬁT (Sﬁ 2%18 k 4a%<§](§{1 = afﬁ'yl
hyl - gp@\msﬁwthb%ﬁ&@ﬁmgfour%re%yﬁ&@@éﬂ adorkd:- P entenyi)benzene |,
2,5 - dib,nte say') hen ze ne , inmethyl-1(4-peritenyDbenzene,

2Gdi et hy 2t Rbertieriphe 2y Bmethylr bfybuthdidae,p ente nytt he

nsen, e-di

3, 4- 4 m 3?@%L1ilﬁh9§§’ﬁg’g‘?§@i§bm§gzenﬁﬁnﬂ» di eti ayl-1- (4-pent enyphenzene,

203, O Oy A FONCRA iy o0 UL YL L (- pert oy Bz
2-(2-butylphenyl)methyl-1,3-butadiene,
2-(3-methylphenylmethyl-1,3-butadiene,
2-(3-ethylphenyl)methyl-1,3-butadiene,

15  2-(3-propylphenylmethyl-1,3-butadiene,
2-(3-butylphenyDmethyl-1,3-butadiene,
2-(4-methylphenylDmethyl-1,3-butadiene,
2-(4-ethylphenyl)methyl-1,3-butadiene,
2-(4-propylphenyl)methyl-1,3-butadiene, and

20 2-(4-butylphenylmethyl-1,3-butadiene.

Of the compounds represented by the formula (1), examples of the
compound in which R16 and R!7 are hydrogen atoms, R18 is a vinyl group, k is
1, and R19is an ethylene group include the following compounds.

A compound in which one of R}, R!2, R13, R14 and R!5 is an alkyl

25  group and the remaining four are hydrogen atoms:
2-[2-(2-methylphenylethyl]l-1,3-butadiene,
2-[2-(2-ethylphenylethyll-1,3-butadiene,
2-[2-(2-propylphenylethyll-1,3-butadiene,
2-[2-(2-butylphenyDethyl]-1,3-butadiene,

30 2-[2-(3-methylphenyl)ethyll-1,3-butadiene,



35di nropyLand 3, 5-di buty1-1-4-pentenyCbenzene. A. conpound in. which
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are hydrogen atons: 2.,3,4-trinethyl- (4- pent enyCbenzene,
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i ent enyDbenzene, 2,4,6-tri met hyl- 1- 4- pent enyDbenzene, 2,4,6-triethyl-

1- 4, - penteliy{3rhearzépkendiathsllt Brimthghenlesu pent enyl ) benzerie, and

345tr|e Y O the conpounds
repr esenﬁe@%{/b}lﬁy@hgﬁ%&i@ﬁ% lﬁ?&ﬁiﬂn@s or a conpound in which R G
and R17 ar H09 (% [ drethyl group, and k is O include
the foll ow&n@lcgnpﬁ@}% 9%'51%’0@#%0%%9% -€/h| ch one of R|, R123, Rl14
and 1415'2-i% @m}mlhhéngbelhpl and-itedieewmi ni ng four are hydr ogen
atons: 2- t 1|sop Hgﬁlbenzene , 2-e thyl- 1 -isop rop

enyl b enz Pr%YéP}é‘li POPEAGIBEn2Efe,

2-butyl- t 1 I'b 3
2yt R B AR DL T s 1 3 PGP openy ber zene.
3-butyl - i sopranes¥bRai%enR reBrédiiked by the FORNG1LP1)EBYA BB @fea e,

4eh. vl Thi soor openvi ben. zei e. 4-propyl-1-i sopropenyl benzene, and
4-bUtyl - romprndparwhimémﬁ@rmld R17 are i¥drolgen csomeuRdsisrepired eyrved, Ryis

atomC Rilsan ﬁ“’of PGS QU R Beb I orHRE oo
oot s AP ADM hroraTgRi B  GiSee
2- (2- et rgyb@;bwamlt}relmautmx@fcﬁﬁearean&ﬁngémltmgny1) l 3- but adi ene,
2-[3-(2-methylphenylpropyll-1,3-butadiene,
2-[3-(2-ethylphenyl)propyll-1,3-butadiene,

15  2-[3-(2-propylphenylpropyll-1,3-butadiene,
2-[3-(2-butylphenyDpropyll-1,3-butadiene,
2-[3-(3-methylphenylpropyll-1,3-butadiene,
2-[3-(3-ethylphenyl)propyl]-1,3-butadiene,
2-[3-(3-propylphenyDpropyll-1,3-butadiene,

20  2-[3-(8-butylphenylpropyll-1,3-butadiene,

2-[3-(4-methylphenylpropyll-1,3-butadiene,

2-[3-(4-ethylphenyl)propyl]-1,3-butadiene,
2-[3-(4-propylphenyDpropyll-1,3-butadiene, and
2-[3-(4-butylphenylpropyll-1,3-butadiene.

25 Of the compounds represented by the formula (1), examples of a
compound in which R16 and R!7 are hydrogen atoms, R16 is a phenyl group,
and k is 0 include the following compounds.

A compound in which one of Ri1, Ri2, R13, R4 and R1% is an alkyl

group and the remaining four are hydrogen atoms:

30  1-(2-methylphenyl)-1-phenylethylene, 1'(2'ethy1pheny1)'1'pheny1ethy1ene,
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302-(3-met; clphenyO-1, 3-but adi ene, 2-R3-ethyl phenyl | -1, 3- but adi ene,
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met hyl - %oﬁfﬂ%u'r‘ltdaiﬁ' whfth R16 and R17 are hydrogen atoms, R18 is a 4-tolyl group,
and k is 0 include the following compounds.

10 A compound in which one of R11, R12, R13, R14 and R!%is an alkyl
group and the remaining four are hydrogen atoms:
1,1-bis(4-methylphenylethylene, 1,1-bis(4-ethylphenylethylene,
1,1-bis(4-propylphenylethylene, and 1,1-bis(4-butylphenyl)ethylene.

Of the compounds represented by the formula (1), examples of a

15 compound in which R16 is a vinyl group, R!7 and R!8 are hydrogen atoms, and
k is 0 include the following compounds.

A compound in which one of R, R12, R13, R4 and R15is an alkyl
group and the remaining four are hydrogen atoms:
1-(2-methylphenyl)-1,3-butadiene, 1-(2-ethylphenyl)-1,3-butadiene,

20 1-(2-propylphenyl)-1,3-butadiene, 1-(2-butylphenyl)-1,3-butadiene,
1-(8-methylphenyl)-1,3-butadiene, 1-(3-ethylphenyl)-1,3-butadiene,
1-(3-propylphenyl)-1,3-butadiene, 1-(3-butylphenyl)-1,3-butadiene,
1-(4-methylphenyl)-1,3-butadiene, 1-(4-ethylphenyl)-1,3-butadiene,
1-(4-propylphenyl)-1,3-butadiene, and 1-(4-butylphenyl)-1,3-butadiene.

25 The compound represented by the formula (1) is preferably a
compound in which R, R12, R13, R4 and R15 are hydrogen atoms or alkyl
groups having 1 to 8 carbon atoms, at least one of R11, R12, R13) R4 and R1%is
an alkyl group having 1 to 8 carbon atoms, R16, R17 and R!8 are hydrogen
atoms, and kis 0. More preferable is a compound in which R!1, R12 R13 R14

30 and RS are hydrogen atoms or alkyl groups having 1 to 5 carbon atoms, at
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and R15 are methyl group(s) or ethyl group(s), and the remainder is hydrogen
atoms, R16, R17 and R!8 are hydrogen atoms, and k is 0.

10 The compound represented by the formula (1) is most preferably
3-methylstyrene, 3-ethylstyrene, 4-methylstyrene, 4-ethylstyrene,
2,4-dimethylstyrene, 2,4-diethylstyrene, 2,5-dimethylstyrene,
2,5-diethylstyrene, 3,5-dimethylstyrene, or 3,5-diethylstyrene.

Two or more kinds of the compounds represented by the formula (1)

15 may be used.

The content of the monomer unit based on the compound represented
by the formula (1), letting the total amount of the monomer units contained
in a conjugated diene-based polymer be 100% by weight, is preferably 0.01%
by weight or more, more preferably 0.056% by weight or more, further

20 preferably 0.1% by weight or more, in order to enhance the fuel cost saving
effect, gripping properties and tensile strength at break. The content is
preferably 1% by weight or less, more preferably 0.5% by weight or less,
further preferably 0.3% by weight or less.

The conjugated diene-based polymer may contain a monomer unit

25  based on an aromatic vinyl compound other than the monomer unit based on
the compound represented by the formula (1). Examples of the aromatic
vinyl compound include styrene, a-methylstyrene, and vinylnaphthalene,
preferably styrene.

When the conjugated diene-based polymer contains a monomer unit

30 based on the aromatic vinyl compound other than the compound represented
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the nitrogen atom-containing group include a substituted amino group and a
nitrogen-containing heterocyclic group.

10  <Process for producing conjugated diene-based polymer>

The conjugated diene-based polymer is preferably a conjugated
diene-based polymer obtained by polymerizing a monomer component
containing a conjugated diene compound and a compound represented by the
formula (1) in a hydrocarbon solvent using an organometallic compound.

15 The hydrocarbon solvent is a solvent which does not inactivate an
organometallic compound. 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 ethylbenzene; and alicyclic hydrocarbons such as cyclopentane

20 and cyclehexane. One or more kinds of them are used.

Polymerization of the monomer components may be performed in the
presence of an agent for adjusting the amount of vinyl bonds of the monomer
unit based on the conjugated diene compound, and an agent for adjusting
distribution of the monomer unit based on the conjugated diene compound

25  and the monomer unit based on a compound other than the conjugated diene
compound in a conjugated diene-based polymer chain (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

30 compound include cyclic ethers such as tetrahydrofuran, tetrahydropyran,
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15 The amount of use of the compound represented by the formula (1) in
polymerization of the monomer components, letting the total amount of use
of the monomer components in polymerization be 100% by weight, is
preferably 0.01% by weight or more, more preferably 0.05% by weight or
more, further preferably 0.1% by weight or more, in order to enhance the fuel

20  cost saving effect, gripping properties and tensile strength at break. The
amount of use is preferably 1% by weight or less, more preferably 0.5% by
weight or less, further preferably 0.3% by weight or less.

When the conjugated diene-based polymer contains a monomer unit
based on an aromatic vinyl compound other than the compound represented

25 by the formula (1), the amount of use of the aromatic vinyl compound used in
polymerization, letting the total amount of use of the monomer units in
polymerization be 100% by weight, is preferably 10% by weight or more,
more preferably 15% by weight or more. The amount of use is preferably
50% by weight or less, more preferably 45% by weight or less.

30 Examples of the organometallic compound used for obtaining the
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repr esent ed
4-phenylbutyllithium; and cycloalkyllithium compounds such as

cyclopentyllithium and cyclohexyllithium. The hydrocarbyllithium
compound is preferably an alkyllithium compound, more preferably
n-butyllithium or sec-butyllithium.

20 Examples of the hydrocarbylenedilithium compound include
1,4-dilithio-2-butene and 1,3-bis(1-lithio-1,3-dimethylpentylbenzene.

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

25 The conjugated diene-based polymer may be a conjugated
diene-based polymer having a nitrogen atom-containing group on at least
one of polymer chain ends. Examples of a process for producing the
conjugated diene-based polymer include the following process (a) and process

(b).

30 (a) A process for producing a conjugated diene-based polymer using an
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polymerization so as to inactivate an active end of the polymer chain. A

25  conjugated diene-based polymer composition is obtained which is excellent in

gripping properties and fully satisfactory in tensile strength at break, by
using the conjugated diene-based polymer obtained according to the method
mentioned above.

Also preferable examples of the conjugated diene-based polymer

30 having a nitrogen atom-containing group on at least one of polymer chain



The amount of use of the compound represented by the forns,

pol yneri zati on of the nonomer conponents, letting the total amount o
of the nononer conponents in polyner in%fti on be 100% by 'weight, is
preferably 0.01% by wei ght or nore; e preferably 0.05% by wei ght
or nore, further preferably 0.1% by weight or nore, in order to
enhance the fuel 20 cost saying effect, gripping properties arid
tensile shaengdlidet dom tbaelian®bake @bolister whitefsasdbyed sing
wei ght or less, nore preferably 0.5% by weight or |ess, further

pr ef er abhy @@g3aedkakiengtil compamssl having a Wieegdrhetaomnputringsg group,

di ene- based pol yner coptai ns a npnoi ner unit based. on .aromatic

vi nyl coﬁﬁé&d&%?ﬂﬁ}e%%ﬂMW%B@?@’méﬂ%Q@ﬁt %Jadﬁy% €S nul a
(1), the : LC. Vi . '

pol ymer  Faries A tf Raind S psoRER bk o S ATRAN ¥ R Pt
in pdl ynmesiuzin @hthiih@Cldyuieicdndient $apeéipelyabéy oBiddady bywei ght or
nore, nore preferably 15% by wei ght or nmore. The anmount of use is

pr ef er abP9lyBoosipatiorebgas torehesan appye eptlef shapplymsoshsingiidghtheor

| ess. 30EXx l.es of the organonetailic conpound used for obtaining
the. 196N dBaced™ i ene- based pol yner by pol yneri zation of the

monomer conpongitie pRsled (S, ekgab1aabkabie MBIk SoAROMRAS SEeh) as an
or ganol i t hi um conpound, an organdsodi um conmpound, “an or ganopot assi um
conpound¢orapoand ety ndiitrageangioundon tamad ngreronganob el ainomeopadnd.
Exanpl es of the organolithi um conpound .include a hydrocarbyllithium
con'gﬁhndr%ﬁfﬁsﬁnwib@?ﬁ @10@ﬁééifp¥mﬁi%ﬂz)corrpound. Exanpl es of the

‘or ganosodi um conpound i ncl ude sodi um naphti aal eni de and sodi um

bi phenyl eni de. Exanpl es of the organopotassi um conpound i ncl ude

pot assi Uﬁnapht hal eni de. 10Exanpl es of the hydrocarbyllithiura
conpound:~Nocl yde_al kyl I'i t hi um conpound. s such. as naethyl l'ithium

et hyl it hi unN-4#R I\ um isopzy)pyl [ithium irbutyllithium

is. obuty;ﬂjhi um S&t-butyllithium tert-butyllithium

tert-oct ithium and n-decyllithium aryllithium conpounds such as
phenyilithium, 2-naphthyllithium and 15 2-butyl phenyllithium

aryi al kyl I'i t hi um conpounds such as 4-phenyl butyllithium and

cycl oal kydHelr&ii MM GREPOWALS) SUCGH astLlyLloapeRtiyddd RM ¢1p resent a
cycl ohexyl I i thium The hydrocarbyl|ithium conpound is preferably an
ai kyld i t hydrceshplogmap ctenadheheayialgl a snbdgituentt ethi Gmhydrocarbylsilyl

sec. hut L1l uma., 208xampl es, of e fydr ocar fyliened; | um conpound
é} gaglofn(e %%1}1%)1:1%11%%1#;5/%&%%%{@%&%%) DeRZEDEn aThe AMMUPLNQkyYSE Qbnt e
R23 represents a hydrocarbylene group, and m represents O or 1.
In the formula (2), M represents an alkali metal atom. Examples of
20  the alkali metal atom include Li, Na, K, Rb and Cs, preferably Li.
In the formula (2), R2! and R?2 each represent a hydrocarbyl group
optionally having a substituent, or a trihydrocarbylsilyl group, or R2! and R22
are bound to represent a hydrocarbylene group optionally having, as a
heteroatom, a nitrogen atom and/or an oxygen atom.
25 In R2! and R22, the hydrocarbyl group optionally having a substituent
is a hydrocarbyl group or a substituted hydrocarbyl group. Examples of the
substituent in the substituted hydrocarbyl group include a substituted

amino group and a hydrocarbyloxy group. Examples of the hydrocarbyl
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pol ymer having nitrogen atom containing group on at |east one of

pol yafer thainatrogen atom and/or an oxygen atom include a heteroatom-containing
hydrocarbylene group in which the heteroatom is a nitrogen atom and a
heteroatom-containing hydrocarbylene group in which the heteroatom is an
oxygen atom. Examples of the hydrocarbylene group include an alkanediyl
group and an alkenediyl group. Examples of the alkanediy! group include

25  polymethylene groups such as 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. Examples of the heteroatom-containing hydrocarbylene group in

which the heteroatom is a nitrogen atom include a group represented by

30 -CH=N-CH=CH- and a group represented by -CH=N-CH2-CHz-. Examples



21 ends include a conjugated di ene-based pol yner which is produced by
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trihydrocarhylsilyi group, or 1I21 and 1122 are bound to represent a
hydr ocar baverel ge duprbpt iadeak) gr Bavangd 22 ase holned é¢ batomlyethytaogen

ato ndl or ap ox n ton% In. 1121 and. 1122, the hydrocar byl
gr oﬂ%&opﬁ“% Wnéggit?la RroQREPEuent is a hydrocar byl group or a
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substituted hydrocarbyl group i e a“su am no n

hydr ocar byl oxylgthe fornExani2) eR2safepi-fe nity drigeaobytbyl&2e gf@ip i ncl ude
ai kyl groups such as a nethyl. group, an _ethyl group, an ropyl

group, aEmaguﬂe@pi}th@hﬁémcaabylﬁgalﬁryup §f Bapincnde gnmlkyne@?i&ggpoum an
- but yI tert-hutyl - pent yl |
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a.s a phenyl group and a"toryl group;” an groups suc
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and a 3- Qrc!\ﬁpdhﬁﬁﬁﬁ‘é( B%rﬂtg(r)lpj_gggj l,g-rd(i)ﬁpgroup, a 2-methylbutan-2-ene-1,4-diyl
group, and a pentan-2-ene-1,5-diyl group. Examples of the arylene group
20 include a 1,2-phenylene group, a 1,3-phenylene group, a 1,4-phenylene group,
a 1,3-naphthylene group and a 1,4-naphthylene group.
Examples of the hydrocarbylene group of R23include a group in which
1 to 10 structural units derived from the conjugated diene compound and an
alkanediyl group are bound. Examples of such a group include a group in
25  which 1 to 10 structural units derived from isoprene and a methylene group
are bound, a group in which 1 to 10 structural units derived from isoprene
and an ethylene group are bound, and a group in which 1 to 10 structural
units derived from isoprene and a trimethylene group are bound. In the

group in which 1 to 10 structural units derived from the conjugated diene

30 compound and an alkanediyl group are bound, the conjugated diene



10 Exanpl es of the substituted hydrocarbyl group in which the

su. bstituent is a hydrocarbyl oxy group include a methoxynetl ayi

group, a nethoxyethyl group, and an e %oxynEthyI group.
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20 compound in which m is 0, and R2! and R22 are hydrocarbyl groups include
lithium dialkylamides such as lithium dimethylamide, lithium diethylamide,
lithium ethylmethylamide, lithium di-n-propylamide, lithium
diisopropylamide, lithium di-n-butylamide, lithium diisobutylamide, lithium
di-sec-butylamide, lithium di-tert-butylamide, lithium di-n-hexylamide,

25  lithium di-n-octylamide, and lithium dicyclohexylamide; lithium
alkylarylamides such as lithium phenylmethylamide and lithium
phenylethylamide; and lithium diarylamides such as lithium diphenylamide.

Of the compounds represented by the formula (2), examples of a
compound in which m is 0, and at least one of R2! and R22 is a substituted

30 hydrocarbyl group include lithium di(alkoxyalkyl)amides such as lithium



15 include . nethyl ene group; pol ynethyl ene groups such as an et hyl ene
group, trinethylene group, a tetranethylene group, and a
pent anet hyl ene group; and a 2, 2, 4-trigethyl hexa. ne-1, 6-diyl group.
Exanpl es of the al kenediyl group incltUde a hutan'?2' ened. 4divi group,
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4,5-dihydro-1-imidazolyllithium, and 4-morpholinolithium.

Of the compounds represented by the formula (2), examples of a
compound in which m is 1, and R2?! and R22 are hydrocarbyl groups include
2-(N,N-dimethylamino)ethyllithium, 2-(N,N-diethylamino)ethyllithium,

20  3-(N,N-dimethylamino)propyllithium, and
3-(N,N-diethylamino)propyllithium. Examples of the compound also
include a compound obtained by reacting the above-mentioned compound
with the conjugated diene compound in an amount of 1 mol to 10 mol per 1
mol of the relevant compound.

25 Of the compounds represented by the formula (2), examples of a
compound in which m is 1, and R2?! and R22 are bound to be a hydrocarbylene
group include 3-(1-pyroridyl)propyllithium, 3-pyroridynopropyllithium,
3-(1-hexamethyleneimino)propyllithium. Examples of the compound also

include a compound obtained by reacting the above-mentioned compound

30 with a conjugated diene compound in an amount of 1 mol to 10 mol per 1 mol



preferably a group in which 1 to 10 structural units derived from
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alkyl groups having 1 to 4 carbon atoms.

The compound represented by the formula (2) is particularly
25  preferably a compound obtained by reacting a compound selected from the
group consisting of 2-(N,N-dimethylamino)ethyllithium,
2-(N,N-diethylamino)ethyllithium, 3-(N,N-dimethylamino)propyllithium, or
3-(N,N-diethylamino)propyllithium with isoprene in an amount of 1 mol to 5
mol per 1 mol of the relevant compound.

30 The compound represented by the formula (2) may be a compound
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at ons (prtnsf(lddﬁhylatmind)phenyﬂsﬂyyheﬂgflbt}num and. a nitrogen. atom of
the formula (2) are hound),, and 1121 and 11.22 are linear alkyl
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repr esent}%q by the foram (2) may be a conpound

N{R”)—L R¥*  (3)
I{J._.

20  wherein R3! and R32 may be bound, or R3! and R34 may be bound, R3!
represents a hydrocarbyl group optionally having a substituent, or is bound
with R32 to represent a hydrocarbylene group optionally having a nitrogen
atom and/or an oxygen atom as a heteroatom, or is bound with R34 to
represent a divalent group, R32 represents a hydrocarbyl group optionally

25 having a substituent, or is bound with R3! to represent a hydrocarbylene
group optionally having a nitrogen atom and/or an oxygen atom as a
heteroatom, R34 represents a hydrocarbyl group optionally having a

substituent, or a hydrogen atom, or is bound with R3! to represent a divalent



27 produced in a solution containing nononer conponents. Exanpl es of
the organonetal |l i c conpound having a nitrogen atom contai ni ng group,
ot her than the conpound of formula (2 include 2,2,5,5-te tra

met hyl - 1thiop rop yl)- 1- aza-2,5- disilacycl ope ntane,

2,2,5 5-tetramethyl-1-(2-1ithieethyp -1-aza-2,5-disilacycl opentane,
hi s(di met hyl am no) et hyl si |yl met hyl i thium

bi s( di r agtbyp aRineppbemtt ai diyhhwit prblip [ ddipaepresents 0 or 1.

bi s(di et hyl ami no) et hyl silylnethyllitirium and _

bi s(di et hyl ar nindhphemynki %/3)1 oy HYdarbyl grqupiitionlly bavedss (a), the
amount of use of a g al j.metal, co nd havin ni t.ragen
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conponent$ to he used i1 n polynerization. 1n the process ),

pr ef eb ablassudxartpteashpdroaampdidrgiingn agenh thagiuhgtituehtis mi iydygearbyloxy
at om cont ai ni ng group include a conpound represented by the follow ng

formul a E9up, andp SpREFET e IRIRIIADYReEeEY 11 hiph Ghe sugphRepIHt 18 &
repr esentsﬁbﬁi%ﬁbélmg{ooéﬁ%%%’. %xamples of the hydrocarbyl group include alkyl

groups such as a methyl group, an ethyl group, an n-propyl group, an
1sopropyl group, and an n-butyl group; alkenyl groups such as a vinyl group,

10  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 ethoxymethyl group, and an ethoxyethyl
group. Examples of the substituted hydrocarbyl group in which the

15  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 3-(N,N-dimethylamino)propyl group,
and a 3-(N,N-diethylamino)propyl group; (N,N-dialkylamino)aryl groups
such as a 4-(N,N-dimethylamino)phenyl group, a

20  3-(N,N-dimethylamino)phenyl group, a 4-(N,N-diethylamino)phenyl group,
and a 3-(N,N-diethylamino)phenyl group; (N,N-dialkylamino)alkylaryl
groups such as a 4-(N,N-dimethylamino)methylphenyl group and a
4-(N,N-dimethylamino)ethylphenyl group; cyclic amino group-containing
alkyl groups such as a 3-(1-pyrrolidinyl)propyl group, a 3-piperidinopropyl

25  group, and a 3-(1-imidazolylpropyl group; cyclic amino group-containing
aryl groups such as a 4-(1-pyrrolidinyl)phenyl group, a 4-piperidinophenyl
group, and a 4-(1-imidazolyl)phenyl group; and cyclic amino
group-containing alkylaryl groups such as a 4-[2-(1-pyrrolidinylethyllphenyl
group, a 4-(2-piperidinoethyl)phenyl group, and a

30 4-[2-(1-imidazolyl)ethyllphenyl group.
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i ncl ude al kyl .groups such as a nethyl group, an ethyl group, an

n- propyl PBRpn vamhstbsr}@éwoaé@@uyﬁ a aﬂaogeﬁl o e/ Qg a0 BXY 2k BFYR
groups su%hlu%% £n¥ ferx P2 Hﬁtammg hydrocarbylene group in which the

heteroatom is a nitrogen atom, and a heteroatom-containing hydrocarbylene
group in which the heteroatom is an oxygen atom. Examples of the

10  hydrocarbylene group 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 group, and a hexamethylene group; and a
2,2,4-trimethylhexane-1,6-diyl group. Examples of the alkenediyl group

15  include a pentan-2-ene-1,5-diyl group. Examples of the arylene group
include a 1,4-phenylene group. Examples of the heteroatom-containing
hydrocarbylene group in which the heteroatom is a nitrogen atom include a
group represented by -CH=N-CH=CH-, and a group represented by
-CH=N-CH2-CHg-. Examples of the heteroatom-containing hydrocarbylene

20  group in which the heteroatom is an oxygen atom include a group
represented by -(CHg)s-O-(CHa)i- (s and t represent an integer of 1 or more).

In the formula (3), examples of the divalent group in which R3! and

R34 are bound, and the divalent group of R32 include a hydrocarbylene group,
a heteroatom-containing hydrocarbylene group in which the heteroatom is a

25  nitrogen atom, a heteroatom-containing hydrocarbylene group in which the
heteroatom is an oxygen atom, a group in which a hydrocarbylene group and
an oxygen atom are bound, and a group in which a hydrocarbylene group and
a group represented by -NR35- (R35 represents a hydrocarbyl group or a
hydrogen atom) are bound. Examples of the hydrocarbylene group include

30 an alkanediyl group, an alkenediyl group, and an arylene group. Examples



10 an allyl group, and an isopropenyl group; and aryl groups such as
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a group represented byCR3a represents a hydrocarbyl group or a
hydrogen atom are bound. Exanples of the hydrocarbyl ene group

i nclude 30 an ai kanedi .yi group, an enedi yl group, and an aryl ene
group, Exanples of the al kanediyl group include pol ynethylen.e
groups such as a trimethylen.e group, a tetranethylene group, a
pent anmet hyl ene group, and a hexanet hyl ene group; and a
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a hydr ocag,gyéﬁaﬁamup and a group represented by 15 NR35 (Rs")
represents a hydrocar byl hydrogen atomnm) are bound include
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such as a V|nyI group, and an isopropenyl group; and and groups such
as a ph. emtedgnegplanation Oﬁs&m@wl@ 3k preferabl e compound

formui a (3-2) hiGhrem e @ 8 G Reteraliy yuroear Byt ergragy e
optipnal ky1Hhaybmth at3HES ik %%ﬁhd inrth"’Rdgxg 1R3ERy &Y bylendtroup having
3 to 10 carbon atoms, or a heteroatom-containing hydrocarbylene group
having 3 to 10 carbon atoms in which the heteroatom is a nitrogen atom.
More preferable is an alkyl group having 1 to 10 carbon atoms or an aryl
group having 6 to 10 carbon atoms, or is bound with R32 to be a
20 polymethylene group having 3 to 10 carbon atoms, a group represented by
-CH=N-CH=CH- or a group represented by -CH=N-CHy-CHz-. Further
preferable is an alkyl group having 1 to 6 carbon atoms. Particularly
preferable is a methyl group or an ethyl group.
In the formula (3-A), R32 is preferably a hydrocarbyl group having 1
25  to 10 carbon atoms, or is bound with R3! to be a hydrocarbylene group having
3 to 10 carbon atoms or a heteroatom-containing hydrocarbylene group
having 3 to 10 carbon atoms in which the heteroatom is a nitrogen atom.
More preferable is an alkyl group having 1 to 10 carbon atoms or an aryl
group having 6 to 10 carbon atoms, or R32 is bound with R3! to be a

30 polymethylene group having 3 to 10 carbon atoms, a group represented by



wher ei nand R33 nmay bound, M represents a hydrocarbyl group
optionally having a substituent, or is bound with Ra2 to represent a
hydr ocar byl ene group optionally havi a nitrogen atom and/ or an
oxygen atom as a heteroatom R32 represents a hydrocarbid group
optionally having a gubstituent, or is bound. with Ral to represent a
hydr ocar byl ene group optionally having a nitrogen atom and/or an
oxygen atOH=a$CH-HBEHeweat @mup, repnesdi3dd hepCaseNt SHa ¢Righ odariybr
gado.") optionally having a substituent or a hydrogen atom_ 1In the
fornul a paeferbleds phaaltiv] srovanbaeinenptd ficeshdrontosts.a Hartigrdarkyar byl
group optional.l Y .havi ng}el subst i tuentf}ﬁ ?f WL1., 1132 and R34, and a.
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atom as a het erpehoMmb D1l AN Hiaks itk Fady af By diouRthy 13 Bublte Sare as

those stated in explanation of the Tormnu In the Tornul aR31 is
pr ef e abhydeodepditoearnhyte gredeymiiaw hydrocdrbyl Zrowp M vieg ban 18t exbonor
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Of the compounds represented by the formula (3-A), examples of a
compound in which R34 is a an alkenyl group include
N,N-dihydrocarbylacrylamides such as N,N-dimethylacrylamide,
N,N-diethylacrylamide, and N-methyl-N-ethylacrylamide; and

20  N,N-dihydrocarbylmethacrylamides such as N,N-dimethylmethacrylamide,
N,N-diethylmethacrylamide, and N-methyl-N-ethylmethacrylamide.

Of the compounds represented by the formula (3-A), examples of a
compound in which R34 is a hydrogen atom include
N,N-dihydrocarbylformamides such as N,N-dimethylformamide,

25  N,N-dimethylformamide, and N-methyl-N-ethylformamide.
Examples of a preferable compound represented by the formula (3)

include a compound represented by the formula (3-B) in which p is 0, and R34

and R3! are bound to be a divalent group:



eferable is an al kyl group having 1 to 6 carbon atons. Particularly
preferable is ;a nmethyl group or an ethyl. group. In. the
formula (3-A). R34 is preferably a hé/sdr ocar hyl gioup or a hydrogen
atom nore preferably a hydrocarbyl group having 1 to 10 carbon atons
or a hydrogen atom further preferably an al kyl group having 1. to 6
carbon atons, an al kanyl group having 2 to 6 carbon atons or a
hydrogen atonr3particularly preferably a hydrogen atom a nethyl

group, an etpyN group, a iyl group, or an isopropenyl group. 1.0C
&5

t he conpou resente y the formula te,!exanples of a conmpound
in which R84 is & _an al kyl group include

N, N- di hydfr'écar byl a@et anai des such as N, N- di r net hyl acet ani | de,
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t hyl met h. a. cr yIn &me fdneyla (3-B), e@blatrgicoapdendmpldprémantfed by t he

formula (3-A), ex les of a_coppound in which . - is a hydrogen
atom i nc?‘ﬁéé‘?%}'ﬁyﬁ r‘?ﬂ?&?rtﬁ}fﬁ ggYﬁn& ﬁ§€b$ta%§n§ 19% a8re the same as

N, N-elit | QU i na a mde , an

N-rdet hypﬁ\{éﬁt%g‘{%% grz%lag{te)y-()fq}lm&%é%@s of a preferable conpound
represent ed byl bige ffimullad(3(B), the clutaleeBef GABPAUREMEeITEERMRd Y] t he

thromula (3-B) in which pis 0, and R34 and R 31 are bound to be a
di val ent gpewupt R3*%msarrefaradly &pe ddentVEhan ihdhydardayrbyheoup opRi‘omsadn y
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as those stated in explanation of the formula :%'3)' 10ln the fornul a
(3-BYS t ReetatmEr2. of Waandda hatdsnsdn! grenelpbE4t issa aryl group, the

number of carbon atoms of R32 is more preferably 6 to 8, further preferably 6.
In the formula (3-B), examples of the hydrocarbylene group of R36

include an alkanediyl group, an alkenediyl group, and an arylene group.
Examples of the alkanediyl group include polymethylene groups such as a

20  trimethylene group, a tetramethylene group, a pentamethylene group, and a
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 and a group represented by

25  -NR35- (R% represents a hydrocarbyl group or a hydrogen atom) are bound of
R36 include a group represented by -(CHg)"NR35- (R35 represents a
hydrocarbyl group or a hydrogen atom, and q represents an integer of 1 or

more). In the formula (3-B), when R36 is a group in which a hydrocarbylene



group of R32 is preferably I to 10. Wen the hydrocarbyl group of R32
is an al kyl group, the nunber of carbon atons of R 32 is nore
preferably | to 10, further preferably,l to 2. Wen the hydrocar byl
group of R32 is an al kenyl group, the nunber of carbon atons of 2.32
is nore preferably 2 to 05 further preferably 2 Wien t he hydrocar byl
group of R32 is an aryl group, the nunber of carbon atons of R 22 is

more preges@bhid6 $Houd, rebusddresd byeI\Ht»%abdme ound, the hlydrddiebydehdih@ of
(3exanp|es of the h{drocarbylene grou ri.36 include an al kanedl y1
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inthe formula (.3-13), when. 6 is a group in whic

hydr ocar bgpesentegidbyy rNBﬁ5 avd ba)ugldoulpe neprlegertted lbsdrod.\a&‘bybe—naagmup is
bound, the ocarb rou J36 s preferably a hydrocar byl

gr ougO haPF?Fg¥gtEl8 1%9 Bﬁpg%tgﬁ%ﬁyr%ﬁ% preferably an alli,7,7i group
having 1 to O d t

atons or a phe%@?ﬂgﬁoﬁgﬂﬁgr?ﬁe@bﬁ éfe gpd H%ﬂﬁgf r%&%?c}g%ﬁgghyl

group, atyiloWhargsnoufomermane pf’ﬁ@y&blgraﬁil@lkyl group havhtgelftorlmdaabon
(3-13), when Etas is_a hydroear bél ene group, the nunber of carbon
atons of ai@nEeTjag wéfg@wa]mhyavzmg tq 10, carppe %@@ﬁeﬁ&ﬁheyp@f@mwy athen

R36 is a whi ¢ rocarb | ene and a

Fopr evenf ol ORI LS OIS B takin s PEGRTL R U A RAT sy ene

gr oups i s p10cpaigfbr ahlyyil RHe] &Iro@bih In the
formul a 8- fs?,fyRSZ Isyp%o%grg Iy g drrgca r% %ngroup haying 1 to 10
carbon atons, Qotlke forefehaldt®),dtp6 ad byéfegalﬂypa hadicegribylbne tBowahbeing
atons or an aryl group having 6 to 1Q carbon_ atons, further
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hydrocarbyl group having 1 to 10 carbon atoms or a hydrogen atom) are

20 bound. When R36 is a group in which a hydrocarbylene group having 1 to 10
carbon atoms and a group represented by -NR35- are bound, it is preferable
that the hydrocarbylene group of R36 is bound with a nitrogen atom of the
formula (3-B) and that a group represented by -NR35- of R36 is bound with a
carbon atom of a carbonyl group of the formula (3-B). R36 more preferably

25  represents a polymethylene group having 3 to 6 carbon atoms, or a group
represented by -(CHg)-"NR35- (R35 represents a hydrocarbyl group having 1 to
10 carbon atoms, q represents an integer of 2 to 5, -(CHg)q" is bound with a
nitrogen atom of the formula (3-B), and -NR35- is bound with a carbon atom
of a carbonyl group of the formula (3-B)), further preferably a trimethylene

30 group, a tetramethylene group, a pentamethylene group, or a group



In the formula (3-B). Wsis prefbrably a hydrocarbyl ene group having;
1 to 10 carbon atons, or a. -iiroup in which a hydrocarbyl ene group
haying | to 10 carbon atons and a gro g represented by -NR36- (ttab
represents a | aydrocarbyl group having to 10 carbon atons or a
hydrogen atom are 20 bound. Wen Ras is a group in which a
hydr ocar byi ene group haying 1 to 10 carbon atons and a. group
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(3-13), and -NR a5- is bound. wth a carbon atom of a carbonyl group

of the fovhmtlaoqaabBy ) propioldeamesr sicdr abNymathyl freroylotansagoagdoup, a
t et ramet hyl ene oup, . ent, t hyl en Loup, Or a group 35

F opr esentbitByyEh iyt N oo bt et 2ongro RieRe R8s bound wi t h
a nitrog .of . e T aky.» ol g W th
a car bon?\gtngé%ﬂg Qap }Igg%%%%?gﬁ% %py%‘ ﬁdreimfot(l)llra mtJ\{ gﬁ%ﬁ g% )pl.ﬁr(ﬁ O the
conpoundN-tepresehted hyliddhes, faard Nk a e (By1B)- mekgirghesrofidenegonpound i n

whi ch R36_is a hydrocarbyl ene group include o

N hyH? ocaF byPtegsrbpi dirap¢aaenesugtrhags N-methyl 2 pipewpeet.act am and

N- phenyl -+ p- pr.gpi_.nl act N- rqcarbyl-2-pyrrolidones such as

N et hy 1 YRR PR e, SR B P bobBhe,

N- phenyl 'Nah!?blf&%lrbgpi@ap%lé@crahi@é‘ﬁdﬂ a@ Nt RY1-80BE 018G m and

N- et hyl - 5- iret hyl -2- pyrrolidonel 10 N hydrocarbyl-2-pi peri dones such
as N-net iNrphenpi-peapridaeianiN Nihyydiro2aiyper-lalayéylaetzdns such as

N- phenyl- 2- pi peri done; N hydrocarbyl -s-caprol actans such as
N- et hy| &-wﬁyspmmwam aaérwlwléylc@%aarﬂe%a&ﬁ%m and, among them,

M G R e e SR N
N- pheny 1N\2pBY¥h B -caeRactint Bed ?Yéfe@aﬁle?ﬁﬁ&ﬁ‘@-p%%ﬁﬁﬂ-%p rrolidone and

N- phenyl - s- caprol actam are preferable, and N phenyl-2-pyrrolidone and
N- et hyl l\&mmgybba:apmiaavaenrweenweepmfmbée. O the conpounds

P oSt o0 b L B SIRTRLSS. 98, FOIPAG L .51

ound § nelLHS E g gy A B e oy By aP o Wkl 7 s e Ao e 87 ¢

1, 3-2 meghyhp Z2epreseagel b N@pe,(R35 represents a hydrocarbyl group or a
hydrogen atom) are bound include 1,3-dihydrocarbyl-2-imidazolidinones
such as 1,3-dimethyl-2-imidazolidinone, 1,3-diethyl-2-imidazolidinone,
1,3-divinyl-2-imidazolidinone, and 1-methyl-3-ethyl-2-imidazolidinone and,
among them, 1,3-dimethyl-2-imidazolidinone is preferable.

25 Examples of a preferable compound represented by the formula (3)

include a compound represented by the following formula (3-C) in which p is

1, and R33 is a hydrocarbylene group:
31
N

/

N—R¥—C—R*  (3-0)
R32 H

O



1, 3-divinyl-2-imdazolidinone, and 1-nethyl-3-ethyl-2-im dazolidinone
and, anong them 1, 3-dinethyl-2-imdazolidirione is preferable.
Exanpl es of a preferable conpound repg&sented by the fornula (3)

i ncl ude a conpound represented by the following fornula (3-C) in
which p is and 1ta3 is a hydrocarbyl ene group: 36 wherein '31 and
R32 may be bound,iresents h.ydrocarbyl group optionally having a
substituent, or is bound with R 32 to represent a hydrocar byl ene
group optionally having a nitrogen_atom and/or an oxygen. 5 atomas a

het er oat 3therRBRRF epreédenmzaiabhpdrodakbytepgesigs apydearrhy! lgaviing
substituent., or, i.S bound w t.h. 1 to,repres hydr ocar byl ene
croop opopbinaflly Haden s bk Piettr if BARBRSER R so b RSt ine s

het t I . I, byl U nts
byt oo aroEi by ERLASB0b bl R EARY ChE (el Sonf B3 bl BRYESRT
expl ah. aatimmsantebxenpdrmf Réatdpansaftsa hydirooasssiydrogp eppionpl iyonating

hayi ng a substituent of R31, R32 and R34, a hyd ocaroyl ene group
opt i onal PySUPAitRENE OFile PEHRA VELB R ANe LB TesANb RYYEH ORI Re Group

i i ck : , hyd I
aroup_of CRgPEPE NI EE i B0E-RifeR! GrEBEa% AR Bl RO AR o,
formul a @) representd A hyALoda@b MR drdup2dnd B3 réSrRERELS %Q'di‘o@arbﬁll an

hydrocar hyl ene group having 1 to 10 carbon atons, nore preferab
al kanedi groypr oppohally hgving e sldstiémdom at ons or an aryl en.e group

POl i met hy! ot QR WAVLG) 2 PLAR ol BOH SHEBHULCIECE Ghfonyi ene.
group, PRLEGHBH ¥ RIFESEARIYy ABvATY LEP& AR I8, Re2 and R34, a
hydrocarbylene group optionally having a nitrogen atom and/or an oxygen
atom as a heteroatom, in which R3! and R32 are bound, and a hydrocarbylene
group of R33 are the same as those stated in explanation of the formula (3).
15 In the formula (3-C), R33 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 1 to 10 carbon atoms, further
preferably a methylene group, a polymethylene group having 2 to 6 carbon
atoms, or a phenylene group, particularly preferably an ethylene group, a
20  trimethylene group, or a 1,4-phenylene group.

In the formula (3-C), R34 is preferably a hydrocarbyl group having 1
to 10 carbon atoms, or a substituted hydrocarbyl group having 1 to 10 carbon
atoms in which the substituent is a dialkylamino group, more preferably an
alkyl group having 1 to 6 carbon atoms, an aryl group having 6 to 10 carbon

25  atoms, a dialkylaminoalkyl group having 3 to 6 carbon atoms, or a
dialkylaminoaryl group having 8 to 15 carbon atoms, further preferably a
methyl group, an ethyl group, a phenyl group, a 3-dimethylaminoethyl group,
or a 4-diethylaminophenyl group.

In the formula (3-C), R8! is preferably a hydrocarbyl group having 1

30  to 10 carbon atoms, or is bound with R32 to be a hydrocarbylene group having



20t ri net hyl ene group, or a 1, 4-phen.ylene group. in. the fornula
(3-C), R34 is preferably a hydrocarbyl group having to 10 carbon
atons, or a substituted hydrocar byl géﬁrp having 1 to 10 carbon atons
in which the substituent is a dial kylam no group, nore preferably an
al kyl group haying 1 to 6 carbon. atonms, an aryl group having 6 to 10
carbon atons, a dial kyl am noal kyl group having 3 to 6 carbon atons,

or a di al&ky a0ta@iydtodiQwp shvienh tBnt-Bordi SRDION 1At le hd EL-HIH
preferably methyl. group, an ethyl group, a phenyl group, a.
3- di net hylaamag BdetIyt¢argoowspmerinaw Bicki dtehlydtandatophism hitgpgrp atém, t he

i (3 pidaser vl o having 1o, 10ccarbon. BLOm ot
at ons, Orha%ilfﬁ?%%eﬁ ﬁﬂ’tbﬁgfb}]tﬁhﬁ' BO ;YOS Hifly ReNg, BE tagtn%lﬁg%aregﬂﬂ 3rb8p10

carbon atons Tn whic etefoatomis a nitrogen
pr ef ebablhavamg altkyl0 grrbup dramisng group @eprdietasdbin -GHS- CH=aH-ary!
group having 6 to 10 carbon. atons, or is bound with R32 to be an

gl kanedi \BTO@P depresentad hy '@H%Nﬁ{t'ﬁgnmra@ GHBUD ZeRfiesaptadelpy esent ed
- CHe- 2 - CHEN- C1-12- OH2-
Y or coent ity O |CEE B IRy R AR AT ] tof cafhdh O

group havitps, of & Ko ROfh R Qe a QolyReRRMBE: Whidh R34id03 BS6&arbon

pol ymet hyl ene group having S to 6 carbon atons, a group represented
by - CH=Na@RnEHa group acgrezaptedpy eSehtled iy CID, oChigMo Thlrep BHented by

W 1 0168 155CHF BT (s SperRgHIBHe 1rediip Ve FBs o Ehy Ve A8 o ODp. Br .
' . ' - 1122
o pret oPLEt § O ARy Baa o Pegt iF agne et ot hESREN By Praphi

bound wi toh g} &b ulpOrdee @ MydnRcTByNege-grgup havii $ to 10 carbon
atons, or a heteroatom con.taining hydrocarbyl ene group having to 10

carbon atons i inwhedormnhk eCerBEtiemrefrably 2 hyderraabphgraver kaving 1
r ef er abl n aJ kyl group having, 1. 0 garbon _atons or an aryl .

group haﬁr@ %r{)eﬁ{ £ Got? B ‘,’Vltg’rQnglsto BVrRT Ry e neropR haying

al kanedi yl Vi - d by

R CRIGPIO YRR S o & A0k £ 0N o AT S R EARRE SRS

r epr esentediby 3-t6 A02rBoh GHidnd-in Whidhhgie psteteitall i aniabkyh ags0uP

having 1 to 6 carbon atonms, or is bound. with 1131 to be a
pol ynet hyhete. rregeabpy havilkyl grawp Baviaebbie a0 eashomatimonpr papres enoen

by -dinti-CHC111-, or -CH=N-C E12: Chf particularly preferably a
et hyl | PBIEP R T CETYPR Bt 06 PEUBONEL 't P RBaeant Brbud
tetrani ethyhene (group han RS AR LML EPS e fF Q¥R @by 2CH-ONRCH=CH-
r epr eeeu- CRYI%]CI-I:CI-I-. o Ot %Jocgm%guén%s ?ep?esent ed by t éa
f or n0 aexaopp espofseatabbpoUREEN1GCHWAIED, 684 grsua rbyehseassdil gr oup
i ncl ude 4-6 N, N- di hﬁdg ocar byl am no) acet ophenones such as
(CHg)2-O-(CHy)e-, further preferably an alkyl group having 1 to 6 carbon
atoms, or is bound with R3! to be a polymethylene group having 3 to 6 carbon
atoms, a group represented by -CH=N-CH=CH-, or -CH=N-CHjz-CHy",
particularly preferably a methyl group or an ethyl group, or is bound with
25  R3! to be a tetramethylene group, a hexamethylene group, or a group
represented by -CH=N-CH=CH-.
Of the compounds represented by the formula (3-C), examples of a
compound in which R34 is a hydrocarbyl group include

4-(N,N-dihydrocarbylamino)acetophenones such as

30 4-(N,N-dimethylamino)acetophenone,



$0 4- (NN- di met hyl am no) acet ophenone,

4- (N- et hyl - N- et hyl am no) acet opl i enone, and

4- (N- N-di et hyl am no) acet ophenone; and,4-cyclic am noacet oph. enone
conmpounds such as 4'-finai dazol - 1-yOa. Cet ophenone and

4- pyrazol yl acet ophonme and, anong them a 4-cyclic am noacet ophenonc
conpound is preferable, and 4'-enai dazol -17Dacet ophenone is nore

pr ef er abl4(N-methyl-N-@thilagiee)metsidenoaps €sént ed by the fornul a
(370), examples of a conpound in which R34 is a substituted.

hydr ocar ByING¥ digthyhenueea i tep Ne e |3t crelihymand ansa kyanket ones
such as 101, 7-hisf Ni ; met hyl - N- et hyl am no) -.4- hept anpne and

L b N RS S hc) IR b s OpHenbre At
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4- KNI - di rre%fﬂl;l a%ﬂnoThglr%zophenon’g, 4- %N, N-di -t -cgcg%cy Iéﬁllrlrril(r)flec)ebOeI)nlieoﬂlochneenene
and 45 ( Nchegiopineniy| prafarap e andptiditoniszohidyl)acetophenone is more

4,4" -his( Né#\l- d{‘i’%dr ocar byl am noThenzophenones such as 4, 4'

hdi met hyIPAR*48THenzophenone, 4, 4' - bi sN, N-di et hyl ai ni noThe, nzephenone?2
and 4, 49-bi s(N [ ' h n pRN

20-fis(N, N-di hy rtgéﬁ?ﬁiﬁéﬁﬁd%i%eﬁg%%%%%ﬁ %@8@“%}1& (L) Gamplps of a

4, 4" - bi sichiroshingt iykBHHNRIE R, mﬁu%whyard&m%lpmubqneﬁﬂé e.

Exanpl es of a. preferable conpound represented by the fornula (3)

i ncl ude REdhPodiy dreprbstarnoayyketohet kuwhag fornula (3-D) in

which p is 1, .and i s, a.group i\n which. a Jaydrocarbykne, group and
an oi(}ger]r’%i’bﬁ@?@%ﬁ%ﬁ&t@ﬁa@?@)oﬁ EPHRAREHA hydr ocar hykne group
and a grqu ].MQS]E represents a hydrocarbyi
group or éﬁlﬁg/ %gﬁ%%t%g%%}%lre bo %ﬁya%\%ﬂgr ein R31 and P.32 may be
bound. RBHN @pdéseairosaibyhyciecadehydplgneuweseptheral |y having a

substi tuenéN} or is bound vﬁth R32 to represent a hydrocarbyl | ene
group optd @nal-dympsvilagminptbesgephenrard and/ or an oxygen. atom as a
het er oat gn 32. represent s\.a _hydrocar byl .group optionally haying a
subst i tu%‘nn{Nlﬁgﬁllt %3%’WQW@§6P8n?éBﬂesent a hydrocar byl ene group
opti epal lyohay iithehyIh i A9EBNALAMIRARY ghqan oxygen atom as a
het eroat om R57 represents a hydrocarbyl ene group, .A3 represents an
oxygen atothtos(M Nydduplroeprisdent eobbyzeiRnonR35utkpsesent s a.
hydrocarbyl group_or a 1Q hydrogen atom and P, 54 represents a.
hydr ocar Byt '@?&ﬁ&'éﬁppﬁ}ﬁﬁwn?@\?nﬁ@?}é@%ti tuent. In tile
formula (,371D) cunation. and exenpu ' cation ot a hydrocarbyl group
opt i onal Ig)’/4 E’%/ng\i(gleggglsaﬁlﬁ?ﬁ?nzgp%f?e’ﬁ_ 2 and R34, and a
hydr ocar y) e e(2g N 1Rk 2ndh b)Y e A3 Ko e A d, 088 @t REmand/ or an
oxygen

20  4,4-bis(N,N-dihydrocarbylamino)benzophenone is preferable, and

4,4-bis(N,N-diethylamino)benzophenone is more preferable.
Examples of a preferable compound represented by the formula (3)
include a compound represented by the following formula (3-D) in which p is
1, and R32 is a group in which a hydrocarbylene group and an oxygen atom
25  are bound, or a group in which a hydrocarbylene group and a group

represented by -NR25- (R35 represents a hydrocarbyl group or a hydrogen
atom) are bound:
Rh{ . 37_A3_( 34 :

SN SA—C—R (3-D)

32 |
R O



15 atom as a heteroatomin which R31 and R32. are bound are the sane
as those stated in explanation of the fornula (3). In the
formula (3-0), .A ais an. oxygen atog?or a group represented -N V5
(i 35 is a hydrocarbyl group having 1 to 5 carbon atons or a hydrogen
aton). Exanples of the hydrocarbyl group of R35 include a nethyl
group 20 and an ethyl group. R35 is preferably an oxygen. atomor a
group represented bynore preferably a group represented by -NE-, In
the formul a (3-%%%, exanpl es_of the %édrocarbylene roup of R 37

i ncl ude anhetekaRédrpd B supy bakorrkeReurspregpdiam hudepcanddrgnosive

. Ex | f th | di . i | | v- net h
oL oh BRIl ANg BRSNS B SLHER PSR ane oroues
t t - ; ;
D e s YOG D AR SplIEAIPRIVNenaE O il arfljor an oxyeen

gr oup5i neltunieasa heeatcarte?,; &isrdprdseitpla by duparExlamplespsionaity haylmemne
o 6 pr oFeTHBIY Ush 01 o R G P SaFePETERT EE TRSPAIPARSEY T { ho
or of or ab p AL SRR £ 5ieRyech B B P o AR A Tao Brgntom,,
parti cul &¥ yeprbatabliyddocarbylenel groipe Ab @k prdsan{s3ad bxy gefR34oinSor a

preferably a t.:, G rocarbyi R%roup aving 1. to 10 carbon atons, nore
pr ef er ablgroan raptesaptedbp oD gy RigrepreeeBtsca hisdrocar byisgrougr ather

pr ef erabl vin rou r an isopropenyl 0 articul.ar :

b ot DD aniy ogihrory SHE B r&estRfs 2B ecibat oo wsiat bvinas
a hydrocarbylieng,group having 1 to 10 carbon atons, nore preferably a
met hyl ene group or a pol ynet hyl ene group having 2 to 6 carbon atons,

further preferahlthedorruhy(®e, grdapatian b éxampelifiydteneoffaoup or a

tetramet hyl ene group, particularly preferably a trimethyl ene group,
In e for rhﬂdasoqaa%y} STREY OPEOPRIAY élaamg/a@uhgatw&rqfﬁ?’lg%%@n%a?g,n@n& at o

10, oo 000 TPl SR ALY Rk REvPelt AL THpLPRE 08
hydr gar bybengs 9H4¥Proatom in which R3! and R32 are bound are the same as those
stated in explanation of the formula (3).
In the formula (3-D), A3 is an oxygen atom or a group represented by
-NR35- (R% is a hydrocarbyl group having 1 to 5 carbon atoms or a hydrogen
atom). Examples of the hydrocarbyl group of R35 include a methyl group
20 and an ethyl group. R35is preferably an oxygen atom or a group
represented by -NH-, more preferably a group represented by -NH-.
In the formula (3-D), examples of the hydrocarbylene group of R37
include an alkanediyl group, an alkenediyl group, and an arylene group.
Examples of the alkanediyl group include polymethylene groups such as a
25  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.
Examples of the arylene group include a 1,4-phenylene group. R37is
preferably an alkanediyl group, more preferably a polymethylene group.

30 In the formula (3-D), the number of carbon atoms of a hydrocarbylene



15 having $ to 10 carbon atonms in which the heteroatomis a nitrogen
atom nore prekrably an. aikyl group havi ng 1 to 10 carbon. atons or
an. aryl group having 6 to 10 carbon 3@ or is bound with R32 to
be an al kanediyi group having 3 to 10-car bon atons, a group
represented by -CH=N-CH=CH, a group represented by - CH=N- CH2- CH2-,
or a. group represented by 20-(CH2)2-040402-, further preferably an.
al kyl o%muba)\flmld tFe PaIARNDQMB, %@fésprecférdbiyh%rw fmmr%&?eﬁa%w@ a
pol yret hyl ene group avr ngcar bon atomnms, a group represented by

- CH=N- CHHC. £Rartcubardy prgferapy ésent ed by | =N- CH2- CH2-
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R 32 is preferab droci oup car bon atons,

or i s5bourtdmy, filvtRe3dréfordelya Mgl gealpyt aaeis@psm@ntthgmga Pr@icklarly
carbon atons, or a .heteroatomcontaining hydrocarbyl ene group having

3 to 10 caef@ehliaeameyligrowhi ch the heteroatona is a nitrogen atom 30
nore preferabl ) vin 10. car bon, at ons_or I
oroup’ hayi ng SnaBedorBuiRnE, Bds Beter Bt i s it Sha T ak
-anedi y1 group Bagodad t £R"

-CRYN-CI | =CH-, Ca ar ourg) repréeTse(eant(:éedtla’r?;l}lg @ﬂl%étzjé%és rp%gﬁg%%lgyle
r epr esentg@dupyhavii2)i2-OedbChidZomsf tuitther ppefefalylgdry ediylah& grogs,omp
havi naelto 6 carbon atons, or is bound wth R31 to be a

pol y1Ret Hyirepde BT HEY P hy tetremeghylansogrorponsrticulgr buprefershds ent ed
by -CF= N’t%e I?g ouN-CI—|2 CH2-, particularly preferably a nethyl
group or an. OLPD or is hound with R31 to be a

tetramet hyl ene 1graUFord et AYl @RL8aY dRo&HrPYP cFARS BEGH L
by - CH=N- CH=CH, O(C))I‘. %lhe(g%(m)’;rrpounldgﬁrezepr egyye?]t gd oy tz gf%?jrru &

(3-.1)), texlé)nqarben eftomscanpdunthd witkhREtoAs & hydmmbgbrmeagmuplhamng‘e
24. di | ay oc?(; |.am no) et hyl Ecr yl ates such as ﬁ édr nmet hyl am nol et hyl
acryl ate % Oé’t%t}ﬂ%%d’) $svPategr GoRtadning hydrocarby ¥né group

3- (di;hyd I r Y, S

3- (dlhrgu e}%h%flgﬁ t?r)o p?%lg)y acry g’l‘!‘]ﬁ{cgl tgiseu%&%{?%gamr bs élﬁ%rﬁgeel? atom
met haor ylrﬁbﬁs SHeH A <];‘° azr 41ty eEduohetimg 1 B@‘lb@ﬁi‘b’drﬁhﬁnﬁ@@r an aryl grou
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group represented by -CH=N-CHz-CHy-, or a group represented by

20 -(CHg)2-0O-(CHg)s-, further preferably an alkyl group having 1 to 6 carbon
atoms, or is bound with R32 to be a polymethylene group having 3 to 6 carbon
atoms, a group represented by -CH=N-CH=CH-, or a group represented by
-CH=N-CH2-CHs-, particularly preferably a methyl group or an ethyl group,
or is bound with R32 to be a tetramethylene group, a hexamethylene group,

25 or a group represented by -CH=N-CH=CH-.

In the formula (3-D), R32 is preferably a hydrocarbyl group having 1
to 10 carbon atoms, or is bound with R3! to be a hydrocarbylene group having
3 to 10 carbon atoms, or a heteroatom-containing hydrocarbylene group
having 3 to 10 carbon atoms in which the heteroatom is a nitrogen atom,

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



20 having 1 to 6 carbon atons, or R31 and R 32 are bound to be a

pol ynaot hyl one group haying 3 to 6 carbon atons, R37 is a nethyl ene
group or a poiynethylene group hayingsg to 6 carbon atons, and R34 is
an al kenyl group having 2 to 5 car bon atons, nore prefer abl y a
conmpound in which R31 and R32 are al kyl groups having 1 to 6 carbon.
atonms. R37 is an ethylene group or a triniethylene group, and R34 is
a vinyl @noip 6rtodd dasbpn apeny, ogisduwmnd withhes! tprief en abtaneddyt gapapind
in which R31 and R 32 are nethyl groups or ethyl groups, R37_is a

tri met hybhaxege sap0 @hBoRaLOMS, & evowy rerfiesemted by “CH=N-BHTGE", a

conmpoun n e (3- 11)...8X%8 | es conmpound.
in whi chgi%ﬁ| S pareg?ﬁﬁ%]? (?12 Sﬂ@ﬁu@g eryée%elﬁgg ryocar byl 30
group or '(@HM?@%Hzﬁt,qmﬁhe'r&ﬁ'bf&ﬁbly an alkyl group having 1 to 6 carbon
di hydr ocar byl am no) ot hyl jacrylam ties suc

i at@llhydlalmhqwm)devitinl Rﬁ’éctoyheampd]efnmt&iylene group having 3 to 6 carbon

di

dieth | th
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( dl egHyilardrmoy iydpylin®etindciceylands dech an@-(dimethylamino)ethyl
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[ 4- (di Rt ﬁ @ caRge H hydrocarbylamlno)propyl

N-[ 4- (d by t | d th f er abl
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hound to he a pol ynet hyl ene group having 3 carbon atons, RsTi's a
met hyl enexeghacylate an@dr(ylmhyidmnm)gtmdpnémmcn@aze,tmtb carbon at ons,
o ef er abPHOIS BRI S HEH T CRORI e 2o BB aF epr esent od by - Nt
W and RedRALmuAL i hoBLaUPSIBNLNG ! O1RAI RO, ALATRELXLPRS g5QuP

or atrinie ne group, I'sTa vin oup or an 1'sopropenyl

group, fﬁﬁé&faﬁﬁﬁ@b?&bﬁabl? PeHBPPOREN Whivh BN ainliSR 1218 AkOUBroups
represented by -NH, R31 and 1132 are a nethyl group or an e?hgf R

groul) RBAving hte FiorebbwyemmesgenBp, ard &1 are hoisd 40 \bery bolyrmatpylene

group having 3 to 6 carbon atoms, R37 is a methylene group or a

=
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polymethylene group having 2 to 6 carbon atoms, and R34 is an alkenyl group

having 2 to 5 carbon atoms, more preferably a compound in which R3! and

R32 are alkyl groups having 1 to 6 carbon atoms, R37 is an ethylene group or a
25  trimethylene group, and R34 is a vinyl group or an isopropenyl group, further

preferably a compound in which R3! and R32 are methyl groups or ethyl

groups, R37 is a trimethylene group, and R34 is a vinyl group.

Of the compounds represented by the formula (3-D), examples of a

compound in which A8 is a group represented by -NR35- (R is a hydrocarbyl

30 group or a hydrogen atom) include



The conpound represented by the formula (3) is preferably a 30
conpound represented by the formula i 3-D), nore preferably a conpound
in 43 which, in the formala (31)), t han oxygen atom or a group
representod by -NH, R)1 and R32 are al k-yi groups having to 6 carbon
atonms, or R 31 and R32 are bound to be a pol ynet hyl ene group having 3
to 6 carbon atons, R37 is a nethylene group or a polynethyl ene group
havi ng 2N-®-6libadbamarbylomsinozattyRadd/lamides ahdteny| group haying 2 to

5 carbon ons; further preferably a conmpound. in which A is a group
repr esen@&'@%ﬁtma,m e@ﬂgwaﬁlée&lq@yl groups having 1 to 6
carbon a - LS.: up or a triinethyiene group, and
13.(14 i E\Pg@\(ﬁlg@?ﬂé?ﬂéﬁ@e@ﬂi%&&g%%g(geﬁenyI group, particularly

pr ef er abiN [ (&i@rRedsadhy A B opBl ]k sryda B ks @psesent ed by 10 - NH-,
R31 and R32 are a nethyl group or an ethyl group. R31 is a

t ri met hvNehis(djroipylamtho) Nopydl avyigmide augd, In the process (b),
t he addi t} an unt of {he df yi ng. agent having a nitrogen

atom conﬁ\gf‘ﬂg(ﬁga@aﬁ%n?@r%ﬁiﬁ%’iﬁgi&pr eferably 0.5 nol to 2 niol,
more pr ei\?[éﬁgiﬂ’lygr&:a laEﬂnJ))kﬁ.lt@'WacﬂﬁlﬁrﬂiH@é)éuﬁ{ akhe organonetallic
conpound used 1 h polynerization: In the process 'tenperature
at whi chN-he(danjtughirethodberyéldeaslechidelamier and the nodi fyi ng agent
havi ng a n'ttro,gen atom conéﬁ;ni ng group are reacted is usually 25C to
10000, pPEt&fdpiiylapanelbugpidaciybr@igfef erably 50' C to 80C. The

reacfd ony . td. i s usually .60 ec s to 5. hours referably 5
i nutbe. 05 i Rrota By lat g R RERAB s g et hflomer component s:
respecti Ke[MNRhyLOARRNRRL S ARYh Rersuppldbedd n a plurality of tines
or all of them may he supplied at once.-o votive nononmers nay be

suppl i edN-B2-lipdiyiaerindethpiimeealicoylaatiddl f Thrent times, or at the
SaE R[5 Oy droariy i nropy e thlgcrylamiides satl gg ot S+ 11 whi ch
N-[3-(dimethylamino)propylmethlacrylamide and
15  N-[3-(diethylamino)propylmethlacrylamide; and
N-[4-(dihydrocarbylamino)butylmethlacrylamides such as
N-[4-(dimethylamino)butylmeth]acrylamide and
N-[4-(diethylamino)butylmeth]acrylamide. Among them, preferable is a
compound in which A3 is a group represented by -NH-, R3! and R32 are alkyl
20  groups having 1 to 6 carbon atoms, or R3! and R32 are bound to be a
polymethylene group having 3 to 6 carbon atoms, R37is a methylene group or
a polymethylene group having 2 to 6 carbon atoms, and R34 is an alkenyl
group having 2 to 5 carbon atoms, more preferable is a compound in which A3
1s a group represented by -NH-, R3! and R32 are alkyl groups having 1 to 6
25  carbon atoms, R37 is an ethylene group or a trimethylene group, and R34 is a
vinyl group or an isopropenyl group, further preferable is a compound in
which A3 is a group represented by -NH-, R3! and R32 are a methyl group or
an ethyl group, R37 is a trimethylene group, and R34 is a vinyl group.
The compound represented by the formula (3) is preferably a

30 compound represented by the formula (3-D), more preferably a compound in



organonetal lic conmpound is used for polynerizing nonomer conponents
to obtain the conjugated di ene-based. polyner, 10 % by wei ght or nore
and 40 % by weight or less of the co und represented by the formul a
(1) may be supplied in a hydrocarbon 50l vent before the degree of
progress of polynerization exceed 15 % 40 % by wei ght or nore and
70% by weight or |ess of the conpound represented by the fornmula (1)
may be swtheh the Rriyds 08a)ban isah\wehtehetonartherdgorgaestnted by
progress of polynerization exceed 30 and 70 % by wei ght or nore and

100 % by W&l ght! and Réssronlluigreeppbanie bpr 6sentadatyyms,ve Rojrand &32
(1) may be supplied in h ocar bon sal vent before.the degr af

pr ogr ess 20f %8359&8%2%@8#93;‘8 _grg@p%avAng i 8?@(?%‘?138??85-’ eed 2
pol yrer oY : . . . . e

ropart | SRR PRSP PR oLty SRRl R0 PRLAG, 0
usi ng t h&3€onjnglited/ldirenpdisaised tpd saronehbaisnédthec prafengbliyoa t he
met hod nentioned above., In the present specification, a degree of

pr ogr ess CHRPPBNAIRYIBICRZHT IShsTainfapaesqntes ye Nt dt 8 agrd B heregatkyl

. wej gh f. th j ted di - ba, sed | t
certarn Borar harpL ATk ALl By BRE SRR S et gt o0 ©
di ene- batﬁﬁ@tﬁ?leﬂ@g‘ro}lﬁﬂéhﬂmw% aivigl group or 4M i%'réfﬁ@d;ilzg%bh?n of the

e

mononmer com ponents, pol ymeri zation tenperature 1s usually 25C

or hi gheparipeeielyamtefei3$y arcomipherd irf wihidieA® i5a grefie reptepe 501 by

hi gher. | ition. , the polynerization t erature is usual |y 100C

or I Pher 51{}%33?%%% 12 BERCR She TGO OF PReIEhT BTty ino e sRettyilRe

The poly i i 4i j ly 10 minutes or |longer and 5 hours
BRSd bl PR {Pvi] ad

or short he conj di ene-based pol ynmer may be a pol yner

whi ch has beenlgekpbestens (1), 8he abpltidigaa@emt of T ntRliflifd agpat WiRing S
usual |y obtained by adding a coupling agent to a polyner solution

obt ai nedabytysgeyiatem-giniglaingramomes tsoapyrikhmadntamelmyegerably 0.5
conj ugat ed .di ene conpound %ac n epr.esent ed. by the fornul a
(1) to r&?to%ﬁ'ﬁ ]éenp’éefg lﬁé)afgg‘ﬁgpgné- Al mo}ﬁéf‘h%avi ng a

ni trpgen ,ﬁ;{gng ahoEng - 94 At J1eastiapen0f pol ymer chain ends
is pr oduglzé by %elpr ocggsH E‘)S,gaé &)I tiﬁé}% lg?&t%ﬁe coupling agent is
usual |y perf or edhbeiares dddithe oomobrithee mmdikichngeaganigdiarti ng a
nitrogen atonrcentaining group to a polynerization solution..

Exanpl esdismer psedonpdymeg angetrite mediivers acerhbaving. 2 nEpeesent ed by the
following formula .30R4i-alvite

al k! or SR S-SR ot S8 it BarElRVP Gebup sE BRI G,
NI 1epregendsC amshd heaarAMI9BEC B §09C. AP rdadtRRY G8R) BliiBIRAE@IEN
atom or a hydrocar byl oxy group, and a represents an integer of O to
2. 20 seconds to 5 hours, preferably 5 minutes to 1 hour.
In polymerization of the monomer components, respective monomer
components may be supplied in a plurality of times or all of them may be
supplied at once. In addition, respective monomers may be supplied to a
polymerization reactor at different times, or at the same time.

25 153 In polymerization of the monomer components, in which the
organometallic compound is used for polymerizing monomer components to
obtain the conjugated diene-based polymer, 10 % by weight or more and 40 %
by weight or less of the compound represented by the formula (1) may be
supplied in a hydrocarbon solvent before the degree of progress of

30  polymerization exceed 15 %, 40 % by weight or more and 70 % by weight or



Exanpl es of the coupling agent represented by the fornula include
silicon tetrachloride, methyltrtchl orosnane, clinethyldichlorosil ane;
trimethylchlorosilane, tin tetrachlor'ge, met hykri chl oroti n,

di rethyl dichlorotiii™ trtnethylchlorotin tetramethosysil ane

met hyl tri nmet hoxysi | ane, di met hoxydi net hyl si | ane,

met hyl tri et hoxysilane, 10 ethyltrinmethoxysil ane,

di met hox yelisetfhijik ebtanenddiept-baatdi et thyl forhailve (1trehy detduppiiesi iraae,
ethyltrietheitysilane, and. dlethoxydlethyIS|Iane The addition
amount oﬁlysih@:aébwplspkv@né@efﬁreut estegres abpiparegnoimalymersnsion exased

kr abl 1 | . I 1 d
Used i n. ’3801’ IR RS R SRR AR St ek T e
15i n. ol Ig%ﬁﬁd r@Bf@sehEé&B?rtﬁglﬁrrguﬁa MIm8y ble%%%;phed in a hﬁdfd&ﬁrbon

conjugated i ene-based pol ynmer, an active end of a polyner chain may
be i nact svlakeed befarh tha degtemb@rogme&shef polkmerﬁma:mxpl eseced 96, A

poTyer | EBRNER O BT BB B BYTPOP B 1SRG "’drmﬁef%e»st AHeRE
" epr asentap e SPRUAPEL ARl S ity IR ERAUIE - ARHRTE: B0 U

1- but anohsﬁegwthéa@xﬁﬁgﬂtedﬁd@ﬁamgaa edlehet obasedd a@@immieg tOaiatoly

pol ymeri zati on eg]();alrocar bon sol vent may be a pol recovered from a.
pol yrer i zaritomeslodhavieon Inmh@mreh@ltcmcmtm chi eb@£@¢10mlsy|®‘ér is
reco red rom.t he ion,, the co at ed

di ontd baP 81@'&“%?%%‘5 f2 dihed 2 booRdn Of rons ieh Ssergrm it an weight

S0l ut i onobyh acn e ERRAd e ﬁyﬁem@ta%qtﬂh AL 8903 S8hAYL AL

agent to t rlzatlon SO on or a net |ng steamt

t he pol ylﬂfﬁﬂeaﬂhr Gmelgh)t of thenconfhga tedcdivae édsed pobanptifatde.obtained.
di ene-based. polyner may be dried, with a known drier such as a 46
band drier or Iamp@lbtm@rrgzamowﬁéh@m%wmer components, the polymerization

temperature is usually 25°C or higher, preferably 35°C or higher, further

15 preferably 50°C or higher. In addition, the polymerization temperature is
usually 100°C or lower, preferably 90°C or lower, further preferably 80°C or
lower. The polymerization time is usually 10 minutes or longer and 5 hours
or shorter.

The conjugated diene-based polymer may be a polymer which has

20  been coupled with a coupling agent. The coupled polymer is usually
obtained by adding a coupling agent to a polymer solution obtained by
polymerizing a monomer component containing a conjugated diene
compound and a compound represented by the formula (1) to react them.
When a conjugated diene-based polymer having a nitrogen atom-containing

25  group on at least one of polymer chain ends is produced by the process (b),
addition of the coupling agent is usually performed before addition of the
modifying agent having a nitrogen atom-containing group to a
polymerization solution. Examples of the coupling agent include a
compound represented by the following formula (4):

30 R41aML4-a (4)



The conj ugat ed di ene-based pol yner obtai ned by polynerization in a
hydr ocar bon sol vent nmay be subjected to a step of a reaction with an
organonetal | i c conpound described latgg, in the state of the

pol ymenzat on sol uti on. <Reaction between conjugated di ene-based

pol ynmer and organonet al hc conpound> The, nodified conjugated

di ene- based pol ynmer of the invention is obtained by reacting a
conj ugat ethaeen@4+beemedeREIAA Aikor gnotihy sanallkedyd pgauy, | otydietlkkehiyt
conmpound., and reacting the resulting reaction product with_a

hydr ocar ByP@X 9% ePae ] espmgoaepresents wraligermatare AT B nednm: he

port of med B EF BBy o Ee AT bEaRbBR SRl aR TR’ ehd TS eapbon
sol vent, iffgeabBowappenti oned hydrocarbon solvents 15 exenplified as

t he hydrocarbon solvent: used in polynerization can be used. The
conj ugat ed di efizabasesd opthe aeupling disstotepedsdnted ey thedoomart o)

d the erganoi.netailic conpound is added, to.the resulting. solutjon,

t her eby, ?IPﬂBdEéHf‘i?é’a’ieéﬁanﬁ%g@’b‘g%Wq%F deilae. dracthgandieranane

conapound..: 4 i: [ ot nj ugat ed cnl

di ne 17pgp%?%gpﬁ%%@gﬁﬁgge%9£38ﬁ%%§¥§§%$Fgﬁmﬁgﬁgﬁggﬁﬁggocarbon sol vent

i's used idimbtieylgi@tleroafn, tthien POlyyerbrzat, i tefraseéthiokosilatde

organonetaili c compound may be added to the.Fonnerization sol ution

to react metdytlenpeguredilanendineifedydipet thvisilagie methiiérmtganvsband.| i

conmpound. . anpl.es of,.t he organ tallic.c ound to,he reacted

ot ¢ nEY he VT BER T e B8t BTy P i G4 GPGERCaT PG o

conmpound r i+t Bl i um

Comound o R A Rl L.

or ganol i t hi um bwoidditioglandenra dftdeaoapbiylgl 4dehit usnpcafrpablyd .0 Bxasipbes
nd i ncl ude sodi um napht hal enic:le and

of the organosodi un, conpou f
sodi um hPBHényare @rs@rzggf_n%loésr_nelr o HOTeP§AAoP6! akdiarrsesepriatic
hydr ocar BYFED PR U A ap kR FREr TR et PRR e S bReriowhls s
et hyid i t Ridir 1BEQRYbid §RfENAL 1Y DOPERDVE1E4NI um  n-butyl i thium
i sobutyllithluin, sec -butyllithium, tert
In the conjugated diene-based polymer, an active end of a polymer
chain may be inactivated with an alcohol or the like. Examples of an
inactivating method include a method of adding an alcohol to a
polymerization solution obtained by polymerizing a monomer component
20  containing the conjugated diene-based compound and the compound
represented by the formula (1). As the alcohol, methanol and 1-butanol can
be used.
A conjugated diene-based polymer obtained by polymerization in a
hydrocarbon solvent may be a polymer recovered from a polymerization
25  solution. When the conjugated diene-based polymer is recovered from the
polymerization solution, the conjugated diene-based polymer can be
recovered from the polymerization solution by a known method such as a
method of adding a coagulating agent to the polymerization solution or a

method of adding steam to the polymerization solution. The recovered

30 conjugated diene-based polymer may be dried with a known drier such as a



tert-octyllithium and. n-decyllithitunl aryilithium conpounds such
as pherryllithium 2-naplithyliithiiim and 2-butyl phenyilithium
aryi al kyl I'i t hi um conpounds such as 4-phenyl butyll'ithium and na
conmpounds such. as cyclopentyllithiuman.d. cyclohexyllithium The
hydr ocar byl | i t hi um conpound is preferably an 10 al kyllithium
conpound, nore preferably n-butyllithiumor sec-butv" further

pr ef er abbgndelridyudrydd extriugmn-type dridhe or gananetal | i ¢ conpound to be

o i fTerent {BmOREEAGLANRS AF9OED ASIS I RS6d ROSBISVER O Rah.
1.51n a stapatnt 236180 i APbea0b ol e Bl 6 pasedigolyier wi th the

or ganone I C compoun on anpun e organone?allic

conpoundoigariyngéeiadbymzBuifitlesfibé @ Sster,Mart@ e it &fes RiNeyp Syl zon
| ess, and preferably 0.5 mmi or nore, per 100 g of the conjugated |

e ne-5 nase@tynpol yner, 20When the conjugated di ene-based pol yner is a
conj ugat ed di ene-based pol yner ich .is obtained by using a .

hydr ocar BYCRFERT P RO Gomireated Hie s bard RO KPS Co peaRam e alic
additioncéﬁ?Hﬁhdgf the organonetal lic conpound is preferably | mmol

or nore, nore preferably 2 1111110i or nore, and preferably 8 innol
or |l ess, nore Phefesdilfiley cbniagmbdaliehebssedpslyihddbighefprebent

conj ugat ed di en. e- based pol yner, _\When_the contugated die

ae- bas edIPEMaY 1sj abtaineshhp i seadindin epriusased disgleyhrse dpHemersvith an

obt aj ned by usi an_organoal kal i te gonmpound hayi a_nitroge

at onl Lone e RO S0 s SR ERARR S5k FerTPlate BROBRUN p e MoBT P B iR P rer
sol uti onhg@MALBYRGyK1£eNEMERLEAIdI ene-based pol ymer 30 Cbtai ned by
pol yneri zation to inactivate an active end of the polyner chains, 48
t he addition afbamtadfon hetwegativmetrghikatdediepelradei popymbe nall thel
mol or nore, nore. preferably 2 r?'enol or ?Drg and _preferably. 8 mol
or |ess, OFGFORRELEs SHPpoUndilhBprigrmedsyeisaplyigoa §yseosate oy YRt ed

di ene- bagednRHUpHIBLarb YA, EROBBIA Bib il HRA AR RO S 2

conj ugate
15  exemplified as the hydrocarbon solvent used in polymerization can be used.

The conjugated diene-based polymer is dissolved in the hydrocarbon
solvent, and the organometallic compound is added to the resulting solution,
thereby, the conjugated diene-based polymer and the organometallic
compound can be reacted with each other. When the conjugated

20  diene-based polymer obtained by polymerization in the hydrocarbon solvent
1s used in the state of the polymerization solution, the organometallic
compound may be added to the polymerization solution to react the
conjugated diene-based polymer with the organometallic compound.

Examples of the organometallic compound to be reacted with the

25  conjugated diene-based polymer include organoalkali 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.

30 Examples of the organopotassium compound include potassium



di ene- based pol ynmer which is obtained by using an organoal kali netal
conpound haying a group containing a nitrogen atom and in which

modi fyi ng agent haying a nitrogen atomcontaining group is added to a
pol ymeri zati on sol ution containing a conjugated di ene-based pol yner
obt ai ned by polynerization, to react the nodifying agent with an
active end. |b) of the polynmer chains, the addition anmount of the

or ganonehaphtlealenmjeound. is preferably 8.5 romal or nore, nore

preferably 1 | or nore, and preferably 3 mol qr |ess, re._ .
preferably 2, gﬁ?samlewfr theshydrgsarbygtlyug C@W@Ol‘z“éﬁjl{}@é’td@oﬁlgglhthmm

di ene- ba : - n : : I ng effect
o e Dy SRELGRALI 30,08 bR B YRR G Blp £R5ii¥re
conj ugat ﬁ%@yﬁﬁl@ﬁaﬁﬁqs&ﬁi%ﬂﬁ&n@m stABupfluaNRER! fRht-betEoRRMAd S
performed preferably in the presence of one or nore kinds of

conpaundéerttretdiinhfurer ané ondedyhteshinef eryBhivm @enpowstpohdag X) )

sel ected from,the conppou 0 consi.stjng.of an.ether conpound, a
tertiar ypgﬁp 1t aurah55&43&@9@6#5%%apdaéikaﬁﬂaﬁ?nﬁéﬁﬁ}man koxi d. e, and
an 20 al i - : i r 1R ence of a
tertiaryE%@?Hgahgkgﬁgﬁggéggﬁgﬁggg$ﬁgfpégﬁﬁiQ%ﬁiﬁﬁ%Pﬁagég§cIic et hers
such as tgdloalkytli Ofi uratfomp €lfidhyaitogy eadloperaytlithidndhadan. e;

al i phati c nmonoet hers such as diet hél et her and di butyl ether;
al i phat i evdple¢¥idtshisgeh Bbe dyrypeateyllithoem epmpravid issptederabdy i ene

o S R SO 6 U i S

gl ycol debyhyl petdesniyarRdAfonRhi¢met hers such as diphenyl ether and
ani sol e, The ePher cofmpound is preferably a cyclic ether or an

al i phati c (bl eThenrganrmeprlat eomipoyntebrishsedictddiwarh tre etrygetwal
gl ycol diethyl ether. Exanples of the tertiary am ne include
tri et hyl 8Hinsebased plgppr maanes the samets SFetRYTEHHYPENEW ani ne,

N, N- di et R%g%%%%&aﬁ’ly?%%l%)?uh tﬁgﬁgég)@@%%ﬁwyl enetriam ne,

1,1, 4,7, exane rie ra.mne;, -)-sparteine,

pyrith ne, and DWkn@bh BErealhihd i éo&ﬁt{%ziﬂmﬂﬁehévba@é@fpﬁlﬁﬁbb’with the
1,1, 2, 2-tetranet hyl et hyl enedi ai ni ne. anpl es of the phosphi ne
conpoundoigraiamdetatili¢c nenhyhiphophidditionrambhyt pf thepbirgaeonzatdllic

tri phenyl pi aosphi.ne. les of the al kali netal  al koxi de include
sodi una- 9‘2@?%856&?8‘%&%&3&%%&9%% SHURELS H%%feraﬁy mmol or léss, and
sodi umt ! i i of the
SPkal T rorep PR o B RO DS MY LI SBhALAeg dRAATBLGR

phenoxi dgolybfer, addi ti on anount of the 10 conpound (X) is preferably
0.1 nuil or nore and 1.0 nol or less per 1 nol of the organonetallic

conpdund. Whenetorpougatedxienaypased agiiater & a cennjasged ed
i ene- b ool et ol Lo 0ot L1 S e MARAIE o
or ganonetahbbGn g YRAUN oo BN RS HERPSTHY S addition amount of the
organometallic compound is preferably 1 mmol or more, more preferably 2
mmol or more, and preferably 8 mmol or less, more preferably 4 mmol or less,
25  per 100 g of the conjugated diene-based polymer.

When the conjugated diene-based polymer is a conjugated
diene-based polymer which is obtained by using an organoalkali metal
compound having a nitrogen atom-containing group, and in which an alcohol
is added to a polymer solution containing a conjugated diene-based polymer

30 obtained by polymerization to inactivate an active end of the polymer chains,



15 added to the conjugated diene-based pol ynmer sol ution. The
tenperature at which the conjugated di ene-based polyner is reacted
with the organonetal lic conpound is pjgferably 40C or higher, nore
preferably 50C or higher. The tenperature is preferably 90C or |ower,
nore preferably 80C or |lower. 20The tine during which the conjugated
di ene-based polyner is reacted with the organonetal lic conmpound is
pr ef er abklye 20dsemoat®uart of thgergamonetapiiet@nabliyd 1s prefatablerl hangébr
The tinme is preferably 150 mnutes or shorter, nore preferably 50

mi nut es SOTEhBYTRPrelemaaly: ¢ aﬁn@i %wa,r%épbg/f%&w& HRel Eolpsbumese
After th i e i - LS. ted w.t

or ganomm e T T e S or oL he Tiat f S kowhERE Bishit b ol mey
with a ocstrbyiitbatsthansjaearAudidne-based polytier i£aebhRigabed ween t he
reaction product and the hydrocarbyl oxysilane conpound is perfornmed
pr ef €F abd;enenb@seldymlmwmﬁlchos sbtaisntl byAssingerhyprocatizdnnsshvent ,

t he above-nentigoned. hydrocarbon . 50 sol.vents exenplified, as the

hydr ocar GPSBPA QY iRE BETORD SOPYHBINE AHEH EERFIBE. (94D ¥ Ridhe
reaction : i on - : i l.ane
Compound™ oy B7aF s PRRal R B0 Sl A SO T e o
a sol uti palymontizithiomgolihdn @achirdngpr adycgateld dibae torpdgateder

di ene- based pol ymer and the organonetal |ic conpound, to react the
react i onoprasaee ¥Y&olym@r@@ﬁjougtatr@acwlem@odaf§@@g petyinwithama actige end

[ d. with hyd by il d.
pr of B abr 6iS S REE SRS or oyl D e A o & B R B TRt
10 hydr Ofsaismféw? iol 2 BEm 0HPRWRE RBYVE PoeBrdBIl M OF8RALOMeOM @l Ni Ng
group. Exanples of the nitrogen atearcontai ning group includ.e an

am no gr prgferablgubstmoluireldsgmore gradembla 206 trmageor kent pemi0Q g of the
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15 The reaction between the conjugated diene-based polymer and the

organometallic compound is performed preferably in the presence of one or
more kinds of compounds (hereinafter, sometimes referred to as a compound
(X)) selected from the compound group consisting of an ether compound, a
tertiary amine, a phosphine compound, an alkali metal alkoxide, and an

20  alkali metal phenoxide, more preferably in the presence of a tertiary amine.
Examples of the ether compound include cyclic ethers such as
tetrahydrofuran, tetrahydropyran, and 1,4-dioxane; aliphatic monoethers
such as diethyl ether and dibutyl ether; aliphatic diethers such as ethylene
glycol dimethyl ether, ethylene glycol diethyl ether, and ethylene glycol

25  dibutyl ether; aliphatic triethers such as diethylene glycol diethyl ether and
diethylene glycol dibutyl ether; and aromatic ethers such as diphenyl ether
and anisole. The ether compound is preferably a cyclic ether or an aliphatic
diether, more preferably tetrahydrofuran or ethylene glycol diethyl ether.
Examples of the tertiary amine include triethylamine, tripropylamine,

30 tributylamine, 1,1,2,2-tetramethylethylenediamine, N,N-diethylaniline,



ni trogen-contai ni ng heterocyclic group include a 4-nyridyl group and
a 2-imdazo/yl group. Preferable exanples of the hydrocarbyl oxysil ane
conpound having a ni trogen atomgontaining group include a
conpound represented by the 20followi ng fornula (5): wherein

R51. a.nd R 53 each represent a ha:dr:act:day! group or a
hydr ocar byl oxy grocp, at |east one of .fi.51, RS2 and R53 is a
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the organometallic compound.

The compound (X) may be added to a conjugated diene-based polymer
solution after it is mixed with the organometallic compound in advance, or
the compound (X) and the organometallic compound may be successively

15  added to the conjugated diene-based polymer solution.

The temperature at which the conjugated diene-based polymer is
reacted with the 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 or lower.

20 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 is preferably 150 minutes or
shorter, more preferably 50 minutes or shorter.
<Reaction with hydrocarbyloxysilane compound>

25 After the conjugated diene-based polymer is reacted with the
organometallic compound, the resulting reaction product is reacted with a
hydrocarbyloxysilane compound.

The reaction between the reaction product and the
hydrocarbyloxysilane compound is performed preferably in a hydrocarbon

30 solvent. As the hydrocarbon solvent, the above-mentioned hydrocarbon



Exanpl es of the hydrocarbyl oxy group of R51, R52 and R 3incl ude

al koxy groups such as a nethoxy group, an ethoxy group, an n-propoxy
group, and an n-butoxy group; and arykgxy groups such as a phenoxy
group, preferably an al koxy group. Particularly preferable is a

met hoxy group or 20 an et hoxy group. Preferably, R51, R2 and
R53 are hydrocarbyl oxy groups having 1 to S carbon atons or a
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R5i, W2 andis a bydrocarbyl oxy group haying 1 to 8 carbon atons. More
pref er ablbg;useg1, R52 arid Ma are al koxy groups having 1 to 6 carbon
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group, an isocyanato group, and a group represented by the formula (5-B)
described later. Examples of the substituted amino group include a group
15 represented by the formula (5-A) described later. Examples of the
nitrogen-containing heterocyclic group include a 4-pyridyl group and a
2-imidazolyl group.
Preferable examples of the hydrocarbyloxysilane compound having a
nitrogen atom-containing group include a compound represented by the
20  following formula (5):
R52

R 1—%1—((}}12)1.— A’ (5)

RS 3

wherein R51, R52 and R33 each represent a hydrocarbyl group or a
hydrocarbyloxy group, at least one of R51, R52 and R331is a hydrocarbyloxy
25  group, A’ represents a nitrogen atom-containing group, and j represents an
integer of 1 to 5.
In the formula (5), R5!, R52 and R53 each represent a hydrocarbyl



hydr ocar byl group optionally haying a substituent, or a

tri hydrocarbyls group, or is bound with Mp to represent a
hydrocar byl ene group optionally having a nitrogen atom and/or an
oxygen atom as a heteroatom Exanples of the hydrocarbyl group
optionally having a aubstituent 5.t and R55 include a bydrocar byl
group, a. nitrogen atomcontaining 20 substituted hydrocarbyl group,
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Examples of the hydrocarbyloxy group of R5!, R52 and R5%3 include
alkoxy groups such as a methoxy group, an ethoxy group, an n-propoxy group,
and an n-butoxy group; and aryloxy groups such as a phenoxy group,
preferably an alkoxy group. Particularly preferable is a methoxy group or

20 an ethoxy group.

Preferably, R51, R52 and R332 are hydrocarbyloxy groups having 1to 8
carbon atoms or a hydrocarbyl group having 1 to 8 carbon atoms, and at least
one of R31, R%2 and R%2 is a hydrocarbyloxy group having 1 to 8 carbon atoms.
More preferably, R5!, R52 and R53 are alkoxy groups having 1 to 6 carbon

25  atoms or an alkyl group having 1 to 6 carbon atoms, and at least two of R51,
R52 and R53 are alkoxy groups having 1 to 6 carbon atoms. Further
preferably, R5!, R52 and R53 are alkoxy groups having 1 to 4 carbon atoms.
Particularly preferably, R5!, R52 and R53 are methoxy groups or ethoxy
groups.

30 In the formula (5), j represents an integer of 1 to 5, preferably 2 or 3.



The nunber of carbon atons of the hydrocarbyl oup optionally 20
having a substituent of R54 and R53is preferably 1. to 8, nore
preferably | to further preferably 1 g9 3. Exanples of the
trihydrocarbylsilyl group ofand Etr,5 include trialkylsilyi groups
such as a trinethylsih: eroup, a triethyisilyl group, and,
dimethyi-tert-butylsilyl group. Wien R54 and R55 are

tri hydr ocar byhih Itgé f@muﬂps(,5),l£ﬁ wmpde R mtedgemadtiom -containing group.
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group, a trinethylene group, a tetranethylene group, a
pei at amet hyl en®>4r oup, and a hexanet hyl ene group; and a

2,2,4-trine%3ylhexane-1,6(ghxi group, Exanples of the al kenedi yi
10group inc e a pentaii-2-efie-1.,5-diyi group. Exanples of the

bet er oat ona- copt>ai ni ng hydrocar byl ene group in which the heteroatom
is a nitrogen atominclude a group represented by -CH=N-C ar--CH and
a grbup rehresented by Clis-aN CH2-CH2-, Exanpl es of the
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group, or is bound with R%4 to represent a hydrocarbylene group optionally
having a nitrogen atom and/or an oxygen atom as a heteroatom.

Examples of the hydrocarbyl group optionally having a substituent of
R54 and R55 include a hydrocarbyl group, a nitrogen atom-containing

20  substituted hydrocarbyl group, and an oxygen atom-containing substituted
hydrocarbyl group.

Examples of the hydrocarbyl group include alkyl groups such as a
methyl group, an ethyl group, an n-propyl group, an isopropyl group, an
n-butyl group, an isobutyl group, a sec-butyl group, a tert-butyl group, an

25 n-pentyl group, an n-hexyl group, and an 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.

Examples of the nitrogen atom-containing substituted hydrocarbyl



R 54- and E. 55 each are preferably a hydrocarbyl group having 1 to 8
carbon atons, or a trialkylsilyl group ha.vin.g 3 to 7 carbon atons,
or R54° and .R55 are bound to be a hygs ocar byl ene group having 2 to
10 carbon atons, nore preferably an alkyl group having 1 to 5 carbon
atons, or a trialkyl.sil, group having 3 to 7 carbon atons in which
t he nunber of carbon atons; of each al kyl group bound to a silicon
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The hydrocarbyl group optionally having a substituent of R54 and R55
is preferably a hydrocarbyl group, more preferably an alkyl group, further
preferably a linear alkyl group.

The number of carbon atoms of the hydrocarbyl group optionally

20  having a substituent of R5¢ and R%% is preferably 1 to 8, more preferably 1 to 5,
further preferably 1 to 3.

Examples of the trihydrocarbylsilyl group of R34 and R35 include
trialkylsilyl groups such as a trimethylsilyl group, a triethylsilyl group, and
a dimethyl-tert-butylsilyl group.

25 When R54 and R55 are trihydrocarbylsilyl groups, R5 and R55 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 group bound to a silicon atom is 1 to 4,
further preferably trimethylsilyl groups.

30 Examples of the hydrocarbylene group optionally having a nitrogen



trihydrocarbylsilyl groups include a bis(trinmethyi.. )am no group, a
bi s(triethylsilyilamno group, and a
bis(tert-butyldinethylsilyilamno grogp, O the substituted am no
group represented by the formula 05-A), exanples of a substituted
am no group in which one of Rmand R55 is a hydrocarbyl group, and
the other is a trihydrocarbyleilyl group include a.
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nitrogen atom include a group represented by -CH=N-CH=CH- and a group
represented by -CH=N-CH-CH-. Examples of the heteroatom-containing
hydrocarbylene group in which the heteroatom is an oxygen atom include a
group represented by -CHg-CHz-O-CHz-CHe-.

The hydrocarbylene group optionally having a nitrogen atom and/or
an oxygen atom as a heteroatom is preferably a hydrocarbylene group, more
preferably an alkanediyl group, further preferably a polymethylene group.

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

R54 and R55 each are preferably a hydrocarbyl group having 1 to 8
carbon atoms, or a trialkylsilyl group having 3 to 7 carbon atoms, or R54 and
R55 are bound to be a hydrocarbylene group having 2 to 10 carbon atoms,
more preferably an alkyl group having 1 to 5 carbon atoms, or a trialkylsilyl
group having 3 to 7 carbon atoms in which the number of carbon atoms of
each alkyl group bound to a silicon atom is 1 to 4, or R54 and R55 are bound to
be an alkanediyl group having 3 to 8 carbon atoms, further preferably a
linear alkyl group having 1 to 3 carbon atoms, or a trimethylsilyl group, or

R54 and R55 are bound to be a polymethylene group having 4 to 6 carbon



5'7 hydrocarbyoxv grou.p. Prefi.. ably, at |east two of R56, R57 and
R59 are drocarhyl.oxv groups, nore preferably, R56, R6.7 and Et" are
hydrocar byl oxy groups, in the fonl3. (334 each represent a hvdroc group
or a hydrocarbyl exy group, at least. one of R59, WIld and 11151 is a
hydr ocar byl exy group. Preferably, at least two of R59, R 69 and R61
are hydrocar byl oxy gToups, at least two of 11,59, R 60 and Rill
hydr ocar lagbmey The nunber of carbon atons of the hydrocarbyl group
and the 10 hydrecarbyl oxy group of 13,56, R 57, R. W), R50 and R6 is
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group Of the substituted amino group represented by the formula (5-A),

15 examples of a substituted amino group in which R34 and R55 are substituted
hydrocarbyl groups containing an oxygen atom include a
bis(methoxymethyl)amino group, a bis(ethoxymethyl)amino group, a
bis(methoxyethyl)amino group, a bis(ethoxyethyl)amino group, a
bis(8-tetrahydrofuranyl)amino group, and a bis(tetrahydrofurfuryl)amino

20 group.

Of the substituted amino group represented by the formula (5-A),
examples of a substituted amino group in which R54 and R5% are
trihydrocarbylsilyl groups include a bis(trimethylsilyl)amino group, a
bis(triethylsilyl)amino group, and a bis(tert-butyldimethylsilyDamino group.

25 Of the substituted amino group represented by the formula (5-A),
examples of a substituted amino group in which one of R% and R is a
hydrocarbyl group, and the other is a trihydrocarbylsilyl group include a
trimethylsilylmethylamino group and a trimethylsilylethylamino group.

Of the substituted amino group represented by the formula (5-A),

30 examples of a substituted amino group in which R54 and R55 are bound to be



30 haying 1-6 carbons or an al kyl grouphavi ngcarbons, at |east twe of
R56, R57 and R5s is a hydrocarbyl oxy group haying 1-8 carbons, and
at least two of R59, RE and R61 are gydrocarbyl oxy groups having 1-8
carbons. Further preferably, R 59, R57, R53, R 59, R59, and R61 each
are an al kexy group having 1-4 carbons. Particularly preferably, R5S8,
R57, R59, R59, .R99 and R91 each are a nmethoxy group or an et hoxy
group. a hydrotarhyhend grond mc{®deB) pyhrdnting geaah a ppreestnd saoubnbeger

vt ocarByreRySHTARE K. end it R URROT Fcuce
J . _ Pude
conpound repr e@%mgu{;gnpgﬁgﬁi@wﬁ l%k%e%'&égibgs%%fpgﬁggﬁ 518,

represented by the fornu

r epr esenkgdmyed bta Eabsithaeld 2o groupAnWieicti RH<RaAH RF0a RIS WRY t& e
bound, R 5, R52 and R' each redpr esent a hydroca.idayi group or a
hydr oear Byhessyoagpougontainingdsidroparbyieny gRzhandgrRbBitiregen atom as a
hydr ocar 0X roup. R' represents a hydrocarbyl oup ,opt.i onal |
SR <7 R AR R A T R
with R"tahe I%%Qﬂ)t adhydrasarhyh gpoup optionally having a
nitrogen alf%rarl\ gn / or ’510 an orgyﬁ/gen aiﬁonéfefhoa a heteroatom and R55
represents a h@dtheaubytitwedumopt somal leprésyitad by thetfermtlai(shA)or a
trihydruearbYl sil Y1 grusaP, or is bound with 1134 to_represent _a
hydr ocar BXg@Réeyplot pubpit AR IMINRETeHP Ul Bhisht R genl Bt'orieabewind &9 bai |

1 ; ts; o ] to 5.
) al RISy AP r s PR koo Bl LD Rlomh B
[ 2- (di newbydhaaidhiihdieidey horp HEEAOXYSE) ane,
[ 2- hdi et hyl ai ni m det hyl ]t ri net hoxym a, ne,

1. 3-(di ni et hyl Heranghles of)yhﬁ nitmdn_)oanﬁahaimg, heterocyclic group include a
L e e,
2 sty IO ey b g spresend by
[ 3- (1h et byd &illiviakpbepylla (3-8t hoxysi ] ane.
R56
o\\ }CHE)?s:i —R%’
C—N R
—N< e=o . eB
/N i
0  (CHy}—si—R®

wherein R36, R57 R58 R59 R0 and RS! each represent a hydrocarbyl group or
a hydrocarbyloxy group, at least one of R5, R57 and R58 is a hydrocarbyloxy
20  group, at least one of R59, R60, Ré! a hydrocarbyloxy group, h and i each
represent an integer of 1 to 5.
In the formula (5-B), R, R57 and R58 each represent a hydrocarbyl
group or a hydrocarbyloxy group, at least one of R%, R57 and R38 is a



O the compounds represented by the forrmula (5- ), exam nes of a
conmpound in which R34 and R35 are hydrocarbyl groups, two of R51, R52
and R53 are hydrocarbyl oxy groups, anqune of themis a hydrocarbyl

, group include Rdial kyl am xi o) al kyl ki i"nydr ocar byl oxyal kyl si | ane
conpounds such as [2-(di et hyl am no) et hyl i dnnet hoxynet| ayi sil ane, 15
[ 2- (di etikyl am no) et hy] ] di met hoxynet hyl ai | ane,

[ 3- (di et hy&mm@m&ygy@ﬂl npﬁé}@&mgeéthx&@ th@818f R56, R57 and R8 are
, . ... ethylaininMpropylidi met hoxynmethy, .0 ae,

Lni no) et hiyidicetbidryyrerdnyps inhamepreferably, R56, R57 and R38 are hydrocarbyloxy
no) et hyti di et hoxymnet hyi si | ane,

i ' d- (di meB¥HPEmi no) propyl i di et hoxynet hyl si | a. ne, and

13- (di et hyl am ”f[}%fe}{e]?faﬂﬂ gq%%wtmlaﬁﬂ R&ach regre%qtaﬁﬁ%gfg@%ﬁps

represented by ornmu , éxanples of conmpoun

and R3b ageuposing hytleodaebalokyiroap! Bt leeRe oge 08 RS, dti aRPIIRSIREZ2 and.
T53 are hydrocar byl axy groups i1 nclude (cyclic

ami nci al i hydnocarylarpeartiyl oRyaferane asdapeluivds of Béh RS and R6! are

i dinyl.meghyl)trinethoxysilan i per h. i met hoxysj | ane
et hy 1 CPRUTAAERUDRS BT RSy e K 1y by Aroch by loxd
yethyl ltrj oxysi | ane, (2-piperidinoethyptrimethoxysil ane,

[ 2- (1- h. exanet hyl enei mi no) et hyl Jtri net hoxysliane, GO

[ 3- (1-pyrrolidiTyé nomopd dftaairbet hoxys iof @e hydrocarbyl group and the

| 3- piferi di nopropyl ) tri met hoxysi lane .

[ 3- ( LhexBrtdspriaeryierow) pf BpY IR r Rite RALB L and RS ip greferably 1 to 8,

-pyrrolid et h si | ane

(751 per UL RREEERY, Lo bbOPHE bRy 4 1o

- hexar net hyi eneEﬁm?léymHel ga&&@m&y%&b@@@f R56, R57, R¥s e [pOnpQupds
represented by the formula (5-1), examples of rt compound in which
R54 and RRcludey elliyd gmoduposheh as hehetlgdtgronpomb ailmylngrolydanaapbydyd, ne
group having a nitrogen_atom as a heteroatom and agd R52 are

hydr ocar b%lrogsay G ISHRNOTVHEFR A PAYY T ATBHh G SPPYIEEROIYi ficaePeteE,

1-(2-{g1 @W%@ek%bﬁ%ﬁ group, an n-pentyl group, an n-hexyl group, and an

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.
Particularly preferable is a methyl group or an ethyl group.

20 Examples of the hydrocarbyloxy group of R3, R57, R38, R59, R60 and
RS1 include alkoxy groups such as a methoxy group, an ethoxy group, an
n-propoxy group, and an n-butoxy group; and aryloxy groups such as a
phenoxy group, preferably an alkoxy group. Particularly preferable is a
methoxy group or an ethoxy group.

25 Preferably, R56, R57, R58, R59, R60 and R6! each are a hydrocarbyloxy
group having 1-8 carbons or a hydrocarbyl group having 1-8 carbons, at least
one of R%, R57 and R58 is a hydrocarbyloxy group having 1-8 carbons, and at
least one of R%, R60 and R¢! is a hydrocarbyloxy group having 1-8 carbons.
More preferably, R36, R57, R58, R39, R60 and R6! each are an alkoxy group

30 having 1-6 carbons or an alkyl grouphaving 1-6 carbons, at least two of R56,



1.-(3-triethoxysilyipropypi mdazel e, and

-triethoxysilyl propvl)'4,5-di hydroi m dazole. O the conpounds
represiented by the fornula (5-1), exggples 15 conpound in which R 54
and R 55 are bound to be a h. eteroatom contai ni ng hydrocar byl ene
group havi ng an oxygen atom as a heteroatom and R51, R 52 and.R 51
are hydrocar byl oxy groups include nmor phol i noet hyl kri net hoxysi | an. e
and. (3- i phdl R apadpydibearvgihoxgsidpanering 1-8 caffortshandartdensidswo of
represen&fd by the formula (5-1), exanples of a conpound in_which

R 54 and R R%-ang BSnyrer brdosgrbsgewuproumshagng ssathanre dherther, we

and R 5: d X ps. 1 P&l ud ; .
bt ot ebr SSabT RRS I BAE MR ind REAIFR arevn albyay icanw bewipgdad
such as t2dkirs( 3-Haticalwmdy plitkaimly ReavRaci pBhRbd tHe gRuRs Esichang a
1' 2-[bi s(3-tetrabydrofuranyl) 3.311 3101 ‘ethyrrtriethoxysilane, fb is
(3 -t5 et mitbbuy @myuDaniamodthpxy @pows.l trime thoxysil a n . 13- Lbis
(3- te trdro fur l.; i_noi propytriet oxy ane O t
compounds repr g’%iﬂ%é@%‘&&%&?obmﬂng (15-93?‘)0],1:1 r@?é‘?ﬁﬂnésalbmtﬁg%ﬂgﬁﬁﬂ&i n
whi ch PJ r%@gabl'§ rare trialkylsilyl groups, two of Wi, R52 and 30
R53 are hydrocarbyloxy groups, and. the renminder is a h3.7drocar byl
group 61 incl bdeRmible dxXanyplediohyld Bgaidarbyloanpioamnesosp6iindsn the
{2-[ N, N-bi gtrimethyl silyOam noi et hyl i di net hoxynesi |l ane, {3- [N, N

hi sftri meressyitspygmaomindpde arepypdundrenerenteyiet Wyt &illoaving, formula
2-[N, N-hi s(trimethyni noi et hyli di eth | sil.ane,. .
LR bR L RGE: B Rir o by P RO r pon f peigh X ib a group

represented by the formula (5-A):

52
1’{ /R54
R51—§i—(CH2)j—N\ (5-1)
RS R

15  wherein R5%4 and R55 may be bound, R51, R52 and R33 each represent a
hydrocarbyl group or a hydrocarbyloxy group, at least one of R51, R52 and R33
is a hydrocarbyloxy group, R54 represents a hydrocarbyl group optionally
having a substituent, or a trihydrocarbylsilyl group, or is bound with R55 to
represent a hydrocarbylene group optionally having a nitrogen atom and/or

20 an oxygen atom as a heteroatom, and R55 represents a hydrocarbyl group
optionally having a substituent, or a trihydrocarbylsilyl group, or is bound
with R54 to represent a hydrocarbylene group optionally having a nitrogen
atom and/or an oxygen atom as a heteroatom, and j represents an integer of 1
to 5.

25 Of the compounds represented by the formula (5-1), examples of a
compound in which R% and R3% are hydrocarbyl groups, and R3!, R52 and R53
are hydrocarbyloxy groups include



The conpound, represented by the formula (5-1) is preferably a
compound in which W, Bri2 and Il Fi s are hydrocarbyl oxy groups having
1 to 8 carbon atons, or hydrocarbyl gggups having 1 to 8 carbon
atons, at |east one 10 of R51, R52 and R 52 is a hydrocarbyl oxy w oup
having Ito 3 carbon atons, R54 and I R55 are each a hydrocarbyl gToup
liaving 1 to 8 carbon atmms, or a kyl silyi group having- 3 to 7
cakbon antdialloiamn@ntkyRErilydaotarbytanydilbae hermoluyde auah gl ene gr oup
havi ng 2 and j is an. integer of 1 to 5. Mire

tg.10 carbon. .atons, .
pref er abI[%Qﬁ@%ﬁWéWchﬁ?WéﬂlWﬂl%@ and. Risa are al koxy groups

havi ng 1 5. N _at . | kyl.; groups having -1 to 6 carbon
at ons, at[é?%%éﬁﬁ{aﬁl%g?et&gﬁp?l@gg%lﬁq& are al koxy groups having |.
to 6 car heridaheislakheo)besmingdanhetlfoxdBilagbkyl group haying | to C

carbon atons, 1),C 4 and are each an al kyl group haying 1 to 5 carbon
at ons) or3AdtethplakyinoiNopytotmethokymlaid o 7 carbon atons, in which

t he nunb f carbon.at.o f.20 each al kyl group bound. to a silicon
atomis (i:.s"(&dnﬁt%y ?mﬂ%@egﬁdj}wﬁ%@ d to be an al kanediyl group
hayi ng B[qui%tﬁﬁramgo%gglﬂﬁriaﬂ% édﬁfsjﬁgf n integer or I to 5. Further

preferable I's a conpoun R52 and R53 are al koxy groups

havi ng 1 [8-4d#énetdyibonied)prsoy EPAtaogy R, ahd each a |inear al kyl
group ha;fi 23 1 to 3 carbon _atoms, and j is 2 or 3, The conpound
r epr esenteddisyhylsaningywepslltsethoxysilpaeti cul arly preferably

ctnyf] T 11 ot EHORGSORAHE AL 3Ptk ST PR RNBIOBI [t 178RRERS™ &F Panc:

o 2L amb s v e T, o i g3

conpound Réépre dgdt@drbylokherbops,amidigné of thwdm is a hydrocarbyl group
include [(dialkylamino)alkylldihydrocarbyloxyalkylsilane compounds such
as [2-(dimethylamino)ethylldimethoxymethylsilane,

15  [2-(diethylamino)ethyl]dimethoxymethylsilane,

[3-(dimethylamino)propylldimethoxymethylsilane,
3-(diethylamino)propylldimethoxymethylsilane,
2-(dimethylamino)ethylldiethoxymethylsilane,

20 [3-(dimethylamino)propylldiethoxymethylsilane, and

[

[
[2-(diethylamino)ethyl]ldiethoxymethylsilane,
[
[3-(diethylamino)propylldiethoxymethylsilane.

Of the compounds represented by the formula (5-1), examples of a
compound in which R5¢ and R% are bound to be a hydrocarbylene group, and
R51, R52 and T53 are hydrocarbyloxy groups include (cyclic
25  aminoalkyltrihydrocarbyloxysilane compounds such as

(1-pyrrolidinylmethyltrimethoxysilane, (piperidinomethyltrimethoxysilane,
(1-hexamethyleneiminomethyltrimethoxysilane,
[2-(1-pyrrolidinyl)ethylltrimethoxysilane,
(2-piperidinoethyltrimethoxysilane,

30 [2-(1-hexamethyleneimino)ethylltrimethoxysilane,



,5 whesrein R5], R52, R52, R5665 R6l it each represent a hydrocar byl
group or a hydrocarhyi oxv group, at |east one of R51, R52 and R68 is
a hydrocar byl oxy group, at |east one gf R56, R57 and. RS2 is a
hydrocarb aoxy group, at |east one of 9, R, W is a

h. ydrocar byl oxy group and j, h and i each represent a integer of 1 to
5, 10 which is represented by the forrmula (5) in which A isa group

r epr esentl@d1ipyrediedingbonted] ti-fndFoxysilExanpl es of the conpound
represented by the formula (5-2) include tris(3 trinethoxysilylp ropy
Di socyanap Reeridimppgonyirsasthexystiasrysi | yI propyei socyanurate, 15L

3, 5-tri S([?-'(iIHe?t%ﬂPe%ﬁ%fe%ﬂdﬁﬁ%%i@a%}ﬁgf#g{}}l;orx%rtsﬁane,

5-tris(3-tributoxysity propy : ,
1,3, 5-tr i[5@Qiy&fd@ih?&ﬁ%ﬂ)@lr]ht@iéwbﬂysi%ﬁé?”!Bf;ﬁf)@ridﬁﬁﬂ)répyl?]teri%thoxysilane,

| et bypi socyanur at e. e conpound represented by t ormul a
(5-2)5i s apdelBellalxpraedonporindnblpreby dtriRi®LysiR2ne.R, ~ R56, R57, R,

R99, R69 and ach are an al kyl group having 1. to 6 carhons or an
al koxy group h itﬁﬁ CPMRY Séﬁpﬁ%ﬁ@?e‘ggyltgﬁsﬂ’rm 8?'1}?@1‘?“}?@25%@ R53
are al ko r i Al £ i .. and

R55 aro. o RaRyoan EIRORE b RICAEPANA B be S telio e R Ee
Reo and biyd6dcaabelealel groxy lghaups miavidee dtohoab aciartbengomanchd Rsh) rmd

i each are 2 or 3, and nore preferably a conpound in which R51, R52,
R s3, RoANIREE arrdigiroearbylamvgRups isalsidear e al kox3,, groups havi ng

to 4,gar qg@%riﬁg%o@iysﬁggéthiyl)161%? haole, 2 or 3.
1-(2-trimethoxysilylethyl)-4,5-dihydroimidazole,
1-(3-triethoxysilylpropylimidazole, and
1-(3-triethoxysilylpropyl)-4,5-dihydroimidazole.

Of the compounds represented by the formula (5-1), examples of a
15 compound in which R5¢ and R3 are bound to be a heteroatom-containing
hydrocarbylene group having an oxygen atom as a heteroatom, and R51, R52
and R53 are hydrocarbyloxy groups include
(2-morpholinoethyDtrimethoxysilane and
(3-morpholinopropyl)trimethoxysilane.
20 Of the compounds represented by the formula (5-1), examples of a
compound in which R54 and R55 are hydrocarbyl groups having a substituent,
and R51, R52 and R58 are hydrocarbyloxy groups include
{[bis(tetrahydrofuranyl)aminolalkyl}trihydrocarbyloxysilane compounds
such as {2-[bis(3-tetrahydrofuranyl)aminolethyl}trimethoxysilane,

25  {2-[bis(3-tetrahydrofuranyl)aminolethyl}triethoxysilane,
{3-[bis(3-tetrahydrofuranyl)aminolpropyl}trimethoxysilane, and
{3-[bis(3-tetrahydrofuranyl)aminolpropylitriethoxysilane.

Of the compounds represented by the formula (5-1), examples of a
compound in which R% and R% are trialkylsilyl groups, two of R5!, R52 and

30  RS3 are hydrocarbyloxy groups, and the remainder is a hydrocarbyl group



The conpound represented. by the fornula (5.2) iis particularly
preferably 1,3,5-tris,[3-(trinethoxysilyDpropyllisooyanurate,

In addition, exanples of the conpound;yepresented by the formula. (5)
nclude a conmpound in which A5 is a cyano group or an isocyanato
group. Exanples of a conpound in which ,EVin the formula (5) is a
cyano 10 group include (2-cyanoethyl)trimethoxysil ane,

( 3- cyanopradpyet N, Mebisdteyalicl kel ap2incyakyBtlftypirocetbybgysikdandne
(3- cyanopropyptri et hoxysi | ane. Exanpl es of a conpound in which
A5 in th@”PBPH%ﬂ%SF 8Ffs an i socyanato group include

2-1i hyd )t r i . i. . ,
E 3- : :ggggér.]lgﬁgﬁ%&%@%ﬁ%tﬁ%méﬁ#g#gkyl}dlmethoxymethylsﬂane,

(2-1 socy @t e thy(BXim 2 hhRXyPiaad ide ] pr@pé}dimethoxymethylsilane,
(3-isocyanat opropyi)trietidoxysil ane. The amount of use of the

hyd ][ cfca[) f%/[ltli,N*ebiiT@ﬁm&tbﬁb@ﬂ’&?@miﬁglﬁthﬁb}déﬂihyxm;S_thm‘iBﬂagfr,darml e, brmr g
" . { t - .

Dot yner. Orh et sRs s De mireulubl gidGorrast ariFess  more

preferably 10 ’EH@%m?)ro\tl\lkxlﬁ%%grééérnttQ&'bfg&'h%ffﬁfﬁ'ﬁ!lé/ (551Pgs'£éef at1§Ss:

The ternrierat.ure a reacti on product obtal y reacting
t he cndj cgapedndiiermeribARd, RS gk R5Watdhi e carigdoeyeraips bacommpouod
is reacted with the hydrocarby] oxysilan.e conpound is preferably 25C
or hi gheea}rhﬁaﬁr%etoms@pé%admcaséml sroursgrsrne fluio herrbpnettomshlay lsad ore

cod 1| ShB" HRARRE 5 aruRhB e he At B vintnEly s FRH Rl RRGS AR
a reacti gRdHOAYE batRLa NBM D ng‘%j)ﬂrl'%%ta%ﬁl h%a%&&ﬁgﬂ AROMEITBF g th

the organ.onetal lic conmpound is acted. with t
hydr ocar byhldwysistlareup drpyong @ tos! prrdbersetbing, 60 Réeeodd¥’ are bé4nidongsy |

nmore preferably inutes or longer. The tinme is preferably 5 hours
or short%ﬁ‘,y%ﬁﬁ‘?aé”%ﬁp%’fee%rwalwﬁg topt0 gpphomegtoms, and Jps HEEBEGT Of he

difi ed i imlel At s ' 192
e e e

conjupat gebudisene iasiesh ®ehymeY attm HArHTRY] ZidighsehVRASTEIL € eaRReENt
cont ai ning a conjugated di ene conpound and a conpound represented. by

the for matang, Bt lasstnigvant BFg&it andthilare adloerpogroipisrhavanhidioot aniom

pol yrror | 25D AEGRETORCT & RRALEY L HEVEdH Ubacd.  HEHE. Hagty Féryter

with R%5 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 carbon atoms of

20  each alkyl group bound to a silicon atom is 1 to 4, or R34 and R55 are bound to
be an alkanediyl group having 3 to 8 carbon atoms, and j is an integer of 1 to
5. Further preferable is a compound in which R5!, R52 and R53 are alkoxy
groups having 1 to 4 carbon atoms, R3¢ and R3 are each a linear alkyl group
having 1 to 3 carbon atoms, and j is 2 or 3.

25 The compound represented by the formula (5-1) is particularly
preferably [2-(dimethylamino)ethylltrimethoxysilane,
[2-(diethylamino)ethylltrimethoxysilane,
[3-(dimethylamino)propylltrimethoxysilane, or
[3-(diethylamino)propylltrimethoxysilane.

30 The hydrocarbyloxysilane compound preferable in the present



10 the organonetal lic conpound and, thereafter, adding a

hydr ocar byl oxysi | ane conpound. to a solution containing the reaction
product to react the reaction productgsi th the hydrocarbyl oxysil ane
conpound. As a method of recovering the resulting nodified

conj ugat ed. di ene-hased pol yner, a known nethod can be used, and
exanpl es thereof include a nethod of adding a coagul ating agent to a
sol ut i onizonttaimingy zlse brjaucratedunid eereresastd otlyerérllovand farmetlaod of
addi ng s%§%g1to a. solution. containing a conjugated di ene-based

pol ymer. " recovered. nodified conjugated di ene-based pol yner may
be dried with a known drier such as a band drier or an extrusion-type

drier. 20 [Mdified conjugated di ene- baBed pol yner ] The Mooney
viscosity (1IML.1.ii of the nodified COI’]] ugat gd di ene- based pol yner of
the present invention is pyefera &b Br—mhdr'e, nore preferably 20 or

nmore in order,40 enhance tRe te S|Ie stlr ngth at break. In addition,
in order to hance pr ocessé)bﬁNty t he oney VI scosity is

pr ef er abl 5120 e pref erably 150 or S The Mboney
4 (6Pt (&3

Vi scosi t d at according t 00 (1924). The
nmol ecul ar mel ﬁt di stributi t he nogiPi ed conj ugated dien. e. based
pol ynmer of t present mvg t| i's pref|erab|y 1to 5 nore
preferably 1 to 2. in ord W cost saving effect.
The 30 nol ecul ar wei ght dlstrlb ti iis obtalned by measuring the
nunber average nolecular weight (M) apdlthe % age nol ecul ar wei ght
C, MM | by a gel perneation chronmatographyMv by M, The anopunt

of vinyl bonds of the nodified. conjugated diene- based pol ymer of the
present invention is preferably 80 mol % or |ess, nore preferably 70

mons & or Whesein Rk RPhGRP Hac Bt &it. P, Rife Rébij erydt exbreb@riea uni t  be

100 m)I(V i,n order to enhance the, fuel cost saving eff

addi ti on, ii’FPcaf‘g‘Z'r gl%oblpeq%ﬁggr%a,rmop@ ZPBPett a“’*@ﬁ@ﬁﬁ%ﬁo&#@ agyd RO

vi nyl bo | 2 53

m)ré fu%d%hkfapre DFIGRY Phabb &1 ShelBEE o R RPRALRERS K R 0ach I,
. 6 groumrae,leddteoran®UR®, 80, TP v ayHy endsyilscyopiaaip) e dfjf hraﬂdl@

absorptl on. intensity at around 01.0 cmi which is an absorption peak
of a V|n9@dgﬂﬁupsewwaﬂnm%ﬁr@ﬁlTéﬁbctroscopy, [ Pol yner conposition]

The fEPdI Whlcql 1s re'prggetnet d%' thedflo%rsn% a %}I ¥1rref11c?1f £ ggoeup represented by
the formula (5-B).

Examples of the compound represented by the formula (5-2) include
1,3,5-tris(3-trimethoxysilylpropylisocyanurate,
1,3,5-tris(3-triethoxysilylpropyl)isocyanurate,

16 1,3,5-tris(3-tripropoxysilylpropyl)isocyanurate,
1,3,5-tris(3-tributoxysilylpropylisocyanurate,
1,3,5-tris(2-trimethoxysilylethylisocyanurate, and
1,3,5-tris(2-triethoxysilylethyl)isocyanurate.

The compound represented by the formula (5-2) is preferably a

20  compound in which R51, R52, R53, R56, R57, R58 R59, R60 and R6! each are an
alkyl group having 1 to 6 carbons or an alkoxy group having 1 to 6 carbons,
at least two of R51, R52 and R53 are alkoxy groups having 1 to 6 carbons, at

least two of R3, R57 and R38 are alkoxy groups having 1 to 6 carbons, at least



invention can he used in the formof a polynmer conposition obtained
by 1.5 bl ending other polynmer conponents and. additives therein.
Exanpl es of the other polynmer conponeggs include a st.:'

ene- hut adi eri e copol yner, pol ybutadi en.e, a butatl dentni soprene

copol yner, a butyl rubber, a natural. rubber, an ethyl ene-propyl ene
copol ynmer and an erhyl ene-oot ene copolyner. One or nore kinds of them
are usedtw2OWWheh Bffearat REr aypodkory gcompohaning htet bhended and jt heand 1

nodi fi ed conj ugat ed. di ene- based, pol yner of the prese inyention, the
bl endi ngeafRBaRT 26F 3 HEABare pé%feéwwg@&%@wa& é‘hé"ﬁﬁﬁgéﬁl’% %y e, B,

the present AV HRP . 1ef Y. 9 gly i]gm- r e .

pref er ab?{/5 ’2%% gy ’V\Réi 8%‘? Ig({ %r%%)bga%laé%?ﬁn otlﬁ% ot g? %@%g?%%rrg&n )

of a pol ymehdceapanegat2 ¢4 8cl udi ng the bl endi ng anount of the

conj légat ed di ene-based polynmer of the prese,rit invention) be 100% by
v,

wei ght, in or déhetcommhvaniceprheeritadbycist fosaviln§5-8f iepertiedaniy es of

Lhe a0 L ve Ll ude &, il canlzing eent. eyl camegtion

reinforcing, 302ag8RtioR dilaklfbs 0B 1154 bAAGoGANRLL AGeABE by tAD fofLgnder
(aj, an tl a a lu r?r t

oil, a processing ai :agli ng agent, cant.

Exanpl es (®finthele ¥ ubeabuzirig vegehtAd ncl extesgiofupror 4x aaplhesanf gaathdf.ur
i nclude powdery sul fur, precipitated sulfur, colloidal sulfur,

i nsol ubl e sul f Bxkamades Af glePyrgivagdnswbich AUl the formulpl Ehis agyaneunt

f | i Zi ' i f. I 0,1 b ight to 15 t
oy vl o SRR PR B B AR el ™ 0"t by i ot
further Pz-ewﬁ&ihlogygtﬁn%flexﬁﬂm, Qf‘%y&ﬂoéhﬁ’ﬁ"tfi@tm%(y}éﬁ%ﬁg,t ap@r 100

parts by wei ght of "the pol yner conponent. Exanples 0
vul cani z &ttopaagoebgbatiethdxyellade. ti based 10 vul cani zati on

G sul {1 do. - andLNPERIFBAERFPREIBENTBPHRAS 1 Gif ?o%%ﬁﬂé&%?asaf% 'h
monosal | FASY SRS FareaRil A O kPR S AR Yacoa ™

vul ceai Z@'E@@yéﬁﬁﬁip@b%ﬂ%ﬁm%%y%ﬂaﬁe96/23i%l‘,‘%ﬂfiﬁoethyl)triethpxysi_alne,
enzot hi azol esul fenam de, N-tert-butyl-2-benzothi azol esul ki nam de,
N- oxyet hyphér8:igedyamzatomicazdtesthdandadide,

N- oxyet hyl ene- 2- benzot hij ol esul.f enam de, nd . )
N Ty e The ARk s SSet ek Tt thy oSrilens frer s ed

vul cani z F%ﬁé%lﬁ%‘@h%ﬁto?'bf SN nitie PrBRATHAH 2 B0l Br more, per 100 g of

di ort hot guahadi ne.
the conjugated diene-based polymer. The amount of use is preferably 25

20 mmol or less, more preferably 10 mmol or less, further preferably 5§ mmol or
less.

The temperature at which a reaction product obtained by reacting
the conjugated diene-based polymer with the organometallic compound is
reacted with the hydrocarbyloxysilane compound is preferably 25°C or

25  higher, more preferably 35°C or higher, further preferably 50°C or higher.
The temperature is preferably 100°C or lower, more preferably 90°C or lower,
further preferably 80°C or lower.

The time during which a reaction product obtained by reacting the
conjugated diene-based polymer with the organometallic compound is

30 reacted with the hydrocarbyloxysilane compound is preferably 60 seconds or



20 and ort hotol yi bi guani di ne. The bl endi n. g anount of the

vul cani zation accelerator is preferably 0,1 part by weight to 5 parts
by weight:: nore preferably 0.2 part gy weight to 3 parts by weight
per 100 parts by weight of the polynmer conponent Exanples of the

vul cani zati on activator include stearin acid and zinc oxi de. Exanples
of the organic peroxide include dicunyl peroxide and ditertiarybutyl
per oxi delonger, more bxeafephlely Hmihhees @ ohgeei Mhhagncais predérsddy & hours
silica-based reinforcing agent and carbon bl ack,

Exanpl es O8FhpHer.gnPre AL agr’ngrlehWTo@rcii}ﬁgft%Tgent include dry silica

Sthyd iliel ' t Sk ] (h i\l ici id [ 1 oi dal
o7 breci pi t at el STk theoriiod FbRHE LR AR R pEERe. one
or more kir&itstahvERNEHH ¢aBLRENHS 8Y-obThRBEL sekichize 1o dae8o0ar ea at

the silica-based reinfircing agent is preferably 50 n2l2 to 250 nR/g.

The BET speilfiing seofjacetat denesbamdsunlgoheadyordimgrianASTNORE8G3- 03.
As a comerci al I%/)%S avai l abl e pr Odqﬁ%f@ trade nar(rie .13ltrasil VN3-G
manuf act GPEEOBGRDEPRLAI NG CRpAgat SC\IRB*D RS, 1 aggognissingo

f ot g . | |
T;TS%(I; g‘%ﬁ%f%m%@acéura 335 %}g/ﬁ%%lgi%ggcan %%aqggg @2@?‘2% of
car bon bhadkodarbbi delvehanaélingalrbers diloatdtallsiiedin psuiEPE tAd rdsdllb@ and

CC, furnace carbon black such as SAP, | SAR HAP, MAF, FEF, SHE (!
APF, EF, PRV adidoESE Utiarhisr yeaict cae bom ughbrrk dsmenbags dmblamer Mrith

oo ulba S8y eT Cal0Paf 8 s B Sia THEE G cHaiTEaR:
car bon bLggl oé)ﬁd't% aoéﬁﬁﬁbﬁ%ﬁtzﬁnt%?%?he Yé’ac%gb%ﬁgﬁfco%ct anded e rdi %gi'on

pht hal ate ( absor pti on anoun car bon a Is preferably

t 011100 grédud0fithahs 1BQIrgearbydoxyisilaagenmadseidpt i on specific surface
area i s neasured according to ASTM P4820-93, and the PEP absorption
amount is nea. é\érae@eab%pgrewngngsﬁlmrmulim&modpﬁedacwmsémd ally

avai | abl q. product, trade nane DI AB 20,N339 ;manyf act ur.ed., b

v subi SR B of BT AP ATLCAa R HEAGH & XoGHAES thithof
and SF. AilukRanmBetf @Co & nbY Jd&gfiﬂati%ra%ﬁﬂt 69 a,solhion canthihiadg
nanes CE 3 and Speci al Bl ack 4A manufactured by Degussa can be used.
When t hecomiughoedt iliegeagesetl jdyneended] aimethvel ofedldingdteonjtogasddtion
di eneThased pol ynmer of the present invention formul ate the bl end
into a pBYYERRIEoRBRRIUEREH e i zjm&ﬁouﬁﬁeafecqwe é]ilwﬂﬁeéi ng

agent is_pt. rit i t 0. . pa i r. 100
parts by BLEERiAD b BRI TPt B be it 0, o MReP BheRBE L
pol ymer phntRieidr @senexirisesi-ty@ss diiBr.order to enhance abrasion
resi stance and strength, the
20 [Modified conjugated diene-based polymer]
The Mooney viscosity (MLi+4) of the modified conjugated diene-based
polymer of the present invention is preferably 10 or more, more preferably 20
or more in order to enhance the tensile strength at break. In addition, in
order to enhance processability, the Mooney viscosity is preferably 200 or less,
25  more preferably 150 or less. The Mooney viscosity (MLj+4) is measured at
100°C according to JIS K6300 (1994).
The molecular weight distribution of the modified conjugated
diene-based polymer of the present invention is preferably 1 to 5, more

preferably 1 to 2 in order to enhance the fuel cost saving effect. The

30 molecular weight distribution is obtained by measuring the number average



30 bl ending anount is nore preferably 20 parts by weight or nore,
further 68 preferably 30 parts byght or nore, in order to enhance
reinforcing properties, the bl ending ?gnunt is nore preferably 120
parts by we e. less, further preferably 100 parts by weight or |ess.
When the reinforcing agent is blended in the nodified conjugated
-used pol ynmer of the present invention to fornmulate the blend into a
pol yner aoolposiariveeight {Mins apidefherablght toetse modddul mawbagad Mw) bﬁr a
rei nforcing agent as the reinforcin gent_ in order to enhance the

f uel costgegaerrﬁ@a’épﬂéfbromﬁ@%péﬁciﬁ%ﬁamﬁthﬂd, &nd haiding Ma by dda.

rei narci ng age i r | i gh r ) DI e

pr ef er abl 3 78 gglretimg‘;}%gfg’?’tﬂ%’?g%gsﬁﬁﬁ g%@tdl}fﬁ%@p%@?xga@%?ﬁn%%%eﬁ ng
amount  ofpoli@ef 6f tHOpEdsREt ageHtiDLisOR fPALLS 8DYm¥BE 8Rless, more The
weight ratio of the content. of the silica-based reinforcing agent to
t he cont emefegiblyaf Gomltd acles¢ detiiegthetosicnit of thenvremgaodd ﬁ‘c‘ﬂ'rtﬁj)lrllnlt

bl ack) preferably 2.: 1 tog 50.: 1. It is nore preferable _that the .
wei ght £ &6i 1] Dold6y i osler o entigrie dbe (e GhAAREH HEEuoh 284itigR,img

effect, el-nf or ci AN : -

il Tor | Roroas aop e aBl P OB AErEbL Eimount of v Ry FER e By
and. m ca0 mol% or ey heseafretdiabsi L ameoleOuphidre, Agehtr pﬂsﬂaﬂﬂﬁﬁ 20
vinyltrichlorosilane. vinyitriethoxysilane. vinyltris(etboxyethoxyne.

2- (3, 4- e PoRN/C T SIURERYTRCHIIy i TREREKy 40 12618 or more. The amount of
8255 ORI L TR el ane, ek Bec i L oRYL L P B P
LS e oo ar UYL ooy
Polymer composition]
The modified conjugated diene-based polymer of the present
invention can be used in the form of a polymer composition obtained by
15  blending other polymer components and additives therein.
Examples of the other polymer components include a
styrene-butadiene copolymer, polybutadiene, a butadiene-isoprene copolymer,
a butyl rubber, a natural rubber, an ethylene-propylene copolymer and an
ethylene-octene copolymer. One or more kinds of them are used.

20 When the other polymer components are blended in the modified
conjugated diene-based polymer of the present invention, the blending
amount of the modified conjugated diene-based polymer of the present
invention is preferably 10% by weight or more, more preferably 20% by
weight or more, letting the total blending amount of a polymer component

25  (including the blending amount of the conjugated diene-based polymer of the
present invention) be 100% by weight, in order to enhance the fuel cost
saving effect.

Examples of the additive include a vulcanizing agent, a vulcanization

accelerator, a vulcanization activator, an organic peroxide, a reinforcing

30 agent, a filler, a silane coupling agent, an extender oil, a processing aid, an



itap topropyltrine thc)xy silanerami mw)pyltriethoxysilane,

bi s(3-ftriethoxysilyOpropyl) disulfide, bis(3- (triethc)xysilyDpropyn
tetrasul ei de, rtrinethoxvsuvi proovi aigguhvtruocarharnyl tetrasullide,
and. rtrimethoxysilyl propyl benzuthiazyl tetrasuifide. One or nore
kinds of themare used. As a commercially avail able product, trade
nanmes 8i 69 and o manufactured by Degussa can be used 69 Wene

coupl i ng 2agEsing sgpnerddd iubrdmntaodi fi ed conj ugated. di ene-based

pol ymer of the_present pnventjon.to fornmulate.the ble intg a

pol yner conposﬁgﬁgﬂﬁefﬂt Eh Pﬂﬁﬂﬁﬁﬁgﬁgy8¥ﬁFﬂ%s§}P&ngﬁﬁ%ﬁﬁﬁ?%afagent
I s prefesafily ihclRAk bR e isdit b i ' ly
2 parts gy weilg%t tg) o15 e\ggrsts 6’5/& v(\%ﬁ)gl t,e H];':s urt rﬁ?‘slg?g?leﬁgﬁ%g‘gg?o?‘g
by wei ghtulfarldhdpaidisytlispeasihe spHur.100hpaidisdiby aedait ofdfhesi | i ca.
Exanpl es of the extender oi| include an aromatic m neral_ oi

(vi scosi VY gragngagesnst artierabln &l raat heyweshbty 1o Paredey weaght,

napht hen ] il A CL,C . va ~850.10 0.899),.ana . a raf.fin
mner al | SidPeGeR By g Yo Yt B 1y o) Br e eRl ey R Ay

pol ycycl 0% pas®f weselaf tot Mipamstisn@dergiRider 005 £ftgbahldighess thhan 3%
by weight, nore preferably |l ess than 1% by wei ght. The content of

pol yeycl polyaneneimpsenérst. measur ed accordi ng to net hod 346/ 92 of the

I nstitute of PEtroI um I n. addi tion, the cont névof aromatic

conpounds  ( CA) RIS 8%}%;1%1@1%16}4“}0? Hicatear i e agRIpghitseer
nore;n 1. 9y %i%tid?ﬁgce#féﬁqgrso c&lhfssg-rﬁé(}cﬁgg(%en%bt 'a%@ Hfbee%zogliliaz 1
Exanpl es of a process for prodb0|ng a polyner “conposition by englng

t he ot hediqudfiyarind OIpaNENd:5/] anbe@a@hidvesltehdRlemeidrbadhaesd ugat ed
di en. e- based pol ynmer of the present invention include a proces of

kneadi ngVihenyeatidn aeredonitongatiel af eeabatledthoirpmemagpsufelpardent
20 i nventi,on . pol r nponents, . and addi t.ives usin

nead ng eEeney e BBt neemeshidRobaEeY Hes epnetatesnfors
kneadi ngsHBE LN -8y ABHexA-BRBRMS i M i ulfenamide s the kneading
condi ti ons when t%e conmponents are kneaé@g'u3|ng a kneadi ng machi ne,
whenlfan AdthrtibeyblhenzbtianzélbeuMeh £aidei ng agent and the

vul cani zation accel erator is blended, the kneading tenmperature is
usual |y Boexxgshyboe; 2 peareitantale8oenamiBOC and, when the vul cani zi ng

agent ang;.th ul cani zation.acgel erator. are bl ended, the kneadi ng

t enper at gTr}éX e&?{lggedla. éefﬁﬁ%l%?oq?%@éerr}arﬁjr%f@ 'y roomtenperature to
80C. Thenkreadksrdply - hehAdehialzb¥ 3 U 8860065 A @ c3nHiANILSed _
preferably 1 mnute 30 to 30 mnutes. In addition, a conposition with

t he vul cunicainngptageatcedaditors such as diphenylguanidine, diorthotolylguanidine,

20  and orthotolylbiguanidine. The blending amount of the vulcanization
accelerator is preferably 0.1 part by weight to 5 parts by weight, more
preferably 0.2 part by weight to 3 parts by weight per 100 parts by weight of
the polymer component.

Examples of the vulcanization activator include stearic acid and zinc

25 oxide. Examples of the organic peroxide include dicumyl peroxide and
ditertiarybutyl peroxide.

Examples of the reinforcing agent include a silica-based reinforcing
agent and carbon black.
Examples of the silica-based reinforcing agent include dry silica

30 (anhydrous silicic acid), wet silica (hydrous silicic acid), colloidal silica,



70 the vul cani zation accel erator bl ended therein is usually used
after being subjected to a vulcanization treatnent such as press

vul cani zation. The vul cani zation tenpgrature is usually 120C to 200C,
preferably 14.0C to 180C. The pol yner conposition of the
present invention excellent in the fuel cost saving effect, and is
suitably used in tires. Exaitipl lysical property assessnent was

per f or medrbgipttaged ailicay caloiuretshloeits, and alm::wwmvalhcm; t YOne or moreThe

K630 ( 1GGHIE ObtheRSaREEGAEwGr nyibeOBRASREGHIY PGPS bt Lot D7
bonds 01 :5;r BALYITEE RS, baledsLLom: AR89 Pt e q;m%gs%bﬁy%at

ar ound 91 I's an sor pti1 ol peak of "a vin

i nfrar ed sspeetress @@measur@aemamgf toSASTMEM%EOZ{ unA@ a memaubt )
The content of a styrene unit of a gggr was obtained froma 20

ref r aet i wWo¥ailagbemudast.dirage nenm Eilwasé 39 gmnufactumsiduPagueed.ght
OSSR SN, oo e Tl VR B oustags aRfechlan apLant (M
pe e | oo et (R upder e ol agicanid s
pol ynmer \&sdobtan medised.
Examples of carbon black include channel carbon black such as EPC,
10 MPC and CC; furnace carbon black such as SAF, 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 kinds of them can be
used.
The nitrogen adsorption specific surface area (N2SA) of carbon black
15  is preferably 5 m?/g to 200 m?/g, and the dibutyl phthalate (DBP) absorption
amount of carbon black is preferably 5 ml/100 g to 300 ml/100 g. The
nitrogen adsorption specific surface area is measured according to ASTM
D4820-93, and the DBP absorption amount is measured according to ASTM
D2414-93. As a commercially available product, trade name DIABLACK
20  N339 manufactured by Mitsubishi Chemical Corporation, trade names
SEAST 6, SEAST 7THM, and SEAST KH manufactured by Tokai Carbon Co.,
Ltd., and trade names CK 3 and Special Black 4A manufactured by Degussa

can be used.

When the reinforcing agent is blended in the modified conjugated

)

diene-based polymer of the present invention to formulate the blend into a
polymer composition, the blending amount of the reinforcing agent is
preferably 10 parts by weight to 150 parts by weight per 100 parts by weight
of the blending amount of the conjugated diene-based polymer of the present
invention. In order to enhance abrasion resistance and strength, the

30 blending amount is more preferably 20 parts by weight or more, further



tus: HLC 3220 manufactured by Tosoh Corporation (2) Separation

col um: TSKgel Superl TMElI (two colums in series) manufacture by
"Pasch Corporation (3) Measurin.g teggerature: 40C (4) Carrier:
tetrahydrofuran Flowrate 0,6 :int:train Injection amount: 5 kL
Detector: differential refraction. (8) Ml ecul ar wei ght standard:
standard. pol ystyrene 5. Fuel cost saving effect A strip-like
test pi epeeleraldlynifi partaibat weigho ommore. | dngirdentdenhanemrdinfartinkness

was punched out fr.o heet-|i ke .vul cani zed | di ng, and was

ubj bt od bR Hies e DRRORE AT EHRE ERTaBs L) SgErey Heraht s
pi ece at t -0 measured with a

vi scoel aé(?siscﬁ%ﬁégb%fggﬁlrg%@a}%%‘ggg?ﬁ& Prgéfj actured by Ueshi paa

Sei sakushe Co. Whdrdthe taidércidpeagartdisthlomdedin thesinfodifiled ednjh¥aeadl a
frequency of 10 Hz. As this value is snmaller, the fuel cost saying
ef fect i §ianeckrjesnpolysmerafithpirngsentdpepniies to formulage sheiblend keto est
piece of 4, mmin wdth, 40 .nmip | th and 1.2 mrd.in.thickness S
Punched BUPFromibEtiber. thiRrbfre Bl oo iRy a g Sty
to a teshg thd rbhEor@AS UEEHEI orddi@ol R3HnkaRHE FhelAost sh dr&ge ghhea
tenperature of OC (tan5 (0"C)) was neasured with a viscoelasticity
measur i nleaphag anusur(tineitht actica-bdsebyeinfeshigmgSei is akufirabos() platrey

i 5% and a frequency of 10 Hz, As
b 1

under the condjtions of a strajn of 2
this %y Wenlgilt Oor more, more pre erablfy 70 parts by weight or more, letting the

10  total blending amount of the reinforcing agent be 100 parts by weight.

The weight ratio of the content of the silica-based reinforcing agent to
the content of carbon black (content of silica : content of carbon black) is
preferably 2 :1to 50 : 1. It is more preferable that the weight ratiois 5 : 1
to 20 : 1 in order to enhance the fuel cost saving effect, and enhance

15 reinforcing properties.

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

Examples of the silane coupling agent include vinyltrichlorosilane,
vinyltriethoxysilane, vinyltris(B-methoxyethoxy)silane,

20 B-(8,4-epoxychlorohexylethyltrimethoxysilane,
y-glycidoxypropyltrimethoxysilane, y-methacryloxypropyltrimethoxysilane,
N-(B-aminoethyl)- y-aminopropyltrimethoxysilane,
N-(B-aminoethyl)-y-aminopropylmethyldimethoxysilane,
N-phenyl-y-aminopropyltrimethoxysilane, y-chloropropyltrimethoxysilane,

25  y-mercaptopropyltrimethoxysilane, y-aminopropyltriethoxysilane,
bis(3-(triethoxysilyl)propyl) disulfide, bis(3-(triethoxysilyDpropyl)
tetrasulfide, y-trimethoxysilylpropyldimethylthiocarbamyl! tetrasulfide, and
y-trimethoxysilylpropylbenzothiazyl tetrasulfide. One or more kinds of
them are used. As a commercially available product, trade names Si69 and

30 Si75 manufactured by Degussa can be used.



20 value is larger, gripping properties are excellent, T. Tensile
strength at break (TB, unit: ME's) According to JI'S K6251, using a
No, 3 dunbbell test piece, the stressggqt break of the test piece was
nmeasured at a tension rate of 500 mnimn, 8. Elongation at

breakunit: % According to JIS 1{.6251., using a No. 3
dunbbel | test piece, the elongation at break of the test piece was
measured at a 1 bime siddee ofu GO0 Apdmt is.blesdahpl thelmAdified conjugated

pol yneri zati on, reactor de of stainless steel equipped. with, 30
stirring 'B%s P‘glﬁ{n?er’& rtﬁalprmesmlge tE?Q\ngtlﬁégﬁg,bW%ﬂ‘iTé‘a‘io and

I 3w n eduSt L al.
(Gone £y PoHGhPr FaoBybEaoeR, biEMn: Ahdutibrihe ! AUSIELBlDEARERS
4- met hyl stryfeenBly Bpddinby weddht @t Z@haydngf weriht, adde prdferhblef2 ghiyd Bpe

glyc diethyl ether were placed into the polynerization reactor. Then;
an n- hexarfagBbluld pariefby weiahil furtheunrgiasaliy 15 naita by sorigbhto 14, parts

mol ) was_pl ac in t he | ynerj zati.on reactor, and a

pol yner i }_é’tvlv%ﬁg @35#&8@%&%&’ﬁ'fet‘giﬁz%{is.lﬁﬁatopol ynerization reaction of
1, B-but adi ene, ESLWSRE of (1A ExAnABE BYiSEMERNE: WA REE Iorded &1 a
tenperature in the polynerization 10 reactor of 85C and a stirring

rate of 1@B@cogpty foavify trostsnt GHGLE. valmed adiceni RO tayn eptethaere

continuously supplied to the polynerization reactor. The suppl
anount anlil,e?Ba]tﬁlﬁ) DNifefevoke ®850 0 OgfpieP)t Ard suppagiin mineral il (V.. C.

10  value 0.790 to 0.849). The content of polycyclic aromatics of the extender oil
is preferably less than 3% by weight, more preferably less than 1% by weight.
The content of polycyclic aromatics is measured according to method 346/92
of the Institute of Petroleum (UK). In addition, the content of aromatic
compounds (CA) of the extender oil is preferably 20% by weight or more.

15 One or more kinds of these extender oils are used.

Examples of a process for producing a polymer composition by
blending the other polymer components and additives in the modified
conjugated diene-based polymer of the present invention include a process of
kneading the modified conjugated diene-based polymer of the present

20 invention, other polymer components, and additives using a kneading
machine. Examples of the kneading machine include a roll kneading
machine and a Banbury mixer.

As the kneading conditions when the components are kneaded using
a kneading machine, when an additive other than the vulcanizing agent and

25  the vulcanization accelerator is blended, the kneading temperature is
usually 50°C to 200°C, preferably 80°C to 190°C and, when the vulcanizing
agent and the vulcanization accelerator are blended, the kneading
temperature is usually 100°C or lower, preferably room temperature to 80°C.
The kneading time is usually 30 seconds to 30 minutes, preferably 1 minute

30 to 30 minutes. In addition, a composition with the vulcanizing agent and



mount of styrene was 288 g, To the polyner solution was added 20 mi
of a hexutio- containing 1.2 ml ofl-butandl, and the pol ynmer solution

was stirredfor 15 m nutes. Thep, a cycl obexane sol uti on of
se." butyllithium (sec-butyllithiumcontent 64.0 mnol), and 11.5 ni
(77,2 mol) of 1"ctetramet hyl et hyl enedi am ne were placed into

t hepoyner.ization 20reactor, followed by stirrin.g for 30 m nutes,
Furt her, tba vouearoratobn pachletatyt diarideo) thecepnr i@tuﬂwa%e'[ edvaiéaheings
added,follgmg% $¥ stirring for /15 mnutes, To the ﬁg!yner.solut'on
was added 2T TR VAIFIRAREOR SRR IR ASRIGES & UF Az otret RARO! |
and the - j [ 180 A1 S¢ tihe

o e RAN¥TREa SOk ;eéefnggla%@%g%hgﬁggy 190°81184085c, JRGErathy 1408C to
2-tert-bulyPeCri 3-tert-butyl-2-hydroxy-5-nethyl henzyl) - 4-ni et hyl pheny
i acryiate (trade nane: Sumlizer GM manufactured by Sumtono

Cheni eal Co., ﬂ‘th@_gqum@ cqmpogitéﬁn of the present invention is excellent in the

pent aerythrityltetraki -lauryl thioprepi,anate) (trade nane:

Sami | 1 zef U ST T et h® SO B oI Es  Co. . Ltd ). then, 30
t he pol yner solution was allowed to stand at roomtenperature for 16
hours, 73 and the sol vent was evaporated to obtain polyner.

Ther eaf t dixamhblesr esul ting pol yner was further dried. at 55C for 6

hours under reduced pressure. Assessnent results of the polyner are
shown in Tabl e?’ ysical propayéy As9o At éah) e ke gRE bé(f‘i}@sfeﬁPWh’@g

pol ywr, ﬂ@c'hédgarts by weight of silica (trade nane: Utra.sil 'VN3-0
ma. nuf act'ured by Degussa), 6.4 parts by weight of a silane coupling

agent (tnadeodiriBiis&<8E mnufact ured by Degossa), 6,4 parts by wei ght
of carbon black (trade nane: DI ABLACK
The Mooney viscosity of a polymer was measured at 100°C according

to JIS K6300 (1994).
2. Amount of vinyl bonds (unit: mol%)

15 The amount of vinyl bonds of a polymer was obtained from an
absorption intensity at around 910 cm'! which is an absorption peak of a
vinyl group, by infrared spectroscopy.

3. Content of styrene unit (unit: % by weight)

The content of a styrene unit of a polymer was obtained from a

20 refractive index according to JIS K6383 (1995).

4. Molecular weight distribution (Mw/Mn)

The weight average molecular weight (Mw) and the number average
molecular weight (Mn) were measured by a gel permeation chromatography
(GPC) method under the following conditions (1) to (8), and the molecular

25  weight distribution (Mw/Mn) of a polymer was obtained.

(1) Apparatus: HLC-8220 manufactured by Tosoh Corporation
(2) Separation column: TSKgel SuperHM-H (two columns in series)
manufacture by Tosoh Corporation
(3) Measuring temperature: 40°C
30 (4) Carrier: tetrahydrofuran



N339 manufactured by M tsubishi Chem cal Corporation), 47.6 parts by
wei ght of an. extender oil (trade nanme: 3.0M) Process NC 1.40

manuf actured 10 by Japan Energy Corpofation), 1.5 parts by weight of
an ardi agi ng agent (drade nane : Antigen 3C nanufacttoi ed by Smitono
Chem cal Co., Ltd,), 2 parts by weight of ste.aric acid, 2 parts by
wei ght of zinc flower, 1 part by weight of a vulcanization

accel er af®r Flow age: AadmL/Boxi nol CZ manuf act ured by Sumitono

Chem cal . Co., Ltd..), 1 part by weight of a vul canization

accel er at(@rh'{J?‘Ffé\Qiéawt' gidi‘)h nol D manufactured by Sumitonp Chem 1.5

parts by haht .. of. tr : Sunnoc N manufactured by Quchi
Shi nko dgmbg%cu?{]ggfsf%ﬁg}(alégﬁ%cﬂ??) and 1.4 parts by wei ght of

sul fur wegenvikneadedwaidit RahabeplashdaRpbhlyb®rehepare a pol yner
conposition, The resulting polynmer conposition was nolded into a
sheetb wi HhFaebcostctaving bffe@0 and t he sheet was heated to vul cani ze at

160C for 45 mnutes t repare a,yul cani zed. sheet of 150 ram.i
width, 150 111 1sfr1pﬁf1§%ﬁ5%tmle%af ‘¥P§nr1£‘r?ﬁ"} hy ) DRHSRTeREHR ARGsh BB

dih, 1S ; |
P R A A i e A e

steel equuppettdvid b tést. SThithe RgedRNeaRndf tianlokHtefigalt ofel 1eae pddce2f: &
was washed, dried., and replaced with dry nitrogen. Then, 10.2 kg of
i ndust ri a¢mpexaivee CEFAE LB 0608 yasmdasuzedh skl eriascopdmstipity

SR TENEN W N VR R,
o eced | St ook ot Tty H0TLELaRS
pl aced i mhbud tresmpallynehe fatli @st seacigaffecanderceljpaltymeri zat i on
react oNg! L\ji'ilipniintc'gip(’J}:E)1(:3l((311"1:ies
A strip-like test piece of 4 mm in width, 40 mm in length and 1.2 mm

15  in thickness was punched out from a sheet-like vulcanized molding, and was
subjected to a test. In the measurement, the loss tangent of a test piece at a
temperature of 0°C (tand (0°C)) was measured with a viscoelasticity
measuring apparatus (manufactured by Ueshima Seisakusho Co., Ltd.)
under the conditions of a strain of 2.5% and a frequency of 10 Hz. As this

20  value is larger, gripping properties are excellent.

7. Tensile strength at break (TB, unit: MPa)

According to JIS K6251, using a No. 3 dumbbell test piece, the stress
at break of the test piece was measured at a tension rate of 500 mm/min.
8. Elongation at break (EB, unit: %)

26 According to JIS K6251, using a No. 3 dumbbell test piece, the
elongation at break of the test piece was measured at a tension rate of 500
mm/min.

Example 1

A polymerization reactor made of stainless steel equipped with a

30 stirring device of an internal volume of 20 L was washed, dried, and replaced



A copol yneri zation reaction of 1, 3-butadi ene, styrene. and

04- net hyl styrene was perfornmed at a tenperature in the polynerization
reactor of 65C and a stirring rate of7430 rem while 1, 3-butadiene
and styrene were continuously supplied to the polynerization reactor.
After 20 minutes from polynerization initiation, 20 m of a hexane
solution containing 1.51 g (12.8 alma of 4-nethylstyrene was rapidly
pl aced 16vithtdoy wherogehyngherald @rkg ebictdustatl hexmiwéienb‘ztatfi&mkg/mﬂ,

f ' C and P rri t f 130 t 20 m nut
1 om 1 hatbCbd YoF. A0t R SR HoF ool gias{{@moﬁi Py 20 m of
P b R e R M

t enper at diehgl 682G w8tk plastd Hhidthe B1OnRliZb3RnM RAktA t €hed, BaUrs and.
20 mnutes from that (after 3 hours from polynerization initiation),

20 m 5 of naheweszeneolybibutafanbeaAtithinim fn-bugythofm ronbentahbl mawmlhdded
to the po r. solutio and the polyner solution.was stirred for 15
mi nut e, PTG CSRER S RABIRTTEHIEN SEERAREna PP DU OROREr ASHH B was
912 g, angitifrgqsupply anount of styrene was 288 g. Then, a

cycl ohexane solution of sec-butyllithiumlvihthiumcontent 64.0 ran,
ay and 11.5 m A(copoBrmeripptiof réadtich 2f 1 Sthhanmetidnd, stinenenedidam ne were
pl aced into the poly ei"zation reactor, followed by stirring for 30
mi nut es. 4'methy1§€)frpﬁgma%gelé'omgqi app@ temperature in the polymerization

(5 (ot pebprcmil (L el enp e s okl b
Lo Al anaaptaiT ey st ol b aplppaad e g i o
wer e addeea@of dl'loé supply amount of 1:3-butacfiene was 912 g, and the supply
amount of styrene was 288 g.
To the polymer solution was added 20 ml of a hexane solution
15 containing 1.2 ml of 1-butanol, and the polymer solution was stirred for 15
minutes.

Then, a cyclohexane solution of sec-butyllithium (sec-butyllithium
content 64.0 mmol), and 11.5 ml (77.2 mmol) of
1,1,2,2-tetramethylethylenediamine were placed into the polymerization

20  reactor, followed by stirring for 30 minutes.

Further, 64.0 mmol of [3-(diethylamino)propylltrimethoxysilane was
added, followed by stirring for 15 minutes.

To the polymer solution was added 20 ml of a hexane solution
containing 4.0 ml of methanol, and the polymer solution was stirred for 5

25  minutes. Then, to the polymer solution were added 8.0 g of
2-tert-butyl-6-(3-tert-butyl-2-hydroxy-5-methylbenzyl)-4-methylphenyl
acrylate (trade name: Sumilizer GM manufactured by Sumitomo Chemical
Co., Ltd.), and 4.0 g of pentaerythrityltetrakis(3-laurylthiopropionate) (trade
name: Sumilizer TP-D manufactured by Sumitomo Chemical Co., Ltd.), then,

30 the polymer solution was allowed to stand at room temperature for 16 hours,



$02frert-butyl-6- (3-tart-butyl -2-hydroxy- nethylbe n.zyl) -4- ne

t hyl phe lay! acrylat,nane: Sun ilizer GM nmanufactured by S untono C
hem ca] Co., Ltd), and 4.0 g of pentaegythrityltetrakis(3-laus h.
Tropion.a' e name: Sumlizer TP-D manufactured by Sumtono Chem cal
Co., Ltd.), then, the polymer solution was allowed to stand at room
tenperature for 16 hours, and the solvent was evaporated, to obtain a
pol yner . afhetheafol et wheevesaratedgp polaynmerpolsnsrf uThbesaftkrn €eHde at 55C
for 6 hours under reduced pressure. Assessnment results of the polymner
are showdeSylngaplgmer VVI’h-“eert har guep it t59°byionsi frs smdergedused t i ng
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Ltd.), 1 part b%@V\IEI ght of a vul cani zati on accel erator (trade nane:

30xu nol Derglrupiaen axemdey oduiradmpadredDdaD Kwceso (-1 40 manubcpardds
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conposi tion. The resulting polyner conp03|t| on was rm into a

sheet w phra iy wecdhtradldteardodcidie sheebywasigheaf ehctftowel, damizéyat

160C for 45 mnutes to prepare a ZSMI cani zed sheet of 150 mmin
width., 1502k ¢ Kulcengeaiiompereleratpmitrade Rrakn S9EinotHel meanitast wied

.ﬁ).g)éflecil b9r§ﬁﬁ{t%¥10aéﬁgm1c rtEO OLt& 5161 gglli‘t aylwze?&lt ct}ea Vuflcamza ?(;AII? in

15  accelerator (trade name: Soxinol D manufactured by Sumitomo Chemical Co.,
Litd.), 1.5 parts by weight of a wax (trade name: Sunnoc N manufactured by
Ouchi Shinko Chemical Industrial Co., Ltd.), and 1.4 parts by weight of
sulfur were kneaded with a laboplast mill to prepare a polymer composition.
The resulting polymer composition was molded into a sheet with a 6 inch roll,
20  and the sheet was heated to vulcanize at 160°C for 45 minutes to prepare a
vulcanized sheet of 150 mm in width, 150 mm in length, and 1.2 mm in
thickness. The results of physical property assessment of the vulcanized
sheet are shown in Table 1.
Example 2
25 A polymerization reactor made of stainless steel equipped with a
stirring device of an internal volume of 20 L was washed, dried, and replaced
with dry nitrogen. Then, 10.2 kg of industrial hexane (density 680 kg/m3),
608 g of 1,3-butadiene, 192 g of styrene, 1.51 g (12.8 mmol) of
4-methylstyrene, 6.1 ml of tetrahydrofuran, and 4.4 ml of ethylene glycol

30 diethyl ether were placed into the polymerization reactor. Then, an



Exanpl e 3 A pol ynerization reactor made of stainless steel

equi pped with a stirring device of an internal volume of 5 L was
washed, dried, and replaced 76 wthiegen, Then, 2 55 kg of

i ndustrial hexane 137 g of 1.3-hutadiene, 43 g or styrene, 1,74.4

mi cd) of 4-nethylstyrene, 1,52 m of tetrahydrofuran, and LOU nil of
et hyl ene glycol diethyl ether were placed into the polynerization
react or, nfhetmne ssiutionns:n-baeylKohiuinh Gin-befty Mithitnl dointdritud.4 mmol) was
Gai butyl l'ithium content 3.61 nanp9 was placed into the polymerization
react or, Pastedainpetherdelviaeiiertioe setqton anssa Pabtmatisdtion Aeaction was
copolyneqi%a%iﬁn reaction of 1, 3-butadiene. styre.ne, and.

zrimet hylrs‘HﬁS e was perforned at a tenperature in the polynerization

reactor of 65'@ @pdiydeSbhfibhRladtddieoPl 313Gk AdpMd QydrRoae and 30
m nutes, 10 while 1., 3-butadi ene and styrene were conti nuously

suppl d ed 4t metihglsgoleyrer i zptiforme e ac toremdre tsreppl theapuynterofation

1, 3- but adi ene $.2Q5 and the supply, amount of styrene s 65 g. To
the pol yﬁ%@ct%\lggﬁ?o&a@saaea@agga 3£ 30 rhim avhules bR i B BN ng
0,26 nu i (o) i - St for

m nut es. %ﬁéﬁﬂg%l?qg&%) %{%ﬁgg(s gr?nS %ﬁéﬁ?%ﬂ%&b%r%ﬁ{ Hd 6k
sec-butyilithi ustdry30 ihite® Romt ©dlhnd?i A tiomiitiafidnd 28 2ndf { B8x&ne

m ned) of 1,1,2,2-tetranethyl et ?8yl enedi arni ne were placed into the
pol ' yner isghttem eadeimng ¥.61 igdwad mimyols vf Anheiduyfleiyrene masuresdly placed

Further, .23 & nanol of, [ 3(di ethyl ammo) pr opyl L0l et hoxysi lage s,
a stirring rate of 130 rpm.

After 20 minutes from that (after 40 minutes from polymerization
initiation), 20 ml of a hexane solution containing 1.51 g (12.8 mmol) of
4-methylstyrene was rapidly placed into the polymeriza_tion reactor at a

15 polymerization temperature of 65°C and a stirring rate of 130 rpm.

After 2 hours and 20 minutes from that (after 3 hours from
polymerization initiation), 20 ml of a hexane solution containing 1.2 ml of
1-butanol was added to the polymer solution, and the polymer solution was
stirred for 15 minutes. The supply amount of 1,3-butadiene in

20 polymerization was 912 g, and the supply amount of styrene was 288 g.

Then, a cyclohexane solution of sec-butyllithium (sec-butyllithium
content 64.0 mmol), and 11.5 ml (77.2 mmol) of
1,1,2,2-tetramethylethylenediamine were placed into the polymerization
reactor, followed by stirring for 30 minutes.

25 Further, 64.0 mmol of [3-(diethylamino)propylltrimethoxysilane was
added, followed by stirring for 15 minutes.

To the polymer solution was added 20 ml of a hexane solution
containing 4.0 ml of methanol, and the polymer solution was stirred for 5
minutes. Then, to the polymer solution were added 8.0 g of

30 2-tert-butyl-6-(3-tert-butyl-2-hydroxy-5-methylbenzyl)-4-methylphenyl



To the polynmer solution was added 5 ml of a hexane containing 1.0 ml
of methanol, and. the polyner solution was stirred for 5 m nutes.
Then, to the polyner solution were added 1.8 e of 2- tert-bu

| i64(3-tert-butyl-2-hydroxy-5-m othyl benzyli;;yl phenyi acrylate
(trade nane Sunailizer GM manufactured by Sum tono Chem cal

Ltd.)" and 0.9 g of pentaerythrityltetraltis(3-1aurylthiopropionate)

(trade naweylaSeflirhie ennld-Immel: aEtuned ubyctSusd beBurchemoc@he n@0al
Ltd.), then, the pol ymer solution was allowed to stand at room
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antiagi ng agent 10 (trade nane: Anti %en 3C manu?actur ed by Sum tono
Cheni cal vweaght pf silipa (tzapiarrtasn@yUMEa N Nt Gstremamiifectagied by2D panssa) bg. 4
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parts by N&SDhtanffaeuned b&tMMQtheiumal orpbrraiv) act 8red-tbyyOuch/
Shi nko Chem cal I ndustri al ., Ltd.), and 1,4 parts by weight of

sul fur wfeéghh@%@l@@xtﬁnder@ﬂ radphaste’ FONO Broseep i@ léopnaw&ctured

I | t
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Table 1, Exa
welg}r;?of(3 a vulcanization accelerator (trade name: Soxinol CZ manufactured

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

accelerator (trade name: Soxinol D manufactured by Sumitomo Chemical Co.,
20 Ltd.), 1.5 parts by weight of a wax (trade name: Sunnoc N manufactured by

Ouchi Shinko Chemical Industrial Co., Ltd.), and 1.4 parts by weight of

sulfur were kneaded with a laboplast mill to prepare a polymer composition.

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

and the sheet was heated to vulcanize at 160°C for 45 minutes to prepare a
25 vulcanized sheet of 150 mm in width, 150 mm in length, and 1.2 mm in

thickness. The results of physical property assessment of the vulcanized

sheet are shown in Table 1.

Example 3

A polymerization reactor made of stainless steel equipped with a

30 stirring device of an internal volume of 5 L was washed, dried, and replaced



A polynerization reactor made of ainless steel equipped with a ing
device of an internal volunme of 5 E was washed, dried, and. repl aced
Then, 2.55 kg of industrial hexane (dgnsity 680 kgim 3), 137 g of

1, 3- hut adi ene, 43 g of styrene, 3.89 g (28.7 muol) 4-nethylstyrens,
1.52 Ml of tetrahydrofuran, and. 1.09 m of ethylene glycol diethyl
ether were placed into the polynaerization reactor. Then, an

t bi | exan&itlotuy noogsn.36Themud.yb kgt dfi inugtridlugaariet (danmte Gf0ke/ 1826 1
mm' 1 wa | aced_into.the 8 | ymeri i 0 act or, d a

ol yrrer | JATIET PadtRdiRendd & dHaT a1 X EobAyRERL.L B thalitsrene,
of 1, 3- bytsd]

Femper at a2 T of b ot FREurBE and TROM) O MU IR SR CPAIEE TR L Fere
of 130 r phadedrino tigupslyandid3Qidh fadcess. Wtdre ah S-Hewbhadisengiandf
styrene were continupusly supplied to the polynerizati onThe supply
amourmt  oft-utzliiise @h‘bu Ethosn gontend & Gt wuppl Wasptasad 160 tigr ene

was 65 € po r i on was hexane

g. . Ib th |y soj.utio added 5 m. of a
sol ut T onPeBARSEIF g BasBOTar = BObIR IAitSR s s Binia®dor vt on
was stirred fop cbpoRinitSstiod Bedbtich SYERBANGRANG S QtHbhenaRd sec’ -. m
(sec-butyllithiun content 43.1 nmmol), and. 7, 70mol
1,1, 2, 2, 4tmettlatetyryhb it aaylefietahine taererptacdd thetmlyherization
pol ymeri zati on £eac or

Fur t her , ToRgtar of @Y apfl %%El!trgilmgg %%b%gﬁgﬁggyémqq%%m%ﬁ%e

was Ia(gdegv’hil'ef ﬂbl%ﬁiﬁ% éﬁ& rs&irgge fv%re ]c%ngfn%%hgﬁf supplied to the
polymerization reactor. The supply amount of 1,3-butadiene was 205 g, and
the supply amount of styrene was 65 g.

To the polymer solution was added 5 ml of a hexane solution
containing 0.26 ml of 1-butanol, and the polymer solution was stirred for 15

15 minutes.

Then, a cyclohexane solution of sec-butyllithium (sec-butyllithium
content 23.8 mmol), and 4.32 ml (29.0 mmol) of
1,1,2,2-tetramethylethylenediamine were placed into the polymerization
reactor, followed by stirring for 30 minutes.

20 Further, 23.8 mmol of [3-(diethylamino)propylltrimethoxysilane was
added, followed by stirring for 15 minutes.

To the polymer solution was added 5 ml of a hexane solution
containing 1.0 ml of methanol, and the polymer solution was stirred for 5
minutes. Then, to the polymer solution were added 1.8 g of

25  2-tert-butyl-6-(3-tert-butyl-2-hydroxy-5-methylbenzyl)-4-methylphenyl
acrylate (trade name: Sumilizer GM manufactured by Sumitomo Chemical
Co., Ltd.), and 0.9 g of pentaerythrityltetrakis(3-laurylthiopropionate) (trade
name: Sumilizer TP-D manufactured by Sumitomo Chemical Co., Ltd.), then,
the polymer solution was allowed to stand at room temperature for 16 hours,

30 and the solvent was evaporated to obtain a polymer. Thereafter, the



To the polynmer solution was added 10 m of a hexane sol ution
containing 2.6 m of nethanol, and th.e polyner solution was stirred.
for o mnutes. Then, to the polynmer spjution were added. 1.6 g of
202-

tert-butyl-6-63-tert-butyl-2-hydroxy-5-neth:ythenzy0-4-nethyl phenyl
acrylate (trade name: Sum lizer GM manufactured by Sum tono Chem cal
Co,, Ltdresulting ®wlpmgr efas further dried at 55°C for 6 hours under reduced
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hours_under reduced pressure. Assessnment results of the polyner are
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coupl i ngl\m%aﬁhfét@ﬁré@ﬁ'%l\d@s@@isﬂﬁmﬁfeﬁﬁﬁﬂ €6rp PUtioRR Y. 6 phrBARYS DY
wei ght of carbon bl ackDl ABL, N339 manuf acturecP by M t'subi Shi Chem cal
Cor por at wenght A Bexantsr byl Wedghtant: A0MQtRodess Nid-140 nadeufatwred
JOVOD Pr oge NCJ40 manuf act ur.ed, by | apa% Energy Corporation), 1,5
parts by M;Jisa@ﬁfl pergy GRRPOragomy lagentts by waee TNARTlgEH&agent
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Sum tonmo Chemical . Co., Ltd..), 1. part by weight of a vulcanization
accel er aweigltt ofzdeulsanezatBoxicrelerBtomttvd de hamed SoyiiiZ o Ghetrieal

Co., 10 Ltd..), 1<5 t i t. of (.t : N
Co - 0K dospaia by velgn e e (L name Snnec
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prepare a polymer conposition. e resul'ting pol’ymer conposition was

mol ded | htd.),al.5heets W theighBof Aehuy Grdde anthet Beinsheel masufeaied bp
vul cani ze at 160C) for 45 minutes to :prepare a 15 vul cani zed sheet

of 150 19vehiSpmke Ghamissondamtiial Conditd,), and L4 Dartmby weishtkhess.

e reouL RNk Sl oS LY ARSPRSTEIL, SL ol il can e sheet
stai nl esghateehltBAHAREEMoth&ition was molded into a sheet with a 6 inch roll,
and the sheet was heated to vulcanize at 160°C for 45 minutes to prepare a
20  vulcanized sheet of 150 mm in width, 150 mm in length, and 1.2 mm in
thickness. The results of physical property assessment of the vulcanized
sheet are shown in Table 1.
Example 4
A polymerization reactor made of stainless steel equipped with a
25  stirring device of an internal volume of 5 L was washed, dried, and replaced
with dry nitrogen. Then, 2.55 kg of industrial hexane (density 680 kg/m3),
137 g of 1,3-butadiene, 43 g of styrene, 3.39 g (28.7 mmol) of 4-methylstyrene,
1.52 m] of tetrahydrofuran, and 1.09 ml of ethylene glycol diethyl ether were
placed into the polymerization reactor. Then, an n-hexane solution of

30 n-butyllithium (n-butyllithium content 3.61 mmol) was placed into the



20 stirring device of an internal volune of 20 L was washed, dri ed,
and replaced wth dry nitrogen. Then; 10.2 kg of industrial hexane
(density 680 kglina), Y of 1,3-butadiggpe, 192 g of styrene, 4.56 ¢
(38,6 nano]) of 4 -nmethylstyrene, 6,1 nl of tetranydrofuran, and 4,4
m of ethylene glycol diethyl ether were placed into the

pol yneri zation reactor. Then, an n-hoxane sol ution of
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g, and t Fikupgriutadeant arg sbrenageeeg@nginuously supplied trethsol ymrer
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1.2,2' t eth@BR M@ﬁlhﬁhgapgﬂfgﬁé R 649!l owed by stirring fir 60
m nut es, Further, nol of E.3-(diethylamo)propylitrinettxysilane
added, fol | owedo bie sblyméngpliiiontbasrhdde@s. m16fe hekenpeblution sol uti on
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pol yyeer sglution were added 8.0 g of
Then, a cyclohexane solution of sec-butyllithium (sec-butyllithium
content 43.1 mmol), and 7.70 ml (51.7 mmol) of
1,1,2,2,-tetramethylethylenediamine were placed into the polymerization
reactor, followed by stirring for 30 minutes.
15 Further, 43.1 mmol of [3-(diethylamino)propylltrimethoxysilane was
added, followed by stirring for 15 minutes.
To the polymer solution was added 10 ml of a hexane solution
containing 2.6 ml of methanol, and the polymer solution was stirred for 5
minutes. Then, to the polymer solution were added 1.8 g of
20  2-tert-butyl-6-(3-tert-butyl-2-hydroxy-5-methylbenzyl)-4-methylphenyl
acrylate (trade name: Sumilizer GM manufactured by Sumitomo Chemical
Co., Ltd.), and 0.9 g of pentaerythrityltetrakis(3-laurylthiopropionate) (trade
name: Sumilizer TP-D manufactured by Sumitomo Chemical Co., Ltd.), then,
the polymer solution was allowed to stand at room temperature for 16 hours,
25  and the solvent was evaporated to obtain a polymer. Thereafter, the
resulting polymer was further dried at 55°C for 6 hours under reduced
pressure. Assessment results of the polymer are shown in Table 1.
Then, 100 parts by weight of the resulting polymer, 78.4 parts by
weight of silica (trade name: Ultrasil VN3-G manufactured by Degussa), 6.4

30 parts by weight of a silane coupling agent (trade name: Si69 manufactured



2-tert-butyl-6-(3-tert-butyl-2-hydroxy-5-nethyl benzyl)-4-i nephenyl
acrylate (trade name: Sumlizer GM manufactured by Sum tono Chem cal
15Co., Ltd.), and 4.0 g of 79
pentaerythrityltetrakis(3-1aurylthiopropionate) (trade nane:

Sum |i zer TP-D manufactured by Sum tono Chem cal Co., Ltd,), then,

t he pol yner solution was all owed to stand at roomterrperature for 1.6
hou and tiyeDsplagentt. dasirbyhporeagledof cagbobibdick Grapdd pawre: Dindt oAt Er |
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by Degus$@)Jappar Eﬁeigy @er;ghtan@h) al. Siﬂaaﬂ@byz eaupthingf @gantiaginadgenane:
Si 69 manzf actured by Degussa..), parts by weight of carbon bl ack
(trade naved emm 1&33§Crmnnu§%qtur@hbm‘8umt§m @hemmér@%aLtd)
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manuf actured by Sum tono Chem cal Co., d.), 2 parts by weight of
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of a vul cani zatl OZ 8cel er at or (tr de nape; g fact ur ed
by Sumi t 8fitPlerrdRT tardesiamy 't xynoliD gagpu t%@idéfﬁ Bmlﬁp%%
accel 61 ar9)( L5300 BTG BR ALy B AL RELHL Sty ST LoR: S 59'
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parts by weight of sulfur were kneaded with a | abopl ast mi |
prepare aulforyreee kwmpediwitbra laboplasssullt tnpgrepeiry rmpolqumsmpamtmas
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are 5510V\Nuldmn'[@d21 €hebt of 150 mm in width, 150 mm in length, and 1.2 mm in
thickness. The results of physical property assessment of the vulcanized
sheet are shown in Table 1.
Example 5
A polymerization reactor made of stainless steel equipped with a
20  stirring device of an internal volume of 20 L. was washed, dried, and replaced
with dry nitrogen. Then, 10.2 kg of industrial hexane (density 680 kg/m3),
608 g of 1,3-butadiene, 192 g of styrene, 4.56 g (38.6 mmol) of
4-methylstyrene, 6.1 ml of tetrahydrofuran, and 4.4 ml of ethylene glycol
diethyl ether were placed into the polymerization reactor. Then, an
25  n-hexane solution of n-butyllithium (n-butyllithium content 15.5 mmol) was
placed into the polymerization reactor, and a polymerization reaction was
initiated.
A copolymerization reaction of 1,3-butadiene, styrene, and

4-methylstyrene was performed at a temperature in the polymerization

30 reactor of 65°C and a stirring rate of 130 rpm for 3 hours, while



Exanple 6 A polynerization reactor nade of stainless steel e quipped
with a ring device of an internal volune of 20 L was washed, dried,
and replaced ' Aragon. Then, 10.2 kg ofgindustrial hexane (density 680
kg/ nB), 15608 g of 1, 3-butadiene, 192 g of styrene, 4,53 g (38,4 nano
of 4-nmethylstyrene, 6.1 m of tetrahydrofuran, and 4,4 m of ethylene
gl ycol diethyl ether were placed into the polynerization reactor,
Then, an Indthexadiens elngt styred werd oowytihioislysupphatl yb Ithe molynme tiztiéin
1. 4,9 nanoi j.zation reactor, and a

was_pl aced. i nto the _pol yner
pol yneri ié?%fBFr e SPBRLSEROPDE of i bBtadione was N2 s F3RRYon

reaction - | yJ ene, and 4-nethyl styrene was perforned
at a tenﬁgé%%f%@%%egagglzé% ‘i zation reactor of 6519 and a

stirring rate Ohtcl8Q pepudersoBution kfre Widedl a dydoheitacH edlatiancthf
styrene were continuously supglled to the polynerization reactor. The
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N-[ 3- (di nethybam no) propyl | acryl am de was added, followedtirri 33 15
82

m nut es.
Further, 77.1 mmol of [3-(diethylamino)propylltrimethoxysilane was

added, followed by stirring for 15 minutes.

10 To the polymer solution was added 20 ml of a hexane solution
containing 2.6 ml of methanol, and the polymer solution was stirred for 5
minutes. Then, to the polymer solution were added 8.0 g of
2-tert-butyl-6-(3-tert-butyl-2-hydroxy-5-methylbenzyl)-4-methylphenyl
acrylate (trade name: Sumilizer GM manufactured by Sumitomo Chemical

15  Co., Ltd.), and 4.0 g of pentaerythrityltetrakis(3-laurylthiopropionate) (trade
name: Sumilizer TP-D manufactured by Sumitomo Chemical Co., Ltd.), then,
the polymer solution was allowed to stand at room temperature for 16 hours,
and the solvent was evaporated to obtain a polymer. Thereafter, the
resulting polymer was further dried at 55°C for 6 hours under reduced

20 pressure. Assessment results of the polymer are shown in Table 2.

Then, 100 parts by weight of the resulting polymer, 78.4 parts by
weight of silica (trade name: Ultrasil VN3-G manufactured by Degussa), 6.4
parts by weight of a silane coupling agent (trade name: Si69 manufactured
by Degussa), 6.4 parts by weight of carbon black (trade name: DIABLACK

25 N339 manufactured by Mitsubishi Chemical Corporation), 47.6 parts by
weight of an extender oil (trade name: JOMO Process NC-140 manufactured
by Japan Energy Corporation), 1.5 parts by weight of an antiaging agent
(trade name: Antigen 3C manufactured by Sumitomo Chemical Co., Ltd.), 2
parts by weight of stearic acid, 2 parts by weight of zinc flower, 1 part by

30  weight of a vulcanization accelerator (trade name: Soxinol CZ manufactured



Then, a cycl ohexam solution of sec-but(sec-butyllithiumcontent 64,3
nano, and 1."1 (77.2 mn.60 1. |.,2.2-tetranethyl et hyi enedi am ne were
pl aced into the polymer reactor, follgwed by stirring for 30 m nutes.
Further, 64.0 rnnol of 134di et hyl am no)propi. Lrinethoxysilarie was
added, followed by stirring for 15 njnutes. To the polyner

sol uti onadded 20 m of a hexane solution containing 4,0 m of
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shown in Table "t" Then, 100 parts by weight of the resulting
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manuf act ur ed by Degussa), 6.4 20 parts by weight of spaps; coupling
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oi | (tradganasme:e JOVO Process NC- 140 manufactured y Japan Energy
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4-methylstyrene, 6.1 ml of tetrahydrofuran, and 4.4 ml of ethylene glycol
diethyl ether were placed into the polymerization reactor. Then, an
n-hexane solution of n-butyllithium (n-butyllithium content 14.9 mmol) was
placed into the polymerization reactor, and a polymerization reaction was
20  initiated.

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 supplied to the polymerization

25 reactor. The supply amount of 1,3-butadiene was 912 g, and the supply
amount of styrene was 288 g.

Then, the resulting polymerization reaction solution was stirred at a
stirring rate of 130 rpm, and 12.8 mmol of
N-[3-(dimethylamino)propyllacrylamide was added, followed by stirring for

30 15 minutes.



83 Quchi ; Think Chem cal Industrial Co., Ltd.), and 1.4 parts by
wei ght of sulfur were kneaded. with a |laboplast ml|l to prepare a
pol ymer conposition. The resulting pogyner conposition was nol ded
into a sheet with a "0 inch roll, and the sheet was heated to

vul cani ze at 160"C for 45 mnutes to prepare a vidca.nized sheet of
150 mMmin width, 150 ramin length, and 1,2 tom thickness, The
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15 and the solvent was evaporated to obtain a polymer Thereafter, the
resulting polymer was further dried at 55°C for 6 hours under reduced
pressure. Assessment results of the polymer are shown in Table 2.
Then, 100 parts by weight of the resulting polymer, 78.4 parts by
weight of silica (trade name: Ultrasil VN3-G manufactured by Degussa), 6.4
20 parts by weight of a silane coupling agent (trade name: Si69 manufactured
by Degussa), 6.4 parts by weight of carbon black (trade name: DIABLACK
N339 manufactured by Mitsubishi Chemical Corporation), 47.6 parts by
weight of an extender oil (trade name: JOMO Process NC-140 manufactured
by Japan Energy Corporation), 1.5 parts by weight of an antiaging agent
25  (trade name: Antigen 3C manufactured by Sumitomo Chemical Co., Ltd.), 2
parts by weight of stearic acid, 2 parts by weight of zinc flower, 1 part by
weight of a vulcanization accelerator (trade name: Soxinol CZ manufactured
by Sumitomo Chemical Co., Ltd.), 1 part by weight of a vulcanization
accelerator (trade name: Soxinol D manufactured by Sumitomo Chemical Co.,

30 Ltd.), 1.5 parts by weight of a wax (trade name: Sunnoc N manufactured by



reactor, followed by stirring for 30 mnutes. Further, 14.4: mmol of
[ 3(di et hyl am no) propyli Lrinethoxysilane was added, followed by
stirring for 15 m nutes. To t pol ynmer sol ution was added 5
m of a hexane solution containing 1.0 m of nethanol, and the

pol yner solution was stirred for 5 mnutes. Then, to the polymner
solution were added 1.8 g of utvl- 6 (3-tert -b utyl- 2-hyd
roxy- 5 Owtthyitiehka{IHemial hedustiiphély,| Ligcr, yhat B4 (ar ey manght of
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manuf act upegk by, Degissar s by weight of a silane coupling agent
(trade nane: 5169 rrangl?agth%%d by Deguesa), 6.4 parts by wei ght of

car bon blEagknlrade name: DI ABLACK 20 N3$9 manuf actured by M tsubi shi
Chem cal Corporation), 47.6 parts by weight of an extender oil (trade
name: JOMD Pr ofex3yNErizaing jeaaisrapde o stiinpspatedranggred with a
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[reaction rate: isoprene/3-(N,N-dimethylamino)-1-propyllithium = 2/1 (in

molar ratio), AI-200CE2 manufactured by FMC (cyclohexane solution)], as a
cyclohexane solution, was placed into the polymerization reactor, and a
polymerization reaction was initiated.

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 supplied to the polymerization
reactor. The supply amount of 1,3-butadiene was 205 g, and the supply

25  amount of styrene was 65 g.

To the polymer solution was added 5 ml of a hexane solution
containing 0.26 ml of 1-butanol, and the polymer solution was stirred for 15
minutes.

Then, a cyclohexane solution of sec-butyllithium (sec-butyllithium

30  content 14.4 mmol), and 2.59 ml (17.4 mmol) of



The resulting polymer conposition was nolded into a sheet wwth a 6
inch roll, and the sheet was heated to vul canize at 1.60C for 45

m nutes to prepare a vul cani zed sheetggf 150 mmin width, 150 111111
ri length., and 1.2 mmin thickness. The results of physical property
assessnent of the vul cani zed sheet are shown in Table 2, Exanple 8
A polynerization reactor made of stainless vs, equipped with a
stirring ldb@iZtetofmabhylethdenadiavanemeersfplaced intas haashen erigatie
and. repl aced h dry nitroge 10.2 kg of industrial hexane
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1. .51 g of 4- rr?q] f
et hyI ene glyco Eﬂé‘ﬁél&q e(? ﬁe?édfél&hgﬁgﬁwwo %gnc%o etﬁgr Sgi}i%fégi‘rya%

reactor. aflded, follam&dnbsohtlﬂfmgf@pmmmt@@t ai ned by reacti ng
3- (N, N-d| m et h%gal ni no)-1-propyllithiuni with isoprene [reaction
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reaction of 1,3-butadiene, styrcne, and 4-m ethyl styrene was
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and a stirring rate of 130 rpm far 3 hour whi 3 pbut adi_ene and
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rapidly placed into the polynerization reactor at a pol yneri zat'i on
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15 pressure. Assessment results of the polymer are shown in Table 2.
Then, 100 parts by weight of the resulting polymer, 78.4 parts by
weight of silica (trade name: Ultrasil VN3-G manufactured by Degussa), 6.4
parts by weight of a silane coupling agent (trade name: Si69 manufactured
by Degussa), 6.4 parts by weight of carbon black (trade name: DIABLACK
20 N339 manufactured by Mitsubishi Chemical Corporation), 47.6 parts by
weight of an extender oil (trade name: JOMO Process NC-140 manufactured
by Japan Energy Corporation), 1.5 parts by weight of an antiaging agent
(trade name: Antigen 3C manufactured by Sumitomo Chemical Co., Ltd.), 2
parts by weight of stearic acid, 2 parts by weight of zinc flower, 1 part by
25  weight of a vulcanization accelerator (trade name: Soxinol CZ manufactured
by Sumitomo Chemical Co., Ltd.), 1 part by weight of a vulcanization
accelerator (trade name: Soxinol D manufactured by Sumitomo Chemical Co.,
Ltd.), 1.5 parts by weight of a wax (trade name: Sunnoc N manufactured by
Ouchi Shinko Chemical Industrial Co., Ltd.), and 1.4 parts by weight of

30 sulfur were kneaded with a laboplast mill to prepare a polymer composition.



86 tenperature of 65cC and a stlrnng rate of 130 After 2 hours from
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Cor por at i f ng_ag
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wei ght of a vul cani zati on accel erator (trade name: Soxinol CZ
manuf act spediB0 wys Sweed on CreepdlyalerCmticrdrdactdr, padta bylyweirgietiof a
vul cani zati on
reaction was initiated.
A copolymerization reaction of 1,3-butadiene, styrene, and
4-methylstyrene was performed at a temperature in the polymerization
20 reactor of 65°C and a stirring rate of 130 rpm for 3 hours, while
1,3-butadiene and styrene were continuously supplied to the polymerization
reactor. The supply amount of 1,3-butadiene was 912 g, and the supply
amount of styrene was 288 g.

After 20 minutes from polymerization initiation, 20 ml of a hexane

bo
(]

solution containing 1.51 g of 4-methylstyrene was rapidly placed into the
polymerization reactor at a polymerization temperature of 65°C and a
stirring rate of 130 rpm.

After 40 minutes from that (after 60 minutes from polymerization
initiation), 20 ml of a hexane solution containing 1.51 g of 4-methylstyrene

30 was rapidly placed into the polymerization reactor at a polymerization



accel erator (trade nane Soxi nol D nmanufactured by Sum tono Chem cal
Co,, Ltd), 1.5 parts by weight of a wax (trade nane: Sunnoc N

manuf actured by Quchi Slink Chem cal ggdustrial Co., Ltd), and 1,4
parts by weight of sulfur were kneaded with a | aboplast mll to
prepare a pol yner conposition. The resulting pol yner conposition was
nol ded into a sheet with a 6 inch roll, and the sheet was heated to
vul cani zéerapenBoe: P665AG amdraisesring rpiephi 80 apmul cani zed sheet. The

results of physica ropert S e, of the vul cani.zed sheet ar
oo Tl CRsSe e R R (ARS Bl oSy YRR Pe gt S,
made of i 1l I i -\ T i

s or ol o) DRERt TR AEAIRIEE M RReRr ot T BTN, SO0 Bhe

ni t r ogenpolfhesy sdubibnkgndfthe pdlgher ablubxanes coensi foy 168mingutss/ g of

1, 3-but adi ene, 43 g of styrene, 1.52 nl of tetrabydrofuran, and 1,09
n  of9 et hyl eneThepcaryelpberime stlhsionwrsecuarddhipmdse¢iputyllithium

| ymeri zat | - lution of .. .
bty | P A CheRaoyn e A et doheentc zog il e Siieming wgre
into t hepnokynags tahbGMIEAMG roRRGr, ToIRRYYITBYIERAtIRNOE GAGHH QB UAS

initiated. A copolynerization. reaction of 1, 3-butadi ene and styrene
was performed Burtheredpdrmmo of i3 (dieehplanyimeiimayi]lonnreéhaetyrilafe 65€

27 2 R RIS ST by ot 210 55 Tyt v
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I'inatano, |, and the polynmer solution was stirred for 15 m nutes.

Then, a oyohétrexdrieersdbibe eolohenecltion werhiided §dcgufyl | hi um
11, 2. 2- FaeraRePRTT G T dhar an ey mesrepehay fismeteyipheny]
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15 Co., Ltd.), and 4.0 g of pentaerythrityltetrakis(3-laurylthiopropionate) (trade
name’ Sumilizer TP-D manufactured by Sumitomo Chemical Co., Ltd.), then,
the polymer solution was allowed to evaporate at normal temperature for 24
hours, and further dried at 55°C for 12 hours under reduced pressure to
obtain a polymer. Assessment results of the polymer are shown in Table 2.
20 Then, 100 parts by weight of the resulting polymer, 78.4 parts by
weight of silica (trade name: Ultrasil VN3-G manufactured by Degussa), 6.4
parts by weight of a silane coupling agent (trade name: Si69 manufactured
by Degussa), 6.4 parts by weight of carbon black (trade name: DIABLACK
N339 manufactured by Mitsubishi Chemical Corporation), 47.6 parts by
25  weight of an extender oil (trade name: JOMO Process NC-140 manufactured
by Japan Energy Corporation), 1.5 parts by weight of an antiaging agent
(trade name: Antigen 3C manufactured by Sumitomo Chemical Co., Ltd.), 2
parts by weight of stearic acid, 2 parts by weight of zinc flower, 1 part by
weight of a vulcanization accelerator (trade name: Soxinol CZ manufactured

30 by Sumitomo Chemical Co., Ltd.), 1 part by weight of a vulcanization



Further, 14.4 mmoi of |.3-(diethylam no)propylitrinmet added, followed
by stirring for 15 m nutes. To the polynmer solution was added 5
m of a hexane solution containing 1,87.a0 of nethanol, and the

pol ymer solution was stirred for 5 mnutes,. Then, to the pol yner
solution were added 1.8 g of 2
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agent (trade nane: Si 69 manufactured by gussa), 6.1 parts by weight
of car borublaadked theedenrnatewnDHABAAEK.N339 manuf act ured by Mt subi shi
Chem cal Corporation), 47.6 parts by wei ght of an extender oil

(trad. e FamParpeve Praeess INC 140 manuf act ured 20 by Japan. Energy
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wei ght oktistieardevi@chfthn Zateansll Sol el Dtw e waishedf d:Qver and repRickdby
of a vul cani zation accel erator (trade nanme: Soxim | CZ manufactured

by Sumi t erth GhemiwakeCo. Therd2.5) Ke plimd ustriakhepfrnaofdeasityl @hkganion
accel era (t name: Soxi nol D manufactured by.Sum tonmo Chem cal
ety 498 et D LT g o Cestasg S e e AT AR R, and 165
manuf act : i ) i I ..:and 1,4
par 1ty e sty Ty AL AEGLEREILE Glnd BEHEHLR) efpolyrtéhidg iAo

prepss e aepRby METheOMROsiid@me sbivetise sbhth g lipiviietn-batgdshiian was
nol ded into a sheet with a 6 inch roll, 30 and the sheet was heat ed

to vul capdienst3. AGoenpBrwasplicadtinty the peleprmrezadiorseacior anidzed sheet

of 150 mmjn w.dth,mmin.length,.and. 1.2 mmin thickness. The results
of physi Baiynﬁ?%ﬁ%trl?’?/r%@@é‘é“sﬁ%ﬁﬂhwat{eﬂe vul cani zed sheet are shown in

Tabl e 3. Referangg BXABRLEion reaction of 1,3-butadiene and styrene was

performed at a temperature in the polymerization reactor of 65°C and a

20  stirring rate of 130 rpm for 2 hours and 30 minutes, while 1,3-butadiene and
styrene were continuously supplied to the polymerization reactor. The
supply amount of 1,3-butadiene was 205 g, and the supply amount of styrene
was 65 g.

To the polymer solution was added 5 ml of a hexane solution

25  containing 0.21 ml of 1-butanol, and the polymer solution was stirred for 15
minutes.

Then, a cyclohexane solution of sec-butyllithium (sec-butyllithium
content 14.4 mmol), and 2.59 ml (17.4 mmol) of
1,1,2 2-tetramethylethylenediamine were placed into the polymerization

30 reactor, followed by stirring for 30 minutes.



In the Exanple 2, the foll ow ng experinent was perforned so as o find
t he degrees of progress of polynerization after 20 m nutes from
polymerization initiation and after 4fsm nutes from pol ynerization
initiation, A polynerization reaction was initiated int sanme manlier
as ha the 10 Exanple 2, and a copol ynerization reaction of

1, 3-but adi en, styrene and 4-inethyl styrene was perfornmed. while

1, 3hut adi eneanfustharehé.4vane] adns i(dieobglayniswppiobgtttimethexysilane was
pol ymeri zati on reactaqor. The sypply anounts of 1, 3-butadi ene and
styrene \ﬁgFl% 1R 0FE Ya@ﬂh%%@é e After 20 minutes from
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(12. 8 mmalo), Iofd. 4 anet hglestfpeanaewadritaite thakiglBdaadyithiprop@nate) (trade
pol ymeri zation reactor_at a polynerization tenperature of 65C and a
stirringhpate Serminer FD menpiectiiet 8y S empnekremaaliGonlthbdben,
0,5 t I = di at el dded Af t h d. 20
m nufbs PRORPRRAE rlRBen R b ey sBRIH pheora PR Attt oo vose
m of a hayane ssRldHiwik EPHALBDED dbtdifla Kilyhrdut aRaleWaS, ghded to
t he pol yner solution, and the polyner solution. wa.s 30 stirred for

1.5 m nuresultifiggmlyakowtasifirtheodrichet pé¢rfer 6salwtionienasduced
w t hdrawn, The pol ynmer sol uti opsﬁ\éyithdrgﬁmg after, 20 m s _and after
40 ni nut BEeSUERn pOPSaremeRdties Rt i tha PPorRaharas ke dermbMasi on

procecre of pRUEIOGRALANGLiom O LR R Ay OB AETRLA e
Thergaf t @leiglet ORdiBeH(1RE dWeiaghd: 10ftr 24T VNP By AR MRS uFBA DY BELuAS) e
result, the nol ecul ar wei ght of the polyner solutions wthdrawn after
20 mi nut esrtary weight of e silane esuflingmpetbty/teade asiven Sieh tiatifontwed
after t eE{rﬁ ﬂeagtdsgg),%r.g %%(Ij'ysrt?y ggeight of carbon black (trade name: DIABLACK
N339 manufactured by Mitsubishi Chemical Corporation), 47.6 parts by
weight of an extender oil (trade name: JOMO Process NC-140 manufactured
20 by Japan Energy Corporation), 1.5 parts by weight of an antiaging agent
(trade name: Antigen 3C manufactured by Sumitomo Chemical Co., Ltd.), 2
parts by weight of stearic acid, 2 parts by weight of zinc flower, 1 part by
weight of a vulcanization accelerator (trade name: Soxinol CZ manufactured
by Sumitomo Chemical Co., Ltd.), 1 part by weight of a vulcanization
25  accelerator (trade name: Soxinol D manufactured by Sumitomo Chemical Co.,
Ltd.), 1.5 parts by weight of a wax (trade name: Sunnoc N manufactured by
Ouchi Shinko Chemical Industrial Co., Ltd.), and 1.4 parts by weight of
sulfur were kneaded with a laboplast mill to prepare a polymer composition.

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

30 and the sheet was heated to vulcanize at 160°C for 45 minutes to prepare a



pol yner i

zation were 7,1 x 104, L2 x 105, and 2.6 x 105, respectively,

As the 1.0 result of calculation, the degree of progress of

pol yneri
28% and

zation after 20 mnutes fromgel ynerization initiation was
t he degree of progress of polynerization after 40 m nutes

from pol ynmerization initiation was 48% [Table ii 1 Mboney viscosity
Amount of vinyl bondsnol % Content of styrene unitw % Ml ecul ar
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sheet are shown in Table 3.
Reference Example

In the Example 2, the following experiment was performed so as to
find the degrees of progress of polymerization after 20 minutes from |
polymerization initiation and after 40 minutes from polymerization
initiation.

A polymerization reaction was initiated in the same manner as in the
Example 2, and a copolymerization reaction of 1,3-butadien, styrene and
4-methylstyrene was performed while 1,3-butadiene and styrene were
continuously supplied to the polymerization reactor. The supply amounts of
1,3-butadiene and styrene were the same as in the Example 2.

After 20 minutes from polymerization initiation, about 10 ml of the
polymer solution was withdrawn, immediately after that, 20 ml of a hexane
solution containing 1.51 g (12.8 mmol) of 4-methylstyrene was rapidly placed
into the polymerization reactor at a polymerization temperature of 65°C and
a stirring rate of 130 rpm. To the withdrawn polymer solution, about 0.5 ml
of methanol was immediately added.

After 20 minutes from that (after 40 minutes from polymerization
initiation), about 10 ml of the polymer solution was withdrawn, immediately
after that, 20 ml of a hexane solution containing 1.51 g (12.8 mmol) of
4-methylstyrene was rapidly placed into the polymerization reactor at a
polymerization temperature of 65°C and a stirring rate of 130 rpm. To the
withdrawn polymer solution, about 0.5 ml of methanol was immediately
added.

After 2 hours and 20 minutes from that (after 3 hours from
polymerization initiation), 20 ml of a hexane solution containing 1.2 ml of
1-butanol was added to the polymer solution, and the polymer solution was

stirred for 15 minutes. Then, about 10 ml of the polymer solution was



69.8 58,7 j24.5

.34 0.138 0.632 13.8 280 Exanple 2 51.0 57.2 25.3

1.25 0.120 0.703 15,7 390 EN. anple 3 133.4 56.7 24.3 0.130 0.605 10.4
160 Exanple 4 123.5

10

withdrawn.

90

The polymer solutions withdrawn after 20 minutes and after 40

minutes from polymerization initiation and after termination procedure of

polymerization were allowed to stand at room temperature for 6 hours, and

the solvent was evaporated to obtain a polymer.

Thereafter, a molecular

weight of each polymer was measured. As the result, the molecular weight

of the polymer solutions withdrawn after 20 minutes and after 40 minutes

from polymerization initiation and after termination procedure of

polymerization were 7.1 x 104, 1.2 x 105, and 2.6 x 105, respectively. As the

result of calculation, the degree of progress of polymerization after 20

minutes from polymerization initiation was 28% and the degree of progress

of polymerization after 40 minutes from polymerization initiation was 48%.

[Table 1]

B Example 1 | Example 2 | Example 3 | Example 4
Mooney viscosity 69.8 51.0 133.4 123.6
Amount of vinyl bonds mol% 58.7 U 2 56.7 56.9
Content of styrene unit wt% 24.5 25.3 24.3 23.6
Molecular weight
distribution " Sl
Fuel cost saving effect

0.138 0.120 0.130 0.125
tand(70°C) | | L o T
Gripping properties
. 0.632 0.703 0.605 0.599
tan 8 (0°C) .
Tensile strength at break | MPa | 13.8 - 16.7 10.4 7.9 |
1 1 0
Tensile elongation at % 280 390 160 115

break




50.9 23.6 0.125 0.599 7.9 115 91
reactor nmade of staintess etch"equpped. with a

pol ymeri zati on.
driea, and repl aced

stirring device of -ePlume oi 2A L wasgwashed.

Vit).

o

10

[ Tabl e 15]

.. rmanan

dry ntrogen. Then
[Table 2]
Example 5 | Example 6 | Example 7 | Example 8
Mooney viscosity 70.7 58.3 47.3 54.1
Amount of vinyl bonds mol% | 57.7 584 57.0 55.4
Content of styrene unit wt% 25.2 24.6 24.9 24.5
Molecular weight
_____ distribution SRR e Mo H90
Fuel cost saving effect 0.128 0.121 0.118 0.117
__ tan 3 (70°C) |
Gripping properties 0.689 0.706 0.661 0.692
tan § (0°C)
Tensile strength at break | MPa 14.2 16.5 18.3 18.0
: 5 )
Tensile elongation at % 975 355 440 450
break
[Table 3]
Comparative
Example 1
Mooney viscosity 43.1
Amount of vinyl bonds mol% 56.7
Content of styrene unit wt% 23.1
Molecular weight 1.07
distribution '
Fuel cost saving effect 0.205
tan & (70°C)
Gripping properties
0.636
tan § (0°C)
Tensile strength at break | MPa 13.3
Tensile elongation at % 390

break

Example 9

A polymerization reactor made of stainless steel equipped with a

stirring device of an internal volume of 20 L. was washed, dried, and replaced

with dry nitrogen.

Then, 10.2 kg of industrial hexane (density 680 kg/m3),

608 g of 1,3-butadiene, 192 g of styrene, 1.51 g of 4-methylstyrene, 6.1 ml of

tetrahydrofuran, and 4.4 ml of ethylene glycol diethyl ether were placed into

the polymerization reactor.

Then, an n-hexane solution of n-butyllithium




g 2-butaWw 10 tetrahydand 4.4 m indostrial hexane (density fati k
‘ens, 1.51 g4 inetn.yiet:vTene. 6.1 nml of isg.\Wre erizareactor.an
: a- hexane solotion of rob' 92 nrinityglithiumcontent 20.0 nmob was
placed into tile, polynerization reactor, and a polyneri zation
reaction was initiated. A copol yneri zation reaction of

1, 3- but adi ene, styrene and 4-inethyistyrene was perforned at a

t enper at (mduftphitBitmwostént 2he molophers phadedrintedlot polysiedsCiand a
stirring rate of 1:30 rpm. while 1, 3-butadi ene and styrene were
cont i nuod1§Ho% ! a@alynraemﬁ%ﬂ%rf%%rqwtaﬁdﬁmaéégt or. The supply

amount of 1. 3- Bk adl ae LR LYARIGZR! | 8% MARAE2 8200 dhe supply

anount of styrene m’nut es ymeri zation
initiati anmeB/1styrehe avdrexaierniéd 80bWehbracont B @ hgurk.ibkha of

4t net hyl stvren. e was rapi dl | aced into the polynerization reactor
at a Ppol pabmieEitorn renger a%/ ag%c enhdesginndg ratesef 130 mery athaleof 130
rpm At ?EB'ﬁgta{Higgé %%dfs%grngz{ehv%tere( ggrgt?{luggslyj sﬁ%'i)ﬁgdftcr) 3 %(c))l rgglr'iizazl 1toinOrl
reactor. The supply amount of 1,3-butadiene in polymerization was 912 g,
and the supply amount of styrene was 288 g.
After 20 minutes from polymerization initiation, 20 ml of a hexane

10  solution containing 1.51 g of 4-methylstyrene was rapidly placed into the
polymerization reactor at a polymerization temperature of 65°C and a
stirring rate of 130 rpm.

After 40 minutes from that (after 60 minutes from polymerization
initiation), 20 ml of a hexane solution containing 1.51 g of 4-methylstyrene

15  was rapidly placed into the polymerization reactor at a polymerization
temperature of 65°C and a stirring rate of 130 rpm.

After 2 hours from that (after 3 hours from polymerization initiation),
20 ml of a hexane solution containing 1.8 ml of 1-butanol was added to the
polymer solution, and the polymer solution was stirred for 15 minutes.

20 Then, a cyclohexane solution of sec-butyllithium (sec-butyllithium
content 64.0 mmol), and 11.5 ml of 1,1,2,2-tetramethylethylenediamine were
placed into the polymerization reactor, followed by stirring for 30 minutes.

Further, 64.0 mmol of
1,3,5-tris[3-(trimethoxysilyDpropyllisocyanurate was added, followed by

25  stirring for 15 minutes.

To the polymer solution was added 20 ml of a hexane solution
containing 3.0 ml of methanol, and the polymer solution was stirred for 5
minutes. Then, to the polymer solution were added 8.0 g of
2-tert-butyl-6-(3-tert-butyl-2-hydroxy-5-methylbenzyl)-4-methylphenyl

30 acrylate (trade name: Sumilizer GM manufactured by Sumitomo Chemical



tion), 20 mM of a hexane solution containing 1.51 g of

4- et hyl styrene 15 was rapidly placed into the polynerization reactor
at a polynerization tenperature of 65§3and a stirring rate of 130
rom After 2 hours fromthat (after 3 hours frompolyne m of a
hexane sol uti on contai ni ngana. nol. was added to the pol ynmer sol ution,
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ysi Iyl )propvlTisocyanui ate ¢ as a

stirringhotes, dkhl firbkéedried attdseCofol YA o e itide@Fedase Bfeedu20 tol  of
a hexane solution containing 3.0 ml of nethanol, an.d the pol yner

sol ut? on oWbaing pelyaerrf o Asapsrreest rephés, oftthe tiodyper pre shewhnun ’E&blwe& e
added. 8.0 g ofr e rt-but

t hylbenzyO meti kgﬁaiéépg%f‘t%%?”ﬁ?%qt(eo (%J&éuﬁmﬁzg’@%z% %%g‘(&b@ e
manuf act yeghbyr SURA (QHRe F8M :0@]trasil VN3-G manufactured by Degussa), 6.4
parts by weight of a silane coupling agent (trade name: Si69 manufactured
by Degussa), 6.4 parts by weight of carbon black (trade name: DIABLACK
10  N339 manufactured by Mitsubishi Chemical Corporation), 47.6 parts by
weight of an extender oil (trade name: JOMO Process NC-140 manufactured
by Japan Energy Corporation), 1.5 parts by weight of an antiaging agent
(trade name: Antigen 3C manufactured by Sumitomo Chemical Co., Ltd.), 2
parts by weight of stearic acid, 2 parts by weight of zinc flower, 1 part by
15  weight of a vulcanization accelerator (trade name: Soxinol CZ manufactured
by Sumitomo Chemical Co., Ltd.), 1 part by weight of a vulcanization
accelerator (trade name: Soxinol D manufactured by Sumitomo Chemical Co.,
Ltd.), 1.5 parts by weight of a wax (trade name: Sunnoc N manufactured by
Ouchi Shinko Chemical Industrial Co., Ltd.), and 1.4 parts by weight of
20  sulfur were kneaded with a laboplast mill to prepare a polymer composition.
The resulting polymer composition was molded into a sheet with a 6 inch roll,
and the sheet was heated to vulcanize at 160°C for 45 minutes to prepare a
vulcanized sheet. The results of physical property assessment of the

vulcanized sheet are shown in Table 4.
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1 A process for producing a nodified conjugated diene-ba. sed

pol ymer, conprising reacting a conjugated di en. e-based pol ynmer hayi ng
a nononer unit based on a conjugated dgene conpound and a nononer
unit based on a conpound represented by the following formula (1)

wi th an organonetal lic conmpound, and reacting the resulting reaction
Product with a hydrocarbyl oxysilane conpound: .10 wherein R-11, R12,
R111, R14Vhadirdeimedad represent a hydrogen atomor an al kyl group,
at |l east one of P1/412, .\, 4 and R15,...s.an_al kyl . grou R | 6,
17 and A8 dacti PEGEEs Pt i s guntities AbeRieated et of oup.
R19 repr ; r : Kk s

2. The PR e R R Pk Bhvipe =
pol ynmer ancosmengnitobadeai on i, confherseed didree ecaonpemtd ahdthaomnosrennini t
based_on .t he conmpound represented by the fornmula (1) .is .0, 01% by

wei gh? orPasef engheoryeBpdepEfenssd gﬁéb‘? f<|>1éqwmggfoméﬂ@zlc>awﬁéwant of

t he nonongr i contained in . the.conjugatead di ene:.based,pol r
be- 10056 By aprghiAite SRR Ab8 1 BGH 8 PhE P Alkele AT O R RLHTRL o
conj ugat e @beneyhasadapelcyijoudgcording to Maim1 or 2, wherein, the
hydrocarbyloxysi?éne com pound is a hydrocar byl oxysi |l ane conpound

hayi ng a nitrogen 2.5 atom cont ai ni nggroup. 96 4. The process
for producing a nodified conjugated di ene-based pol yner according to
claim 3, reiPﬂshgihydr ar hyl oxysi | ane conpound is

hydr ocar b i1 an d having a substituted. am no group.

5. The proc for } ng a nodi fied conjugated di ene-based

pol yrer g914 o $ﬁ3 cl ai s (:Qt 0 4, wherein the conjugated

di ene- baseol pol yn# 3 rogen atonrcontaining group on at | east
one of polyner chain ends) 106. A nodified conjugated di ene-based
pol ymer produced by jitfe prpdéss as defined in any one of clains 1 to
5, 7. A polyner conposition onprising the nodified conjugated
di engpbased pol yner as defined in claim6 and a reinforcing agent,
wher el n

wherein R11, R12, R13, R14 and R!5 each represent a hydrogen atom or an alkyl

group, at least one of R, R12, R13 R14 and R!6 is an alkyl group, R16, R17 and
R18 each represent a hydrogen atom or a hydrocarbyl group, R19 represents a
hydrocarbylene group, and k represents O or 1.

15

2. The process for producing a modified conjugated diene-based

polymer according to claim 1, wherein the content of the monomer unit based
on the compound represented by the formula (1) is 0.01% by weight or more
and 1% by weight or less, letting the total amount of the monomer unit

20 contained in the conjugated diene-based polymer be 100% by weight.

3. The process for producing a modified conjugated diene-based
polymer according to claim 1 or 2, wherein the hydrocarbyloxysilane
compound is a hydrocarbyloxysilane compound having a nitrogen

25  atom-containing group.



15 the content of the reinforcing agent is 10 parts by weight to 150
parts by weight per the content of 100 parts by weight of the
nodi fi ed conj ugated. di ene-based pol yngr,

10

15

4. The process for producing a modified conjugated diene-based
polymer according to claim 3, wherein the hydrocarbyloxysilane compound is

a hydrocarbyloxysilane compound having a substituted amino group.

5. The process for producing a modified conjugated diene-based
polymer according to any one of claims 1 to 4, wherein the conjugated
diene-based polymer has a nitrogen atom-containing group on at least one of

polymer chain ends.

6. A modified conjugated diene-based polymer produced by the

process as defined in any one of claims 1 to 5.

7. A polymer composition comprising the modified conjugated
diene-based polymer as defined in claim 6 and a reinforcing agent, wherein
the content of the reinforcing agent is 10 parts by weight to 150 parts by
weight per the content of 100 parts by weight of the modified conjugated

diene-based polymer.





