CONJUGATED DI ENE POLYMER, CONJUGATED DI ENE POLYMER COVPCSI TI ON, AND METHOD
FOR PRODUCI NG CONJUGATED DI ENE POLYMER Technical Field The present
invention relates to a conjugated di ene polyner, a conjugated di ene pol ymer
conposition, and a nethod for producing a conjugated di ene pol yner.
Description of the Related Art In recent years, with the grow ng
concern over environnental problens the demand for good fuel econony for
aut onobi | es dYoR)BEAR e HIENEI pPHLYMERT COIUBATED DIERESPORYdRERNd T or
excel l ent fuel economy for polymer conpositions used for autonobile tires.
As a pol yneOMPROSOEON, &N D OMETHADTHOR eP RODASCING @D Mg G ATEDP @ ENEON
conprising a conjugated diene polyner such as pol ybutadi ene or a

but adi ene-styrene copol yner and a PALNERBI ng agent such as carbon bl ack or
silica, etc. is used. For exanple, a polyner conposition enploying
a reinforcing agent and a conjugated diene polyner fornmed by nodifying with
a di al kyl afg-RAicYl P contai ning acryl am de one term nus of a polyner forned
by copolyﬁETﬁf%ﬁg’%%%adlene and styrene using an alkyllithiumas a

pol yneri zati on Ting tprabent (SemtiengreldfesAtd- 21¢0djdg4teR- Aietenpiohaner, Japanese
unexam ned patent application publication)), a polynmer conposition

enpl oyi ng caniusiatdbrdeng pefymer apemacsitapugided dremedpéry mspdyeiRged by

nodi fying with i.al kyl ami no group-containing 1, 1-di phenyl et hyl ene one

t er mi nus 8?”&98§F€ﬂﬁpeﬂﬁﬁﬁ@ﬁ“by copol yneri zi ng but adi ene and styrene using
an alkyllithiumas a polynerization initiator (see e.g. JP.A 2003-160603),
etc. have been proposed as pol yner conpositions having good fuel econony.
Summary ofpddaeiption enticoRelasdaHens t o be Sol ved by the Invention

In recent years, with the growing concern over environmental
problems the demand for good fuel economy for automobiles has been
becoming stronger, and there is also a demand for excellent fuel economy for
polymer compositions used for automobile tires. As a polymer composition
for automobile tires, a polymer composition comprising a conjugated diene
polymer such as polybutadiene or a butadiene-styrene copolymer and a
reinforcing agent such as carbon black or silica, etc. is used. |

For example, a polymer composition employing a reinforcing agent
and a conjugated diene polymer formed by modifying with a dialkylamino
group-containing acrylamide one terminus of a polymer formed by
copolymerizing butadiene and styrene using an alkyllithium as a
polymerization initiator (see e.g. JP-A-1-217047 (JP-A denotes a Japanese
unexamined patent application publication)), a polymer composition
employing a reinforcing agent and a conjugated diene polymer formed by
modifying with a dialkylamino group-containing 1,1-diphenylethylene one
terminus of a polymer formed by copolymerizing butadiene and styrene using
an alkyllithium as a polymerization initiator (see e.g. JP-A:2003-160603), etc.

have been proposed as polymer compositions having good fuel economy.



However, the above-nentioned conventional polynmer conpositions enploying a
conj ugat ed di ene polyner are not always satisfactory in terns of fuel
econony. Under such circunmstances, an object of the present
invention is to provide a conjugated di ene polyner that can give a

conj ugat ed di ene pol ymer conposition having excellent fuel econony, a

conj ugat ed di ene pol yner conposition containing the conjugated diene

pol ymer aqﬂ“ﬁmggkgfgkghogn@gpnt such as silica, and a method for producing
t he conjugate rene p . Means for Solving the Probl ens A
first aspahbbnﬁnéhﬁb@EE&&mﬁbvnMﬂnVemnnfelates to a conjugated diene pol yner
conprising a conjugated di ene-based nononer unit and a nononer unit based
on a conpound rb‘JQWégérntﬁw tpporFementigned) coryantionah@olynemsempesitiongsed on a

conmpound represented by For bel ow b bet n.a con ted

(i ene bas GTMHEABRET ComLeS ol RN PR TP 1o ARy PO ACO5h LISt

di ene- basqger@gbq{a;%{ unit-containing partial chain (said partial chain not
conprising a rmnorrer unit based on a conpound represented by Forrmula (1)
bel ow), and t heUpdéysach harcungtaiceseasit objeet tofrthe npresemdirivieatiohis &oconmpound
represented by Formula (2) below. (R1)r - \ (Inthe fornmula, r is O or
1, Rl dendirevida ehgeniugatedydiens salymar taafg¢amglvgo'sn@@mhgﬁ@dadlem@@gtyn@me atom

| ted f t t t f. t
SCom - and SRS ZENR0. SraeRertbivl: et of CobiibdeH: Aista pPlai” Sro
at om sel eclopthdsittIR EdRafMiMitife 869HBateQibRE B ndr &hd a reinforcing agent

such as silica, and a method for producing the conjugated diene polymer.

Means for Solving the Problems

A first aspect of the present invention relates to a conjugated diene
polymer comprising a conjugated diene-based monomer unit and a monomer
unit based on a compound represented by Formula (1) below, the monomer
unit based on a compound represented by Formula (1) below being between a
conjugated diene-based monomer unit-containing partial chain and a
conjugated diene-based monomer unit-containing partial chain (said partial
chain not comprising a monomer unit based on a compound represented by
Formula (1) below), and the polymer having at least one terminus modified by

a compound represented by Formula (2) below.

/ ><(R1%
HoC (1)
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(In the formula, r is 0 or 1, R' denotes a hydrocarbyl group or a group
containing at least one atom selected from the atomic group consisting of a
nitrogen atom, an oxygen atom, and a sulfur atom, and R? denotes a group

containing at least one atom selected from the atomic group consisting of a



nitrogen atom an oxygen atom and a sulfur atom) X (2) RR4 (In the
formul a, X denotes an oxygen atomor a sulfur atom R3 denotes a nitrogen
atom and/ or oxygen atom containing group, a hydrocarbyl group, or a
hydrogen atom R4 denotes a nitrogen atom and/or oxygen atom contai ni ng
group, and R3 and R4 may be bonded to each other.) A second aspect
of the present invention relates to a conjugated di ene pol yner conposition

conpr i si ngitrtbhen afsth Uskbegheh Sden RINIYATSLIf@ o y €i nf orci ng agent . , A
third aspect the present invention relates to a nethod for producing a

conj ugat ed di §ne pol yner, ﬁgﬂprising the steps of (A) polynerizing nononer
conponent s ggﬂggising a conjugated di ene and a conpound represented by
Formul a (Rﬁ el i n a hydrocarbon solvent using an al kali netal catalyst,
t hus giving a polymer containing a nononer unit based on a conpound

repr esent gfl Y (BRI % GdhoRE! NREsuPaiei dogisuial st B eadianed aronorer

uni t - cont chain an conj ugat ed di ene-based nononer

uni t - cont @itrag 88 aleh! aAd/of bRy ged atdri-doatdiniab grbapna Mgtiraanpyigsomg & nononer
unit based on a conpound represented by Fornula (1) below), the polyner
havi ng ana hyéaigenrstom| R aleabiest a déragesdataivk @ind/oreaxygen mtem-¢asdainingne

A and 5 MBI FOSNedETY B8 busisio BB by | T o Ster
A second aspect of the present invention relates to a conjugated diene
polymer composition comprising the conjugated diene polymer and a
reinforcing agent.
A third aspect of the present invention relates to a method for
producing a conjugated diene polymer, comprising the steps of
(A) polymerizing monomer components comprising a conjugated diene and a
compound represented by Formula (1) below in a hydrocarbon solvent using
an alkali metal catalyst, thus giving a polymer containing a monomer unit
based on a compound represented by Formula (1) below between a
conjugated diene-based monomer unit-containing partial chain and a
conjugated diene-based monomer unit-containing partial chain (said partial
chain not comprising a monomer unit based on a compound represented by
Formula (1) below), the polymer having an alkali metal catalyst-derived alkali
metal in at least one terminus of a polymer chain, and
(B) reacting the polymer obtained in step A and a compound represented by

Formula (2) below.

/ \/\(R1)r
HoC (1)
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(In the formula, r is 0 or 1, R' denotes a hydrocarbyl group or a group



(IR 1)r (In the formula, r is 0 or 1, Rl denotes a hydrocarbyl group or
a group containing at |east one atomselected fromthe atom c group
consisting of a nitrogen atom an oxygen atom and a sulfur atom and R2
denotes a group containing at | east one atom sel ected fromthe atom c group

%ggzi sting of a nitrogen atom an oxygen atom and a sulfur atom) X ( 2 )

containing at least one atom selected from the atomic group consisting of a
nitrogen atom, an oxygen atom, and a sulfur atom, and R? denotes a group
containing at least one atom selected from the atomic group consisting of a
nitrogen atom, an oxygen atom, and a sulfur atom.)

X
1, e
R “R*
(In the formula, X denotes an oxygen atom or a sulfur atom, R? denotes a
nitrogen atom- and/or oxygen atom-containing group, a hydrocarbyl group, or
a hydrogen atom, R* denotes a nitrogen atom- and/or oxygen atom-containing

group, and R? and R* may be bonded to each other.)

Effect of the Invention

In accordance with the present inventi'on, there can be provided a
conjugated diene polymer that can give a conjugated diene polymer
composition having excellent fuel economy, a polymer composition formed by
combining the conjugated diene polymer and a reinforcing agent such as

silica, and a method for producing the conjugated diene polymer.

Mode for Carrying Out the Invention

The conjugated diene polymer of the present invention is a conjugated
diene polymer containing a conjugated diene-based monomer unit and a
monomer unit based on a compound represented by Formula (1) above, and
is a conjugated diene polymer containing a monomer unit based on a
compound represented by Formula (1) above between a conjugated diene-
based monomer unit-containing partial chain (not containing a monomer unit
based on a compound represented by Formula (1)) and a conjugated diene-
based monomer unit-containing partial chain (not containing a monomer unit
based on a compound represented by Formula (1)), at least one terminus of

the polymer being modified by a compound represented by Formula (2)

4



(In the formula, X denotes an oxygen atomor a sulfur atom R3 denotes a
nitrogen atom and/or oxygen atom containing group, a hydrocarbyl group, or
a hydrogen atom R4 denotes a nitrogen atom and/ or oxygen at om cont ai ni ng
group, and R3 and R4 may be bonded to each other.) Effect of the Invention
In accordance with the present invention, there can be provided a

conj ugated di ene polyner that can give a conjugated diene polyner

conposi ti gpofiavi ng excel I ent fuel economy, a polyner conposition fornmed by
conbi ni ng t%e conj ugat ed di ene polyner and a reinforcing agent such as
silica, and a Bxahpdes @f tpeoebrqugmedh@lenenmummbed 3dib etadiepel| ymprene/bde for
Carrying Qut the Invention conj ugat ed di ene po of the
present i hdepgitadiens, 2, &dimethyt bd- Qj-lté%'@%olay‘ﬁ‘eﬂ 3C'Eﬁﬁa§i%enga"!§’y@6ﬁj @fgat ed

di ene- based rmonomet un| and a no uni t based.on a co d n pr esent ed
oy Formir DV NEroah aaeod B, ugneSpriees sifthay BRI 15 5
nonomner %dme& lQggmzéngorrpound represented by Fornula (1) above between a
conj ugat ed i enebased nmononer unit-containing partial chain (not containing
a nononer unit ihEseduN(1y ciergpeund represented by Fornmula (1)) and a

conj ugat ed di enebased nmpnoner unif-containing partial chain (not containing
a nononer unit Ibdosmulan(i, Bom@ﬁdar%pwb@éh@@f@ ijtfﬁ)bﬁi!ﬁf%i'e('lf)ss and | east

B Ao Bl B B T OIS,
1,3-but adb?&@m ﬁdﬁ@eposjm& p?%g&g ﬁblly %'58‘51.#’6/;{ 4833 hadese, and

1, 3- hexadi e or re type be use he' conj ugat ed

dl ene i s pésfieh adld/mbredpreteiadili $iee4-pbsitidAPT ene. In Formula (1), r is 0 or
In Formula (1), Rl and R2 are substltuents on the benzene rings,

and t he substi MWith crngpmtsmutba suhstibetiompositionhef R'pdbet peositiors- Poliet i on,
4o | iR B8 R B A e s T O
position. The position of bonding to the benzene ring on which R' is
substituttid is denoted by * in the formula below.
HoC
/) }
With regard to the substitution position of R? the position of the
benzene ring to which the following group is bonded is defined as the 1-
position. The position of bonding to the benzene ring on which R? is
substituted is denoted by * in the formula below.
JXR)

HoC

In Formula (1), R! denotes a hydrocarbyl group or a group containing
at least one atom selected from the atomic group consisting of a nitrogen
atom, an oxygen atom, and a sulfur atom, and R? denotes a group containing

at least one atom selected from the atomic group consisting of a nitrogen



Wth regard to the substitution position of RL, the position of the benzene
ring to which the follow ng group is bonded is defined as the 1- position.
The position of bonding to the benzene ring on which RL is substituted is
denoted by * in the formula bel ow Wth regard to the
substitution position of R2, the position of the benzene ring to which the
follow ng group is bonded is defined as the 1- position. The position of

bondi ng tg ;,JE ?,Jp%;z a{dnrpgaﬁal avtmﬁn ;ﬁ’gml S F&uaswewtas@ A aﬂisngﬁ@@r by * in

the fornmu In Fornula (1), Rl denotes a hydrocar byl
group or aymﬁeogrpuqum&imong Gitcakisms btome natvdmrscal pittogenfatom, tdxygan om c
group consisting of a nitrogen atom an oxygen atom and a sulfur atom and
R2 denot eatom, ng@uﬁue@WUaISrdlmﬂatbonéa@tlo %P%Wﬁﬂé‘éipect ed fromthe atonic

?;ngeggpgiﬂs;l g’ﬂ ﬁ{q gﬂ'gﬁstf% gggec?é‘fq%@ gr8u aﬁgylonéroagdcar %ggnf; oﬁ:solmn e
e oy hidiBgEBoR 1 BLuE  ¥RE ™ Al BBCalbiicHy g‘jr‘éhpaéé?mtés? adgrogptihywiended to
the hydrogen atom of a hydroxyl group is replaced with a hydrocarbyl group.

With regard to the group, denoted by R' and R?, containing at Ieaét
one atom selected from the atomic group consisting of a nitrogen atom, an
oxygen atom, and a sulfur atom, examples of the nitrogen atom-containing
group include an amino group, a dimethylamino group, a diethylamino group,
an isocyano group, a 1-aziridinyl group, a 1-pyrrolidinyl group, a 1-piperidinyl
group, a 1-hexamethyleneimino group, a 1-imidazolyl group, a 4,5-dihydro-1-
imidazolyl group, a 1-imidazolidinyl group, a 1-piperazinyl group, and a
morpholino group. Further examples include a cyano group, a 2-pyrrolidyl
group, a 2-piperidinyl group, a 2-pyridyl group, a 3-pyridyl group, a 4-pyridyl
group, and a 2-pyrazinyl group.

With regard to the group, denoted by R' and R?, containing at least
one atom selected from the atomic group consisting of a nitrogen atom, an
oxygen atom, and a sulfur atom, examples of the oxygen atom-containing
group include a hydrocarbyloxy group such as an alkoxy group, an aryloxy
group, or an aralkyloxy group; a substituted hydrocarbyl group containing a
hydrocarbyloxy group as a substituent such as an alkoxyalkyl group or an
alkoxyaryl group; a heterocyclic group containing an oxygen atom as a ring-
constituting heteroatom; a trihydrocarbylsilyloxy group such as a
trialkylsilyloxy group; and a trihydrocarbyloxysilyl group such as a
trialkoxysilyl group.

Examples of the alkoxy group include a methoxy group, an ethoxy
group, an n-propoxy group, an isopropoxy group, an n-butoxy group, a sec-

butoxy group, and a t-butoxy group. Examples of the aryloxy group include a



In the present specification, a hydrocarbyl group denotes a hydrocarbon
resi due, and a hydrocarbyl oxy group denotes a group in which the hydrogen
atom of a hydroxyl group is replaced with a hydrocarbyl group. Wth
regard to the group, denoted by Rl and R2, containing at |east one atom
selected fromthe atom c group consisting of a nitrogen atom an oxygen
atom and a sulfur atom exanples of the nitrogen atom containing group

i ncl ude a Wale) up, et By liag p i i p, an

| socyano BraTi°gRRLD: ERabR! Y (A8 ARIAGUD oru UM P8 BEnAIY

1- pi peri dgrp. OESEMples 3f thexaik®tyaykye geoup melugieoa methodymethgbgmupl agr oup, a
4,5-di hydro-1- imdazolyl group, a 1-im dazolidinyl group, a 1-piperazinyl
group, anthethawyepitybl graopgrasustheymeiby! exeipl asdi ae| adexyetbyhodR-oup, a

2- i dyl 2- pi idi nyl . , 2 i dyl , 3- i dyl
o oup, o RIeR, bt e audan Bralh RESHR,» Tpptvbren Y8R af BG4
Lhe grouPeth@Qg;%é?\gﬂ %’olﬁ. Ml aRpleS Ot M Hille By IR Yro @ EccHtARIngelapct ed from
the atom ¢ group Cors Sting of Ta nitrogen atom an oxygen atom  and a

sul fur at gxpgepxatopl a8 Hlringhdnekiging ldtersatomt iachidegaryroxiranyinglouge aa
hydr ocar byl oxy group such as an al koxy group, an aryloxy group, or an
ar al ky| oxtetrphydfurangubgrouput and hpdrdiexelany! @reup cofxamplesy af the

2! Koxy ar ylagRIBNOR eve esayen ArEIAdNS BORORS Ry SO M A s o
{rial oyl <P HOPRRTRREI AR, i 4 S ATFRIBAIoN ole0, SUETBSAFS ©

trial koxygel talk@dx9siB group includXanhfihelysiilegulsOvytrietuigsilyigrodg, a
met hoxy group, an ethoxy group, an n-propoxy group, an i SOpropoxy group, an

n- but oxy ameafdri-rappokysitykgrappoup, and a t-but oxy group. Exanples of the

aryl oxy group include a phenoxy group. Exanples, of, the aral kyl oxy group
i ncl ude a benzyVikyegardug. thexgieppe depptednly ?k%gﬁzkfpntﬁ“aﬂg tHeEptlde a

met hoxynet hyl 0 : p,,and an
et hoxyet h?/rllé/ga}%ﬁps%é?%gg%quotégqﬁ%{e%tﬁékca Loo yS?Ws@rdggg)érﬁ%%gg%mrﬁét%oxyphenyI
group_ando@jyeftdiemy BRERYSulf Qe EXAAPlesof the BRUMESoAT-66MaINISg GFaUpD
contai ni ng ‘an oxygen atomas a ring-constituting heteroatominclude an

oxi ranyl igchudp,a meraptalgyalrpof ur anyl group, and a di oxol anyl group. Exanpl es
of the trialkylsilyloxy group include a trinmethylsilylgxy group, a

triethyl silyl oXegireumcotaining §Bﬁ3§b?P§iﬁtW&?§F%ﬁ"‘iﬁﬁ?{“ g}?datgm'c broup

t - butyl di peth il t rd i i ncl ude
& tri et HORPR g o Biboth W, ABILET oftr; ofu o' sy Qe MerlheBE IV
group. g pitrogd Btdn%@h&iﬁiﬁgtqléuﬂ,r ghd métenpiedstably Rlgreng rBgreseatddai ni ng at
| east one atom selected fromthe atom c group consisting of a nitrogen
atom an pxFgenulat(@ybelemd a sul fur atom exanples of the sul fur

at om cont ai ni ngd group include a mercapto group. The group containi ng
at | east one dtom sel ec gq fromthe atom c group consisting of a nitrogen
atom an bXxyden atom ahd’a sulfur atomis preferably a nitrogen

at om cont ai ni rfgegroup, and nore preferably a group represented by Formul a
(3) below. R5

(In the formula, R® and R® independently denote a hydrocarbyl group or a
trinydrocarbylsilyl group, or R® and R® are bonded to each other and denote a
hydrocarbylene group that may contain a nitrogen atom and/or an oxygen
atom as a heteroatom, and * denotes a bonding position.)

The hydrocarbyl group denoted by R® and R® is preferably a
hydrocarbyl group having 1 to 10 carbon atoms. Examples of the
hydrocarby! group include an alkyl group and an aryl group. Examples of the

alkyl group include a methyl group, an ethyl group, an n-propyl group, an



*-N( 3) R6 (Inthe formula, R5 and R6 i ndependently denote a hydrocar byl
group or a trihydrocarbylsilyl group, or R5 and R6 are bonded to each ot her
and denote a hydrocarbyl ene group that may contain a nitrogen atom and/ or
an oxygen atom as a heteroatom and * denotes a bonding position.)

The hydrocarbyl group denoted by R5 and R6 is preferably a hydrocar byl
group having 1 to 10 carbon atons. Exanples of the hydrocarbyl group

i ncl ude ai@ﬁ@#%' ggf URindRSudfl #bYp, 9'FéRbutiX@eRbean@fa tdiebalykgrows.oup

i ncl ude a roup, an ethyl group, an n-propyl group, an isopropyl
group, anegarpleylofdhi@apyl glowemchideyd pheoylmroemd Ehe bydrobatbyl goupuis.

Exanpl es of the aryl group include a phenyl group. The hydrocarbyl group is
pr ef er abl grederablykgn adeyd@poummndrpiase frefesakiyap a@ybewp é"f“ﬂﬂ% hiPng 1 to 4
carbon at ons. As the trihydrocarbylsilyl group denoted by R5 and R6,
a trial ky$PPYAYPEup, etc. can be cited. Exanples of the trial kylsilyl

group i nclude (e J : , i |34 bl RY OMllsialRyisily!
triisopropylsi ?‘fl m&?@ﬁg&%ﬁﬂ?%@@ﬂ? aeté‘:btreﬁ %I%i | yl groupflal Ys:é

pr ef er abl yroapt rétal kghsbé yeitegy. oupxivapiesy oB the Biatieidilyh groopsinchde aor e
preferably a trialkylsilyl group in which the al kyl group bonded to the
si | i con - atriomethylsiyl grokp! adristhylsilal grypr & HiigorrapyisitylagroHB. and a tert-pyanpl es

f di val - R5- R6-) i j . . bond '
a1 kgl ene BBSME TR ILG SeRtRor iy I REtsrehin, > Ty meledR g 3 1g e ="
tetramet hyl §RE HOMP. arfy y%ia&%?é}ébﬁlng SafilyPgréugd X WRER th8NSIKkgI oup; &

ni trogen atontcontarni ng rocar ene group such 'as a group represented

by - CH2CHgrolb- bbided %o GhE UiHlidoP BESE b esh Rkyl @B3GhIhaNi(dH, ta Jgrcatbpn
represented by -CH=CH N=CH, or a group represented by -CH2CH2- NHCH2CH2-;

and an oxatpers.at om cont ai ni ng hydr ocar byl ene group such as a group
represented by - CH2CH2- 0- CH2CH2- . bo.the.pregsent ecification, the
hydr ocar byl ene Eg(@mﬂ)esrr%faﬁ9"@%%98&6'%59&'86%9’@6‘3‘ egin&fgfa@h%ona%d'

hydr ocar byl [,Qi eLaf; roup
ki ng- o BEFEEf 8K BLE aRnaR  B R R E ae o 2

hydr ocar bjdi@ifetayIeH® dgréup,epbantindtiiylene §ratpror ohexpmethydéneghoup; acar byl ene
group containing a nitrogen atom as a heteroatominclude a group having a

st r uct ur enitrogehi atbmaenddininghhytirocarblylanenaroypoilehi as AcPHR daPigpertedExanpl es
2 o1 oup. nk GRS e N ie 4 rBraHp cFPPesbeTied op LB BNl Sa 3B Bp havi ng
a struct uFe%rL&ﬁ’fQ& Clﬂ/ LRR=HANQSEN OBy up FéRbasREd bay QCHEERIMIgS of a
CH,CH»-; and an oxygen atom-containing hydrocarbylene group such as a
group represented by -CH,CH,-O-CH2CHa>-.
In the present specification, the hydrocarbylene group means a
divalent hydrocarbon residue; the hydrocarbylene group containing an X atom
as a heteroatom means a group having a structure in which a hydrogen atom
and/or a carbon atom of a hydrocarbylene group is replaced by an X atom.
Examples of a hydrocarbylene group containing a nitrogen atom as a
heteroatom include a group having a structure in which CH of a
hydrocarbylene group is replaced by N. Examples of a hydrocarbylene group
containing an oxygen atom as a heteroatom include a group having a
structure in which CH; is replaced by O and a group having a structure in

which two hydrogen atoms are replaced by O. Examples of a



hydr ocar byl ene group containing a silicon atomas a heteroatominclude a
group having a structure in which Cis replaced by Si. As the group
represented by Fornula (3) above, an acyclic am no group and a cyclic am no
group can be cited. Exanples of the acyclic am no group include a

di al kyl am no group such as a di methyl am no group, a diethylam no group, a
di (n-propyl)am no group, a di(isopropyl)amno group, a di(n-butyl)am no
group, a {llifseeREh | gradh NRnHiRHE: a Silfont Sfdm Ridl ¥ HABIdA% M PERide0s an

et hyl met P@Paom%%ﬁo)hgr odir; rTi?;lr}%lnarlyl gn? n(l) group such as a di phenyl am no group;
and a bi gyrbup Bbkinhs stylgtars inovigeio Gpisseplacad by i s(tri met hyl silyl)am no
group, a bis(triethylsilyl)am no rouE, a bis(tbutyldinethylsilyl)am no
group, or a biAgttheigreppoispresanied i Rermulgup’) above, amEagxplie @Mypot he
cyclic amino grqup include a 1-aziridinyl, grou : A.di group, a
o1 per - drfigh S5 ryE aitiRe Buud o bifeMiens EPBInEs & v AGRIETEMNG: Jhei P no
group, agls@et; Y LeREIR)IARIRY YBup Ssuch GRCATRM¥NGRAIRbNGralioUR, a
1-dodecar?i?ﬁ§l@%|h%i hoagdr'@d%ﬁl a (Ia’l'l?ur’r? dazol yl group, hg Srélle?

4, 5- di hy dfigthjtanmthélazelp, a di(aiypropy)amingi granp) adiitisdprapyl)gmina droupj per azi nyl
group, and a norpholino group. The group represented b]y Formul a (3)

i s pref erdiftutyhaminec|droupnian dligesthuty 2ardingo gEo . e Pe B H-bAYHI2MIRY| ami no
group. As the rocar byl group denqgted by R1, an al kyl _group, an
aryl gro@§ourt OF eane%ﬂa? é![f"%E?aﬁfﬂLE’s 8f %ﬁ%'aﬂﬁﬂ?lgr&”BUSUFﬁchdg a net hyl
group, ary; up, . nypropyln: b AR OB IrQieR, £ g§- butyl
group, arbs'@](i:%}%%rg{nggr%agp’ a?]dﬁE aBt e?'tg{tﬁﬁl'?%sag?%ﬁp. E@?nﬁl es of the aryl
group i ngigtelemathyRanyhmeidougrouphe ahyBisgeiathyydilyamino i graumsf e ablsy(t-a
hydrocarbyl group having Ito 10 carbon atonms. ~ The conpound

r epr esenthadylBinetbylsilyjantinp greuprarfabisirijsaprepyipidamine owpich r = 0 or a

conpound in which r = 1 and Rl is a hydrocarbyl group,,.mre preferably a
conmpound i n whF¥gmples ?f,thﬁrﬁi’ci)%ta"?fﬁi’ea/rﬁ\‘%f"é‘#%\%?f é‘%ﬁ%&ﬁrﬂfoﬁﬂ' fhich r =0
and R2 i resent ed. E I P agpj_es of the
oy WEHUBE LR 5 BRI My oI, bxahMSiencimino aroi 2P

1- (4- N, NqdipeahbthyfifienRipae ngrdupl - paenyledthpledy@eneimino  group, a 1-

1- (4- N, N-di et hyl am nophenyl’) - 1- phenyl et hyl ene,

1-(4-N, Ndﬁcpntaplyylammmmgr‘w@,-alﬂpjtwlamehlyylem@mino group, a 1-imidazolyl
L P L)k Ben! L M Sroninyt group, & 1-
1- (4- N, N-di i ' - 1.- t hyl ,

1~ (a- N NIRRT HSR PRERRY e P S ety ene.

1- (4- N, N-di ph i - h ferabl li [
{135 T ol 8 O oo uetraly an syl amin
1- (4- (1- myoup| ardi mprg prefarab)y adidikylpmindgraupe,

T (4. hoxamet nyhe ia% RYHGSHEN Braup phasioR ot - ealkyl group, an aryl group,
1-(4- | -1 .

1 (a- (N, R ST Penatat SR Br e Ry grorp dngde & mathylgroue. an
1-(4- (N, Nthyisdrotp! aRW-plepyiaréug, sdd m%;m)%vbe@yéh nloRrg Y, ykene, and
1- (4- (N, N-bi s(trii1sopropyl'sil ypam no) phenyl) - 1- phenyl et hyl ene.

1- (4- N, N-doityteg foybarndop Hertyd utyl1g miueny IEemples ef itbe pargf graug énclude a I n
Formula (2), X denotes an oxygen atomor_ a sulfur atom An oxygen atomis
pr ef er ablphienyl group. The hydrocarbyl group is preferably a hydrocarbyl” group
having 1 to 10 carbon atoms.
The compound represented by Formula (1) is preferably a compound
in which r = 0 or a compound in which r = 1 and R' is a hydrocarbyl group,
more preferably a compou‘nd in which r = 0, and yet more preferably a

compound in which r = 0 and R? is a group represented by Formula (3) above.



In Formula (2), R3 denotes a nitrogen atom and/or oxygen atom containing
group, a hydrocarbyl group, or a hydrogen atom R4 denotes a nitrogen atom
and/ or oxygen atom contai ning group, and R3 and R4 nay be bonded to each

ot her. As the hydrocarbyl group denoted by R3, an al kyl group, an

al kenyl group, an aryl group, etc. can be cited. Exanples of the alkyl
group include a nethyl group, an ethyl group, an n-propyl group, an

i sopropyl grou - l..Qr = I tert-butyl
group. ExanplegxgggF%égg$ 8H®P85&%H%”?%%ﬁgggxéaglny (B?Qﬂgéean al Iyl group,
a 1- pr opefy4-NINYiRetildnidopAemBl-Nphehlemylerss,oup. Exanpl es of the aryl
group i nclude a phenyl group. The hydrocarbyl group is preferably a

hydr ocar bi(4-d Nidiethghaiminophenyl)ADpbemyiethylenens, nore preferably an al kyl
group having 1 tgo 10 carbon atgns or @n alkenyl group having 2 to 10 carbon
at ons, an&(’gé‘o’vr?dﬁrépkﬁ'@&'%‘?‘ﬁlﬂ’v ahPRPREEVY'e9Foup having 2 or 3 carbon atons.

Wth reg the ni _Al r n at om cont ai ni ng group
denot ed g@%@’?’é’hﬁgﬁeﬁ@g@ﬁﬁ%&ﬁﬁq{ﬁ)oggﬁég‘('%@!%%f ai ni ng group, an an no
group, a ﬁwﬂ,Nlﬁﬁﬁﬁlaméml&fgﬂuﬂph@nﬁmwnbut ed hydrocarbyl group
contai ning an am no group and/or a substituted am no group as a
subst i t ueh{4-NaNhdiisebuatylaminepherylipl-pbanyethylepea nitrogen atomas a
ring-constituting heteroatom etc. can be cited. Exanples of the

subst i t ut E-AVi(tertbyp Naminoeikenyal -RYEPYE €m no group such as a

di met hyl am r 0 i ] ..and a cyclic am no group such
as a 1- azﬁ‘?&ﬁ;}ﬁ&gern anp%w*?ﬁhigg?’%wyfgredup, a 1-piperidinyl group, a
hexamnet hy{_@@ﬂ_g&ﬁl@i,@q BHQny@qlphénm&ﬁﬂghé{J group, a 4,5-di hydro-1-im dazolyl
group, a 1-1mdazoli C}I nyl” group, "a 1-pi perazinyl group, or a norpholino
group. Exam(bpyabdbliding)shdmyt)i t-phenyléthglemear byl group containing a

substituted am no group as a substituent include a di hydrocarbyl am noal kyl
group such(4$!1-pirgridstyhphanylrderhanviedhdene.or a di et hyl ami noet hyl group; and
a di hydro | am poaryl arao h i hyl am nophenyl group or a

di et hyl anfﬁ%gﬁéﬂy?&dﬁ%%ﬂn @ﬁwgg'pﬁiyﬁéﬂhgﬁér ocyclic group containing a
ni trogen A{LMAshAiMopREnPRASSHdnyldthgeR&t er oat om i ncl ude a 2-pyrrol i dyl
group, a 2-piperidinyl group, a’2-pyridyl group, a 3-pyridyl group, a

4- pyri dyl 1-g4-ONN-bis(itineet Ryl siyy! e ing ) phgnplyl-phenylethylengt h regard to the

ni trogen atom and/ or oxygen atom containi ng group denoted by R3 and R4, as
t he oxygeh("af’&ﬂ*é@ﬂte&‘rlmt)ﬁ'@"@?@ME,"Y'&""HWW&.{%MT -0359"3'!9&!3?"% %‘Gbst i tuted

hydr ocar byl oup. a _subst it ut. [0G3 contai ning a

hydr ocar bt//"“g'zjylg'g’ﬁu '1S§§r%°y3%b@tah'ﬁ‘gﬁpf\mg?ﬁﬁﬁﬁg&%?%egr oup contai ning an
oxygen at om asqg4IN ReDmAR|lahiihbprenydl EbR8AABIhyRIne isqrefebgpiel t ed. Exanpl es
of the hydrocarbyl oxy group include an al koxy group, an aryl oxy group, and
an aral kyl oxy pr Fepmulax é2ipl X desfotesh@nabkygen gtaaporn ackulfie atomet h8ry group,
an et hoxy group, an n-propoxy group, an isSopropoxy group, an n-butoxy
group, a ®¥eep@YNys grafarbleand a tert-butoxy group. Exanpl es of the aryl oxy

group i nclude eno r ., Exanpl es..of th a up _.nclude a
benzyl oxy grouﬁ‘. Q%rmuf(ay(%nggldggogers ?hﬁltr(égsét?t[oﬁf{ eéﬁﬁﬁyg)r%é(ggréﬁyﬁgw group

i ncl ude iKY IR GLarsR 88p 2of Bt ROAMOFRhNEMYN, IROWRnotes a

met hoxyet 6‘%‘“8@0 ;gJ,ﬁBén e?ﬂox?i@t}h}bchyp'gr oup,9an an et hoxyet hoxy group.
Exanpl es mirogéwe atshshhd/at ostyhan mesrardoptaigingugroapnaad R nand Riydayber byl oxy
group as a substituent include an al koxyal kyl group such as a net hoxynet hyl
group, a hoededxdyeaiehiothgroup, an et hoxynet hyl group, or an et hoxyet hyl

group; and an al koxyaryl oup such a met,Roxyp yl_group of a

et hoxyphenyl ggéd e 'ESE%?&)"]%X' Efoutph e'ﬁ@?ér@c%i f% agglu%mg‘gntagi ﬂlﬁ(ﬁ@ﬂan oxygen
atom as i NO:= t] i r.o, m igng) O group
such as JPUETALSNT s, 8. BEh BerdllT EXss B SR AIPE Koo

di oxacyclpaetyl %b@pl,paﬁr'éﬂ’iyl afrodp dawxqdrapyl grwuplan isopropyl grouphenpr-esent
specification, the nonooxacycl oal kyl group nmeans a group in which one CH2
of a cyclmaylkgtoup; cupechutyphemmpd dyd an tekpybd aovm  Fhamplexafyibeoal kyl

roup neans a group.in which two CH2s of .a cycl ogl kyl qgr,oup are replaced b
gxyggn ataﬂl@"gyl%rou include a vinyl group, an a{lyl groXp, a -p%peﬁyl grgup, &nd &P y
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R3 and R4 may be bonded to each other, and as a divalent group (-R3- R4-)
in which R3 and R4 are bonded a group represented by -NR -(CH2)p- in the
formula, p denotes an integer of 1 to 10 and R denotes a hydrogen atom or
a hydrocarbyl group], a group represented by -NR'-(CH2)g-NR "- [in the
formula, g denotes an integer of 1 to 10 and R' and R' independently denote
a hydrogen atom or a hydrocarbyl group], etc. can be cited. Wth

regar d | oy GRIRANT G 2" SSEMALL Br 10BN Ghol? InciBE TP REAlgré U compound

in which atom | ude a fornmam de, a thioformamde, a
format e esherhydeoddibgf groupt & @séferably anilydegeanbylt graupahdviog oxiogeo

at om cont ai ni ng group-cont ai ni ng benzal dehyde, and a nitrogen atom and/ or
oxygen atearbenmtensi mgrepmiprabbhaniatiyhgraus badng 4| teeHy grrbon atoms orgxanpl es

f th d {n whi¢ch R3 | hyd byl i nclud t am de,
Chi oacet af dikenyh Sxeh Brwng 4 I 10,EaTPE AIBMS: &ndo¥et Mote PIePAElY Bnegt or |
nmet hacryl glkgnﬁirg{m h%{\ggéﬁl @%ﬂ)@on AohBt hacryl am de, a nitrogen atom

Om con

and/ or oxygen i ni'ng group-contai ning acet ophenone, a nitrogen

atom and/ or oxyigetegdrdMmte GRbahiogenghtunp- @adlori oxyyent hiteraagintgihieigone, a
nitrogen atom and/or oxygen atom containing group-containing benzophenone,
and a ni tgrogprdeavtad byuRi/aod R yagdhe aitoogaroatom-apmgining apeure @NAMingg

t hi ob h = furth i ncl u | i d h
BB AR S5 it Al e RS s
i nclude a_urea. an onmpoun
such as a{’r‘]ﬁji%‘lﬂﬁ%zglr?uaé nmon(r?l’z&eaa s@ﬁ@%@%%ﬁ@% g@%%p%gaﬁc@ b%ﬁmve\/lrr]'?c% g and

R4 are al k&shocgERs!P§rdupC| stidaifingl HO0RREdyeRStAbmangs aat hingceurztinaing ester .
Exanpl es further include a cyclic conpound such as a di oxanone.

Exanpl es hétecmtpoureds. can e cie®R3 Examplesniohdhgrsubstitiied Rmino groupl koxy
group include a urethane and a thiourethane. i The con‘Bound

repr esent 8aluge aofiRydrecamylanaing, grauPaBHGh 25 nflRRIBYIENINGI FRUR 95 @an oxygen
atom R3 j. dro Yy LOMP.;:Qr i t ong: ajni oyup, and R4
is a ni tr%é@%lgﬁ'gﬁ}égp@a%?{?ﬁg&%&rhgua@ nps&rg’rgggﬂﬁﬁea%?r gb y'ﬁgmggﬁ%og{?hé in which

X i's an oxygaBlidhPINgrodd, bS1-pipdridins arélp, Hhekdmethyfer@ining gRbeaent ed by
Formul a (4}5gbel ow,wn%nggm igdééygrrgﬁg %present ed gy Forrmula (4) bel ow, and

i s yet noinddamodflegrabp.ya 4,%dinydund-imidagolyd lgroup.sa drimidaapdidingd graupRa is a

and Ra- Tl PIRETREB/ oGP GhAcHOTHEBoga e dPeTmkeet N5 subHtuter
hydrocarbyl group containing a substituted amino group as a substituent
include a dihydrocarbylaminoalkyl group such as a dimethylaminoethy! group
or a diethylaminoethyl group; and a dihydrocarbylaminoaryl group such as a
dimethylaminophenyl group or a diethylaminophenyl group. Examples of the
heterocyclic group containing a nitrogen atom as a ring-constituting
heteroatom include a 2-pyrrolidyl group, a 2-piperidinyl group, a 2-pyridyl
group, a 3-pyridyl group, a 4-pyridyl group, and a 2-pyrazinyl group.

With regard to the nitrogen atom- and/or oxygen atom-containing

group denoted by R® and R* as the oxygen atom-containing group, a
hydrocarbyloxy group, a substituted hydrocarbyloxy group, a substituted
hydrocarbyl group containing a hydrocarbyloxy group as a substituent, a
heterocyclic group containing an oxygen atom as a ring-constituting

heteroatom, etc. can be cited. Examples of the hydrocarbyloxy group

11



R7 * -(T)-N\R8( 4) (Inthe formula, mis 0 or 1, T denotes a
hydr ocar byl ene group having 1 to 10 carbon atons, a group represented by
Forrmula (5) below, or a group represented by Fornula (6) below, R7 and R8
i ndependent|ly denote a hydrogen atom a hydrocarbyl group having 1 to 10
carbon atons, or a trihydrocarbylsilyl group, or R7 and R8 are bonded to
each other and denote a hydrocarbyl ene group that nmay contain a nitrogen

at om and/ t h t RZ ibngl
I‘H%léfgig %ygﬂ%xzi ?FB 5 8n NahAERALGBUP, arﬂnQnR&rﬂl\lzzlgE?Rgrogpng e group

that is bo to t rogen atom vi'a a doubl e bond, Formul a
(2) is a bysthpleardithe gilkoxy grodp Rdclodie Romethoxy (@pup.samm ethraygroepr @sent ed by
Formula (4), the hydrocarbyl group denoted by R3 and R7 of R4 may be bonded
to each ORIREPROXYNEFPURE @(hdSTRIOBPXY-EH A .a A 25-Dat XYy BERHPS ?eﬁ?“ég'étﬁ%l)éd by

oS s SR S8 EhrieP IR A0 liglh ™
pLcr ocar SRS, [ Xtids 1 e AR gy, dsle gl 10,
1 (I'n thegdapnul a, Rl denotes a hydrocarbyl ene group having 1 to 10 carbon
atons, R11 denotes a hydrogen atom or a hydrocarbyl group_ having 1 to 10
carbon at ons, Exdeplasesofa thendiubgtitsidrd t hydrocamylado draupoifdéde oabhe
nitrogen gkg)g)}a?lzoxsorgpc}]ulpa s{,ﬁ?, ;s a methoxymethoxy group, a methoxyethoxy

group, an ethoxymethoxy group, and an ethoxyethoxy group. Examples of

the substituted hydrocarbyl group containing a hydrocarbyloxy group as a

substituent include an alkoxyalkyl group such as a methoxymethyl group, a

methoxyethyl group, an ethoxymethyl group, or an ethoxyethyl group; and an

alkoxyaryl group such as a methoxyphenyl group or an ethoxyphenyl group.

Examples of the heterocyclic group containing an oxygen atom as a ring-

constituting heteroatom include a monooxacycloalkyl group such as an

oxiranyl group or a tetrahydrofuranyl group; and a dioxacycloalkyl group such

as a dioxolanyl group.

In the present specification, the monooxacycloalkyl group means a

group in which one CH, of a cycloalkyl group is replaced by an oxygen atom.

The dioxacycloalkyl group means a group in which two CHzs of a cycloalkyi

group are replaced by oxygen atoms.

R® and R* may be bonded to each other, and as a divalent group (-R*-

R*-) in which R® and R* are bonded a group represented by -NR'-(CHz)p- in

the formula, p denotes an integer of 1 to 10 and R' denotes a hydrogen atom

or a hydrocarbyl group], a group represented by -NR"-(CH2)q-NR™- [in the

formula, q denotes an integer of 1 to 10 and R" and R™ independently denote

a hydrogen atom or a hydrocarbyl group], etc. can be cited.

With regard to the compound represented by Formula (2), examples of

the compound in which R® is a hydrogen atom include a formamide, a

12



In Formula (4), mis O or |I. In Fornmula (4), T denotes a
hydr ocar byl ene group having 1 to 10 carbon atons, a group represented by
Forrmula (5), or a group represented by Fornula (6). Exanpl es of the
hydr ocar byl ene group having 1 to 10 carbon atons denoted by T include an

al kyl ene group such as a nethyl ene group, an ethylene group, a trimethylene
group, a tetranethyl ene group, a pentanethylene group, or a hexanethyl ene

group;  anghigRrAbmid)% Bl S, Q%h%f@ﬂﬁ%&'é‘s@@r,%rﬁ%?@ﬁ RoRaRMHd ene
group. In Fornmula (5), RO denotes a hydrocarbylene group having 1 to

10 car bonomtgemsatomAcbntainfryy gnolup-dodlainiRy mmaldehyde hgntt egéirdgereadny oup
having 1 to 10 carbon atons and R11 denotes a hydrogen atomor a
hydr ocar b§nd/gF exygeiaatoRycontainitg gmupctPrdeipitg thiobenzaldeude)| es of the

hydr ocar byl ene group havjng 1 to 10. carbon,ato R9 and R1

i ncl ude an al kﬁg(gwg?egsr Sﬁﬁ“es%%ﬂp%@da'”ﬁ%ﬁ'ﬁﬁ{%n'é %ES%%?Q@S{QQF%% 'é'r?gm??r oup, a
trimethyl ﬁ%&&%@e,aattﬁibéééﬁhﬁ?!é,eﬁﬁ FEQHR BtheH MBhEBthRN@sMOW OF 2
hexanet hyl ene group; and an aryl ene group such as a phenyl ene group or a
napht hyl eaeryiite ugsted, ta iraethaefyddtabestenn aat Aylyemeidgr @aumethaarytamidef layl ene
group. ) As the hydrocarbyl group having 1 to 10 carbon atons denoted
by R11, amtreoRpl @temp, andéral koXyggr oumtomncantginingr ougrougteontaiaingbe cit ed.

Exanpl es of .the al kyl grqup include a pethyl qgrou an et.hyl group, an
n- pr opyl @‘F%ﬁ’bﬁer&ﬂ?eﬁlsappgﬁ&e"g%‘ﬂmj 3’?1%% Xﬂ%ngragﬂﬂfco i 'B%'Qb&r?'l’ group,
and a terishliylg Sidddet e B! 404/ Bnidt6ihnUShidinpn2Y!
group. Exaorrp?'les go?“‘%ﬁ% % ry %gl?bﬁé‘ﬂf?%{}ﬁ%e a ﬁe%’%f roup. IU(%B?} snB@ef erably
an al kyl groaprontaihing Bernzoph@néns,band at A gednatomBrandiorebrygdd wtom-met hyl
group or an ethyl group. Rll is preferably a hédrogen atomor an al kyl
group havéanjaining giaqupeeeniaming thisberzepheppee pr bxamalesyfugthpy dnelyde aat om a
met hyl group, or an (ét hyL roup, Exanpl es of the group represented
by For mul ¥K'8FoMPaURg el @%&JE'CF%BT esented by -0-CH2CH2- and a group
represented by 05 = . {EX 384 & f if6 WO EN SNt ed by
Formul a (6) in(l::'l_xu %ﬁ%p?%npdrse@ewtngﬁ by ﬂﬁ?éﬁég‘i‘&' %du%. grcoup
repr esent £dréy anbitd Hitdred CHExamples further include a cyclic compound such as
an imidazolidinone.
Examples of compounds in which R® and R* are alkoxy groups include
a carbonate ester and a thiocarbonate ester. Examples further include a
cyclic compound such as a dioxanone.
Examples of compounds in which R® is an amino group and R* is an
alkoxy group include a urethane and a thiourethane.
The compound represented by Formula (2) is preferably a compound
in which X is an oxygen atom, R® is a hydrocarbyl group or a nitrogen atom-
containing group, and R* is a nitrogen atom-containing group, is more
preferably a compound in which X is an oxygen atom, R® is a hydrocarbyl
group or a group represented by Formula (4) below, and R* is a group
represented by Formula (4) below, and is yet more preferably a compound in
which X is an oxygen atom, R® is a hydrocarbyl group, and R* is a group

represented by Formula (4) below. R? and R* may be a group in which these

groups are bonded to each other.
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In Fornula (4), R7 and R8 independently denote a hydrogen atom a
hydr ocar byl group having 1 to 10 carbon atons, or a trialkylsilyl group, R7
and R8 may be bonded to each other, R7 and R8 may be a single group that is
bonded to the nitrogen atomvia a double bond, and R7 of R4 and R3 of
Formula (2) may be bonded to each other. As the hydrocarbyl group
having 1 to 10 carbgn atons denoted by R7 and R8, an al kyl group, an aryl
group, etc. can beRC|ted Exanpl es of the al kyl group include a nethyl
group, an*eLquﬁgmoup, arf4ny propyl group, an isopropyl group, an n-butyl
group, a sec-butyl\.group, and a tert-butyl group. Exanples of the aryl
group include a ph@nyl group. It is preferably an al kyl group, and nore
preferably an al kyl group havi lto car bo . ampl es of
the tri hy(é? Hr?af%wa Iy S §r°6dp Tadenated aﬁ‘ H)ﬁ’eﬁ% TR Dawng 1tEi<°| g‘?kyl silyl
roup suc t | &dy! o}
group %\/ n At pgrjoﬁt) yeptrgé Ifbr‘?rlilﬂé( I) HeloW 08P a If%roup

triisopro Sily r‘oéu uty di nmet |yl "gr oup. I's

pr ef er abl pgpfedented lﬁyl ForMilla0T (e} i) Y Zanido F9 W@@hdamtwmderaml aor e
preferably a trialkylsilyl group in which the alll% group bonded to the
silicon atyaimogen atora) Iaylhygmarbylhagmng having 31 dar bdreagpemsatoms, or aExanpl es

of a divalent group (-R7-R8- 7 R8 are tSondeﬁcji |nc ude an

al kyl ene t@h&ﬁ@mcéwgﬁ"&bg@rﬁlpef’hﬁl é’rﬁ‘é‘ %r%i?p org?qdrﬁon%qqgw fie2g 6’&80 €2
tetramet rou r r t byl roup; a
ni trogen 6%%@#?8%9%58 ér océhéhﬁt%ﬁe% ggu e@ucﬁﬂ?g@rgﬁpﬁggp?esent ed
by - mzaﬁo%@b‘%eter%aﬂfrﬁ‘ﬂ? éﬁ@'F\éSrﬁQi' od é3¥rngg‘8|@d3-théﬁld-borwegrt6uﬁe
represented by -CH=CH N=CH, or a group represent ed by - CH2CH2- NHCH2CH2- ;
and an oxyltfegemtatomcdatzaidoubig byuid,0ehem\R eue Fgrroulp Q)dh adydragasuy

represented by - CH2CH2-0- CH2CH2-, Ies of the s roup
denot ed tgroRy anth R3got Farmpla (Anised QW”Phéeprﬁ ‘?'Hﬁ‘érpyaﬁ?ﬁm{')‘aa?& c}gﬁbl e bond

i ncl ude i dene 30 d up, a
et ny1 OORGPoARHC PR sk, By R KT SER ) Be orlith dRRDIRER 1P
1,3-di ”Et\}@a{érbw@yeidddﬂﬂ%f%ﬂﬂma () are gro@ F@pr%erﬂédébdedmhﬂatng@Ltﬁ
(-R3-R7-) in which R3 of Fornmula (2) are bonded to each ot her
i ncl ude aR® ahdyREmE Rj‘rmqy becﬂmrubdato eahly| ather, garULrp depotes @ebhpdisge group,
a tetranet hyl ene group, a pentanethyl ene group, or a hexanethyl ene group.
Exanpl es RSIsitige) group represented by Fornula (4) in which m= 0 include a

di hydrocar JlEB R such&ﬁ d| met hyl am no group or a diethylam no
group; a cycll no group s as a 1- a2|r|d|nyl group, a 1- pyrrolidinyl
group, a 1-piperidinyl ,group, a hexa I ene| i m dazol yl

group, a @ ESb‘%IerWI‘I"é R |%'H%%%Ia§/ﬁ‘y‘éfr°8€| y ©1 I[Py ?‘Bpgdfx‘gimg?%rﬁﬁ

1- | M
ar oup. suctons: 3 gBiesrd ﬁérﬁ%'&?'tm%ﬂﬁ?‘g‘%ou%ea B PR izm o
group, a ﬁgrﬁ{ma )yl di met hyl silyl)am no group, or a

bls(trllsop__ y_ 1d yI)a group. Exanpl es of the group
represented 3? rul a ( inwhich m=1and T is a hydrocarbyl ene group

i ncl ude a di hyth ocar byl am noal kyl group such as a di net hyl ani noet hyl group,
a di et hyl am noet hyl group, a di nmethyl am nopropyl group, or a

di et hyl a”%??ﬁé ‘?Bbﬁl\ 19" ﬁ(ﬂ'@deﬁafésaa HyQysh=psAehY | @OUH PALKg YEUD sadnas a
di nmet hyl a nophen group or a diethyl am nophenyl group. Exanpl es

of the gratoms; &1 eleebtedda hydFegenubtont 4y @ hydivicatbyingroup hading 1 $o 40gr oup
represented by Formula (5) include a group re sent ed by

CH2CH2- N(cemem atemgyr o@@qtepﬁémwwpwtlomrm%ﬁg'smm?éﬁe)the nHrogesup

r epr esent ed 0- CHZ%Z)CHZ N(CH3) 2, and a group represented by -0-

CH2 CH2CH2t Rr("t%fz

In Formula (4), mis 0 or 1.
In Formula (4), T denotes a hydrocarbylene group having 1 to 10
carbon atoms, a group represented by Formula (5), or a group represented by

Formula (6).
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Exanpl es of the group represented by Formula (4) in which m=1 and Tis a
group represented by Fornmula (6) include a group represented by

- NHCH2CH2- N(CH3) 2, a group represented by -NH CH2CH2- N( CH2CH3) 2, and a
group represented by - NH CH2CH2CH2- N(CH3) 2, and a group represented by -
NH- CH2CH2CH2- N( CH2CH3) 2. Exanpl es of the conmpound represented by Fornul a
(2) in which Xis an oxygen atom R3 is a hydrocarbyl group, and R4 is a

group representRémplesFer thel Aydrdtaibyfdnédgroupenmanpoutsldobelrbvn dtemehi ch R3
is a vinyl group and in Formula (4) m=1 and T is a group represented by

Formul a (d@noted (13- Mi inetudgl ani aliglehy| ymeipy bach ds, a methylene group, an

N- ( 3-di met hyl ami nopropyl ) acryl anmi de, N-(4-di net hyl am nobutyl)acryl am de,
N- E 2- di eteﬁmyﬁﬁ? ntﬁBHQWéér?'l’%ﬁWﬂ@ne N-g("gl(‘ﬂ'l e?hyﬁeé'y QSB?/I glgdé?'ell zl?n de,

(4 A6, AW Botons psge: gng on amione group suen
N- ( 3- nor pé{goérngﬁwgﬁyb}@gﬁw amagﬂthwe-ne groupExanmpl es further include the
conpounds be is a 1- methylethenyl group and in Forrmula (4)
m= 1 and T i slraFgrroula (3pR¥sdenatds by hiydranalrizylésd .group having 1 to 10

carbon atoms, and in Formula (6), R'® denotes a hydrocarbylene group having

‘1 to 10 carbon atoms and R denoteé a hydrogen atom or a hydrocarbyl

group having 1 to 10 carbon atoms.

Examples of the hydrocarbylene group having 1 to 10 carbon atoms
denoted by R® and R'® include an alkylene group such as a methylene group,
an ethylene group, a trimethylene group, a tetramethylene group, a
pentamethylene group, or a hexamethylene group; and an arylene group such
as a phenylene group or a naphthylene group. It is preferably an ethylene
group or a trimethylene group.

As the hydrocarbyl group having 1 to 10 carbon atoms denoted by RM,
an alky! group, an aralkyl group, an aryl group, etc. can be cited. Examples
of the alkyl group include a methyl group, an ethyl group, an n-propyl group,
an isopropyl group, an n-butyl group, a sec-butyl group, and a tert-butyl
group. Examples of the aralkyl group include a benzyl group. Examples of
the aryl group include a phenyl group. It is preferably an alkyl group having
1 to 10 carbon atoms, and more preferably a methyl group or an ethyl group.
R'' is preferably a hydrogen atom or an alkyl group having 1 to 10 carbon
atoms, and more preferably a hydrogen atom, a methyl group, or an ethyl
group.

Examples of the group represented by Formula (5) include a group
represented by -O-CH,CH,- and a group represented by -O-CH2CH2CH.-.

Examples of the group represented by Formula (6) include a group

represented by -NH-CH,CH,- and a group represented by -NH-CH,CH,CHo-.

15



- D net hyl am noet hyl ) met hacryl am de,

I met hyl am nopr opyl ) net hacr Yl am de,
i met hyl am nobut yl ) net hacryl am de,
i et hyl am noet hyl ) met hacryl am de,
I et hyl am nopr opyl ) net hacryl am de,
- di et hyl am nobut yl ) met hacryl am de,

N- (13- bi strinet WF@MMEW‘I‘?,”RW&BYE{?? nRdepambyhiiddRoteddithydrogen atom, a
N- ( 3- nor phol i nopropyl ) met hacryl am de. Exanpl es of the conpound
Legr esengqcﬂrbgarsyirgmua hé2ingi htorvhd chrboni atoms, ox paddalkgistyhgrrgpi B' and
ydr ocar group, and R4 is a group,represented by Fornul a i.ncl ude the
conpounds%%)gﬁw\ﬁ?e ibengdad da ersh; %t%ﬁr'vﬁga?l"ddr:‘%m?yaﬁﬂ %lﬁ'"lgiﬁ ﬁ{ﬂ‘z‘f( %t ' = 0.
N, N- Di et hyl acr yl am | et hy, ani.gde, 7 4 3
N, N- bi str eﬁy?/os! %/?'ﬁ&org%nal\l{og%%%néd%{%lrep%F&’ngggr@l é);n' %Ie.and R™of
Exanpl es ¢anddigl2) sy Be®ohbed ¢9@aen biserbel ow, in which R3 is a 1-

net hyl et henyl group and in Formula (4) m= 0. N N-D nethyl nethacryl am de,
N, N-di et hyl mefAbahe \hydrdoaehyl group having 1 to 10 carbon atoms denoted by R’
and R® an alkyl group, an aryl group, etc. can be cited. Examples of the
alkyl group include a methyl group, an ethyl group, an n-propyl group, an
isopropy! group, an n-butyl group, a sec-butyl group, and a tert-butyl group.
Examples of the aryl group include a phenyl group. It is preferably an alkyl
group, and more preferably an alkyl group having 1 to 4 carbon atoms.

Examples of the trihydrocarbylsilyl group denoted by R” and R® include
a trialkylsilyl group such as a trimethylsilyl group, a triethylisilyl group, a
triisopropylsilyl group, or a tert-butyldimethylsilyl group. It is preferably a
trialkylsilyl group having 3 to 9 carbon atoms, and more preferably a
trialkylsilyl group in which the alkyl group bonded to the silicon atom is an
alkyl group having 1 to 3 carbon atoms.

Examples of a divalent group (-R’-R%-) in which R” and R® are bonded
include an alkylene group such as an ethylene group, a trimethylene group, a
tetramethylene group, a pentamethylene group, or a hexamethylene group; a
nitrogen atom-containing hydrocarbylene group such as a group represented
by -CH,CH,-NH-CH,-, a group represented by -CH>CH>-N=CH-, a group
represented by -CH=CH-N=CH-, or a group represented by -CH,CH>-NH-
CH,CH,-; and an oxygen atom-containing hydrocarbylene group such as a
group represented by -CH>CH;-O-CH>CH»-.

Examples of the single group denoted by R? and R® that is bonded to
the nitrogen atom via a double bond include an ethylidene group, a
propylidene group, a butylidene group, a 1-methylethylidene group, a 1-
methylpropylidene group, and a 1,3-dimethylbutylidene group.
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N, N- bi stri met hyl silyl met hacryl am de, and nor phol i nonet hacryl am de.

The conpound represented by Fornmula (2) is preferably a conmpound in which X
is an oxygen atom R3 is a vinyl group or a 1-nethylethenyl group, R4 is a
group represented by Fornmula (4), and in Formula (4) m=1 and T is a group
represented by Fornula (6). It is nore preferably

N- ( 3- di met hyl am nopropyl ) acryl am de, N-(3-diethyl am nopropyl)acryl am de,

N- (3-di met hyl api geBlaPY{ A&BLH_AL pk&up AR3_R™.) in which R of R* and R® of

N- ( 3-di et hyl am nopr opyl ) net hacryllam de. In order to increase

st rengt h,Fdrhala ¢2) agabendetl eneapioloyinarinoludehan plkylemet grionpesitahoas pnef er abl y
contains a vinyl aromatic hydrocarbon-based nmononer unit (vinyl aromatic
hydr ocar BBRYIGABt )9roBRandl esimsthylgae vi HPHPar Snalet@MataYIgear BHAUPncPude

styrene, a-nethylstyrene. vinyltoluene vinylnaphthal ene, divinyl benzene,
trivinyl tﬁﬁ‘ﬁrﬁg%yﬁ HePni ﬂﬁﬁﬁ?rﬁgﬁgﬁ@e Q'EOYJipS preferably styrene.

The content of EbAROMSNYT 1 QRRIY Feptedemed BPFoPRBRA (AP WHicHM = or el ative
to 100 w % of t&e Potsa?{ am)(gnt dofep'%}he conj E%)at ed di gﬂ’e) unit and the vinyl
aromati c ihypiddecardibydroaaylaminongroupnstch iss pr dinesthibmnimmtgrbegsort han 10 wt %

(the content of the conjugated diene unit being not nore than 90 wt %, and
nore pr efdiethlylaminetgrpepisatayghc EEine @rovpsucbmeat 1-eeiridiy! wapRgated di ene

oD b b s SRt GRS, LR STk B! 877 o
imidazolyl group, a 4,5-dihydro-1-imidazolyl group, a 1-imidazolidinyl group, a
1-piperazinyl group, or a morpholino group, and a bis(trialkylsilyl)amino group
such as a bis(trimethylsilyl)Jamino group, a bis(triethylsilyl)Jamino group, a
bis(t-butyldimethylsilyl)amino group, or a bis(triisopropylsilyl)Jamino group.

Examples of the group represented by Formula (4) in which m = 1 and
T is a hydrocarbylene group include a dihydrocarbylaminoalkyl group such as
a dimethylaminoethyl group, a diethylaminoethyl group, a
dimethylaminopropyl group, or a diethylaminopropyl group; and a
dihydrocarbylaminoaryl group such as a dimethylaminophenyl group or a
diethylaminophenyl group.

Examples of the group represented by Formula (4) in which m = 1 and
T is a group represented by Formula (5) include a group represented by -O-
CH,CH>-N(CH3),, a group represented by -O-CH,CH,-N(CH2CHs),, a group
represented by -O-CH,CH,CH2-N(CH3)2, and a group represented by -O-
CH2CH2CH2-N(CH,CH3)s.

Examples of the group represented by Formula (4) in which m = 1 and
T is a group represented by Formula (6) include a group represented by -NH-
CH,CH2-N(CH3),, a group represented by -NH-CH2CH>-N(CH2CH3),, and a
group represented by -NH-CH,CH,CH2-N(CHa),, and a group represented by -
NH-CH2CH,CH2-N(CH,CH3),.

Examples of the compound represented by Formula (2) in which X is
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nononer unit is preferably not nore than 50 wt % (the content of the

conj ugated diene unit being not less than 50 %, and nore preferably not
nore than 45 wt % (the content of the conjugated diene unit being not |ess
than 55 wt % . In order to increase strength, the Mboney viscosity
(ML_14.4) of the conjugated diene polynmer of the present invention is
preferably not | ess than 10, and nore preferably not |ess than 20.

Furt her § L0, 30| alhlif4is d §roud reprisehedd yy not nore
t han ZOS?Jrg?IX %r%‘ggﬁgg?m&ﬁ?@%g@% hgn 150. The Ii\é/boﬁey Vi scq‘éi ty
(M.1+4) iforfas ()afclatie 18 Compoands bdmne én witich RF $ KEGH0 9rdgoand in In
order to inprove fuel econony, the vinyl bond content of the conjugated

di ene polFermeulatd)me heeddnis 3 arertrepresestes Y EPHRYY (Bbt nore than 80 nol

% and nor .eferably nqgt .more than 70 nol % per 100 nol % of the
conj ugat é&?a&éﬁ‘éﬁyi‘%@ﬁmﬁﬁw&ﬁﬁw AR Furthermore, in order to inprove grip
properti eﬁJf%!é'ﬁ%Fﬁyp‘{"%‘?ﬁ%%mamta'ﬁieéS than 10 mol % nore preferably not

| ess than R ye preferably not |ess than 20 nol % and

parti cul auly-danefrgTahingbigt)atgksanitban 40 nol % The vinyl bond content is
typically measured by IR spectroscopy fromthe absorption intensity at
~around 918-(2rdigthylaminoethyl)agiylapkde.pt i on peak of a vinyl group. The
content of fhe Hnnoner unié baFed on the conpound represented by Fornul a

(1) is, iMGdrthyiaginenPpyasyBMideonony, preferably not |ess than 0.01 wt %

relative O i ted di ene polyner, and nore preferabl
| Ve h04 iGnPaHAdbpFaciotigal ed di ene poly p y

not | ess than ernore, in order to inprove econonic

ef fi ci ency-(BlpistEmetifisiyddthinopadpyifaesyldiae, 2ndt % and nore preferably not
nore than 1 wt % In order to inprove fuel econony, the nolecul ar
wei ght di Ni(Birberphotinagropyijactyamidat ed di ene pol yner of the present

i nvention is preferabl tq 5, a nore preferably. p3lne | ecul ar
wei ght distri béf(?@ﬁ‘qssxﬁ%teéi'ﬂgadﬁgﬂﬁe%?@lﬁ‘f%é‘sﬁ%%ﬁ‘é’r Ji\%hﬁ%%gn%l 2c0l ar

e kR R PR i oot

nmet hod fqu PoAeuai(p the conjugated diene polyner of the present invention,
a production nethod including steps A and B bel ow can be cited. (Step A): a
step of puH@Rimethylgminnethdmetbapotamids. i ncl udi ng a conj ugated di ene and a

conpound represented by Fornul 1) ahqve in a hydrocarbon sol vent using an
al kal i ma’f’ég"ﬁ'@?tan ',”Wmﬁ%éhéﬁg’@"ﬁg?yner contai ning a nonomer unit
based on ﬁégpmgwaﬁ]ﬁ%_g@mquagxlaﬁ%gy! a (1) above between a conjugated

di ene- based nono uni ntaining partial chain (not containing a nononer

uni t baseﬂégmié\thgwmﬁuéMyr)m@twyl‘aﬁﬁHé}y Formula (1)) and a conjugated
di ene- based nononer unit-containing partial chain (not containing a nononer

uni t basen-(8+diethytamiooprdpybmetannylemidss Fornula (1)), the pol ymer having an
al kali metal catalyst-derjved al gal i, metal in at |east one term nus of a
pol ymer cNe(I"’rf’.'etd‘ﬂaé‘ﬁ“B?‘:'tya"?ﬂéﬁfr AMidicting the pol ymer obtained in step A

and a conpaung L aREREIISRiddprEN e Rabilarfiagy &nd

N-(3-morpholinopropyl)methacrylamide.

Examples of the compound represented by Formula (2) in which X is
an oxygen atom, R? is a hydrocarbyl group, and R* is a group represented by
Formula (4) include the compounds below, in which R? is a vinyl group and in
Formula (4) m = 0.
N,N-Dimethylacrylamide,
N,N-diethylacrylamide,
N,N-bistrimethylsilylacrylamide, and
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Exanpl es of the alkali netal catalyst that may be used in (step A) include
an al kali nmetal, an organoal kali netal conpound, a conpl ex between an

al kali metal and a pol ar conpound, an oligoner having an al kali netal, etc.
Exanpl es of the alkali netal include lithium sodium potassium rubidium
and cesium Exanples of the organoal kali netal conpound include
ethyllithium n-propyllithium iso-propyllithium n-butyllithium

sec- but yl hbfgHokAbadryRediyé! i t hi um n-decyl I'ithium phenyllithium

2-napht hyl I'i't hi um rg

but yl phenyl | i t Examplesphustngr boclydé ithai aompporeide Hesdow| iin Whieh R®is a 1-
cyclopentyllithium dinmethyl am nopropyl!lithium diethylam nopropyllithium
t- butyl dF‘ﬁﬁ'tYWF%W'yglr%QlﬁP%H}/FPFf’W?dﬁi/N-T‘rﬂr phol i nopropy! l'i thiumlithium
hexamnet hy},enei m It hi rrolidide,lithiunpiperidide,lithium

hept anet h’wvéﬁléwg@ét%?%ﬁ%dgbdecanet hyl enei m de, sodi um napht hal eni de,
sodi um bi ghegthfifetitdyiBRid@ssi um napht hal eni de. Exanpl es of the conpl ex
bet ween an al kali netal” and a pol ar conpound include a

pot assi unNiNebistiimdihgfsilymmethacnylaaxidanand pot assi um di et hoxyet hane conpl ex,
and exanpl es of the ol iﬁorrer havi ng an al kali netal include the sodiumsalt
of a- net hppgrhplisp@ethacrdamide.|t i s preferably an organolithi um conmpound or

an organosodi um conpound,, and nore prefera a i L hi ound
having 2 to ZO%Sr &Powgr{ﬁpé?seé\ﬁe%%g{%g\gﬁ x%?] %o'%{)egﬁjr%gwh%\r}%oﬁ@o 91?2 20

car bon at; i i B Usre4l 1Lk etyRiinényl gréusol vent

t hat does'ﬂnrwaqlcggagt?nvg?’ggﬁgogﬁgiangg? iigwgllrygtpal conpound catyals‘;ysﬁ and
exanpl es Rhiy 2qfoupieipuckened b iFphallac(4)ydnd aaFbonyladd) ar srteand Thydr ocar bon,
and an alicyclic hydrocarbon. Exanples of the aliphatic hydrocarbon include
propane, grouptrepesented-mutemeuladbhent ane, i so-pentane, n-hexane, propene,

1- butene, iso-hutene, trans-2-butene, cis-2-butene, 1-pentene, 2-pentene,
1-hexene, and 2 REIRLC®IAN| es of the aromatic hydrocarbon incl ude

benzene, NQhﬁﬂﬁthm@?FBoﬂ?cﬁﬂMlﬁ?”ze”e1 and exanpl es of the alicyclic

hydr ocar bon i nclu ane and cycl ohexane. One or nore types

t her eof ang3uiemylaiiroprppyhaaylzonideol vent nay be a mixture of various types
of conponents, as in industrial hexane. It is preferably a hydrocarbon
havi ng 2 Nd3ximethylamingeerpy))matbaerylemigeedler abl y an al i phatic saturat ed

hydrocar bﬁ-r}Spdalc\e/tihgngmggro%y %re%oa%rﬁta%%e'.

In order to increase strength, the conjugated diene polymer of the
present invention preferably contains a vinyl aromatic hydrocarbon-based
monomer unit (vinyl aromatic hydrocarbon unit). Examples of the vinyl
aromatic hydrocarbon include styrene, a-methylstyrene, vinyltoluene,
vinylnaphthalene, divinylbenzene, trivinylbenzene, and divinylnaphthalene.

It is preferably styrene.

The content of the vinyl aromatic hydrocarbon-based monomer unit,
relative to 100 wt% of the total amount of the conjugated diene unit and the
vinyl aromatic hydrocarbon-based monomer unit, is preferably not less than
10 wt% (the content of the conjugated diene unit being not more than 90
wt%), and more preferably not less than 15 wt% (the content of the
conjugated diene unit being not more than 85 wt%). Furthermore, in order to

improve fuel economy, the content of the vinyl aromatic hydrocarbon-based
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In step A, nononer conponents including a conjugated di ene and a conpound
represented by Fornula (1) above are polynerized in a hydrocarbon sol vent
using an alkali netal catalyst, thus producing a polyner having an al kal i
metal derived fromthe catalyst in at |east one term nus of a polymer chain
havi ng a conj ugat ed di ene-based nononmer unit and a nononer unit based on a
conpound represented by Forrmula (1) above. Exanpl es of the
conj ugat e ' i clk u [ .t 9 r [ he
2.3 di et g RS AT i eterdn b RRG, e e R e her eof
may be usgshjuduted didre ohit beihdubaibiserthaartd weoprartmare prefefasinbiod.
The anount of conpound represented by Fornula (1) used relative to 100 wt %
of the tomare dmaruAb with ftheosenteabapéirereriugated dignpdiNhBeiNgalotoleSFs, in
order to in})'roveo uel econony, preferably not less than 0.01 W% and nore
preferablﬁha R VBe&k than 0.02 wt% Furthernore, in order to I mprove
econom c effi C'h?'?)‘f'?fert h%r%h%e%%fsqyquw {}\%} MBYney ! 8oty MM . @Ndf REE

0

pref erably not nore n step A, polynerization may be

carried ogdnjiyate@ it palymes ofen® Pessent lintion)isipa¢fecabdy eot lessdthahe
compound represented by Fornmula (1) with a vinyl aromatic hydrocarbon, and
exanpl es 0, ardmoreprefarabhamiot l¢spdihes adborf urihermaes. 3o yardeeto improve

- met hyl st .. vinyl tol i nyl hal ... di vinyl ber ,

71 vi nyl DRAEEREbINhtdp PIRATABEPEATBRR InFe 200 rck ol R S e gh Lt

Th ' [ dy el Ak 1 oof th
ot ar amotitte ST eCEGo, Wiy QRE60R] RS, 1€ esdial e TR0Te M2 1 2 not

| ess t hang&opidadel With arPKBB0O{ 199 ugat ed di ene used being not nore than
100 wt9%, and in order to inprove strength it is preferably not |ess than

10 wt % (t he amburdrder tcoinjprgee efdetiesnaomyedheeyinyg Rend neardentgh the wt %)
and nore preferably not |ess than 15 wt%%{iue am)ugt EI C n+u a%\%d di ene
used bei n@oﬂi%at%rdie’t%&?\'y@gr\ﬂf ¢he PEesERhEVRBYQN 1S Rregeraey 7 ﬂ%r 8 fuel
econony, e u f Vi I [RoTelr VA k f |y not
nor e. thang‘gg]caﬁ %%}Edn%oénggé{nater%élygg{nﬁégﬁéfg?éﬁ@ ﬁts‘%gqggﬁﬂgr%ﬁ@gss t han

50 W %), @iHjugmes PEREDABBE YmBAbMBPIUIL haurtHerwoeé, (inherderotonimpfoveon; ugat ed
di ene used being not |ess than 55 wt%. The pol ynerization in step

A may be gdp ipregbrbes, it iis phefepatdy evot desst than hgeme! Toomareguetarrbly mofe vi nyl
bond content of the conjugated di ene unit, ar% %gentth fOé regglr?gtl ng the

di stri butless thant he ®eh; /&gaﬁbdnﬂrieeﬁéefﬁfﬁt\%é}o cREPnMEp £Re™ jug?é@ed di ene
unit and a_um r i ased th i ted di ene
(her car ¢ cpariGUALY prEfpraa i 38 MelPAT FRG1 &, e LRDbDRE oA, et

i ncl ude a&p&tah?rm@@wagl IR&pk8frbsEdpy fdFhthe abBsorplioplintepbityat acumaund.
Speci fic éxanples of the ether conpound include cyclic ethers such as

t et r ahydr @fQcen], wheith &hgolabpyrpdion pead of avidylor@de; al i phati ¢ nonoet hers

such as diethyl ether and dibutyl ether: aljphatic diethers such as
et hyl ene gl ycoIThGiQ?é‘fWIOféf‘ﬁé‘?Q'y‘g?Wy‘F’BhQaﬁ‘?‘i/BBﬁ}‘%li°8mﬁ’)9f‘m trﬁgqe,seg{eﬁw ene

gl ycol dibutyl efher,. die i i ene
gl ycol di ﬁ!{,%f%{%@? ;'s’gho‘g r?l%hﬁ%ﬁp g“e@ ﬁg?gé%ﬁ%%i?'gﬁﬂ%'g;}fb tg%%le{r}ﬁgnd
ani sol e. &SpACfd,CrefatRBPR3 00 widheoft aie! tarilgatdidngienacpolgmet,r ard b ne,
tripropylamne, tributylamne, N, N, N, N -tetranethyl ethyl enedi am ne,

N, N- di et hytefeviabiyneot pless dihem, 00021 wtlhnol Further@oeei fin cordeantsl émpodvet he
phosphi ne conpound i ncl ude trinethyl phosphi ne, trLethygghos hineb and
tri phenyl peanasnicesliciensy idis Riaferabphest MeEs than N "p@ndJagre preferably

not more than 1 wt%.

In order to improve fuel economy, the molecular weight distribution of
the conjugated diene polymer of the present invention is preferably 1 to 5,
and more preferably 1 to 2. The molecular weight distribution is obtained by

measuring number-average molecular weight (Mn) and weight-average
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The polynerization tenperature in step Ais preferably 25C to 100C, nore
preferably 35C to 90C, and yet nore preferably 50C to 80C. The

polymeri zation time is preferably 10 mnutes to 5 hours. Step A preferably
i ncludes steps al, a2, and a3 below. (Step al): a step of polynerizing a
nmononer conponent including a conjugated diene in a hydrocarbon sol vent
using an al kali netal catalyst, thus giving a conjugated di ene pol yner

havi ng ammalkaldr wagAl (M) ibjed ddloperifitiont elraiatédtaph (ARCTEMett, N
termnus (Step a2): a step of adding a conpound represented by Formula (1)
to a hydrachdivoling Mwby &n.of t he conjugat ed di ene pol ynmer having an al kal i

iy _rSZLiV?ﬂe?x%?qﬂ;%e“&s%‘%E@éﬁao&%ﬁkf@cﬁ{%%&‘@wﬁéyﬁﬁ AL IR
a conj ugatbgg)rg%{rgwe%m BYLAR n BefhdCh¥d Lngl R ﬁcatrugﬁoﬁ cahructure

in which met al er|ve M he & yst 1s bonded
to a nonoggekitedlit based on the conpound represented by Formula (1) (Step
a3): a step of adding a nonomer conponent including a conjugated diene to
a hydr oca(Shem A3oh stepoof pdlymkezingnpon@nedcoinporepslinstadinga/conjugated pol ynmer
chain termnus a structure in which the_al kali rre deri m t he

al kal i nediane @da \eomnosingd JiggeEapanted biroryrta §hl 2 B‘é"sé‘?jaohycﬂﬂ‘éa 8Hpound

t by F I . th i Zli : t t th
ol yrer cirayat, Qg A sl methiSRBIEREING, Bulds BOGAEE cGRERARCE. 2. L1C,
by For mul @ohémet NiHit basé§ast &f cdnigdbunle rdpbydmed PherIraflid N15tapva per nole

of alkali netal derived froman alkali netal catalyst is preferably from
0.1 to 3 batveennpDeanjpyatbe didrierbisexhmdnbdbnten uditrainéainbagdpartal chaire (potef er abl y
fromO0.7 to 1.5 nole. In step B, the tenperature at which the

pol ymer m@ﬁ@ﬂnmamogtowwnﬁmﬁqeﬁérta&ﬁamwnﬂéspﬁsnt%w Rorpyladly (2) are

reacted is preferab 100C, nore f 5 yet nore
pr ef erabl%pcgﬁc Pwuﬁﬁ%dzaf?é‘er%%sﬁdi Sienone |tg’re e"¥'5§ é/:%'gl ;%gc% hour s,
and nore &Hn&%é.ﬁr@bhyménmner Witlbdsey onancdﬁ%odﬁar Red?é@érﬂé@tBWFéﬁnman to 1
hour . he production nethod of the present invention, a coupling
agent may(1pe th?@ldeljntem Halvinghgrdalikatimbetal satalyist-derioéd athahcrmtphgmtddash ene

pol ymer as necessary frominitiation of polynerization of nononer using an
al kal i meang tegainysyefta pelymer @haik i on of pol ymerization. Exanples of the

coupling &qentB)l gcs!tgg%fa}egql%o%ﬁe p&{(m%?rOWalﬁ‘e(g ?% speep And a compound
represented by Formula (2) above.

Examples of the alkali metal catalyst that may be used in (step A)
include an alkali metal, an organoalkali metal compound, a complex between
an alkali metal and a polar compound, an oligomer having an alkali metal, etc.

Examples of the alkali metal include lithium, sodium, potassium, rubidium,
and cesium. Examples of the organoalkali metal compound include
ethyllithium, n-propyllithium, iso-propyllithium, n-butyllithium, sec-butyllithium,
t-octyllithium, n-decyllithium, phenyllithium, 2-naphthyllithium, 2-

butylphenyllithium, 4-phenylbutyllithium, cyclohexyllithium, 4-
cyclopentyllithium, dimethylaminopropyllithium, diethylaminopropyllithium, -
butyldimethylsilyloxypropyllithium, N-morpholinopropyllithium, lithium
hexamethyleneimide, lithium pyrrolidide, lithium piperidide, lithium

heptamethyleneimide, lithium dodecamethyleneimide, 1,4-dilithio-2-butene,
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R12.M-4-a(7) (In the fornmula, R12 denotes an al kyl group, an al kenyl
group, a cycloal kenyl group, or an aronatic residue, Mdenotes a silicon
atomor a tin atom L denotes a hal ogen atom or a hydrocarbyl oxy group, and

a denotes an integer of 0 to 2.) Here, the aromatic residue denotes
a monoval ent group in which a hydrogen bonded to an aromatic ring is
renoved from an aromati c hydrocarbon. Exanpl es of the coupling agent

of formulg i hdpHiNsIEnRIE! iso@um biphenylide, and potassium naphthalenide.
tetrachl ori de, rreét}ﬁJyl trichlorosil ang, diyrret hyl di cF;)hI orosi | anpe,

t ri met hylesdngplesidfathe, complexebetaekhoan dekalimeidigl and chipelast empound
di met hyl di chl orotin,

tri met hylieelnde atnatassumdrirahiipliran fRMpHINY 7iReASTINYSigtapg cthane

O e hox YRR YAR) LR B 1 AR IR LN B} R e

et hyl tri el ddiBE o-RBthyitpleRexitiafidty | /i isapRferably an organolithium
compound or an organosodium compound, and more preferably an
organolithium compound having 2 to 20 carbon atoms or an organosodium
compound having 2 to 20 carbon atoms.

The hydrocarbon solvent used in step A is a solvent that does not
deactivate the organoalkali metal compound catalyst, and examples thereof
include an aliphatic hydrocarbon, an aromatic hydrocarbon, and an alicyclic
hydrocarbon. Examples of the aliphatic hydrocarbon include propane, n-
butane, iso-butane, n-pentane, iso-pentane, n-hexane, propene, 1-butene,
iso-butene, ftrans-2-butene, cis-2-butene, 1-pentene, 2-pentene, 1-hexene,
and 2-hexene. Examples of the aromatic hydrocarbon include benzene,
‘toluene, xylene, and ethylbenzene, and examples of the alicyclic hydrocarbon
include cyclopentane and cyclohexane.

One or more types thereof are used. The hydrocarbon solvent may
be a mixture of various types of components, as in industrial hexane. It is
preferably a hydrocarbon having 2 to 12 carbon atoms, and more preferably
an aliphatic saturated hydrocarbon having 5 to 8 carbon atoms.

In step A, monomer components including a conjugated diene and a
compound represented by Formula (1) above are polymerized in a
hydrocarbon solvent using an alkali metal catalyst, thus producing a polymer
having an alkali metal derived from the catalyst in at least one terminus of a
polymer chain having a conjugated diene-based monomer unit and a
monomer unit based on a compound represented by Formula (1) above.

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

1,3-pentadiene, 2,3-dimethyl-1,3-butadiene, and 1,3-hexadiene. One or
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In order to inprove processability of the conjugated di ene polyner, the
anount of coupling agent added is preferably not |ess than 0.03 nol per nol
of the alkali netal originating fromthe alkali nmetal catalyst, and nore
preferably not less than 0.05 nol. Furthernore, in order to inprove fuel
econony, it is preferably not nore than 0.4 nol, and nore preferably not
nore than 0.3 nol. The conjugat ed di ene pol yner nmay be recovered
fromthe Mfe Qﬁ%sb%réal Hhy 08 Wedt he\rﬁ&r% Hdh e 3di pagieR®| anieisoperd known
recovery nethod such as, for exanple, (1) a method in which a coagulant is
added t o areptejenablear bon sol uti on of the conjugated diene polyner or (2) a
met hod in which steamis added to the hydrocarbon §§£¥tion of the

conj ugat ed di enldepINYWR Of CARPQUI; [epERSEN e aXd P ‘{Sr%isr_et'%té’@v"é’r ed may
be dr i ed by Q,bnONh ok G ASnanABFcSBEheRE AT IiShOR, diore! -
y be use

The conjugated drene pol'yner of the present Inventi In a

conj ugat e G @rcere! iPREVE AIBIRTOhOMY, EVeféﬁHﬂN AbN Bs8NALADY.0 PNtYRInd
conponent, an additive, etc. therewth. Exanpl es of said other

pol yner covwpepeeferably Inoddeso theanDid2nait%st Fuetherharteadn exvdec tpanprere r ubber
pol ybut adi ene rubber, butadi ene-isoprene copol ymer rubber, and butyl

rubber. EREIRANES ffigienas it inPrefesatinngt more Habd Wi aBdH)PERERBBM ene

copol yrmer, and an et ne- oct ene copolyner. One or nore types of the

pol yrner c@ﬁﬂgﬂghﬁgnﬁgéL%e used. _ In the case where another polyner
conponent is cobitBgd AW §dlyhBRzSHH UHEY) Sk dé£NBd POLY By cBmbidiRgPraasent
invention, in order to inprove fuel econony, the anmount of conjugated diene
pol ymer ofmohbmeps,etherdonjugated diene and phieetoempblpd neprelsestedt yafotuf@art s by
wei ght, and nore preferablé not |ess than 20 parts by weight per 100 parts
by wei ght (T3fwithe vinwhiaremstiethydfogasbgmeand shgnides of dbatiinddaomaticudi ng t he

f ' d di | i ned). . As the additive,
nown. addaroEA ) HRtE AR BRI BT vana: SRR SR Eahe g
agent Suc&ygﬁlb%‘r'&éﬁée,;r tﬁviHMbgﬁt feAl bR @ﬁgﬁirﬁipﬁﬂleﬁéchl@f’ts dprehdrapR) e- based

vul cani zat i acce ator, I uram bas vul cani zati on accel erat'or, a
sul f enam sigrgm@sed vul cani zation accel erator, or a guani di ne-based
vul cani zati on accel erator; a vul cani zation activator such as stearic acid

or zinc oxide; ThA ameumicl gt exematic Avdmcarkacusey egjative tutPO #8%sefi i ca or
carbon bl ack; filler such a | ci um carbonate,..tal al.lum na, . cl ay,

al uni num‘ﬁﬁﬁf’&ﬁ?@d’é‘?“’ﬁr°frﬁ°8&{9a§e‘§?leéﬁea%‘gﬁmyfﬁ&%‘é%ﬁ)’g"&ﬁa'&&"eﬂ%%dr %0i1; a
pr ocessi bds kX , i ; t he
G oa 1 nftiges dfh Bt ol biecorfiaEaiens used, ber g oL W08 at ed
silicic apaf)1,00cwt%)iahal insoddiet & impevepstteaigta itsis| preferablgl rait uessstHancat e, and
alumnumsilicate. One or nore type thereof nmay be used. The BET specific
surface at®ewt®df(they@amaunt o4 cosjusetsddigneyusy beinggptfperg. thaRdBWI%3peci fi ¢

surface area i s neasured in ,accordance wth ASTM D1993-03. As, a.commer ci al

pr oduct , ﬂﬂ‘ﬁﬂl?é? Ris a@Vt'}‘gs'Ffss %W g%n‘ﬁ%f(g}ﬁ ﬁm&"gﬁlﬁé’ﬁﬁ’@?&d ?f?d‘.e, pr oduct
nanmes VI ER . an ﬁf’%) Ctglr 0 il §nC i on,

pr oduct hﬁ’fﬁdég)?ggs?cﬁ %ﬁ%ﬁ ar?ﬁ%gw%rr@ﬁed ac!%’urﬁfe)g“?yr Hﬁh?ﬁgoggpgi may be
used. econofarthé efmeiintt beviegl esmbliadydravdrbste usednacsrebdrably, naécet yl ene
bl ack, thermal black, channel black, and graphite. Wth regard to the

car bon blmaete, thanadtheit%clhd @amdircif conjligated BDe ngad beingTot I¢ss thare car bon

bl ack such aSOSAF, | SAF, HAF, NAF, FEF, SRF, GPF APOF, FF, CF, SCF, or ECF,
thermal Q% B¥%)pl 3dk At RsTarablyr nofr: Maryy thadt 9P eWb%c AhGoRMAURE KO an be

cited as c%)ﬁmltgé die%eus%rd 6@58 ntOYPeESStthsﬁ %%fwf%y be used.

The polymerization in step A may be carried out in the presence of an
agent for regulating the vinyl bond content of the conjugated diene unit, an
agent for regulating the distribution in the conjugated diene polymer chain of

the conjugated diene unit and a monomer unit based on a monomer other
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The nitrogen adsorption specific surface area (N2SA) of the carbon bl ack
Is preferably 5 to 200 n2/g, and the dibutyl phthal ate (DBP) absorption of
the carbon black is preferably 5 to 300 nml/1 00g. The nitrogen adsorption
specific surface area is neasured in accordance with ASTM D4820-93, and the
DBP absorption is neasured in accordance wth ASTM D2414-93. As a

commerci al product, product nanme DI ABLACK N339 manufactured by M tsubi shi

Cheni cal tRaRPthe RoARidated @ IEAREIR:, YehSTallyHhllehdreguiddrst ewnuf act ur ed
by Tokai Carbon Co., Ltd., and product names CK 3 and Special Bl ack 4A

manuf act Ubxainpigs Dégusls agentscinclude@n efligr sempodad, a tertiary amingnAndsa of t he

silane coupling agent incluge vinyltrichlorosilane, vinyltriethoxysilane,
vinyltri 9‘(@31?@%}?029@9% ) Pﬁﬂbc ﬁ@ﬁ@&ﬁ 5C°He Bfer b¥biAd Tndloay

S ,

coot o RIEVESAIY 450 R G Sap gy b | e,

ani nopr oppiphatigvididensdrs aneh Ms (dlethanétheeahy djbutyl ether; aliphatic diethers

am nopr opyl et hyl di net hoxysi | ane, N phenyl -y-am no.rop%‘;‘t ri met hoxysi | ane,
y- chl or opsushyas ethyteneqlysal Idimethy! athecagthylenerglyeal idiethnlostper. lethyene

am nopropyl triet hoxysilane, bis(3-(trjethoxysilyl)propyl)  disulfide, bis(3-
(triet ho@%‘Fqu@'PBWb@h?rvt‘%'?m&ﬂ 9 §,| dlé}ﬁylye{h% a%d HP’etRylene glycol -
y-trinmeth | ! .0 | et byl Lhi I | fi Ng i

y-trinmet h@éé@! |%ﬂ"%{* 0%4 géerg};n&%éi %{zuﬁ%fée@g}séﬁl Pf%%ﬁ&eféh%reaggr g"'f?'p?é t her eof
may be usghcifis eRafprESEICtha! teRiz0¢ Witine RREIDUS ttridtalRenibe SHipacysy | Snifte,

manuf actured by Degussa, Inc., etc. nmay be used. Exanpl es of the
ext ender tdbltylaminede av) NalWDitetetrametmdethlylasiedigming c osiN, ¥-djethylanjlingonst ant

(V.G C value) 0.900 to 1.049), a_naphthenic mneral oil (V.G C value
0 850 1 o OrEe, anduingliien 1 Sheaify SRS, of (NS chheshinel Fogpaad o

ess 1 harngeBolET Gnle i, e ipnile, A8 GLERBRod G S OhF; 771
Pet ol eurs P e e et o, the. aromic compound content
. , npound content (CA) of

the extender ofheipplymerfzatiabltgmpetatlesi stepr Eopreferablined 6 tonb® G ypes of
the ext enmdgrre glrelferr;%}/y g§°éjstgdg'0°c, and yet more preferably 50°C to 80°C. The

polymerization time is preferably 10 minutes to 5 hours.

Step A preferably includes steps a1, a2, and a3 below.

(Step a1): a step of polymerizing a monomer component including a

conjugated diene in a hydrocarbon solvent using an alkali metal catalyst, thus

giving a conjugated diene polymer having an alkali metal derived from the

catalyst in a polymer chain terminus

(Step a2): a step of adding a compound represented by Formula (1) to a

hydrocarbon solution of the conjugated diene polymer having an alkali metal

derived from the alkali metal catalyst in a polymer chain terminus to thus

react the vinyl compound with the polymer chain terminus, thus giving a

conjugated diene polymer having in a polymer chain terminus a structure in

which the alkali metal derived from the alkali metal catalyst is bonded to a

monomer unit based on the compound represented by Formula (1)

(Step a3): a step of adding a monomer component including a conjugated
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Exanpl es of the vul cani zation accel erator include thiazol e-based

vul cani zati on accel erators such as 2-nercapt obenzot hi azol e, di benzot hi azyl
di sul fide, and N-cycl ohexyl-2-benzot hi azyl sul fenam de; thi uram based

vul cani zati on accel erators such as tetramethylthi uram nonosul fi de and
tetramet hyl t hi uram di sul fi de; sul fenam de-based vul cani zati on accel erators
such as N-cycl ohexyl-2-benzot hi azol esul fenam de, N-t-butyl-2-

benzot hi agrehestol 4 hgdaaatbon, sdiutiory of thd edrguated rdiend ipaiyotershdvirenamade,
Noxyet hyl ene- 2- benzot hi azol esul f enam de , and N, N '-diisopropyl-2-
benzot hi apelyeenichaigntenmnifus astiugiuse irdwhichotheedikali medal gervednrerddbrer at or s

such as di phenyl guanj di ne, .di orthotol yl guani di ne and orthot ol yl bi quani di ne.
The anoun?&?ﬁég%tg CaLag‘(fQi'g Wgrtgb?ﬂg?qm?buglt}ﬁsteg %@/ttv\%icﬁ p,ougﬁd nor e
pr ef er abl r i . ight of the
t ot al armﬁe ? e%(?rﬁ%%%%%rr &\ggbnﬁg‘r’]\@'#tg é%n%)ﬁ%%ﬁ}él ﬂg %8&eﬁ§?ﬁghg%‘ﬁn?30f

conj ugat egoifimenen@ial temminus onbi ned) . When a conj ugat ed di ene pol yner

conmposition is forned by adding a reinforcing agent with the conjugated
di ene pol yner &f stepeB pthesamountrafesampnundt ieeresenisd by ormular @) dhakisi ng agent

dded, | i 00 b j gh f th i d di I f
e, e ol 50 ek o bl L ALt S O B o
order to §popr V?lk@ﬁrﬁgﬁ%éﬁé’t Etéﬁg(gra&@?frﬁr(ﬁ'%@ mpie rﬁé‘f‘ém}%@gﬂ dis nore

pref erably no ess part ght, and yet nore erably not

| ess thansrg@ @8kd 2 Hﬁ&le\,/vahagbt mlofe PFsterablyPfrem@rae 1.8imgler cenent, it is
preferably not nore than 120 parts by weight, and nore preferably not nore
t han 100 part slihpgtepeBgtihe temperatureatwhichcthg pglymsat priepatedpil giepr A
conposition in which a reinforcing agent js added tq .the conjugated diene
pol ymer o@nd He gerapenRd representsd 'gsf° 'é'&,(ZSﬁ"%r’B%‘Fte dsi t%b‘%y%%eg econony,

it is prefe u il iAf i t,.of silica
added | 5 1 F2 i SRty g B 08, B el AR brorpRBNTERS 000 Dt
by wei ghtg@ic.t het RladtioR fiRids KrefdrabIPied $do i@ 5B601sS anddRske prafbraBiye
preferably not less than 70 parts by weight. When a conj ugat ed

di ene polymin te dripos, andyeti mofeopreferably Hulohimip 4 hoiurane coupling agent to

t he conjugated di ene polynmer of the present inventjon, the content of the

silane coupl i nf' HheeRrodustiongmethod; of e REgspRt iBYerdion; @ coupPlingefeSMhl y from

1 to 20 par [ . i.ght, and
yet nore %?é?ggdg\é\? tg%%hga{ooa%&{)%l?ﬁ&%é&%ﬁmh&aéﬁ d@"é@”&*}?@?ﬁod for
produci Nohese§ o4ty dsrh Sl itiditis A o fASY Iy BFiz A RIHP S hidnemdp Yushsif aRchlkAli Areealher

pol ymer conponent, an additive, etc. with the conjugated di ene pol yner of

t he pr eseardtalystv éntemmipatiork redvwolymeHzaticau c HExmnplesrofettenpoepling agemtod i n

whi ch the conponents are kneaded b% means of a known m xer such as a roll
or BanburipclHfi® @& compeuynd effegmula (7)’belqy.t h regard to kneadi ng conditi ons,
when an apg‘dil*lgve ot g;)r than a vul cani zi ng agent or a vul cani zation

accel erat'or?l's*added,’ t he kneading tenperature is preferably 50C to 200C
and nor e (| e{fGRiwa, 8RC déhot89an ARA grlaagkaﬁaéiké}gjl tgro®p,i & cpéishreapl y 30 sec
to 30 min and nore preferably 1 mn to 30 mn. Wien a vul cani zi ng° agent or
a vul canigratup,0oor a0catematioresidugdiiedentdtes &nsibcbmatdrengreadiruadoms L
preferably not nore than 100C, and nore preferably roomtenperature to 80C
A corrposicéin@ﬁesi a halogen atopupt amysregariylexy 96pum and 2 slengtasi yhindeea! er at or

i s added | LSH u;#?l |y used after carrying out a vul canization treatnment such
as press FQ i zati on. The vul cani zati on tenperature is preferably 120C to
200C, and rr.DreHQFeEf@Eagﬂo%élt%o%stiﬁ’ué'-%GMes. a mo Il?ﬁeﬁpgmgﬁﬁr?%%rﬁ%? pol yrrer
and the conjugated diene polyrrer conposition oP the present invention have
excel | enthybirgjerecsurad.  thhambdrefiatic g St aneovéed afrem gampdaromatic

hydrocarbon.
Examples of the coupling agent of formula (7) include silicon

tetrachloride, methyltrichlorosilane, dimethyldichlorosilane,
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The conjugated di ene polymer and the conjugated di ene pol ymer conposition
of the present invention are used for tires, shoe soles, flooring
materials, vibration-proofing materials, etc., and are particularly
suitably used for tires. EXAMPLES The present invention is explained
bel ow by reference to Exanpl es. Physical properties were evaluated by the

foll ow ng nmethods. 1. Mooney viscosity (M1+4) The Mooney viscosity
of a pol ygrheti@ehiRasiianed tittelrdBkloride amettiyltrichrotint, didlethy@isbiordting94) . 2.
Vi nyl bond content (units: nmol % The vinyl bond content of a

pol ymer warimelsyishiorotini by | Rterasmethoxysiigpes r om t Heety§omsthawsianeensity at

ni tcont BiepandiEeiysigng, * melryaeBelranstun « RIS Is yer v

deter m neg; fLRABLAthAShiNE | ndedictHb-3amEtHRRRSneN th HebdERBFsdiS) -
ethyltriethoxysilane, and diethoxydiethylsilane.

In order to improve processability of the conjugated diene polymer, the
amount of coupling agent added is preferably not less than 0.03 mol per mol
of the alkali metal originating from the alkali metal catalyst, and more
preferably not less than 0.05 mol. Furthermore, in order to improve fuel
economy, it is preferably not more than 0.4 mol, and more preferably not
more than 0.3 mol.

The conjugated diene polymer may be recovered from the
hydrocarbon solution of the conjugated diene polymer by a known recovery
method such as, for example, (1) a method in which a coagulant is added to
the hydrocarbon solution of the conjugated diene polymer or (2) a method in
which steam is added to the hydrocarbon solution of the conjugated diene
polymer. The conjugated diene polymer thus recovered may be dried by a
known dryer such as a band dryer or an extrusion dryer.

The conjugated diene polymer of the present invention may be used in
a conjugated diene polymer composition by combining another polymer
component, an additive, etc. therewith.

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

In the case where another polymer component is combined with the
conjugated diene polymer of the present invention, in order to improve fuel

economy, the amount of conjugated diene polymer of the present invention is
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4. Mol ecul ar wei ght distribution (Mwv Vh) Wi ght - aver age nol ecul ar
wei ght (Mw) and nunber-average nol ecul ar wei ght (M) were neasured under
conditions (1) to (8) below by a gel perneation chromatograph (GPC) nethod,
and the nol ecul ar wei ght distribution (Mv M) of a polynmer was determ ned.
(1) Instrunent: HLC 8220 manufactured by Tosoh Corporation (2) Separation
colum: HMH (2 colums in tanden) manufactured by Tosoh Corporation (3)

Measur emgyhéfelr Sivp Glotldssehad A0 pdrih) bﬁwerg'mrand atoraipyefecdhly aot lesS)th&h ow r at e:
0.6 nL/mn (6) Amount injected: 5 pL (7) Detector: differential
refract ot parts (ty) wright ®er S00nparh byswvaishaad:the ttale ANPOWY| SfsPolyBRe

components combined (including the amount of conjugated diene polymer
combined).

As the additive, a known additive may be used, and examples thereof
include a vulcanizing agent such as sulfur; a vulcanization accelerator such
as a thiazole-based vulcanization accelerator, a thiuram-based vulcanizatidn
accelerator, a sulfenamide-based vulcanization accelerator, or a guanidine-
based vulcanization accelerator; a vulcanization activator such as stearic acid
or zinc oxide; an organic peroxide; a reinforcing agent such as -silica or
carbon black; a filler such as calcium carbonate, talc, alumina, clay, aluminum
hydroxide, or mica; a silane coupling agent; an extender oil; a processing aid;
an antioxidant; and a lubricant.

Examples of the silica include dry silica (anhydrous silicic acid), wet
silica (hydrated silicic acid), colloidal silica, precipitated silica, calcium
silicate, and aluminum silicate. One or more type thereof may be used.
The BET specific surface area of the silica is preferably 50 to 250 m?/g. The
BET specific surface area is measured in accordance with ASTM D1993-03.
As a commercial product, product name Ultrasil VN3-G manufactured by
Degussa, Inc., product names VN3, AQ, ER, and RS-150 manufactured by
Tosoh Silica Corporation, product names Zeosil 1115MP and 1165MP
manufactured by Rhodia, etc. may be used.

Examples of the carbon black include furnace black, acetylene black,
thermal black, channel black, and graphite. With regard to the carbon black,
channel carbon black such as EPC, MPC, or CC; furnace carbon black such
as SAF, ISAF, HAF, MAF, FEF, SRF, GPF, APF, FF, CF, SCF, or ECF;
thermal carbon black such as FT or MT; and acetylene carbon black can be
cited as examples. One or more type thereof may be used.

The nitrogen adsorption specific surface area (N2SA) of the carbon
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5. Fuel econony A strip-shaped test piece having a width of 1 or 2
mm and a | ength of 40 mm was stanped out from a sheet-shaped vul cani zed

nol di ng and used for testing. The | oss tangent (tan8 (70C)) at 70C of the
test piece was neasured using a viscoel astoneter (Ueshim Sei sakusho Co.,
Ltd.) under conditions of a strain of 1% and a frequency of 10 Hz. The
smal ler this value, the better the fuel econony. 6. Abrasion resistance

A ri ng- shislpex iy ptefarbaed to@odead?/hpdyd was ditneyl ﬁtsthalatea(;&)BB) absgrptihe anount s
abraded under conditions of a |oad of 10 pounds and a test piece rotational

speed of @othergarbenblaBasnseferap & ta 369 @Hémoﬂ 55@etr6"99%6dﬁ?ﬁpé!9f‘ons and
2,500 to 3,50 wer e _nmeasured usj a ter
(Ueshi ma S CTARcRren (X repSoaRi re b Wi S v RAFEs 28, 568

cal cul at eﬁ#e DBP m)ﬁétﬁfn %hhéaé’l?rEHQn ddaBrdipickanittt h%mbmalmrger esqssbance
Exanpl e 20 l'iter capacity stainless polynerization reactor
equi pped thllineacxslt igroguctyasrodashesbmer DEABLAGK fN3Ghemanifactutey byt r ogen.
Subsequent |y, the polynerization reactor was chargegd with 10.2 kg of

i ndust r i aMitaebiahie Chestiealt Coaso Ngrud) napws SEASTL &3 BEASDi M. 89d g of

ather s PEbslanimAriiadied B OB GABan 6 Hi A Bl EPFRE i The

pol yrer i Zé‘ﬁd QE?Elgf‘ﬁ%ﬁR 4%Smaﬂuf%&0ﬂﬁé?rﬁge[§€dd§sbofhc adte rﬁaz‘BEYJQé"di. zation

reaction rization of 1,3-Dbutadiene and styrene

was carri Ed OUExaEnpﬁesSblfrthengllaﬁwtbeeduplfngliﬁgempnneludeawpplltryu“tﬂmriosmm@n react or
internal tenperature of 65C for 45 m nutes while continuously sup Iy| ng the

nononer s Yioyltiieghexysjiane. zat | onvmaas@rmemyammsﬂanea 3- but &dB
supplied was 304

When 45 n?mvsxclﬂgﬂxvg&ggé@%ﬁ{@vgﬁ'ﬁﬁé=a333'¥ ggﬁxfﬁgﬁylh %?’f"(ﬂ%ﬂ% Yhe

e S i A R g T
aminopropyltrimethoxysilane, N-(p-aminoethyl)-y-
aminopropylmethyldimethoxysilane, N-phenyi-y-aminopropyltrimethoxysilane,
y-chloropropyltrimethoxysilane, y-mercaptopropyltrimethoxysilane, Y-
aminopropyltriethoxysilane,  bis(3-(triethoxysilyl)propyl)  disulfide,  bis(3-
(triethoxysilyl)propyl) tetrasulfide, y-trimethoxysilylpropyldimethyithiocarbamyl
tetrasulfide, and y-trimethoxysilylpropylbenzothiazyl tetrasulfide. One or
more type thereof may be used. As a commercial product, product names
Si69 and Si75 manufactured by Degussa, Inc., etc. may be used.

Examples of the extender oil include an aromatic mineral oil (viscosity-

gravity constant (V.G.C. value) 0.900 to 1.049), a naphthenic mineral oil
(V.G.C. value 0.850 to 0.899), and a paraffinic mineral oil (V.G.C. value 0.790
to 0.849). The polycyclic aromatic content of the extender oil is preferably
less than 3 wt%, and more preferably less than 1 wt%. The polycyclic
aromatic content is measured in accordance with British Institute of Petroleum
method 346/92. Furthermore, the aromatic compound content (CA) of the
extender oil is preferably not less than 20 wt%. One or more types of the

extender oil may be used.
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pol ymer solution was stirred at a stirring speed of 130 rpm When 65
m nutes had passed after the addition of ‘
1- (4- N, Ndi met hyl am nophenyl) - 1- phenyl et hyl ene, a copol yneri zation reaction
of 1,3- butadiene and styrene was carried out for 130 m nutes while

suppl ying nononers to the polynerization reactor. During polynerization,
the stirring speed was 130 rpm and t he pol yneri zation reactor internal
tenper at ure Wagpx&hples e ME0Wnicadizalion- Butddiete intippéi tdaxme-ba88d g, and

t he amount of styrene supplied was 192 g. O the entire anmount of nononers
char ged andcanigaiionedcaedenatars psilopras i2-eereaptekenaothiazelge diranzathiazyl

1- (4- N, Ndj.nmet hyl am nophenyl) - 1- phenyl et hyl ene char ged . 0.14 W %
Subsequerf{'ﬂ)%'d%/'he Hyl yn&?‘X@iﬂh@f‘?‘bﬁ'béﬂﬁ%tﬂ{%%’%uﬁgaamgge’s;’\?ﬁ'f'éadn'i)tas ‘{sti rring
speed of d 1 |, . Of (3;di e p I 1 was
added tovtjcﬁ%n}r:')o fr’%er?a"gg f .53‘3,3%3%%@?%?9@‘%‘5”“@%?% aeﬁg}’gﬁ‘fm?%?hg&further
15 m nut gstrafieé ueail Wisuwfdd1l saiférmdide-beekdt volkanization nacldratbrel of

nmet hanol was added to the polymer solution, and the polymer sol ution was

stirred fsucha fumsher H-oycloheeyl-2-benzothigzolesidfgnanyider solNitbotylwer e added

) f . .
2_ ? e?t ?b&%f‘fpﬁli%@'?%ﬂfteﬁam%z- NyRmvsiiyiensr2hanzathiazelssuitenamide.onday |

BTV AN AT o TR Sor g 2ShH 24 Pl SR BT o

.- pentaery y etrakis(3-laury I'oproopi onat e)
(product grygBihiaxdRdudiefamlds;Dandeaudmaindliiibeay vleahizafion Chedsiératorso.
Ltd.). Subsequently, the polyner solution was evaporated at nor nal
t enper at wuehf as dighdnylgusaniding, diorthoolyiyuiasiiinendand webatelylbigubsiBiieor 12
hours, thus givi n? a polynmer. The results of evaluation of the polyner are
gi ven i n Fgppmount thereof used ispreterably @il gior S Rarth BY pyeightrand 7r8bt ai ned,

78.4 parts i f silica (pro . ' N - factured
by Degusspé?@(ﬂl\é@)cggg‘?% 'f)%{h bywe(i%i %Eﬁ%'gp %gﬁ SOI ?é#lée%io\'{ﬁ%yﬁﬁaﬁgggﬁ?é{ (product
name: Si GnodRNWraGolWrfer D¥oRBONETRS . cbitbined 6(ifciBaings the Vehalvt off car bon
bl ack (product nanme: DI ABLACK N339, manufactured by M tsubishi Chem cal
Corp.), 4o6nfugated dielng polynghtorabinad).ext ender oil (product nane: JOMO
PROCESS NC- 140, manufactured by Japan Energy Corp.), 1.5 parts_ by weight of
an anti oxi dant Whenorigenjugaias digneiRplymaerneompasitien de 69%66%§Vﬁs#¢i"igo?ro

Chemical Co.. Ltd, 2 parts by. wej ght. j [ . i ght
of 71 no Snirems adent e aptiudfted et sSMER &1, AedhepentPupucll 0
name: SOothd@mduht JTARE rERIICRY SenttddedTPe|Shiednte a00Garts by delghtlofpart by
wei ght of a vul cani zation accel erator (product nane: Soxinol D,

manuf act uhedohjugsted diens pohanércal thegpreséntdnyentiorbagded,ds pyefeeatghtiOof a wax
(product nane: Sunnoc N, manufactured by Quchi, Shinko Chem cal |ndustri al

Co., Ltdty 159marts by waighé blp Qudiegta inppro¥a abrasigr resigiaese dndsfendihs of a
Labo Pl i || | i1i9R...T. Ly it
thus obr dheamanst SaBpaBEMERE preletdRitor R hah 26 mallHp RPE AV S "
was vul C%réegae%?éérmtﬂo?gle@é t}lgﬂcﬂ? YParfs by WMaidht, IMUSdBE th Néhtfangdl cani zed

sheet. The re ts of evaluation of the physical properties of the

vul cani zeé@infdreeient,cit g8 pesferably aot endre tGanptatiparte Hxwejghe, 4nd more A5
liter capacity stainless polynerization reactor equipped with a stirrer was
washed, drefedablymat mane itean WPO pads\byriveigbien. Subsequently, the

pol ymeri zati o eactor was,charged with 2.55 kqg. of. i ndustri al _hexane
(density 680 k{heB)2 09317‘96‘%? 3@?‘?-%%@8( é’HB‘,P°Eg'° B‘fwgt@r%ﬁ%',“f%%@ nL of
tetrahydr . . i t; an i
Subsequer?l(g’%w ?%?gQQ%Itggf%lg%?tgP W%ﬁ?Eﬁ%’g‘gp%t}ﬁ%?g&%eﬁdnﬁ%mn 'S
pol yneri z@bH Ok lofdért &Y improve fudiexanemyolivis prefepdifle dop@dey BRich Zd aon
reaction was started.

reinforcing agent. The amount of silica added is preferably not less than 50

parts by weight relative to 100 parts by weight of the total amount of

reinforcing agents added, and more preferably not less than 70 parts by
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Copol yneri zation of 1, 3-butadiene and styrene was carried out at a stirring
speed of 130 rpmand a polynerization reactor internal tenperature of 65C
for 2 hours while continuously supplying the nononmers to the pol ynerization
reactor. The anount of 1, 3-butadi ene supplied was 205 g, and the anmount of
styrene supplied was 65 g. Subsequently, the polyner solution thus obtained
was stirred at a stirring speed of 130 rpm a cycl ohexane solution of 2.88
mrol (0. 6deghtof 1- (4-N, N-di net hyl am nopheny1) - 1- phenyl et hyl ene was
charged into the polyner solution, and stlrrln% was carried out for a
further 90 m niWhen al@niHgated gienexpelemebramPeatioB s mmer by asiding 8y

nmet hanol s added.to the.p r sol ut.l Ny d ol on was
stirred f%\?'%? QPPiRG agsht ﬁ:letgg conjugate%( er?‘% @tﬁ%éejr gmnﬁ%t %(? éjérrrgnorrers
charged a Nade@A PP 100t frats Wéli Hfof
1-(4-N, I\I—@?ﬁé yltgﬁ%ﬁh%rﬁgﬁt??%wéﬁgﬁiﬁ@gh gfengje(ghar gﬁeﬁtv\g;sa 0. 14?/%%

To the pokijieRis peiferabfnfrovr £taddecrs. tB/ wgeight, more preferably from 2 to 15
2-tert-butyl-6-(3-tertbutyl-2- hydrox - met h{olt benzyl) - 4- met hyl phenyl

acryl ate p@rﬁ%bu&\telgfﬁn%nd Beimnpre prefesd Ynféﬁimf% wBartﬁyvsvms%m Cheni cal
e L i B e DA
Lt d. S t h

Femer at uiaT P8 Apbthtr Bl EBmpBAct, sﬁ%xﬁé?%?ﬁﬁﬁ%ﬁ?@"% for 12

hours, thgignei )ébl@@mea eplthigepresehe inesitions ®f kreoval Uaeihod stich has,pbdrymer ar e
given in Table 1. 100 parts by weight of the polyner thus obtained,
78. 4 partexamplﬂewgmetmd én |whigh (tbeommomh% arejkneaded Bnmeansnahar act ur ed

by Degussa, Inc.), Iane coupl i ng agent (product
name: Si G@OVH%HU’F%{&UGP«% %Wﬁt%%%%@aﬁymé%ca% US89t s by weight of carbon

bl ack (product ﬁﬁgz aGh byqadtits Wihshindegham cal
Corp.), 47.6 pg{rhm%%/ wel g @lﬁgn %@W er mfgnp?% ulct name: JOMO PROCESS

NC- 140, Wﬁﬂuéﬁﬁ'fngf agemty of 2@ avulEaizgtiorCaiceleratbr Sspadded, byhendinghatingf  an
anti oxi dant (product name: Antigene 3C, manufactured by Sum tono Chem cal
Co., Ltd.temperpture is pieferabhhB0YE te2687¢ @nddnare QT%%trralby 80°Guta dRP° Gof zi nc

Soxi ol CB i KPERAICH Sibip BIRTPEEGHNG SEISR a0 By ot toy® PEETSENY By et gt
of a vul C@}H %é‘ts'o%&g(?% Sﬁaeﬁ %Ifégfzﬂ'?ﬁgeﬂagpa wiKAiPAtidn aBEdIEIAGH 14r ed by

Sum t ono em cal by wei ght of a wax (product nane:

Sunnoc N, ad@etf et kiedidy tawpbratm K préleeablg alotl mous tthaml 1006C, drtdd. ), and
1.4 parts by weight of sulfur were kneaded by neans of a Labo Plastom || to

prepar e ampod ypreferablypoxin i tﬂmpérhtélfpoioyrﬁ@rCcon‘bo@@’ﬂi’%‘-‘rﬂ'?'ﬁdﬁ Which fed was

nol ded into a sheet using a. .6 i.nch rol eet vuI zed b
heating aYul i%’@é"ﬂcﬁgeﬂfaOH%nYﬁl%@“z‘ftlﬁﬁ’sa‘g‘ie\ﬁrﬁgords @ﬁpggrﬁ ?8‘6 %%et e resﬁl ts

IO];] .?.\ég: gaﬁé ?%qﬂﬁ‘par 5 |\F}g¥ lgé’tllc?rprt%ré%tehfe%ueﬂ 3o risd GRNdARAtRheetTiRr € gi ven

vulcanization temperature is preferably 120°C to 200°C, and more preferably
140°C to 180°C.

The conjugated diene polymer and the conjugated diene polymer
composition of the present invention have excellent fuel economy. The
abrasion resistance is also good.

The conjugated diene polymer and the conjugated diene polymer
composition of the present invention are used for tires, shoe soles, flooring

materials, vibration-proofing materials, etc., and are particularly suitably used

for tires.
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A 20 liter capacity stainless polynerization reactor equipped with a
stirrer was washed, dried, and flushed with dry nitrogen. Subsequently, the
pol ymeri zati on reactor was charged with 10.2 kg of industrial hexane
(density 680 kg/nB), 547 g of 1,3-butadiene, 173 g of styrene, 6.1 nlL of
tetrahydrofuran, and 4.7 nL of ethylene glycol diethyl ether. Subsequently,
13.31 mmol of n-butyllithiumwas charged into the polynerization reactor as
an n-hexane solution, and a pol ynerization reaction was started.

Copol yneri zati on of 1, 3-butadiene and styrene was carried out at a stirring
speed of BRAMBMBSand a pol ynerization reactor internal tenperature of 65C

for 3 hours while continuously supplying the nononers to_the polynerization
reactor. The a%ﬁﬂe%ﬁ“tﬂ‘?—"%&éﬁﬁgﬁéy IPW PYig erggie&Eéﬂ@pfq?e anount of

styrene suppll plviRa) groBeflies wareBYalfab by th grglo?\g{w# MRithggd.ution thus

obt ai ned was sti at a stirring spee 11. 25 mol of

N- ( 3- di nef hmbameydpessityl MLag)y! am de was added thereto, and stirring was
carried out for 15 mnutes. 20 nL of a hexane solution containing 0.8 nL of

met hanol was addedMoonehevipoosityerofsal polyorer wad teasprddy ddr 1881Qtinon was
stirred for a further 5 mnutes. To the polynmer solution were added 8.0 g
of 2-tert3959fdancg. with ¢ K6300,{1994). hydr oxy- 5- met hyl benzy1) - 4- net hyl phenyl

acrylate : ) L Xy et hyl benzyd) - 4- et hy phe:
oY B g 3 RGP EMRent RIS RS 965

The vinyl bond content of a polymer was determined by IR
spectroscopy from the absorption intensity at around 910 cm™', which is an
absorption peak of a vinyl group.

3. Styrene unit content (units: wt%)

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

4. Molecular weight distribution (Mw/Mn)

Weight-average molecular weight (Mw) and number-average molecular
weight (Mn) were measured under conditions (1) to (8) below by a gel
permeation chromatograph (GPC) method, and the molecular weight
distribution (Mw/Mn) of a polymer was determined.

(1) Instrument: HLC-8220 manufactured by Tosoh Corporation

(2) Separation column: HM-H (2 columns in tandem) manufactured by Tosoh
Corporation

(3) Measurement temperature: 40°C

(4) Carrier: tetrahydrofuran

(5) Flow rate: 0.6 mL/min

(6) Amount injected: 5 pyL

(7) Detector: differential refractometer

(8) Molecular weight standard: standard polystyrene

5. Fuel economy
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pentaerythrityl tetrakis(3-1aurylthiopropionate) (product nane: Sumlizer
TP-D, manufactured by Sum tonpo Chemi cal Co., Ltd.). Subsequently, the

pol ymer sol ution was evaporated at nornal tenperature for 24 hours, and
further dried under vacuum at 55C for 12 hours, thus giving a polyner. The
results of evaluation of the polyner are given in Table 1. 100
parts by weight of the polyner thus obtained, 78.4 parts by wei ght of
silica (produch stapehapkd testigiedd\Bawing rewidtiaof dred byn Bedus tmgth 0t. ), 6. 4
parts by weight of a silane coupling agent (product nane: Si69,

manuf act W@amywaegtasned ouicfrom & sheptshapeasyvyleanjeed HoldinpiRid Heedk

(product pane:. . DI ABLACK N339, mapuf I Y. | Shi 1.C, Corp.),
47.6 par tf’érE?sm-g%e%santaaa?%@apg 3“’1 @Sragdﬁ‘ﬁé ?%ﬁ?r%é qéﬁ%%gh&ss NC- 140,
manuf act J . i i ) @Y., okd.frun@ek i oxi dant
(product whgrgrsé‘?%gnﬁig@niqgg&ﬁanu al%% égjggmg%r gﬁﬁ%ggﬁ\@d Chem caT1 Co., Ltd.), 2
parts by g&idiidnsobf ait stedih cofattdand Ppdireigmehyy \wEi WhHzof Thiensmakerdthis 1 part by
wei ght of a vul cani zati on accel erator (product nanme: Soxinol CZ,

manuf act uwalde e bettet theofueheegnamy.Co., Ltd.), 1 part by weight of a

vul cani zati on accel erator (product nane: Soxinol D, manufactured by

Sumi t ono CHRFPEQN TEBIStaNCey ) 1.5 parts by wei ght of a wax (product nane:

Sunnoc N, - manubagi L peh iy GHakizo PHAIST RBTVERA udlusta it pidbe; thid. ), and

1.4 parts by weig r were knea by means of a Labo Plastom || to

prepar e aamelyeesbra@s® kel eondifioes polayIvad soMesuhismnuhasestbpiataed was
nol ded into a sheet using a 6 inch roll, and the sheet was vul cani zed by

heati ng abtdtBmal fapeed50fm30at ezn faiuB0Qitei AP0 veliptians.zdP0héet2.54fe resul ts
of evaluation of the physical ,?%:90 rb_i es of the vul cdands%negd ésnheﬁ\%or?re gi ven

e
i n Tabl e retations, angy o3P RBYRNEMTS depsure

abrasion tester (Ueshima Seisakusho Co., Ltd.), and the average value thereof
was calculated. The smaller this value, the better the abrasion resistance.
Example 1

A 20 liter capacity stainless polymerization reactor equipped with a
stirrer was washed, dried, and flushed with dry nitrogen. Subsequently, the
polymerization reactor was charged with 10.2 kg of industrial hexane (density
680 kg/m®), 608 g of 1,3-butadiene, 192 g of styrene, 6.1 mL of
tetrahydrofuran, and 4.12 mL of ethylene glycol diethyl ether. Subsequently,
14.86 mmol of n-butyllithium was charged into the polymerization reactor as
an n-hexane solution, and a polymerization reaction was started.

Copolymerization of 1,3-butadiene and styrene was carried out at a
stirring speed of 130 rpm and a polymerization reactor internal temperature of
65°C for 45 minutes while continuously supplying the monomers to the
polymerization reactor. The amount of 1,3-butadiene supplied was 304 g,
and the amount of styrene supplied was 96 g.

When 45 minutes had passed after the addition of n-butyllithium, the
polymerization reactor was charged with a cyclohexane solution of 12.80

mmol (2.86 g) of 1-(4-N,N-dimethylaminophenyl)-1-phenylethylene, and the
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Conparative Exanple 2 Money viscosity - 42.1 40.6 33.4 Vinyl bond content
% by nole 57.2

polymer solution was stirred at a stirring speed of 130 rpm.

When 65 minutes had passed after the addition of 1-(4-N,N-
dimethylaminophenyl)-1-phenylethylene, a copolymerization reaction of 1,3-
butadiene and styrene was carried out for 130 minutes while supplying
monomers to the polymerization reactor. During polymerization, the stirring
speed was 130 rpm and the polymerization reactor internal temperature was
65°C. The amount of 1,3-butadiene supplied was 608 g, and the amount of
styrene supplied was 192 g. Of the entire amount of monomers charged and
supplied to the polymerization reactor, the amount of 1-(4-N,N-
dimethylaminophenyl)-1-phenylethylene charged was 0.14 wt%.

Subsequently, the polymer solution thus obtained was stirred at a
stirring speed of 130 rpm, 12.8 mmol of N-(3-dimethylaminopropyl)acrylamide
was added to the polymer solution, and stirring was carried out for a further
15 minutes. Subsequently, 20 mL a hexane solution containing 0.8 mL of
methanol was added to the polymer solution, and the polymer solution was
stirred for a further 5 minutes.

To the polymer solution were added 8.0 g of 2-tert-butyl-6-(3-tert-
butyl-2-hydroxy-5-methylbenzyl)-4-methyiphenyl acrylate (product name:
Sumilizer GM, manufactured by Sumitomo Chemical Co., Ltd.) and 4.0 g of
pentaerythrityl tetrakis(3-laurylthiopropionate) (product name: Sumilizer TP-D,
manufactured by Sumitomo Chemical Co., Ltd.). Subsequently, the polymer
solution was evaporated at normal temperature for 24 hours, and further dried
under vacuum at 55°C for 12 hours, thus giving a polymer.

The results of evaluation of the polymer are given in Table 1.

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

DIABLACK N339, manufactured by Mitsubishi Chemical Corp.), 47.6 parts by
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58.0 56.5 Styrene unit content W% 24.5 23.7 24.4 Mol ecul ar wei ght
distribution - 1.11

weight of an extender oil (product name: JOMO PROCESS NC-140,
manufactured by Japan Energy Corp.), 1.5 parts by weight of an antioxidant
(product name: Antigene 3C, manufactured by Sumitomo Chemical Co., Ltd.),
2 parts by weight of stearic acid, 2 parts by weight of zinc oxide, 1 part by
weight of a vulcanization accelerator (product name: Soxinol CZ,
manufactured by Sumitomo Chemical Co., Ltd.), 1 part by weight of a
vulcanization accelerator (product name: Soxinol D, manufactured by
Sumitomo Chemical Co., Ltd.), 1.5 parts by weight of a wax (product name:
Sunnoc N, manufactured by Ouchi Shinko Chemical Industrial Co., Ltd.), and
1.4 parts by weight of sulfur were kneaded by means of a Labo Plastomill to
prepare a polymer composition. The polymer composition thus obtained was
molded into a sheet using a 6 inch roll, and the sheet was vulcanized by
heating at 160°C for 45 minutes, thus giving a vulcanized sheet. The results
of evaluation of the physical properties of the vulcanized sheet are given in
Table 1.

Comparative Example 1

A 5 liter capacity stainless polymerization reactor equipped with a
stirrer was washed, dried, and flushed with dry nitrogen. Subsequently, the
polymerization reactor was charged with 2.55 kg of industrial hexane (density
680 kg/m®, 137 g of 1,3-butadiene, 43 g of styrene, 1.51 mL of
tetrahydrofuran, and 1.09 mL of ethylene glycol diethyl ether. Subsequently,
3.54 mmol of n-butyllithium was charged into the polymerization reactor as an
n-hexane solution, and a polymerization reaction was started.

Copolymerization of 1,3-butadiene and styrene was carried out at a
stirring speed of 130 rpm and a polymerization reactor internal temperature of
65°C for 2 hours while continuously supplying the monomers to the
polymerization reactor. The amount of 1,3-butadiene supplied was 205 g,
and the amount of styrene supplied was 65 g.

Subsequently, the polymer solution thus obtained was stirred at a
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1.06 1.09 Fuel econony tan 8 (70C) - 0.192 0.214 0.210 Abrasion resistance
Loss

stirring speed of 130 rpm, a cyclohexane solution of 2.88 mmol (0.64 g) of 1-
(4-N,N-dimethylaminophenyl)-1-phenylethylene was charged into the polymer
solution, and stirring was carried out for a further 90 minutes. 10 mL of a
hexane solution containing 0.2 mL of methanol was added to the polymer
solution, and the polymer solution was stirred for a further 5 minutes.

Of the entire amount of monomers charged and supplied to the
polymerization reactor, the amount of 1-(4-N,N-dimethylaminophenyl)-1-
phenylethylene charged was 0.14 wt%.

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

100 parts by weight of the polymer thus obtained, 78.4 parts by weight
of silica (product name: Ultrasil VN3-G, manufactured by Degussa, Inc.), 6.4
parts by weight of a silane coupling agent (product name: Si69, manufactured
by Degussa, Inc.), 6.4 parts by weight of carbon black (product name:
DIABLACK N339, manufactured by Mitsubishi Chemical Corp.), 47.6 parts by
weight of an extender oil (product name: JOMO PROCESS NC-140,
manufactured by Japan Energy Corp.), 1.5 parts by weight of an antioxidant
(product name: Antigene 3C, manufactured by Sumitomo Chemical Co., Ltd.),
2 parts by weight of stearic acid, 2 parts by weight of zinc oxide, 1 part by
weight of a vulcanization accelerator (product name: Soxinol CZ,
manufactured by Sumitomo Chemical Co., Ltd.), 1 part by weight of a
vulcanization accelerator (product name: Soxinol D, manufactured by

Sumitomo Chemical Co., Ltd.), 1.5 parts by weight of a wax (product name:
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My 300 390 340 dains 1. A conjugated diene polynmer conprising:

conj ugat ed di ene-based nononer unit and a nononmer unit based on a conpound
represented by Fornula (1) bel ow, t he nononer unit based on a
conpound represented by Fornmula (1) bel ow bei ng between a conjugat ed

di ene-based nononer unit-containing partial chain and a conjugated

di ene- based nononer unit-containing partial chain (said partial chain not
conpri si rgurmogTNOommanufasiured dyeduchi Shickoghendcal dpd eseaalt @d., byd.Foandil a (1)
having at |east one termnus mpdified by a

bel ow),

conmpound & pasisdit waighy o

and t he pol yner F
EsHlul wereknerdesl by means of a Labo Plastomill to

prepare a polymer composition. The polymer composition thus obtained was
molded into a sheet using a 6 inch roll, and the sheet was vulcanized by
heating at 160°C for 45 minutes, thus giving a vulcanized sheet. The results
of evaluation of the physical properties of the vulcanized sheet are given in
Table 1.

Comparative Example 2

A 20 liter capacity stainless polymerization reactor equipped with a
stirrer was washed, dried, and flushed with dry nitrogen. Subsequently, the
polymerization reactor was charged with 10.2 kg of industrial hexane (density
680 kg/m®, 547 g of 1,3-butadiene, 173 g of styrene, 6.1 mL of
tetrahydrofuran, and 4.7 mL of ethylene glycol diethyl ether. Subsequently,
13.31 mmol of n-butyllithium was charged into the polymerization reactor as
an n-hexane solution, and a polymerization reaction was started.

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

Following this, the polymer solution thus obtained was stirred at a
stirring speed of 130 rpm, 11.25 mmol of N-(3-dimethylaminopropyl)
acrylamide was added thereto, and stirring was carried out for 15 minutes.
20 mL of a hexane solution containing 0.8 mL of methanol was added to the
polymer solution, and the polymer solution was stirred for a further 5 minutes.

To the polymer solution were added 8.0 g of 2-tert-butyl-6-(3-tert-
butyl-2-hydroxy-5-methylbenzyl)-4-methylphenyl acrylate (product name:
Sumilizer GM, manufactured by Sumitomo Chemical Co., Ltd.) and 4.0 g of

pentaerythrityl tetrakis(3-laurylthiopropionate) (product name: Sumilizer TP-D,
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[Y(R)1. H2C( 1) 2/ Rwhereinr is 0 or 1, Rl denotes a hydrocar byl
group or a group containing at | east one atomselected fromthe atomc
group consisting of a nitrogen atom an oxygen atom and a sul fur atom and
R2 denotes a group containing at | east one atom selected fromthe atom c
group consisting of a nitrogen atom an oxygen atom and a sulfur atom X (
2 ) wherein X denotes an oxygen atomor a sulfur atom R3 denotes a

ni t rogen mhnafaciuidd y SxyigemoatioemicahCai,nitdg. giSabpequertlydiioe aplyylergr oup, or
a hydrogen atom R4 denotes a nitrogen atom  and/or oxygen atonm contai ning
group, arRPlWBPmwEsRYapefatesbabbeimal temperainreoiored hows, arkbfysthey deitdaccor di ng

S oo gy, A 5B FE18updis MR diving' BFRFRGE" e ARARL o 97 OUP

evaluation of the polymer are given in Table 1.

100 parts by weight of the polymer thus obtained, 78.4 parts by weight
of silica (product name: Ultrasil VN3-G, manufactured by Degussa, Inc.), 6.4
parts by weight of a silane coupling agent (product name: Si69, manufactured
by Degussa, Inc.), 6.4 parts by weight of carbon black (product name:
DIABLACK N339, manufactured by Mitsubishi Chemical Corp.), 47.6 parts by
weight of an extender oil (product name: JOMO PROCESS NC-140,
manufactured by Japan Energy Corp.), 1.5 parts by weight of an antioxidant
(product name: Antigene 3C, manufactured by Sumitomo Chemical Co., Ltd.),
2 parts by weight of stearic acid, 2 parts by weight of zinc oxide, 1 part by
weight of a vulcanization accelerator (product name: Soxinol CZ,
manufactured by Sumitomo Chemical Co., Ltd.), 1 part by weight of a
vulcanization accelerator (product name: Soxinol D, manufactured by
Sumitomo Chemical Co., Ltd.), 1.5 parts by weight of a wax (product name:
Sunnoc N, manufactured by Ouchi Shinko Chemical Industrial Co., Ltd.), and
1.4 parts by weight of sulfur were kneaded by means of a Labo Plastomill to
prepare a polymer composition. The polymer composition thus obtained was
molded into a sheet using a 6 inch roll, and the sheet was vulcanized by
heating at 160°C for 45 minutes, thus giving a vulcanized sheet. The results
of evaluation of the physical properties of the vulcanized sheet are given in

Table 1.
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hydrocar byl group, or a hydrogen atom and at |east one of RL and R2 is a
group represented by Fornula (3) below, R5 * -N( 3 ) R6 wherein R5 and R6

i ndependently denote a hydrocarbyl group or a trihydrocarbylsilyl group, or
R5 and R6 are bonded to each other and denote a hydrocarbyl ene group that
may contain a nitrogen atom and/or an oxygen atom as a heteroatom and *
denotes a bondi ng position. 3.The polyner according to Claim1l or 2,
wherein i(abRrtula (2) X is an oxygen atom R3 is a hydrocarbyl group or a

group repfesented by Formula [(4) below 4nis 42| §roegsatvepreswanée by
Formula (#) _below, and R3 and| R4 Example 1 | Example 2

Mooney viscosity - 42.1 33.4 40.6
Vinyl bond content % by mole 57.2 58.0 56.5
Styrene unit content wit% 24.5 23.7 24.4
Molecular weight distribution - 1.11 1.06 1.09
Fuel economy

tan § (70°C) - 0.192 0.214 0.210
Abrasion resistance

Loss Mg 300 390 340
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may be bonded to each other, R7 ( 4 ) \R8 wherein mis 0 or 1, T denotes a
hydr ocar byl ene group having 1 to 10 carbon atons, a group represented by
Forrmula (5) below, or a group represented by Fornula (6) below, R7 and R8
i ndependent|ly denote a hydrogen atom a hydrocarbyl group having 1 to 10
carbon atons, or a trihydrocarbylsilyl group, or R7 and R8 are bonded to
each other and denote a hydrocarbyl ene group that nmay contain a nitrogen
at om and/@ging) oxygen atom as a heteroatom R7 and R8 nay be a single group
that is bonded to the nitrogen atomvia a double bond, when R3 of Formula
(2) is a hydroBasdnjugajed fieamdoRmef cPBPHBING: (2) is a group represented by
Formula (4) the h ,drocarg_él ?“r?oug of R3 and, R7 of R4 my bgbboncged to each
ot her, when R3?&RAIUgAtes:digpehased mynamer Wiband 2 ponuuahtUEPBS*E P nul a (4)

R7 of R3 G other, and * denotes a bonding
position,irﬁ&i;lraggﬂl'?CI 543?%% mﬁgﬁgﬁﬁq%g%dmot es 'a hydrocarbyl ene group having 1
to 10 carbon afne"fmondmef@nitfssed H@RAEEBPpOMEd répesented B3P Foemblanded to the
nitrogen atom of Fornula (4), ' o

below being between a conjugated diene-based monomer unit-containing

partial chain and a conjugated diene-based monomer unit-containing partial

chain (said partial chain not comprising a monomer unit based on a

compound represented by Formula (1) below), and

the polymer having at least one terminus modified by a compound

represented by Formula (2) below,

/ \/\(R‘)r
HoC (1)
7/ \
_\R2

wherein r is 0 or 1, R' denotes a hydrocarbyl group or a group containing at
least one atom selected from the atomic group consisting of a nitrogen atom,
an oxygen atom, and a sulfur atom, and R? denotes a group containing at
least one atom selected from the atomic group consisting of a nitrogen atom,
an oxygen atom, and a sulfur atom,

/[)J(\ (2)

R "R

wherein X denotes an oxygen atom or a sulfur atom, R® denotes a nitrogen
atom- and/or oxygen atom-containing group, a hydrocarbyl group, or a
hydrogen atom, R* denotes a nitrogen atom- and/or oxygen atom-containing
group, and R® and R* may be bonded to each other.

2. The polymer according to Claim 1, wherein R' and R? of Formula (1)

independently denote a group represented by Formula (3) below, a
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* N R10- ,,,( 6 ) R 11 wherein R19 denotes a hydrocarbyl ene group
having 1 to 10 carbon atons, Rl1 denotes a hydrogen atom or a hydrocar byl
group having 1 to 10 carbon atonms, * denotes a bonding position, and R19 is
bonded to the nitrogen atomof Forrmula (4). 4. The polynmer according to
any one of Clainms 1 to 3, wherein the vinyl bond content of the conjugated
di ene polyner, with the content of the conjugated di ene-based nononer unit
as 100 % RytrB®arbyl §roupt of &5 Bydragen 2foft kindnat leastonetof it end tRinis78 % by
nol. 5. A conjugated di ene polynmer conposition conprising the conjugated
di ene pol gnoep represedieddpyt boramyla ¢debeIpwC ains 1 to 4 and a reinforcing
agent. 6. Ther®onposition according to Claim5, wherein the reinforcing
agent has a cédntent of fgem 10 to 150 parts by wei ght per 100 parts by

wei ght of “th \cgnj ugated diene polyner. 7. A nethod for producing a

conj ugat ed di eRe pol yner, conprising the steps of: (A) polynerizing
nononmer conponents conpri sing a conjugated di ene and a conpound represented
by For mul @hérkin bRF oand NRA lydbpendebiyn dehatenta uwnidnecatbylaldatp oet al

catal yst, thus giving a polyner. cont ﬁi ni ng a nononer @‘nit gased on a

conpound tribydensarhydsilybgrauy wniRs and) Rbaraherdadiaeeach ethsr agddshott @ne- based
et al i A g . et
ini £ cont P RBHERe: AbuBnkeh raltfhfhut i afv Rl HOR B Baze TOROT!
uni t baseg, a?aqmﬁmn,rﬁflf ©3enited abNoer?ﬁd'Fbﬁtiérl) bel ow), the pol yner
ali aly al kal i

havi ng an a metal cat st-derived metal in at |east one
term nus ®f a gakyvlymehaddordiagdo GIBM remc?,iwtgereineingfodrymada (2)oXas$ mad i n st ep
A and a conpound represented by

oxygen atom, R3 is a hydrocarbyl group or a group represented by Formula

(4) below, R* is a group represented by Formula (4) below, and R® and R*

may be bonded to each other,
R7
/

(MmN (4)
\R8

*

wherein mis 0 or 1, T denotes a hydrocarbylene group having 1 to 10 carbon
atoms, a group represented by Formula (5) below, or a group represented by
Formula (6) below, R’ and R® independently denote a hydrogen atom, a
hydrocarbyl group having 1 to 10 carbon atoms, or a trihydrocarbyisilyl group,
or R” and R® are bonded to each other and denote a hydrocarbylene group
that may contain a nitrogen atom and/or an oxygen atom as a heteroatom, R’
and R® may be a single group that is bonded to the nitrogen atom via a double
bond, when R® of Formula (2) is a hydrocarbyl group and R* of Formula (2) is
a group represented by Formula (4) the hydrocarby! group of R?® and R of R*
may be bonded to each other, when R® and R* of Formula (2) are groups
represented by Formula (4) R” of R®* and R’ of R* may be bonded to each
other, and * denotes a bonding position,

+—O0—R%—=+  (5)

wherein R® denotes a hydrocarbylene group having 1 to 10 carbon atoms,

*
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whereinr is 0 or 1, RL denotes a hydrocarbyl group or a group containing
at | east one atom selected fromthe atom c group consisting of a nitrogen
atom an oxygen atom and a sulfur atom and R2 denotes a group contai ning
at | east one atom selected fromthe atom c group consisting of a nitrogen
atom an oxygen atom and a sulfur atom X ( 2 ) R4 wherein X denotes an
oxygen atomor a sulfur atom R3 denotes a nitrogen atom and/or oxygen

at om cont gdHi8d aBoRdihg FosicH, @@dris naled.toahe aitrygdnagem aft BormuRd denot es
a nitrogen atom and/or oxygen atom containing group, and R3 and R4 may be

bonded t o{4¢ach other. 8. The nethod according to Claim?7, wherein RL and R2
of Forrrula_(_:lp)]_im‘tﬂ)epende(rgby denote a group represented by Formula (3)

bel ow, a hydrb&arbyl group, or a hydrogen atom and at |east one of Rl and
R2 is a grouRrepresented by Formula (3) bel ow,

wherein R'® denotes a hydrocarbylene group having 1 to 10 carbon atoms,
R'" denotes a hydrogen atom or a hydrocarbyi group having 1 to 10 carbon
atoms, * denotes a bonding position, and R'% is bonded to the nitrogen atom
of Formula (4). |

4. The polymer according to any one of Claims 1 to 3, wherein the vinyl
bond content of the conjugated diene polymer, with the content of the
conjugated diene-based monomer unit as 100 % by mol, is not less than 20 %
by mol and not more than 70 % by mol.

5. A conjugated diene polymer composition comprising the conjugated
diene polymer according to any one of Claims 1 to 4 and a reinforcing agent.
6. The composition according to Claim 5, wherein the reinforcing agent
has a content of from 10 to 150 parts by weight per 100 parts by weight of the
conjugated diene polymer.

7. A method for producing a conjugated diene polymer, comprising the
steps of:

(A) polymerizing monomer components comprising a conjugated diene and a
compound represented by Formula (1) below in a hydrocarbon solvent using
an alkali metal catalyst, thus giving a polymer containing a monomer unit
based on a compound represented by Formula (1) below between a
conjugated diene-based monomer unit-containing partial chain and a
conjugated diene-based monomer unit-containing partial chain (said partial
chain not comprising a monomer unit based on a compound represented by
Formula (1) below), the polymer having an alkali metal catalyst-derived alkali
metal in at least one terminus of a polymer chain; and

(B) reacting the polymer obtained in step A and a compound represented by
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RS *-N( 3 ) R wherein RS and R6 independently denote a hydrocarbyl group
or a trihydrocarbylsilyl group, or R5 and R6 are bonded to each ot her and
denote a hydrocarbyl ene group that may contain a nitrogen atom and/ or an
oxygen atomas a heteroatom and * denotes a bonding position. 9.The nethod
according to daim?7 or 8, wherein in Formula (2) X is an oxygen atom R3
I's a hydrocarbyl group or a group represented by Formula (4) below, R4 is

a group represeM)ekidy, Fornula (4) below, and R3 and R4 may be bonded to
each other, R7 1
/ \/\(R )r

HoC (1)

wherein ris 0 or 1, R' denotes a hydrocarbyl group or a group containing at
least one atom selected from the atomic group consisting of a nitrogen atom,
an oxygen atom, and a sulfur atom, and R? denotes a group containing at
least one atom selected from the atomic group consisting of a nitrogen atom,
an oxygen atom, and a sulfur atom,

))J(\ (2)

R3” "R

wherein X denotes an oxygen atom or a sulfur atom, R® denotes a nitrogen
atom- and/or oxygen atom-containing group, a hydrocarbyl group, or a
hydrogen atom, R* denotes a nitrogen atom- and/or oxygen atom-containing
group, and R® and R* may be bonded to each other.

8. The method according to Claim 7, wherein R' and R? of Formula (1)
independently denote a group represented by Formula (3) below, a

hydrocarbyl group, or a hydrogen atom, and at least one of R' and R* is a

group represented by Formula (3) below,

s—N (3)

wherein R® and R® independently denote a hydrocarbyl group or a
trihydrocarbylsilyl group, or R% and R® are bonded to each other and denote a
hydrocarbylene group that may contain a nitrogen atom and/or an oxygen
atom as a heteroatom, and * denotes a bonding position.

9. The method according to Claim 7 or 8, wherein in Formula (2) X is an

oxygen atom, R® is a hydrocarbyl group or a group represented by Formula
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(T)-mN( 4 ) \F28 wherein mis O or 1, T denotes a hydrocarbyl ene group
having 1 to 10 carbon atons, a group represented by Forrmula (5) below, or a
group represented by Forrmula (6) below, R7 and R8 are independently a
hydrogen atom a hydrocarbyl group having 1 to 10 carbon atons, or a
tri hydrocarbylsilyl group, or R7 and R8 are bonded to each other and denote
a hydrocar byl ene group that nmay contain a nitrogen atom and/or an oxygen
atom as adhatetswaRbng aRgroamdrepSesmted dyaF simdh g4 belgw,t dred RPsarabided to the
nitrogen atomvia a double bond, when R3 of Forrmula (2) is a hydrocar byl
group andmpy bgfbopdeghip £achother, a group represented by Formula (4) a
hydr ocar byl group /R7 R3 and R7 of R4 may be bonded to each ot her, when R3
and R4 of Formul a/(2) ar oups represented by Fornula (4) R7 of R3 and R7
B2 o3

of R4 may’ be to each’other, and * denotes a bondi ng position, *(5)

wherei n RO denot esRa hydrocar byl ene group having 1 to 10 carbon atons, *
denotes a bonding position, and R9 is bonded to the nitrogen atom of

Formul a (whereirrnh i6 0 okll, T demetes a hipdradanntlese grdupdnadag BytoeHecapboop havi ng
1 to 10 carbon atons, Rl11 denotes a hydrogen atom or a hydrocarbyl group
havi ng 1 atemspacpHpiepiesaBtedbyiERBPWa @) gSl?dY:rfg' HUA BRresiie®RPYi s bonded

to the nill-;orr%‘?g (%t) OH%I%LV, Fﬂ'? maJ}\g I(lé]’)are independently a hydrogen atom, a
hydrocarbyl group having 1 to 10 carbon atoms, or a trihydrocarbylsilyl group,
or R’ and R® are bonded to each other and denote a hydrocarbylene group
that may contain a nitrogen atom and/or an oxygen atom as a heteroatom, R?
and R® may be a single group that is bonded to the nitrogen atom via a double
bond, when R® of Formula (2) is a hydrocarbyl group and R* of Formula (2) is
a group represented by Formula (4) a hydrocarbyl group of R® and R’ of R*
may be bonded to each other, when R® and R* of Formula (2) are groups
represented by Formula (4) R’ of R® and R’ of R* may be bonded to each
other, and * denotes a bonding position,

«—O—R%— « (5)

wherein R® denotes a hydrocarbylene group having 1 to 10 carbon atoms,

*

denotes a bonding position, and R® is bonded to the nitrogen atom of Formula

(4),
» —N—R"%-+  (6)

F‘{H
wherein R'® denotes a hydrocarbylene group having 1 to 10 carbon atoms,
R denotes a hydrogen atom or a hydrocarbyl group having 1 to 10 carbon
atoms, * denotes a bonding position, and R’ is bonded to the nitrogen atom

of Formula (4).
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