1 FUNCTI ONALI ZED POLYMERS AND METHODS FOR THEI R MANUFACTURE [ 0001] Thi s
application clains the benefit of U S. Non-Provisional Application Serial
No. 1257086@p1ifi4iz3d Sept ember 30, 2009, which is incorpecatisdoloesesdn by
reference. FIELD OF THE | NVENTI ON [ 0002] One or nore enbodi nents of the
present invention relate to functionalized polyners and nethods for their
manuf act ure. BACKGROUND OF THE | NVENTI ON [ 0003] I n the art of nmanufacturing
tires, it is desirable to enploy rubber vul cani zates that denonstrate
reduced hyster eS'P?J?\IC'I‘I(ﬁ\IALIiE%Sp%ﬂ SN *PﬁBBEz ﬁbRTﬂ@ﬁ@M&lﬁJﬁA@%RE For
exanpl e, rubber vulcanizates that show reduce ysteresis are

advant ageously enployed in tire conponents, such as sidewalls and treads,

to yield tires having desirably low rolling resistance. The hysteresis of a

rubber vull@@@1]zat dhisapplicaonttaims theenefitofd).f.Nen-Bspvisiepalchenlicadpaserial
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reduce the hysteresis of rubber vul canizates. The functional group of the

functionalized pol yner may reduce the nunber of free polynmer chain ends via

interaction with filler particl dJELROSTHE WVENIHON onal group may reduce

filler ag ratiQn. I ther ticul ar i :
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[ 0005] Fungiolyahédsiahetn @dbystsrshemyndtufpdtepar ed by post-pol yneri zati on

treatment of reactive polyners with certain functionalizing agents.

However, whether a reactive polyner can be functionalized by treatnent with

a particular functionalizing RG@I@D%WI\F‘FEI\?E @RI e. For exanple,

functionalizing agents that wor or one type of polyner do not necessarily

work for g0003ler typethef apoloy Melanufetlring aireer s@.is [ @3AGblanb hamiplts- habber

catal yst systens are known to be useful for polynerizing conLugated di ene

monorer s tVol@sizRGsOIhgEFemesstiale iegueechhyieresis bhitlest loss of meghanigulpnersyrire
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advantageously employed in tire components, such as sidewalls and treads, to yield tires

having desirably low rolling resistance. The hysteresis of a rubber vulcanizate is often
attributed to the free polymer chain ends within the crosslinked rubber network, as well
as the dissociation of filler agglomerates.

[0004] Functionalized polymers have been employed to reduce the hysteresis of
rubber vulcanizates. The functional group of the functionalized polymer may reduce the
number of free polymer chain ends via interaction with filler particles. Also, the
functional group may reduce filler agglomeration. Nevertheless, whether a particular
functional group imparted to a polymer can reduce hysteresis is often unpredictable.
[0005] Functionalized polymers may be prepared by post-polymerization treatment
of reactive polymers with certain functionalizing agents. However, whether a reactive
polymer can be functionalized by treatment with a particular functionalizing agent can
be unpredictable. For example, functionalizing agents that work for one type of polymer
do not necessarily work for another type of polymer, and vice versa.

[0006] Lanthanide-based catalyst systems are known to be useful for polymerizing
conjugated diene monomers to form polydienes having a high content of cis-1,4 linkage.

The resulting cis-1,4-polydienes may display pseudo-living characteristics in that, upon



2 conpl etion of the polynerization, sonme of the polynmer chains possess
reactive ends that can react with certain functionalizing agents to yield
functi onavDzed/@is41, 4- pol ydi enes. [0007] The ci s-1, 4- polryuse@nmsospz oduced
wi t h | ant hani de- based catal yst systens typically have a |inear backbone,
which is believed to provide better tensile properties, higher abrasion
resi stance, |ower hysteresis, and betteR fatigue resistance as conpared to
the cis-1, 4-pol ydi enes prepared with other catal yst systens such as

titani um ,coﬁgi_m@tkdn of tAB PoRintkeiatdasasin€ af @leylyByStiRiiBs pddieseieatve édi that
ci s-1, 4-pol ydi enes nmade w th Janphanlde-basedycataLysts are particularly
sui t abl e fcah regas with ¢qreain forgsionahiziag sges se yisldibwstipralined cis-e4ddwlydignes/er
one di sad ge t he CjS- - pal ydi ene repared with | ant hani de- based
ontalysts PO0Ta: sk obdbebttal: ARES RLEPA R e 0 Al SRR

backbone sypidsilyhgve d NBedd HrkbOhE hieWisBels@edRb PRbeide Hétter ReénSleqiragertard
transport of the polyners and al so hinders the use of automatic feeding

equi prent higherbbesioe sesistanee, ApwEh by ftexssis, anédettpobyguBaesiguace as compared

functional.i zed .pal yners,. are advant,ageous, especially in the manufacture, of
tires, tndpiesParEPavRicsS pEeRlve MY ot FRABET Skt ms uch TREMET Rl ve
reduced hystenhfkebbaid ce@Usedsysedifs.f | WercRVARY Eh- 4ol NVEHNE! Mde with

[ 0009] One or nore enbodi nents of the E%esent i nvention provide a nethod for

pr epar i ng lanthanigeimsad icaedy spo Ryarparticulpelynsutitadbde Eantpie i) thig qomepateaps seth 49 )
pol yreri zi_n oner With a coordination.catalyst to forma reactive

ol yrer -~ AR e aetsng oflYeElf UBMER Ry SLitd L AU RIS evared
t hi ocar boxyikh farRBifite GARSREIhRGtsdis &hiltyﬂh@tpﬁ’fé'yrﬁgis@(h%i_@!ﬂmgh (@ Bl heto their
enbodi ments of the present invention provide a functionalized polyner

prepar ed Bipeahdaskhgie sirugtuye. pdibenkigh Zdobg) floon cagses derobieane dapingniteragiet dnda

coordi nation catalyst to forma, reactive ¢js-1,4-polydien avi ng.a .
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reactive Gubbds dmpsdutdi @DEngMakhitRscar boxylic or thiocarboxylic ester

containin%ga silylated amno group. 3 [0011]Figure 1 is a graphical plot
I

of col d- f [[80PGaugdecanseatiugetinnglizedr pelymsdnate \Adyeatigequy, Mespecipliat in0the)
Lo enct RIBIAGEE B Bidn AR AR TGRSR B ERF e AR B B

enbodi rrentnslarbl*fa e present % I on as u

cis-1,4- p%mmaé@nweﬂe@ma%ﬂdﬁieauf@&m‘mowgraphi cal plot of hysteresis
| oss (tan versus Mooney viscosity (M. 1+4 at 130 C) for vul cani zates

prepared from functionalized cis-1,4-pol ybutadi ene prepared according to

Ui cani zat os. propar ed 1 rom unt SpETTANPF SEE IVENRING G VoLt adi ene. DETAILED

DESCRI PTI @b06%] | LIGARTRAMOYE M ddnYBNTSf the present invention provide a method for
preparing a functionalized polymer, the method comprising the steps of (i) polymerizing
monomer with a coordination catalyst to form a reactive polymer; and (ii) reacting the
reactive polymer with a carboxylic or thiocarboxylic ester containing a silylated amino
group.
[0010] Other embodiments of the present invention provide a functionalized
polymer prepared by the steps of (i) polymerizing conjugated diene monomer with a
coordination catalyst to form a reactive cis-1,4-polydiene having a cis-1,4-linkage
content that is greater than 60%; and (ii) reacting the reactive cis-1,4-polydiene with a

carboxylic or thiocarboxylic ester containing a silylated amino group.

BRIEF DESCRIPTION OF THE DRAWINGS



[ 0013] According to one or nore enbodi ments of the present invention, a
reactive polynmer is prepared by polynerizing conjugated di ene nononer wth
a coor di maDi2on/@ai3al yst, and this reactive pol yner can POEMUSE0/050892
functionalized by reaction with a carboxylic or thiocarboxylic ester
containing a silylated am no group. The resultant functionalized pol yners
can be used in the manufacture of tire donponents. In one or nore

enbodi ments, the resultant functionalized polynmers, which include cis-1, 4-
pol ydi eneqooexhi bifigiadviaRt:agaphialCslbtof ¢ loasbAigaN@eman® mirguedsust Mbeney
conponents that exhibit advantageously |ow hysteresis. [0014] Exanpl es of
conj ugat edigosife @bhohet ahdi0QdeCl, Prhfungtipealized; sisphémwlybutadigaet Risiparesd

2 ot myt - Pepity S P sl RoAmRbRRCer S mttiert Bt < Sumparate.

and 2, 4- hexa@eh @ivRaliMdadisHespoliyblielidie. nor e conj ugated di enes nay al so be
utilized in copolynerization. [0015]1n one or nore enbodi nents, the

reactive g8042fer iFgweepisregraplicabplodphbysteresisdpsnerndhrersns Maeaeeiviscosity
nonomner i o i zed using..a.coordinatd on .c | yst st.e The. k
rechant st AT LEERE B0 CE s PR S B DU D ARG R B P S e DGt
books (e. grepdfetiarcorting i biCbPhRe @Mmbcanheh3afithd pRe¥edt tRivieABbh @5 codPhred
Wley & Sons: New York, 2001) and review articles (e.g., Ml haupt, R

Macr onol edavalcagizarasprepargd dravn s funstippalzedvids-litepalpautagieges 289- 327) .
Coordi nation catal ysts are believed to initiate the polynerization of
nononmer by a nmechanismthat involves the coordination or conpl exation of
nmononmer to an acti veDPEAREDISESCRIPPIONOF {ILUSTRAT4VE BMBUDIMENIfS nmononer i nto
a grow ng polynmer chain. An advantageous feature of coordination catalysts
is their a{BOlillty tAscording de oBe oF svviiscamioediments plothegtrepentyifeentian, jadieactéved
ther eby progyse: R ELBQLeou! A BOLNIRE SonfBal KON b AAC R o HRES. @
nuner ous Hods tREPErEary Ag coor dination cgtaFysts, ut" &1 sPAGES
event ual | vagener ahe @ik a6ddtive pollyaiereckinaticer! bat funsti6Apaledebpf reaos:divial ing
wi th nononer and inserting nononer into a coval ent bond between an active
met al centcarbaxitic ®rghéndapRybc yastar edapiningracsilybidediantin aropp| ylher resattanh
of conjugat ed. di_enes i i t e via,n-ald o | exes as

it or medr 20 60 TaERREPh T BB B SRR iRt CRRIEHES, Aone or
nul ti - conpecenNenfodimBBts, lthe ORGURAN B tRFRRMA BN EMe®, GORICHT MRtiden cis-1,4-
catal yst may be fornmed by conbining a heavy netal conpound (e.g., a

transi ti orPortienese oxiibil advattagequsrrolthfipwearesiskange pind Previge A gpmpgrents that

alkylatin% ﬁﬁﬁﬁﬁh&%t o gnkRL%aQ%%&ﬁginun1conpound), and optionally other
co-catalys? conponen ?eYQ., & Lews acid or a Lew s base). In one or nore

enbodi rrent[anghe eamplaebalcos RigRedNdiciey mbao et ehtlkdet D3 aftadieROT BbpaineNd
met al conpound. [0016] Various procedures can be used to prepare

coor di nat ilohpentgiaps: s . 1.3-hexptheny, mbAdlivetvdilihutdiene oot-athykilidoputadiagey st
may be foryed.in.situ by. separately adding the catal cpgpaonents to th
mononer ¢ BEUNBykEF G SR 2 SRR e ST SRR
ot her enbodi-Rexddiend® MIRLTENIFI D 6RIRONSEoTBYatEE dERIOMRalsd hat uiilzedt he
catal yst conponents are pre-m xed outside the pol ynerization systemeither
in the absepelymsrizaig9nnonomer or in the presence of a snmall amount of
nonomner . esul.ting prefaormed catalyst cqnposition be .aged, _i.f

desi red. AMiTen haBla"bE TRET roiBhEehus B Balh?” pBmar 1S citpatla by
[ 0017] Useicabrdingtish Ealgzhwmz@aba,l WhEresy 8id@ndrng bulendratingnidie; heasedination
catal yst systens. These catal yst systens may advantageously produce

ci s- 1, 4- pehialysé sefemhdihe ksyinaechasisgigderthrespf crandinaéeepolymeszatian bavebegid

may be refgrred to as pseudo-)iving, pglyners. i | e, .ot her ordi.nati o
caralyst <irSid RngBaRSE e einthoft P Rant heo BB P AP e Pt
found to heilgartdcnd! REWYY@WY200 BogUSviahdriidles €40 BulhvdupR ot Macrdkbeeuhhe
scope of the present invention, will be discussed in greater detail.

[ 0018] Pr adiicsesiay e’y és&R03i violeme Hrkinpgpd28ASPeds oordinpiinn caglysys arfe
R T R Al R o S e RS
nore enbodi ments, e catal'yst syStens enployed i’nclude (a) a

| ant hani deveaihadicoh g eafipRuaton (d7) m8Aomer to an active metal center prior to the



al kyl ati ng agent, and (c) a hal ogen source. In other enbodinents, a
conpound contai ni ng a non-coordi nati ng ani on or a non-coordi nating ani on

pr ecur sorwoantig1sapl oyed in |ieu of a hal ogen source. POTIUSR®IO/08089Dt her
enbodi nents, other organonetallic conpounds, Lew s bases, and/or catalyst
nodi fiers can be enployed in addition to the ingredients or conmponents set
forth above. For exanple, in one enbodiffrent, a nickel -containing conpound
can be enployed as a nol ecul ar wei ght regulator as disclosed in U S. Patent
No. 6, 699,i8de3tioMdfCoinSmied CiRkdQr gicﬁﬁlingepa%fﬂlebych@a{.emaﬂ@avalﬁtagé&JsAseature of
menti oned above, the catal yst systens enployed in the present invention can
i ncl ude a crarfinativtece@htst nisngthenpuliey. toanpleaided esteBrnchEmisy cenpolings

useful in the present inv ,on_ar S at , i ncl.ude east
one. at om JeNTRRARRD, AR EANDIRR et PR SRIBERMIb ot Briatiie B vleay
samari um tRéife0 pidlMungadas | Mbthdds t @ birdMling }®PFARRUSN dA@AIETbuerdi wibthods
thulium ytterbium lutetium and didymum |n one enbodi nent, these
conpounds evantualE| geieraeodymichive linterMadinte Samdsi canably ofi egardinatings wited
herein, theod@nmac k! oAahle 450! S0l SATILHAL T Uk @b &l LN
el ements dbtal ned 1T om norazite sand.> 1 h aéled}tl on, "THE

| ant hani den@ani@wihg@obemarainags TieésdrdimtioAedyB8ARitidNYLHIN;| G teddiddes i
the formof elenental |anthani de. [0020] The | anthanide atomin the

| ant hani déebevedainprageedvpoTadsl eunplered as indeinediategi darrdinademceaglysts can

i ncl udi ng,_but ngt Iigited to, .the 0 +2t’ +g anj +4 oxi dation Etgtes. I n
one enbodidfeie” SV07 05T PHHFARPARS ORI nd" BifpBURE T e HBP TN, @

| ant hani deogt@fhtién icBtalyRe i3y 8¥ifdahb@byStdhBinica A K&v?rm&@mempguha actqlge a

| ant hani de- cont ai ni ng conpounds i ncludé, but are not Timted to, |anthanide
car boxy! attemsitianmesali wonpougdnoph teyshanide-cohming rtodw omnd areaphibzlabiog sigest

| ant hani de or ganophosphi nhat es, | ant hani de car es, |anthani de

i ¢ hi ocar BERaHBS A DAHE A BECmRe e oend pafieelR B ber ot RoE iR Banents (e,

| ant hani de [dvexLART Oleviik o). A Dnelor M braninteo ditleh B the h@W he&thi&mpound
pseudo- hal i des, | ant hani de oxyhal i des, and or ganol ant hani de conpound%.

[ 0021] | n omay log raferred eorhoal comndisatingreefaheathpointb- cont ai ni ng conpounds can

be sol ubl e, jn _hydrpcarbon so]Jvents such as aromatic hydr.ocarpon | i phatic
nycr ocar baRGTElor * SGERUAR B T b B Py HRARIGHOR A2 G ot efh o or
| ant hani deng@ndAbhéditEnbs, GREBAHUASEen BAWBNE mayBYform?a iRRitU I8 débatdtelyNRIding
present invention, as they can be suspénded in the polynerization nmediumto

form t he c¢he ahialyssadonypanenis/ o she e m¢r0o b Amlywageedin jeithas tr stepwise or
further discussion of useful Ianﬁggnid%@ﬁont ining compounds mﬁﬂl focugjon
neodym ums_&:‘BH%%lhf‘r?dlé, MANRGugH ¢ RBYE SRPCHERCTYY 3h&O]FY! WP BBt &0 P°
sel ect si Prb@imeaMPRMNGStHeh@lkalgétecAsabndPar: ptdIflixddihRR We JiymbSzation

[ 0023] Sui t abl e neodym um car bokxyl ates include, but are not limted to,
neodynm umslstemateighemiaotdiyrabsemescef aityemoneory mrimthe pyesense ofiecyat ammount of
met hacryl ate, neodym um val erate, neodym um gl uconate, neodym citrate
neodym umPUIHRST ! N boul R RTFinad Satalis A9 MrgRTinn ay &° Jge8ullfiegiipd and
oxal ate, npeglyddddModhe BEHIMEXRRORYSE be POBAYITIAAN Neodecanoate (a. k.a.,
neodym um ver sat at e), neodym um napht henate, neodym um stearate, neodym um
ol eat e, nd0aAYAli umUsefid oee@ diratnneatiyyrtusyspewosl inchtde. 1jrobanidsihasad| eatalyst
neodym um or ganophosphat es .i ncl ude, but, are not .limted to, neadym um

i but yl - pHUSBARY ol RE QAN Ury siegentngy SSHBRBEATI1Y RENY it RENgIEne: that
phosphat e, -pRodydldhdhMghBRYY FedRh08 RRGIEendyeatly May ekt tBhRSRRAHS-living
neodym um bi s(1- et hyl heptyl) phosphate, neodym Um bi s(2-et hyl hexyl)
phosphat e,pohanelsniviimiledo et goondirssishatagsly stesy dem summyl hldo e ey plpyesk phahanide-
neodym um, di oct adecyl, phgsphat e odym um dj ol gyl phosphat neodym um

i phenyl | BROCH TS B R LI B R BB AP BRaARY Thasia TPkt y1
(2- et hyl hepyikihgRROSRIPRIE thSRAYM iHDRAtdod TR vl RIgRUYA ihZr&itBy hagny| )
phosphat e, and neodym um ( 2- et hyl hexyl) (pnonyl phenyl) "phosphat e.

[ 0025] Sui t[@B18] neddgetiaemfdhegaresphbiphotian eésndatmeicaskarilblimitad dyrtbe stleatiomdf
to, any particular lanthanide-based catalyst system. In one or more embodiments, the

catalyst systems employed include (a) a lanthanide-containing compound, (b) an



neodym um butyl phosphonate, neodym um pentyl phosphonate, neodym um hexyl
phosphonat e, neodym um heptyl phosphonate, neodym um octyl phosphonate,
neodym urwQRenet4n3gk hept yl ) phosphonate, neodym um ( 2- et Irgirhus2910)050892
phosphonat e, neodym um decyl phosphonate, neodym um dodecyl phosphonat e,
neodym um oct adecyl phosphonate, neodym um ol eyl phosphonate, neodym um
phenyl phosphonate, neodym um (p-nonyl phenyl) phosphonate, neodym um butyl
but yl phosphonat e, neodym um pentyl pentyl phosphonate, neodym um hexyl
hexy! phos piign&ies age@wamwt(rt)haphyllo%b@pioﬁkéﬂ?OSllah@ﬂaatreembe@ﬂﬂéﬂtsl,rrhO@drmbound
octyl phosphonat e, neodym um ( 1- et hyl heptyl) (1-nethyl heptyl)phosphonate, 7
neody i unC2NEXRE henpN) QORI éiNALING e3jP1) B0 pledreacsdinadag mnigmidygFursor can be
decyl phos%ﬁgﬂé‘teed i[{eﬁé’e{ i E{Q@ggﬁ | sqdu‘%gﬁcyI‘nPht%%E’go&ato‘%heﬁ"%% oriﬁ!ir%ht%“o%ﬂgfy'
oct adecyl phosphonhat e, neodym umcol eyl ol'eyl phosphonat’€, "neodymni um pheny
phenyl phospbaiah&alliRa@ayrd whds( PevigMaked)aau)dr ¢aralfonilogiTaimy cap e Bpdein
neodym um butyl (2-ethyl hexyl)phosphonate, neodym um (2-ethyl hexyl)
but yI phos gHéiitare to fdedingresiets- oi chyiphaphisl yet( foreh porexyFopksaphlendneone
neodym um ( 2- et hyl hexyl 1- et hyl h | ) ph honat eodym .
(et hy heaghehl oMok b doBr R SRR A8 2GR B0 BB on 0T § Th R vpangee
(2- et hyl hexyhidrhas plzelsé® in [109.26] ot Nab g 99e3Idy Whibh 0¢ gadepbrsediheadiasby
i nclude, but are not limted to, neodym um butyl phosphi nate, neodym um
pent yl phogpféreiaee, neodymi um hexyl phosphi nat e, neodyni um hept yl phosphi nat e,
neodym um | phosphi nat e.; neodym u 1- net.hvl he | ) phosphi n . .
neodym um[@gi%tlt hy%?e%%%éprhégsa;hﬂ‘%a@g,Cg]rtigg%sc}ﬂétﬁﬁls é@é‘%ﬁ%{gé“p 1 zﬂeg%rﬁr%g‘é(aqfﬁqnum
dodecyl phegphingRide, a NeREWMRAideTtcithiadac ¥bpipesRAI NBiethaRRRAONEMAIng compounds
ol eyl phosphi nat e, neodym um phenyl phosphi nate, neodymnm um
( p- nony| phisaipl Yib Kess prgseat éventiod it thossi sumgeytdssibat iwlude sideastraneatom of
di pentyl ptfé)nstﬂhlimrfr%t Sreq eocltl rpl1 lé@iﬁlrinhe)i_gle%laos 1Qrinnatr8me§%8d maumn;:l‘r' europium
diheptylphospﬁlnatezne%QVHIUndioptfﬂp%osg I Nat & neo ynluﬁ%ls FT@ ’
met hyl heptgghp PHIOsHheRRL®, dpgaayiting Mdlins(E; &fiythhexaiuhphesRbiuidtiaetheRdid um
di decyl phosphi nat e, neodym undi dodecyl phosphi nat e, neodym um
di oct adecyligioBihi Hapee enbodimerintiiiselceyinonsdpiamint@dudanperiymiym, lanthanum,
di phenyl p i nat o] i.um bi s(pynonyl p y h i.nat.e 0 i um
butyl 2" ggﬁ%ﬁ@y% d&ﬁ%@%ﬁ .natAg u%ée)% Qg/erIﬁX%lmm%g trnP PARRM AL s AE ATk
(1- met hyl kepinyéoc(a? ngikhirk N te-ehes plnm@ite obadifled 6@y Mdhizite sand. In addition,
(2- et hyl hexyl ) (p-nonyl phenyl ) phosphi nate. [0027] Sui tabl e neodym um
car bamat esh¢ nthgrddesontagriag semppiunss eefuldn the pagsans ivengenisph darindhmform
neodym um di gt hyl. car , heodym um di i sopropyl carbamat e, neodym um
dibutyIcafbgﬁheﬁgggﬁgéﬁggﬁbniun1dibenzylcarbanate. [ 0028] Sui t abl e neodym um
di t hi ocar jaorgles iThel l@eharbddé a@6@ NOthd ilAAthedideLontgRgNEdApounds can be in
di met hyl di't hi ocar bamat e, neodym um di et hyl di t hi ocar bamate, neodym um
di i sopr opyRéiouhiosidativarsittes indudipsi bwh detblimiteditenibechrbamb?.cindamd arédaion um
di-benzyl d'sttahtlegceﬁlb(?n%ag%bodﬁment, a trivalent lanthanide-containing compound, where the
lanthanide atom is in the +3 oxidation state, can be employed. Suitable lanthanide-
containing compounds include, but are not limited to, lanthanide carboxylates,
lanthanide  organophosphates, lanthanide  organophosphonates, lanthanide
organophosphinates, lanthanide carbamates, lanthanide dithiocarbamates, lanthanide
xanthates, lanthanide [(-diketonates, lanthanide alkoxides or aryloxides, lanthanide
halides, lanthanide pseudo-halides, lanthanide oxyhalides, and organolanthanide
compounds.
[0021] In one or more embodiments, the lanthanide-containing compounds can be
soluble in hydrocarbon solvents such as aromatic hydrocarbons, aliphatic hydrocarbons,

or cycloaliphatic hydrocarbons. Hydrocarbon-insoluble lanthanide-containing



[ 0029] Sui t abl e neodym um xant hates i nclude, but are not limted to,

neodym um net hyl xant hat e, neodym um et hyl xant hat e, neodym um

i sopr opylweanbhauesd4neodym um but yl xant hat e, and neodym eeThsa@ploz@nt hat e.

[ 0030] Sui t abl e neodym um O-di ket onates i nclude, but are not limted to,
neodym um acet yl acet onate, neodym umtrifl uoroacetyl acetonate, neodym um
hexaf | uor oacet yl acet onat e, neodym um beAzoyl acet onate, and neodymn um
2,2,6,6- tetranethyl- 3, 5-heptanedi onate. [0031] Suitabl e neodym um

al koxi des compauntexhe@svdrn@hdidalsobbld el NAtthlei picsest itienfiondyitHeY can be
met hoxi de, neodym um et hoxi de, neodym um i sopropoxi de, neodymn um 2-

et hyl hexoxuseendeddayine pelypiesizasio e @redhandg feuhihrorlpHenddctize sagdesieodyni um
napht hoxi 003 ui_t abl.esn ] i des _i.ncl ude re.not limted
o neody DO I gt das® RINDRP. HTRL ATy fS i ep dhpAsRidiRtp aMidd
neodym umcb@fpod@ds Suil féhlsemeastymium pstpdondiabitiessh AlsedrilleQuh tAE arth@ill
limted to, neodym um cyani de, neodym um cyanate, neodymn um thi ocyanate,
neodym umbg&Abdeeto setret sispitArEonrcoads Heafane Basedsinoanather hadwpdemetilshal i des
i ncl ude, re no imted to, neodym.um o | yor i de Qdyim um .
oxyent or i 40028ha nabablateRlelBr ARy i e L q AR Yo Rodymium

t et rahydr ghtinae, ( hdddyniuniychateMicodpaias advrplatk, f Greo8pmithh! i meth@ckits,
cl ass of neodym um conpounds in inert organic solvents. ere | ant hani de
hal i des, Ingpelliafirealpryteanpedaniug: shicppate} aepdyvamiuge cigine dleadygiwb fpBands,
cont ai ni ng_a ,hal oge om are. empl oyed., the | ant hani de-cont ai ni ng_conpoynd
may al so glgp \O/1 l%zlausrgaﬁ?&%tre’ pg(re?d%rgputnhe%h% a&a’enn%oéjé’?nc“émi nmﬁi)%eab%?/oe- AEnt] o%'ed
catal yst sylflRRanb@@33ksaymaat Modetdhoatd1€a kel Meodganah art-faniedenssuypaund
refers to any | anthani de-containing conpound containing at |east one

| ant hani délad?gﬂl?@ﬁt%oﬂ@dynﬁége SEGATR U R dYEURr @dRate.naaedymiunm ooty and
exclusiveuybdtQﬂﬁ% cqﬂlghying cycl opent adi enyl ("Cp"), substituted
cyclopentaﬁle%yf, QWffP, and substituted allyl ligands. Suitable

or ganol antjpez4]de canmBLEN@SodyIa]uMs Corghbibplidspha@l Iniclidet bt OareCRE NimiER LiBR,
Cp2LnC1, LnC12, %ﬁLn(cyclooctatetraene), (CsMes) 2LnR, LnR3, Ln(allyl)3,
and Ln(al Ingeip@iumyghibpey! [phosphates anedymaivum iipemiyt @haspite apepdxmispy diesys a
hydr ocar by| . e _of. r i rocarbyl p ul in
the. pr esertoFhiE: 1o B nERE S RORIAL Bab p U iaR Rl PosPh Bt

ni trogen, WKYgaBthylpe) hospeae, nsodyrbium a2 RNBFIRBRYY phatshite, hEBH AR

nment i oned above, the catal yst systens enployed in the present invention can

i ncl ude anliggayy| ahpsihadgeneodymiome aidogeed arissahatent Beodimipiyt idinstadpsyt s,
whi ch nma I referred t.0 as h ar in nts.. inglud .

or ganoret 4T R e e e PhRET hrsay R BPaRRRE) S BBt rodyminp,
t o anot hemigpt@nyl gheRiybap Hosphhteesco BAGNLSHUHT [ 2+ ehyii G§NARIsBhhdeCn &ypgiuAdS

of electropositive netals such as Goups 1, 2, and 3 netals (Goups |A
1A and I(Ltpethgihepsyl) ARjephndhexid) apeesphatsernf ineodpaiypeddrathylhenyl) i dp-
i ncl ude, % gd to, organoal um num and or ganonmagnesi um

ut are nQt I imt
conpounds.Oﬂgﬁﬁggﬁﬁﬁ%?éP%ﬁ t he term organoal um num conpound refers to any

al um num gpomund SepabRi Aedyndiun ©asdnophesEH diitét cbald) Dt REBthot! Mmawe tef
mor e enbodi nents, organoal unm num conpounds that are soluble in a

hydr ocar béwodpmiwnt beah pheseliass eteodyaniuge @enbi eplipsphpeatee pgedymium hexyl
or ganomagnegsi um conpound refers to .any nagnesium ¢ ound that contains at
egat one PRRSHORFITY aPRskTEnd: Ry B BROTSr. MARERRHER A SR AbAR
Or ganomagmestHii e NPeMREs, h&R)apRosphoHtes n!eBd%mhMﬂr(QC@tﬂq?HﬁX?l@np}h_%phonate,
enpl oyed. As will be described in nore detail bel ow, several species of
sui t abl e dlergymiymng degelntphasahomate; neagwnfivmm didegyhaphasphonwer enegrymium

al kyl atin nt, i ngl udes hal ogen..at o t he al kyl ating agent nay al,so
serve s JPREMILPEOYIRRRE: nr BT Etr b el e BRI ERY Ry
system [ QA35phéhR8e QeodPheureTOOslinGRMlphenPl JapRE¢pHHNALEN CA den t hateyran
be utilized include those represented by the general formula A Ri, X3, ere
each R i ndeydnbesihiopatean mrodyntismoyfeabtl opgumiphogplrte haneedymiunac Hegyt o
t he al um num m,via.a carbon .atom, where ch X i ndent | n be .a
hydr ogen g?éwﬁhgﬂﬁgfba%n g‘%ﬁpnghha95%§§lapggaﬁgﬁﬁpﬂgﬁﬂg1k%f%géméﬁgupS%Qﬁ
an aryl oxiogdeylghc¥phonaid Waesdynflugan @emathylé@Rgpr i(0-hbgylRpea) hosphematk, t 0
3. In one or nore enbodi nents, each i ndependently can ge a hydrocar byl
group such as, for exanple, alkyl, cycloal kyl, substituted cycl oal kyl,

al kenyl, cycl oal kenyl, substituted cycl oal kenyl, aryl, substituted aryl,
aral kyl, alkaryl, allyl, and al kynyl groups, with each group containing in
the range of from 1 carbon atom or the appropriate m ni nrum nunber of
carbon atons to formthe group, up to about 20 carbon atons. These

hydr ocar byl groups may contain



10 heteroatons including, but not limted to, nitrogen, oxygen, boron,
silicon, sulfur, and phosphorus atons. [0036] Types of the organoal um num
conmpoundswoOhatl/aB4r epresent ed by the general fornul a APRIrjUs3)10iossbrde, but
are not limted to, trihydrocarbyl al um num dihydrocarbyl al um num hydri de,
hydr ocar byl al um num di hydri de, di hydrocar byl al um num car boxyl at e,

hydr ocar byl al um num bi s (carboxyl ate), @i hydrocar byl al um num al koxi de,

hydr ocar byl al um num di al koxi de, di hydrocar byl al un num

neodymium (2-ethylhexyl) (2-ethylhexyl)phosphonate, neodymium decyl
decylphosphonate, neodymium dodecyl dodecylphosphonate, neodymium octadecyl
octadecylphosphonate, neodymium oleyl oleylphosphonate, neodymium phenyl
phenylphosphonate, neodymium (p-nonylphenyl) (p-nonylphenyl)phosphonate,
neodymium  butyl (2-ethylhexyl)phosphonate, neodymium (2-ethylhexyl)
butylphosphonate, = neodymium (1-methylheptyl) (2-ethylhexyl)phosphonate,
neodymium (2-ethylhexyl) (1-methylheptyl)phosphonate, neodymium (2-ethylhexyl)
(p-nonylphenyl)phosphonate, and neodymium (p-nonylphenyl) (2-
ethylhexyl)phosphonate.

[0026] Suitable neodymium organophosphinates include, but are not limited to,
neodymium  butylphosphinate, neodymium  pentylphosphinate, = neodymium
hexylphosphinate, neodymium heptylphosphinate, neodymium octylphosphinate,
neodymium (1-methylheptyl)phosphinate, neodymium (2-ethylhexyl)phosphinate,
neodymium decylphosphinate, neodymium dodecylphosphinate, neodymium
octadecylphosphinate, neodymium oleylphosphinate, neodymium phenylphosphinate,
neodymium (p-nonylphenyl)phosphinate, neodymium dibutylphosphinate, neodymium
dipentylphosphinate, neodymium dihexylphosphinate, neodymium
diheptylphosphinate, neodymium dioctylphosphinate, neodymium bis(1-
methylheptyl)phosphinate, neodymium bis(2-ethylhexyl)phosphinate, neodymium
didecylphosphinate, neodymium didodecylphosphinate, neodymium
dioctadecylphosphinate, neodymium dioleylphosphinate, neodymium
diphenylphosphinate, neodymium bis(p-nonylphenyl) phosphinate, neodymium butyl
(2-ethylhexyl) phosphinate, neodymium (1-methylheptyl)(2-ethylhexyl)phosphinate,
and neodymium (2-ethylhexyl)(p-nonylphenyl)phosphinate.

[0027] Suitable neodymium carbamates include, but are not limited to, neodymium
dimethylcarbamate, neodymium diethylcarbamate, neodymium diisopropylcarbamate,
neodymium dibutylcarbamate, and neodymium dibenzylcarbamate.

[0028] Suitable neodymium dithiocarbamates include, but are not limited to,
neodymium dimethyldithiocarbamate, neodymium diethyldithiocarbamate, neodymium
diisopropyldithiocarbamate, neodymium dibutyldithiocarbamate, and neodymium

dibenzyldithiocarbamate.



hal i de, hydrocar byl al umi num di hal i de, di hydrocar byl al um num aryl oxi de, and
hydr ocar byl al um num di aryl oxi de conpounds. In one enbodi nent, the

al kyl ati nyoagam41s3an conpri se tri hydrocarbyl al um num diPhydarse@anbosbzal um num
hydri de, and/or hydrocarbyl al um num di hydri de conpounds. In one enbodi nent,
when the al kyl ati ng agent includes an organoal um num hydri de conpound, the
above- nenti oned hal ogen source can be pBovided by a tin halide, as
disclosed in U S. Patent No. 7,008,899, which is incorporated herein by
reference [0029]t s SnithbRt Yeodyddh] tuthatk entlutbyslitog@r it lahited oM esHypaunds
include, but are not limted to, trinmethylalumnum triethylalumnum

t rii sobut ynethyhinpthate eodympine pyidkaurhateneedimiswp sopyo il xatithale neodymium
tri-n-butyl al.um i-1+hbut } ri-n-pentyl al um num
trineopen%&ﬁ]F%hgﬁﬁ%fﬁébFéd- %%@ﬁ%#ﬁ%ﬁ*ﬁ%ﬁttri-n-octylaluninun1 tris(2-

et hyl hexyl[pozdjum suntabler i taoelyaheny | phiketonames tihchidel-m@t hirk c ot opngridy | th,
alum num triphenylalum num tri-p-tolylalumnum tris(2,6-dinethylphenyl)
al um num nepfpain)| aheatylaceroanie: hynlesdemnml uniifueroareyRgptopate| yhegdyminom
di et hyl benzyl al um num_et.hyl di phenyl al um.n hyl di.-p-taol yl al,um n

et iyl o bert syt Rt CuI e at AR aRUMT YR BB A By Bt 2 2Ee-
conpoundstb@gh@d@ﬂ{pyhep@@e@mhaﬁinited to, diethylalum num hydri de,

di - n-propyl al um num hydri de, diisopropyl al um num hydride, o

di - n- but yi[@P3Hi nurﬁuﬁ?é]ﬁi wdymmmgwde?r arRAdexidgs Hichede, iut gre ey limiesi thum
hydri de, di phenvl al um num hydride. di;p-t.alylal um num hydride, .

i benzyi arsaae AT HE A pS PR AR PR PBELE, neodymium 2-
pheny! - npre@pyih atdxidd) Uisoldy ahiiep h dHbd, ireeay@PYth ahsHil PhAORE;, 288, neodymium
phenyl - n-butyl al um num hydri de, phenylisobutyl al um num hydri de,
phenyl-n-d@P%ﬂHﬂMﬁ*nun1hydride, p- 11

tol yl et hyl 1 nu drj de, p;tol vyl ~n.Raropylak um nuohydr | de,.p- .
tolyli sopr[gggﬂal un@%t&h#eh%‘?‘ily e ¥rb-hta8ﬁ§ﬁ IXCI%%?’y lgtl %rrfél/ Hﬁj%nq%lger‘% 5% neodymium
ptol yl i soljlioyida] HEddymTuly dhlodiele, Red Binyiunhbesihided hHainraayMy@hiid@ide. Suitable
benzyl et hyl al um num hydri de, benzyl - n-propyl al um num hydri de,

benzyl | SoPCORYMAITTDARHionyalidedeinchuiez yius- BLR yioal i idnidyBpadyenium cyanide,

benzyl i sobubyl Al ARaPY ShiSifmiaRT RRIGY a0 FebARHIT "HAULY 3hd Asodymium

ferrocyanide.  Suitable neodymium oxyhalides include, but are not limited to,

neodymium oxyfluoride, neodymium oxychloride, and neodymium oxybromide. A
Lewis base, such as tetrahydrofuran (“THF"), may be employed as an aid for solubilizing
this class of neodymium compounds in inert organic solvents. Where lanthanide
halides, lanthanide oxyhalides, or other lanthanide-containing compounds containing a
halogen atom are employed, the lanthanide-containing compound may also serve as all
or part of the halogen source in the above-mentioned catalyst system.

[0033] As used herein, the term organolanthanide compound refers to any
lanthanide-containing compound containing at least one lanthanide-carbon bond. These
compounds are predominantly, though not exclusively, those containing
cyclopentadienyl (“Cp”), substituted cyclopentadienyl, allyl, and substituted allyl
ligands. Suitable organolanthanide compounds include, but are not limited to, CpsLn,
CpzLnR, CpzLnCl, CpLnClz, CpLn(cyclooctatetraene), (CsMes):LnR, LnR3, Ln(allyl)sz, and
Ln(allyl)2Cl, where Ln represents a lanthanide atom, and R represents a hydrocarbyl

group. In one or more embodiments, hydrocarbyl groups useful in the present invention



[ 0039] Sui t abl e hydrocar byl al um num di hydri des include, but are not limted
to, ethylalum num di hydri de, n-propyl al um num di hydri de, isopropylal um num
di hydri deworzetwmsyizal umi num di hydri de, i sobutyl al um num echyuseéidesosand
n-octyl al um num di hydri de. [0040] Sui tabl e di hydrocar byl al um num hal i de
conpounds include, but are not limted to, diethylalum numchloride,

di - n- propyl al um num chl ori de, diisoprop9lal um num chl ori de,

di - n-but yl al um num chl ori de, dii sobutyl al um num chl ori de,

di - n- oct ylnadeartbin kdteidtods sdtipas il akatbiymitesdady; bfpgendbofor, @llicba) surfurum
chl oride, dibenzylalum num chloride, phenyl ethylal um num chl ori de,
pheny! - nprogyhasplemsateRs.ori de, phenyl i sopropyl al um num chl ori de,

phenyl - bt U fond Ol B AN ALUTLAYLE Bl otk 0BT P AT M ention

tolylisob | um num benzy yl al'umnum benzylis opy m num

chl oride, cahligdliudean alyPatiriCagenp- 110bié oA ntie endddiin@HtS, alkylating agents, which
benzyl - n- propyl al um num benzyl - n-but yl al um num benzyl i sobutyl al um num
chl ori de, raaidalse heyefairest toasahydrosampyiingraggats, [rodudd Siganamiegallic compounds

hyd b | um i.halid ds J.ncl ud b | im
nvenecan XS ) DAL DL BOTRONRAR A 6 b 0 LT B

di chl ori degeftshnébabusinduacgllic kbaipodads bselbetryp&ditivd memlslsed & Gﬂmfpsam d,
noctyl al um num di chl ori de. [0042] O her organoal unm num conpounds useful as
al kyl at i ngndgentesals HgrounsylApdlA, and 11IA metals). Alkylating agents useful in the present

invention include, but are not limited to, organoaluminum and organomagnesium
compounds. As used herein, the term organoaluminum compound refers to any
aluminum compound containing at least one aluminum-carbon bond. In one or more
embodiments, organoaluminum compounds that are soluble in a hydrocarbon solvent
can be employed. As used herein, the term organomagnesium compound refers to any
magnesium compound that contains at least one magnesium-carbon bond. In one or
more embodiments, organomagnesium compounds that are soluble in a hydrocarbon
can be employed. As will be described in more detail below, several species of suitable
alkylating agents can be in the form of a halide. Where the alkylating agent includes a
halogen atom, the alkylating agent may also serve as all or part of the halogen source in
the above-mentioned catalyst system.

[0035] In one or more embodiments, organoaluminum compounds that can be
utilized include those represented by the general formula AIR.X3.,, where each R
independently can be a monovalent organic group that is attached to the aluminum
atom via a carbon atom, where each X independently can be a hydrogen atom, a halogen
atom, a carboxylate group, an alkoxide group, or an aryloxide group, and where n can be
an integer in the range of from 1 to 3. In one or more embodiments, each R
independently can be a hydrocarbyl group such as, for example, alkyl, cycloalkyl,
substituted cycloalkyl, alkenyl, cycloalkenyl, substituted cycloalkenyl, aryl, substituted
aryl, aralkyl, alkaryl, allyl, and alkynyl groups, with each group containing in the range of
from 1 carbon atom, or the appropriate minimum number of carbon atoms to form the

group, up to about 20 carbon atoms. These hydrocarbyl groups may contain



represented by the general formula AIR , X3, include, but are not limted

to, dinethylal um num hexanoate, diethylal um num octoate, diisobutylal um num
2- et hyl woanoaues34di met hyl al um num neodecanoat e, di et hpCalusadmonsst ear at e,
12 diisobutyl al um num ol eate, nethyl al um num bi s( hexanoate), ethyl al um num
his (octoate),isobutylalumnunbis (2 -ethyl hexanoate), nethyl al um num hi s
(neodecanoat e), ethyl al um num bi s(stearld&e), isobutylalum numhis (oleate),
di met hyl al um num et hoxi de, di et hyl al um num met hoxi de, dii sobutyl al um num
met hoxi de hédtdrehtiyhaldolidiigEs iadtdenie@ thyhialodsh, NenyRERO¥Irda, silicon, sulfur, and

di i sobut yl al umi num et hoxi de, di et hyl al um num phenoxi de, di ethyl al um num
phenoxi de pdiosBladyys pk&nsimi nunphenoxi de, met hyl al umi nundi met hoxi de,

et hyl al um di Xi i t | .um i oxi.de t | um nu

G ot hoxi ad008hy [ BVE wlints SERSRAEh ML DT oty thafiae g hLe o) B
met hyl al urgensial dophano AR . eintidel Wiitnamd dbopheneed d8, tARddicsakibialisiinum
di phenoxi de. [0043] Anot her cl ass of organoal um num conpounds suitable for
use as an diydrogarbiplagEmmi n ¢ haygrideent i nwslipsashyladunaingm noxandiydride,

A OB SRSy} | ATBL ol Mo RTINS 1bERCSER o),

repr esent € e’ general foriula. R/ I'X
dihydrocarbylaluminum alkoxide, hydrocarbylaluminum dialkoxide,
dihydrocarbylaluminum halide, hydrocarbylaluminum dihalide,

dihydrocarbylaluminum aryloxide, and hydrocarbylaluminum diaryloxide compounds.
In one embodiment, the alkylating agent can comprise trihydrocarbylaluminum,
dihydrocarbylaluminum hydride, and/or hydrocarbylaluminum dihydride compounds.
In one embodiment, when the alkylating agent includes an organoaluminum hydride
compound, the above-mentioned halogen source can be provided by a tin halide, as
disclosed in U.S. Patent No. 7,008,899, which is incorporated herein by reference in its
entirety.

[0037] Suitable trihydrocarbylaluminum compounds include, but are not limited to,
trimethylaluminum, triethylaluminum, triisobutylaluminum, tri-n-propylaluminum,
triisopropylaluminum, tri-n-butylaluminum, tri-t-butylaluminum, tri-n-pentylaluminum,
trineopentylaluminum, tri-n-hexylaluminum, tri-n-octylaluminum, tris(2-
ethylhexyl)aluminum, tricyclohexylaluminum, tris(1-methylcyclopentyl)aluminum,
triphenylaluminum, tri-p-tolylaluminum, tris(2,6-dimethylphenyl)aluminum,
tribenzylaluminum, diethylphenylaluminum, diethyl-p-tolylaluminum,
diethylbenzylaluminum, ethyldiphenylaluminum, ethyldi-p-tolylaluminum, and
ethyldibenzylaluminum.

[0038] Suitable dihydrocarbylaluminum hydride compounds include, but are not
limited to, diethylaluminum hydride, di-n-propylaluminum hydride,
diisopropylaluminum hydride, di-n-butylaluminum hydride, diisobutylaluminum
hydride, di-n-octylaluminum hydride, diphenylaluminum hydride, di-p-tolylaluminum
hydride, dibenzylaluminum hydride, phenylethylaluminum hydride, phenyl-n-
propylaluminum hydride, phenylisopropylaluminum hydride, phenyl-n-butylaluminum
hydride, phenylisobutylaluminum hydride, phenyl-n-octylaluminum hydride, p-



and oligomeric cyclic alum noxanes, which can be represented by the general
formula: 1Y R where x can be an integer in the range of from1 to about
100, or awoub111@1i3@ about 50; y can be an integer in thecrasgeonsspzom 2 to
about 100, or about 3 to about 20; and where each R independently can be a
nmonoval ent organic group that is attached to the alum numatomvia a carbon
atom In one enbodi nent, each R independently can be a hydrocarbyl group

i ncluding, but not limted to, alkyl, cycloal kyl, substituted cycl oal kyl,

al kenyl ,  cygleRylkRMYihuns Ubsthydidd cycpaslykamropy@ihinugbst i hydradk, aryl p-
aral kyl, alkaryl, 13 allyl, and al kynyl groups, with each group contai ning
in the rang@lisdproppllumipampon dwdrideor t hdokbprivpylabitminginhi mumyatidBer op-
car bon at . f.o e 0 t ut .20 0 t Th .

nycr ocar by ohr Sy b Bae 4P Al 8P AP DR o P B e
to, nitroggaridexy&esgl-ninopdlalihinu@dRydisdé, foehzy @@ ropasRionus B, behzyl-
shoul d be noted that the nunmber of noles of the al um noxane as used in this
appl i cat i anbytetdvminwnt hayaiidder benzylisobytyddluntieus| uhiydiideat ornsl r eieyl-ahan
t he nurr_beroC%;‘lalrlﬂ;hilc,?&mch]c dtrfﬁl% oligoneric alum noxane nol ecules. This
conventi on I’s” conmonl 9’ enployed in the art of catalyst systems utilizing

al um noxanee39]l 0044jtAblenhyirsenesydamifen MiBpaiess heludadiitNge not limited to,
tri hydrocar byl al um num conpounds with water. This reaction can be perfornmed
accor di ng ethylrlvovinupedihgds de.sirpropdalupmdpuxdihpildde, (isgprapyet v uinh diltydgidet he
trihydrocarbyl alum num c d i.s.di | ved i n.,an .qor.ganj c. sal vent. an hen
cont act ed TPYHEELAT, FRRENES | SRR e co PP aRlEr oty b okt b
conpound idgshydadd ed with water of crystallization contained in, for

exanple, netal salts, or water adsorbed in inorganic or organic conmpounds,
or (3) a MBOHRd i Suitablehdiliyelrecarhylahusaianpy ihaliden sourpamdsoinstides buéadiieegot
with vaten,ip.dhe Breseqeg, of, Lis fonompr o monener seihon hhat ch.de be
pol ymer i zed" T 0451 sui tabr'e At fidxané conpounds i cIldde it  ar e “A8 ’
limted tqliisopidpylahmminX RS Id¥AOd)-nmmdyhiedirihy chlowitleN od AN hum

et hyl al um noxane, n-propyl al um noxane, isopropyl al um noxane,

but yl al unichiptigee di-n-octylaluminum chloride, diphenylaluminum chloride, di-p-tolylaluminum

i sobutyl al ym _npxane, n- t vl al um e, n | um nox 1 .
o RS BB IRERS: BERARL PLTMIR e, eyt
cycl ohexylprbpyin@xiade chlofaé, MeayGioprepyidlahinihneNanae, gheanlh MudyTh R@Xxan s
and 2, 6- dinet hyl phenyl al um noxane. Modi fied nethyl al um noxane can be

formed by cblfsids t phemdisabviialpminyngehiswides nphenyltrhectiad wpinugp o ghkoriske, p-

met hyl al ugn wth C2 to,C12 hydrocarbyl ar pref erabl i1 h i
i sobutyl glr’lgge)é@?glﬁlymﬁl}élfnng t &0 Onriw(l:]et’Jes k]%g%{yfl&g‘f)ﬁ@ggu%%uﬁ ed icrw?r\r{l\%e’art P
[ 0046] Al ublyaXEN®pyREImARINYS ed chlogidie, O ploPRthtklGhinknt h OothieFide,  p-
or ganoal um num corTBoun_ds. I n one enbodi ment, nethyl al um noxane and at | east
one ot her telyfselsyamimit onrpousblogisleg. | AlRitolydn-ogtylabinginuas di i seblerige,

al um num rMzgE}Illgﬁ‘iylaluminum chloride, benzyl-n-propylaluminum chloride,

benzylisopropylaluminum chloride, benzyl-n-butylaluminum chloride,
benzylisobutylaluminum chloride, and benzyl-n-octylaluminum chloride.

[0041] Suitable hydrocarbylaluminum dihalide compounds include, but are not
limited to, ethylaluminum dichloride, n-propylaluminum dichloride, isopropylaluminum
dichloride, n-butylaluminum dichloride, isobutylaluminum dichloride, and n-
octylaluminum dichloride.

[0042] Other organoaluminum compounds useful as alkylating agents that may be
represented by the general formula AIR.X3.n include, but are not limited to,
dimethylaluminum hexanoate, diethylaluminum octoate, diisobutylaluminum 2-

ethylhexanoate, dimethylaluminum neodecanoate, diethylaluminum stearate,



can be enployed in conbination. U S. Publication No. 2008/ 0182954, which is
14 incorporated herein by reference in its entirety, provides other

exanpl es wbhera/@iisni noxanes and or ganoal um num conpound®CTtArs20e/0808pt oyed i n
conbi nation. [0047] As nentioned above, alkylating agents useful in the
present invention can conprise organomagnesi um conpounds.|ln one or nore
enbodi nents, organonagnesi um conpounds tZhat can be utilized include those
represented by the general formula MyR2, where each R independently can be
a nmonoval efifsobigaMiuGigineup olda@d, | snahyatheshuhd tbi@g RB&iclyM aitRyihMinéing@m
carbon atom |In one or nore enbodi nents, each R independently can be a

hydr ocar byis(@e®age)i ncI umhgylabunmwm | i nli’lﬁ%e'ﬂwlh%lak%te) cycl s¥ithylpluminum
substi t ut I su | oal

IR U M E LA S T o ik T
each groupligettyddl0imigurhn mamdxame cméthizraqmﬁhu@@r bedthakida) Qﬁsdkhu@ylalumlnum
appropriate m ni nrum nunber of carbon atons to formthe group, up to about
20 carbon r&"étbﬁﬁldefrheséhlﬁyﬂw&‘iamblwmgr oupEoxEle, al scﬁle‘iﬁlﬁdag RITHER er oattbaside,

i ncl udi ng, nitr X Si ki sul,f
phosphoruéhggﬁ%%EﬁT m%%Eﬁe ofP§%§R5§Hé§§W%1cghﬁ%ﬁﬂgg tﬁ‘#ﬁwﬁ%n%num

repr esent emhehyxitibe ganmtylhnmuhm MyBRehsatibde, meihylalueningi | | mrh@uﬁoki@le
di et hyl magnesi um di - ropyln§g$e5|un1 di i sopropyl magnesi um

di but yl rrag?ﬁl@éalummumheﬂym unisolel mmgnetélirrm’fhmad@ methylaluminum
di benzyl mg 9 h S. an n
c:an béyutl (?tglé TGN %Zhluk‘ ntgd?ethSXI%% IS%U beurrnerbl%rgsogl Oél(ﬁy%?e%&gﬁr%}élrn 5%“

forml a Rwla%emgfeeeﬂymmmhmrﬁdmwﬁid@rﬁnd)lrsalauruyfalgmunnHnﬂtenloﬁld@ttached to
t he magnesi um atomvia a carbon atom and X can be a hydrogen atom a

hal ogen at[8843]a cd¥iesiss &iaés gPlowsgararluniuim deogpowpsls sritableafgn apdas an
gr oup. V\helhﬁ,ellt he al kyl.a resgepmvlersltlgglsoglglanona nes%klljm conpound t hat

ting dege 11’1 h mino uminoxanes can campris
i ncl udes a { é%ﬁg % e Oor ganormagnesi um conp CAROE AP e U DRI he

al kyl at i ng)h@@ﬁl@hcalﬁh@alailuhﬁﬁ(siar@s REKich @an BE ré;ﬁl@s&mbe%gmhé per &8l formule

catal yst systens. In one or nore enbodi nents, R can be a hydrocarbyl group
including, but not limted to, alkyl, cycloal kyl, substituted cycloal kyl,
al kenyl , cycl oal kenyl, substit utzed cycloalkenyl atyl, allyl, substituted
aryl, aral kyl, alkaryl, and al kyny I gr ups, th each group containing in
the range of froml car bon atonldp %j‘ te m ni mrum nunber of
carbon atons to formthe group, dp to ab ut 20 cardon atons. These

hydr ocar byl groups may al so contaln het &t oat ons i ncluding, but not limted
to, nitrogen, oxygen, 15 boron, silicon, sulfur, and phosphorus atons. In
one enbodi nent, X can be a carboxylate group, an al koxi de group, or an

aryl oxi de agdaligpmariclryelécdiugiimeyanegmlacintaxgbe repribserrtad e tiod gdrrepah farmalaabout
20 carbon atons. [0050] Types of organonagnesi um conpounds that my be
represented by the general fornmula RWMgX include, but are not limted to,
hydr ocar byl magnesi um hydri de, hydrogarbytTegmesi um hal i de,

hydr ocar byl magnesi um car boxyl at e, hydrocar byl npgnesi um al koxi de, and

hydr ocar byl magnesi um ar yl oxi de. [005&+€Nk+a or ganomagnesi um conpounds
that may be represented by the general Lornu%a RMgX include, but are not
limted to, nethyl magnesi um hydri de, etfyl magnesi um hydri de, butyl nmagnesi um
hydri de, hexyl magnesi um hydri de, phenyl magnesi um hydri de, benzyl nagnesi um
hydride, nethyl magnesi um chl oride, ethyl magnesi um chloride, butylmgnesium
chi ori de, g lrmagnesiumat o t}{%%angé"éf‘%bﬂﬁﬂﬂﬁ%d{mﬁb' 8 4islfut 10 to about 50;
benzyl magnesi um chl ori de, “met hyl magResi um br om de, et hyl magnesi um b ronld%
butylnagn&snbemhnn&gdeulﬂewyhgagﬁﬁsnuhﬂbammnd@o phdmykﬁﬂ@n&@muﬁﬂhnuhwhmm

benzyl magnesi brom e t hy| magnesi um hexanoate, eth nesi
hexanoat e caphithy IRk M IONOYRIANT AR RRICLBHONEX ?eattac ed to the

phenyl mag %ﬁﬁhwgﬁﬁﬂgﬁ% §ca%%ﬂ%6@9ﬂ%‘e%lﬂ%ﬁ%@%te%ch 'i’(%ﬁé!ﬂ)&l-‘&&aﬂ% IdHbe a

et hoxi de, et hyl magnesi um et hoxi de, butyl magnesi um’et hoxi de, hexyl fragnesi um
et hoxi de, }gkiemalrhydgreap unmledllngxbmimotbemze;d tmgﬂ%umrhoatldy@sudet;tuted cycloalkyl,

Phenox de.A )| (A GH O BEHEAF Y BALADY gHle i s BHE O3 a1l calkary',

benzyl magnesi um phenoxi de.




[ 0052] As nentioned above, the catal yst systens enpl oyed in the present

i nvention can include a hal ogen source. As used herein, the term hal ogen
source reaevensitf@iday substance including at | east one haCogseoiainsesy2 | n one
or nore enbodi nents, at |east a portion of the hal ogen source can be

provi ded by either of the above-described | anthani de-containi ng conpound
and/ or the above-described al kyl ating dgent, when those conpounds contain
at | east one halogen atom In other words, the |anthani de-containing
conpound GHRp], Sed ¥ikya§] HouPs,twieh badi fratp dene@iihiintitdaagspofoch Bosbah dkeast
a portion of the halogen source. Simlarly, the alkylating agent can serve
as bot h t 98 the RpPEXPringe Ayeimtugmgnier|od gatboa gyemsitefoEn thagrona) wpéhakeilrdle.
16 [0053]1n 0 i t. lea parti of rge
can be. pr SSLAL 1o e dpyteacflluBlt noRl bilef i EoEhRREARRY 65
di stinct halagatedcoNhridieRgoS@RRAOHGGN, MBE ) YSIfGHO AR WHSSphdHus Ftdhbll BSshould
thereof, that contain one or nore hal ogen atons can be qu[oyed.as t he

hal ogen sdgriased hadrihe agmbrer whmsdesofathe mbuminoraeeas Bead artdisanplicatipr sefero,
fluorine, GhoblR%erBE &t @B%l@%ﬁ@ﬁﬁat&n&?ﬂﬁ' PR Hu hd: § m{RE Bf the
hal ogen atons can al so be utili zed. ogen- contal ni ng conpounds at” are
sol ubl e i pligohydicatianRRas®Metdtulal ahdiédrhBoh & cdis@ohly diglope®see art of

i nventi on. F%drocarbon-jnsoluble hal ogen- cont ai ni ng conpounds, however, can
be suspendatilysi sgstpmisyidizingalu@imosgseemto formthe catalytically active
speci es, re therefor | so useful. 54] Usef ul  types of .
halogen-cjﬁﬁﬁ ninéﬁ%%ﬁ%gﬁﬁﬁg ?Hhtg%a r é#%%pﬁ&yg mﬁﬁgﬁdggwdﬁ%zw%¥%hﬁ%?unl
limted t@onfloenrBsiath Watagemnss rédcxied daalgeasorniadsQoedinfabikiesn Rkgdse
hal i des, inorganic halides, nmetallic halides, and organonetallic halides.

[ 0055] El erstplt ab, fRalesyanle, §1) @ aptthod o whieh the tHwydseeasbylaluminem romppued isde,
but are n%ssloiﬁngdti%d nt (())I:ﬁai’licgﬁ%rl\llenn ’anglhtilll%fllc%%tac%c? Mt Cwa erlldgir?oag Irn%%hof?n”@uhi h
speci fic exanples of s tabl'e mxed halogens Tnclude rodire monochlori de,

i odi ne nORROT GAERocdrBgiaNeniniing hédhpslend and réeédewRBnivaftéiasfi @eystallization

[ 0056] Hydr ogen halides include, but are not Iimted to, hydrogen fluoride,
hydr ogen ¢hhtinetk inhipdr experpler oratale salssh ddrhpatergaasarbed da. inoygBHT @rgargagic
hal i des i ude t i 1M k- but l.oride, t-butwl. om de,
a1 yioni apipEngib L aitel Whih b P LA G sobipdtht's Rt
chl or o- di phigy ARt hanehe hiressacdi ofptiRNyhdRinh@ner mbhenenydoliidy thahlo s dea
tri phenyl met hyl brom de, benzylidene chloride, benzylidene brom de,

met hyl t ri delBRedzddane, phenyl trichl orosil ane, di net hyl di chl orosi | ane,

di phenyl di rosid an trl hyl chl arosi | ane. benzoyl .chloride, .benzoyl

br o do. - 5905 ony o-BAB1s: | DLMEARRE BB Gan TREE pte CAEr BPE: HATRE Kk
met hyl  br epech9li@hmoxh@O58] (MOAQENI ¢ haldifles | neleddgalublihodine not(“MMAGgd
to, phosphorus trichloride, phosphorus tribrom de, phosphorus .

pent achl oretiaidaluprpextiss us-IRPElRIwWRINgsang héspriepYlalusxppraE dbutddignnoxane,

trifluori qubu?ﬁ%ﬁfr‘nfn%%&nhel,ori d%—pé’n%%’l‘ur%fnio% egi de, riseiolpieﬁt%lﬁ]aluminoxane, n-
hexylaluminoxane, n-octylaluminoxane, 2-ethylhexylaluminoxane,
cyclohexylaluminoxane, 1-methylcyclopentylaluminoxane, phenylaluminoxane, and 2,6-
dimethylphenylaluminoxane. Modified methylaluminoxane can be formed by
substituting about 20 to 80 percent of the methyl groups of methylaluminoxane with C;
to C12 hydrocarbyl groups, preferably with isobutyl groups, by using techniques known
to those skilled in the art.

[0046] Aluminoxanes can be used alone or in combination with other
organoaluminum compounds. In one embodiment, methylaluminoxane and at least one
other organoaluminum compound (e.g., AIRyX3.n), such as diisobutyl aluminum hydride,

can be employed in combination. U.S. Publication No. 2008/0182954, which is



tetrafluoride, silicon tetrachloride, silicon tetrabrom de, silicon
tetraiodide, arsenic 17 trichloride, arsenic tribronm de, arsenic

triiodi daywvoeliendiisn tetrachl ori de, sel eni um tetrabrom deCTiuskéwos0802
tetrachloride, telluriumtetrabrom de, and telluriumtetrai odide. [0059]
Metallic halides include, but are not limted to, tin tetrachloride, tin
tetrabrom de, alum numtrichloride, alufi numtribrom de, antinony
trichloride, antinony pentachloride, antinony tribrom de, alum num
triiodi de in@ryfrdtudn kdrefd W9r teterergal In W bitikdty,0pidledesg@khdru@kdmples owhde
galliumtriiodide, galliumtrifluoride, indiumtrichloride, indium

tri brom delumiigixanes 3d ygraealumigim ompounds eanbe emplayisdimceabinacionor i de,

titaniumt bronj d i i t ety ai.odi i i ri inc ..

i b on ae. UL arcofealbhElBa, SRR fEaus  FEuEus &8 Bhbihe s onafines

i nclude, Rkympiise NOfgahbMabRkitM, EomBbiydsal umiaundLN! oF i daordli ehfhtldahbiisnum

chloride, dinmethylalum num brom de, diethylalum num brom de,

di met hy| alogganaunagnegiom gempguadsyhal ean hamtilizgdringlade ibpss reprgserigeh by the

di chl ori de, hyl al ym dichl ori t hyl al um num di br om de, .

ct hy! o) umERO PO AT SR R ndRP Bl FUEBT s B AR coganic sroup

di f 1 uori dehatmgd hittazhbdi tounh s asgeihlPr iden Bh hy | @lrbed NS esuioaBl oF idere

i sobutyl al um num sesqui chl ori de, methyl nagnesi um chl ori de, nethyl magnesi um

Br omi ge, mbﬁ?ﬂlmﬁgﬁe@dmRhfnﬁe@gpd@m%?lcr@dmgiW@wrbyi 3@,upemc§/ul nlei e
rom ae, UL. n 1 Um I e esl um Bpr e n na SLU

ohior 1 de, TR Rena Rt ThRa R o Bty TRRRERGE R R FoiaBiRERyy TRORGRIT

chloride, cyeloamehyl hiy), Aubetitdted aifyhtaliachikeri,dad dky@flprblps) vatweade,

di -t-butyl %,i n di c%:lll qr}?(je,yq)di -t-butyl E}ihn dilfoyrom deyl,1 di bu%ﬁ .@rf .dEI)Ch| oride,

di but yl ti Brelilconiadeingtini thet sange rpfciiowr 1 darbamatam, outhe apArarsive deinimum

[ 0061] I n Qne .or re.enmbadi nent Qﬁe above-destcri be t.alyst Syt egs . gan

! ;

] number o Elarbon Jtoms._to ?drrrg %o%]:i), %R g abou carbon ato
conprise a conmpoun contalnlng a non-cC r n I'ng anion Oor a

non- coor dihjakddaghb@An s RSURI &y’ SI0. chitalehe@éroBBiTRs EABIREIHER M, nat ARReUNd,
cont ai ni ng a non-coordi nating anion, or a non-coordinating anion precursor
can be enpligogen pryganesiliepn shbuapodehgeparupatbhisil ogen source. A

non- coor di )Ng ani i eri cal I i t hat . do t nm

coor di nat éag{’)@ds \;%\nuft%&ef §¥ga“ éléénr?ﬁ gguﬁéggl&% fvlgggtztg%i erayoP galeei)arl %‘1%&5 b%’yg%eem
due to st eeherddi fsmneeMgRonneREedibiat hftg rvti DASteds €b,uldidthy ik nRsi@EE NHi-n-
invention include, but are not limted to, tetraaryl borate anions and

f | uor i nat @dopEagaesilBor isoprPHBASIEsHBuUNndDUERMagnNasing. a Hbeydvaseeshiani ng
ani on can also nt ai_n o [ tion, such as a carbonium ammonium or
phosphoni tﬁ?@eayi?rgﬁé 1uerﬁpa}n§$(§/%§%zg 3?19%%1 r?l'ons 18 include, but are not
limted tqoo49] ar WrkakidtofhsETbE BF givenAAdsiNnNcoinab kiyda Bihdti dinube ¢allizédSs an
Exanpl es of conpounds containing a non-coordi nati ng ani on and a counter

cat i oni nclallgdatiig agerioney hetregresentadpbie tfye gerdiehfarmulefMed, gvhere R can be a

(pent af | uor ophenyl. ) bor at e, N, Nodi.net hyl ani i ni um . aki .
(pent af 1 ud?SERERAHEHTE & 20ty bR BRI MeCPr ki gfigm vigia,carbon atom

(trifluoramatydn b Bepdtdgdditais adatiiebl-dbmMeh byt latd b roHpe bh akioxide3gfoup,
his (trif lollj"oarnoarg'e;l%o@()iltlig glpoqlepr.]y\ll\)hell?g ‘Eha(;[ a61kylating agent is an organomagnesium compound
that includes a halogen atom, the organomagnesium compound can serve as both the
alkylating agent and at least a portion of the halogen source in the catalyst systems. In
one or more embodiments, R can be a hydrocarbyl group including, but not limited to,
alkyl, cycloalkyl, substituted cycloalkyl, alkenyl, cycloalkenyl, substituted cycloalkenyl,
aryl, allyl, substituted aryl, aralkyl, alkaryl, and alkynyl groups, with each group
containing in the range of from 1 carbon atom, or the appropriate minimum number of

carbon atoms to form the group, up to about 20 carbon atoms. These hydrocarbyl

groups may also contain heteroatoms including, but not limited to, nitrogen, oxygen,



[ 0062] A non-coordi nati ng anion precursor can also be used in this
enbodi nent. A non-coordi nating ani on precursor is a conpound that is able
to form awpantig@esdi nat i ng ani on under reaction conditi ®aF/USKEIOHNS92
non- coordi nati ng anion precursors include, but are not limted to,
triaryl boron conpounds, BR3, where Ris a strong electron-w thdraw ng aryl
group, such as a pentafluorophenyl or 35-bis(trifluoronethyl)phenyl group.
[ 0063] The | ant hani de- based cat al yst conposition used in this invention may
be for med Hayo 0Bilicoh,NGuldlir, Hnd Mok pleoruer £@eiNg Babakyshbbaigi@ad] &nicsn be a
Al t hough one or nore active catalyst species are believed to result from
t he conbi arhaslage sraiw, paathexitledrop RsERICAYINEe Siongr wifileael greHecydgings of
interacti (?ﬁ'tl%rarn%g%ﬂr%rﬁq P?(% %&)eun( ZtOhc%rP{ 't%lﬂ% catal yst ingredients or

[ Known™ w any g :

conmponents i'S” no feat degrée of certainty. Therefore, the
term "cat gogso] ComMpPss tdfosYgaNEd afediuG el myQthdsOtHRN GARP kS répresémbe by Widr e
of the ingredients, a conplex of the various ingredients that is caused by
physi cal @enereénoraulafRivgle sndidebut aee nehlimitedrerhydiocadwdmpgiespiro dyerids
the ingredjents r .a i natiqgn,of the fQr iNng. 4] The for i
Ianthanid29§5%%%b@gF§P§§gR%onpo§F¥$%h naylﬁggggﬁpgwﬂ%gggpy iC a&?&@&@@ngr
pol yner i zihydré@nbyeaigadsidheNRSxit 8@ ddiysirdcatbPelpesinasarguside@ W de range of
catal yst concentrations and catalyst ingredient ratios. Several factors may
i npact t hd0®ptli nurhuitahlee argasopmgnesiuan yommeunss tthat ezavabgstepraspnéed dnt she

For exanpl b et talyst oLngredi ent interact to forman .
act i ve-spaenel PHEC MM RIS eGP iR SRaTidihndde SRRl BRnss
may be depemdeignenem t RPdLANCeBLtyRhh@SIah tMrQietTGmeﬁ(ﬁhﬁd%ﬁEiuhﬂgr}Sﬂﬁ"ﬁ@ts-
[0065] I n one or nore enbodinents, the nolar ratio of the alkylating agent
to the | ahisaningrgnesinmi hidiifles dmraivgagresiam ahydiifdeagastlilmpgeesiupe chlgrided
from abOUte }:{':lr]flat 8e51&9 ac qg}'idl’ 0]919: i]' ai nes?&rrrllerch?r}? di entlS aI rn%Qn aboufllo%:d]é to
about 500:£§’an§ FHIS het OBfibod? WEHPESTPOIN asOit 6> 1 F8Y AKRIE128b: 1 ’
[0066] | n tpheagingiEAesiufe thior{he reereQlnia e s Rin NheXidd) ematiy Iabgh&ash BRfmideher
organoal um num agent are enployed as al kyl ati ng agents, the nolar ratio of
t he al um rtidmagnesinme bromidani ey bpagreshinng bclf@mp%unduemnmgmwahebmld@an

b vart oAbt Bk STkt hr SRR et

and the meldayimaghéSuefl héhgoate, Itﬁaﬁl&n%m@si@hh%@xmmaommagtmsﬁﬁmmdom,
t he | ant hani de-cont ai ni ng conpound (Al /Ln) can be varied fromabout 1:1 to
about 2oo:pb,enylm&&ru¢@mnenﬁmamatﬁs besrylapgoesipm  thexameaie, 15thylmaggesinm
ot her enbadi ments frgm.a t b: 0. ;about :1..100 Th | ar, rati f
Che®har ogam BB & e BBRbmn b Re Hdnidinesubt 3R ng BBk oL

best descreth@ddé, npi@iyiBagiesiif dtBbkideObet}emaph&suaf ethakioge mehPignbsilie
hal ogen source to the noles of | anthanide atons in the

| ant hani deheppxideneglraesnssimg nhieapsigenbuymagpesivia phenegide, dstdiagaasiym
t he hal ogep/Ln .mml ar ratio can varhed from about 0.5:1 to about 20:1, in
ot her - enb e hEnRe HeskhisRih BReySiAE Sl pRM ARGt RherBxBR0C Tont s

from about[o@52] t 0 AalAkitifick aHRRERldatapdt spaebiaimsIBhed i prebéie: iRBé@ion
rati o of the non-coordinating ani on or non-coordinating anion precursor to
t he | ant h&Andeclodarahalpgrn sompeudd (SRe/herpinmilie bernt helnsapcoure. sfarstte about
20:1, in otBer enboﬂhﬁgggﬁlfronlagqut 0,.75.1 to about 10: and in Pﬁgﬁﬂa

enbodi nentLbstance el eastonchidloger atom. In one or more enibodiments, a
portion of the halogen source can be provided by either of the above-described
lanthanide-containing compound and/or the above-described alkylating agent, when
those compounds contain at least one halogen atom. In other words, the lanthanide-
containing compound can serve as both the lanthanide-containing compound and at
least a portion of the halogen source. Similarly, the alkylating agent can serve as both

the alkylating agent and at least a portion of the halogen source.



[ 0069] The | ant hani de- based cat al yst conposition can be fornmed by various
nmet hods. [0070] I n one enbodi nent, the | anthani de-based catal yst conposition
may be fowoedi/@1Bitu by addi ng the catal yst ingredi ent $§CT@WS2019050892 on
cont ai ni ng nononer and solvent, or to bulk nmonomer, in either a stepw se or
si mul t aneous nmanner. In one enbodi nent, the al kyl ati ng agent can be added
first, followed by the |anthani de-contdiétni ng conpound, and then foll owed by
t he hal ogen source or by the conmpound containing a non-coordi nating ani on
or the nonees3y di natdnwghéne@boRimeent] S0Neask G0 pditdoh anah&eraliEhosh ureatcant e

| ant hani de- based catal yst conposition may be prefornmed. That is, the

cat al yst ipHgyesdiie Hrescagplpstpvstamsdadthe (g @éa spearpa redisHact logansemrniginger
in the abs f : r i h e | | t

20 | cast oaBToRudared® 4P R An b ML TREREE ofits QR ansdaBlefliofinc
may be framembeos be %Eh;ﬁody@d ADOh B soliree.a le©bf hgBpagatots HicRRR, but
mononer that nmay be used for preformng the catal yst can range from about 1
to about 300nabliadtedite, forofine, enpoarREaMing poshiedisat Asompirgini ofAB® qroness
and in othe mhodi nen from.ghouyt 10 t ut. 100 nol [ I t he
ant hant adeiosi At Eo iRt Rat, ek R BRE b Py TR B3 5 AR Pl it
aged, if dgdié@dboprsoblent Greeiigibddded uke ihhﬁhenﬁﬁ@é‘ﬁf ihWéitionS tHyd@ecarbon-
pol yrmeri zed. [0072]In yet another enbodinent, the |anthani de-based catal yst
conposi t i disaiahlephalegameePnigining neoapewlsst Ageveyedee@ir ebe ThesHeandsd dnage
may invol ve,c ining.the al kyl atin e it h. the | ant hani de-contai nin
compound. SoBr P Mt ARSI A0p el SRLSES AR R
anount of @bfdleast one conjugated di ene nononmer at an appropriate
tenperature, which nmay be fromabout -20 C to about 80 C. The anount of
mononer erPVd¥led iUsefddypasrofthalnggyecoptaining commouasds thnticaabesampleyad inchisley e
for performng the,catalyst. In.t second .stage, the mxture forned. in.the
(et st aduang "ORARLRLYE el RaRERRE Rt ARloah S AR EpA R Brdalid
non- coor dihagtk4) incigheio haliaed) hi@sllie ARG, sh@bgRdohetalit Aglide. st epwi se or

si mul t aneous manner to the nononer that is to be polynerized. [0073]1n one
or nore ernBBaflrentBemantabhylesenseyitapte frpiseyedherpreseahinvention naudemdut are

di ssol ve or S he.cat al vst rder_ t. cél i e. i .0f 1t he
catalyst ot FHARANR A SEERONRE A d Bl bt Sl Sk fEs e pe
used as t hgixé@mhald¥ens liflcl¥@é ictile maRairiRNicdiné Meortdiramydd, i6diRe ReichBe/de] N
their neat state without any solvent. [0074]1n one or nore enbodi nents,
sui t abl e swdveding peptdfly@eidehose organi c conpounds that will not undergo

pol ymeri zah} or Ji.ncorporatjaon nto ti n. I [ chain ring the
ol yror | 220088 of HiBfBREREIdeE T BOE B SRAGR R Kot R BE A b gL

enbodi nentehlori i RpdiVEEABrEMERSEh @By @&oBeh igthHiel at anbi ent tenperature and
pressure. In one or nore enbodi nents, these organlc solvents are inert to

the cat al J8057]ExerfiBariy baligkeni inchigley dut sarenestudaitegld ko clabwahshigride d-hwwl or
rel at i vel Qi POl G uBgi DU 1T A58 GURLLIC ANAERC BERANSH Bl RN

hydr ocar bons, croal'rpha rot n-11mting examples o
aromati ¢ hrenpeasthens bidedd!dpphenageeanied tkgRenyletigNeshlogd &Yytrisiaghtethyl
di et hyl benzene, and nesitylene. Non-limting exanples 21 of aliphatic

hydr ocar béemiqgs| ublenzyligene aneilorideex #anzylidenept Bramidg, oanetwltrishlssasikae,
n- decane, Jsqpent.ane. .l sohexanes,. | nt.anes,, i sooct ane . .

2, 2- di ot AYRBUTARGOrSHERE! eum ot BEPSRRGURRIANG S et r GRBbARAicPloresilaggy,
non- | i m t itAghc@ABPbESsiRhe DIz 7l dmmaé,%ehy@gﬂwaﬁm@rbﬁ@vp@l@m@é,wspmw,
cycl ohexane, nethyl cycl opentane, and net hyl cycl ohexane. xtures of the
above hydbseaidenethe\chigreforvmtesad madyl Brogefarmate. t he art, al i phatic and

cycloalip L& hydrocarbons,. may. b esirably I for environnenpt al

easons. M0 ou ThFERRE RuTECaERe” Bt BhinstRatS o Bhe S M H Pideom

the pol ynghodpestugonpliliionfifie Of phbspHRLY "Efdaétl®nde, phosphorus oxychloride,
phosphorus oxybromide, boron trifluoride, boron trichloride, boron tribromide, silicon

tetrafluoride, silicon tetrachloride, silicon tetrabromide, silicon tetraiodide, arsenic



[ 0075] O her exanpl es of organic solvents include high-boiling hydrocarbons
of high nol ecul ar wei ghts, including hydrocarbon oils that are conmonly
used to oWbD-2exteamis4pol yners. Exanpl es of these oils i nclpadaSpaoasdsoni c
oils, aromatic oils, naphthenic oils, vegetable oils other than castor
oils, and low PCA oils including MES, TDAE, SRAE, heavy naphthenic oils.
Si nce these hydrocarbons are non-vol atil7Ze, they typically do not require
separation and remain incorporated in the polynmer. [0076] The production of
t he react itkiehlpeidy/TRiis@L€ aibirogide iMesici MNi@Aided Nseletitume teesdMaids hedemyim
pol yneri zi ng conj ugat ed di ene nononer in the presence of a catalytically
ef f ect i ve tetrabromige, teHerivpdetiaghlorien, teHuanpstetrapramides adl tedkuriom bftraipgide.
catal yst, .[bgfr;]conh\}r'&ghﬁdhghg - incd U= bue S, BOY 1 AR t'n$ SR &%ﬁge, feQy 1
a pol yneritzati'lon mxture in ic e reactive polyner is or med. €
amount of tkfgbedbidey dluhthiie englioned rBymoRPeNdidniife antididiyayriehloride,
various factors such as the type of catalyst enployed, the purity of the
i ngr edi entegtimiy ppentailpride omntirapmer stibranidenhealysriprey i Wipflisle, r atvenianm
conver si on_desi.ned h |l ecul ar_wei ght desir .angd.. ther factars.
Accor i ngtyoarEanif (EbgFde B dPh SRRl S LR, B Shar bR
except to igdyint hathleadal Mdigal trbrehfiest indeunn@iisdide Ofndil® GathRridR) timyiube
used. [0077]1n one or nore enbodi ments, the anmpbunt of the coordinating
met al conpeipachlpede. titaniuant wardbdemédmt ditaning derpindtidy, aied deropdey gined
from about,.0, 001 t ut. ;2 L. her enbodi nents from about 0.005 to
about 1 nﬁ% ngﬁ8ﬂ$%%@$¥¥?&ggﬁgyuéﬁgggéagnts from about 0.01 to about 0.2
mrol  per X006@ am@rkaneiendic hdlMé8incnideNeubaré@ioe 1eniad iteedihfethylARiminum
pol yneri zation may be carried out in a polynerization systemthat includes
a subst antchigri igthydaluggnymanchlorigegrd dluminum Preplide.i diethylaluminum
pol ymeri zation,syste be enploved i n,. whi both the 22 non r;. Lo be
ol yror | 5 SORNET RLEP TGRS hEESSH kRN MG n PRy
enbodi nentdiclloREEC efyldtimdRumoldydsridat hxthEykhauiRdibeeide] atedakinminum
choosing a solvent in which the polynmer forned is insoluble. In both cases,
an anmount débrogmiﬁeemethﬂahd@imvnbnﬁﬂ@prﬂ% ety lademitung odifleprideh sethplpluseinyged
in preparing.t. al yst . ks _usual l 1.0t 0 rizati SySt el
The addi t 6% WI@Bﬁgé'ntXt?}‘é{%?hb%H}“E@ sEe@iER8Lhe ! RBAIMTRIAGR, | 203 GlRe
used in pregayingnebRint adabyas, nfethylplanysian rohiddaveethplamgetiuforiblide,
above. In one or nore enbodi nents, the solvent content of the .
pol yner i z&thdmagnetivine elgride nethylmaenespoy, hyomddehtbutylmagnkeaitine nsbl@risent s
nore than,50% b i.ght ng in iq) her e dj ment s re than %
wer ght - badad RS D wup A o ReShities ISy SERRLE Tl e b f oBoRdp it
ot her enbodhpERagnedinm RAlOHERY, | #ahbRltaY ShESH@TPHMethyay Kengeaetiaéthyltin
considered a bul k polynerization systemthat includes substantialkg no

5\l

sol vent orchlprigentmethyBiroliipmide, digrmeittin digblogidekdi-1-batyltin divgoryide, wilutyltin
appreci at e, bengfits. of., bul k | i zation pr ses,. ([..e.,. processes
wher e mnéjﬁé}ﬂgrzi@?’sd? %ustyf[hneélgtlbi?r\r}édﬁaf %}Blugﬁ%mt%g?ré %r88'§ ﬁeu%%lingh{eorrlnfzdgti on system
i ncl udes 1[g@61]s0! UgNEnd BaMmWYEid lenfiRldahenisousd wbbi@aetcrited banpkt ts§steadobdn by
conducting bul’k polynerization. In one or nore enbodi nents, the solvent
cont ent ofcontpEisgdl SpmpReungk Gadraining apenwagrdieatinganioh oK a0V eapradiaghg anjiafn
other embqdiRals 838 (AN AOUBYAMELANTy Aol Rd ShhLn GENSEo STBRdl RS
| ess thanrgsgby melgﬁp Based on CRe" Y gt WEISHP of °T'Ke& pglynerizaqlon J
m xture. lanicH)@rhehofoesdiRBiihg ahlth PRIFRIH @it bORNiPlsyed th Geniddiths Adve-
solvents other than those that are inherent to the raw material s enpl oyed.
In still aleserlead kalpgal searice. A penpopydinatiinganion ind stetically Bukkyngiamihiaapgs
devoi d of sol.vent 1 ch refers to the absence of that appunt . of salvent
that woul d00iaD sp Ml LoBHE Wit ot SR GeBn oAb BER YR aftgloele
process. Relsysrer harkrhide. SN6hLBrdihatin@bRiony ASE ANt A ahé Yreaweiislyaftionoin¢Ridle,
may be referred to as including substantially no solvent. In particul ar
enbodi mentbsit arpaosdinyied ite.atefmarabiage anjasqbfldognated| esiRarylporge aminas.
pol yirer i 2qL) o, TR RerSORTUGEdcddtapmkacanvEntional BaLYIPLL AALL O vessel s
known in tHe T IR Sne Brf Tor e enbodi ments, “dotut fon po yﬁErIZé1IOh can
be conductagda i darBorsiQRY &ithm@AAImS b rfiRfphaiiint RAGHAT . EkemPIdRer coutbadichBesS,
bul k pol yneri zati on can be conducted in a conventional stirred-tank
reactor, especially if the nononer conversion is |less than 60% In stil

ot her enbodi nents, especially where the 23 nononer conversion in a bulk
pol yneri zati on process is higher than 60% which typically results in a

hi ghly viscous cenent, the bul k polynerization may be conducted in an

el ongated reactor in which the viscous cenent under polynerization is
driven to nove by piston, or substantially by piston. For exanple,



[0081] In one or nore enbodinents, all of the ingredients used for the

pol yneri zati on can be conbined within a single vessel (e.g., a conventional
stirred-twokorigaeciar), and all steps of the pol ynerizat Pom/yse@onssozan be
conducted within this vessel. In other enbodinents, two or nore of the

i ngredi ents can be pre-conbined in one vessel and then transferred to

anot her vessel where the pol ynerizationl8f nononer (or at |east a mjor
portion thereof) may be conducted. [0082] The pol ynerization can be carried
out as a ha¢lGhe,PhECESS nd EMINet Nt USiaPyies@BRiural caiohe Man€ AN Aty Ea npli e ess -
In the sem -continuous process, the nononer is intermttently charged as
needed t o CREPNSC ExMAtesRfromRpo wIds coijaipBigyaionZeg@rdinatinpg ani apd @ counter
enbodi nent s,. fhe dition nder. iC he . rization ce be
controll e&ngﬁ mai ﬁl&eiﬁl&rllé’t hes[}ugrrpera(gl%mur e%(())% t hglglﬁ%elra;rrert%mti (t)nlg%nﬁ%r%te’&@m}ﬂ%i n
a range f reffRibQintafhdrophenyafuihte?00 C, in ot her enbodi NEMdEméthgMnald@Um O
C to about 150 C, and in other enbodi nents from about 20 C to about 100 C.

| n one or tpgRrksEmGfiymsaPBenit Hwraat of polnphenyicatbaiumay be r drakig[dy-
ext er nal I, b t her mal ntrol|led r r jacket . internal i ng
by evaporgﬁﬁé%ﬂgﬁl G%H%Q§%%3?k%r% ’thénﬁgnon@?ﬁﬁﬁ?%ﬁﬁﬁnﬁhgu%%e 6:%§k§ ’#hx
condenserlﬁanggéﬁﬁh&ﬁymbﬁyﬁ@ &, or a conbination of the two nethods.

Al so, the polynerization conditions may be controlled to conduct the

pol yneri zdPPe# undenronrcpprskimating yrion psesuab@igancalso he mpepHerds eabapnents

at nospheres, in _other enbodinen fromabout. 0 5. at re a :

2t mospher donz0rrTaGhe TR TENER OB AR (et s TR RO R b 2B s

at nospher @sior fin@e-e8¢tidDEE BHBRM T URATISHont AR reMRSIHY KAaforapredhifsehs fittude, but
pol yneri zation may be carried out include those that ensure that the

maj ority @fethed Hpradeto, srianylharen compeidsd Blimaswhenen Rt i gie stiongt plegtron-
enbodi nent s. he .pol rization_ mxture nay be maintajned. dnder anaerob
cond t 1 ondn B Eatl et e pihe ALl RIS Prtb R RS RARL Bk
reactive enghgp.before the polynmerization mxture is quenched. As noted
above, the reactive polyner prepared with a coordination catal yst may be
referred t8063% a Jdeuldsthanidaegaged ¢aralyst rempasition whsdeineHi® divasyion, may be
pol ymeri 21, 00y T X4t &l Cb M diN" GACkEXE POLYIRSc TRY- AR e Slidah 250N
active polynerlzgtlon moet ur e. e percéﬁ{ € of’ polynmer chai ns pgsseSS|ng
a reactivenerdadeperdtal@n yici@usrd deliovdl sClesak fdg ttiPecahbigatien ysit thd he
type of nononer, the purity of the ingredients, the polynerization

t enper at ut@nthapiglerinsedeatabshingredignts, ¢EIAY Obifhelactiae pbreaction hetween thrr e
enbodi nent s.. at | east .about. %of th |.y.oer .chain Sess e Y%
end. 1 n- ot nEeR seBAT e MRC e AR Stk BBn RS CPRYR PR CpBel SR L
a reactiveefathtyaMletdloi®] thd tepinTRhtayHR @BFBBItDNAhat BASH eRPLiYleddO%nedmphss
pol ymer chai ns possess a reactive end. In any event, the reactive polyner
can be reacte@levnixiuge ehtlisorgradienss, a enroplex ke variesws mgredipntgithihig caused
silylated,am no_.qgr,0 formthe functionalize I r.of this,inv i on.
ooday 1 n HePBiElr 8P hlaiPlielr s BENEORR 8Pt BHEuLrg b
cont ai ni NGng-edidnys, at a@oaibimaidd G4Re Fdrehside. t hose conpounds that contain one
or nore carboxylic or thiocarboxylic ester groups and one or nore silylated
ani no gr odp864lFor Télsrfptﬁg@@giﬂnthamgiesb@@ﬂfqa@gﬁt@ﬁmp@ﬁuiomnajéhé\ée bigh catalytic
expl anati oy, 106 SAUDRNHLIE Ot ALLCALROXNMD ¢ieBh &1, ANt alN0d, Ae3hhy 8f e
am no group m%’{/ Ve san y P etis e 1 0 °as e es ’erps.y(ff)lb%ssﬁln one or re
enbodi mentcgtalgrdaausltraids 4 efalkoxErediefs Faiosyr StiRsal MaytoPEnBgfiniRdt Bye
the formula a 11 C-aRl where RI- is a nonoval ent organic group and each a

i s i ndeperfdéimury cancestyatiom eftagn agye of the catalyst ingredients. For example, because the

catalyst ingredients may interact to form an active species, the optimum concentration
for any one catalyst ingredient may be dependent upon the concentrations of the other
catalyst ingredients.

[0065] In one or more embodiments, the molar ratio of the alkylating agent to the

lanthanide-containing compound (alkylating agent/Ln) can be varied from about 1:1 to



a sulfur atom As will be described bel ow, the nonoval ent organic group Rl
may be a hydrocarbyl or silyl group. As those skilled in the art

appr eci atwQ 2ohienes3pot h a atons are oxygen atons, the esPem/use@ops088y be
referred to as a carboxylic ester group. Where one or both a atons are

sul fur atons, the ester group may be referred to as a thiocarboxylic ester
group. More specifically, where one a at%mis a sulfur atom(either 25 a
aton) and the other a atomis an oxygen atom the ester group may be
referred tadoas 100001 0hhothearddthodiinen &St @EmIALBIR, 2:aN@ AEutCHI0: €S pRMdh RGher
ester may be referred to as a nonothi ocarboxylic ester. Were both a atons
are sul f urenzhastimentsfeoraabent yldapbaay2Wlreferred to as a dithi ocarboxylic
ester gro nd t re i ester y. be referred

i thi ocar 109sAc dbfab% LEBRANALAG FRE el AR SLLRE SI® F Tl ameotbyr o
t hi ocar boxybifoashBlungrapdpt By &nNpRYPasSE BMylatiAznagsitoc i oxhi GaB6t & the
groups and dithiocarboxylic ester groups, and, correspondingly, reference
to a thi ochBEeyRNe t@éb%hﬂﬁh@ﬂléﬁ@@ﬁ@@@ggmmmddr@mwxM' caBdieeyayiethd
di t hi ocar hoxyl-i c, esters. )08 n.one of. e..enbodi t.s i | ed 1. no
groups in?ﬁﬂ%é*fH%%%“%ﬁ%%%ﬁgH§b§¥%ﬁ¢%°4¥4§ﬁ%ﬁﬁ%ﬁﬁ€Pg§Qﬁﬂ@é‘°H¥5?égw%@$ﬁb
one aci di Gthytdérapedintdn@s o hbeutry: end aBEUNSO@N O (He BolarNa@h ofithé adllesikt Y|
group and replacing the other hydrogen atom of the parent am no groaﬁ W th
a hydr ocarosglotber efgappalypinpm awepaindye Wielgn@eaegantainiigotgmpaitidudedélz)
silyl grou nd a. hydrocar byl. gro t grou e referred to a

ronosi Dyt anadeartis b WaP i R A L Rl AR g Berfti o el 2o
silyl groupsut 5@ 1HmLR Ity &Bbsd@hemtefoitasit8: UiodHoyk abed. am no group.
[0087]Exen8Iary t%pes of silylated am no groups include, but are not
limted td0067]s (tlhiehp@lascsatylo§ithy 1halagamepspiningiichpdosadr oy ey drndbanidey
am no, 1-aza-di.sila-1- cycl ohydrocarhyl. . .
Crri hydr o pbuRae iR B SES et teameyeh e o theoplgygt halogen
(hydr ocar bybrhs afi £, haldderd -®adce? to Thk andlesY6! RIMYBUMIEATYIns GOHRS lanthanide-

[ 0088] Speci fic exanpl es of bis(trihydrocarbylsilyl)am no groups include,
but are néehiainingdrompawyct (hategen/iLe). yin) eid 96,100 embedinerts) the halogen/lsl s
(triisopr | si i.nQ, bi ri-N- pro Si anm. S .

(11 soburhal oA tafBr g Tt iAol B RopERo A Buficsmgbodiments from
(triphenylagbliy L) tarboat 00:0Ugsl in[d10&9d Hbedintdnts B¥aMgH RS 29f to about 6:1.

bi s(di hydr ocar byl hydrosi |yl )am no groups include, but are not limted to,
bi s(di met H)Pé81dr odir gt 3eethabembpdinakndt el Molar 62t 9f thermaocoasfiating anion or

(di i sopr O%lnh%%ﬁ"gﬁliald}% Lo &r%tllflis%r (RIS QS é‘()msmll’pcp (An/Ln) may

be from about 0.5:1 to about 20:1, in other embodiments from about 0.75:1 to about

10:1, and in other embodiments from about 1:1 to about 6:1.

[0069] The lanthanide-based catalyst composition can be formed by various
methods.
[0070] In one embodiment, the lanthanide-based catalyst composition may be

formed in situ by adding the catalyst ingredients to a solution containing monomer and
solvent, or to bulk monomer, in either a stepwise or simultaneous manner. In one
embodiment, the alkylating agent can be added first, followed by the lanthanide-
containing compound, and then followed by the halogen source or by the compound
containing a non-coordinating anion or the non-coordinating anion precursor.

[0071] In another embodiment, the lanthanide-based catalyst composition may be
preformed. That is, the catalyst ingredients are pre-mixed outside the polymerization

system either in the absence of any monomer or in the presence of a small amount of at



bi s(diisobutyl hydrosilyl)am no, bi s(di-t-butyl hydrosilyl)am no, and

bi s(di phenyl hydrosilyl)am no groups. 26 [0090] Specific exanpl es of

1- aza- di swbaew/@ysskohydr ocar byl groups include, but arePa®fUSRomioseEsd2t o,
2,2,5 5-tetranethyl-1-aza-2, 5-disila-1-cyclopentyl, 2,2,5 5-tetraethyl-1-
aza-2,5-disil a-1-cycl opentyl,

2,2,5, 5-tetraphenyl-1-aza- 2, 5-disil a-1-Zycl opentyl, 2,2,6, 6-

tetramet hyl- 1-aza- 2, 6-di sil a- 1- cycl ohexyl ,

2,2, 6, 6-t @édsaehbybnjliga@d-dderfe flosbiar it alﬁyﬁ{)@pﬁi?é&’é ten@pWature, which may be from
2,2,6,6-tetraphenyl-1-aza-2, 6-disil a-1-cycl ohexyl groups. [0091] Specific
exanmpl es @bopt A0R{dpaearb§P si.| The qmgmwépbmgym dengmegeyier that may be used

i ncl ude, by aren Hn!iﬂ“ ttﬁgtcgta‘(ltgf t?%ﬁ %A GEBEOY! I THBRe sob! B i Jekd?
(met hyl) am no, rlﬁ%enylsl % ) (e ) amno, _

(trinmet hylegiBodlhegtshirbmadhione 5(fordbeiub 2581 hylk} (deinyd tharemdodilents from about
(triisopropylsilyl)(methyl)am no groups. [0092] Specific exanpl es of .

(di hydr ocaoipl abpait d90palys g msdepbihe) lanthasidg-eupaining compound. The resulting

i ncl ude, but arenot | i m_ tedt é i hy: drosilyl thyl )am.n

(ai ot nyl nyaPEr ey Ty PrbRRy Ry B AR EERE BUER PRSI B She monomes haf -
- propyl hysltoisd pylieeizByl ) am no, (di i sobutyl hydrosilyl)(phenyl)am no, (di-t-
but yl hydrosi |l y1) (phenyl)am no, and (di phenyl hydrosilyl) (phenyl)amn no
groups. [ d@@Zﬁ/]Spedn fyiet apgtneplearpogiiment the nghanida-based eriplysbednpysitign dags
 ncl ude, l%)%tfofa‘rrngd by using a two-stage procedure. The first stage may involve combining the
alkylating agent with the lanthanide-containing compound either in the absence of any
monomer or in the presence of a small amount of at least one conjugated diene
monomer at an appropriate temperature, which may be from about -20° C to about 80°
C. The amount of monomer employed in the first stage may be similar to that set forth
above for performing the catalyst. In the second stage, the mixture formed in the first
stage and the halogen source, non-coordinating anion, or non-coordinating anion
precursor can be charged in either a stepwise or simultaneous manner to the monomer
that is to be polymerized.

[0073] In one or more embodiments, a solvent may be employed as a carrier to
either dissolve or suspend the catalyst in order to facilitate the delivery of the catalyst to
the polymerization system. In other embodiments, monomer can be used as the carrier.
In yet other embodiments, the catalyst can be used in their neat state without any
solvent.

[0074] In one or more embodiments, suitable solvents include those organic
compounds that will not undergo polymerization or incorporation into propagating
polymer chains during the polymerization of monomer in the presence of the catalyst.
In one or more embodiments, these organic species are liquid at ambient temperature
and pressure. In one or more embodiments, these organic solvents are inert to the
catalyst. Exemplary organic solvents include hydrocarbons with a low or relatively low
boiling point such as aromatic hydrocarbons, aliphatic hydrocarbons, and cycloaliphatic

hydrocarbons. Non-limiting examples of aromatic hydrocarbons include benzene,

toluene, xylenes, ethylbenzene, diethylbenzene, and mesitylene. Non-limiting examples



not limted to, 2,2-dinethyl-1-aza-2-sila-1-cyclopentyl,
2,2-diethyl-1-aza-2-sil a-1-

cycl opentwD,281124a83pheny 1- 1- aza- 2- si | a- 1- cycl opent yl , 2, 2PdiTitseponoms?2 1- aza- 2
-sila-1- cycl ohexyl, 2,2-dibutyl-1-aza-2-sila-1-cyclohexyl, and

2, 2-di phenyl-1-aza-2-sila-1- cycl ohexyl groups. [0094]1In one or nore

enbodi nents, carboxylic or thiocarboxyldlc esters containing a nonosilyl ated
am no group nay be defined by the formula I: R4 R4-Sia /\l1 | - Rc aRl R4

I'N R3 wherof aRphatsc AydmiramngThcladganpéntgh@uPhe:BAe| 8-heptineghestta, Gafbtane,
group, R3 is a hydrocarbyl group, each R4 is independently a hydro%en atom
or a nonovaflegneor faRFRAGLoUISONSTANRS | isPPentanes dsporianes, f dndignethylbutane,

hyd by]| h I S | I .
i ur - ac gt iRen RSN B BelPUEARATRI, A0, NG TR ot

sul fur atem Th one or \ _ !
forma hy@pa@alﬁliihdtﬁ:nﬁ?r@ﬁd@ﬂﬂ)ontshﬂlcﬁﬁeb@y@ép@tﬁﬁe,t@c%@k%%bﬁlyﬁ@%ﬁb@ntane,

PP e Snd methyleyclohexane. Mixturcs of the Abbve hydracarbont may also bé used. 'AS i
known in the art, aliphatic and cycloaliphatic hydrocarbons may be desirably employed
for environmental reasons. The low-boiling hydrocarbon solvents are typically
separated from the polymer upon completion of the polymerization.

[0075] Other examples of organic solvents include high-boiling hydrocarbons of
high molecular weights, including hydrocarbon oils that are commonly used to oil-
extend polymers. Examples of these oils include paraffinic oils, aromatic oils,
naphthenic oils, vegetable oils other than castor oils, and low PCA oils including MES,
TDAE, SRAE, heavy naphthenic oils. Since these hydrocarbons are non-volatile, they
typically do not require separation and remain incorporated in the polymer.

[0076] The production of the reactive polymer according to this invention can be
accomplished by polymerizing conjugated diene monomer in the presence of a
catalytically effective amount of the coordination catalyst. The introduction of the
catalyst, the conjugated diene monomer, and any solvent, if employed, forms a
polymerization mixture in which the reactive polymer is formed. The amount of the
catalyst to be employed may depend on the interplay of various factors such as the type
of catalyst employed, the purity of the ingredients, the polymerization temperature, the
polymerization rate and conversion desired, the molecular weight desired, and many
other factors. Accordingly, a specific catalyst amount cannot be definitively set forth
except to say that catalytically effective amounts of the catalyst may be used.

[0077] In one or more embodiments, the amount of the coordinating metal
compound (eg, a lanthanide-containing compound) used can be varied from about
0.001 to about 2 mmol, in other embodiments from about 0.005 to about 1 mmol, and in
still other embodiments from about 0.01 to about 0.2 mmol per 100 gram of monomer.
[0078] In one or more embodiments, the polymerization may be carried out in a
polymerization system that includes a substantial amount of solvent. In one

embodiment, a solution polymerization system may be employed in which both the



(SI11 RS NR2 _C aR \??"/ where Rl is a nonoval ent organic group, R2 is a
di val ent organic group, R5 is a hydrocarbyl ene group, each R4 is

i ndependewOl2911204n38dr ogen at om or a nonoval ent organi ¢ gPoUS2@nas@arh a i s

i ndependently an oxygen atom or a sulfur atom [0095]In one or nore

enbodi nents, carboxylic or thiocarboxylic esters containing a disilylated
am no group nmay be represented by the f&& nula Il1l: RAx RLISia Fi4\11 v R2_
c_cal RAN/ R4-Si /| R4 where RL is a nonoval ent organic group, R2 is a

di val ent en@@sthér &5 BUpolp@acHzEd ahd thedrende idinyed aRy dslRBRNIrAtINSElve®. In
nonoval ent organic group, or at least two R4 join to forma dival ent

or gani ¢ gradapierapbedighery, ias Preféipitde Relyymeizasiong systamomayr be guployed by
choosing a solvent in which the polymer formed is insoluble. In both cases, an amount
of solvent in addition to the amount of solvent that may be used in preparing the catalyst
is usually added to the polymerization system. The additional solvent may be the same
as or different from the solvent used in preparing the catalyst. Exemplary solvents have
been set forth above. In one or more embodiments, the solvent content of the
polymerization mixture may be more than 20% by weight, in other embodiments more
than 50% by weight, and in still other embodiments more than 80% by weight based on
the total weight of the polymerization mixture.
[0079] In other embodiments, the polymerization system employed may be
generally considered a bulk polymerization system that includes substantially no
solvent or a minimal amount of solvent. Those skilled in the art will appreciate the
benefits of bulk polymerization processes (ie, processes where monomer acts as the
solvent), and therefore the polymerization system includes less solvent than will
deleteriously impact the benefits sought by conducting bulk polymerization. In one or
more embodiments, the solvent content of the polymerization mixture may be less than
20% by weight, in other embodiments less than 10% by weight, and in still other
embodiments less than 5% by weight based on the total weight of the polymerization
mixture. In another embodiment, the polymerization mixture contains no solvents other
than those that are inherent to the raw materials employed. In still another
embodiment, the polymerization mixture is substantially devoid of solvent, which refers
to the absence of that amount of solvent that would otherwise have an appreciable
impact on the polymerization process. Polymerization systems that are substantially
devoid of solvent may be referred to as including substantially no solvent. In particular
embodiments, the polymerization mixture is devoid of solvent.
[0080] The polymerization may be conducted in any conventional polymerization
vessels known in the art. In one or more embodiments, solution polymerization can be
conducted in a conventional stirred-tank reactor. In other embodiments, bulk
polymerization can be conducted in a conventional stirred-tank reactor, especially if the

monomer conversion is less than 60%. In still other embodiments, especially where the



atom In one or nore enbodi nents, where two R4 join to forma dival ent
organi c group, the carboxylic or thiocarboxylic esters containing a
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i ndependently a hydrogen atom or a nondddal ent organic group, and each a is
i ndependently an oxygen atomor a sulfur atom [0096]In one or nore
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esters may be silyl groups or substituted silyl groups such as, but not
limted td0081] In one or more embodiments, all of the ingredients used for the
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reactor), and all steps of the polymerization process can be conducted within this vessel.

In other embodiments, two or more of the ingredients can be pre-combined in one
vessel and then transferred to another vessel where the polymerization of monomer (or
at least a major portion thereof) may be conducted.

[0082] The polymerization can be carried out as a batch process, a continuous
process, or a semi-continuous process. In the semi-continuous process, the monomer is
intermittently charged as needed to replace that monomer already polymerized. In one
or more embodiments, the conditions under which the polymerization proceeds may be
controlled to maintain the temperature of the polymerization mixture within a range
from about -10 °C to about 200 °C, in other embodiments from about 0 °C to about 150
°C, and in other embodiments from about 20 °C to about 100 °C. In one or more
embodiments, the heat of polymerization may be removed by external cooling by a
thermally controlled reactor jacket, internal cooling by evaporation and condensation of
the monomer through the use of a reflux condenser connected to the reactor, or a
combination of the two methods. Also, the polymerization conditions may be controlled
to conduct the polymerization under a pressure of from about 0.1 atmosphere to about
50 atmospheres, in other embodiments from about 0.5 atmosphere to about 20
atmosphere, and in other embodiments from about 1 atmosphere to about 10
atmospheres. In one or more embodiments, the pressures at which the polymerization

may be carried out include those that ensure that the majority of the monomer is in the
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esters mEl>éilylated amino group to form the functionalized polymer of this invention.

[0084] In one or more embodiments, carboxylic or thiocarboxylic esters containing a
silylated amino group include those compounds that contain one or more carboxylic or
thiocarboxylic ester groups and one or more silylated amino groups. For purposes of
this specification, and for ease of explanation, the carboxylic or thiocarboxylic esters
containing a silylated amino group may be simply referred to as the esters.
[0085] In one or more embodiments, carboxylic or thiocarboxylic ester groups may
be defined by the formula

o

|

—C—oR!

where R1 is a monovalent organic group and each o is independently an oxygen atom or

a sulfur atom. As will be described below, the monovalent organic group Rl may be a
hydrocarbyl or silyl group. As those skilled in the art appreciate, where both o atoms
are oxygen atoms, the ester group may be referred to as a carboxylic ester group. Where
one or both o atoms are sulfur atoms, the ester group may be referred to as a

thiocarboxylic ester group. More specifically, where one o atom is a sulfur atom (either



i ncl ude hydrocar byl ene groups or substituted hydrocarbyl ene groups such as,
but not limted to, alkylene, cycloal kyl ene, al kenyl ene, cycl oal kenyl ene,
al kynyl en®Q 20pal4oB kynyl ene, or aryl ene groups. Substit eCeaskydnssaz byl ene
groups include hydrocarbyl ene groups in which one or nore hydrogen atons
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bis(diphenylhydrosilyl)amino groups.



I ncl ude those that derive from carboxylic esters such as hydrocar byl
acrylate, silyl acrylate, hydrocarbyl nethacrylate, silyl nethacrylate,
hydr ocar byD 20r104033at e, silyl 31 crotonate, hydrocarbyl P8Thist@nosise? silyl
3-butenoat e, hydrocarbyl 2-nethyl-2- butenoate, silyl 2-nethyl-2-butenoate,
hydr ocar byl 2-pentenoate, silyl 2-pentenoate, hydrocarbyl 3-pentenoate,
silyl 3-pentenoate, hydrocarbyl 4-penté&foate, silyl 4- pentenoate,

hydr ocar byl 5-hexenoate, silyl 5-hexenoate, hydrocarbyl 6-heptenoate, silyl

6- hept enogt)e%]dl hysgeeigia ey pldsnaarat f-didilsi1k glcl dhyaes @Byl doliysiimt@dplt are
mal eat e I sil mal eat e, di hydrocarbyl nethyl enemal onate, disilyl
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(triisopropylsilyl) (methyl)amino groups.

[0092] Specific examples of (dihydrocarbylhydrosilyl)(hydrocarbyl)amino groups
include, but are not limited to, (dimethylhydrosilyl) (methyl)amino,
(diethylhydrosilyl) (methyl)amino, (diisopropylhydrosilyl) (methyl)amino, (di-n-
propylhydrosilyl) (ethyl)amino, (diisobutylhydrosilyl) (phenyl)amino, (di-t-
butylhydrosilyl) (phenyl)amino, and (diphenylhydrosilyl) (phenyl)amino groups.

[0093] Specific examples of 1-aza-2-sila-1-cyclohydrocarbyl groups include, but are
not limited to, 2,2-dimethyl-1-aza-2-sila-1-cyclopentyl, 2,2-diethyl-1-aza-2-sila-1-
cyclopentyl, 2,2-diphenyl-1-aza-2-sila-1-cyclopentyl, 2,2-diisopropyl-1-aza-2-sila-1-
cyclohexyl, 2,2-dibutyl-1-aza-2-sila-1-cyclohexyl, and 2,2-diphenyl-1-aza-2-sila-1-
cyclohexyl groups.

[0094] In one or more embodiments, carboxylic or thiocarboxylic esters containing a

monosilylated amino group may be defined by the formula I:

R4

R“%Si ﬁ
R* /N—Rz—C—och
R3

where Rl is a monovalent organic group, RZ is a divalent organic group, R3 is a
hydrocarbyl group, each R% is independently a hydrogen atom or a monovalent organic
group, or R3 joins with an R% to form a hydrocarbylene group, and each o is

independently an oxygen atom or a sulfur atom. In one or more embodiments, where R3



silyl cycl opent anecar boxyl at e, hydrocar byl cycl ohexanecarboxyl ate, silyl
cycl ohexanecar boxyl ate, hydrocarbyl cycl oheptanecarboxyl ate, and silyl
cycl oheptwpeorrddossyl at e. [ 00106] Exenpl ary cycl oal kenecarPboské10/0evEr s

containing a silylated am no group

I ncl udet hoset hat deri vef rontar boxyl i cest er ssuchashydrocar byl 1- cycl oprop
enecar boxyl ate, silyl 1-cycl opropenecardioxyl ate, hydrocarbyl 1-

cycl obut enecar boxyl at e,

and an R4 join to form a hydrocarbylene group, the carboxylic or thiocarboxylic esters

containing a monosilylated amino group may be represented by the formula II:
R? R*

R’ N
N

where Rl is a monovalent organic group, RZ is a divalent organic group, R2 is a

hydrocarbylene group, each R% is independently a hydrogen atom or a monovalent
organic group, and each o is independently an oxygen atom or a sulfur atom.
[0095] In one or more embodiments, carboxylic or thiocarboxylic esters containing a
disilylated amino group may be represented by the formula III:
R4
R*—Si

N\

O—e

oR!

R4
NS

d
R4

where Rl is a monovalent organic group, RZ is a divalent organic group, each R? is

independently a hydrogen atom or a monovalent organic group, or at least two R% join

to form a divalent organic group, and each o is independently an oxygen atom or a sulfur

atom. In one or more embodiments, where two R% join to form a divalent organic group,
the carboxylic or thiocarboxylic esters containing a disilylated amino group may be

represented by the formula IV:



silyl 1-cycl obunt enecarboxyl ate, hydrocarbyl 1- cycl op entenecarboxyl ate,
silyl 1-cycl opent enecarboxyl ate, hydrocarbyl 1- cycl ohexenecarboxyl at e,
silyl 1-cyolohieMessecar boxyl ate, hydrocarbyl 1- cycl ohepCenseaolososy? at e,
and silyl 1-cycl oheptenecarboxylate. [00107] Exenplary heterocyclic
carboxylic esters containing a silylated am no group include those that
derive from carboxylic esters such as Hgrocarbyl 2- pyridi necarboxyl ate,
silyl 2-pyridinecarboxyl ate, hydrocarbyl 3-pyridi necarboxyl ate, silyl
3-pyridinecarboxyl ate, hydrocarpyl 44pyridinecarboxylate, silyl 4-

\/
RG/ Sl\N
\.”/

/\

R* R*

ﬁ
R2—C oR’

where R1 is a monovalent organic group, RZ and R6 are each independently a divalent

organic group, each R% is independently a hydrogen atom or a monovalent organic
group, and each o is independently an oxygen atom or a sulfur atom.

[0096] In one or more embodiments, the monovalent organic groups of the esters
may be hydrocarbyl groups or substituted hydrocarbyl groups such as, but not limited
to, alkyl, cycloalkyl, alkenyl, cycloalkenyl, aryl, allyl, aralkyl, alkaryl, or alkynyl groups.
Substituted hydrocarbyl groups include hydrocarbyl groups in which one or more
hydrogen atoms have been replaced by a substituent such as a hydrocarbyl,
hydrocarbyloxy, silyl, or siloxy group. In one or more embodiments, these groups may
include from one, or the appropriate minimum number of carbon atoms to form the
group, to about 20 carbon atoms. These groups may also contain heteroatoms such as,
but not limited to, nitrogen, boron, oxygen, silicon, sulfur, tin, and phosphorus atoms.
[0097] In one or more embodiments, the monovalent organic groups of the esters

may be silyl groups or substituted silyl groups such as, but not limited to,

trihydrocarbylsilyl, trisilyloxysilyl, trihydrocarbyloxysilyl, trisilylsilyl,
dihydrocarbylhydrosilyl, dihydrocarbyl(silyloxy)silyl, dihydrocarbyl(silyl)sily],
dihydrocarbyl(hydrocarbyloxy)sily], hydrocarbyldihydrosilyl,
hydrocarbyl(disilyloxy)silyl, hydrocarbyl(disilyl)silyl, and

hydrocarbyl(dihydrocarbyloxy)silyl groups. For example, types of silyl groups may
include trialkylsilyl, dialkylhydrosilyl, dialkyl(silyloxy)silyl, dialkyl(silyl)sily],
tricycloalkylsilyl, dicycloalkylhydrosilyl, dicycloalkyl(silyloxy)sily],
dicycloalkyl(silyl)silyl, trialkenylsilyl, dialkenylhydrosilyl, dialkenyl(silyloxy)silyl,
dialkenyl(silyl)silyl, tricycloalkenylsilyl, dicycloalkenylhydrosilyl,



32 pyridi necar boxyl at e, hydr ocar byl 2- pyri m di necar boxyl at e, si |l yl 2-

pyri m di necar boxyl at e, hydr ocar byl 4- pyri m di necar boxyl at e, si |l yl 4-

pyri m di r€oantiondyisat e, hydr ocar byl 5- pyri m di necar boxyl at @C3iusSg015450892

pyri m di necar boxyl ate, hydrocarbyl pyrazinecarboxylate, silyl

pyr azi necar boxyl ate, hydrocarbyl 3-pyridazi necarboxylate, silyl

3-pyridazi necar boxyl ate, hydrocarbyl 4-2%yri dazi necarboxyl ate, and silyl

4-pyridazi necar boxyl ate. [00108] Exenpl ary arenethi ocarboxylic esters

cont ai ni n@i@cﬁiaﬂ]&dr@l(@ﬂyl@ﬁ%ﬁﬂygr aligydlaatkedasiipysitylt hatiagaiilyye diagydrosilyl,
o

t hi ocarboxylic esters such as hydrocarb¥l t hl obenzoate, silyl thiobenzoate,

I
hydr ocar byllayl(shelayyxsiybiséary Bat ) sibill tyiallglspiile syaliyhinshiesipdadially Kb oeasibyl

4- et hyl t bj. oate.. silyl 4nmethyl thi Zoat hydroc - .
indenethig%égﬁgéyﬂ%ﬁgi siﬁ%?éggﬁ?W§enefﬁ$%C r éﬁ?f%ﬁé, h@%@%%gi%9ﬂ0505ﬂyL
napht hal ereifllge@IPOxYAL e trigikhiylsiBAnapatdiied 9nsidhd Q548" bodiallat-fl(sipyekyosiayipy |
9- phenant hr enet hi ocar boxyl ate, silyl 9-£QenanthrenethioqarboxyLate, .
hydr ocar bylialgarydilib sibdnetripdraylsdxly | atislkysylhygrosilyl, — dialkynyl(silyloxy)silyl,

9- ant hr acenet hi qcar | ate, hydr rovl..1- Ml-enet hi ocar I n
silyl 1-a£ﬁ$§%ﬁq§?%§§ﬁ%%xy|ateng@%%ﬁﬁIﬁhégﬁﬁﬁy#y alk;ngﬁﬁ$§§§y€ﬁ$§ﬁﬁéﬁw’
esters contig{tich@odkslsllylory pdyprtisQrigikonpsilylsdy)siey 1t tReeidririy Bl o8 silyl O6R

t hi ocarboxylic esters such as _hydrocarbyl thioacetate, silyl thioacetate,
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silyl thiobutyrate, hydracarhyl thiojsobutyrate  silyl thiolso rate
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t hi oacryl &t@mssj |yl thioacrylate, hydrocarbyl thionethacrylate, silyl

t hi onet ha te, ro I i QCr Qt ily i 0Croto ,

nycr ocar byPok nf dBYRERSAEY epPhR A Sl re S FFRRLT TS esters may
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thiop entenoate, silyl 2-thiopentenoate, hydrocarbyl 3-thiopentenoate,
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4-t hi opent e e, hvdrocarhyl 5- 33 thi.Q engoat.e ilyl, 5-thi ohexengat e,
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t hi openty 05?%90%¥Iy -t hi opentynoate, hydrocarbyl 5-thi ohexynoate, and
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I;III Sfar boxhlfetBRIc§EIRe SHALD. 23n TDIHECERHHBMIMENS! AR ARANGH NS BEAIPNHARE is a
heterocyclic group. In one or more embodiments, the divalent organic group R2 is a

linear or branched acyclic divalent organic group that may or may not include one or

more heteroatoms. In other embodiments, the divalent organic group R2 is a cyclic

divalent organic group that is devoid of heteroatoms. In one or more embodiments, the



cycl opr opanet hi ocar boxyl at e, hydrocar byl cycl obutanet hi ocar boxyl ate, silyl
cycl obut anet hi ocar boxyl ate, hydrocarbyl cycl opent anet hi ocar boxyl ate, silyl
cycl opentwoevtiacsrboxyl at e, hydrocar byl cycl ohexanet hi @caniseoaploaise; sil vyl
cycl ohexanet hi ocar boxyl ate, hydrocarbyl cycl ohept anet hi ocarboxyl ate, and

silyl

cycl ohept anet hi ocar boxyl ate. [00113] Exenpl ary

cycl oal kenet hi ocarboxylic esters contaiding a silylated am no

divalent organic group R2 may contain one or more additional silylated amino groups
and/or one or more additional carboxylic or thiocarboxylic ester groups.

[00100] Exemplary types of carboxylic esters that contain a silylated amino group
include those that derive from carboxylic esters such as arenecarboxylic esters,
alkanecarboxylic  esters, alkenecarboxylic esters, alkynecarboxylic esters,
cycloalkanecarboxylic esters, cycloalkenecarboxylic esters, cycloalkynecarboxylic esters,
and heterocyclic carboxylic esters. Exemplary types of thiocarboxylic esters that contain
a silylated amino group include those that derive from thiocarboxylic esters such as
arenethiocarboxylic esters, alkanethiocarboxylic esters, alkenethiocarboxylic esters,
alkynethiocarboxylic esters, cycloalkanethiocarboxylic esters, cycloalkenethiocarboxylic
esters, cycloalkynethiocarboxylic esters, and heterocyclic thiocarboxylic esters.

[00101] Exemplary arenecarboxylic esters containing a silylated amino group include
those that derive from carboxylic esters such as hydrocarbyl benzoate, silyl benzoate,
hydrocarbyl 4-phenylbenzoate, silyl 4-phenylbenzoate, hydrocarbyl 4-methylbenzoate,
silyl 4-methylbenzoate, hydrocarbyl 5-indenecarboxylate, silyl 5-indenecarboxylate,
hyrdocarbyl 2-naphthalenecarboxylate, silyl 2-naphthalenecarboxylate, hydrocarbyl 9-
phenanthrenecarboxylate, silyl = 9-phenanthrenecarboxylate,  hydrocarbyl  9-
anthracenecarboxylate, silyl 9-anthracenecarboxylate, hydrocarbyl 1-
azulenecarboxylate, and silyl 1-azulenecarboxylate.

[00102] Exemplary alkanecarboxylic esters containing a silylated amino group
include those that derive from carboxylic esters such as hydrocarbyl acetate, silyl
acetate, hydrocarbyl propionate, silyl propionate, hydrocarbyl butyrate, silyl butyrate,
hydrocarbyl isobutyrate, silyl isobutyrate, hydrocarbyl valerate, silyl valerate,
hydrocarbyl isovalerate, silyl isovalerate, hydrocarbyl pivalate, silyl pivalate,
hydrocarbyl hexanoate, silyl hexanoate, hydrocarbyl heptanoate, silyl heptanoate,
dihydrocarbyl malonate, disilyl malonate, dihydrocarbyl succinate, disilyl succinate,
dihydrocarbyl glutarate, and disilyl glutarate.

[00103] Exemplary alkenecarboxylic esters containing a silylated amino group
include those that derive from carboxylic esters such as hydrocarbyl acrylate, silyl

acrylate, hydrocarbyl methacrylate, silyl methacrylate, hydrocarbyl crotonate, silyl



group include those that derive fromthiocarboxylic esters such as
hydr ocar byl 1- cycl opropenet hi ocar boxyl ate, silyl
1- cycl oprwpenat@issear boxyl at e, hydrocarbyl 1- cycl obut ererhisocianbisay| at e,

silyl

1- cycl obunt enet hi ocar boxyl ate, hydrocarbyl 1-

cycl opent enet hi ocar boxyl ate, silyl 1-cycl opentenet hi ocarboxyl at e,
hydrocar byl 1- cycl ohexenet hi ocar boxyl atle,

crotonate, hydrocarbyl 3-butenoate, silyl 3-butenoate, hydrocarbyl 2-methyl-2-
butenoate, silyl 2-methyl-2-butenoate, hydrocarbyl 2-pentenoate, silyl 2-pentenoate,
hydrocarbyl 3-pentenoate, silyl 3-pentenoate, hydrocarbyl 4-pentenoate, silyl 4-
pentenoate, hydrocarbyl 5-hexenoate, silyl 5-hexenoate, hydrocarbyl 6-heptenoate, silyl
6-heptenoate, dihydrocarbyl fumarate, disilyl fumarate, dihydrocarbyl maleate, disilyl
maleate, dihydrocarbyl methylenemalonate, disilyl methylenemalonate, dihydrocarbyl
benzylidenemalonate, disilyl benzylidenemalonate dihydrocarbyl 2-methyleneglutarate,
and disilyl 2-methyleneglutarate.

[00104] Exemplary alkynecarboxylic esters containing a silylated amino group
include those that derive from carboxylic esters such as hydrocarbyl 3-butynoate, silyl
3-butynoate, hydrocarbyl 2-pentynoate, silyl 2-pentynoate, hydrocarbyl 3-pentynoate,
silyl 3-pentynoate, hydrocarbyl 4-pentynoate, silyl 4-pentynoate, hydrocarbyl 5-
hexynoate, and silyl 5-hexynenoate.

[00105] Exemplary cycloalkanecarboxylic esters containing a silylated amino group

include those that derive from carboxylic esters such as hydrocarbyl

cyclopropanecarboxylate, silyl cyclopropanecarboxylate, hydrocarbyl
cyclobutanecarboxylate, silyl cyclobutanecarboxylate, hydrocarbyl
cyclopentanecarboxylate, silyl cyclopentanecarboxylate, hydrocarbyl
cyclohexanecarboxylate, silyl cyclohexanecarboxylate, hydrocarbyl

cycloheptanecarboxylate, and silyl cycloheptanecarboxylate.

[00106] Exemplary cycloalkenecarboxylic esters containing a silylated amino group
include those that derive from carboxylic esters such as hydrocarbyl 1-
cyclopropenecarboxylate, silyl 1-cyclopropenecarboxylate, hydrocarbyl 1-
cyclobutenecarboxylate, silyl 1-cyclobuntenecarboxylate, hydrocarbyl 1-
cyclopentenecarboxylate, silyl 1-cyclopentenecarboxylate, hydrocarbyl 1-
cyclohexenecarboxylate, silyl 1-cyclohexenecarboxylate, hydrocarbyl 1-
cycloheptenecarboxylate, and silyl 1-cycloheptenecarboxylate.

[00107] Exemplary heterocyclic carboxylic esters containing a silylated amino group
include those that derive from carboxylic esters such as hydrocarbyl 2-
pyridinecarboxylate, silyl 2-pyridinecarboxylate, hydrocarbyl 3-pyridinecarboxylate,
silyl 3-pyridinecarboxylate, = hydrocarbyl  4-pyridinecarboxylate, silyl  4-



silyl 1-cycl ohexenet hi ocar boxyl ate, hydrocarbyl 1-

cycl ohept enet hi ocar boxyl ate, and silyl 1-cycl oheptenethi ocarboxyl at e.
[00114] Bxerplizdys3net erocyclic thiocarboxylic esters comCaiuszeg/ossst | yl at ed
am no group include those that derive fromthiocarboxylic esters such as
hydr ocar byl 2- pyridi nethi ocarboxylate, silyl 2-pyridinethiocarboxyl ate,
hydrocar byl 3- pyridinethiocarboxyl at 82 silyl 3-pyridinethiocarboxyl ate,
hydr ocar byl

pyridinecarboxylate, hydrocarbyl 2-pyrimidinecarboxylate, silyl 2-
pyrimidinecarboxylate, hydrocarbyl 4-pyrimidinecarboxylate, silyl 4-
pyrimidinecarboxylate, hydrocarbyl 5-pyrimidinecarboxylate, silyl 5-
pyrimidinecarboxylate, hydrocarbyl pyrazinecarboxylate, silyl pyrazinecarboxylate,
hydrocarbyl 3-pyridazinecarboxylate, silyl 3-pyridazinecarboxylate, hydrocarbyl 4-
pyridazinecarboxylate, and silyl 4-pyridazinecarboxylate.

[00108] Exemplary arenethiocarboxylic esters containing a silylated amino group
include those that derive from thiocarboxylic esters such as hydrocarbyl thiobenzoate,
silyl thiobenzoate, hydrocarbyl 4-phenylthiobenzoate, silyl 4-phenylthiobenzoate,
hydrocarbyl 4-methylthiobenzoate, silyl 4-methylthiobenzoate, hydrocarbyl 5-
indenethiocarboxylate, silyl 5-indenethiocarboxylate, hyrdocarbyl 2-
naphthalenethiocarboxylate, silyl 2-naphthalenethiocarboxylate, hydrocarbyl 9-
phenanthrenethiocarboxylate, silyl 9-phenanthrenethiocarboxylate, hydrocarbyl 9-
anthracenethiocarboxylate, silyl 9-anthracenethiocarboxylate, hydrocarbyl 1-
azulenethiocarboxylate, and silyl 1-azulenethiocarboxylate.

[00109] Exemplary alkanethiocarboxylic esters containing a silylated amino group
include those that derive from thiocarboxylic esters such as hydrocarbyl thioacetate,
silyl thioacetate, hydrocarbyl thiopropionate, silyl thiopropionate, hydrocarbyl
thiobutyrate, silyl thiobutyrate, hydrocarbyl thioisobutyrate, silyl thioisobutyrate,
hydrocarbyl thiovalerate, silyl thiovalerate, hydrocarbyl thioisovalerate, silyl
thioisovalerate, hydrocarbyl thiopivalate, silyl thiopivalate, hydrocarbyl thiohexanoate,
silyl thiohexanoate, hydrocarbyl thioheptanoate, silyl thioheptanoate, dihydrocarbyl
thiomalonate, disilyl thiomalonate, dihydrocarbyl thiosuccinate, disilyl thiosuccinate,
dihydrocarbyl thioglutarate, and disilyl thioglutarate.

[00110] Exemplary alkenethiocarboxylic esters containing a silylated amino group
include those that derive from thiocarboxylic esters such as hydrocarbyl thioacrylate,
silyl thioacrylate, hydrocarbyl thiomethacrylate, silyl thiomethacrylate, hydrocarbyl
thiocrotonate, silyl thiocrotonate, hydrocarbyl 3-thiobutenoate, silyl 3-thiobutenoate,
hydrocarbyl 2-methyl-2-thiobutenoate, silyl 2-methyl-2-thiobutenoate, hydrocarbyl 2-
thiopentenoate, silyl 2-thiopentenoate, hydrocarbyl 3-thiopentenoate, silyl 3-

thiopentenoate, hydrocarbyl 4-thiopentenoate, silyl 4-thiopentenoate, hydrocarbyl 5-



4- pyridinethi ocarboxyl ate, silyl 4-pyridinethiocarboxylate, hydrocar byl
2- 34

pyri m di nr€Ohloooraiisexyl at e, sil yl 2- pyri m di net hi ocar boxy| ate/usganoswspby| 4-
pyri m di net hi ocar boxyl ate, silyl 4-pyri m di net hi ocar boxyl at e, hydr ocar byl 5-
pyri m di net hi ocar boxyl ate, silyl 5-pyri m di net hi ocar boxyl at e, hydr ocar byl
pyrazi net hi ocar boxyl at e, si | yl pyrazi net HH3ocar boxyl at e, hydr ocar byl 3-

pyri dazi net hi ocar boxyl ate, silyl 3 -pyridazi net hi ocar boxyl at e, hydr ocar byl 4-

pyri dazi nehfvhec@idaexy! dtye, smkiosexdtloate, Pyliydiaedel hicogashpeyhaite. FiBd116]
Exenpl ary types of arenecarboxylic esters conta[ningﬁa silylated am no
gr oupi ncl tHehRPEENEAtS hylmydéaea@fgylsi thjafumarptee] disilgheBHphonariate e slilsrdgocarbyl

[bi s(di hyqpReandatk NV dlsasl | libnfRAG] AHSARSAHBI VI BRAE K Riohtadtfted! dldipr
methylenethiomalonate, dihydrocarbyl benzylidenethiomalonate, disilyl
benzylidenethiomalonate dihydrocarbyl 2-methylenethioglutarate, and disilyl 2-
methylenethioglutarate.

[00111] Exemplary alkynethiocarboxylic esters containing a silylated amino group
include those that derive from thiocarboxylic esters such as hydrocarbyl 3-
thiobutynoate, silyl 3-thiobutynoate, hydrocarbyl 2-thiopentynoate, silyl 2-
thiopentynoate, hydrocarbyl 3-thiopentynoate, silyl 3-thiopentynoate, hydrocarbyl 4-
thiopentynoate, silyl 4-thiopentynoate, hydrocarbyl 5-thiohexynoate, and silyl 5-
thiohexynoate.

[00112] Exemplary cycloalkanethiocarboxylic esters containing a silylated amino
group include those that derive from thiocarboxylic esters such as hydrocarbyl

cyclopropanethiocarboxylate, silyl cyclopropanethiocarboxylate, hydrocarbyl

cyclobutanethiocarboxylate, silyl cyclobutanethiocarboxylate, hydrocarbyl
cyclopentanethiocarboxylate, silyl cyclopentanethiocarboxylate, hydrocarbyl
cyclohexanethiocarboxylate, silyl cyclohexanethiocarboxylate, hydrocarbyl

cycloheptanethiocarboxylate, and silyl cycloheptanethiocarboxylate.

[00113] Exemplary cycloalkenethiocarboxylic esters containing a silylated amino
group include those that derive from thiocarboxylic esters such as hydrocarbyl 1-
cyclopropenethiocarboxylate, silyl 1-cyclopropenethiocarboxylate, hydrocarbyl 1-
cyclobutenethiocarboxylate, silyl 1-cyclobuntenethiocarboxylate, hydrocarbyl 1-
cyclopentenethiocarboxylate, silyl 1-cyclopentenethiocarboxylate, hydrocarbyl 1-
cyclohexenethiocarboxylate, silyl 1-cyclohexenethiocarboxylate, hydrocarbyl 1-
cycloheptenethiocarboxylate, and silyl 1-cycloheptenethiocarboxylate.

[00114] Exemplary heterocyclic thiocarboxylic esters containing a silylated amino
group include those that derive from thiocarboxylic esters such as hydrocarbyl 2-
pyridinethiocarboxylate, silyl 2-pyridinethiocarboxylate, hydrocarbyl 3-
pyridinethiocarboxylate, silyl 3-pyridinethiocarboxylate, hydrocarbyl 4-
pyridinethiocarboxylate, silyl 4-pyridinethiocarboxylate, hydrocarbyl 2-



cycl ohydrocar byl ) arenecar boxyl i cesters, Ktrihydrocarbylsilyl)
(hydrocar byl )am no] arenecar boxylicesters,

Kdi hydr ocsiokzgitmsdssasi | y1) (hydr ocar byl ) am no] ar enecar box pCrasSesiases92 and
(1-aza-2- sila-1-cycl ohydrocarbyl)arenecarboxylic esters. [00116] Exenpl ary
types of al kanecarboxylic esters containing a silylated am no

groupi nclude[ his (trihydrocarbylsilyl) 3m no] al kanecarboxylicesters, [bis
(di hydrocar byl hydrosi |l yl) am no] al kanecar boxylicesters, (1-aza-disila-1-
cycl ohydr ggaimhivinethiveneoayhexy! st@st e-pyriiidinbiis@eBsBNAR] | YA)drocarbyl — 4-
(hydrocar byl ) am no] al kanecar boxyl i cest ers,

Kdi hydr oc @vbinidinatiocasppxylatar o6dylby|4- aviimddiaeieeehepdatel i chelpeadyl ang-

(1-aza-2- sila-1-cycl dracar byl )al kanecarh . ers 001 | ary
(e B D BEEL Y ] o SRR SRSl O el P
groupi ncl ygeddhsch{dcartosgiaear bydigi | y Lpyeddiméthioth kexgras box Wydeesdryls, [Bis
(di hydrocar byl hydr osi | yl) am no] al kenecarboxylicesters, (1-aza-disila-1-
cycl ohydr dvsideginethiresveesylpexy| bibdst e-pyridazinefhincetexpiatei | yiyydrocarbyl  4-

(hydrocarhyl Yam ngl. al ken rboxyligesters .

kel nydr ocdr VAR e RGP B R iosHboR By i ¢ esters. and
(1-aza- 2- [00185]1- ExehPgr a5rkbyl hadneendeayheXxytdrs @sitsihtng hOSKASEXMpiAr Yy
types of al kynecarboxylic esters containing a silylated amno_

gr oupi ncl gdepmi s (tinrlugdar ocar Bys@rihydrpcarhyiolyDamipelasenasesaxyliest er sesters,

[bis(dihydrocarbylhydrosilyl)amino]arenecarboxylic esters, (1-aza-disila-1-
cyclohydrocarbyl)arenecarboxylic esters,
[(trihydrocarbylsilyl) (hydrocarbyl)amino]arenecarboxylic esters,

[(dihydrocarbylhydrosilyl) (hydrocarbyl)amino]arenecarboxylic esters, and (1l-aza-2-
sila-1-cyclohydrocarbyl)arenecarboxylic esters.

[00116] Exemplary types of alkanecarboxylic esters containing a silylated amino
group include [bis(trihydrocarbylsilyl)amino]alkanecarboxylic esters,
[bis(dihydrocarbylhydrosilyl)amino]alkanecarboxylic esters, (1-aza-disila-1-
cyclohydrocarbyl)alkanecarboxylic esters,
[(trihydrocarbylsilyl) (hydrocarbyl)amino]alkanecarboxylic esters,
[(dihydrocarbylhydrosilyl) (hydrocarbyl)amino]alkanecarboxylic esters, and (1-aza-2-
sila-1-cyclohydrocarbyl)alkanecarboxylic esters.

[00117] Exemplary types of alkenecarboxylic esters containing a silylated amino
group include [bis(trihydrocarbylsilyl)amino]alkenecarboxylic esters,
[bis(dihydrocarbylhydrosilyl)amino]alkenecarboxylic esters, (1-aza-disila-1-
cyclohydrocarbyl)alkenecarboxylic esters,
[(trihydrocarbylsilyl) (hydrocarbyl)amino]alkenecarboxylic esters,
[(dihydrocarbylhydrosilyl) (hydrocarbyl)amino]alkenecarboxylic esters, and (1-aza-2-

sila-1-cyclohydrocarbyl)alkenecarboxylic esters.

[00118] Exemplary types of alkynecarboxylic esters containing a silylated amino
group include [bis(trihydrocarbylsilyl)amino]alkynecarboxylic esters,
[bis(dihydrocarbylhydrosilyl)amino]alkynecarboxylic esters, (1-aza-disila-1-

cyclohydrocarbyl)alkynecarboxylic esters,



[ bi s (di hydrocarbyl hydrosilyl) am no]

al kynecar boxylicesters, (1-aza-disila-1-

cycl ohydrwoantwds)skynecar boxyl i cesters, 35 Ktri hydr ocachgusselopigso2
(hydr ocar byl ) am no] al kynecar boxyl i cesters,

Kdi hydr ocar byl hydr osi | y1) (hydr ocar byl ) am no] al kynecar boxylic esters, and

(1-aza-2- sila-1-cycl ohydrocarbyl)al kyr#écar boxylic esters. [00119] Exenpl ary

types of cycl oal kanecarboxylic esters containing a silylated am no group

i ncl ude [ hig{Hydidvadp@siay] Fdoalrb AN MBlogyIk) Redakisngtiar boxyl i c esters, esters,
[ bi s(di hydrocar byl hydrosi|yl) am no] . ,
cycl oal karleydioegriydaeires: ,li@ydmaabsébarampialkynecarboxyhc esters, and (1-aza-2-

cyclohydr%ﬁsﬁpgk%ﬁé@}@g%bg@@&gﬁ&gég&iqﬁ%%&&g, Kt ri hydrocar byl silyl)

(hydr ocar byf) n eca?ﬁbxy i césters,
Kdi hydr ocqobyidiydr osEketdplahy dygsas byydedlkarcapsdxgat kanas alobexiingCa esyRtS

and (1- aza-2-sila-1-cycl ohydrocarbyl)cycl oal kanecar boxylic esters.
[ 00120] Exémphar ﬁrﬂylbesnfé‘ﬂdfty&blﬁ)@rlhﬁé@@aﬁ)’&éwl)a@mégl@ﬁba Aeedrhpxigica esters,

silylated ] [0 ncl u . . -
i 317 myarea SR L R apinolsrloalansrubaic. ostigry,  (Lasardiila-:
[ bi s(di hy(&p@l@a%@wchwW'tlbm)anmrB@i lic esters,

cycl oal kenecarboxylicesters, (1-aza-disila-1-

cycl ohydr de@itbgrocayeylsidylk@wecenasbrydmipedevstaalkaaecamppaybe ar byl si | y1) esters,

(hydrocar l{{&i}lygrrgcglgtlyl&ycﬁﬂloQi?}lllmr}lld?&%hpﬁﬁ/rln{n%?&ltc?ora?kanecarboxylic esters, and (1-
aza-2-sila-1-cyclohydrocarbyl)cycloalkanecarboxylic esters.
[00120] Exemplary types of cycloalkenecarboxylic esters containing a silylated
amino group include [bis(trihydrocarbylsilyl)amino]cycloalkenecarboxylic esters,
[bis(dihydrocarbylhydrosilyl)amino]cycloalkenecarboxylic  esters,  (1l-aza-disila-1-
cyclohydrocarbyl)cycloalkenecarboxylic esters,
[(trihydrocarbylsilyl) (hydrocarbyl)amino]cycloalkenecarboxylic esters,
[(dihydrocarbylhydrosilyl) (hydrocarbyl)amino]cycloalkenecarboxylic esters, and (1-
aza-2-sila-1-cyclohydrocarbyl)cycloalkenecarboxylic esters.
[00121] Exemplary types of cycloalkynecarboxylic esters containing a silylated
amino group include [bis(trihydrocarbylsilyl)amino]cycloalkynecarboxylic esters,
[bis(dihydrocarbylhydrosilyl)amino]cycloalkynecarboxylic  esters,  (1l-aza-disila-1-
cyclohydrocarbyl)cycloalkynecarboxylic esters,
[(trihydrocarbylsilyl) (hydrocarbyl)amino]cycloalkynecarboxylic esters,
[(dihydrocarbylhydrosilyl) (hydrocarbyl)amino]cycloalkynecarboxylic esters, and (1-
aza-2-sila-1-cyclohydrocarbyl)cycloalkynecarboxylic esters.
[00122] Exemplary types of heterocyclic carboxylic esters containing a silylated
amino group include [bis(trihydrocarbylsilyl)amino]heterocyclic carboxylic esters,
[bis(dihydrocarbylhydrosilyl)amino]heterocyclic carboxylic esters, (1l-aza-disila-1-
cyclohydrocarbyl)heterocyclic carboxylic esters,
[(trihydrocarbylsilyl) (hydrocarbyl)amino]heterocyclic carboxylic esters,
[(dihydrocarbylhydrosilyl) (hydrocarbyl)amino]heterocyclic carboxylic esters, and (1-

aza-2-sila-1-cyclohydrocarbyl)heterocyclic carboxylic esters.



Kdi hydr ocar byl hydr osi | y1) (hydr ocar byl ) am no] cycl oal kenecar boxylic esters,
and (1- aza-2-sila-1-cycl ohydrocarbyl)cycl oal kenecarboxylic esters.

[ 00121] EXwopbaros133ypes of cycl oal kynecar boxyl i ¢ esters ®OMUSR2O10/060892
silylated am no group include

[ bi s(trihydrocarbylsilyl)am no]cycl oal kynecarboxylic esters, [bis

(di hydr ocar byl hydrosilyl) am no] 36

cycl oal kynecar boxyl i cesters, (1-aza-disila-1-

cycl ohydr goa118]l ) cy cEgahmpeaap&oxy | dregsthes@rbddlylic hydeac asilghg ¥l silylated
(hydrocar byl ) am no] cycl oal kynecar boxylicesters, _ _
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and (1- aza-2-sila-1-cycl ohydrocarbyl)heterocyclic carboxylic esters. 36

[ 00123] Exdf@l2ly t ypExeroplagy dyieeshpbedrassidyiprarbexylic sstephrcantinigsaa silyltes ed
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ar enet hi ogbisb@ixylideasi@hydrod@Faniofalkandchiocarboxylic  esters,  (1-aza-disila-1-
cyclohydrocarbyl)alkanethiocarboxylic esters,
[(trihydrocarbylsilyl) (hydrocarbyl)amino]alkanethiocarboxylic esters,
[(dihydrocarbylhydrosilyl) (hydrocarbyl)amino]alkanethiocarboxylic esters, and (1-aza-
2-sila-1-cyclohydrocarbyl)alkanethiocarboxylic esters.
[00125] Exemplary types of alkenethiocarboxylic esters containing a silylated
amino group include [bis(trihydrocarbylsilyl)amino]alkenethiocarboxylic esters,
[bis(dihydrocarbylhydrosilyl)amino]alkenethiocarboxylic esters, (1-aza-disila-1-
cyclohydrocarbyl)alkenethiocarboxylic esters,
[(trihydrocarbylsilyl) (hydrocarbyl)amino]alkenethiocarboxylic esters,
[(dihydrocarbylhydrosilyl) (hydrocarbyl)amino]alkenethiocarboxylic esters, and (1-aza-
2-sila-1-cyclohydrocarbyl)alkenethiocarboxylic esters.
[00126] Exemplary types of alkynethiocarboxylic esters containing a silylated
amino group include [bis(trihydrocarbylsilyl)amino]alkynethiocarboxylic esters,
[bis(dihydrocarbylhydrosilyl)amino]alkynethiocarboxylic esters, (1-aza-disila-1-
cyclohydrocarbyl)alkynethiocarboxylic esters,
[(trihydrocarbylsilyl) (hydrocarbyl)amino]alkynethiocarboxylic esters,
[(dihydrocarbylhydrosilyl) (hydrocarbyl)amino]alkynethiocarboxylic esters, and (1-aza-
2-sila-1-cyclohydrocarbyl)alkynethiocarboxylic esters.
[00127] Exemplary types of cycloalkanethiocarboxylic esters containing a
silylated amino group include [bis(trihydrocarbylsilyl)amino]cycloalkanethiocarboxylic

esters, [bis(dihydrocarbylhydrosilyl)amino]cycloalkanethiocarboxylic esters, (1-aza-



cycl ohydrocar byl ) arenet hi ocar boxyli cesters, Ktrihydrocarbylsilyl)
(hydrocarbyl) am no] arenethi ocarboxylicesters,

Kdi hydr ocsiokzgitmsdssesi | y1) (hydr ocar byl ) am no] ar enet hi ocaPb®fgske10/08692Er s, and
(1-aza2-sil a-1-cycl ohydrocar byl ) arenet hi ocarboxylic esters.

[ 00124] Exenpl ary types of al kanet hi ocarboxylic esters containing a
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[bis(tri h>{etnﬁyalrdwf@llhydrb@mlmﬂya%&meﬁbmmq@Qmank@eaﬁb@rr@oxyhc esters, and
(1-aza-2-sila-1-cyclohydrocarbyl)cycloalkenethiocarboxylic esters.
[00129] Exemplary types of cycloalkynethiocarboxylic esters containing a
silylated amino group include [bis(trihydrocarbylsilyl)amino]cycloalkynethiocarboxylic
esters, [bis(dihydrocarbylhydrosilyl)amino]cycloalkynethiocarboxylic esters, (1-aza-
disila-1-cyclohydrocarbyl)cycloalkynethiocarboxylic esters,
[(trihydrocarbylsilyl) (hydrocarbyl)amino]cycloalkynethiocarboxylic esters,
[(dihydrocarbylhydrosilyl) (hydrocarbyl)amino]cycloalkynethiocarboxylic esters, and
(1-aza-2-sila-1-cyclohydrocarbyl)cycloalkynethiocarboxylic esters.
[00130] Exemplary types of heterocyclic thiocarboxylic esters containing a
silylated amino group include [bis(trihydrocarbylsilyl)amino]heterocyclic
thiocarboxylic esters, [bis(dihydrocarbylhydrosilyl)amino]heterocyclic thiocarboxylic
esters, (1-aza-disila-1-cyclohydrocarbyl)heterocyclic thiocarboxylic esters,
[(trihydrocarbylsilyl) (hydrocarbyl)amino]heterocyclic thiocarboxylic esters,
[(dihydrocarbylhydrosilyl) (hydrocarbyl)amino]heterocyclic thiocarboxylic esters, and
(1-aza-2-sila-1-cyclohydrocarbyl)heterocyclic thiocarboxylic esters.
[00131] Specific examples of arenecarboxylic esters containing a silylated amino
group include ethyl 2-[bis(trimethylsilyl)amino]benzoate, ethyl 3-
[bis(trimethylsilyl)amino]benzoate, ethyl 4-[bis(trimethylsilyl)amino]benzoate, phenyl
3-[bis(trimethylsilyl)amino]benzoate, trimethylsilyl 4-
[bis(trimethylsilyl)amino]benzoate, ethyl 2-[bis(trimethylsilyl)aminomethyl]benzoate,
ethyl 3-[bis(trimethylsilyl)aminomethyl]benzoate, ethyl 4-
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oxylicesters, (1-aza-disila-1- cycl ohydrocarbyl)al kynet hi ocar boxyl i cesters,
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and (1l-aza2 -sila- 1-cycl ohydrocarbyl) al kynethi ocarboxylic esters.

[ 00127] Exenpl ary types of cycl oal kanet Hi8car boxylic esters containing a

silylated am no group include

[ bi s(tri hyBispgahenlEilyyhhnamamedheyektealakgnet hi ocar boxyphénygsters, [bis 3.
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esters, amﬂsi(allg@logelﬁbl)ﬁeﬂz@@ ohysheagRr byB)(@)yed, oakiramettiilacaiabpByisita-1-
esters. [00128] Exenpl ary types of cycl oal kenet hi ocarboxylic esters
cont ai ni ngyelogentyDReaepdei no grivgphylsibilude 4-(2,2,5,5-tetramethyl-1-aza-2,5-disila-1-
[bis(trihydr rbyhsilyl)am no] cygl pal kenethj oxylic esters o oo .
b1 o(ci hy 39 SRR BT PRS BTV 1) “anbief “cyel odr iararnrbsarbuRITE bR gyt
(1-aza- dic§blb§eﬂ-ty9¥1€étﬁﬁbftﬁl§r&©afeby|) Mehyaal k%QT{QDZJ',QQ&é@thﬁﬂﬂsizﬁ@,S-disila-l-
Ktri hydrocar byl silyl) (hydrocarbyl)am no]cycl oal kenet hi ocar boxyl i cesters,
cyclopentyl)methyl]|benzoate, trimethylsilyl 4-[(2,2,5,5-tetramethyl-1-aza-2,5-disila-1-

cyclopentyl)methyl]benzoate, ethyl 2-[(trimethylsilyl)(methyl)amino]benzoate, phenyl

3-[(trimethylsilyl) (methyl)amino]benzoate, trimethylsilyl 4-
[(trimethylsilyl) (methyl)amino]benzoate, ethyl 2-
[(trimethylsilyl) (methyl)aminomethyl]benzoate, phenyl 3-
[(trimethylsilyl) (methyl)aminomethyl]benzoate, trimethylsilyl 4-

[(trimethylsilyl) (methyl)aminomethyl]benzoate, ethyl 2-(2,2-dimethyl-1-aza-2-sila-1-
cyclopentyl)benzoate, phenyl 3-(2,2-dimethyl-1-aza-2-sila-1-cyclopentyl)benzoate,
trimethylsilyl  4-(2,2-dimethyl-1-aza-2-sila-1-cyclopentyl)benzoate, ethyl 2-[(2,2-
dimethyl-1-aza-2-sila-1-cyclopentyl)methyl]benzoate, phenyl 3-[(2,2-dimethyl-1-aza-2-
sila-1-cyclopentyl)methyl]benzoate, and trimethylsilyl 4-[(2,2-dimethyl-1-aza-2-sila-1-
cyclopentyl)methyl]benzoate.

[00132] Specific examples of alkanecarboxylic esters containing a silylated amino
group include ethyl [bis(trimethylsilyl)amino]acetate, ethyl 3-
[bis(trimethylsilyl)amino]propionate, triethyl [3-
[bis(trimethylsilyl)amino]|propyl]methanetricarboxylate, phenyl 3-
[bis(trimethylsilyl)amino]propionate, trimethylsilyl 4-

[bis(trimethylsilyl)amino]butyrate, ethyl 5-[bis(trimethylsilyl)amino]valerate, phenyl
(2,2,5,5-tetramethyl-1-aza-2,5-disila-1-cyclopentyl)acetate, triethyl [3-(2,2,5,5-
tetramethyl-1-aza-2,5-disila-1-cyclopentyl) propyl|methanetricarboxylate, trimethylsilyl
3-(2,2,5,5-tetramethyl-1-aza-2,5-disila-1-cyclopentyl) propionate, ethyl 4-(2,2,5,5-
tetramethyl-1-aza-2,5-disila-1-cyclopentyl)butyrate, phenyl 5-(2,2,5,5-tetramethyl-1-
aza-2,5-disila-1-cyclopentyl)valerate, trimethylsilyl
[(trimethylsilyl)(methyl)amino]acetate, ethyl [(trimethylsilyl)(ethyl)amino]acetate,



Kdi hydr ocar byl hydr osi | y1) (hydr ocar byl ) am no] cycl oal kenet hi ocar boxyl i c
esters, and (1l-aza-2-sil a-1-cycl ohydrocarbyl)cycl oal kenet hi ocar boxylic
esters. [WORRDJExBApPl ary types of cycl oal kynet hi ocar boxPCIraSes 592
containing a silylated am no group include

[ bi s(trihydrocarbylsilyl)am no]cycl oal kynet hi ocar boxylic esters,

[ bi s(di hydrocarbyl hydrosilyl) am no] cy& oal kynet hi ocar boxylic esters,
(1-aza- disila-1-cyclohydrocarbyl)cycl oal kynet hi ocar boxyl i cesters,

Ktri hydr Oqiﬂlreh?’l' si |l yg)[(t(rhﬁ@krhgmpbyﬂn)eamlmln@ bprinlyd)et hi Qﬁﬁiﬂiélﬁ% pilylcest ess,
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esters, andrimetaykilpl)eathyl @méyﬂpﬁhyﬂmﬁéarbyl)cycloaIkyﬁéthlocarboxyl|c 4-

esters ocyclic thioc lic esters
conta|n|nggi%@%géﬁﬂygﬁggﬂﬁﬁgrou IIZ%é[bis (trihydrgk §IS|Iy1) am no
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esters, anrda{ilcy@fdbedtd)p@dploy€! ohydtrrﬁﬁ@tnqmshl%;het er acwel- uﬁnéﬂhyma{zb@cmla C-
esters. [00131] Specific exanpl es of arenecarboxylic esters containing a

si |yl at ed Cmpn@myb@upvmtﬂ: Bn@létfé’ﬂ Ry(2. 2dimeshgl L ezt sila Bicyglppentyhsplsesizoat e,
ethyl [é{ﬂ%t ri mag f?(! (le ay%lgs op %Len%cgzgg)iyﬁlt eg%erX contalr{mg 3 silylated amino

(trlnethyl ) am N enz0

(trinet hylg&bupfl)amcn@]ebenz@%tle Br[biggtrmikaivisilyl AmihBlcslonh et hypisdyy1) 3-
am no] benzoate, ethyl 2- [his (trinmethylsil E& am nonet hyl | b enzoat e,
et hyl 3- [[bi%tr(mﬁhwbﬂlﬁk)amlmcylié panienoats rtylln}etg dﬂa@e[bwétlwﬁtwlsﬂymmm] -5-

[bis(tri n% oa'ttle thPlylaank? 9,@% pé{ra]mgt% %tzg-’zp,)glﬁnsYla-gl-cyclopentyl)crotonate, phenyl

3-(2,2,5,5-tetramethyl-1-aza-2,5-disila-1-cyclopentyl)-4-pentenoate, trimethylsilyl 3-

(2,2,5,5-tetramethyl-1-aza-2,5-disila-1-cyclopentyl)-5-hexenoate, ethyl 3-
[(trimethylsilyl) (methyl)amino]crotonate, phenyl 3-
[(trimethylsilyl)(ethyl)amino]crotonate, trimethylsilyl 3-

[(trimethylsilyl) (methyl)amino]-4-pentenoate, ethyl 3-[(trimethylsilyl) (ethyl)amino]-4-
pentenoate, phenyl 3-[(trimethylsilyl)(methyl)amino]-5-hexenoate, trimethylsilyl 3-
[(trimethylsilyl) (ethyl)amino]-5-hexenoate, ethyl 3-(2,2-dimethyl-1-aza-2-sila-1-
cyclopentyl)crotonate, phenyl 3-(2,2-dimethyl-1-aza-2-sila-1-cyclopentyl)-4-
pentenoate, and trimethylsilyl 3-(2,2-dimethyl-1-aza-2-sila-1-cyclopentyl)-5-hexenoate.
[00134] Specific examples of alkynecarboxylic esters containing a silylated amino
group include ethyl 3-[bis(trimethylsilyl)amino]-4-pentynoate, = phenyl  3-
[bis(trimethylsilyl)amino]-5-hexynoate, trimethylsilyl 3-(2,2,5,5-tetramethyl-1-aza-2,5-
disila-1-cyclopentyl)-4-pentynoate, ethyl 3-(2,2,5,5-tetramethyl-1-aza-2,5-disila-1-
cyclopentyl)-5-hexynoate, phenyl 3-[(trimethylsilyl)(methyl)amino]-4-pentynoate,
trimethylsilyl 3-[(trimethylsilyl) (ethyl)amino]-4-pentynoate, ethyl 3-
[(trimethylsilyl) (methyl)amino]-5-hexynoate, phenyl 3-[(trimethylsilyl)(ethyl)amino]-
5-hexynoate, trimethylsilyl 3-(2,2-dimethyl-1-aza-2-sila-1-cyclopentyl)-4-pentynoate,
and ethyl 3-(2,2-dimethyl-1-aza-2-sila-1-cyclopentyl)-5-hexynoate.
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5-[bi s(trinethylsilypam no]val erate, phenyl (2,2,5,5 -tetranethy
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3-(2, 2,5, geoﬁs glamet hygecifi@érmiples Gf Ty tidalkes y&IrbpgicydpERNicdMahEg £isiylated
4-(2,2,5,5- tetranethyl-1-aza-2,5-disila-1- cyclopent}él)butyrate phenyl

5-(2,2,5, amm@rammylmclydeazbm 4- [hl%trnraemyésylyl)@gém volop¢rtened-carboxylate,
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tetramethyl-1-aza-2,5-disila-1-cyclopentyl)cyclohexene-1-carboxylate, phenyl 4-

[(trimethylsilyl) (methyl)amino]cyclopentene-1-carboxylate, trimethylsilyl 4-
[(trimethylsilyl) (ethyl)amino]cyclopentene-1-carboxylate, ethyl 4-
[(trimethylsilyl) (methyl)amino]cyclohexene-1-carboxylate, phenyl 4-

[(trimethylsilyl) (ethyl)amino]cyclohexene-1-carboxylate, trimethylsilyl 4-(2,2-
dimethyl-1-aza-2-sila-1-cyclopentyl)cyclopentene-1-carboxylate, and ethyl 4-(2,2-
dimethyl-1-aza-2-sila-1-cyclopentyl)cyclohexene-1-carboxylate.

[00137] Specific examples of heterocyclic carboxylic esters containing a silylated
amino group include ethyl 5-[bis(trimethylsilyl)amino]-2-pyridinecarboxylate, phenyl
5-[bis(trimethylsilyl)amino]-2-pyrimidinecarboxylate, trimethylsilyl 5-(2,2,5,5-
tetramethyl-1-aza-2,5-disila-1-cyclopentyl)-2-pyridinecarboxylate, ethyl 5-(2,2,5,5-
tetramethyl-1-aza-2,5-disila-1-cyclopentyl)-2-pyrimidinecarboxylate, phenyl 5-
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trlnethylsfllgehqgEre )§]§%' éf?%ﬁ% %§d@%1 aza-2,5 -disila- 1-cyclop entyl)
-5 -hexengebe3g]et hyl s&aﬂﬁ ekimplyl of hb@lﬂetﬁlﬁailhﬁk})hca@%t@ﬁﬂ c6helmngte spiaced 3-
Ktrimethyl'silyl) (ethyl)am no]crotonate, trinethylsilyl 3-
Ktrimet hylammyl)grﬁ*ep hyin§lage naithyl peribisheimethylsilyhrmino]thiobenzoate, ethyl 3-

3k 11 et RS R oAb BB SR fos Rty pping] thiobenzoate,

Ktri met hylpshlehyll) (et B;{bbs@mrﬁ@ﬂhyisﬂybammambeﬁdﬂé 3 (&rﬁnethylsnyl 4-
-di mret hyl-1-aza-2-sil a-1- cycl opentyl)crotonate, phenyl 3- (2,2
-d|nethyl[QB@iHn@hybﬂVBaKH@M@mege@ﬁ@yi) _4- p entenoathyl and trinethyl syl
(2,2 - ’Eﬁ%r}{&th sal mlnome%iﬁ 1XB(|ar(1)z% tyl)-5- hexenoa%e [00134]
Ranpl gt B fh

SpeC|f|c hecar ces ers containing a S|Iylated am no
group |nC|[Bﬁ@trﬁh@ﬂ‘lblsﬂybbhﬁﬁdrﬁéﬁﬁ@l]HMbEéﬂz)b'ai@m noj - 4- pent yﬂ@ate phenyl 34.
[bls(trlnethyI5|IéWE amno] -5 -hexynoate, trimethylsil -(2,2,5,5

-t et r amet Hyis(trim ﬂBDaH@@@nﬁﬁwﬂﬂ@9b@@@aéhtyI) -4-p erit ﬁﬁbte ethyl 33-

phenyt " 3. (ELERRI YT TRSHRYEOBARIE &Y oney RBEH MY ot hyt o1 1 3

3- Ktri WEt[Bbstﬁ'lriwftthﬂ?I)Bﬂﬂlﬂorﬂéﬂhgqlhloﬁerpzoﬁfﬁ yre«alagtlez (22B/$-t&ramethyl-1-aza-2,5-
Ktr|nethyIS|Iyl)(nethyl?anlno] hexynoat e, heq¥
3- Kt ri met ysikir-1-yyglopeny )ylaﬁbwjoates hb@é%oa@éz %3, prietragesiylli-azy-2,palisila-1-

e RN LTS 0 IO B

exanpl es @ cl@ps@ﬂlt?@khléﬁéﬁﬂfab@xw | C e@igfler s Conf@i2B,pge@amicthill at-85h- Zlﬂldléllagloup
i ncl ude et hyl bi s(trimethylsilyl)am no] cycl opent anecar boxyl ate, ethyl 3-

[his (triwstlnperyynsthglihidienegateop rhenshe SalBabdtEameryild-aza-2,5-disila-1-
cyclopentyl)methyl|thiobenzoate, trimethylsilyl 4-[(2,2,5,5-tetramethyl-1-aza-2,5-disila-

1-cyclopentyl)methyl]thiobenzoate, ethyl 2
[(trimethylsilyl) (methyl)amino]thiobenzoate, phenyl 3
[(trimethylsilyl) (methyl)amino]thiobenzoate, trimethylsilyl 4-
[(trimethylsilyl) (methyl)amino]thiobenzoate, ethyl 2-
[(trimethylsilyl) (methyl)aminomethyl]thiobenzoate, phenyl 3
[(trimethylsilyl) (methyl)aminomethyl]thiobenzoate, trimethylsilyl 4

[(trimethylsilyl) (methyl)aminomethyl|thiobenzoate, ethyl 2-(2,2-dimethyl-1-aza-2-sila-
1-cyclopentyl)thiobenzoate, phenyl 3-(2,2-dimethyl-1-aza-2-sila-1-
cyclopentyl)thiobenzoate, trimethylsilyl 4-(2,2-dimethyl-1-aza-2-sila-1-
cyclopentyl)thiobenzoate, ethyl 2-[(2,2-dimethyl-1-aza-2-sila-1-



[bis (trinethylsilyl) am no] cycl ohexanecarboxyl ate, ethyl 3- [bis
(trimethylsilyl) am no] cycl ohexanecarboxyl ate, ethyl 4- [bis

(trimet hywei2byltisai no] cycl ohexanecar boxyl at e, phenyl 4- PLCDITS2010/050892
(trimethylsilyl) am no] cycl ohexanecarboxylate, trinethylsilyl 3 -(2,2,5,5
-tetranethyl - 1l-aza-2,5-disila-1-cyclopentyl)cycl opentanecar boxyl ate, ethyl
4-(2,2,5,5-tetranmet hyl- 1- 42

aza- 2, 5-disil a-1-cycl opent ypcycl ohexanecar boxyl at e, phenyl 3-

Ktrimet hy|c§i:lb195éﬂty()@i%th?’ﬂ]‘bhi@lf@n&@ite?yC| oppRsfynecar gyl atgn éthiyretdyl 2ssilayl 3-
Kirimethylsilyl) (eth am no] cycl op entanecar boxyl at e, et hyl| 4- _
Ktrimet hy|cyclppqr}ty§)mt ylllthiehangeqtee yail h@%ﬁé&brlbbwf%?esipn@trlilyl-21=aza-2-511a-1-
Ktrinet hyl sil | 0| cl ohexanecar boxyl ate, trinethylsilyl 3
-(2,2 -diﬁgbﬁé%ﬁqﬁﬁﬁgggﬂﬁgagg%P%¥'1-cyc|op ent ypcycl opent anecar boxyl at e,
and et hyl [do{30]2- di nejdiytic txarpted-of alkanethiocarboxylic esters containing a silylated
sil a-1-cycl opentyl ) cycl ohexanecar boxyl ate. [00136] Speci fic exanpl es of

cycl oal ker@tiapbogiydurc delade cewwhi nibigtadmethylsibt aniagithipagedtp i Adlde3-
ethyl 4-[histtrinmethvl silyl)an nolcycl.ogpent ene-1-carhgxyl ate, phenyl

A4bi s(tri R@Fﬁﬁ? rg%@%@%%%‘%%)?r% Aefdetaren: boxyl ate. HHCYEt byl Sityl 3
4- (2, 2, 5, §bis(trimethylsilyl)amino]thiopropionate, trimethylsilyl 4-
tetranethyl;l-aza-§,5-dis[la-l-cyclopent pcycl opent ene- 1- car boxyl ate, et hyl
4- (2, 2, 5, gbisttgimetmishyl)aminelsiobytysateqed YlaSﬂbegkm@ptféfrlﬁlbfll))arréy@ﬁbmﬁ@ﬁ@te,
1- car boxyl _at 4- Ktrimethyls | et hyl mi. N cl.o nt.en

1 car boxysny! PEEREtefra T el ST e bR PR R Rl
ent ene - 1 earhioxyirainettsi NydA-=2 Kidisinet kytlsp b)) thisptdpibratem rellylcygl(glrexsne-
1- car boxyl at e, phenyl 4- Ktrinethylsily1¥ (ethyl’) am no] cycl ohexene-

1- car boxyItetrametlyilieazay?.8idisija- h-cydopentybithigbhiyirate] pheaylp5-(did no>-tatrapetvp-

envl) /S 8B £5L0e JRE BRI RasPDg, £ (2.2 St e 2

of het er ogyein &hoRIPOKMEIHSRSiig6EhibABE@td) Ng a silylated ethyl
[(trimethylsilyl) (ethyl)amino]|thioacetate, phenyl 3-
[(trimethylsilyl) (methyl)amino]thiopropionate, trimethylsilyl 3-
[(trimethylsilyl) (ethyl)amino]|thiopropionate, ethyl 4-
[(trimethylsilyl) (methyl)amino]thiobutyrate, phenyl 4-
[(trimethylsilyl) (ethyl)amino]|thiobutyrate, trimethylsilyl 5-
[(trimethylsilyl) (methyl)amino]thiovalerate, ethyl 5-
[(trimethylsilyl) (ethyl)amino]thiovalerate, ethyl (2,2-dimethyl-1-aza-2-sila-1-
cyclopentyl)thioacetate, phenyl 3-(2,2-dimethyl-1-aza-2-sila-1-
cyclopentyl)thiopropionate, trimethylsilyl 4-(2,2-dimethyl-1-aza-2-sila-1-
cyclopentyl)thiobutyrate, and ethyl 5-(2,2-dimethyl-1-aza-2-sila-1-

cyclopentyl)thiovalerate.

[00140] Specific examples of alkenethiocarboxylic esters containing a silylated
amino group include ethyl 3-[bis(trimethylsilyl)amino]thiocrotonate, phenyl 3-
[bis(trimethylsilyl)amino]-4-thiopentenoate, trimethylsilyl 3-
[bis(trimethylsilyl)amino]-5-thiohexenoate, ethyl 3-(2,2,5,5-tetramethyl-1-aza-2,5-
disila-1-cyclopentyl)thiocrotonate, phenyl 3-(2,2,5,5-tetramethyl-1-aza-2,5-disila-1-
cyclopentyl)-4-thiopentenoate, trimethylsilyl 3-(2,2,5,5-tetramethyl-1-aza-2,5-disila-1-
cyclopentyl)-5-thiohexenoate, ethyl 3-[(trimethylsilyl)(methyl)amino]thiocrotonate,



am no group include ethyl
5-[bis(trinmethylsilyl)am no]-2-pyridi necarboxyl ate, phenyl 5- [his

(trimet hywei2byltissai no] - 2 -pyrim di necarboxyl at e, t ri meChguiSsolop5E92
-(2,2,5,5 - tetranethyl- l1l-aza- 2,5 -disila-1-cyclopentyl) - 2

-pyridi necarboxyl ate,ethyl5 -(2,2,5,5 -

tetramet hyl-1-aza- 2, 5-disila-1-cycl operft3yl) - 2- pyri m di necar boxyl at e, phenyl 5
- 41 Ktrinethylsilyl)(nmethyl)am no]-2-pyridi necarboxyl ate, trimnmethyl silyl5-
Ktrimet hylp‘hleh}’ll) (et Bla{tt)raﬂ@tﬁpllsﬂak) pthyghnatAthewstaie et hyl dmethylsilyl 3-
Ktrimethylsilyl)(nmethyl)am no]-2-pyrimdinecarboxyl ate, phenyl 5-

Kt ri met hyl[6irinyat ykjtlyﬂ)(rpathyh)@]fnlgowrthmpamfé@a?%oxy| ate, trathdthylsilyl 3-
5-(2, 2-di Q t pyrldlnecar | ate, and eghyl
5-(2, 2- d|g@%ﬁx%%X%ﬁ¥ga§ﬁy@%W%“ﬁthn8§$“¥%gm% pypgg% |necarboxylgte

00138] SDEEthrfrhéthWSﬂmr)tlﬁét}@fl)aﬂflﬁﬂﬁslthml@k@ﬁiéyél c estersHm@fﬁﬁmlylng a 3-
yl ated am no grou6§|nclude et

il
[bis(tr |[ﬁlﬁtm€;/tlh§15lly athybopinldbere beeaoast hythys. 3-(2,2-dimethyl-1-aza-2-sila-1-
'[ s(tri el H%QR lt})ulogllor%&]létlg,'t ﬁPgnglegalt €, e&ﬁl 1melih§l 1-aza-2-sila-1-cyclopentyl)-4-

bIS(trI am no oate

s(tri rr&hizmleﬁtelrmbﬁeam aa] t hiriekanzeayle, 3-(2, 2 -dimethyl-1-aza-2-sila-1-cyclopentyl)-5-
s(trimethylsilyl)am no]thiobenzoat e,

i
i
i s(triméhi BS@Nyﬁ9an1nonethyl]thlobenzoate,
i
i
i

: :gt If: g&bﬁ%ﬂ&j : g: ggpm(:%c%ﬁ'u 4 %hlfo Eﬁzoa{ocarboxylic esters containing a silylated
I s(tri mefitinbSgdoyip) syl uirmettyy | 3-{ihik abienethflsBy]) atro)et-thiibsédtyhdate, phenyl 3-
[bis(trimethylsilyl)amino]-5-thiohexynoate, trimethylsilyl 3-(2,2,5,5-tetramethyl-1-aza-

[
S
2-
[ bi
4-

[ bi
[ bi
[b
[ bi
[b
[ b

2,5-disila-1-cyclopentyl)-4-thiopentynoate, ethyl 3-(2,2,5,5-tetramethyl-1-aza-2,5-
disila-1-cyclopentyl)-5-thiohexynoate, phenyl 3-[(trimethylsilyl)(methyl)amino]-4-
thiopentynoate, trimethylsilyl 3-[(trimethylsilyl)(ethyl)amino]-4-thiopentynoate, ethyl
3-[(trimethylsily]) (methyl)amino]-5-thiohexynoate, phenyl 3-
[(trimethylsilyl) (ethyl)amino]-5-thiohexynoate, trimethylsilyl 3-(2,2-dimethyl-1-aza-2-
sila-1-cyclopentyl)-4-thiopentynoate, and ethyl 3-(2,2-dimethyl-1-aza-2-sila-1-
cyclopentyl)-5-thiohexynoate.

[00142] Specific examples of cycloalkanethiocarboxylic etsters containing a
silylated amino group include ethyl 2-
[bis(trimethylsilyl)amino]cyclopentanethiocarboxylate, ethyl 3-
[bis(trimethylsilyl)amino]cyclopentanethiocarboxylate, ethyl 2-
[bis(trimethylsilyl)amino]cyclohexanethiocarboxylate, ethyl 3-
[bis(trimethylsilyl)amino]cyclohexanethiocarboxylate, ethyl 4-
[bis(trimethylsilyl)amino]cyclohexanethiocarboxylate, phenyl 4-

[bis(trimethylsilyl)amino]cyclohexanethiocarboxylate, trimethylsilyl 3-(2,2,5,5-
tetramethyl-1-aza-2,5-disila-1-cyclopentyl)cyclopentanethiocarboxylate, ethyl 4-
(2,2,5,5-tetramethyl-1-aza-2,5-disila-1-cyclopentyl)cyclohexanethiocarboxylate, phenyl
3-[(trimethylsilyl) (methyl)amino]cyclopentanethiocarboxylate, trimethylsilyl 3-
[(trimethylsilyl) (ethyl)amino]cyclopentanethiocarboxylate, ethyl 4-
[(trimethylsilyl) (methyl)amino]cyclohexanethiocarboxylate, phenyl 4-



et hyl 2- ethyl 3- ethyl 4- phenyl 3- trinethylsilyl4-
[bis(trimethylsilyl)am nonet hyl]thi obenzoate, ethyl

2-(2, 2, 5%0tetvamBtthyl- 1- aza- 2, 5- disil a-1- cycl opent ypt irCohsSa@oas@s92 pheny|
3-(2,2,5,5-tetramet hyl-1-aza-2,5-d isila-1-

cycl opent ypt hi obenzoate,trinethylsilyl4-(2,2,5,5-tetranethyl-1-aza-2,5-d

i sila-1- cycl opentypthi obenzoate,ethyl 24 [(2,2,5,5-tetranmethyl-1-aza-2,5-d
i sila-1- cyclopentyl)nethyl]thi obenzoate, phenyl 3-

[(2,2,5,5- [(t@irﬁ&'l’i?lshy?(e]thﬁl%@m?n(ﬁC}ﬁtl(blﬁdxbﬁeth'loca@b!@)ly(lm@nt y e dity ki obengnat e,
trlnethyI5|IyI opentyl ) met hyl ] t hi obenzoat e

Ktri met hy|cglin|e§}yy)l-(ln@qah%r|syl@1ﬁrqy§]op|qp% g]@gg@tanethlocarboxylate and ethyl 4-(2,2-
E{ : : gt Ezldzlinl M‘% ﬁ%z{aw- %lgm J'O opg] {éltbfch{%f%%%xanethlocarboxylate

Kt ri met hyl[eod44) (et Wéc)ﬁtm aaapilay | 4t Qy@lb@llkéﬁ@tﬂqﬁ)carboxyhc esters containing a
KtrlnethyIS|I (met hyl ) am nonet hyl ]t hi obenzoat e

Ktrimet hylsslyla@ ( ARy | gmﬂpnowﬁmﬁlyl ]Etthylob‘érhlzlé@trlénethnlzﬂy&%mw erignenterahyl |
t hi ob enz hen | 3- [ 2- d| z

cycl opent 3/?111)0 ttehl Oé%%nzyoat g'?[ﬁ t&l et% ?S%lxg)?mlr?Qchlohexene 1-thiocarboxylate,
4-1(2, 2- dltﬁﬁidﬂb@lmlylaza L 32)55- ﬂetramgﬂhgp@ratzylz)s -ariilayl-tydépalyBazdiicitene-1-

thiocarboxylate, ethyl 4-(2,2,5,5-tetramethyl-1-aza-2,5-disila-1-
cyclopentyl)cyclohexene-1-thiocarboxylate, phenyl 4-
[(trimethylsilyl) (methyl)amino]cyclopentene-1-thiocarboxylate, trimethylsilyl 4-
[(trimethylsilyl) (ethyl)amino]cyclopentene-1-thiocarboxylate, ethyl 4-
[(trimethylsilyl) (methyl)amino]cyclohexene-1-thiocarboxylate, phenyl 4-

[(trimethylsilyl) (ethyl)amino]cyclohexene-1-thiocarboxylate, trimethylsilyl 4-(2,2-
dimethyl-1-aza-2-sila-1-cyclopentyl)cyclopentene-1-thiocarboxylate, and ethyl 4-(2,2-
dimethyl-1-aza-2-sila-1-cyclopentyl)cyclohexene-1-thiocarboxylate.

[00144] Specific examples of heterocyclic thiocarboxylic esters containing a silylated
amino group include ethyl 5-[bis(trimethylsilyl)amino]-2-pyridinethiocarboxylate,
phenyl 5-[bis(trimethylsilyl)amino]-2-pyrimidinethiocarboxylate, trimethylsilyl 5-
(2,2,5,5-tetramethyl-1-aza-2,5-disila-1-cyclopentyl)-2-pyridinethiocarboxylate, ethyl 5-
(2,2,5,5-tetramethyl-1-aza-2,5-disila-1-cyclopentyl)-2-pyrimidinethiocarboxylate,
phenyl 5-[(trimethylsilyl)(methyl)amino]-2-pyridinethiocarboxylate, trimethylsilyl 5-
[(trimethylsilyl) (ethyl)amino]-2-pyridinethiocarboxylate, ethyl 5-
[(trimethylsilyl) (methyl)amino]-2-pyrimidinethiocarboxylate, phenyl 5-
[(trimethylsilyl) (ethyl)amino]-2-pyrimidinethiocarboxylate,  trimethylsilyl  5-(2,2-
dimethyl-1-aza-2-sila-1-cyclopentyl)-2-pyridinethiocarboxylate, and ethyl 5-(2,2-
dimethyl-1-aza-2-sila-1-cyclopentyl)-2-pyrimidinethiocarboxylate.

[00145] In one or more embodiments, the carboxylic or thiocarboxylic esters
containing a silylated amino group can be synthesized by silylating a carboxylic or

thiocarboxylic ester containing a primary amino group (i.e. -NH9) or a secondary amino

group represented by the formula -NH(R), where R is a monovalent organic group such



[ 00139] Speci fic exanpl es of al kanet hi ocarboxylic esters containing a
silylated am no group include ethyl[bis(trimethylsilyl)am no]thioacetate,
et hyl 3- Wwbie(ttosi3set hyl si | yl ) am no] t hi opr opi onat e, phenyP8T/US2010/050892

[ bis(trimethylsilyl)am no]thiopropionate, trinmethylsilyl 4-

[ bi s(trimethylsilyl)am no]thiobutyrate, ethyl

54bi s(tri nmet hyl si |l ypam no]t hi oval er at e,45henyl
(2,2,5,5-tetranet hyl-1-aza- 2, 5-di sil a- 1- cycl opent ypt hi oacet at e,

tri met hyl sisl ¥ lhydrocarbyl or silyl group. Exemplary silylating reagents include trialkylsilyl
(2,2,5,5-tetranet hyl-1-aza- 2, 5-di sil a- 1-cycl opent ypt hi opr opi onat e, ethyr
4-(2, 2,5, halides, rla%rét%glﬂlomdamstmf,lslydi)ieﬁha% Rnghieiadpasiby it ropiatangsalionieny |
5-(2,2,5, 5 r -. . . . .

T aoasy. 5 bl 308 A distulainen mvabe paed 1 AHiEligs dh g formed during the

Kt ri met hylssiylayibh (e®dcioyl ) am no] t hi oacet at e, et hyl
Ktrimethylsilyl)(ethyl)am nojthioacetate, phenyl 3- o .

Kt ri met hyl[@Ol%]) ( dermyans elofheriaspeopiconathéocarperatlisyassen ¢angaining a silylated
Ktrimet hyl si.l y1).(ethyl 1.0 hi ppropi ena hyl 4- . . .
et Y B L TP A0 REG AP pore to vied the funcionatise

Kt ri met hylpsilyniidy Echhyiny amtisioinaltidebuad batarious rrtdrgliellding-the type and amount
Ktrimethylsilyl (nethyl)anino]thiovalerate,eth{IS- .
Kt ri met hyloi ¢3falystetuspdl ) tarissiofhiasizey sl rrgaetive mpplyme and; Hea tdesiredadegree of
-sila-1- lLopent vl )t hi oacet at e, phenyl.3 - (2 -diyet hyl-1-aza-2.-sila-1-
cycl opent YIS RRBDAMb MRS MRS ieats whsrhIE R Qrap@gfies i fiepBick
cycl opent yt finploying atigndadricydsed (Atdyst iid Bynbuht @Fah@-estdraembployed can be

cyclopentxpth[ovalerate. . . .

escribed with reference to the lanthanide metal of the lanthanide-containing
compound. For example, the molar ratio of the ester to the lanthanide metal may be
from about 1:1 to about 200:1, in other embodiments from about 5:1 to about 150:1, and
in other embodiments from about 10:1 to about 100:1.
[00147] In one or more embodiments, in addition to the carboxylic or thiocarboxylic
ester containing a silylated amino group, a co-functionalizing agent may also be added to
the polymerization mixture to yield a functionalized polymer with tailored properties. A
mixture of two or more co-functionalizing agents may also be employed. The co-
functionalizing agent may be added to the polymerization mixture prior to, together
with, or after the introduction of the ester. In one or more embodiments, the co-
functionalizing agent is added to the polymerization mixture at least 5 minutes after, in
other embodiments at least 10 minutes after, and in other embodiments at least 30
minutes after the introduction of the ester.
[00148] In one or more embodiments, co-functionalizing agents include compounds
or reagents that can react with a reactive polymer produced by this invention and
thereby provide the polymer with a functional group that is distinct from a propagating
chain that has not been reacted with the co-functionalizing agent. The functional group
may be reactive or interactive with other polymer chains (propagating and/or non-
propagating) or with other constituents such as reinforcing fillers (e.g. carbon black)

that may be combined with the polymer. In one or more embodiments, the reaction



[ 00140] Speci fi c exanpl es of al kenet hi ocarboxylic esters containing a
silylated am no group include ethyl

3-[ bi s(t rwoebtid4siskyl ) am no] t hi ocr ot onate, phenyl 3- PCT/US2010/050892

[ bi s(trimethylsilyl)am no]-4-thiopentenoate,trinethylsilyl3-
[bis(trimethylsilyl) am no] -5 -thiohexenoate, ethyl 3- (2,2,5,5
-tetranethyl-1-aza-2,5 - disila-1-cycldl® entyl) thiocrotonate, phenyl 3
-(2,2,5,5 -tetranet hyl-1-aza-2,5-disila-1- cycl opentyl)-4-thiopentenoate,
tri met hyl siebwbeBt{elsofulclioh Bl Bidht hnd-thE deattive PoBirhé- proceeds via an addition
cycl opentyl) - 5-thi ohexenoate, ethyl

3- Kt ri et i@ylsabsttuyiopseastiopan nol t hi ocrotonate, 43

phenyl 3- Kt p} hyl,si (e I ] NO i ocroto e, trinet il.yl 3- .
o1 et ny DT BRSO RIS hL Sy provice

Kt ri met hylasfuhydod8tdiylp attmodndtof RipoBenéeaat evigfirnydiding two or more polymer
Ktrimethyl silyl)(methyl)am no]-5-thiohexenoate, trinmethylsilyl 3-
Kt ri met hylc8ping 1tpgethiy| 3sanieh ols- @mpawids xdabgae covplgygr join two or more polymer

52,2 TR a6 PR PR RS LRB et Rl

tri nmet hyl sifkylfuctidpdliZingdiagBlitldyhay ds@Barderretltaad céyslingpgehys. ) - S-
t hi ohexenoate. [00141] Specific exanpl es of al kynethi ocarboxylic esters
cont ai ni nd0813Q]| yllatoag cinnate gmdagimentsueeluackHonalizing agents include compounds

3- [ bi s(tripethyl %%Alggll_ gﬁ?r%]rg]oa]E%éﬁotgk&g%gttﬁg§§{y§?erpcr}]l%ﬂ¥ ![Iﬁ%;agltif%ar §rr£b<o§1,ir§?%t,55

[ bi s(trinmethyl sl i ohexyn trime

-t et r amet kyfudctdgrddizhg flieitd rchidey®boo® estypblind 4 tHdivoipariparoatienctRinay bredip
-(2,2,5,5 -tetranethyl-1-aza-2,5 - disila-1-cyclopentyl)-5-thi ohexynoat e,
phenyl 3- Ketherpohyiesidhpin (onfermmd jumnetinndlized pdiywpe thagmeduess the iSREE hysterdsyd

3-Ktri t | si 1 t | ] -4-1hi { t h . .
3Kt 11 et ROFSE1Y S CRBIGNS MR Shieab rRB R Bomh fynctpnalized polymer as
Ktrimet hylcghdpated € Bivhildrbabsd n-BracRifPREXNMQA Aited %ﬂe@ﬁ?éﬁ’ kil ¥bn-functionalized

3-(2,2-dimethyl-1-aza-2- sila-1-cyclopentyl)-4-thiopentynoate, and ethyl 3
- (2, 2- di nwolwmerl -lapae?rmireanbodipehtspdns yeaducBon i bjssryasialoss is at least 5%, in

&'yl at o HUgRBRBIRer ey PYE SphTE Spier R e Fe kT Ry * " e ®
cycl opent gpgidtjocan beney loat Bofd RYAbIdilbhe, ulthhRt Ay hdidivhiliAlL Ments include
cycl opent anet hi'ocar boxyl at e, et hyl 2-

[ bi s(trimehesd somppbyiads rbiic gehghe ganephithatantyx yéast ewish hthe3reactive polymers
produced in accordance with this invention. Exemplary co-functionalizing agents
include ketones, quinones, aldehydes, amides, esters, isocyanates, isothiocyanates,
epoxides, imines, aminoketones, aminothioketones, and acid anhydrides. Examples of
these compounds are disclosed in U.S. Pat. Nos. 4,906,706, 4,990,573, 5,064,910,
5,567,784, 5,844,050, 6838,526, 6977,281, and 6,992,147; U.S. Pat. Publication Nos.
200670004131 A1, 2006/0025539 A1, 2006/0030677 Al, and 2004/0147694 A1l;
Japanese Patent Application Nos. 05-051406A, 05-059103A, 10-306113A, and 11-
035633A; which are incorporated herein by reference. Other examples of co-
functionalizing agents include azine compounds as described in U.S. Serial No.
11/640,711, hydrobenzamide compounds as disclosed in U.S. Serial No. 11/710,713,
nitro compounds as disclosed in U.S. Serial No. 11/710,845, and protected oxime
compounds as disclosed in U.S. Serial No. 60/875,484, all of which are incorporated

herein by reference.



[ bi s(trimethylsilyl)am no]cycl ohexanet hi ocar boxyl at e, et hyl 4-
[bis(trimethylsilyl)am no]cycl ohexanet hi ocar boxyl at e, phenyl 4-

[ bi s(tri mneohyl1gi4h384) am no] cycl ohexanet hi ocar boxyl at e, t r iPEEUSPI19i065089B- ( 2, 2, 5
,5- tetranethyl- l-aza-2,5

-di sila-1-cycl opentyl)cycl opent anet hi ocar boxyl ate, ethyl 4- (2,2,5,5
-tetranmethyl - 1l-aza-2,5 -disila-1-cycl dfentyl)cycl ohexanet hi ocar boxyl at e,
phenyl

3-Ktrinet fWOﬁSZ]yl)Iﬁ rpatrhwlhlamﬂn)@hﬁﬁ@rht@pmt@:ﬁmhu@ﬁ@uzb@ug@ite,etrﬁpm@é&maslBell 3
- Ktrimethylsilyl)(ethyl)am no]cycl opent anet hi ocar boxyl at e, et hyl 4-

Kt ri met hymeetel hplides myétpleidnbalides) atkexgsings, o@at%cmybcmyéatph rgcarbylmetal
Mrlmﬂhyl 1 I eth r t I thyl silyl 3-(2,
2- di nethy%ﬁ%%(Zﬁgéﬂéh%%gggg%% §5§%§§%93 z%%%nﬁane f@%%r %iylate and

et hyl 4-(308153)i mExbiplary- agata? silida- cbnﬁ:)tﬁﬂn@@ anélvbe tin tetrachloride, tin
cycl ohexanet hi ocar boxyl ate. [00143] feCIfIC exanpl es of

cycl oal kertetAbisaridpobiy |teféa1@§t®r 8- pktia mqliléorad%mhyrlﬁltt@dtrmcwmeg ﬂwpbutﬁktlrude
ethyl 4- [Qflcsn(l})“ mat(ﬂﬁléi l‘grll) %1 hrllglll Cltlolpne% ?ngn <h orlc%caié(rtf]ﬁq%ll T cHlo?Q%l

4- [his (trlne ami no ‘ohexene t hi"ocarbo

tri Imet hyl %lel‘IYlbﬂTn( Zte&r&hl&qd@t rg@fmhﬁnmlm letBdAomie,- cyesmbarunl eatedioicent y! )
cycl op entene- 1-
t hi ocar bosoyitdgesneariymgrichlozids, di-néxitggetmgmium ¢ighlopids, afidsiri-g-butylgermanium

chloride.

[00154] Exemplary metalloid halide compounds include silicon tetrachloride, silicon
tetrabromide, silicon tetraiodide, methyltrichlorosilane, phenyltrichlorosilane,
dimethyldichlorosilane, diphenyldichlorosilane, boron trichloride, boron tribromide,
boron triiodide, phosphorous trichloride, phosphorous tribromide, and phosphorus
triiodide.

[00155] In one or more embodiments, the alkoxysilanes may include at least one
group selected from the group consisting of an epoxy group and an isocyanate group.

[00156] Exemplary alkoxysilane compounds including an epoxy group include (3-

glycidyloxypropyl)trimethoxysilane, (3-glycidyloxypropyl)triethoxysilane,
(3-glycidyloxypropyl)triphenoxysilane,  (3-glycidyloxypropyl)methyldimethoxysilane,
(3-glycidyloxypropyl)methyldiethoxysilane, (3-
glycidyloxypropyl)methyldiphenoxysilane, [2-(3,4-
epoxycyclohexyl)ethyl]|trimethoxysilane, and [2-(3,4-

epoxycyclohexyl)ethyl]triethoxysilane.

[00157] Exemplary alkoxysilane compounds including an isocyanate group include

(3-isocyanatopropyl)trimethoxysilane, (3-isocyanatopropyl)triethoxysilane, (3-
isocyanatopropyl)triphenoxysilane, (3-isocyanatopropyl)methyldimethoxysilane,
(3-isocyanatopropyl)methyldiethoxysilane (3-
isocyanatopropyl)methyldiphenoxysilane, and

(isocyanatomethyl)methyldimethoxysilane.



cycl opentyl ) cycl ohexene-1-t hi ocar boxyl at e, phenyl 4- Ktrimethylsilyl)
(methyl) am no] cyclop entene -1-thiocarboxylate,trinethylsilyl4-

Kt ri met hywei2byl133et hyl ) am no] cycl op entene - 1-t hi ocar lpexyisatie/osishy| 4-
Ktrinmethylsilyl) (nmethyl) am no] cycl ohexene-1-thiocarboxylate, phenyl 4-
Ktrimethylsilyl) (ethyl)am no]cycl ohexene-1-thiocarboxylate, trinethylsilyl
4-(2,2 - dinmethyl-1-aza-2 -sila-1-cycl o8 entyl) cycl op entene

-1-t hi ocarboxyl ate, and ethyl 4-(2,2- dinethyl- 1-aza-2 -sila- 1-cyclop
entyl) quboiweqen@xeﬁqﬂdmﬁzqgafab@zwoayme b6 pédhEpreiddectie xaniletatoftin bis(2-
het erocyclic thiocarboxylic esters containing a silylated am no group

i ncl ude etefyylhemsiagte)raneetinPisénegdsaanemdt ) 2- pyri di net hi ocar boxyl ate, phenyl

5-Tbis(tri | si 1. NQL-.2- pyri m. di i ocar I b | S| _5-
o2 S B, = AR AT RSB SRS

- pyri di netelihyABatdpeuyd, at esi-reblydtid- 2AtRylheandaed, r amEthpdtylti@zandedecanoate,
-disila-1-cycl opentyl) -2 -pyrim dinethiocar boé%lyat e, phenyl o

5- Kt ri met Wyilsobuyiin Feethylbexnnorsp- dippgnyldnns (- eduatsssyraiel, ditnrbuithy bii(Zy |
TR BB o AL 530 B8 e, anc
Ktri met hyInsbllngzmiﬁeﬁb@g-é@mmn&t@yri m di net hi ocar boxyl ate, tri nmet hyl sil yl 5-(
2,2- dinet h(\)/l - 1-aza-2 -sila-1-cycl opentyl)-2- rt))yri di net hi ocar boxyl ate, and
ethyl 5 -([00%260] diExempjary] hggepcarbylmetal ester-carboxylate compounds include di-n-

-sila-1-cycl nt - 2-pyrim.di net hi ocarboxyl at e, 14 I ne ,or r
enboai ment o Ffie RSP CE) ¢ B BeaRRER G DR o o RI540K; PG e
anmi no gr ouRngmAldee)syntdiasbagaiby Shisyl-athyliexgladedeyy! i di-@rodatiacar baxy!l i ¢
ester containing a primary amno group (i.e. -NH2) or a secondary am no
group r eprestdhesdmpieatheadbdiphieny tinkiry -ethybesylmadleata).ronoval ent  or gani ¢

o 0up s ucliofene 3 NS SFLBY Py ab A BSH, kEHRIP LR g,

and trial kydraédhwdydin,i f | uesteraigrapesiid, onat @traisdprsgoxydich astetralebiydgtihne,

T D e rhi2obatoxytin, totra-tbutosytin, and tetraphenogytin, 7 o o reaction
[00162] The amount of the co-functionalizing agent that can be added to the
polymerization mixture may depend on various factors including the type and amount of
catalyst used to synthesize the reactive polymer and the desired degree of
functionalization. In one or more embodiments, where the reactive polymer is prepared
by employing a lanthanide-based catalyst, the amount of the co-functionalizing agent
employed can be described with reference to the lanthanide metal of the lanthanide-
containing compound. For example, the molar ratio of the co-functionalizing agent to
the lanthanide metal may be from about 1:1 to about 200:1, in other embodiments from
about 5:1 to about 150:1, and in other embodiments from about 10:1 to about 100:1.
[00163] The amount of the co-functionalizing agent employed can also be described
with reference to the carboxylic or thiocarboxylic ester containing a silylated amino
group. In one or more embodiments, the molar ratio of the co-functionalizing agent to
the ester may be from about 0.05:1 to about 1:1, in other embodiments from about 0.1:1
to about 0.8:1, and in other embodiments from about 0.2:1 to about 0.6:1.
[00164] In one or more embodiments, the carboxylic or thiocarboxylic ester

containing a silylated amino group (and optionally the co-functionalizing agent) may be

introduced to the polymerization mixture at a location (e.g., within a vessel) where the



[ 00146] The anpunt of the carboxylic or thiocarboxylic ester containing a
silylated am no group that can be added to the polynerization mxture to
yi el d t hewbuntiisossal i zed pol ynmer of this invention nmay @#€parsdoio0508azi ous
factors including the type and anbunt of catalyst used to synthesize the
reactive polymer and the desired degree of functionalization. In one or
nore enbodi ments, where the reactive pal9ner is prepared by enploying a

| ant hani de- based catal yst, the anmount of the ester enployed can be

descri bed paljhefigftRmnaiicd ek chh@udtadt hastheeeBbaim&its,ith€ ester may be introduced

| ant hani de- cont ai ni ng conpound. For exanple, the nolar ratio of the ester
to the | aneh#lif deolymerratiery mixtfiromtaBodecation tthatghisueistipot romn wieger the
enbodi nents  fr u 2L 1o ut - 150: nd, i t her ients fr
about 10+ Popeh et be? doaBhS " 1 ke St By M LR o PR,
to the carga®yiérigaton mikteeantowl stfeaast@sels anélad st venssiday] aaetbradt ks,
group, a co-functionalizing agent may al so be added to the pol ynerization
m xture tdnyinglrgagtorsmonixehnkkradesodstrsolatilizers ai | ored properties. A

m xt ure of or yore co-functi | j.zin nt.s_.may..al so .he |.oyed, .The
cofunctio*gﬁ¥€§MgI%ggﬁ% %ﬁfH%éaéﬁggﬁh 8“gh2§%of§ﬁ%?'%gté%%gﬁ¥§ﬂ%¥ Mgr?%?r
to, toget hghtathing.a Glylabd @mihd@roul (ARUSHtiGMANQTthE 6-fes¢tRInalikihgQiR@n O cafise
enbodi ments, the cofunctionalizing agent is added to the polynerization

m xture atrep@adwith tHenigpedvepolymer;aitestahdgsiefypanomar soriersiends adgevethbues
after, and in her . enbodi. nen at | east inutes after the introduction
of the aoreitetbB PAIPRASTE S k"Bt Bt b Sl iedndndt BobRg ki
i ncl ude cemPYdMEGSNe! tHeRgenbs behatercat de@cindMtidraactieapblyneerifhy fe place
produced by this invention and thereby provide the polyner with a

f unct i onalwigtisg9 miaites,dn @itker erabodimeamta withbp againutes ehdiim otherterpediments
been reac%%%imﬁth the co-fun tion%!iz'n%%%ggnt The functionahegr up nagrbe

. 1. .one 1nute a %I' the ]%ea Ollpln n.'temp rature 1s reac g l/’I one
reactive or TRteractive Wih ot e Bory ai nePEpt opagat i%gandr of

non- pr opagadeNhbédimiintd) thd ReictioAmetivbaie tHeSettiCin@the Riabfied foehelricah@ceur
(e.g. carbon black) that nmay be conbined with the polynmer. In one or nore
enbodi nentosice tthe pesdicpolymerizatipettpameratee do-reashed ohnlathegmbgeimenind thae
reactive F%gélé‘t{a“r{ HREISSENTe i Atk AYM FHeQ{hvor palBSs “o%gmf %ﬁg}ltﬁg're[agt?\;'ed'g]
Useful co-Ttunctionalizing agents may i nclude céhpoun S that “sinply provide
a functi opalyrgéeotps dtet Reoread 1af oige OISR ertibadim atits, @UtsthRighi sTdhkWealtive
more pol ymer chains together, as well as conpounds that can couple or join
two or noMOLPBEE WEFUrEhati FBOMotERIMIAtUFE 201a belgve trioemaltempetedgie vadeb@am Hert
singl e mace lecule. The | atter . of co-functi.onalizin en | so
be et orr SPSHE Lo oot Thgr d0ef: emEPRisten i DRgtgh Hsheog ST AR o
co-funct i gaadtival pifyeemiag thiChldeeaCoOrmepetdturk Maim wbhblit BEIEC @& aHoWRasy °8, and
heteroatomto the pol yner chain. In particul ar enbodi nents, .
co- funct i dhalthei sybeganertsi ffemudeouthe@e Cownpbedds0@ hst wihe tilmgaequised for
functional_ gr tQ th al r chain.to feorma functional.i o] . that
educes. 1 180 Bea PEGRE VOTeof 1AL Bk PabTE] RaktPe hRARY FBERRoY ol
prepared fs@ptddiehfayiied typRanidzesh e loy Y caslysoiseare Préphrg ithé Féiktive polymer,
carbon-black filled vul canizates prepared from non-functionalized polynmner.
I n one or there@penbodi amaust afhitke restieict 2orvelh asysher emperpbye ps whichefha
5% in other enb?dinents at | east. 109% aqd in other eandlnen S At | east

l_lL ct 1 C mbodiments,.the

onalization réaction is, conducted, n one more ) reaction
15% [001 N0AE O THoT 8 eRbodi Ten 5, ‘sui ab) &"€S-FUnet i ona I'ZI'ng agent s

include t hRsRe&OTROURES iMBLhEGRAGIVR PORURS ddhabe BAYdUERE! ford dHDUENED to 60
reactive polymers produced in accordance with this invention. Exenplary
co- funct i dm@liesi ng agents i nclude ketones, quinones, al dehydes, am des,

esters, | ates, Isothjiocyanate epoxj des,, | m.nes 1.noket pnes, ..
i not hi o0 LRSSt Arah SR PbElm SR Mot PR, BERIRICHRE Brgive
di scl osed pollyrhkSandPalie c¥BSxyHs 90 hidE4rbogylROEtEY aontﬁir@@gla%ﬂglat&i atind %ﬂoup
5, 844, 050, 6838, 526, 6977,281, and 6,992, 147; U S. Pat. Publication Nos.
2006/ 0004 181d Aptiopalys the zg4Bactignalizipgearos0 by bapn agermplidwdoay vealesed, a
Japanese Pat . |i.cation S: . 05-051406A, 05-059103A 10- 306113A d
13 055 6a e R SO BoaBBRL o R URR A N YRS T olfirdd W €%
cof uncti ongh¢t@mMrarBRnbstwEad Hiteraaztine poBTRAUAS thS et Cinbb@hte Ainy. rBsidual
Serial No. 11/640, 711, hydrobenzam de conpounds as disclosed in U S. Serial
No. 11/710,713, nitro conpounds as disclosed in U S. Serial No. 11/710, 845,
and protected oxime conpounds as disclosed in U S. Serial No. 60/875, 484,
all of which are incorporated herein by reference. 47 [00152] In
particul ar enbodi nents, the co-functionalizing agents enpl oyed may be netal
hal i des, netalloid halides, alkoxysilanes, netal carboxyl ates,

hydr ocar byl net al car boxyl at es, hydrocarbyl netal ester-carboxylates, and
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gl yci dyl oxypropyl ) met hyl di phenoxysi | ane, [ 2- (3, 4- epoxycycl ohexyl) ethyl]
tri met hoxysi |l ane, and[ 2- (3, 4- epoxycycl ohexyl) ethyl] triethoxysilane.

[ 00157] Bxerplizys3al koxysi | ane conpounds i ncl udi ng an i POTNBAEADASGPDUP

i nclude (3 -isocyanatopropyl)trinmethoxysilane, (3

-i socyanat opropyl )tri et hoxysil ane, (3- isocyanatopropyl)triphenoxysil ane, (3
-i socyanat opropyl ) nethyl di met hoxysil arkd, (3 -isocyanat opropyl)

met hyl di et hoxysi | ane(3- i socyanat opropyl ) net hyl di phenoxysi | ane, and

(i socyanatres@iveypolyBiehyhdingphha@rysinhatieate th8 datia8dr Emalgpt ab)pBREAs. The
car boxyl ate conpounds include tin tetraacetate, tin bis(2- ethyl hexanaote),
and tin bisepevasessianey incluEsTPtECempoany, Wiyighdearess et isnog Hpbierypsine
conpounds _i nel ude i tin.2- hyl hexan rl-n- t o

2 ot nyl nedibab dEbiBRERNIA o Ehia s h ARG OF o S fiedy AR antioxidane
2- et hyl hexadpat ,6-di-ireBytylismbtislgh@idh vhdiesaaaaé® hlondiwith, efyte bR afes (e
et hyl hexanoate), di-n-butyltin bis&neodecanoate),_phenyltin .
tris(2- et dHEoefdhe drenghag AsHut Yihe anpunt jo§ tire attioxidat savdexed mppbe éothe
Exenpl ary hydr rhyl .netal .ester: xylate ¢ unds, | pgcl i -nbutyltin
bi s(n oot yTial LA GEAR B Fnf 8L Y foflifor RERRTCyAdBfbTR, tbs P!

(noct yl malpgad€gt.caflibeiliktat dedrbyidiliZg &4 BY kb ene/potiineatvellich éhaybeoi@ttlb forin of
bi s(2- ethyl hexyl mal eate), and di phenyltin bis(2-ethyl hexyl nal eate).
[00161] Erehlyaiey Gesteilt ¢l RIXINGE disipbhehes susirdnged iai menpowey:t jRractice of the
di et hoxytin, tetraethoxytin, tetra-n-pr iR, tetrai,sops Xyt n
tetra-n. bl B AT ot droneh SO T ApaRpEKt shaichbd FORIGEE Sh Reretore

t et r aphen@¥)tédtiora@@ddahtsTihay detidded Tk, o, I5e5E phifu el bl i ofi B rRi@ed thalt hady
can be added to the polynerization m xture may depend on various factors
i ncl udi ng beranplpped tmhi%nburrﬁre@fot daritedytet arggwdictadlssgarafids oids, naphtheaietgilse
pol ymer and the desired degree. of functional.jzation. o} r

brboar mentose i G §ES B FOut oty R ARk b Blhe YR TPAB! AP aRAE, and
| ant hani derehaggapiadbalcysk, the ambunt of the co-functionalizing agent
enpl oyed can be described with reference to the |anthanide netal of the

| ant hani dd0@btelai tineg dhbepoahanenatioax apixtece thas hsear quentleedf théevarious

about 200011 eBf: P Bk bl e @R ofPURER TRSr P leckBrd 15T PR he'

about 200:° er enb romabout 5.1 t0 a ., and in

ot her enbeghmwnients; afe abtehcte@: hohomabatiin bO0ictovdRA1A3n The pRpuBtiz&iord he
co-functionalizing agent enpl oyed can al so be described with reference to

t he car boxyixtureoFor praseplebdrynoronaet en keotistlled gmathsinojymaedzntion mixteiedup.
0 one o IS GRBgLERNGY 4l PR o EbL Bofl ehiBafifeldnril AiAUIEL R Agent

to the ester roma . 0O a _|n other e rreﬁ’t
from aboutentpldydd tte pdinske Gh8:rhonamdr i ot igé INRALHIBRIS rhix@iReab@iiceOtis 1

to about 0.6: 1.

monomer has been removed from the polymerization mixture, the monomer may be
purified, stored, and/or recycled back to the polymerization process.

[00168] The polymer product may be recovered from the polymerization mixture by
using techniques known in the art. In one or more embodiments, desolventization and
drying techniques may be used. For instance, the polymer can be recovered by passing
the polymerization mixture through a heated screw apparatus, such as a desolventizing
extruder, in which the volatile substances are removed by evaporation at appropriate
temperatures (eg, about 100°C to about 170°C) and under atmospheric or sub-
atmospheric pressure. This treatment serves to remove unreacted monomer as well as

any low-boiling solvent. Alternatively, the polymer can also be recovered by subjecting

the polymerization mixture to steam desolventization, followed by drying the resulting



[00164] In one or nore enbodi nents, the carboxylic or thiocarboxylic ester
containing a silylated am no group (and optionally the co-functionalizing
agent) mawohkelwoatszaduced to the pol ynerization m xture &CTASk@oAasison (e.g.,
within a vessel) where the 49 pol ynerizati on has been conducted. |n other
enbodi nents, the ester may be introduced to the polynerization mxture at a
| ocation that is distinct fromwhere tHd pol ynerization has taken pl ace.

For exanple, the ester may be introduced to the polynerization mxture in
downst r earpotansetunmic iiidi g dp\wmsidlearnd @lﬁo}'hﬁﬁ‘scaﬁfalhafblﬁsnecb%rbﬂﬂgl draatyor s
or mxers, extruders, or devolatilizers. FO 165] In one or nore

enmbodi mentdyingtibe palybisrigation srixtuie o8 Havyflierest er containing a silyl ated
am no gro d ronally the co-functjo i Zi agen e reac

wth the MO0 BhIENRE teeblFe SRURF chhahb el e BREChS: GRS bty
but bef or @ohbignipg! ¥/ BByluzRl A@MJTEIdUY Eand ofitiensife thd Yo FutiiRnaliing A@an) ard n
one or nore enbodi ments, the reaction between the ester and the reactive
pol yner migliewgktogleagietoiirofnér 300kl dup@ipnalipedpplgmesrisbigheanbs piptasiagedsor

m nutes, and,in_other, senbodi ment it hi n 1 hut f.ter the K .

ol yror | z4eitah " puBE, AR (Rt Uy ROR % R B BLRR s uE Bt m
reaction hetveembbagnati®hodRdowhavitRasy igreatiiigye@of €ataines partitaly heteak
pol ymeri zation tenperature is reached. In other enbodinents, the reaction
bet ween t B&ustirerrefaigs théhe sasidue émpartpfdp tbarpdywer chrinesng ke thepstqrvand
pol ymer h% ti%%gffy ﬁ%eocgoqgunckign e hed R § &%?ﬂ'i%tc%iatg& ?héstttgtre %g'%ccl)fre tol?ﬁqe
reactive polymer’ occurs a room%e%'perart‘ure or oW Foom terrperaE ure under
an inert gii@EPRELE] poly@Be iy M¥penaThesh NRiffots falrkeachi a8 et varNtdRe
ester and the reactive polyner may take place at a tenperature from about
10 C to atsswrloysbtomreanrs tha readisie pokyoel Emmtbeﬁymﬁr&b@mpulsz@he 6atabistixancho
C. The ti requi.red for c | et | t he reaction tween the.ester and e
Feact ve gt SRETGES shBloGR BB e 3G (FRE LB AE YRE B SRSl s
the cat al ygith Usedrehbtivs RafReit 18 ahet types RAldY ARfountd®f ttiBeeBA aRAOHHY cof
the ester, as well as the tenperature at which the functionalization
reaction ifénctimi@ligingd@gerty. one or nore enbodi nents, the reaction between the
ester and eagli poly. can condugt e r 0 0.60_ m nutes.
Fo0tee) 1 AOBEISTor e Efl Bl oSG, s Hub o oKL bR Rl Ve
pol yner aradcdﬁalﬁng:ﬁf 00X Hvieatioh rhdl eshROXYdalt@ra€isheMn R0 MbthGr @niodythahed
am no group (and optionally the co-functionalizing agent) has been

acconpl i sﬁg@ fonctéomized erplymeruane hiiepndepdde. chinope eldderrer embpdiments, the
pol ymer i Z.Efar'lc 1non|n1 )z(éd" f)gllg{:r]nnetr :ggrg é%nt/é) a %fa%g %E%%tsﬁi[otnqgmr %?’gttu'rg %rt%gg%tle?se‘%h%%q

alj
yier - a er’ eiI'nactivate any resi dua¥

the reactive PO reactive
I hai . i i t hg o |
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limted t @neamigddinRat, theseCpslpxyd htiyasihthit aRidghOERaN trengiCiod, teWiple@itur@r Ird
m xture thereof. An antioxidant such as 2,6-di-tert-butyl-4-nmnethyl phenol
may be addadtieilangnipdimenssitbe polysreramagrbetyslragriiateder partiaHi hijdesennted.-

. Th f th i OXi . be.i 0of 0.2%
e, T gBTRAT, ¥ G A0 5 B FOPARYSE DS OB RS Bl

can be oi Imgxberrer4holatlehdchamohlcid- 04tilkapelcyA®int thdt i€ Rremyr Bein 60%hh
formof a polyner cenent or polyner dissolved or suspended in nononer.
Practi ce ofthemhempediswaits prapsen then ddesinrmiher emppdinpents goeaier B¥ang? (%t ad iy
be added, r C t] nqut y 19155 r).
Usef ul oi Ioglq%r E&%’to gfnnggelr%g ?ﬁééﬁe@n@% Hggs%hp oefédt%i%n ?I%ngg%g%taggr%sﬁ%tuqoﬁ)lma?eed
to, ar omatnuénts¥rlos didirr abf init€ad@pting thaRd-haninkagé b éssuy eigetoadl rurdbérSofalides
than castor oils, |low PCA oils including MES, TDAE, and SRAE, and heavy
napht heni dnef wts. [Alea.ehpsapelEmere may| have @i Ladinkageroatanethadds ssethaguéhicived,
the vario 0 i t I i zat i i r r ver In
one o o i SBBPHERTLS 1Pt A H BRSSP TFT O e
pol ymer i zahhswdifileXtsuess thEar: 98 xah@eahe e ecaiibilBie baseddepdh Slel dumgiserf sfareide
pol ymeri zation m xture by using techniques known in the art. In one or nore
enbodi nentBer ahigeadeRiing fheel.2ntikage verpisofpedotal runpsreok dienpgnerenits.r ofig he
pol yneri zati on m xture. Once the nononer has been renoved fromthe

pol ymeri zation m xture, the nononmer nmay be purified, stored, and/or
recycl ed back to the pol ynerization process. [00168] The pol ynmer product
may be recovered fromthe polynerization m xture by using techniques known
inthe art. In one or nore enbodi nents, desolventization and drying

techni ques may be used. For instance, the polynmer can be recovered by
passi ng the pol ynerization m xture through a heated screw apparatus, such
as a desolventizing extruder, in which the volatile substances are renoved

. - . M B N o A NSNS 2 I A =~ P~



C, in other enbodinents less than -20 C, and in other enbodinents | ess than
-30 C. In one enbodi nent, these polyners may exhibit a single glass
transiti oNotzenpersture. I n particul ar enbodi nents, the poiryusesis/osmsy2 be
hydrogenated or partially hydrogenated. [00171] In one or nore enbodi ments,
the functionalized polynmers of this invention may be cis-1, 4-pol ydi enes
having a cis-1,4-1inkage content that i greater than 60% in other

enbodi ments greater than 75% in other enbodi nents greater than 90% and in
ot her enberiaeBics thé eainer mkRanit9day aduptehé BRinRel £ ERkaGS ST Eishiased, 2upad

t he nunber of diene nmer units adopting the cis-1,4 |inkage versus the total
number of teAnSnbAdiakagnicentenyy s be resermyarg yr hifaged isagerescopy. |Thekzgaber

¢
: 20 i ; | o h
enbod mentgeidglngRgukbidht oy B REdseaRBARTENE] Hectdm i ebhod R ARO
per cent agesygy @O(Qaﬁqe%tHao%n?Bb%i@gHRerfro% S shes Hob Wléb%_]rl@dﬂ%g(ﬂ% fr{‘%ther
tal nu he a

1, 2-1inkagé vérsus the to er of diene ner units. ance of
t he di ene emodimehs fray abloyt 23,000 tto atbeut , 140,000k age. inToih et iesnBodments, om
and trans-l,4-|inkag§ contents can be determned by infrared spectroscopy.

The nunberPaver&fR0 ko prkeuf 110,00 ghdetauminest by Helgs ggbipsrmsaasionghrgmatagsaphy

about 1,0 , , .0, .0 r ] 5 - 0

about 200?%88?(%ﬁBg%ﬁéfggﬁb@@?%X% § %%ﬁﬁﬁgggg a@@?@éﬁgggﬁgﬁggv&fgﬁ,g%b?ﬂznd
i n other eobodemnandsestivamTaleatidleb@adO@ighn dibwibiutibAGrOfdydiapediy €My, //eg) by
usi ng gel permneation chromatography (GPC) calibrated with pol ystyrene

st andar ds thext peykekp ovaynike ¢onsthbotts1How shmeitpol,yaret in othguesnbahimenbefrom

nol ecul ar i di stripytion or polydispersity (Mv M) of these polyners
may be fr@ﬁsagghﬁofgguﬁggabout 5.0, and in other enbodinments from about 2.0

to about 4of174 00%@%@&%@@1@9@@%&1@&%&Lﬁmﬁleﬁ%f‘ aR¢ | PAINIR Saffexhiif
i nvention may exhibit i1nproved cold-flow resistance and provide rubber
conposi ti omprovest cdelhfbmst rezistancedane dprioysteerelshes. cathpositings itbaaldersohstrate

pol ynmers ar rticularly useful, in preparing rubber c ositions that can
be used t Qe Restereais | TRe Eungignatites Pelypses ate abiie g Soeluhif Qe
e addi  iyBc, e AE e LA B ORDRY 8 | ¥afliSEl 958tk ForfiEn GRUPONIELDY

and Vul cani zation o ber, in Rubber Technol ogy(2nd Ed. 1973). [00173]
The r ubbercoopwpoding tensniqaes bed pregpdtigdegmpliyad théreirt arecgdnenally disdosed in

be Vot cani Dt agpaisidiie i bticepisneo BoBuRlrg Riss et B "

properti es’[bﬂlﬁéherﬂ@ 2SBIUFRESMbb&tio AR YcaRe b SEd ph e %ge_u '%tguﬂ?e' f@Wionalized
synt hetic rubbers. The synthetic rubbers typically dérive ™ fromthe

pol ymer i zgolynesfalcongugeedtrdvien e thewretastomers (ie., polyoh grseha tzamni benvwdéanized
conj ugat ed di ene nononers wth otheL MNoNer S such as viq¥h-§ﬂ§§tituted
aromati c BAYTRISMPEFIIORE POSHSFY e 9%1‘@Yi Y BFOBYRYI RERBEH rgashgmgrs
a'0|ef'”Stﬁ&ﬂn@?hb%@@&hﬁmﬂﬂﬁuﬁﬁnﬂghas?hﬁﬁ%pWHBQQ%!?hekQQ&@ﬁLrﬁ%@ﬁ@' bi¥all
el astoners i1 nclude natural rubber, syhthetic polyisoprene, polybuta |en§f
pol yi sobutderiendromns thé¢ polynemizatine b cemegaied|di¢ret mphemess, the poppymernejtion of
pol y(styrene: co-butadi ene), poly(styrene- co-isoprene), po styrene-
Por Y Sopr exBnigatesh it anjomes yith SbbERBnofE b 3 re iy SEBF YR G Eraic
co- propyl = -dien {i r C | Gyl e

rubber, si |égﬁ§$féﬁbg%fng+%ﬁ#%¥gﬁ§ r#ﬁ@ﬁ@%ﬂ?ﬁ%ﬁg¥%ngngpﬁﬁg?ﬂfgéﬁﬁﬁgr%% .
These el asipoivanby canohmvee diemygma@cbmérsmacr onol ecul ar structures includi ng
| i near, branched, and star-shaped structures. [00175] The rubber

conposi ti dAQL Ay iExempRIYr ielasspraersydnclyde i AefugalnirePhtid Srghetiic Belyisepeene,

Exanpl es Le,fi I 1de.. n —

o pant o 1P 28efe pohBcbuNE G EAILRE, Redfenn ot @i lenCHBRRSTRY,
m ca, tal poly(gdratedoiagriend)m poly(tatedk; caizdpEnay,s fdiy@tatae calisopranerco-
silicates). Carban blacks and silicas _are the nost common fillers used in
manuf act uPURAIEN®es. NHYUERRIEN carbibRiirRoh s, ROIKSERYIEBe6P-PUPPYIERRE-di§Ner s

may be ad u F i i n
Dl acks | ndPHseuRey P R IHE TubEE M Plnoh? BBef sl ATRAE, SRR BroliRtih
speci fic exanples of carbon blacks include super abrasion furnace bl acks,

i nternmedi ate super abrasion furnace bl acks, high abrasion furnace bl acks,
fast extrusion furnace bl acks, fine furnace bl acks, sem -reinforcing
furnace bl acks, medi um processi ng channel bl acks, hard processing channel
bl acks, conducting channel blacks, and acetyl ene blacks. [00177] In
particul ar enbodi nents, the carbon bl acks may have a surface area (EMSA) of
at least 20 n2/g and in other enbodinents at |east 35 n2/g; surface area
val ues can be determ ned by ASTM D-1765 using the cetyltrinmethyl amoni um
brom de (CTAB) technique. The carbon bl acks may be in a pelletized formor

Y



[00179] Some commercially available silicas which may be used include
H-Si Il TM 215, H-SiITM 233, and H -Si| TM 190 (PPG I ndustries, Inc.;

Pi t t sbur g 2Pa/0#153@ her suppliers of commercial |y avai | ablrassgeloioses9ot ncl ude
Grace Davison (Baltinore, Ml.), Degussa Corp. (Parsippany, N J.), Rhodia
Silica Systens (Cranbury, N.J.), and J.M Huber Corp. (Edison, N.J.).
[00180] In one or nore enbodi nents, sili3cas may be characterized by their
surface areas, which give a neasure of their reinforcing character. The
Brunauer, rapp@t aaddnikeldeethdreBETTNesdRMEMEBEsHT hDRda infyrihd SMaéideivle&0sr:
vol. 60, p. 309 et seq.) is a 54 recogni zed nethod for determning the
surface ar#acturge iR linedebenshedfangistarcgraped gamerdesy | ess than 450

T e A e N T i

The pH s dfiletde Biahiples ol ggeinefilddrk Yintluae @vbolt Biadlo aalOsthrch. OExamiplEit by
over 7, or in other enbodinents fromabout 5.5 to about 6.8. [00182] In one

or nore enbo@Rpisntildersindpde silicacalunginemphyregides magnepiuar hyaraxige, gnicpntalc
conbi nat i i.th,other .fill.gr couplin t and/ or,. ieldin nt
oy b aogbi oo RlfEubin s B5bnofu FBUE iF-RAFR e RSB SoEbARRERET
the interagdi silice asé Itheamekt Roigore!fAlstONBRES . inUsinukace@tpd 1thesaginicsrand
shi el ding agents are disclosed in U S. Patent Nos. 3,842,111, 3,873, 489,

3, 978, 103 enPogimenia mixtpee obdifferatdgigromgy bs agdgantageousy ewloyed,

5,674, 932, 4,171, 5,684, 172 696,.197.. 6 145 , 0067 , ol 9,
o 500, 0170818’ e Fidredogitud el Biigiten b ARl landf
her ei n by blafkergiaamplKIAI&3 More&padthe Btardples bf EGBos BRICRY @ttlhde duper abRR&In
conpositions can be fromabout 1 to about 100 phr or in other enbodinents
f r om aboutfumace kipdif iBErpwdiata aipgs efbypsiopparnacgnplacks highi alwagsiep furaaed gh
viscosity hnparted by silicas. n.silicacis _us tQgef her w-th. carbon

ol ack. ¢ PR RS Puiyor dBe NS MBS et Haq §h SRk i B0k PRAce

t he amounth]fdksSinkdfan Eﬁo&@ﬁhg%ﬁﬁﬂmeﬂtﬂ&ﬂ@[ hARDpHACEssPhg Elpdilel BEcRYRBhEuaNh:
shi el ding agents can be enpl oyed. Generally, the amounts of coupling agents
and shi el ¢hpgnelddanks, anglragetylensblaghsut 4% t o about 20% based on the wei ght
of silica [Q0184]. i e rubhe i en | so I

VUl cani 21 AOOSEAn 37 Py BaT bbby CE TR bPE: T barod SalLatte
curing SYSE®ISS.) dfultilagstaueni2gg ane ideshél beBodimdits kat QGduss, mENCYKGHEPER & OF
Cl 1 EM CAL ThCHNOLOGY, Vol . 20, p&§. 365-468, (3rd Ed. 1982), particularly
Vul cani zatvhbies Age ke slesarininesk by ifgl )Y Rk 75 wirg thegetylggmedyamaediym prowistan,
Yol cant ZaloRgy PR EPH A S A MR R N RN IR NG figfflefifld
1989), which ar e i ncorporate erein %y Yeterends. “Viican zI ng agents nay
be used alflpeeulent FdrntOMpiengtef@ited [fORA 85F] caebbig hlddkamadi adtiy@n & type of
typically enployed in rubber conpounding may al so be added to the rubber
conposi t i dRKINgREERMERCLseddo seixsherehher sompovsfler at or activators, oils,

pl asticiz Xesy. scorch i-nhi;bitin tS.;.Proc in i ds.,.. zi n¢c _oxi de,
Packi 1yi nd0pfine Thedt G 4t P bag BRRRpu B BE P LB Richis R Bty
pepti zers.toabdut 56 pants Siegleadhtfes 19DOCHardSbRARkdighd cfafibs e (FhBNWidZabaRtsSto | N
particul ar enbodi ments, the oils that are enployed include those

convent i og@Pni4Qpbabeisgéxpietlder oils, which are described above. [00186]

ALl T ngr eﬂpgﬂ%ﬂ OfSOtrrﬂeecorrﬁJ b%le rial?yogyacl)lsagfei %Hga Cv"\%ﬂicgemarl?l BE %SV\A }nh lus&e"a‘lqc-lg‘l'iTd 15

m Xi ng eq t such as Banbur’y” or “Brabender m xer’s, extruders, kneaders,
and two-r glilger pB3,| shd HRSEME 90 (PP BideRBod] Dt Ettshighl PE) ediceat supplierdtored
intw or nore stages. In the first stage &gf;en referred to as the

mast er bat cAMmsticiglystvadlable silisd iednde Graes Davisan cBaltimped Mgpi Bagysga Corp.

i ncl udes the_ rubber nent..,and. fille i r red. revent nat ur e
Lol ot st S, NITORAOS SuRASskfern TerhBull ARt e 156 RS Fhlp REGTRE

vul cani zi \gj.pagents. The nasterbatch may be mxed at a starting tenperature
of fromabout 25 C to about 125 C with a discharge tenperature of about 135
C to about[08880]C. lmowe arm@orhsmbeBinentsi sligisepay %@,th@th@ahy #heig safaer s
may be introduced and nm x int h. rbat.ch_i.n . a-final mxi age
ot ch'i s BT B s qUeBEur St bPE AT S e 1o e BB R e
the chancazlief (PBEITHLMEodU{dRBHBEd iRTY, At CRnal byc, wlded, pN3d9 @ seqdy is a
stages, sonetines called rem|Ils, can be enpl oyed between t he nasterbatch
m xi ng stage and the final m xing stage. One or nore rem || stages are
often enpl oyed where the rubber conposition includes silica as the filler.
Various ingredients including the functionalized polyners of this invention
can be added during these rem|ls. [00187] The m xi ng procedures and
conditions particularly applicable to silica-filled tire fornulations are
described in U S. Patent Nos. 5,227,425, 5,719,207, and 5,717,022, as well

o p— ~ 2 a2 ONONSN NN T




56 about 100% by wei ght, in other enbodi ments from about 35%to about 90%
by weight, and in other enbodi nents from about 50%to about 80% by wei ght
of the fuwotnorehizzed pol ynmer based on the total wei ght pofi/ush@onsisber
within the fornmulation. [00189] Were the rubber conpositions are enpl oyed
in the manufacture of tires, these conpositions can be processed into tire
conponents according to ordinary tire rnufacturing techniques including
standard rubber shaping, nolding and curing techniques. Typically,

vul cani zatre@ipniigedembefidefdr Rietdredhinpotheniriadt casd. zahe BETHIRRRE Hred of Kilida is
nold; e.g., it may be heated to about 140 C to about 180 C. Cured or

crossl | nk@@nemﬂmé¢58c6ﬁpo%5& m%ﬁg Kagfubsanges afrsaface agen ingludenfreay aoutydd th
%ﬁ“era"y %8“%&% @é%% t288%¥ﬂ§r4ndib WK S0 b 8hté§d%n é?rnnset
e ot her |ngre suc Yérs A proceSS|ng ail ds, evenly

di sper sed [OOI@thCIlHe ;imgofcﬁh@%ﬂldaﬁ K Eds 1R MDY HomPIRWEBLb @bbit Br gaghtlye)v@ade
as discussed in U S. Patent Nos. 5,866,171, 5,876,527, 5,931,211, and

5,971, 046,0rmp&wr§n@qdm@©n§§dr<&n@b0h@$ 5|tﬁab9utr€e8er ence. | 001901 In order to
deronst r at[gg)ii?@ pgg%%:e:ic? f fret rﬁ?b'cﬁ(fl%%gps Whré\llee 91 1c§) AR GE }!‘)Sl[%y(fe(]i)| as 8\{‘\‘11 9(?@)(1?%1" >

have been e exanples s

as limti ra@rrtﬁh@at&ﬁ@@ﬁ:h@i‘thémﬂerayartbupnng Iﬁ@lt@hdl/ﬂﬁa v;mleldlﬁgag@ttr@aﬁleé hdded he
i nvention. EXAMPLES Exanple 1. Synthesis of Ethy

NI N-Bi s gt rtf;l r’fg@ myhr)]tlgﬁn au gilsiunle bty @ut(lm?niseegtlﬁomlgn}o ml@aur;ce?thez;@rwtlm pfygilica
gl yci nate [,0C i rie n
OLY Sl e © (R ERS aSlohties MR BuBlind bhdhOuhATHGaindibehh MM BlabRdiis.

this m xt pmeevasN@dde®42i111a grsoswa&e BaT8j103, a9solswst1l on, 0012 5@11 15680019,
trlnethyIS|Iééztrlfluoronethanesulfonate in 50 of toluene. The resultlng

m xtur e wls>&}24T Sebtat 39 ovh Hehple B8 ¥/ T, (556%917r?oﬁl6§6t18796\688é451 pRagi362,
M xture. P d op, | aX6H 49 CLLANEIY £ Lo, allgf hetad | aske,,and, L, Botd o

| ayer was eéxtracted” w uene’’ ne so on
was evapongt&d byndafren@cuum The resi due was extracted with 100 nm of
hexane, and the hexane | ayer was evaporated under vacuum vyielding ethyl

[ bi 5(t 71 OR8] | Wizamonoalctise emmioss lmbmumeraomosmqm can be from about

D o1 oL B 5 R s BRSO Er s

t he produGippar @ahgesiselimasd @77the high viscosity imparted by silicas. When silica is used
together with carbon black, the amount of silica can be decreased to as low as about 1
phr; as the amount of silica is decreased, lesser amounts of coupling agents and
shielding agents can be employed. Generally, the amounts of coupling agents and
shielding agents range from about 4% to about 20% based on the weight of silica used.
[00184] A multitude of rubber curing agents (also called vulcanizing agents) may be
employed, including sulfur or peroxide-based curing systems. Curing agents are
described in Kirk-Othmer, ENCYCLOPEDIA OF CHEMICAL 7ECHNOLOGY, Vol. 20, pgs. 365-468,
(3rd Ed. 1982), particularly Vulcanization Agents and Auxiliary Materials, pgs. 390-402,
and A.Y. Coran, Vulcanization, ENCYCLOPEDIA OF POLYMER SCIENCE AND ENGINEERING, (2Md Ed.
1989), which are incorporated herein by reference. Vulcanizing agents may be used
alone or in combination.
[00185] Other ingredients that are typically employed in rubber compounding may
also be added to the rubber compositions. These include accelerators, accelerator
activators, oils, plasticizer, waxes, scorch inhibiting agents, processing aids, zinc oxide,

tackifying resins, reinforcing resins, fatty acids such as stearic acid, peptizers, and



follows: 8 3.89 (quartet, 2 H OCH2 protons), 3.51 (singlet, 2 H NCH2
protons), 0.90 (triplet, 3 H CH3 protons), 0.14 (singlet, 18 H Si-CH3
pr ot ons) .wbnromwings41- 1-1 NVR data, the structure of thePpTasact/ 03sg2
determned to be as follows: Me3Si NO NCH2C- OEt Me3St BTMSEG Exampl e 2.
Synthesis of Ethyl 3- [Bis(trinethylsilyOam no]propionate (3-BTMSAEP)

[ 00192] About 7.23 g of ethyl 3-am noprii onate hydrochl oride, 15.71 g of
triethylamne, and 10 m of toluene were mxed in a round-bottomreaction

flask coolagéidestddasts dueh RaiioxiRnthasd BhibrurRineaSInagiEleidular b ol @RS €he
fashion, a solution of 23.00 of trlnethyIS|IﬁI trifluoronethanesul fonate
3

in 50 m @fiISttbaUéﬁes%rrrpwedeiglgﬁndﬁrr@om gomventigaglly tised @g extendsgrpilse mbéenaiy e
for 39 ho j,ve a biphasic mxture. The top layer was transferred to
anot her f#%g%%ééﬁ%PqYﬁé bottom | ayer was extracted with 40 m of toluene.

The conbi rfed186] uenk ikakdich® oNVabe GVBREF @bAMoLRIbRK M4RC BB NnixEAewl @S sduaamBs
extracted with 100 ml of hexane, and the hexane | ayer was evaporated under

vacuum yineixgigrflvépgnt suchydsi Banbuiryrer Byakender akeisoppretareneteaders, BTVEAEP)
as a col orl 0i.l 11.03 0% vi el .. The .1-1-.1 NVR .a (Co6 25
ot or encodole? pilit St prl bringrOsinbfirfdnes |8 iareaertRed Bied WhFp sfinSie

3. 91 (quarstgies. £ the mHBtagé QbRaS Feferted ko GBWhd mak&irbatéh hhixh@?%%'@, PECLONG) ,
2.36 (multiplet, 2 H NCH2CH2 protons), 0.91 (triplet, 3 H,

protons),
0. 07 (si ngnasterbagrhywhirh tdcalydnelndys thermpbeneomprnenitand filley, stprgpaiade 1%51
t he product was determ ned t e fallows; Si., NCH2 - QE 33
5. TveAP RS b NPt Br Rl R oy Sea PR S i BTt o

(3- BTMSAERZ) cahd@ 3 DO The8ndstehatth aidpe Briddd AoPenEaat embpérRQrddoPfrom
triethylamne, and 10 ml of toluene were mxed in a round-bottomreaction

fl ask coolabdut® RC &mabeet bt H: with a thisshargg temperadigrearfddaut 135 8C do abouitsE30

Fashion, a’C.S()(Brllj(,:[ei t?lg rgfastgl%a%gh (f]s Slteptagtie({ﬁhg X/lu?cialn}/zling agents may be introduced and
mixed into the masterbatch in a final mixing stage, which is typically conducted at
relatively low temperatures so as to reduce the chances of premature vulcanization.
Optionally, additional mixing stages, sometimes called remills, can be employed between
the masterbatch mixing stage and the final mixing stage. One or more remill stages are
often employed where the rubber composition includes silica as the filler. Various
ingredients including the functionalized polymers of this invention can be added during
these remills.
[00187] The mixing procedures and conditions particularly applicable to silica-filled
tire formulations are described in U.S. Patent Nos. 5,227,425, 5,719,207, and 5,717,022,
as well as European Patent No. 890,606, all of which are incorporated herein by
reference. In one embodiment, the initial masterbatch is prepared by including the
functionalized polymer of this invention and silica in the substantial absence of coupling
agents and shielding agents.
[00188] The rubber compositions prepared from the functionalized polymers of this
invention are particularly useful for forming tire components such as treads, subtreads,
sidewalls, body ply skims, bead filler, and the like. Preferably, the functional polymers of
this invention are employed in tread and sidewall formulations. In one or more

embodiments, these tread or sidewall formulations may include from about 10% to



58 trifluoronethanesul fonate in 50 m of toluene. The resulting m xture was
heated to reflux for 30 hours to give a biphasic mxture. The top | ayer was
transf errwo 20o/@nB3tther fl ask, and the bottom | ayer was extrrsetiensosorh 40 mi
of toluene. The conbi ned tol uene sol ution was evaporated under vacuum The
resi due was extracted with 100 ml of hexane, and the hexane | ayer was
evapor at ed under vacuum vyi el ding ethyl563-[bis(trinethylsilypam no]benzoate
(3-BTVMSAEBz) as a yellow oil (14.50 g, 92%yield). The 1-1-1 NWR data
(0606, 25 about e0EYHCREighe ih Otharsibudisichanedmaibolulb 8591 @duIut 80¢, by edthtas
follows: 8 7.95 (nultiplet, 1 H aromatic proton), 7.91 (nultiplet, 1 H,
aromat i ¢ [Enet oh)other ogmpedimanss efrom) aoukrYifat ite draortoBP% Gy weignt tafptles |

1 H aromatic. prot . et . t .10 tri t., 3
. o pr gubstiiaR@hholy el batet B8 A cord bl Bt BB i il
data, the éeomeqt unghéfe threrybbef e6inposiionete niigdydd i ehd@mahokdcdws: of fires,
C-OEt Me3Si' N\ 'Si Me3 3- BTMSAEBz Exanpl e 4. Synthesis of Ethyl . .

4- [ Bi s(trithesensamsposyians fd) berpz@m%g? AnETSACERpONETY 94forabto ordinagy dre

et hyl 4-an nobenz e, 14.8 f trierhylamn ngd. 10 m_ of.toluene were
o n PERRIEEBkr et dafahld SGRE e Mabihes mabine R e Gyl

m xture waschadgess. Typiclldrapwirsgatiodsibiepacted k‘éﬂké&ftﬂn@&h@f\/u&anﬁﬁbﬁ @imposition
trimethylsilyl trifluoronmethanesul fonate in 50 m of toluene. The resulting
m xture wag aheelded.g it mey Ibexheptad ® dHmntd 400 Cgiovaboat BBPITAs iCaired »t grasslimiasl

et ract o "PCH SO RHS BP BRY BRASISPRE! touhot HER CHPUGHEC R P PR CaRETD three-

evapor at eq|jMeHSbnYAssYMeritnEetiRbkddgatWas @%FhasdtedTid bihelOBgrddidits heicdngs

and the hexane | ayer was evaporated under vacuum vyielding ethyl 4-

[ bi s(trinégilleys sinidy paedassinpenaidoateny heBTNBAEBLFpersed thabughousi the( tBrs8Unked
o

93%yi el d)n'etwork. Pneumatic tires can be made as discussed in U.S. Patent Nos. 5,866,171,

5,876,527,5,931,211, and 5,971,046, which are incorporated herein by reference.

[00190] In order to demonstrate the practice of the present invention, the following
examples have been prepared and tested. The examples should not, however, be viewed

as limiting the scope of the invention. The claims will serve to define the invention.

EXAMPLES
Example 1. Synthesis of Ethyl N,N-Bis(trimethylsilyl)glycinate (BTMSEG)
[00191] About 6.02 g of ethyl glycinate hydrochloride, 14.39 g of triethylamine, and
10 ml of toluene were mixed in a round-bottom reaction flask cooled with an ice bath.
To this mixture was added, in a dropwise fashion, a solution of 21.1 g of trimethylsilyl
trifluoromethanesulfonate in 50 ml of toluene. The resulting mixture was stirred at
room temperature for 19 hours to give a biphasic mixture. The top layer was
transferred to another flask, and the bottom layer was extracted with 40 ml of toluene.
The combined toluene solution was evaporated under vacuum. The residue was
extracted with 100 ml of hexane, and the hexane layer was evaporated under vacuum,
yielding ethyl [bis(trimethylsilyl)amino]acetate, also known as ethyl N,N-
bis(trimethylsilyl)glycinate (BTMSEG), as a colorless liquid (9.23 g, 87% yield). The 'H

NMR data (CeDs, 25 °C, referenced to tetramethylsilane) of the product are listed as



The 1-1-1 NWVR data (C6D6, 25 C, referenced to tetranethylsilane) of the
product are listed as follows: 8 8.07 (doublet, 2 H, aromatic protons),
6. 76 (dowsbeb1/@13d4 aromatic 59 protons), 4.12 (quart ePCTAISE)10A0KB92
protons), 1.00 (triplet, 3 H CH3 protons), 0.02 (singlet, 18 H, Si-CH3
protons). Fromthe 1-1-1 NVMR data, the structure of the product was
determined to be as follows: 0 Me3SiN GOEt Me3Si 4-B TMSAEBz Exanpl e 5.
Synt hesi s of Unnodified cis-1, 4-Pol ybut adi ene [00195] To a 2-gallon

ni trogen- gyaes $BIN|QAsTra! 26, OEALHBstoNE), 8. 3dadsb888 Hy NEHBXABES RO
3083 g of 20.6 WMt % 1, g but adi ene in Eexa\r??. A p(réef%r med cat al ygt Was)a

prepared Hyripieki3nd, GHgpratpnyf 04433ingletet iyl &i-GHe poxtanse). i FronotheetieNMR d&tag
of 20.6 wt % 1, 3-but adj, ene _i.n_hexa 0.5 of 537 M neodym um versatate
"n eyl ondRbninegt 5 e Kot ferg i rBisF B B Sy dr f de 1 n hexane, - and

1.27 mM of 1.0 Mdiethylalum numchloride in hexane. The catal yst was aged
for 15 mnutes and charged into the reactor. The reactor jacket tenperature
was then set to 65 C. About 60 m RyLe&s aftelQ addition of the catalyst, the
pol yneri zation mixture was cooled to rd e}ﬁ%ﬂm (];ﬁlture and quenched with 30
m of 12 wt% 2,6-di-tert-butyl -4-%@{]%3@ sol'ution in isopropanol. The
resul ting pol yner cement was coagul a e]%gm 2 liters of isopropanol

containing 5 g of 2,6-di-tert-butyl-4- s enol and then drumdried. The

at 100 C by treriplé & it Bles S BRSO R R TR RO G S Sy = °
rotor, a qoeigajnutmonar meep gt iofeethynd3 anfifopropishite hydidchGride/Te15. A6 ¢ of
determ ned by ?el perneati on chromat ography (GPC), the polynmer had a nunber

aver age noriedylamingeairhi 0 oNwY telueneweremixed ied sPrndabelitagiaeaetian gy copdadyht

(M) of 221..900 nd, a.nol ecul ar _wei gh istributi.on M _of, 2. 03,

it area: SpuRey iseaiine T PR st Esttlactl B0 AP0kl o ShfioRir o3t e
content ofof YAnftthylsilf taifisoteriethaAKAAR NG BN ndIf ofStohléneamthearebulinlg mkage:
content of 0.5% [00196] The cold-flow resistance of the pol yner was

measur ed Byasusirhef at Qeot tempperstureifey 3P douey to gippadiphasiemyxtare fhofop lager
POl YTer S B 6oB o000 ol Ol B Binedh oo P! k&R luith kb o B ¢
toluene. The combined toluene solution was evaporated under vacuum. The residue
was extracted with 100 ml of hexane, and the hexane layer was evaporated under
vacuum, yielding ethyl 3-[bis(trimethylsilyl)amino]propionate (3-BTMSAEP) as a
colorless oil (11.03 g, 90% yield). The 'H NMR data (CeDs, 25 °C, referenced to
tetramethylsilane) of the product are listed as follows: 8 3.91 (quartet, 2 H, OCH:
protons), 3.21 (multiplet, 2 H, NCH2CH: protons), 2.36 (multiplet, 2 H, NCH:CH:
protons), 0.91 (triplet, 3 H, CHz protons), 0.07 (singlet, 18 H, Si-CH3 protons). From the
1H NMR data, the structure of the product was determined to be as follows:
Me3Si\

I
Me;Si

3-BTMSAEP
Example 3. Synthesis of Ethyl 3-[Bis(trimethylsilyl)amino]benzoate (3-BTMSAEBz)
[00193] About 8.37 g of ethyl 3-aminobenzoate, 11.80 g of triethylamine, and 10 ml of
toluene were mixed in a round-bottom reaction flask cooled with an ice bath. To this

mixture was added, in a dropwise fashion, a solution of 2591 g of trimethylsilyl



After cooling dowmn to roomtenperature, the button was renoved fromthe
nol d and placed in a Scott plasticity tester at roomtenperature. A 5-kg

| oad was wppbilgdiize t he speci nen. After 8 m nutes, the PeTiusa@i/ogmaze
(i.e., sanple thickness) was neasured and taken as an indication of the
cold-flow resi stance of the polyner. Cenerally, a higher residual gauge

val ue indicates better cold-flow resistdhce. [00197] The properties of the
unnodi fied cis-1, 4-pol ybut adi ene are summarized in Table 1. WO

2011/ 041534RGIFddeB 104050892 M50 RAPEPNAdA. PFEE)reRiYiaE GAlx tiiRORERHektedOo

ClS -1, 4- POLYBUTADI ENE 62 ExanBI e 6. Synthesis of Unnodified

ci s- 1, 4- PeESwuford Geheurs 40 28] 2 g aSIQIlyémrénThPttfPIb@é’ﬁf WFSQ@dlSﬁqré@dﬂOe@thb@léel

react or wape, agded 10D 010k (B ANA 2890000 SR AR LodhHL el SO
o er W ofye ogh kel

hexane. prefor med pared

net hyl al umbmmnms revbpbmmunaeﬁ?za@mﬁ Z%éryﬁ&@elwastﬁxtuaﬁt@nwm'hnm@mlnsf
0.49 m of 0.537 M neodym um versatate in cyclohexane, 5.53 ml of 1.0 M

di i sobut ylhekeis, naaflhyler | dexang tassesnavasaedanom@sedh m@ﬁerl vecwim; eviplding uethsm
chl ori de 'T[bQ% meth %lc}/lfa%l%l ﬁ{s 7085 ch\/fs(}\rEBlzlj_’ HUt(eeifo anq%gtl]%%gAg ?%72

t he reactor errpe ature was
m nutes afyfQg) a‘ﬂﬂé TlHCN'MRfdaItQ%CQ}%t abysgt ref&ﬁb%c@&lté/ 'H&Hr?-l ﬂgwmaﬁbybpﬂﬁe MYdRluct
cooled to roomtenperature and quenched with 30 ni of 1
2, 6-di -t erare Bistad ag-folbtvay| PIedfomsittiplet, dn Hi, aromefic guatool), 7'Blie(mel¢uil¢t|, AgH,
polyrrer cenment was coag ted with liters of n inin
of 2,6-di af%‘infmﬁ@ﬁ}ﬁong %gﬁm%ﬁﬁ%‘ﬁbl l‘irﬂf"%ﬁ FHPERﬂ%dEPgﬁm%HBF tgeﬁmr@%twof
the resul t] 0, UTeEy I n
cis-1, 4- Pol r%’ﬁl ajépgggu%ggtl f§| ed V\%I%I%%Erﬁ q@a(ﬁ?a{g ?(l??(lﬂhrrsg?ho;?y rglf@)qsq yCl nate
(BTIVBEG) [1B0H9Bj-CHo pro2ems! | Bmmllthleogwbri\lMBr(jmd shaistruesse stfedle peabitcorwager e
added 1566 of h 3 2899 g of 21.9 wm % 1, 3-but adi ene in hexane. A
pr ef or med d(’?gefr&TI% %a#}) P¥Sed by mixing 7.35 m of 4.32 M

met hyl al um noxane in toluene, 1.56 g of 21.9y % 1, 3-but adi ene in hexane,
0.59 m of 0.537 M neodym um versatate ydl ohexane, 6.67 ml of 1.0 M
di i sobutyl al um num hydri de i n hexane, § 7 1Etf 1.0 M di et hyl al uni num
chloride in hexane. The catal yst was aggd for 15 ninutes and charged into
the reactor. The reactor jacket rgg,epblture was then set to 65 C. About 60
m nutes after addition of the cal\t/I atyst, poI ynmeri zation m xture was
cooled to roomtenperature. [00200] é@ of the resulting unnodified
pol ymer cenent (i.e., pseudo-!|ivi ng3$‘itM§A g%ent) was transferred from
the reactor to a nitrogen-purged bottle, followed by addition of 5.42 m of
0.450 Methyl N Nbis(trinmethylsilyl)glycinate (BTMSEG in hexane. The
bottle was tEfd?hﬁG 4 S{;Fntﬂéslﬂbmth%ﬁ}'{l d@crfﬁ%tﬁﬁlsﬂ’_;ﬂ)aﬁnﬂi@% %bét@‘MEBTMEBZ)The

e

resul ti ng po cenent was uenc W t
2,6-di -t er[ﬂob‘%/ﬁ]yl About 9.24 g of ethyl 4-aminobenzoate, 14.88 g of trlethylamlne and 10 ml of

toluene were mixed in a round-bottom reaction flask cooled with an ice bath. To this

mixture was added, in a dropwise fashion, a solution of 32.68 g of trimethylsilyl
trifluoromethanesulfonate in 50 ml of toluene. The resulting mixture was heated to
reflux for 8 hours to give a biphasic mixture. The top layer was transferred to another
flask, and the bottom layer was extracted with 40 ml of toluene. The combined toluene
solution was evaporated under vacuum. The residue was extracted with 100 ml of
hexane, and the hexane layer was evaporated under vacuum, yielding ethyl 4-
[bis(trimethylsilyl)amino]benzoate (4-BTMSAEBz) as a yellow oil (16.04 g, 93% yield).
The 1H NMR data (CsDs, 25 °C, referenced to tetramethylsilane) of the product are listed

as follows: 8 8.07 (doublet, 2 H, aromatic protons), 6.76 (doublet, 2 H, aromatic



63 net hyl phenol solution in isopropanol, coagulated with 2 liters of

i sopropanol containing 0.5 g of 2,6-di-tert-butyl-4-nethyl phenol, and then
drum dri eso 20h4pi3eperti es of the resulti ng BTMSEG nodi Predspalopnesp2 ar e
sumari zed in Table 1. Exanple 8. Synthesis of cis-1,4-Polybutadiene
Modified with Ethyl 3- [Bis(trinmethylsilyOam no] propionate (3 -BTM SAE P)
[ 00201] About 428 g of the pseudo-livirn® polynmer cenent as synthesized in
Exanple 7 was transferred fromthe reactor to a nitrogen-purged bottl e,

fol | owed yroashd), 4. 00 (@larbet3B HICHObrétoAS)) 1M0oetthiylet, 3 H, CH3 protons), 0.02 (singlet,
34bi s(trinethyl sil ypam no] propi onate (3-BTMSAEP) in hexane. The bottle was
tunbl ed fdB H5 SikChiat eotens)a Weararthsatth WMERndatonéer strusBire. ofTHe peadict | wigs

pol ymer ce . guden ith 3 m of 12 % 2,6-di-tert-butyl-4-
met hyl pheno &i%lﬁ%(?lt%ﬁe ?%Rﬁg%v\gfopanol , coagulated with 2 liters of

i sopropanol containing 0.5 g of 2,6-di-tert-bgtyl-4-nethyl phenol, and then
drumdried. The properties of thM,siesul L ng 34{IBTMSAEP- nodi fi ed pol yner are
summari zed in Table 1. Exanple ﬁéynN :@ of- T3t 1, 4- Pol ybut adi ene
Modified with Ethyl 3- [Bis (tM°®thyl s¥/1) ani no] benzoate (3 - BTMSAEB
z) [00202] About 422 g of the pseudp-BTMSAEBLZyner cenent as synthesized
in Exanple 7 was transferred fromthe reactor to a nitrogen-purged bottle,
foll owed by addition of 5.26 m of 0.450 Methyl 3-

bi s(trinethyl sil i t 3- BT\VG i . The bottl
unbl ed for 45 m hut SEOPIPIE SRR Rl BRIt el Fisd APORBUadietge result] ng
pol yner ceppidsWas MeneMed ttbBerd pit-gf st%%l%%t&&ﬁ;eﬁétg? &¥dre Ridd¥l 1483 g of

nmet hyl phenol sol ution in isopropanol,” coagul at ed liters of
i sopr opandiexazmnbni 083 © o 2§.cowt? 63dhutadienehint ydxadenet by¢fphmeadicataysd wien

urmar | 2o PR YRR AR er e fd e orae 1y IR o el
Modi fied wi.BuBldite th-hdxBnk .69 IR AM yebdyaTiROlerBaRZOR & cloheRINSARRZ)

[ 00203] About 442 g of the pseudo-living polyfrer cenent as synthesized in
Exanpl e 7 mlawft ddhsklerdiisdbityiwumineim ehgdidde t m ahaxate,oged- fudgenil bof t1.¢, M

foll db ddi ti f .64 5.50 m 0. 450 M et hyl .
4 Tbt ot r eeH ey SoRge 3 R2uice e ElEeEs: 28 e AT RNt e das
tunbl ed f opeAehdTHE4EES T Pea\eﬁ)trﬁfagp% &g?@érﬁ%@b NG %ﬁ(ﬂ@éetcto -E@e°(f.e§%1ﬂotu't%

pol ymer cenent was quenched w 12 Mt% 2, 6-di-tert-butyl -4-
met hyl phemoinuses aftérarddition 96 phieopetalylsy, the pglyinadréchtioint ihixZutd tvas £ooled to room

IR R SR ETIEe A TR T

ilugrni‘r Iél-zgglog/ ilj);ﬁg :igor%rogg%ﬁggﬂeIr@sﬁ‘ciggrpgly]meli &?né}ﬁlvgésféogﬁhfa?&i H@NCLIREs bhe
isopropanol containing 5 g of 2,6-di-tert-butyl-4-methylphenol and then drum-dried.
The Mooney viscosity (ML1+4) of the resulting polymer was determined to be 26.5 at
100 °C by using a Alpha Technologies Mooney viscometer with a large rotor, a one-
minute warm-up time, and a four-minute running time. As determined by gel
permeation chromatography (GPC), the polymer had a number average molecular
weight (Mn) of 109,400, a weight average molecular weight (Mw) of 221,900, and a
molecular weight distribution (Mw/My) of 2.03. The infrared spectroscopic analysis of
the polymer indicated a cis-1,4-linkage content of 94.4%, a trans-1,4-linkage content of
5.1%, and a 1,2-linkage content of 0.5%.
[00196] The cold-flow resistance of the polymer was measured by using a Scott

plasticity tester. Approximately 2.6 g of the polymer was molded, at 100 °C for 20

minutes, into a cylindrical button with a diameter of 15 mm and a height of 12 mm.



synt hesi zed in Exanples 5-10 is plotted agai nst the pol yner Mooney
viscosity. The data indicate that, at the sane pol yner Mooney viscosity,

t he BTVSB®0,208/BTIBAEP-, 3- BTMSAEBz-, and 4- BTMSAEBz- mpdirfiSea0/050892

ci s-1, 4- pol ybut adi ene sanpl es show hi gher residual cold-flow gauge val ues
and accordingly better cold-flow resistance than the unnodified pol yner.
Exanpl es 11-16. Conpoundi ng Eval uati on & BTMSEG, 3- BTMSAEP-, 3- BTMSAEB:z-,
and 4- BTMSAEBz- Modi fi ed ci s-1, 4- Pol ybut adi ene vs. Unnodi fied

ci s- 1, 4- Poifyedpuioatih g ae winO@2flm Thapeiadure, thdbliptbutvadi @ntvednipd@sthprmeldcad i n
Exanpl es 5-10 were eval uated in a rubber conpound filled wth carbon bl ack.
The conpodiladedris aofcothplagiigibatriseitad goametepipasanred A rkgdendwas aphbedi thae

Cotal rubsgeain PET et BapbltPiludtihe rtBEUR BRI Dhrtldlindtas
FROM Cl S- akerPR4 XBUHARA EHE of fig esldemiw ABittiahcé Bhthe pbgnﬂfr.él-d}@ieymw, adhigher

sanpl e 80 Pol yi soprene 20 Carbon black 50 G| 10 Wax nti oxi dant
residual gauge value indicates better cold-flow resistance.

[00197] The properties of the unmodified cis-1,4-polybutadiene are summarized in

Table 1.



1 Zinc oxide 2.5 65 Stearic acid 2 Accelerators 1.3 Sulfur 1.5 Total 170.3
[ 00206] The Mooney viscosity (M.1+4) of the uncured rubber conpound was

det er m nesoan111@D3€ by using a Al pha Technol ogi es MoonepcCviuscanomsesp2 Wi th a
|l arge rotor, a one-mnute warmup ting, and a four-mnute running tinme. The
hysteresis data (tans) and Payne effect data (AG' ) of the vulcanizates
were obtained froma dynam c strain-sweep experiment, which was conducted

at 50 C and 1 thr stragnrspweeping from0. 1% to 20% AG is the
di fference be Glat P.A%strpain and G at 20% strain. The physi cal
properties of ;gr%"sg/ul cRreprares are summarized in Table 3. In Figure 1, the
tans data ar e/ gHtE el a0a Jel the c@npound Mooney vi scosities. W)
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66 PO9006W1A(P566) TABLE 3. PHYSI CAL PROPERTI ES OF RUBBER VULCANI ZATES
PREPARED FROM Cl S-1, 4- POLYBUTADI ENE 67 [00207] As can be seen in Table 3
and Fi gurwo2p11tiaessBTVSEG , 3- BTMSAEP-, 3- BTMSAEBz-, andP¢TREMBAEBBINODdI fi ed
ci s-1, 4- pol ybut adi ene sanpl es give |lower tans than the unnodified polyner,

I ndicating that the nodification of cis-1,4- polybutadiene with BTVSEG

3- BTMSAEP, 3- BTMBAEBz, and 4- BTMSAEBz réeéduces hysteresis. The nodified

ci s-1, 4- pol ybut adi ene sanples also give |lower AG than the unnodified

pol ymer, indicating thamples. Havneiddfashodifsd Becu-PeFbGedisiee to the

stronger interaction between the nodified polymer and carbon bl ack. 68
CLAI M5 V\hd@ol‘?ﬁ]cl diond-gadlon mipogen ﬂwmerdoq‘rtapﬂ@qgaﬁteedgeactpumrp@ﬁdpdzléél g of

pol yrmer, Qe ﬁ?%ﬁ{?das%%gg fifzOr 2 1346, dlenel (ﬁe)xaBQ' %Hf%%?d’l?%{‘a‘f% ' X@th

a coordi I’l Ion Ca A reac act
t he react iprepewyahixing .16 nﬂaffhmlerﬁe@@zlatlmmqmb@&ytdlﬁe@@wﬁ LCOMR4 Wt%J a

silylated am no group.
1,3-butadiene in hexane, 0.49 ml of 0.537 M neodymium versatate in cyclohexane, 5.53
ml of 1.0 M diisobutylaluminum hydride in hexane, and 1.05 ml of 1.0 M
diethylaluminum chloride in hexane. The catalyst was aged for 15 minutes and charged
into the reactor. The reactor jacket temperature was then set to 65 °C. About 72
minutes after addition of the catalyst, the polymerization mixture was cooled to room
temperature and quenched with 30 ml of 12 wt% 2,6-di-tert-butyl-4-methylphenol
solution in isopropanol. The resulting polymer cement was coagulated with 12 liters of

isopropanol containing 5 g of 2,6-di-tert-butyl-4-methylphenol and then drum-dried.

The properties of the resulting polymer are summarized in Table 1.

Example 7. Synthesis of cis-1,4-Polybutadiene Modified with Ethyl N,N-
Bis(trimethylsilyl)glycinate (BTMSEG)

[00199] To a 2-gallon nitrogen-purged stainless-steel reactor were added 1566 g of
hexane and 2899 g of 21.9 wt% 1,3-butadiene in hexane. A preformed catalyst was
prepared by mixing 7.35 ml of 4.32 M methylaluminoxane in toluene, 1.56 g of 21.9 wt%
1,3-butadiene in hexane, 0.59 ml of 0.537 M neodymium versatate in cyclohexane, 6.67
ml of 1.0 M diisobutylaluminum hydride in hexane, and 1.27 ml of 1.0 M
diethylaluminum chloride in hexane. The catalyst was aged for 15 minutes and charged
into the reactor. The reactor jacket temperature was then set to 65 °C. About 60
minutes after addition of the catalyst, the polymerization mixture was cooled to room
temperature.

[00200] About 435 g of the resulting unmodified polymer cement (i.e., pseudo-living
polymer cement) was transferred from the reactor to a nitrogen-purged bottle, followed
by addition of 5.42 ml of 0.450 M ethyl N,N-bis(trimethylsilyl)glycinate (BTMSEG) in
hexane. The bottle was tumbled for 45 minutes in a water bath maintained at 65 °C.

The resulting polymer cement was quenched with 3 ml of 12 wt% 2,6-di-tert-butyl-4-



2. The nethod of claim1l, where the silylated amno group is selected from
the group consisting of bis(trihydrocarbylsilyl)am no,

bi s(di hydwocarinshdsydr osi | yl ) am no, 1-azadi sil a-1-cycl ohpdTasariops0892
(trihydrocarbylsilyl) (hydrocarbyl) am no, (dihydrocarbyl hydrosilyl)
(hydrocarbyl) am no, and 1-aza-2 -sil a-1-cycl ohydrocarbyl groups, and where
t he thiocarboxylic ester is a nonothi odsr boxylic ester or a

di t hi ocarboxylic ester. 3. The nethod of claim1, where the carboxylic or

t hi ocar boxyéthglpdeher sot @i RinikGigroPatol, ¥daplubde @i th2 et pf isépeigfanoEebrtyint ke
formula I: R4 Cc RASI /\Il R4 /INR2-C R3 where Rl is a nonoval ent
organi ¢ grlBug,of R26-détertdiudt methylghend, grddpen dumglriedny B prensytiegypbtle
each R4 is | ] . n 0 | ent organi c group, or
Ra.Joi ns vetNOER BRARE HoRHOTHRE: T he I LR cach & 15

I ndependent|y an oxygen atomor a sulfur atom or where the carboxylic or
t hi ocarboxylic ester containing a silylated am no (h;/[rou I s defined by the
formula I11: 69 Thxargplg 8Ffynthaesis of cis-1,4-Polybutadiene Modified with Ethyl

3-[Bis(trimethylsilyl)amino]propionate (3-BTMSAEP)

[00201] About 428 g of the pseudo-living polymer cement as synthesized in Example
7 was transferred from the reactor to a nitrogen-purged bottle, followed by addition of
5.33 ml of 0.450 M ethyl 3-[bis(trimethylsilyl)amino]propionate (3-BTMSAEP) in
hexane. The bottle was tumbled for 45 minutes in a water bath maintained at 65 °C.
The resulting polymer cement was quenched with 3 ml of 12 wt% 2,6-di-tert-butyl-4-
methylphenol solution in isopropanol, coagulated with 2 liters of isopropanol containing
0.5 g of 2,6-di-tert-butyl-4-methylphenol, and then drum-dried. The properties of the
resulting 3-BTMSAEP-modified polymer are summarized in Table 1.

Example 9. Synthesis of cis-1,4-Polybutadiene Modified with Ethyl
3-[Bis(trimethylsilyl)amino]benzoate (3-BTMSAEBz)
[00202] About 422 g of the pseudo-living polymer cement as synthesized in Example
7 was transferred from the reactor to a nitrogen-purged bottle, followed by addition of
5.26 ml 0of 0.450 M ethyl 3-[bis(trimethylsilyl)amino]benzoate (3-BTMSAEBz) in hexane.
The bottle was tumbled for 45 minutes in a water bath maintained at 65 °C. The
resulting polymer cement was quenched with 3 ml of 12 wt% 2,6-di-tert-butyl-4-
methylphenol solution in isopropanol, coagulated with 2 liters of isopropanol containing
0.5 g of 2,6-di-tert-butyl-4-methylphenol, and then drum-dried. The properties of the

resulting 3-BTMSAEBz-modified polymer are summarized in Table 1.

Example 10. Synthesis of cis-1,4-Polybutadiene Modified with Ethyl
4-[Bis(trimethylsilyl)amino]benzoate (4-BTMSAEBz)
[00203] About 442 g of the pseudo-living polymer cement as synthesized in Example

7 was transferred from the reactor to a nitrogen-purged bottle, followed by addition of



N R2 c_ cal RALIN/ R4/ where Rl is a nonoval ent organic group, R2 is a

di val ent organic group, each R4 is independently a hydrogen atomor a
nonoval erwoangzdiss4group, or at least two R4 join to foParasdivabesnt

organi c group, and each a is independently an oxygen atomor a sulfur atom
4. The nethod of claim 3, where the carboxylic or thiocarboxylic ester
containing a silylated amno group is defined by the formula Il RAR4 \ /a (
Si1ll R5 NNR2-C-aRl1 where Rl is a nonoval ent organic group, R2 is a dival ent

or gani ¢ grsmml BB0.450 M BhgT 9GBIsDi | rBa@y BN Rmi s 6Bni¥hté 64-BTUEREIBIF M hyxane.
hydr ogen atom or a nonoval ent organi c group, and each a is independently an
oxygen at diheobotaleswh$ ammiiashforofb ihiswgest he acaatsoxgdth cmaintaingd cardioX§l i the

ester contalakng Siahby| AbRd AMSQEAGR Liu'S' hos BY SB8 SRlMLAS LR
methylphenol solution in isopropanol, coagulated with 2 liters of isopropanol containing
0.5 g of 2,6-di-tert-butyl-4-methylphenol, and then drum-dried. The properties of the
resulting 4-BTMSAEBz-modified polymer are summarized in Table 1.
[00204] In Figure 1, the cold-flow resistance of the cis-1,4-polybutadiene samples
synthesized in Examples 5-10 is plotted against the polymer Mooney viscosity. The data
indicate that, at the same polymer Mooney viscosity, the BTMSEG-, 3-BTMSAEP-, 3-
BTMSAEBz-, and 4-BTMSAEBz-modified cis-1,4-polybutadiene samples show higher

residual cold-flow gauge values and accordingly better cold-flow resistance than the

unmodified polymer.

Examples 11-16. Compounding Evaluation of BTMSEG-, 3-BTMSAEP-, 3-BTMSAEBz-, and
4-BTMSAEBz-Modified cis-1,4-Polybutadiene vs. Unmodified cis-1,4-Polybutadiene
[00205] The cis-1,4-polybutadiene samples produced in Examples 5-10 were
evaluated in a rubber compound filled with carbon black. The compositions of the
vulcanizates are presented in Table 2, wherein the numbers are expressed as parts by

weight per hundred parts by weight of total rubber (phr).

TABLE 2. COMPOSITIONS OF RUBBER VULCANIZATES PREPARED FROM CIS-1,4-POLYBUTADIENE

Ingredient Amount (phr)
cis-1,4-Polybutadiene sample 80
Polyisoprene 20
Carbon black 50

0il 10

Wax 2
Antioxidant 1

Zinc oxide 2.5




RA R4 70 where RL is a nonoval ent organic group, R2 and R6 are each

i ndependently a dival ent organic group, each R4 is independently a hydrogen
atom or awouoovelisat organi c group, and each a is i ndep@enudarstély/oa39nxygen
atomor a sulfur atom 5. The nethod of claim1, where the carboxylic
ester containing a silylated am no group derives froma carboxylic ester

sel ected fromthe group consisting of 65

ar enecar boxyl i cest ers, al kanecar boxyl i cest ers, al kenecar boxyl i cesters,

al kynecar boxylic este‘gmaﬁygk@plkanecarboxylip est ers,
cycl oal kenecar boxyl i c| GsIHES o cYCl 0al Kynecarboxylicygsters,| and

het erocycl i ¢ car boxyl AT anmd—where thegthioc Elgbuxyi fc ester
cont ai ni ng a silyl at ed—amne—group—derives—frema+ntocarbaxylic ester
selected fromthe grOJEO' nsisting of aLeneLthcarkﬁiglir gsters,

al kanet hi ocar boxylic esters, al kenethi ocarboxylic esters,

al kynet hi XY | ters, . :
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6. The nethod of claimb5, where the arenecarboxylic esters are selecte

from t he dgetarpa epersiistutengaigh-upytdmecardoy fouseningige eunmgng yimep elhedatseeresis data
hydr ocar byl 4-ph | benzpat e, sjlyl 4-phenyl benzoate, hydrocar byl .

2 ot hyl DAHIEAREE RS TEPe HERAA PE Ve By soF LR Loy napie
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from 0.1% to 20%. AG’ is the difference between G’ at 0.1% strain and G’ at 20%

no—or-ol

strain. The physical properties of the vulcanizates are summarized in Table 3. In Figure

1, the tand data are plotted against the compound Mooney viscosities.



2- napht hal enecar boxyl at e, hydrocar byl 9- phenant hrenecar boxyl ate, silyl

9- phenant hr enecar boxyl ate, hydrocar byl 9- anthracenecarboxyl ate, silyl

9- ant hr acwoeocrrdaessyl at e, hydrocarbyl 1- azul enecar boxylParaS2@nmdswspt vl

1- azul enecar boxyl ate; and where the afenet hi ocarboxylic esters are sel ected
fromthe group consisting of hydrocarbyl thiobenzoate, silyl thiobenzoate,
hydr ocar byl 4-phenylthi obenzoate, silyl 4-phenylthiobenzoate, hydrocar byl

4- et hyl t hi obenzoat si-Hy4-rethyl t hi obenzoat e, hydrocarbyl 5-

11X
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ant hr acenet hi ocar boxyl ate, silyl 9-anthracenethi ocarboxyl ate, hydrocar byl 1-
azul enet hi ocar boxyl ate, and silyl 1-azul enethiocarboxylate. 7. The nethod
of cl ai mQ 20hiemes3the al kanecar boxylic esters are sel ecret/uSeaniosdse2 gr oup
consi sting of hydrocarbyl acetate, silyl acetate, hydrocarbyl propionate,
silyl propionate, hydrocarbyl butyrate, silyl butyrate, hydrocarbyl

i sobutyrate, silyl isobutyrate, hydrocd&yl valerate, silyl valerate,
hydrocar byl isovalerate, silyl isovalerate, hydrocarbyl pivalate, silyl

pi val ate, hydrocarbyl hexanoate, silyl hexanoate, hydrocarbyl heptanoate,
silyl heptanoate, dihydrocarbyl malonate, disilyl malonate, dihgdrocarbl

succi nat e,[002@7]| ylAss e ibratseen dnhyablecar ayd Kjgutearattbe BRMSHGsi BYHTMSAEP:,
| ut te; t i . L t J | f
giutarat € 3-%?9[8%%%-?%? N élg%flﬁgﬁﬁg%%o%ﬂf?od%lé-f,éli-errso)}}%l%scﬁﬁ‘lreﬁeSeanflgeljteg%l/\éer om.Lne

group consisting o I oacetate, 'oaceta rocar byl
t hi opr opi Qa@8 ehafii k¥d unmodified polymer, indicating that the modification of cis-1,4-
th|oproplonate,hydrocarbylthlobutyrate,5|Iylt%lobutyrate,hydrocarbyl

t hi oi sobutpphydtugadising ywith hBBMSBouByBRYIEAERyY driHidS ABz, t d1id iaBEManEBz siddylces
LSE?;?;?L t}’g’feﬁ? glr 3§?§5ééifit§$:c€,%-f,ﬁyﬁél%&5 i’englsla}%lpléshéll% Sg?yealo%vre?ﬂtf(}’ than the
thi opi val g dHALL SR NhaReHAEAALCaR] PEUADILONEX RAC A B NALEERTRY! 1o the

t hi ohept anoat e, silyl” thi oheptandate, dihydrocarbyl thionmalonate, disilyl

t hi omal onatmngdr myekraotdan bytwdeni the moadified polydiesianglcatbuindsladci nat e,

di hydrocar byl thioglutarate, and disilyl thioglutarate. 8. The nethod of
claim5, where the al kenecarboxylic esters are selected fromthe group
consi sting of hydrocarbyl acrylate, silyl acrylate, hydrocarbyl

nmet hacryl ate, silyl nethacrylate, hydrocarbyl crotonate, silyl crotonate,
hydr ocar byl 3-butenoate, silyl 3- butenoate, hydrocar byl

2- et hyl - 2- but enoate, silyl 2-nmethyl-2-butenoate, hydrocarbyl 2-pentenoate,
silyl 2-pentenoate, hydrocarbyl 3-pentenoate, silyl 3-pentenoate,

hydr ocar byl 4-pentenoate, silyl 4-pentenoate, hydrocarbyl 5-hexenoate,
silyl 5- hexenoate, hydrocarbyl 6-heptenoate, silyl 6-heptenoate,

di hydrocar byl fumarate, disilyl fumarate, dihydrocarbyl maleate, disilyl
mal eat e, di hydrocarbyl nethyl enenal onat e,

di si |l yl met hyl enenal onat e, di hydr ocar byl benzyl i denenal onat e, di si | yl

benzyl i denemal onat edi hydr ocar byl 2- net hyl enegl ut ar at e, anddi si | yl 2-

nmet hyl enegl ut arate; and where the al kenethi ocarboxylic esters are sel ected
fromthe 72 group consisting of hydrocarbyl thioacrylate, silyl

t hi oacryl ate, hydrocarbyl thionethacrylate, silyl thionethacryl ate,

hydr ocar byl thiocrotonate, silyl thiocrotonate, hydrocarbyl

3-thi obutenoate, silyl 3-thiobutenoate, hydrocarbyl 2-nethyl-2-

t hi obut enoate, silyl 2-nethyl-2-thiobutenoate, hydrocar byl

2-thi opentenoate, silyl 2- thiopentenoate, hydrocarbyl 3-thiopentenoate,
silyl 3-thiopentenoate, hydrocarbyl 4- thiopentenoate, silyl

4-t hi opent enoat e, hydrocar byl 5-thiohexenoate, silyl 5- thiohexenoate,

hydr ocar byl 6-thi oheptenoate, silyl 6-thioheptenoate, dihydrocarbyl

t hi of umarate, disilyl thiofunmarate, dihydrocarbyl thionmaleate, disilyl

t hi omal eat e, di hydrocarbyl nethyl enet hi omal onate, disilyl

nmet hyl enet hi omal onat e, di hydrocar byl benzyli denethi omal onate, disilyl
benzyl i denet hi omal onat e di hydrocar byl 2- mnethyl enet hi ogl utarate, and
disilyl 2-nmethylenethioglutarate. 9. The method of claim5, where the

al kynecarboxylic esters are selected fromthe group consisting of

hydr ocar byl 3-butynoate, silyl 3-butynoate, hydrocarbyl 2- pentynoate,
silyl 2-pentynoate, hydrocarbyl 3-pentynoate, silyl 3-pentynoate,

hydr ocar byl 4-pentynoate, silyl 4-pentynoate, hydrocarbyl 5-hexynoate, and
silyl 5- hexynenoate; and where the al kynethi ocarboxylic esters are

sel ected fromthe group consisting of hydrocarbyl 3-thiobutynoate, silyl
3-t hi obut ynoate, hydrocarbyl 2- thiopentynoate, silyl 2-thiopentynoate,
hydr ocar byl 3-thi opentynoate, silyl 3- thiopentynoate, hydrocarbyl

4-t hi opentynoate, silyl 4-thiopentynoate, hydrocarbyl 5- thiohexynoate, and
silyl 5-thiohexynoate. 10. The nethod of claimb5, where the

cycl oal kanecarboxylic esters are selected from

t hegr oupconsi st i ngof hydr ocar byl cycl opr opanecar boxyl at e, si | yl



cycl opropanecar boxyl ate, hydrocarbyl cycl obutanecarboxyl ate, silyl
cycl obut anecar boxyl ate, hydrocarbyl cycl opentanecarboxylate, silyl
cycl opentwipeocrrddossyl at e, hydrocar byl cycl ohexanecar boxylParaiS2&ioloyiso2
cycl ohexanecar boxyl at e, hydrocar byl cycl ohept anecarboxyl ate, and silyl

68

CLAIMS
What is claimed is:
1. A method for preparing a functionalized polymer, the method comprising the steps
of:
(i) polymerizing monomer with a coordination catalyst to form a reactive
polymer; and
(ii) reacting the reactive polymer with a carboxylic or thiocarboxylic ester

containing a silylated amino group.

2.  The method of claim 1, where the silylated amino group is selected from the group
consisting of bis(trihydrocarbylsilyl)amino, bis(dihydrocarbylhydrosilyl)amino, 1-aza-
disila-1-cyclohydrocarbyl, (trihydrocarbylsilyl) (hydrocarbyl)amino,
(dihydrocarbylhydrosilyl) (hydrocarbyl)amino, and 1-aza-2-sila-1-cyclohydrocarbyl
groups, and where the thiocarboxylic ester is a monothiocarboxylic ester or a

dithiocarboxylic ester.

3.  The method of claim 1, where the carboxylic or thiocarboxylic ester containing a

silylated amino group is defined by the formula I:

R4
R4>Si o
/ l
R* N—R"—C—oR!
R3

where R1 is a monovalent organic group, RZ is a divalent organic group, R3 is a
hydrocarbyl group, each R% is independently a hydrogen atom or a monovalent organic

group, or R3 joins with an R% to form a hydrocarbylene group, and each o is
independently an oxygen atom or a sulfur atom, or where the carboxylic or

thiocarboxylic ester containing a silylated amino group is defined by the formula III:



cycl ohept anecar boxyl ate; and where the cycl oal kanet hi ocarboxylic esters are
sel ected fromthe group consisting of hydrocar byl
cycl opr opapevtiacsrboxyl ate, silyl PCT/US2010/050892
cycl opr opanet hi ocar boxyl at e, hydr ocar byl cycl obut anet hi ocar boxyl ate,silyl 73
cycl obut anet hi ocar boxyl at e, hydr ocar byl cycl opent anet hi ocar boxyl at e, si |l yl
cycl opent anet hi ocar boxyl at e, hydrocar byd9 cycl ohexanet hi ocar boxyl ate, silyl
cycl ohexanet hi ocar boxyl ate, hydrocarbyl cycl oheptanet hi ocar boxyl ate, and
silyl cycl ohept anet hi ocar boxylggte. 11. The nmet hod of claim5, where the
cycl oal kenecar boxylic esters a{é\sel ected from
t hegr oupconsi sti ngof hydr ocar b§ %opropenec r boxyl ate, silyl 1- cycl oprop
enecar boxyl at e, hydrocarbyl 1-mycl obytenecarboxyl ate, silyl 1-
cycl obunt enecar boxyl at e, hydr oc?r byl N=cyldi-opehtene®ar boxyl at e,

R

R*—Si

7

R4
where R1 is a monovalent organic group, R2 is a divalent organic group, each R% is

independently a hydrogen atom or a monovalent organic group, or at least two R% join
to form a divalent organic group, and each o is independently an oxygen atom or a sulfur

atom.

4.  The method of claim 3, where the carboxylic or thiocarboxylic ester containing a

silylated amino group is defined by the formula Il
R? R*

R’ N
N

where R1 is a monovalent organic group, RZ is a divalent organic group, RS is a

R

R2 oR!

@]

hydrocarbylene group, each R% is independently a hydrogen atom or a monovalent
organic group, and each a is independently an oxygen atom or a sulfur atom, or where
the carboxylic or thiocarboxylic ester containing a silylated amino group is defined by

the formula IV:




silyl 1- cyclop entenecarboxyl ate, hydrocarbyl 1-cycl ohexenecarboxyl ate,
silyl 1- cycl ohexenecarboxyl ate, hydrocarbyl 1-cycl oheptenecarboxyl ate, and
silyl 1- woyeligheptienecar boxyl ate; and where the cycl oalPkenstéiosmseboxyl i c
esters are selected fromthe group consisting of

hydr ocar byl 1- cycl opr openet hi ocar boxyl ate, silyl 1- cycl oprop

enet hi ocar boxyl at e, 70

where R1 is a monovalent organic group, RZ and RO are each independently a divalent

organic group, each R% is independently a hydrogen atom or a monovalent organic

group, and each o is independently an oxygen atom or a sulfur atom.

5. The method of claim 1, where the carboxylic ester containing a silylated amino
group derives from a carboxylic ester selected from the group consisting of
arenecarboxylic esters, alkanecarboxylic esters, alkenecarboxylic esters,
alkynecarboxylic esters, cycloalkanecarboxylic esters, cycloalkenecarboxylic esters,
cycloalkynecarboxylic esters, and heterocyclic carboxylic esters; and where the
thiocarboxylic ester containing a silylated amino group derives from a thiocarboxylic
ester selected from the group consisting of arenethiocarboxylic esters,
alkanethiocarboxylic esters, alkenethiocarboxylic esters, alkynethiocarboxylic esters,
cycloalkanethiocarboxylic esters, cycloalkenethiocarboxylic esters,

cycloalkynethiocarboxylic esters, and heterocyclic thiocarboxylic esters.

6. The method of claim 5, where the arenecarboxylic esters are selected from the
group consisting of hydrocarbyl benzoate, silyl benzoate, hydrocarbyl 4-phenylbenzoate,
silyl 4-phenylbenzoate, hydrocarbyl 4-methylbenzoate, silyl 4-methylbenzoate,
hydrocarbyl 5-indenecarboxylate, silyl 5-indenecarboxylate, hyrdocarbyl 2-
naphthalenecarboxylate, silyl 2-naphthalenecarboxylate, hydrocarbyl 9-
phenanthrenecarboxylate, silyl = 9-phenanthrenecarboxylate,  hydrocarbyl  9-
anthracenecarboxylate, silyl 9-anthracenecarboxylate, hydrocarbyl 1-
azulenecarboxylate, and silyl 1-azulenecarboxylate; and where the arenethiocarboxylic
esters are selected from the group consisting of hydrocarbyl thiobenzoate, silyl
thiobenzoate, hydrocarbyl 4-phenylthiobenzoate, silyl 4-phenylthiobenzoate,
hydrocarbyl 4-methylthiobenzoate, silyl 4-methylthiobenzoate, hydrocarbyl 5-
indenethiocarboxylate, silyl 5-indenethiocarboxylate, hyrdocarbyl 2-
naphthalenethiocarboxylate, silyl 2-naphthalenethiocarboxylate, hydrocarbyl 9-

phenanthrenethiocarboxylate, silyl 9-phenanthrenethiocarboxylate, hydrocarbyl 9-



hydr ocar byl 1-cycl obut enet hi ocar boxyl ate, silyl 1-
cycl obunt enet hi ocar boxyl at e, hydrocar byl 1-cycl opent enet hi ocar boxyl at e,

1- wochop4esstenet hi ocar boxyl at e, hydr ocar byl PCT/US2010/050892

1- cycl ohexenet hi ocar boxyl ate, silyl 1- cycl ohexenet hi ocar boxyl at e,
hydr ocar byl 1-cycl ohept enet hi ocarboxyl ate, and silyl 1-

cycl ohept enet hi ocar boxyl ate. 12. The netHod of claim5, where the
het erocyclic carboxylic esters are selected from

anthracenethiocarboxylate, silyl 9-anthracenethiocarboxylate, hydrocarbyl 1-

azulenethiocarboxylate, and silyl 1-azulenethiocarboxylate.

7. The method of claim 5, where the alkanecarboxylic esters are selected from the
group consisting of hydrocarbyl acetate, silyl acetate, hydrocarbyl propionate, silyl
propionate, hydrocarbyl butyrate, silyl butyrate, hydrocarbyl isobutyrate, silyl
isobutyrate, hydrocarbyl valerate, silyl valerate, hydrocarbyl isovalerate, silyl
isovalerate, hydrocarbyl pivalate, silyl pivalate, hydrocarbyl hexanoate, silyl hexanoate,
hydrocarbyl heptanoate, silyl heptanoate, dihydrocarbyl malonate, disilyl malonate,
dihydrocarbyl succinate, disilyl succinate, dihydrocarbyl glutarate, and disilyl glutarate;
and where the alkanethiocarboxylic esters are selected from the group consisting of
hydrocarbyl thioacetate, silyl thioacetate, hydrocarbyl thiopropionate, silyl
thiopropionate,  hydrocarbyl thiobutyrate, silyl thiobutyrate, hydrocarbyl
thioisobutyrate, silyl thioisobutyrate, hydrocarbyl thiovalerate, silyl thiovalerate,
hydrocarbyl thioisovalerate, silyl thioisovalerate, hydrocarbyl thiopivalate, silyl
thiopivalate, hydrocarbyl thiohexanoate, silyl thiohexanoate, hydrocarbyl
thioheptanoate, silyl thioheptanoate, dihydrocarbyl thiomalonate, disilyl thiomalonate,
dihydrocarbyl thiosuccinate, disilyl thiosuccinate, dihydrocarbyl thioglutarate, and

disilyl thioglutarate.

8. The method of claim 5, where the alkenecarboxylic esters are selected from the
group consisting of hydrocarbyl acrylate, silyl acrylate, hydrocarbyl methacrylate, silyl
methacrylate, hydrocarbyl crotonate, silyl crotonate, hydrocarbyl 3-butenoate, silyl 3-
butenoate, hydrocarbyl 2-methyl-2-butenoate, silyl 2-methyl-2-butenoate, hydrocarbyl
2-pentenoate, silyl 2-pentenoate, hydrocarbyl 3-pentenoate, silyl 3-pentenoate,
hydrocarbyl 4-pentenoate, silyl 4-pentenoate, hydrocarbyl 5-hexenoate, silyl 5-
hexenoate, hydrocarbyl 6-heptenoate, silyl 6-heptenoate, dihydrocarbyl fumarate, disilyl
fumarate, dihydrocarbyl maleate, disilyl maleate, dihydrocarbyl methylenemalonate,
disilyl methylenemalonate, dihydrocarbyl benzylidenemalonate, disilyl
benzylidenemalonate  dihydrocarbyl = 2-methyleneglutarate, and  disilyl 2-

methyleneglutarate; and where the alkenethiocarboxylic esters are selected from the



t hegr oupconsi st i ngof hydr ocar byl cycl opr opanet hi ocar boxyl at e, si | yl

cycl opropanet hi ocar boxyl at e, hydrocar byl cycl obut anet hi ocar boxyl at e,

silyl

cycl obut amet2hiveaisboxyl at e, hydrocar byl cycl opent anet hi @caniseoaploaises sil vyl

cycl opent anet hi ocar boxyl at e, hydrocar byl cycl ohexanet hi ocar boxyl at e,

silyl

cycl ohexanet hi ocar boxyl at e, hydrocar byl cycl ohept anet hi ocar boxyl at e, and
72

silyl

group consisting of hydrocarbyl thioacrylate, silyl thioacrylate, hydrocarbyl

thiomethacrylate, silyl thiomethacrylate, hydrocarbyl thiocrotonate, silyl thiocrotonate,

hydrocarbyl  3-thiobutenoate, silyl 3-thiobutenoate, hydrocarbyl 2-methyl-2-

thiobutenoate, silyl 2-methyl-2-thiobutenoate, hydrocarbyl 2-thiopentenoate, silyl 2-

thiopentenoate, hydrocarbyl 3-thiopentenoate, silyl 3-thiopentenoate, hydrocarbyl 4-

thiopentenoate, silyl 4-thiopentenoate, hydrocarbyl 5-thiohexenoate,

5-

thiohexenoate, hydrocarbyl 6-thioheptenoate, silyl 6-thioheptenoate, dihydrocarbyl

thiofumarate, disilyl thiofumarate, dihydrocarbyl thiomaleate, disilyl thiomaleate,

dihydrocarbyl methylenethiomalonate, disilyl methylenethiomalonate, dihydrocarbyl

benzylidenethiomalonate, disilyl  benzylidenethiomalonate  dihydrocarbyl

methylenethioglutarate, and disilyl 2-methylenethioglutarate.

2-

9. The method of claim 5, where the alkynecarboxylic esters are selected from the

group consisting of hydrocarbyl 3-butynoate, silyl 3-butynoate, hydrocarbyl 2-

pentynoate, silyl 2-pentynoate, hydrocarbyl 3-pentynoate, silyl 3-pentynoate,

hydrocarbyl 4-pentynoate, silyl 4-pentynoate, hydrocarbyl 5-hexynoate, and silyl 5-

hexynenoate; and where the alkynethiocarboxylic esters are selected from the group

consisting of hydrocarbyl 3-thiobutynoate, silyl 3-thiobutynoate, hydrocarbyl 2-

thiopentynoate, silyl 2-thiopentynoate, hydrocarbyl 3-thiopentynoate,

silyl  3-

thiopentynoate, hydrocarbyl 4-thiopentynoate, silyl 4-thiopentynoate, hydrocarbyl 5-

thiohexynoate, and silyl 5-thiohexynoate.

10. The method of claim 5, where the cycloalkanecarboxylic esters are selected from

the group consisting  of  hydrocarbyl  cyclopropanecarboxylate,

cyclopropanecarboxylate, hydrocarbyl cyclobutanecarboxylate,
cyclobutanecarboxylate, hydrocarbyl cyclopentanecarboxylate,
cyclopentanecarboxylate, hydrocarbyl cyclohexanecarboxylate,
cyclohexanecarboxylate, hydrocarbyl cycloheptanecarboxylate, and

silyl
silyl
silyl
silyl
silyl

cycloheptanecarboxylate; and where the cycloalkanethiocarboxylic esters are selected

from the group consisting of hydrocarbyl cyclopropanethiocarboxylate,

cyclopropanethiocarboxylate, hydrocarbyl cyclobutanethiocarboxylate,

silyl
silyl



cycl ohept anet hi ocar boxyl at e; and where the heterocyclic thiocarboxylic
esters are selected fromthe group consisting of hydrocarbyl
2- pyri di neoOhooaiisaxyl ate, silyl 2- pyridinethi ocar boxylraraiS2éipassear byl
3- pyridi net hi ocar boxyl ate, silyl 3- pyridinethiocarboxyl ate, hydrocar byl
4- pyri di net hi ocar boxyl ate, silyl 4- pyridinethiocarboxyl ate, hydrocar byl
2- pyri m di net hi ocar boxyl ate, silyl 2- 73
cyclobutanethiocarboxylate, hydrocarbyl cyclopentanethiocarboxylate, silyl
cyclopentanethiocarboxylate, hydrocarbyl cyclohexanethiocarboxylate, silyl
cyclohexanethiocarboxylate, hydrocarbyl cycloheptanethiocarboxylate, and silyl

cycloheptanethiocarboxylate.

11. The method of claim 5, where the cycloalkenecarboxylic esters are selected from
the group consisting of hydrocarbyl 1-cyclopropenecarboxylate, silyl 1-
cyclopropenecarboxylate, hydrocarbyl 1-cyclobutenecarboxylate, silyl 1-
cyclobuntenecarboxylate, hydrocarbyl 1-cyclopentenecarboxylate, silyl 1-
cyclopentenecarboxylate, hydrocarbyl 1-cyclohexenecarboxylate, silyl 1-
cyclohexenecarboxylate, hydrocarbyl 1-cycloheptenecarboxylate, and silyl 1-
cycloheptenecarboxylate; and where the cycloalkenethiocarboxylic esters are selected
from the group consisting of hydrocarbyl 1-cyclopropenethiocarboxylate, silyl 1-
cyclopropenethiocarboxylate, hydrocarbyl 1-cyclobutenethiocarboxylate, silyl 1-
cyclobuntenethiocarboxylate, hydrocarbyl 1-cyclopentenethiocarboxylate, silyl 1-
cyclopentenethiocarboxylate, hydrocarbyl 1-cyclohexenethiocarboxylate, silyl 1-
cyclohexenethiocarboxylate, hydrocarbyl 1-cycloheptenethiocarboxylate, and silyl 1-

cycloheptenethiocarboxylate.

12. The method of claim 5, where the heterocyclic carboxylic esters are selected from
the group consisting of hydrocarbyl cyclopropanethiocarboxylate, silyl
cyclopropanethiocarboxylate, hydrocarbyl cyclobutanethiocarboxylate, silyl
cyclobutanethiocarboxylate, hydrocarbyl cyclopentanethiocarboxylate, silyl
cyclopentanethiocarboxylate, hydrocarbyl cyclohexanethiocarboxylate, silyl
cyclohexanethiocarboxylate, hydrocarbyl cycloheptanethiocarboxylate, and silyl
cycloheptanethiocarboxylate; and where the heterocyclic thiocarboxylic esters are
selected from the group consisting of hydrocarbyl 2-pyridinethiocarboxylate, silyl 2-
pyridinethiocarboxylate, hydrocarbyl 3-pyridinethiocarboxylate, silyl 3-
pyridinethiocarboxylate, hydrocarbyl 4-pyridinethiocarboxylate, silyl 4-
pyridinethiocarboxylate, = hydrocarbyl = 2-pyrimidinethiocarboxylate,  silyl  2-
pyrimidinethiocarboxylate, hydrocarbyl 4-pyrimidinethiocarboxylate, silyl 4-



pyri m di net hi ocar boxyl ate, hydrocarbyl 4-pyrim di nethiocarboxyl ate, silyl
4- 74
pyri m di nr€Ohloooraiisexyl at e, hydr ocar byl 5- pyri m di net hi ocaPbdfisk@DO56HL vl 5-
pyri m di net hi ocar boxyl at e, hydr ocar byl pyr azi net hi ocar boxyl at e, si |l yl
pyr azi net hi ocar boxyl ate, hydrocarbyl 3-pyridazi nethiocarboxylate, silyl 3-
pyri dazi net hi ocar boxyl at e, hydrocarbyl 7 pyri dazi net hi ocar boxyl ate, and
silyl 4- pyridazinethiocarboxylate. 13. The nethod of clainms 1-12, where
the nmonomgyrinsidatthisgatbedydisne hyarearsyl asdpyiaidnéheocoesngidiat i eyl  5-
catalyst is a |anthani de-%ased catal yst that includes (a) a _
| ant hani déveondiathingadenpatmd, (Bydascaabrly| at | Ryrazbwesihiocahaxylaje, a halsdgen
sour ce. 4 T thod of claj - 13 re.sai. e L ymeri zi ng
nononer t 5%21%%51%{:% avp\é) b ?ar%e’a pg@rr%jsc?rljbifét ?MS%I’X%@?% %t%:ioncgrlg%fyﬁ%e’l esgllflhang'ZO%
by wei ght tidarigatiiécabby@nte, hijdrochrbylr &-pyrapairdhibtaPodyMid, cantzaye 4-
conposition conprising the functionalized polynmer of any preceding claim
pyridazinethiocarboxylate.

13. The method of claims 1-12, where the monomer is conjugated diene monomer, and
where the coordination catalyst is a lanthanide-based catalyst that includes (a) a

lanthanide-containing compound, (b) an alkylating agent, and (c) a halogen source.

14. The method of claims 1-13, where said step of polymerizing monomer takes place

within a polymerization mixture including less than 20% by weight of organic solvent.

15. A tire prepared from a vulcanizable composition comprising the functionalized

polymer of any preceding claim.



