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wherein R is hydrogen or hydrocarbyl. In some embodiments, R is hydrocarbyl.

(0004] In some embodiments, the alkoxysilane or ether compound has the formula:

wherein Y is carbon or stlicon;
R, is hydrocarbyl, and R;-R4 are each, independently, H or hydrocarbyl.
[0005] In some embodiments, the polyolefin containing one or more exo-olefinic end

groups formed is at least 98 percent by mole of all products.

4, DETAILED DESCRIPTION

4.1 DEFINITIONS




section prevail unless stated otherw se. |0007| As
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[0011] As uscd herein, “‘ary}” refers to a monocyclic or multicyclic aromatic group
containing from 6 to about 30 carbon atoms. Aryl groups include, but arc not limited to,
groups such as unsubstituted or substituted fluorenyl, unsubstituted or substituted pheny!, or
unsubstituted or substituted naphthyl.

[0012] As used herein, “alkaryl” refers to an aryl group substituted with at least one alkyl,

alkenyl, or alkyny! group.



silicon atom bonded to at |east one al koxy group.
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not limited to, hexane or methyl chloride, or mixtures thereof.

[0021] As uscd herein, “clectron donor” refers to a molecule that is capable of donating a
pair of electrons to another molecule. Examples include, but are not limited to, molecules
capable of complexing with Lewis acids. Further examples include, but are not limited to,
bases and/or nucleophiles. Further examples include, but are not limited to, molecules
capable of abstracting or removing a proton. Further examples include, but are not limited 1o,
pyridine derivatives,

[0022] As used herein, “ether” refers to a compound of the formula:
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| 0024) As used herein, "exo-olefin term nated
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are not limted to, conmpounds of the foll ow ng
formul a: Polyolefin X Rwherein Ris hydrogen or
hydr ocarbyl. In sone errbodi ments, R is hydrocarbyl.
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carbocationic polyolefin or a cationic polyolefin.



carbocation to form anot her carbocation. An exanple

i ncludes, but is not limted to, isobutylene. [0031 1
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[0037] As uscd herein, “quasilivi‘ng polymerization conditions” refers to rcaction

conditions that allow quasiliving polymerization to occur.



contains at |least one tertiary halide end group. An
exanpl e includes, but is not limted to, a conpound of
WO 201008890 wherein X i s a hal ogen. 4.2 METHODS PODUS2009/048471
Provi ded herein are nmethods for preparing a polyolefin
cont ai ni ng one or nore exo-olefinic end groups on the
pol yol efin chain, conprising quenching an ionized
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[0044] In somc cmbodiments of the methods described herein, the quenching agent is an
alkoxysilane or an ethcr. Without being limited to any theory, in some embodiments, the
quenching agent is a complex formed between two compounds or atoms.

[0045] Without being limited to any theory, in some embodiments, the quenching agent is
a complex between the alkoxysilane and a Lewis acid. Without being limited to any theory,

in some embodiments, the quenching agent is a complex between the alkoxysilane and a



titaniumtetrachl oride. Wthout being limted to any
theory, in sonme enbodi nents, the quenching agent is a
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a Lewis acid. Wthout being Iimted to any theory, in
sonme enbodi nents, the quenching agent is a 1:1
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titaniumte alide, Wthout being limted to any
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Wm%tup&iq&t i eﬁirﬁ) 2 gtlr ShI"HT W'Pﬁou‘%%%ueﬁ g 93FYIdYR fognplex
bet\'@n'yaIMmmrynethyﬂsllsmhenhudethmmasq, ot inethepyeriredihyigjlaagand a

o TP P LTI AP el o

queqct)oaeq;enwsta ifowplek bétwgen allm°t~Etdntkbylaﬂgnexdtfmmmenmlsgmor

meﬂ?gplﬂmeﬁmlére &Jé‘!%k%k{g?ﬁ]{%gl rn@geﬁ/tithb\ﬁ bfln%h&flkw\@ﬁpg\eory in

some N bRYIMnts. t*\éauwh'aaygqnhé@rcymplrahb@,mﬁé cghespaimethvtsdanetahe

titanfliAeRERNG 48 IR Mhodt Beih ﬁmﬁkd‘t‘é’é){ys!hl:ﬁg% sohd mwd A?@nw bhe
limted to any theory, in sone odi nent s,

querg (i B8R hig 2 dglevichiamans samplax el eee ARk PIvaitiee and 5 Lewis scid.
Wittt Isoka4t 1 i BBt 1 yShdod €h sofe ebAM¥NE, Mthd iRl dp@fi®s a 1:1

. 004 tbeln limted to teor,,lnsms
stoi H**‘rﬁ@ﬁ’? ?‘W@""h"ﬁ‘eﬂlhf’r‘wsrﬁ'@"%"g‘éﬁt‘“ﬁ“g’"b‘clfﬂ%ﬂ"ex Bequhesipe
limitel @ m&bryafh(ioheWnSOdiﬁérds th&dubreting b@dnng al li: ndisieloh@riany

oneenbodi ments, .t he g
comp g B tenisl ({3 PRGSO RB AL G R SCrP At ned
to anf¥thdoey in sbmeregwbbdmiebt&dhd @eﬂzﬂnyngtaham fisya 1:1 BoiebigBetric complex
nbodi the chin [ I bet ween
oot G TR SR SR POBr R8RS | RGBT R o 0 i
theotyi, misbmd embotmnynts tieeagugnching agows aerinpalind®fiths foltoweng formula:
guenchi.ng agent is a corrpl exg between tert-butyl ethyl
ether or tert-butyl net h%wet@gr and a titanium
tetrahal i de. Wthout b& b limted to any theory, in
sone enbodi nents, the qu nghlng agent is a conpl ex

“he@e,twmmrgwdtgcmwl ethyl ether or tert-butyl methyl
ether and titaniumtetrachl oride. [0049] Wthout being

(004b] mi Méichobibetngyintited ar any theorys Diseme BIDDSH EME, She quBiaRingAGEN! is

uenchi agent act to quench the carbeniumi on.
the @lowug%(comﬂo r}gl n the case of an
©

CH,
{0047] Without being limited to any theory, in some embodiments, the quenching agent is
the alkoxysilane. Without being limited to any theory, in some embodiments, the quenching
agent is allyloxytrimethylsilane, ethoxytrimethylsilanc, or methoxytrimethylsilane.
(0048 Without being limited (o any theory, in some embodiments, the quenching agent is

a complex between the ether and Lewis acid. Without being limited to any theory, in some
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al koxysi | ane, the carbeniumion my be quenched with a
m x of free al koxysilane and conpl exed al koxysi | ane.

WO 2050088W t hout being limted to any theory, |iPCHUN®09/048471
enbodi nents, an el ectron donor is the quenching agent.
Wthout being limted to any theory, in sone
enbodi nents, a pyridine derivative is the quenchi ng

W t ho t being limted to any theory, i
ermbE AR BRI RGP ebien B EWEHPHY gain tevanalide
Wilthdd0b<ldg limnlﬂlomﬁﬁmﬁllﬁrﬁiﬁc&mbﬁhﬁcﬂt@ Gﬁ@&UeHQﬁlﬁg dgentiiSa Ednepax
to a

be @0 i el Wi R liap WIhA g lypiiee B vy thegpy e some
embpdimgbieghe quenchinpmgentiidiorfpiix betviebietegtb@MyC Bth g tHet SxertSutyl

0 odi nen t he, guenchi ng
P24 o Ty 8 BB BRTERl
embgdiavauthi thig uenehingi agera xoatonmplexrvetwetesr-buryl stbyieether or tert-buty!
merBTORE G Mafiurd FcAURREN NG L2 | aDout, 20 Wt es:

sonme enbodi ment s he quenching time is about 25
|004r?i nut¥éighout beingd impited ndyardi theornit, &1 sonh@mquamcm rgpré ihaxe ones

quer@pﬂgggﬁpa&ncﬂt&% thd &r&ﬂﬁ% ;%gbtlni’m &D@asggpg}\cm ng

I's abo m nut es. nso odi nent s,

alkoyysdpReniha garbenim jos maydg auerghad with aagix of fre«sdh@xysnlane and

com |@b€raq,||m;gt,|§ne the quenching time is about 45 m nutes.
enbodi nents, the quenching tinme is about 50

l°°5ﬁl nut“é'g’ouﬁ beingd ited My thRoRt &) SOfms EMERRIREN?. 19 clertmm dogor is

the UBRIng 2Ben] W&)@ﬁ belan hﬁmﬁ@to%ﬁp&%rﬂaﬂ%&ne LR ITHHERS Rb it hine
ti.me In some enbodi nents,

i s abo Qfﬁ h
deriyafjxe s g AF '"ﬂgg‘auewa 2 bszf'g amtt SPuthET¥: I SYRT about -
embddifiBits, 206-@NEINE is1tRdenching agai® enbodi nents, the
008 E3 B RS Sen SRS B e B B0 i s
minnleadi sodire dnﬂ:oqmnehadql&hctang ehpe rg&:tauar aarf 6Oimmeuln some

embo 1919:3 tlgc c]ugnc%mé u_n%%)gbou! min {TE ﬁ\ 1Y oc}nmbnt%hhe quenching

nper a ur e fTroma
time- lsmibOtO Otrmnatbn ub sord»f)@ﬂbodlmlen&ome qeampbloog e tssiboutHé minutes. In

somg gﬁ&{gt@&t; ﬁ,ggg%@ﬁ,pgqm@ss a%o&%g,ﬁm&uﬁnesonaoenb%mt&ls HP0C

- about one enbodi nent s e reactioh rIs
quenghiap time ¢ ahputStrunyes: dr samee epfbodinwats, tha @@Ohing timeigmout 30

min SO0 LR Mo 1] ROGlehind o SHER Al BT At ur e

about - C n sonecnb e reaction is
emb@ﬂ)@ﬁ'&hé‘?ﬁ oa}?noa"leéwe% ahoyt 40 gy Jn someaDRRdimentss Bynguenching

time§SAYRGI 4¥5BRh Stes. tlh@orﬁ@é}ﬁgddﬁﬁbn'tsslhgH@dﬂ@lhﬁéjlnﬁé isbb @ BD R ARALN ¢n
of about -700C. In sone enmbodi nents, the reaction is

somé;¢RbpdHBRRSathe §UenshinB HEE (HraBOWHS AHRHES 10 cmbadigtshis. the

quer@mbgdmmSmebmﬁnm@actl on is quenched at a tenperature
In sonme enbodi rregﬁfa t he reac |on IS

0053, . PP sbtne spbgd
' ghen R eAMPdiMENpdPOERTIan SrauasBts aéﬁﬂ‘i”“l"ﬁ 8@fgout -
150°€ntd ashulmst S, Intsbe ERB&Limeadts, ke repdedicib gaknaliedat i Rpeaakdfi@n
f ag g 45C. me_enb the reaction is
sbof o LG B0 (U oPabTF MG RO e SRR € Rrngiaa
temperature from about -100°C to about -30°C. In some embodiments, the reaction is
quenched at a temperature from about -100°C to about -40°C. In some embodiments, the
reaction is quenched at a temperature from about -90°C to about - 60°C. In some
embodiments, the reaction is quenched at a temperature of about -100°C. In some

embodiments, the reaction is quenched at a temperature of about -90°C. In some
8



enbodi nents, the reaction is quenched at a tenperature
of about -35C. In sonme enbodi nents, the reaction is
‘W@ Emoisse at a tenperature of about -300C. [ 00BGDUSI009/048471
some enbodi nents, the reaction mxture and isol ated
pol yol efin products are largely free of col ored
precipitates 4 2.1 QUENCHI NG ACGENTS | 0054] Vari ous
the inchlng agents for use herein are

e s B R PR AT LD TS Sev e dABoDs mont s
embadignents t thé macnioe :mmemt attéthSerdbirs 6f ABUr-20°( a). some

'embA{j Ejoﬁélh rzﬁﬁce °P1a quf?‘lcé 4%%‘?]?’5’“'\’/%863@0?\ %5 G é" Some
embh?!dlemeahdyyhcuoamchuRﬁhRﬂatanen;&mm of abdepesrdenh kyme
el RO St WRERE fa e bSO 4R S Ry
embggimerts.rthe rlemlﬁr'if fs dRienched alakwnerzanlrkefgbbm -85y riy kgmear y| .
emb@!l K)@ﬁlyllh Jggcu@rr\ %lctﬁ rlc’he ﬁ?a%lre ab 53 4?‘%”% F\ZJA'mcar € ,
each ependen i PO
embaqhmﬁyllhe rgrojion lsalum@h?d at ammraalrkyﬂ abouir IRE. am b3, or
embE@m@ﬁ\g thR reac®ibn qf%@lgshggi dtgggﬁb%ﬁ 0bf bofiQigpca fused

al i phatic rin about 3 10 abolt 7 carbon at ons.

10058b 059 sams imEAS I FeaHiog miruiegand jsiated pallylefiyproducts are
larg@'li' Kh’é’%colo?erd}ﬂremﬁtlaté@r yl, or aralkyl. In sone ‘
nbaodi nent s i S aIkyI al kenyl , al kynyl, or

4.2. 'ar aIWNCngd‘t@E@%odl nents, R isal kyI al kenyl , or
IOOSQL_bya/%H%lhstcglbo%Imcmg n?tgmﬁgyenghlll%/?gem[s &%.ﬁ h%(eﬁn grgﬁgscng% herein.

All @mbodiieret sych Rmbodmenat dry withiattheydcopearf thas diydlosuten sone
enbodi nents, R is nethyl. In sone enbodinents, R is
ethyl. In some enbodiments, R is allyl. (0061 1 In
somggenaficiRithses R2, R3, and R4 are each,

[ nggp)endﬁﬂgy;w,—ﬁ?dr ogen, al kyl. al kenyl, alkynyl,

[0058) yI In simeampbdimenisahadlkodysilagé hdsZheafachR3, or R2 and R4
or R3 and R independently forma fused aliphatic ring
of about 3 to about 7 car 06 gft nms. I n sone
enbodi nrents, R2, R3, and €ach, independently,
hydr ogen, aIkyI, al kenyl , alkyhyl or aralkyl, or R2

450 a
whcn%nlqh gﬁ%}%{eg%ﬁ&&?ﬁgqn&p Lhet\twjﬁout g% %%C%Fbm.

USG Ic ring o out to a

[0058f ONMEn sokif? eHBOBNRARARK ARdXYy SilanéRas 1RRFormllsl R4 are each,
i ndependent |y, hydrogen, alkyl, alkenyl, or alkynyl.

i 2
I n sonme enbodi nents, Rﬁ_g@; Rf;md R

Re

wherein:

[0057] R) is alkyl, alkenyl, alkynyl, aryl, alkaryl, or aralkyl; and

| |0058] R3, Rj, and R4 are each, independently, hydrogen, alkyl, alkenyl, alkynyl, aryl,
alkaryl, or aralkyl, or R; and R; or R; and R4 or R; and R4 independently form a fused
aliphatic ring of about 3 to about 7 carbon atoms.

[0059) In some cmbodiments, R, is alkyl, alkenyl, alkynyl, aryl, alkaryl, or aralkyl. In

some cmbodiments, R, is alkyl, alkenyl, alkynyl, or aralkyl. In some embodiments, R, is



are each, independently, hydrogen or alkyl. In sone
enbodi nents, R, R3, and R are each, independently,
w@bdkyloosshin sonme enbodi nents, R2, R3, and R ar ePE€HUK2009/048471
i ndependently, |ower alkyl. In sonme enbodi nents, R,
R3, and R4 are each nethyl. In sone enbodi nents, R2,
and R are each hydrogen. In sone enbodi nents, one

R3,
d.th her, t bot h e
ot ¢ BN IR PRGBS B RO R
lownmﬂcalkoxy5|lane dlalkoxy3|lane trlalkoxy3|lane or

I
IOO@I?LE)Q@% g(é/nﬂadﬁnpents n, S"f%f((-}’ {'J?I al{ln)a/ J Isome embodlments R, is

ane ane,
mclbbi'alli@@mdmabd«ylbms IRarme;lh)tlrlreslok\gmylhmnroahk%ssdllahe, or a

|006I?t r E}ﬁL (?(éﬁ?ﬂoldm?\ts !{n R oxy E@?gclh”ﬁ{fé dekp)e h?'drogen. alkyl.

koxysilane IS a MDAOE P 5ne
a'kedY‘a‘P'Kmﬂ/ divhlakprybior analkyl, PnRs@#éis emBe)ehdfb«nQrs% anth s

mde@!:r*ﬁ@ﬁ%&sfbl'n?g %sbdsah%hm%@lolf ?B@rdlt ] {oaalbgt}{ b bR Sromb N1nSORE

enbodi'nent s, koxysi els

embﬁéfmsatp%x&t Pi‘ch%t q«sw%h i 'amendmnmobzrdx‘as@y,taﬂkyﬂ)raaﬁwlsam@mb or
aranqn dmg@,ad KON, adnl R, Yok RE ARINE, indePerd@E (6iDS BlisddH ﬁauc rmg

X ane i s a nonoal koxytrinet hyl sil ane.
ab°‘§8r’r‘éa‘é‘1‘b6ftﬁ’?@rﬂ‘§"s tihePma qaepedisientinke Ry and Ry are °a°h
mdea&ddyrluqxwdwgrmtawll SiKeR or aﬂayhpxm JOWQWM&%M@H%; RPEmd Ry

net hyl si |l an sone odi nts
are i &é%"rﬂ%m‘é hgragey 9 fﬁwt b she ﬁ@??@?’ b oy, @@rﬁg are each,
indeperidend lyn®KkilS In dohe calbls@xienis| RNR;, aisd Ry are each independently, lower
thox trincth Is | ane. |In so
ot R ORYL BRI R g R ooy P o bR P R R
and B@@64¢chlh|ydr99¢m le pdnoeckinmbedingentst dre o€ RBBS ishhadropdreaddaharatha:
lwoﬁ% Jgherein R and R2 are each, independently,
grocarbyl

(0065] In sone enbodi nents, the ether has
l006t2he flysame cmboRiPIeRG:, e GkRGsiRfe when@ioak&Y ysilane did kogsitapy|

tr.am‘ysﬁ%e R4 teﬁ'ﬁﬁkoexgﬁﬁne mqgrneea#@a%oéﬁw M&Q%Ha&ns

rocarbY In some e di ment s e et%er has

monpﬂbo%'raﬁw saanemalmxyga@ykga@4trmhex>@\qmoalBﬂetm oRR is
tetradlkbMlsiland! K%)He@m@héﬁ%@ﬁ/tg thedI¥dxysiRhdidh Wono@koxdralk¥liane or

dmlkondralkyIsnlane In some embodiments, the alkoxysilane is a monoalkoxytrialkylsilane.
In some embodiments, the alkoxysilane is a monoalkoxytrimethylsilane,
monoalkoxytripropylsilane, or monoalkoxytributylsilane. In some embodiments, the
alkoxysilane is a monoalkoxytrimethylsilane,

[0063] In some embodiments, the alkoxysilane is allyloxytrimethylsilane,
cthoxytrimethylsilane, or methoxytrimethylsilane. In some embodiments, the alkoxysilane is
allyloxytrimethylsilane. In some embodiments, the alkoxysilane is ethoxytrimethylsilane. In

some embodiments, the alkoxysilane is methoxytrimethylsilane.

(b) Ethers

[0064] In some embodiments, the ether has the formula:
R1_O-R2

wherein R and R; are each, independently, hydrocarbyl.
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[0068] R2, R3, and R are each, independently,

hydr ogen, al kyl, al kenyl, al kynyl, aryl, alkaryl, or
w@eabkgdsoo or R2 and R, or R2 and R-1, or R3 ardI/B82009/048471

i ndependently forma fused aliphatic ring of about 3

to about 7 carbon atonms. [0069) In sone enbodi nents, R

i s alkyl, aIkenyI aIkynyI, aryl, al karyl, or aral kyl.

nbodi nment s is alkyl, alkenyl, alkynyl, or

“’0‘!;1 | al a9|5°"“1’ ﬂ“@(‘}%‘méﬁnﬁ‘saﬁhﬁf&%ﬁ Q‘F¥?-"émi B a kyl, al kenyl, or

al kynyl. In sonme enbodi nments, RRi is aIkyI In sone

enbodi nents, R is |ower al—kylc Ry n sone enbodi nents,

Ri is nmethyl, ethyl, or aIIyIRaln some enbodi nents, R

is methyl. In sone enbodlnents Ri is ethyl. In sone
whegaih B dis irpdrosyrbyiRhnd 15;-Rd dryéachhﬁk&ﬁ&)demty sohnezee nbimpdravenyls

ntly, hydrogen,

loog%ﬁk ﬁhsoﬁgﬁy%ﬁ n?ern {F,@% ?r haa?&?%gmgar yl, or aral kyl, or

R and R3, or R2 and R or B8 and R i ndependently form

a fused aliphatic ring RfFOaBofst 3 to about 7 carbon

atons. In sonme enbodi nents,RKR2, R3, and R are each

i ndependent |y, hydrogen, al kyl, al kenyl, al kynyl, or
whesdil kyl, or R2 and R3 or R2 and R or R3 and R

X

ood JISBENESR Ay ST ALARDEL o g of about 3

[0068I]1g R4, Ry, Sncﬂafdﬂe edcrldﬁ(fh@ﬂdlexmyl MydrdpealratiyE alkeat karktynyl, aryl
en a . oneg, e L nen

akafy 5 ALY R BBt 5 STrd e B g o v

meNMngnenmsMBmlbmmscmamdmaﬂsare each, independently,

'O“éﬁggl'%ﬁ%n‘%ﬁ’%ﬁ%'“ﬁgpﬁe |IS| E(%Salk?nﬁ/l aﬁsﬁeyl Eﬂb ar81 ?r d?zﬁlég In
%omRme@mmerﬂs & & adigt hlkeeilhatkynyl, pr sgky. érn@omen'@ndlwentszzlu is
alkyR%}Okey]dor%ﬁgﬁ)tleHieﬁm em()g& QA R.‘]soaglzyllﬂr] 51091 %E@@dnments Ryis

e ether 1s an 1so rog(ﬁ/ er a
lowereatkyb dnypmaernwdlrew}% R) isarethys st g1 al klylso'@f nrebod"mmfa Ryis

methy8! I Bk ¥nbadi hﬂfnts & Rty | [h SRTBmBSEMREHETRN Syl he et her

I's a dial kyl her. 1n some enbodi ments, the ether is
1007 et Hy Fores Setrodispents Rr Bpyand By prg each; indepspsnibyhudrperantlsy!.
alkeﬁhealf?ﬁr@ﬁragﬂ %lk@ry'i Q)'i'taramﬁ W R@ln’d)ﬂ; RROeK R4| o I{3QQZ§:J I'n

her is rt a nmet hy| et her,
indepensispthypigrm ﬁé’éFﬂx‘”f“Péi“ﬁe’f"g O.f ahomt %;Wﬁo\gt? Oléfilﬁglls Yo S
emb‘é@lﬁrehtlsthl RiRAOR] are&elwrmdeqpefmchwt wdr@gehydlkyetah&ﬁyl alkynyl, or

arath 3 R oo A R R o By aree b perSh bt Rt e ring 47

aboRGNE auh D ehirb@diems. tiheorsd dnsfodingntseR1, Rpubhy R, &t laych, et her

. ,or tert-butyl hyl ether,. I.n,s et Sp
indeindb i, B, A Afkenfl Sfkypyin 18T FERSRAE N Or, bk,
are ¢able idepedently, byalrdget ot glkylm}tdayile eﬁbmllnﬁnlﬂ Ra, B, &rONRZEeach,

mdegg'dXx%EEll(gs lrL Qo%gmbo eﬁ& q{zP R %{9«1 lI%f a{rp(?acﬁq){de??ndgﬁ%elo%r

known to ose
alkyExlawprInesmbqﬂcrhm% Ry, tiht andrRa arecslach methytle dh some embadimients Ra, Rs,

and RELL N3 HydRe¥d.th @ Lewi s acid; ionizing a

10071) In some embodiments, the ether is an isopropy! alkyl ether, a sec-butyl alkyl ether,
an isobutyl alkyl cther, or a tert-butyl alkyl ether. In some embodiments, the ether is a dialkyl
ether. In some embodiments, the cther is diethyl ether or dipropyl ether. In some

embodiments, the cther is a tert-butyl alkyl .ether.
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preformed polyolefin with a Lewis acid; or
pol yneri zi ng an ol efi n nononer under quasiliving
W@ 2016068320 oni ¢ pol yneri zati on condi ti ons. [ O07EQT/BS209ei8471
enbodi nents, the ionized polyolefin is a carbocation
term nated polyolefin. In some enbodi nents, the
i oni zed pol yol efin contains one or nore carbocatlon
nd grou s, the ion
007 3 SR et RBSCA B rel i g gt Ty st
nsopeqmbdln){fethbssectuue'l mmlylzehbr,p;eé ymyl&ﬁhymtﬁﬁnkwmﬂ ntcﬂ@l ether,

1sobﬁ%r Qgﬁg hero Fknet{hgfl gr(e% et € %rster?EPl‘él erggfggb%rc é'f ?oghe egﬁadlmenls

the ¢jhepigpert- bptml gbﬁsthemoqﬂ -byitracthyt brberi dmsarecnpobiyrehsf thaethe
is teﬂ b%h yth?](%mé]; yl'n%&ﬁe Wnt)cnj en?safhe %{%ercls ?erptq)u%;l %etﬂersom

a compound of

42% he IP&IZEWWYGLWU&S (a) | oni zed PoI yol efins from
E -hal i des | Q075] In sone enbodi nents, the ionized
100735 dpriged polvalefips mexcks mads by anst @ethochkopado theserafl gl arithe art

Exan}aﬁleyml:leﬁd But akdnct ﬂﬂ‘iﬁe@methﬁlatte‘h hdliB@ witR BILERM acid; ionizing a
is derived forma tertchlo ide term

ol efii at ed
Pfcfﬁm §8?‘é?'ﬁ n withp £eyis 3RS PPRYPITIFRE WP Tenoarr et
quasﬁlemg»datbdcadmrbepbmmaiaedn padyehefin. I n sone
derived froma

iments, the jonized polyolefin
LRl M T R e S R e A
polyblefimi inabed cpbddymted,itre. mmfedsmtyaleﬁmbmnb:mmmb o1 mbhearbocanon

end rgpgz?xg?d%% %%bg%ﬁts Re IO%IZC g rI%ole: o?ttam?r%%c%rbog tion %xad
groupo frysmgfembodimeneriby latue@li rtwyodﬁﬁntcammmgvoaatbecamha IBIIKUBOUPS

In sc}n?er Jﬂﬁ@%ﬁts ptﬂnl: ﬁglz?% kcn%d%cﬁnh:o af'n ecé c%iogatm#\ Qnosé?g%sb?l/n some

ment s po yo I n1s generate
embe@ma@tlwgmaedm@mole@nWrM:esqbewhmmt@elcqj@hwhégrlonp

cmbBcﬁFnEm?rt%ﬁ%cdt&im%ﬂﬁﬁﬁc&%h(ﬁ FhtleNollAin dé Rhalhodi de
termnated pol'yolefin wth a Lew s_aci In sone

enbodi nents, the ionized po@gﬁﬁfzgie s gener at ed by
contacting a tert - Chligaduidiens golyolefln with
a Lewis acid.|[0077| In sonme enbodi nment such Lew s
a0|? nonLpr of L¢ ?Cld ome enbodi nents, such
Y acﬁéHFg—glﬁ%t%¥—ﬁ%+ﬁé@3@i—non metal halide. In

[0078pTS éﬁeﬁﬂt}fﬁgﬂi‘éﬁ‘i&%ms %H&Enﬂzﬁ&"f‘f_&m{f‘e‘h‘n% &e?wé‘d Gh %'zeidgﬁélnilc}gn e.

I ment’s SucC ati
term{na\@yl pplablictie, Ingome nmqullmsnth thiejigrazed aolwlnﬁr( is\gprived|fomtea teor

chloﬁ& t@\lnHml&fj!‘S:ly(ohelﬁ h) teRakdniige tehﬂnﬁ%lmdbﬁmmo%ndest%matcd

Lew s aci s a titanium (I ['1de.
polyglgBiddinseme smbagdiraenty. dgiienizedirg wlgﬂrawtdiewemfwn mmcal@ndq n

lerm%@ﬁg pEIFbIeGH SAak &onﬁaec@mhﬁaeeospmne@nanq @WMH&%A& lihe
ide’ In some enbodi nents, such Lewis acid is

ha
lonw@fi Pa'm'afﬁﬁ ¥ de% 8 oM fwén shloride patiolfknt et r achl ori de. In
{0078 pTE lﬁ{?}ﬁ@dh@ﬂiﬁ?ms&ﬂ&ﬁmb%&yo&iﬁh% geﬁertatea BPkaHRcting a tert-
etrac or nme ment s WS acC

halidg;termi '@ﬁr’mya'éﬁ" thiﬁawgﬁfﬁ fn mf@bo BeRs L'éwogw%etnoﬂvo'e&n
is ge@érhyd batanmcningn ditehloddd @enindied mnm:ﬁandeﬂdwdmaé e&rhidaed
poly%lem or %%I |9d\besteramlﬂa ed myo?eﬁn lh adL ewis acndsqn some embodiments, the
ionized polyolefin is generated by contacting a tert-chloride terminated polyolefin with a

Lewis acid.



enbodi nents, the Lewis acid is an antinony (V)

halide, a gallium((lll) halide, or a boron (I11l)
whadiodessod n sone enbodi nents, the Lewi s aci d i BCHUSIN9/048471

trichloride. In some enbodi nents, the Lewis acid is a

titaniumtetrahalide, a boron trihalide, alum num

trichloride tin tetrachloride, zinc chloride, or

al um num di chl oride. I.n. some enbodj nents, the

I°°17éw énm%em%oda"w% sHeh s @eif dsAnoBRrRe acid; {mseism
embo@infeald] AR D8vis adid BQArmedtal hhlidzelol Aér-@etal Kallilie. | IQRbAEEMbodiments,

s e e AR S PP S et o b gl )

halid):ohyﬁhh em)l Halidd, 8 is QI've heli'dao@i-laﬁﬁmhﬁnunsutlhhqmﬂef mrsmad

| n cant ai ns ble b

emeBRklsmnt LA M R RO PR BT R e s

acidds)mbh @Vbbaide. Insoswermbeditnonts, Mlswnwmnmhmﬁlwmﬂdﬂ) halide. In

som@ X dAlr%];rIu{I Slllc% L%\ soalc}'/dI ?PBHntuw tglFE'%ro St orqt(al \ﬁn telr&h?oqqg ln
i'n cont ai ns one or

somm;mboctmms @ucsbfuems aC[cOS)ﬁ@J)uutnnetga@hﬂen@rbmelcpnmm@dmndne;, such

f
Le\»\l\soﬁ ﬁ?glpﬁmlgr%eegﬂ rheS (fn‘g)%Flﬁr{eﬁltéﬁq%}p vﬁ?é‘c‘a@% lhﬁ‘g @m%nﬁw S
dlchldn@eu mﬂomeampmlmemtemch Lr:\glsgelﬁe?aa'toedﬂw helbidet desdniey a

emb@ﬁnﬂ*féﬂ{s Wﬁ@'LmL m& gfah ranmmyqvw nagdeoygamam Q) Galfhe U&Ia%oron
Lew s acid nbod |nents

(11 hghde, émscpm %troéfmqm% e @@ﬁ@ .a‘af' éopow tEeiHeridet |“h§’"§

embBBn%Teﬁlrs WﬁchpvQ.L, ){@Ji %fahﬂarﬁlﬂﬁlte@bﬁﬂhﬂg a%&%n@mhh@ alkeidlrM th a
Lewi s mbodi nents, .t he .ioni zed

*"c*ﬂefrcgfow"é'rv%hlogd@éw&rcalee?f BYe U8 Al giRdhgejoride. Tn some
embR@IMEhSORUIL i Bad dartitandinh weradkl dride QitAreith Setrabroflide] ¢t bLSRINE
nbodi ments, the ionized polyolefin is generated by
‘"dﬁ Yifacting a preformed pol yol efin containing one or
nore cndo olefins with a Lewis acid. (c) |onized
Pol yol efi ns fron1o|ef|n|c nononers under quasiliving
car Wbt at ileniied Hohvolafing frony pre achgolyolatirs) 0080 In sone
enbodi nents, the |on|zed polyolefln i s derived

1007<§|l ef | IRFANHBPRIFIERDS, ha danizgt ALY oIl 2 PE B PSR F en I Some
emb@@mms; QBSpreRdeRed Mb@kfﬁﬁ@ﬂﬁibﬁé Sitor nidreddbasle boNd¥D In some

AR e S PECER A R eT RBIOTABIIE Pt NDSE A eSHeT e

such ﬁreﬂohﬁedafotyoldﬁnf‘bm’rﬁolﬁﬁﬂbodleﬂeﬂérB/au‘& 1 suoEdmbodiments, such
refj € (ICOCti Son rcg ten SGd'nSOﬂE .
prefpfist B vBlorn SN Bt Sef%ath Jofer T n i s o quasi 1 virg
[00hr bde adzmmmhpdpmdnysl, Ehehnmizyh eoigoltlim is gereragadiiyctiontaqiing a Lewis

acidg\%&&%%'@ﬁ%di 1c?§‘o ﬁ%‘ %@;&PQS{% }(}gét .g{i géb[ d&gg%ﬁﬁ Q%R&Qt‘éd
by csmneinsmmﬁrm;ﬁpslyolthrecqnmutmmrmmr morcadogblprbonds (vithra Lewis
acidp(?rlv %%eetfnit)gdlmeka tﬂ@ﬁ)ﬁ&gd ﬁ@%q@cﬁnﬁg Eﬁ@(ayed%QQOrg{lc%Hg§ pnleﬁ)na\ed

I ments I at or as one terti
poly@}e@u SONRNISY ARE double bond with a Lewis acid. In some embodlments the ionized

polyolefin is generated by contacting a polyisobutylene derivative with a Lewis acid. In
some embodiments, the ionized polyolefin is generated by contacting a preformed polyolefin
containing one or morc e¢ndo olefins with a Lewis acid.

(c) Ionized Polyolefins from olefinic monomers under guasilivin
carbocationic polymerization conditions
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enbodi nents, the initiator has nore than one tertiary

end group [0082) In sone enbodinents, the initiator is
w@2aommssomd of fornmula (X - CRaRb) nRc wher ei n RPCT/Bh20a910148471

R i ndependently conprise at |east one of alKkyl.

aromatic, alkyl aromatic groups, and can be the sane

or different and X' is an acetate, etherate, hydroxyl

or a halo en In sone e dinments, R .a

1008} o e Tt Pt Soriiat PRI EIE > F A SoP I it
undérrjaasili it dagbocdfdnic Bondiishs RUadee sinyidomdidons cnqugsiiuips

cont ai ni n ne carbo on1t about 20, car on ato
cortgans AR R e TS, St SO AT TP e Ry GRDaps.
knowont taosalolﬁ skild naheat blanome aﬁbddmamwtnoSomar honmatoomsd hn

s .a ha e dipents,

LeoS PR SERRE, R siaginbufr RaSel B s FHBPTRE"S %
carbocdnbmamdlyﬁobmmrms It svenegmmibadlingnis pedi @esigvingroatberetionia
po"%en ek gg) dn(;ﬁh =y wménrn%lgure is a 1- phenylethyl

r po ystyrene or a 2,4, 4-tprmethyl pentyl
derivative for polyisobutyl ene I¢H3 enbodi nent s,
the initiator is a rymytuylede thcurryI halide In

sonme enbodi nents, chlorides are used 9 h. sone
enbodi ments, the initiator is 2-chl oro 2-
phenyl pr éipanelnitiaters  cunyl chl ori de,

2-chloro | ) benzenc, l.chl.
100813 5 57 5 St P S b ratnatind: °%°W6wu PE i e
‘emme)\d grBu;éls Amtsbineredhbadim@ng Hediopertaang, tertiary end group. In some
ropane | acetate, -

emedlments t"\e mrtghoiﬂ%shrg Té ! %\éﬂnyl propi onat e,
(0082] netlhl soye antmdempkspme patmqr iy a @mpogusy/] fonatuta/(X'-ERaRY),R.
wheL | 4Rd|Rg %@hnfgéquﬁgt%&%blpﬁ A& 5e of all?yl,’ aromatic, alkyl aromatic
groqps angcqrﬁ:(eghqmmq@xymnepr, apyX)ibaracene, ctherate, hydroxyl group, or a
halotgpt{ %@%é‘&ﬁ@éﬁm&wﬁ[ Aas a'@al%%fﬁ@@@n%ﬂké ertohgnc to 4, |

initrator 1s 2-chloro-2,4 pme %ane 3
somg emBodiinems, Kal Rg,ra@d R pre bm,rpc)aﬂ@ngmgs q_ongmgng one carbon alom to
abo&er'O Q:%b&hél%p 73 S%QQMBQ&?@M@ RPGR., R, are hydrocarbon grou

-di (2-chl oro-2-propyl)-5-tert-butyl benzene FDOC

conqawawpe PHDAGHRIM E1ADH 88FO8 2tofie I semeicbadimerts. X! 5 halogen-

in s6rROEnBddidntsOREL chibridel WM SdmciRdodinfhisHé §thucfur@ItR, 0Radnd R,
In sone errbodl ments, the initiator is nono-functional.

mm]n(ﬁ ‘E"o&f@w@ﬁﬁ%}eﬁﬁh‘l’gm”{eﬁelm SANE FlaP m?rgs such structure i1s a |-
phe%ﬂawl a;maarqoﬂgew%qnﬁmaml @ 2,42 wigRthyl peAtypbawliw fopane,

- pr.opi o - 2- n ropane, . . . .
poly3soRu RS 50 RS RPR TSI e In et oS-y P A Satide.

In sémcérhirionddisdcherides hrﬂ’mddy Ip@iteafdpdiments, the initiator is 2-chloro-2-

pheryl;%(?;%%y I eZFurﬁyﬂlﬁhl&n{j ﬁ%&té%?-glt]og’yl)ﬁe_nzenc, ie.,
di(comylbtdooyde, l4|3 Arf(?- Phﬁetoh%fbrpeﬂlbamene OE., tricumylchloride);

- I I.n s I
2« ISR A TR0 A 0 ISR 150
2-pheay rpanay /. & oRnEn Y& pteBiInFB At methaxye-phenylprapane, i as cumylmethy!
ethePH 4fm%h95‘@l 2- pﬂogyl%H%;@?DOQ.'<Jﬁﬁ@§.§eth}1 h@eiirtiator is

3-di (2-chloro- bénzene
1,3 § trg" me(@xw@tqﬁwv ?‘Zﬁ}eo'ﬁ’yl")‘@é'ﬁzl&ﬁ‘g‘yl gthen). dp ome embodiments,
the @HaQF R-22chidr &R Y|4} BRI NEentane (TMPCI), 1,3-di(2-chloro-2-propyl)benzene,
|, 4-di (2- nmet hoxy- 2- propyl ) benzene, or 5-/er/-butyl -
3 -di (2-

f())cpilemary en8
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chl oro-2-propyl) benzene. In sonme enbodi nents, the

initiator is 5-/er/-butyl-1 ,3,-di(2- chloro-2-propyl)
wherpeess90 [ 0085] I n some enbodi ments, the initPEL/U82009048471
mul ti-functional. In sonme enbodi nents, the initiator

is 1,3,5-tri(2-chloro-2-propyl)benzene or
1,3,5-tri(2-nmethoxy-2- propyl)benzene (ii) Mononers

SO enbodl t he nono

L3, T GRS SIS RHERe: of T a2, NG R SR AP HIBSREB
(bDBgYr ogen and car bon atons |nclud|ng but not limted

Ieflns an d diolefins, .and ose Vi n n1ab ut
03P  Hh Bt R ncls o i 1k B el L o S0
funomnonqholmrsdme havediheomtiaboitibtodis ronaficatiord!. darshlﬁt’lerﬁb(mlhﬁents

J | nment s e net ods escr i b

the Y s 21 MG TERERRRCIE B e ABNATORIIR ISREREL |
phenytniopae,<- m@hcpqyolﬂmeylpmbml -sthofy- Uplchpipeptnendicbiowt 24,4

mmwﬁ%ngaﬁ&e gwml ik %w&ﬂ ﬁztg?gqaﬁems‘ &%&9@%&1%8%%.

I n can rizatl on
mel'ﬁﬁﬁﬁ@rﬂe"r-glme@ymeo@nm er polhyrie?. 4, 40rﬁmdh3flf>m@nt In dome eophpdiments,

1hcHPm%FHb@%k%@hgmﬁﬁmeEQI eiite. embodi nent s, SUCh ol ecul ar
ht is from about f to in excess of amllion

g
100843) nol!n sqni¢ egRhedimemts ol rretrwcs is Bfustetipngl. yirsese ambodiments, the
initi¥ed i€ ¢ Blaan- c%'rcgtuprdp?gwngengrl YHRERUS AR %F@g%belﬂé’e\ﬁk NG4. é:(z

no| ecul ar melq from about 200 to
chloggs¢PEpPiaBeyzane pi-dikt-methowy-2-grogeliksagsps-©r Pré‘t’éP‘i"a'l b3, rﬂa@r ng
chlofmt-ﬁfblﬂyléibedﬁﬁieg It &n&fenfbb@lmeﬂ*@ Qb inkAQr B0 ek Dudi-98Q41000
hl%bgn ]9F nore. | 0088|] In sone enbodi nents, the
chlofs8iaRY) PO ZE0hut yI enc, styrene, beta pinene,
(00855 Opl & fEne dmbtoameeuaahe Diitiafd esrhiblt Wik dor0 NaQUME SmBddimh&res, the

t he mong
iR S RS sy PO s B R RO PRt dirazene
4- met hyl ¢il)- pevivamagrs or bet api nene I n sone enbodi nments,
t he nononer is isobutylene, 2-nethyl- 1-butene,
[0088] e dmgAme embopimeaisethe Benearis AyHrocarbemmenaaner i es egempound

cont@xﬁh@@hl%?&%gen@ﬂ@ cﬂg&pﬂ&ﬁs i tdafR Bt sk ﬁfr‘\ﬁecl tgocﬁgtlns afld SOMe
nbod |nents m xt ures of nononers may be used e

d'o‘?ﬂﬁ‘ﬁ @ngl Hhese hanine forAbert 2 1g abrike 40 errbonatqms i wsosm bof BBoE)

suchl BmPOHRs BAVR GRBHTEBLSE 10bhRuI R@MHEN Ashg 1S a non-protic
i i nts, the Lewis acid is a netal

cid In so nbod
(00835 § e SembRSRED s P mehirs SErrER S RS sERIR S foRte
polybemiasioR6f dch Sofonieed @lprddatd ;dfeynl.das mmren‘aﬂwcmema hié. hig
Lew s,. aci d ani.u
somf- EbRRGS 1o et AT D camOs A A (1o e ekt of
suchlmoro 0w 1@ priodutie pelytnsss of Héfeteﬁll,\/lb&t uaforth mslea.llztrl»te%msumm §dnmé
ne, e S acl a
cmb?(fl rqg srchdioq?cular W@rréﬂlf is aﬁ%uﬁpﬁo JT) R EXSES ofg mdﬁno g}gﬁ)l In
some¢rlpriditogmis; $uch pollimkrs des lb\n nmdmelaemg*dlhmntos yistduepdlemirs
having a molecular weight of from about 200 to 10,000 g/mol, or solid waxy to plastic, or
elastomeric materials having molecular weights of from about 100,000 to 1,000,000 g/mol, or
more.
|0088| In some embodiments, the monomer is isobutylenc, styrene, beta pinene, isoprene,
butadiene, or substituted compounds of the preceding types. In some embodiments, the

monomer is isobutylene, 2-methyl-1-butene, 3-methyl-1-butene, 4-methyl-1-pentene, or beta-
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acid is titaniumtetrabrom de or titanium
tetrachloride In sone enmbodi nents, the Lewis acid is
WO 21041008800 t et rachl ori de I n some enbodi nents, tPET/L82A0S048471
acid is zinc chlo pde In sone enbodi nents, the Lew s
acid is ethyl alumnumdichlo pde In sone enbodi nents
the Lewis acid is a non-nmetal halide In sone
enbodi ments, the Lewis acid is an antinony (V)
pincRg| In geme embpgdimentsihe manpmerds jseletylggie, %rnlskhybx bptenq, p-methyl-1-

buteA@lot SlenctHy1-$QBmReRNMIOSHMEALSdindchS, theMbSonRs isdsdbaryRaE.on
|008§) ichloride In some enbodi nents, the Lewis acid is a

| ¢ e SRR ISR SR Ix ke RS MIRCBHERY Breused iGnimRiffhan one
monbmecibbedi de, tin tetrachlo pde, zinc chloride, or

;\I?\A)ilse‘gw/g}:wgw di chl o pde In sone enbodi nents, the

atitaniumtetrachloride, titanium

i )
|009bE r wgo?@og%“i'%&@qépg%‘lé‘élﬁ@?lsg Egrozhc %Clgf ﬁts?s&l%odlmcms
the Legpyig qciq i a pigtal halide osenmemetldglideo dn mmoamnwatpabt\ew ofid is

a meéed} 'ﬂ?/lﬁfet Wm&re%bélhﬁml thJ)Qé“)’_U?crd .%%tn'ta%nﬁéf‘% me nER (H)

uaSI hVIgég rrerlzatlon SYS ens In sone enb 0 I ment S,
@e@ég

nalidpgtmdih & pBBEnuel ) halidg: dn prspe esmbpgtmants, thadewis acid

isa tﬁlﬁrﬂﬁrﬁ@ﬂ@ h@fided T QInRCRBNARRARe LAA&id IsR lﬁlQW’E‘) halide. In some
nmbodi nent's, the el ectron donor is capabl

°mbe%w15'|“§>&hq+g€w o angafirainggp (4 h?'ﬁ“’s%ﬂf@"’éﬁﬁ‘é@ﬁ“l?éﬁf ghe kaqyds
acid ﬁﬁntgﬁgt_ﬁrﬁ Ebu?@rﬁﬁlﬁdﬁl& tllﬁnh?ﬁetra'%gl@ﬂ@er IR H&J\@@ﬁﬁvdhﬁenksnths QR®is acid
. .ennodai S e el ectron 00|SCpae

1s UtHWp F%’gﬁqﬂgde ﬁ" 8IS ﬁ&‘"’é"‘&r‘ T o' 3! Bﬁﬁ‘cémﬂﬂﬁ 18 fieree
embbdime, @it [ediis £4QNO EthyiSal@in@h GRAlofdd AR GorhAlerfiyiements the Lewis

acid gs%%g:.ﬁﬂﬁ@aqeh ér?%q?réee{rgbéﬁ ﬂﬁgﬁgﬁ %és‘»%s A A i S 9 alide,
a galeN—(UI)rMehd'eyblfmmﬂl@G\ahM Nia el reedniibyold avbedtsathne ILdvsn,s aat is boron
lnchgln'alé dlln%glqy #%mtg?he Lréw%oa% 1?%8gwm‘?a a%ah a boer net% ah e,

is a su “he BPEC PO
alumgmymoirichlgride, tih mﬁwndsmnﬁocobiouée Ionetsﬁmwnanbodlctmndes Intsdree

emb@r{ e%QM N 1 GNOLid n§aﬂtféﬁﬁxfht €FachRridd %%ﬂﬁ@{#&bﬁ&ﬁ‘.ﬁ? or L&}g

ectron donor |sme acetate or et acet at e
trichosige enbodi nents, the el ectron donor is a phosphate

4.2.£ O EEerRORN DFoNGrSPodi nents, the el ectron donor is
trimethyl phosphate, tributyl phosphate, or triam de

(009X areihykdEeiosphaie of drams:@rmne:nmwh mamt: Slecttdiadorbre@ter ON
onor i s.an o en ont ai ni ng net.al ound, In sone

copaR bt i o R ToL R G GRS o AU kSR paton

systemist dmspire.en{bodigshts| the sethedselelaaitedientisare plréorsled ot thOpresence

d yridine or a pyridine derivative. In sone
Ofanee?n%ganhénof the el ectron donor is a conpound of the

|009_2lor nirl S@me\m@pdémnmﬁai the ReciroRBonoRY capahld OIRSorapl@(i&@whh Leww
acidd. qg%ﬁygﬁ{&gﬁmtsh%%@&%& d&ﬁorqy éjlga%g%{]d%}(ﬁgcl%ﬁae eng ftel y

embgdiments llfelfgéuoraqiqnphlam@bhe |oﬁgbst§¢cuabomem3~ ippa ammmt l7some
emb%mp tt@temorpéon@r i US 61aE BIRT inGofk BALRimARO We ePectiOn

about 7 carbon atons.
donor is an amide. In some embodiments, the electron donor is N,N-dimethylformamide,

N,N-dimethylacetamide, or N.N-diethylacciamide. In some embodiments, the clectron donor
is a sulfoxide. In some embodiments, the electron donor is dimethyl sulfoxide. In some

embodiments, the electron donor is an ester. In some embodiments, the electron donor is
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In sone enbodi nents, Ri and R5 are each
i ndependently, hydrocarbyl, and R2-R4 are hydrogen.
wO 0094988hn sonme enbodi nents, the el ectron donoPCT/BS2009/048471
2,6-di-/el7-butyl pyridine, 2,6-1utidine,
2,4-di net hyl pryidine, 2,4,6-trinmethyl pyridine,
2 nethylpyridine or pyridine I n sone enbodi nents,
electro donor N, i met h %niline or
meily] R RHYT FS1h o e SrboaistiE bR A AoEs” it hhosphre
com@badt NovnEeRbdbdimsnta, tBe élektiod dovdr is(1BM8BYI ghBspha@Bributyl

o B B4 DR T RS S B BB FERS Pbeqig coror s an
oxygmtdomdmirrgemad IC&IIeprhér Bi some ElBodimthg ds edceopdrroorsned i n
tmmmo'o qenmmwln some enbodi nents, the diluent is a
H PE 'C conpound or a m xture of two or nore conpounds.
|009I3h s dmeormmmhmdmmntssme tlagronidoore it pycidinploes pyrididi ks edtivesin
somk BfibddhRGHd, AR C%QH&O&%Q{ i3 a% u'}%ﬁ'g!e Yo r&iiii%SO' ves the
reaction conponents n the dil uent
conpletely or nearly conﬁs %hssolves t he reaction
conmponents. In some enbodi nents, the diluent
conpl etely di ssolves theRseaqti gk conponents. In sone
enbodi nents, the diluent neaRsy conpletely dissol ves
the reaction conponents. | 0097| In sone enbodi nents,
whetefreR @R, (R, praiR ssrd eaph, bindepéndentiyohydrogamdf lndrdcanhyl; or R, and
f I | n
Ry, drkEGRd RY oPR] o i & IRAERE grtipp@ 4G &npkbfsegri &Aﬁﬂ% ridgSor?

al kane, "an or an a
aboyt 3 tasehopt %%miamgmos a fysd argmptigering Gf gbaut ﬁmmw A¢akzpneatoms.
In sdrft SYFBiInRAROR J7BRE Sre chble | rgleéeH&rr“iy,' @dﬁEQQﬁ%ﬂ R@%w

but ane, nornal pent ane, normal hexane, normal "heptane,

hydiggfal oct ane, normal nonane or normal decane. In sone

|009Q[Tb0qirb mts%iboaihﬁmgl th&@@cttroh%orﬂ)r By anehed a8 fdink 2, & RBIne,
e 1S | sobut ane, | Sopent ane,

I
S NI ML T S

embadidests, MRd digttrbuti@ioeis NIN-dmhd hifBiichy N daRGhy oG T8N some
t he di i s a hal ogenated al kane. Fn

d
cmb%‘gbomé%ene&qcifﬁ?ﬂj@m Pi%eﬂ(;i ifif®nt is chloroform

{00968} hy licsvnerembedinmeniouhytk tahboy ¢iekeron G@iohikluweae chl ori de,
42§etq%L %ﬁh%ride, 1, 2-di chl or oet hane, 1,
P ra

chl or oet hane, carbon tetrachloride

|0093L1 o &)lﬂ'lcQHB@& h@ﬁk@ of e RIcARYd aeSiHbed hcqgn ﬂ?{%@&lre performed

l orid 1, 2-di chl oropropane, or 1, or opr opane.
inadgi wegbﬁeSWmOﬁ@Wﬁe the fidueq i o single F@nmrnéprk@méumo two or

mor J@nﬂ:@@rﬂi@t ﬁ\dsoﬁie lkRB&dimbALs Si%r@lugm&thg@@tcﬁssoiVQthreL&ﬁﬂt
di chl or oet hené

°°m‘i°“2”‘ﬁif")éi‘?r‘8r StSFPgi‘Fé‘heI'ﬁa%%‘h@"lﬂ‘rb‘ﬂ‘éﬁ e aree enphodimnisytbpt

diludnBcodrlddIn ockiearty Edntiftetel$ disbdives @ieQé‘dcd&\ coﬂ%hén@s anborslr i de,
ene, toluene, ICéHbohexane

emb e s TRARD ElssalF R Acr i & JBRHHRR S,
embédiveerds, theefiitert seadly Rbipldtesy di)ﬁ‘soltvé‘yahcﬁﬂ@ﬂii Rétpdnent.hi s
1009211ar aﬂis%Riéfem[bQQ%%lis }h G‘PFE?‘(?W o@wmgﬁinagoitnﬁe{id%r lloldxeﬂct:ez{nz a
point. In some embodiments, the diluent is an alkane, an alkyl monohalide, or an alkyl
polyhalide. In some embodiments, the diluent is a normal alkane. In some embodiments, the

diluent is propane, normal butane, normal pentane, normal hexane, normal heptane, normal

octane, normal nonane or normal decane. In some embodiments, the diluent is a branched
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some enbodi nents, such m xture is from about 30/70 to

about 70/ 30 hexane/ nethyl chloride by volune. In sone
wepdomossent s, such mixture is from about 50/ 50P€DUSIHOU048471

100/ 0 hexane/ net hyl chloride by volune. In sone

enbodi nents, such m xture is about 60/40 hexane/ net hyl

chloride by volune. 4.2.6 TEMPERATURE | 0099] In somne

d t ds d bed h
A TR N -

3-metBYIpdBtant 12,5 dimethg ithade, e B8 11 méthabdt @D & @iélehbbimeht®he

t out embodi nents, the
dllu?}? BY hafo%énggg kg? = ol s%ere e C&’%'"f@go@ Hﬁuegblaaglogo c In
ethy@bhpgd@ miothl pdortids, methpleberhieidatromtiey! clslofi deo R alxhitroetHan€)

- h :
1,1 pg%rg?hﬁgér{%anc At%g Fﬁltrg%h%or{crie g% {;Flf)roe ns, p- pro%ébca\&?ndf:n
ISOp%wgh@ﬁg@d;angml@roprph@etceriﬁechdtlomﬁop@eabmotnecm%ﬁnntk nhe
diluéh? [¥&n %mp&ddrrﬁglg%&ateﬂ Qﬁ(cr’i 'm?orrr?etclrll{b%dlm%néqgé’l{hluegggnyll n

sonme enbodi nen tenperature 1s ab
chlogidad. | ehighdpapathene.or l@r@cm@nqm\at larsemi smbgstiments, muem 03

cmb&pﬁﬁilﬁ&bﬁmumleln%e ab&iR 2hRUREE, @Ee‘t‘d'n?m,esb&g&lét

zrg I'n
nmbodi ments, the te raturelsaou’to 50C In

me‘%ﬁ@%@d?%ﬁ?@le@h@ njit eatlnpang enbegmegnts, hodituen) i a

mlxlSﬁWl}ﬁmgéJﬁBQ%Shls Eﬂ@grﬁ;ﬁxﬂper ature is about -45 0C. In
onme enbodi nent s, nperature i s about -400C. In

100980 15 ISP EMPRTHmENts ! R%d‘{“éﬁ‘ﬁ%? Bixlyre of kexansgnd metws! gitoriden In
somSEMEJIBNGHSUIE Aiguretiiforh EWEB@7MBQb¢L§ 7000 Héxan3fEy| chloride

0010 Wth b bound t
U L S e M R RS R
hexab&amathf lodhivdide by t/cﬂﬁrhealsteoﬂhh empyddirheht buchxaxatea$ hbdut 60/40

[ 1m0 d,pol yol efin. Wthout being limted to any
hexai’%gg?rhiﬁthﬁ)ﬁ'dgg%&u"ﬁ%od| ments, when the quenchi ng occurs

4.2.6at AEYMRERATHBEratures (e.g. greater than -500C) the
addition of an electron donor has been foundto
10099 r bisemechdodimenty thy metheslsdescribadaheesin e pyEiraed ¢ .2

lempWaMﬂ@ﬁ'&m I@@ddﬂgl Sb*d‘nota%guttﬂ)@n)fn fohRQmboditni$ QH@temperature is
quenchi ng occurs at hi gher

ffomtaBWﬁeIrSth%fOe%borte“% c dP éoa?eeermttoﬁarr?ms BeFoperapEe I§ Famiabew -

100°Qfto bt 130td. dinRembasbdaasend, méruinaemura RIRASHLNS00rCab Ghout
f exo-te enbodi nents, the

nat e poI ol efi.n n so
04 PG PR S A B FGetFi Gl omb R S 0 AR, I some
emb(ﬂﬁﬁ@yls tHeeerZpetatlrtitsi zﬂib!lﬂe 16000C Bi’HofrﬁEiankhlnSmﬁbWEerrQ@eM
et rachl.oride onet I s _aboyt

ok I L
sboul 856, o B bR i VP OR B URBEE 7 % Sogine,
the tmmmﬂyt isiabrett RYA°E lrasmmeceomodankntattheoampeatabdmboﬁt $09@. In
somfUifbobibfpnf e Rrbafled S 565, RUpbEBhadint R FeGapoerie
is ab@k@n%)°6nbm9mmnlbsdlmmg theetempetatugesahobbédf thdn eome ar e
embcﬁﬁﬁén@sr m@%nl\&ratun@ %B@&eﬂﬁog ﬂfso%?e@mlb%lhg%ghe l@!‘naé@gturc is

nper ature of t o abou
abo“béﬁfolléﬁ?'ﬁe @ovﬂdmwmimg\ememwrﬂmaéméx%P@l efinic end

10016D] OURGIhERHETRE bbhd @S ardyAAShy, APsoRRIeABObimNs TR R1dRfon 3t hn

electron donor has been found to increase the yield of exo-olefin terminated polyolefin.
Without being limited to any theory, in some embodiments, when the quenching occurs at

higher temperaturcs (e.g. greater than -50°C) the addition of an electron donor has been found
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times the chain end concentration. In some embodiments, the alkoxysilane is present at a

concentration of from about 2 times to about 4 times the chain end concentration. In some
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0.15 M, and the exo-olefin terminated polyolefin formed is at least 80 percent by mole of all

products. In some embodiments, the chain end concentration is from about 0.10 M to about
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i s added during the quenching reaction. In sone
enbodi nents, a first aliquot of titaniumtetrachloride

WO 2018408800 duri ng the pol ynerization reacti on, BETUS2009/048471
second aliquot is added during the quenching reaction.
W thout being bound to any theory, if alkoxysilane
guenchi ng |s perfornmed in situ froma di rect

| .
0. ISW %g‘?lile: er] térﬁ?nagegpa eild yﬁe%rmg{lﬁn{ 1%55?5 erﬁ: Ila(unole of all
Procblelﬁcent r at i on may be too high for the prior
IOOIPELZ?FE)dnﬁt{BE ime g{h% gé\fns aﬁh ?sha%{]dgn h\?&grﬂ'gére aloquots In some
Cmbé@ﬁ@é‘ﬁt‘h%¥¢vah§0ld Wédf:dtuhlv@ aéuqtrcuat In spmeessbadgmenitg, a fisst aliquot
of LERNA 'a&@%ta%ged duriflg %lpx chiZAbh %cttomagnd'aSSeJoqgaﬂc cﬁ!éf ofad}(i/] Oid

too exothermc. I n 'suc case I n sone
is addedduring SHepRChIBireRstion. rls sorag ¢rehegtmeats. 3 Bl aélqa@tuo@umwnbe

tetrab1616eli O dded @urRfRl NI Rz bR reR36h, 8dd £decdldiliquot is added
koxysi | .ane or ether has been added, a second al 1 quot

al
dum&ﬁ ‘hf_é‘x‘/ﬁ“%h‘&%ﬁeélm'r?ﬁy Widrouihging bewndrie Wa&he%éf alnxytilapeqiesching
is perfGiThledGR B]@.ﬁﬁ%rﬁ aldiren pb‘l%emﬁ@n (aB 6;5;%@6‘8&6’ rd Ritfahisd oM@H &loric

h t
oo B L B e g b gmen i K P Vv ocihe PG

poly&iéhfhlxoh &a&(ﬂﬁﬁth&rﬂﬂl@ﬁl bﬂ‘ﬁﬂtf& reztch&ns&tnhﬁélah@el)am@ledmaaf érﬁr

°°”°§1"Ra6‘>‘29/ss I“f“ﬁﬂ@‘ 8 %‘“é‘b"d‘e"dc‘ﬁ? |“d? "‘P'Bfef‘ﬁ%'“aa nﬁ)’t’?%ﬁ“‘&“ ”’Laév& ‘9,0 fast
and/arabdexoltm:nsmrmn eurh@aicnianrbie etmbuelimdnine s ldver aghdadrapsd st t 0

dit f L
allq\.ggﬁfé%ﬁ fyg?flusey Sthl%%o@menza%o a%(%eﬁ]{hse alllioxésﬂane % egwgr
has s eddethacedrad eliquos ef lemtis acal paydreodidsuexbel thf joral Lewis acid
concteﬁFaWoR ﬁéseo(QenoﬂL%& cﬂ& tgact qll&o?e i %{TBPﬁ eﬂpﬂ{g%S ns

X0o-olerin termnate
C omsamn iemyodmeiess, a*heecflkqxssnlan@ls tadd¢é|aft¢iehqcﬁ§lkiyl@h ef Levgs acadhdln

som@%lﬁldﬁgerpsolﬂ th@f is Bded": ﬁerrtﬁ@éﬂhhﬁn opf&ﬂp&&@ In 59m§ one

nbodi ments, the cxo-ol efin terninated yoleflnls
emb%@cmpmalwmm is aémfd e 1 dheeadilifign e@m&i #idhdn eviero

embm.ﬁfexﬁmhe duRk ts-dadd fer RahyQldrfoh BB L ARG goupl ed
pol yolefins are the minor products. (001 13] In sone

a2 ARG %iﬁﬁa’?tiﬁ cent by ol e of all products.
[001'19] S‘Pf&){:ﬁ@fﬁghn% Sthe I'n@tﬂ cﬁ)ﬁgsc%%%f Releid ?eﬁcral%ﬁ ﬁ%wde e‘%o

or ms 1s at eas percent by
oleﬂaltqnnp\ﬂtsé pelyelefing e same emhodianentsnaxe; oquhéeremlqglpefyphﬁn

polyBl@ﬁﬁ‘s‘ &ﬁﬁaﬁnﬂwg%bd’&%ﬁﬁs‘ RrihafidEliyoknad, ah@&ﬁ:izle@QolR&Eﬁrﬁ%e by
mol e of all products. In somé enbodi nen

reacangrRustsi 1 sodiesmbadiantydhe/aowtahin terpNnsd lyolsfn isshemaips

pron@r&@%%lybbéﬁﬁ@oﬁtaﬁlﬁngaénho BleREbUGhShalidehoB/RNdRing BROEULBRAT S,
exo-ol efin term nated polyolefin fornmed is at

p°'yP'§§'§ta"8@B§‘r"@éﬁf° BS*nol e of all products. In some
[001@RD O svRtRtemboliRRne, m@cmlcﬂéﬂmeﬁremdﬂadrpatyetéﬁpw&wyﬁh afait Rast 40

perey 5Bl B et ST hEr BRE YL R Cefh Rupiselpelsdhn
formpadisya0leedt i50 péroenrbyimiok cdihll pedadts. 9b sqer @endinmptsmbk exwdlefin

xennﬁxélegr?&gglgﬁﬂi for écﬂs% ?d"?c?&h%g% fﬂPprSA%gt;O'h?J

yole east percent by
embpdhinentyfthe exo- oleﬁn termmated polyolefin formed is at least 75 percent by mole of

all products. In some embodiments, the exo-olefin terminated polyolefin formed is at least 85
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all products. In sone enbodi nents, the exo-olefin

term nated polyolefin formed is at | east 98 percent by
worei1e/0a889@l | products. 4.2.9 TERM NATORS 10011BAT/U82009/048471

some enbodi nents, the term nator is a conpound capabl e

of deactivating a Lewws acid. In sonme enbodi nents, the

term nat or is a base and/or a nucleophile. In sone

men‘q} ‘ﬂgé@ g}mnator is a base. In sone
PerE s dT Rt Pre é‘st ST STBPIImEnts hec a1 Gricrandming polylefin
formsgnieat deulcodi pﬁ‘&lﬁtSb,y nid)€o flaBilpiddaas. Ol sbfe @MbEUiBaMs, Ghdd&SMefin

e AR FRRIIEL o B SRS 2, 2 ol o
embatlioghie] the ¢xo- cscfna;.anmm ;mwesm fdirhﬂdisedt Bl 37 QErcef bk mole of
all ppchuEtgl & ogng \49&,,'“ sﬁéillue exg;0f¢ %ghéﬁmtnal,eg%glggggbémreé nslahleast 98

nator
Pefcsmrmlmmdd!ﬂlrmdust,% the termnator is nmethanol. In sone
4.2.6N0 gﬁ termnator is water. In sone
enbo rrents e termnator is diethylamne,

|001th| etlh&’dnﬂz“@nﬁ&dm&)ﬁ&' @lb Qz@mmgloﬁls a cUﬁvb&UnB%apaBl’el%Lf'Bé’alc@verlﬂg
ert-anyl am ne. 01 16| In sone enbodi men

Lewiapii Rt rbodimrat. o {espingiREis §a¥ YRR Biclsgphils. In some

embE&(ﬁ\MﬂhEﬁ tEmeEEEI'_Ié Nbast ONS o e ABEREMUA TR hAA& ks n/dlccion
d herein, "al lLEelnea‘%lTNB and "AOQTMS" refer to

don%[l M"BB?W‘PPWH’?I @atorl 166110r§§]1c Wée u@éamﬁ éwg?dﬁmenls the

terminaco igdnattohs! @f ahﬁnet D1 s!bﬁid ra}neddl@erlny @heatintinatdrQ9an A hoAIn
rs..to chai.n end. (00120] As used

somusegj dher ?i Qf t" G

hEP R dymentsphe RIS ‘%aoma‘gl“&qf’k‘é&“e |00 121 1 As used
[001R &) eilmson e&mdmdmfeefsenhs tetroinatoie medlasdl] dmhamohba{bdiﬁrdsrgnan In
somggﬁ%)fjﬁ%enﬁsl rm na?or{l ASlh U?Fﬂ%her esr\?oghnéen S {%i%]na%ls

walans mcome mbcmdlm%rescol’fe tf:reflmtczr ig d)etb)d@mmlesfxcthylmenm pyaitiame, 2.6-

| dPn%lXBL l”nﬂr Q used herein, "GPC' refers to
u I meat | %n%%’%%h@tﬁ]ogr aphy. [001 25] As used here,

0019 hmmeampdens theteryainatpeis adsiad aber the quenching step.
chromat ography-nul tiangle | aser |ight scattering.

5. | 00EA6{MPBERSed here, "hex" refers to hexane. |00127|
As used herein. "IB" refers to isobutylene.|00128| As

51 use@BRINETIONS QFARBREGIATIONS, 2, 6- | ut i di ne. [00129]

used herein, "MeCl" refers to nethyl chloride.

(001} 601?@|US°A§1°{?§‘@da'HéQ*éTNS" ane A PTY BT wfes ta dllyipsytipethylsilane.
|001@é|00h@|used[hgmf$1co\:plé§ 148800 REIRd ol yo [FERhoXy TMS"  and
1001191 ONeSseaneretm, “CE- o o chaim eng Y1 St hane.

[00120]  As used herein, “DI” refers to deionized.

[00121]  As used herein, “endo” refers to a polyolefin containing an endo-olefin.
[00122]  Asused herein, “ethoxyTMS” and “EtOTMS” refer to ethoxytrimethylsilane.
(00123] As used herein, “exo” refers to exo-olefin terminated polyolefin,

[00124]  As used herein, “GPC” refers to gel permeation chromatography.

[00125]  As used here, “GPC-MALLS?" refers to gel permeation chromatography-multi-
angle laser light scattering,.

[00126])  As used here, “hex” refers to hexane.

[00127]  As used herein, “IB” refers to isobutylene.
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(00132) As used herein, "Mi" refers to nunber average
nol ecul ar wei ght [00133J As used herein, "MV' refers
w0 0100083kt aver age nol ecul ar- wei ght. [ 00134] ARCTIES2909/048471
herein, "NVR' refers to nucl ear magneti c resonance.
[00135] As used herein, "PD" refers to polydispersity
i ndex [001361 As used herein, "PIB" refers to
ol yi sobutyl ene. [00137] As used her ei n, "RT" refers
100128 | Ao Hed disisy A0LHE. 'efFGGﬂ%éﬂ“‘ﬂS"eused her ei n,

[00129)er fas hstdihel@in, Mat@r seférd1d méthyIRAbLgGE pol yol efins. ,
"/-C" refers to tert-chloride

use“ ei
'001%(& nf‘ﬁ!alie@ 158 %F@F’ ?e’f Bana alagholised herein, "TMPC "
(00138f ens uiea_haemhi‘raenmx& mas4~aﬁd i‘mTMlepem wmethbwhylmnc
OOIgzjed hergl n 'x, ‘r ers tt)o times % h
00138 ncBntTeatF i My rresldnpimder awrage e TSR o 2 ¢ mes
(0013H)ai As esed hertamce‘mr:afdrscm weEg,hQa»Ebéé&\/HbEchar[\O@QMZ] Thi s
,,dlr ect ization of IB from

nvo
oo SER i SVE Sh B BB e P Peactor | The
IOOImJenehesed\harsmafRQ/ll oefers ro pobtdivpbrsityl iadex.  The condi ti ons
d f 014 M[IB] = 0.5 M
1001361 B £°§8§%§‘30‘;NPO¥¥I§?“ F&@ﬁ/ﬁj“y'e“"o 519 M | 600C 80740
[00133}/ v)ss Hed hivie @) “RT)OQ&&)tOF@m teipgalpel yeri zation and al |
|001§!Hb3ﬁ99§9thc£9u| Mgﬁﬁkﬁd@t’ }e?é?ﬁo%%ﬁ;nd@ﬁgl)é}g il N, real

ne, attenuat ed tot al ectance Fouri er
l0013l9rlanéﬁ aserhhEmfng rdd ref@TIoRyr-siyeridertergdmntad wa/@leuged to

|0015(Hn' WO[iscTRBRIFEF TNIPEN SLrSYs 9612 §rﬂ§r%tzr Sa Weh&nyghlge ed in

real tinme using the Reactl R 400 reacti on analysis
(00180} st Aprkger hgfsin é&rﬁduff?rswwess c@ﬂswn%ww%ra“@ysﬁ%mample 2x

CE” MférL 8 Sivrhds! cBain Q@coﬁ%&@tﬁ@ﬂ_ with a D Conp
(di anond- conposite) insertion probe and . a general

pur PR-1 | platinumresistance thernoneter.
3.2 Reagmé%giversi on was determ ned by nonitoring the
1001?ﬂeaTh@pQ]\‘rﬁ)leamt/M@edpaQinﬁEt p%%{%'nkal?%n onB ﬁ&]ﬁ T@hﬁﬁ R\bmr}ﬁﬁm

ntered at 887 cm 1, associated wt =CH 2 wag of
quengiiing D@ SNg]e fwfpEBhWH?f"F*‘ZHWPS(}W)’WEEG’G@V@IWS Thgcqngditicpins
used’a'e?eaag ffilowg! @ss reactor, equipped with an overhead
nmechani cal stirrer and platinumresistance
[TM?(HérHI?r‘r’éMar, was fitted to the end of the Di Conp probe
(1B 5f-5tMhe React1R 4000, and this assenmbly was i mersed

[TiCle}iz $083 Mg
[allyloxyTMS] = 0.0l% M

-60°C

60/40 (v/v) Hex/MeCl

(00143}  For this polymerization and all subsequent polymerizations described herein, real-
time, attenuated total reflectance (ATR) Fourier Transform infrared (FTIR) spectroscopy was
used 10 monitor monomer conversion. spectra were gathered in real time u;ing the ReactIR
4000 reaction analysis system (light conduit type) (ASI Applied Systems, Millersville, MD)
equipped with a DiComp (diamond-composite) insertion probe and a general purpose type
PR-11 platinum resistance thermometer. Reaction conversion was determined by monitoring
the area, above a two point baseline, of the absorbance centered at 887 cm’', associated with

the =CH; wag of IB.
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constant-tenperature heptane bath within the gl ove box

To the reactor were added 114 0 nL hexane, 76 0 nL
woRah/ 00839018 n. (2 8 nmol, 0 014 M TMPCO , and BCEBS2909/048471

(20 mol, 001 M 26Lut The m xture was stirred to

achi eve thermal equilibrium and a sol vent background

spectrum was acqui red and subtracted from all

subsequent spectra At this point, F | IR data were
100144)n¢ THe RIS 2alQpUArecsaure (yapastfaliawss i 230 SY slesareapier éRwpRed

with &E)SOJHKL@H\ ﬁﬁcl%@@l,suﬁerl%ti ‘Braut\&}n FRRQARThREmElcO WalNaXdd to hlﬁ
was ¢ arged to the reactor, therm

end %fd‘tﬁ [P'CBF‘atPF‘t?ﬁ %g, Reaqt Ri1008 had thispepmpht wasigmsrsyd e - lsoec
cons&ﬁlq{ldinb@dluﬂmeﬁlﬁn& wath Witkih Beigive b60 BSthéfrhitsiwérbieddedil t4. @l

ressft ATt LBRE G bt L e0 B 50 TR, and 85 i (2 Qmigol 0

M) 26Dht, TheG@Stuld waﬁ)SG}Ef.)d @IaEHIélve(llﬁberaﬁl edﬂdbr&lm raﬁd)msolvent
te ature reacto .

backargfrﬂg %as cglglgfd @Bﬁfﬁ%ﬂﬁ%%’s %/m ggﬁgseﬁﬁﬂﬁ ﬁ%ef{ra At tﬁ\)ls point,
F l‘lR:dnta/wrs lcmmnmlycaadmmh &t eschblish asobkentirefa@nasabsdrbamae aved, A,
priorEgulr% mer a%dl %ré]ﬁ%exkgb Eﬂ 18 %A&S Mﬁ’ was ch%rﬁed Lor%}éet rg%clloz;hﬂexgranal

equil@bamnb@n cseatémslm ad d8@7<vecenagam a?mereqbphgme jrii rdion O establish the

mmaﬁ Qt?s‘BFbar‘Pé% ORGQQSQatE‘J‘&h% the TR é%ﬁoﬁor’nﬁ c%%%“ﬁ{%?oﬁ}he and a
nmol

quenc I quot was renobve )

coingaion 9. SMle(@)@@E)nOA@WSM (666 R TiEHpneanaed &l defselteamerature), was

then @i\dré@d% the Wk for. tﬂ‘iﬂ%aﬂ%&r@&h&%d'c%mﬁﬂgu bRS mBnBMconversion
quenching time, prechil MeOH was added to term nate

was ¢airalated e fgabiim O\r@mjb&nuqﬂpbﬂnthe dry box, the
term nated reaction mxture was allowed to warmto
roomtenperature |lcxanc ( 1-2 nl) was added to the
prequench and otﬂgﬂ_zﬂg_]quqtﬁa.tﬁll egqaidna sanpl e of
the finaJ pol yner, &Bdd t henA.heMpol yners were
precipitated into MO | The recovered PIB was

wherg g tsabeeidsténianeousededrbance aheff # 88 hervb CFhetrolyimenigakion sgagtion

proc%@&ﬂ}nm h @c?@li??n:%%"i’@ &%c%%t% r%gwtﬁQn O 66

ase us nitrogen before

mL (éﬁamry@i &01PAG1! %4SE) Nmm%tp@pbwaﬁaﬁ@ pre alinyets cwqre taken

peno%ﬁml a%d)éh@r'é@%% aueﬂm.ggmﬁ@g rei RUIMEMTRAS hddb P (&rfinaShe
Coupl ed 0] 00146| NMR anal ysis of

reaCltOHe Uppwmoyﬁ%rpmq!efe% Roxg mr@mﬁeé Faeitpranigyieayes aiRregroup
warn® RITBS tebperiutdH crancl( PR Inf1Ysias B6ed BBhe prequench and other aliquot

samples and a sample of the final polymer, and then the polymers were precipitated into MeOH.
The recovered PIB was agitated (vortexed) with fresh MeOH to remove any remaining
contaminants, and the MeOH was decanted. Samples were dried with gaseous nitrogen before

NMR analysis.

[00145] NMR analysis of the pre-quench sample yiclded a molar end group composition

(%) as follows:

Exo 2
t-Cl 98
Coupled 0
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/-A 2 Coupled 2 5.3 EXAVPLE 2 (00147] This exanple
i nvol ved a direct polynerization of IB fromTMPC wth
WO 018/00889@uenchi ng in a single reactor. The QqURCIYEE2009/048471
was net hoxytrimet hyl silane. The conditions used were
as follows: [TMPC] = OCOH M[IB] = 0.5 MITid4] =
O 084 M [ met hoxyTMS] = 0.028 M - GCDC 60/ 40 (v/v)
[0014S] The procedure s follows; A
100146  NBAR stsiysineT e 1681 doskrveesh BB S5V P Bl 66 6
compd3RioB (%) M fbildwx: t he gl ove box. To the reactor were
EXoadded .9 nL hexane, 60.6 nm. MeCl, 0.38 nL (2.2 mol,
CI0014 T™MPCl, 6.54 nL (0.5 M IB, 0.06 nL (0.003 M
Cou##_ut and 1.47 nlL (0.013 nol, 0.084 M 6xCE) Ti CU.
e polzyrrerl zation reaction proceeded for 20 mn, a
pre-quench aliquot was renoved, and then 0.62 nL (4.5
5.3 MoEXAMBPRB2M 2xCE) MeOTMS (room tenp) was added. The

~tenperature of the reaction mxture rose to a peak of
(00149 Flus granpichiarolygderckliegky pplimesrrizationjof Hhers TWEKE vidike sy

queng}ﬂﬁé 91‘%' s@r%llel ¥ac@d?d TRE &&Bc&pwm rﬂet%@ﬂﬁmlﬁ}@srﬁaﬁmm conditions

prechi | MeOH was added to term natée the reaction.
‘USCdUﬁWSF@WaI fromthe dry box, the terninated reaction
[TMPTXEQe4wRs al l owed to warmto room tenperature.
(1B)Hexane (1-2 nL) was added to the prequench and ot her
(Tic| + qued msanpl es and a sanple of the final polyner, and

(methdk§TMSheopos yners were precipitated into MeOH The
-60°ccecovered PIB was agitated (vortcxed) with fresh MeOH
60/40 Q/V) BFRWRCANY emai ni ng contam nants, and the MeOH was
decanted. Sanples were dried with gaseous nitrogen
[001#8f ol ke deamarayss &vllorved\m'@ch RARN b gtaiss/rehatorofas efalibrated

to 608 Q’HEIBQ}Q r@g@%& ¥# ﬁ’l ?%%Pw%%@c%d?ﬂ%n%@é&&eu 6.6 L MeCl,
0.38 ®1LO(Q125®rholl\WRl aMalyHId, f4 mhé0.§ MaaB, OdvanL (LI 2dnplaed
1474180989 nR 1, TRsRN, BREESTIRYP TROPRPREN LGS £aioRBrot QLELME 20
min, a pre-quench aliquot was removed, and then 0.62 mL (4.5 mmol, 0.028 M, 2xCE)
MeOTMS (room temp) was added. The temperature of the reaction mixture rose 10 a peak of
-59.8°C and then gradually fell. Aliquots were taken periedically and after 60 min quenching
time, prechilled MeOH was added to terminate the reaction. Upon removal from the dry box,
the terminated reaction mixture was allowed to warm to room temperature. Hexane (1-2 mL)
was added to the prequench and other aliquot samples and a sample of the final polymer, and
then the polymers were precipitated into MeOH. The recovered PIB was agitated (vortexed)
with fresh MeOH to remove any remaining contaminants, and the MeOH was decanted.

Samples were dried with gaseous nitrogen before NMR analysis.

[00149] NMR analysis of the pre-quench sample yielded a molar end group composition

(%) as follows:

Exo ]
1-Cl 99
Coupled 0
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Exo 98 /-C 1 Coupled 1 5.4 EXAWPLE 3 | OO151) This

exanpl e invol ved re-ionization of an isolated and
w@eripoosseh Pl B sanpl e carrying /er/-chloride eneCHUS200%048471

The quencher was et hoxytrinmethyl silane. | 00152] The

/erz-chloride-tcrm nated PIB was produced according to

the foll owi ng procedure: L stirred 1000 nL gl ass

00§55 R0 s B! B ERMPRIOA DR BB bOTONT R

comﬁoknask(%ﬁrseolmrged 654.5 nL MeCl, 6.12 nL (0.036 nol,
Exo 0. 045 % TMPCl, 0.58 nL (4.9 mml 0. 0062 M 26Lut,
1C197 2 rrtr (1.2 rml, 1.5M IB, and 4 1.6 nL (0.53 nol,
Couerd68 M, BA 3 (neat). The pol ynerization reaction
dached hi gh conversion of the IB (-99% in about 5 h,
S4 at BXAMPLEE Be the reaction was term nated by careful
addi ti on of excess, prechilled MeOH The term nated

001514 5 c Thiperamiplerinyalveges ianizatiest afien isglated apd prifiediP 1B sanria

carryﬁ@derli @lﬂoﬁf'&l WE Ek%pé’velfh% qBbdcRUGHs E@o@(%gﬁﬁ§|%n9Ver ni ght
he pol yner and remai ni ng non-vol atiles were dil uted

th hex ed several ti.nme
WOIWAd Tll'ne re Flonde tclam]p?tgd WavtvaesrprodJrlﬁed ace qrdm ?o t}é\éofou{)wm%_'
procegiiier r\edrrc;t/moo WHS(asis meaotocl s mmmersedrwcea s7r5§/C pcemaduamperature

heptag(?/?mg{?n% ?ﬂgwhﬁ‘iﬁ R é’JE%x WEE the BAR LR Mr(%%éé Eﬂii‘_{?'lé%e(ﬁf‘&l 2

roomtenperature In a vacuum
mL (9 Azomel; 0 641 MUAMPSH, & Hembnéh? amoh 0096 M) Yikyt, Wakmp (DA ol

1.5 l\%/ Poz!mdain% rﬁ?@i%&so gg! @f)b%l;s’(n&fl) tﬁl? p&&ﬂ%‘mﬁ‘&h&%n

reachgd pigh cowers?toa@RtP\géB L(rt?‘?o’ﬁ "e)@bovh%h ri‘ia%’f"éh b@F é‘h’— r%l'mﬁs was

temlﬁﬁtg@ﬁ)egarttm aqa,%pbwéxe&s Sr&filgd MeoHnerne IrifBied irddc @ Mikture
ar concentration of this solution was

he The
was tmnefsvedn‘ma/'Qoo%laé,@aﬂoﬁndtth%%ﬂme MG 2 edie cpporgigovemight.
The M YdTRAd reNM?n@nﬂh%laa|e9tvertehlﬂuaedn ditg h@upe mmeeswtghemse@%l
%ﬁel degHt lg% 9% : 1 End
time ¢nd sleddy a%*%’? érﬁ é‘e qiPe |y6‘ﬁ%S°ﬂ‘W8P “ﬁé?‘g'eﬂ%ﬁ for
MgSQu Bmdrdr OreiOvand Seshdulal OME, ar{dGE) potyrfer QAY isMalee b GxyatiMSind
dried at poom ten'YLeralure u|1 a vac%ur% oven. q?'ne theoretical M, for the masterbatch polymer
was 2,049 g/mol and GPC-MALLS analysis of the product using a dn/dc of 0.110 yielded
M, = 1,890 g/mol and M/M,, = 1.01. A stock solution of the masterbatch polymer was
created by dissolving 9.54 g of the polymer in 60 mL hexane. The molar concentration of

this solution was 0.067 mol/L, based on the theoretical M, of the polymer.

NMR analysis of the end group composition (%) yielded the following:

I:xo 9.1
Endo 0
-Cl 90.8
Coupled 0.1

[00153]  The conditions that were used for quenching were as follows:

(CE]=0.037M
[ethoxyTMS] =0.28 M
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60/ 40 (v/v) Hex/MeCl | 00154] Quenching was carried out
as follows: L 50 nL glass test tube was equilibrated
W0 010/8@8® Wi t hin the gl ove box. To the tube wePEI/HS2WO2048471
6. 0L of a 0.067M sol ution of PIB masterbatch, 4.0 nL
MeCl, and 0.47 mL (3.0 mol, 0.28 M 7.5 x[CE))
Et OTM5, and the contents were allowed to equilibrate.
7nm (225 mol, 0023 M 6 . 1 xX[CE]) TiCl4 was
;')S Eﬂga?gﬁd the tube was shaken by hand periodically.
r, 6 I n quenching tinme, prechilled MeOH was added
60/4 &58&'3‘&f§e the reaction. Upon renoval fromthe dry

(00184% Qhéh%mkg(m Bak&b W 886H40 FﬁA@O“[yglgssWtu@ é’\@%ngtb%ted

warmto roomtenperature. Hexane
to -7@ ewitih thamiove o Tdﬁlénlthaelp@ﬂ%mowta@f%ﬁ Mpiaddtoadf PIB

mast!aHBEtﬂm fbls)grﬁﬁ N}\/EEBE'BESQY% q oRhBoVeiss ROb satEs %Whﬁ?’%ﬁ&’)he

10 renove any’ renalni ng cont am nant
contenticvarhallovs ke seadliborie akee8.27 Sen@ 15enmole? &3 Nk bdd[WED ﬂ'Cla

was Qﬁ&?%sthﬂ'u&r \Qgs%ﬂalg:ﬁfb? m%d%ﬁmg'y Alfsr 600 rglqjqugr'{_%hmglme

anal YSI S of fina OSt- UenC |
prechiiddyie @i avag pdslap tcc*ewpw the mam(% Ugen f%rq\'ek/%om the gryghpx, the
termﬁﬁ‘l@@relel%n Inii$hureQvdsQHOV &0 Tvafin B Bo YRl llaﬁlréf {-lgggi@@]& Hhih s

npl e invol ved re-ionization of an isolated and
was 15{9?4 P.tww@rs’%ﬂ}e@ thepotxen §as WEgiRiERdgpte Ade QhhdThsrreqayered
PIB wm;,qaem@ BRExeWRSIEf A XYIOH FREAWSh aermnnbg)&h&mnameand

the NPT e Ty PBERUGESeR it ErPed MBE FioIg MR SnalySis.

reactor was equilibrated to -600C within the glove
[0015gx . NIFR arabysis ebibe Hnalwesteuentt sem@e gielded armolsesndgsour240. 9

Com;mm,y#%,)as&o,msm (0.034 mol, 0.045 M TMPCl, 122.7 niL
m. (0.01 M 26Lut, and 18.5 nL (0. 17

Exoppl, 0722 M 5xCE) Ti CU. The pol ynmerization reaction

End"proceed@d for 15 min, reaching a maxi mum tenperature
C After fuII conversion of the IB, prechilled

Couﬁ??é’ added to term nate the reaction. Upon renoval

fromthe dry box, the term nated reaction m xture was
allowed to warmto roomtenperature. Hexane was added

I r and then the solution was washed
sevw each wwith MeOH, acidic DI water, and DI
te '
10013% Ji'hls I%I?D 1n%lve§iqmnﬁay\@§0ﬂ5 SI%%teldrAn&' Hﬂd%ﬁ%k@&m&n q

ve any remal ni ng solvents prior
caw@@eraﬁ%ipw ond giyes. t Hegpencherayas RihoHsgmmetpdsiipast er bat ch
pol ynmer was 2,650 g/ nol and GPC- MALLS anal ysis of the
{001$M odUkd retshlogdBteethingied PIB Waslprddlicadi set dldielg MhefoRp 8@

procgugzpl/\ stirred 1000 mL glass reactor was equilibrated 1o -60°C within the glove box.
To the reactor were added 361.3 mL hexane, 240.9 mL MeCl, 5.72 mL (0.034 mol, 0.045 M)
TMPCI, 122.7 mL (2.0 M) IB, 0.87 mL (0.01 M) 26Lut, and 18.5 mL (0.17 mol, 0.22 M,
SxCE) TiCls. The polymerization reaction proceeded for 15 min, reaching a maximum
temperature of -37.4°C. After full conversion of the IB, prechilled MeOH was added to
terminate the reaction. Upon removal from the dry box, the terminated reaction mixture was
allowed to warm to room temperature. Hexane was added to the polymer and then the
solution was washed several times each with McOH, acidic DI water, and DI water. The

final sample was dried in vacuo at room temp to remove any remaining solvents prior to
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and PDI = 1.03. A stock solution of the nasterbatch

pol ymer was created by dissolving 11.553 g of the
w@eilgnessdd n 60 nmL hexane. The nol ar concent r at POFUS$009/048471

this solution was 0.061 nol/L, based on the

theoretical .M of the polymer. (00158) NVR analysis of

the end group comnpositi on (% yi el ded the foll ow ng:

NMIEERTEC ot nabe MetraiaL i o g ren Rt Rg Yier Besnes0 gol
and GRCINOABLS {5)is 1 he PAGuMfig bONYITNE) 1+ Y 29614 1 T3l

o Bl F P00 P Pl LU 00,01, TR ™

11.5 fagofabripd! yrivar art éQ;imLchexa?u@Oﬂemblhn andeheat@n@f Gnsbs@iuhoﬂ'&/at he
0,96 | M solution of PIB
°-°6L§9?%¥%%?cﬁ%d§9ﬁ%n%é R PO 15 ( 1.0 mol ,

0. 09&%% F Et OTI\/IS and the contents were
100138)) o m'@aa 1hr=59dasreup cmmqs'taorz(%>r¥tcl<t°2 ter fafietingo . 19
ExoM 5.51%ICE]) Ti CU was added and the tube was shaken
Enddy handg.operiodically. After 30 m n quenching tine,

-Cl prechi I7B6d MeOH was added to term nate the reaction.
Coupligion re@moval fromthe dry box, the term nated reaction

m xture was allowed to warmto room tenperature.

(0015Yx aflee qondifions that yegse usediod quenchitkewgropy fPllpysiand t hen t he
pol ymer was precipitated into MeCH The recovered PIB

(CE)wes038giit at ed (vortexed) with fresh MeOH to renove any

[ethoxgPMB )} d199%6cMnt am nants, and the MeCOH was decant ed.

(TiChrpies were dried with gaseous nitrogen before NWR

-60°@nal ysis. | 00161 1 NMR anal ysis of the final

60/4pos) Haudte€h sanpl e yi el ded a nol ar end group

conpasition (% as follows: Exo 90.1 Endo 9.9 t-C 0.0
IOOI@juppé@cbm@wgs earmed qupbpsfobows: A 50 mL glass test tube was equilibrated

to -70°C within the glove box. To the tube were added 6.0mL of a 0.061M solution of PIB
masterbatch, 4.0 mL MeCl, and 0.156 mL (1.0 mmol, 0.096 M, 2.7 x[CE]) EIOTMS, and the
contents were allowed to equilibrate. Then 0.22 mL (2.0 mmol, 0.19 M, 5.5 x[CE]) TiCl,
was added and the tube was shaken by hand periodically. After 30 min quenching time,
prechilled MeOH was added to terminate the reaction. Upon removal from the dry box, the
terminated reaction mixture was allowed to warm to room temperature. Hexane (1-2 mL)
was added to the polymer, and then the polymer was precipitated into MeOH. The recovered
PIB was agitated (vortexed) with fresh MeOH to remove any remaining contaminants, and

the MeOH was decanted. Samples were dried with gaseous nitrogen before NMR analysis.

[00161] NMR analysis ot the final post-quench sample yielded a molar end group

composition (%) as follows:

Exo 90.1
Endo 9.9

1-Cl 0.0
Coupled 0.0

56  EXAMPLES

[00162] This example involved a direct polymerization of 1B with in sirv quenching in a

single reactor. The quencher was tert-butyl ethyl cther. The conditions used were as follows:
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| 00162| This exanple involved a direct polynerization
of IBwth i situ quenching in a single reactor. The
wQ@Eenobsspo was /er V-butyl ethyl ether. The condP€T/08209/048471
used were as follows:|TMPCI] = 0.014 M[IB] = 0.5 M
[Tid ] 0.084 M[/-butyl ethyl ether] = 0.028 M -600C
60/ 40 (v/v) Hex/MeCl |00163) Quenching was carried out
as follows: |00164) A stirred 250 nlL gl ass reactor was
Lhi ed lo -60 OC within the glove box. To the
'Jé‘;‘f% DOPIBLre added 90.9 L hexane, J60.6 . MG, 038
[T'C“—Lé' nmol, 0.014 M TWMPCl, 6.54 nL (0.5 M IB 0. 06

[, bullke e&Q@UWOﬁ@JPUt and 1.47 nL (0.01 3 nol. 0.084 M
0°®X The pol ynerization reaction proceeded for

60/4 WHLARe then 0.62 nL (4.5 mmol, 0.028 M 2xCE)
-Rb\{}ﬁI rfmth ether (roomtenp) was added. Aliquots

{00188 th.aksmgpeu@.ddmk hyfoRdvek: af ter 60 min quenchl ng
rechllled MeOH was ad %d tot

n
00154 acpiied PSR- platrgtastor PrbEAY rE 'y 58 e diove box. To
the réa@loFvBR8EEdI00BGhIL Adkand, ¥0.9 L rwasl al38 e d. 2tmivag. 014 1)

G ALTHEL 6 U o S o A6 kB

6xCE)aal, 1 e W&iﬁﬁt&m\dﬂc&orpﬁrﬁéﬁedﬁdtfartZé)dnﬂnmhd)th%e(ﬂﬁlz mme 5

LR bl SR L I SN VR e
penod&ala)nirddﬁcﬁ@mh @scnaking tmhm peethiliet M@i’ewau&idcﬂ brogente the
rcacllo% ?)rpgn removgq{%lrryl?ul: ﬁv b()ogl]fe(sé mi 1%9(9 ﬁ‘?ﬂ %tur%fwats Qﬁov]:/cldqgl

ench ar en
wamm@rrp@s temporaturéq la@nef @+ mh&swasmdﬁds@ the- a@nqum@mnéa s@nple
of lh?txﬁal %tﬁoﬁt# O?JP&L’m;@ '\éreﬁ?ﬁgﬂ}tﬁb@a bﬂg% g‘ﬁlbﬁlg Tlfl‘lﬁ qéé:[)@e‘?éd
PIB gpsnagpl@ec} eanexsg), wmh@esqwh@rrem\g any remaining contaminants, and

M?édwm AR WaRbled Dre dﬁb@wm%sib&ubwog%&q*mwm asl ysns
 ows: Pol ymerization MfIB] =5.2

IOOlMl NMR analysis of the final post-quench sample yielded a molar end group

composition (%) as follows:

Exo 83

+-Cl 14
Coupled 3

5.7 EXAMPLE 6

[00166]  This example involved a direct polymerization of IB with in situ quenching in a
single reactor. The quencher was ethoxytrimethylsilane. The conditions used were as

follows:

Polymerization:
[TMPCI] =0.13 M
[IB]=52M
[TiCl]) =0.032M

Quench:

[CE}=0.10 M

[TiCl4) = 0.83 M
[EthoxyTMS] = 0.63 M
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[TiCl ] =0.032 MQench: [CE] =0.10 M[ TiCl4] =

0.83 M[EthoxyTM5] = 0.63 M 00167| A stirred 1000 nL
w@bk@smossemct or was equilibrated to -77.3C w t hPCT/UR®09/048471

gl ove box. To the reactor were added 253.9 nL hexane,

169.3 nL MeCl, 16.4 nL (0.096 nmol, O . 13 M TMPO,

306.7 mL (5.2 M IB, 1.05 nL (0.012 M 26Lut, and 2.6

m. (0.024 nol, 0.032 M O. 25xCE) Tid . The

Iy r ctlo roce ry
IOOIQ@ gesqmécg drng Iﬁglrﬁstreeacn)ér a a?ed tg 17]fggévnlwme gloye, box.
To thegpgeen a\teteraGdﬂf 258 9emk hacan@n 69:3) mbd‘m:@) HetimiLgD D%mbaﬁk3 ™M

O3y 5 DUFISITEN, B0 B4 ITE TP aBL 198,
0.256@RIEAC!f Ghd mahgaerizatmedeatied protepdeaiddi Hi0amingkacing afmaximum
tcmp%gm{zﬁofnm 2°C7 \z’%é)@ {eypgatu‘en&q@e’ ree&@r coer'ﬁ? ﬁa%??%n%%%r €

e reaction mx e rose
10 -7) H&G agreaghsath atighes Was rmdvqm@nd;thm%o k(@138 pei,i s 6L atqws
S
(slngﬁ&dchgfehﬁ&asgaggnéﬁn fhugHE f@“;%g%et'ﬁf BPaddRfof %?g la '(7: ﬁ’ﬁ‘o(?ﬁ%"w
7.72¥efr BChi(reap BY). Thettermpasaterd of e reaeyfinrmaik wrecropb @tpedkyof -52. 1°C
and @EJ gha@fdiedil tiqRdes Wkepﬂgl’bdk?ﬁ@éﬁ@laﬂyﬁ%% hGerRing A

he term nated reaction m xture ‘'was al to warmto
Precff beshie@Hpyes addse éo termpinatp the reagion. fihy r%atsonawaed"q Ysqone but

seen@a @kl Bdie @H’ﬂl@pl&&lpeﬁeréhﬁx%&%f N &) @Porﬂ@ﬂo@al %@Fﬁnh@d@fbox
e final polyne and then the polyners wer

the ‘?fF‘é’@ i ffaat'%umww%wrzfeﬁqwcdrw %"@éwewamwsuwe#ca@et( Lt ey

was §dded {oakeptqushétantl o@ghalMa&amples SIAREMAB Y the ﬁmhll’blol”}@aer and
ont am nant S, N, ecan

chen R Bl e B i e o Bl reos e R L e AR € (R

wnhmhﬂﬂMbﬁHva&umvamnnemmnmgnpnmﬂmmenamemawkowemmdmmu@d

Sam@lgs \{v%re dner e\(lll(t]ha aset: %s mtr nﬁﬁnrl)ell'c}(e %IR zlna y:SI'i§8 '\e/rB &avga?!é U%Irgom
lempaomms/rtanmm@%ngaslvem proowso 082@@){5& Endo 2. 1/-C 85.8

Coupled 2.7 [00169] NWR anal ysis of the final
|0016’8f13t Nﬂ%%@sﬁ%mk PreYdRhehedmple YRIRE a@i’ﬂﬂ’arGH@g@up composition

osition (% as follows: Exo 94.6 Endo
(%) as fnPo (A
Exo 9.5
Endo 2.1
t-Cl 85.8

Coupled 2.7

[00169) NMR analysis of the final post-quench sample yielded a molar end group

composition (%) as follows:

Exo 94.6
Endo 1.9
(-Cl 0.0
Coupled 3.5

[00170) GPC traces (RI detector) of pre-quench and post-quench aliquots were identical.
GPC-MALLS yielded M, = 3,300 g/mol and M/M, = 1.1.
5.8 EXAMPLE 7
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/-C 0.0 Coupled 3.5 [001 7Q0 GPC traces (R detector)
of pre-quench and post-quench aliquots were identical.

W@ERGoMEsHE yi el ded Mh = 3,300 g/ nol and M y/ MPET/LISN9/048471

5.8 EXAMPLE 7| 00171 1 This exanple involved a direct
pol ynerization of IB from TMPCI with in situ quenching
in a single reactor The quencher was

01y SR Fsmpnp s S Ecoplymorigatey oLl IR o i S
quen@hlﬂﬁﬁl aMllr{ngrl:Abtdr ih@q&iﬁcH&’l' ad dllyloaxayimiefBlylsitar@. Th2cdvditiodOC
usedwe av\él}//v) Hex/ MeC | 00172| The procedure was as

o19% A stirred 250 niL gl ass reactor was

uilibrated to -60.0 OC within the glove box. To the
[TMFé'éCIOé)rMWere added 114.0 nL hexane, 76.0 mL MeCl, O.48
[BlfP>™ 8 mmol, 0.014 M TWPCI, 8.18 mL (0.5 M IB, 0.23
géie 830Mmml 0.01 M 26Lut, and 1.82 nL (0.017 nol,

Tid . The poI ymeri zation reaction
[allylax ¥y Sﬂ%ﬁfm conpl ete | B conversion. Then 0.41 niL

-60 ‘
0.012 M 0. 86xCE) AOTMS (roomtenp) was
60/4{66%&1%(:& iquots were taken periodically and after

oor 7, i UGS st LB G Pl MR AL B
1o -69.A¥C wéhmmeuiqyd bpeatd the mantmxww addedd 1P h@/b@darteommmm to
ec 0 SRRy SIS (1 s 0 o b g
M) 2t5h@nar1dHeS2de (rfd 7 snahelh @83 M LxiCh Tidtle d hie melymias@Hion Ragion
procJe@@cp%%li &Qngﬁétglﬁ'\@ﬁva'gﬂoh aﬁ'ﬁcq 0(4\'1%L WQ)nOWOgh2 M %%laxé’@)m

to renmove any renal ni ng contam nants

AOT&&@W@GmPSamdégd Wrelaent wete akermpegadieslysand naﬁwa &Hn
quenBIRA O Be, I}JM&me@HsMsla@&u§lcnml}(Be MALAELS DfontrBifoval fgth

post - quench sanple yielded a nolar end group
the df:yotPPﬁo’é‘F tq"awa‘ed/aea%wwmumas aiqyedg WAL O TRRM RRST A e 8

Hexane (1-2 mL) was added to the aliquot samples and a sample of the final polymer, and

then the polymers were precipitated into MeOH. The recovered PIB was agitated (vortexed)
with fresh MeOH to remove any remaining contaminants, and the MeOH was decanted.

Samples were dried with gaseous nitrogen before NMR analysis.

[00173] NMR analysis of the final post-quench sample yielded a molar end group

composition (%) as follows:

Exo 79
t-Cl 13
Coupled 8

59 EXAMPLE 8

[00174]  This example involved a direct polymerization of IB from TMPC! with in situ
quenching in a single reactor. The quencher was allyloxytrimethylsilane. The conditions
used were as follows:

[TMPCI] = 0.14 M

(IB]=50M

[TiCla)=0.28M
[allyloxyTMS] =0.28 M
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5.9 EXAMPLE 8 | 00174) This exanple involved a direct
pol yneri zation of IB from  TMPCI with in situ quenching
WO p018/068480g1 e reactor. The guencher was PCT/US2009/048471
al Iyl oxytrinethylsilane. The conditions used were as
follows: ITMPCI] = 0.14 M[IB] = 5.0 M[TiCU = 0.28 M
[allyl oxyTMS] = 0.28 M 26Lut] = 0.10 M -600C 60/ 40
v/v) Hex/Med (00175) The procedure was as follows: A
D6L‘Q|PH8&1250 mL gl ass reactor was equilibrated to
00C within the glove box. To the reactor were
60/4%8%6"’%. L hexane 2 1.0nL Med, 2.38 nL (0.014

ou 8o Al T 8 OBt

to - 6(251‘(CE9vitH‘h Qe glovhex. pbd tymctza\mr@mddleéébﬁ imdnhepansc2e@md MeCl,

2.38 gnrﬂdgg ﬁ?ﬁpbgk @)@é‘ﬂéﬁ% L3§‘o @hﬁnl i @ngg g-ro?ﬁdrm 26Lut,

and 307 mud-928vmeel 0. 2 MePx @OrTiCldi Tl pojynmmaat@htr@cuqrugomqiﬁd until
com;ﬂﬂg mwnog‘s&)h m?hengréelﬁbl(é bﬁﬁol'v@% 1‘0@2 9%@:@@&0*’9[8%%5&1 ta'ﬁ]S)e

e reacti on. pon renova from
was qdéﬁcrﬁrﬁatlwtsf\eqetak@hpwstwryeanwaéerdw m@leﬂwwrrﬁwfschl“ed

Meomomah&rm@ &%M&% mehl@aeaaﬁ l(lpol'n rgmma) frm‘@heaﬂyi 6ok, e térn)‘?naled
quot sanples and a sanple of the final polyner,

reactton@nxwewa@@ e WABR & fﬁ?'éé‘?"?ﬂefa&t’%d“’?"ﬁ{‘%( bl Vagded o
the ali@ROWRIPRY afd Bsatipfe Fahd mi;aegouwarinex&d)lhemou dri @B MeOH

to t the MeOH
s D Ul S SHEIER P WP EAPE G SLS th P OG0

remob&ﬁr@f remNMRg a&alxryﬁhrﬂs ahdBd MEOH Wi¥Reodnaddy Shisiplef wérB@ried with

final post-q anple yi el ded a nol ar end group
8“°%ﬁﬁ%9§$’t?°6?{e%§>§fé@yﬁﬁl | ows: Exo 85 /-d 15 Coupled 1

5.10 EXAMPLE 9 | 00177] This exanple invol ved
[00176d- | M Reanelysin obthe fnalipestaaenst saprle palded @ eglapsE aseppl e

com&@ﬁ&yb%g“h@khmchlorlde end groups. The quencher was
et hoxytrinmet hyl silane. The PIB mastcrbatch that was

Fg:used 8? this exanple is described in Exanple 4 above.

Coupled l
5.10 EXAMPLE 9

[00177] This example involved re-ionization of an isolated and purified PIB sample
carrying tert-chloride end groups. The quencher was ethoxytrimethylsilane. The PIB

masterbatch that was used for this example is described in Example 4 above.
[00178])  The conditions that were used for quenching were as follows:

[CE]=0.036 M
[ethoxyTMS] 0.097 M
[TiCly) = 0.097 M
[26Lut] = 0.024 M
-60°C

60/40 (v/v) Hex/MeCl

[00179]  Quenching was carried out as follows: A 50 mL glass test tube was equilibrated
to -60°C within the glove box. To the tube were added 6.0mL of a 0.061M solution of PIB
masterbatch, 4.0 mL MeCl, 0.029 mL (0.25 mmol, 0.024 M, 0.68 Xx[CE]) 26Lut, and 0.156
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| 00178| The conditions that were used for quenching
were as follows: [CEJ = 0.036 M[ethoxyTMsl = 0.097 M

W@ T01@008896= 0. 097 M [ 26Lut] = 0.024 M - 600C 60/ HOTr/82009/048471
Hex/ Med (001 79| Quenching was carried out as
follows: A 50 nL glass test tube was equilibrated to
-600C within the glove box. To the tube were added

ot a2 AT HEE A0, 00 HL B PSR 0

Therdth AL TiGG (L0 mbl, 0.0a714, 2. 70:[OB]F wivh aded and] t3Ejupe EasGRMS;n by

and t.he contents. were, al |l.owed iy t en.o
randpredi ey A Hindrerch R ghepredTsf HGH RARkSeq (e
the rédagort. Uiyenwasovahfadee rhebdlyy baxnthe peminadd ccabtion, miAfurewas3lowedto

enching ti , chidl t i.nat
g RSB BREL DG R s et
polytner wasrpadcatateé st Me@HniTht caceverdd 1B [Wap ag ki ted dvarker ed) toth fresh
Medm%%rkmﬁ%%m{ﬁn édﬁesﬁmﬁ s Lind e RS 8848 ed. OSalifpfes were
po'lyrrer, a therr T f

e polynmer was precipitated 1nto
driedvisiOH;asdthe nitregenksfasei NP sisagi tated (vortexed) with
fresh MeOH to renove any remai ni ng contam nants, and
[00186]e Mptahsis@dedamineichosiSarmihasmple yelddd b etlankesdgrgas eous
ni trog,;g t}elfoorse NMR anal ysis. | 00180] NMR anal ysi s of
compgsuiop KR4S BURYS quench sanpl e yiel ded a mol ar end group
Exoconposi8idlon (%9 as follows: Exo 89.3 Endo 8.9 -C 0.0 |
EndCoupl e®91.8 5.1 1 EXAMPLE 10 [00181] This exanple
-Cli nvol véidD r-e-i oni zati on of an isolated and purified PIB
Cougehpl e carryi8ng /erf-chloride end groups. The quencher
was et hoxytri net hyl silane. The PIB nasterbatch that
S.11lwas EX¥MPERA0t hi s exanpl e is described in Exanple 4
above. 100182) The conditions that were use or
[00181je n dhis iRy Eval¥ed 1§ipHzasion piceisalatgg ac?é@“’ﬂﬁ"[dg‘)t‘ﬁawfﬂ’ﬁ/s]
carryin@re A 810Nl JridGrdtips =TKE qu@ndWer was ethoxytrimethylsilane. The PIB

masterbatch that was used for this example is described in Example 4 above.
[00182] The conditions that were used for quenching were as follows:

[CE]=0.035M

[ethoxyTMS] = 0.096 M

- [TiCly] =0.19 M

[26Lut] =0.048 M

-60°C

60/40 (v/v) Hex/MeCl

[00183] Quenching was carried out as follows: A 50 mL glass test tube was equilibrated
to -60°C within the glove box. To the tube were added 6.0mL of a 0.061M solution of PIB
masterbatch, 4.0 mL MeCl, 0.058 mL (0.50 mmol, 0.048 M, 1.4 x[CE]) 26Lut, and 0.156 mL
(1.0 mmol, 0.096 M, 2.7 x[CE]) EtOTMS, and the contents were allowed to equilibrate.
Then 0.22 mL (2.0 mmol, 0.19 M, 5.5 x[CE)]) TiCl, was added and the tube was shaken by
hand periodically. After 30 min quenching time, prechilled MeOH was added to terminate
the reaction. Upon removal from the dry box, the terminated reaction mixture was allowed to

warm to room temperature. Hexane (1-2 mL) was added to the polymer, and then the

polymer was precipitated into MeOH. The recovered PIB was agitated (vortexed) with fresh
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[ 26Lut] = 0.048 M -600C 60/40 (v/v) Hex/MeCl |00183|
Quenching was carried out as follows: A 50 nL gl ass

W e@ED/0088bEe was equilibrated to -600C within theChUS009/048471
box. To the tube were added 6. OnL of a 0.06 IM
solution of PIB masterbatch, 4.0 nL Med, 0.058 nL
(0.50 mvl, 0.048 M 1.4 x[CE]) 26Lut, and 0 . 156 ni

1.0 mol, 0.096 M 2.7 x[CEJ t OTMS,  and
MeOFRIEmRYS aw@aavng&%&a%nwcﬁ'?ﬁ%ﬂw SAE es were
dried(witHOgaBaoRb nitdgchDelMre SMR afalgkp) Ti O 4 was added and the

t ube was shaken by hand periodically. After 30 mn

IOOI?‘ﬂgnﬁmm&agjsiq%fIhgmﬁﬁ%kl[q%?ncy?ﬁ]blg\ﬁ@d@ggﬁ%la‘ an{ %gum nate

e reaction. Upon renova e dry box,
compasitiah (P4t Bdolerwet i on mi xture was allowed to warmto
Exo fOOM t gaperature. Hexane (1-2 nL) was added to the
Endd?0! yner,g and then the polyner was precipitated into
-cl MeOH. Tple recovered PIB was agitated (vortexed) with
CoufléeeshMs@H to renove any remaining contam nants, and
the MeOH was decanted. Sanples were dried with gaseous

s.12Ni t E?;Qempbgﬁpre NMR anal ysis. | 00184 NMR anal ysi s of
the final post-quench sanple yielded a nolar end group
{00185} mp@bis tikamwplq ityolas! rE-ddrizavien offaaso8ifedaniparafied.FaB sanghle 0. O

Coupl 5 5. Thi Si.
i S ARG AE LU pReT ey |
mastgraatph hatowasrugédigr thineadrhple isdlgscaiher igrtaapele 4Bhevequencher
was et hoxytrinethylsilane. The PIB mastcrbatch that

[00186)S UREEbnHDbnd thaiSvexmaP [k quéhchiag atiehetbllons:Exanpl e 4
above. | 00186] The conditions that were used for

(CEJA4ERGRNg were as follows: [CE] = 0.035 M [ethoxyTMS]
[ethoRy &Spbo_%mi CU = 0.19 M[26Lut] 0.05 M -600C 60/ 40

[Tic(‘,-}/l_y.)gbpx/ MeCl | 00187] Quenching was carried out as
126LL@L|O%EM A 50 nmL glass test tube was equilibrated

-60°C

+ 60/40 (v/v) Hex/MeCl

[00187] Quenching was carried out as follows: A 50 mL glass test tube was equilibrated
to -60°C within the glove box. To the tube were added 6.0mL of a 0.061M solution of PIB
masterbatch, 4.0 mL MeCl, and 0.06 mL (0.52 mmol, 0.05 M, 1.4 x[CE]) 26Lut, and the
contents were allowed to equilibrate. Then 0.22 mL (2.0 mmol, 0.19 M, 5.5 x[CE]) TiCl,
was added and the tube was shaken by hand. Then 0.156 mL (1.0 mmol, 0.096 M, 2.7
x[CE}) EtOTMS was added and the tube was shaken by hand periodically. Afier 30 min
quenching time, prechilled MeOH was added to terminate the reaction. Upon removal from
the dry box, the terminated reaction mixture was allowed to warm to room temperature.
Hexane (1-2 mL) was added to the polymer, and then the polymer was precipitated into
MeOH. The recovered PIB was agitated (vortcxed) with fresh MeOH to remove any
remaining contaminants, and the MeOH was decanted. Samples were dried with gaseous

nitrogen before NMR analysis.

[00188] NMR analysis of the final post-quench sample yielded a molar end group

composition (%) as follows:
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to -6Q0C within the glove box. To the tube were added
6. 0L of a 0.061 Msolution of PIB masterbatch, 4.0 nL

wor@b/oossed 0.06 ni (0.52 mmol, 0.05 M 1.4 x[ GE[Y/US2009/048471

26Lut, and the contents were allowed to equilibrate.
Then 0.22 nL (2.0 mol, 0. 19 M 5.5 X[CE]) TiC was
added and the tube was shaken by hand. Then 0.1 56 nL
(1.0 I, 0.096 M 2.7 x[CE]) EtOIMs was added and
the tubg’was shaken by hand periodically. After 30 mn
,C]quenchl é time, prechilled MeOH was added to term nate
Cowﬁﬁe re% tion. Upon renoval fromthe dry box, the
ern1nated reaction mxture was allowed to warmto
SlBrooEKneﬂﬂeiazure Hexane (1-2 nL) was added to the
yner, and then the polynmer was precipitated into
l001g?émThler@nw@da\féwéde-mnBamofag isoksted @nd pyifted XEH52RIE h

canyfrngﬂﬂclNng'e' ¢n@ fo@HpVﬁle%Ué/ncﬁﬁmls @ﬂh@:@nﬁrﬁﬂﬁﬁmaﬁam piBnd
gecante npl es were drlg with gaseous

maStﬁPetf*b@@maa@fe&rf@r ‘RWR"%{P%{? yéiﬁzs"bidoofsmp Wial ysis of

the final post-quench sanple yielded a nolar end group
(00190 npBlsd donditiorfsadat azrefustd fongueBstonBGers adotlowsl. 1 /-d

0.0 Coupled 3.4 5.13 EXAMPLE 12 (00189) This exanple
[CE)i=rva3lswed re-ionization of an isolated and purified PI B
(ethoS eI )= COgaMi Nng end groups. The quencher was
[TiCRIh@xykr i net hyl sil ane. The PIB nmasterbatch that was
[26Lu3ed.0b®M.t hi s exanpl e is described in Exanple 4 above.
-30°¢ 00190| The conditions that were used for quenching
60/40n@rv@ HasMeq@l | ows: [CEl = 0.035 M [ethoxyTM5] = 0.096 M

Tid 4] = 0.19 M[26Lut] = 0.006 M -300C 60/ 40 (v/vg
(00194 / Quenchipg @aogarricd fahasip heyvsiels SEak Blastite tbearas eapilisaied
to 36*C5xontﬂﬁ1-lhglgﬂ§f§ b&)@slto thypl@e \’»‘«@1% a88Wdiel drlar @ta%m 91 soﬁQngf PIfB

ove To the tube were ad

masteroBeID8 0 M B 01097 bt OB melel SA00¢ L1 X1GED Lumpare, 136
mL (Q OQ!QZOI%—OS@Q‘A 0@7 Q[@lii Et@"lw ad 1h cohfents[eré AHOZ\@B-W equﬁﬂbdate.

096 d
Ther 5 0b e P 5 SR i ek o he b okt by

hand periodically. After 30 min quenching time, prechilled MeOH was added to terminate

E

the reaction. Upon removal from the dry box, the terminated reaction mixture was allowed to
warm to room temperature. Hexane (1-2 mL) was added to the polymer, and then the
polymer was precipitated into MeOH. The recovered PIB was agitated (vortexed) with fresh
MeOH to remove any remaining contaminants, and the MeOH was decanted. Samples were

dried with gaseous nitrogen before NMR analysis.

(00192] NMR analysis of the final post-quench sample yiclded a molar cnd group

composition (%) as follows:

Exo 40.2
Endo 18.1
-Cl 36.0
Coupled 5.6

514  EXAMPLE 13
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Then 0.22 nL (2.0 mol, 0.19 M 5.5 x[CE]) Tid 4 was

added and the tube was shaken by hand periodically.
WARA16/008800 m n quenching time, prechilled MeOH pelUSINIEHS8471

to term nate the reaction. Upon renoval fromthe dry

box, the term nated reaction mxture was allowed to

vvarmto roomtenperature. Hexane (1-2 nL) was added to

e ner an then the pol yne s.precinpjtate
0013]5 o R B B e g it o e apa Pt e Pup St
carryiigt/bre-khlesde dvb @dupo Thererehawas mhnayn'mhﬂgylmmt.ammm S,

decant.ed. Sa were dried with
mastefgélaho‘ag‘ AR PG AR R TR BRI EaGh05) N
sis of the final post- quench sanpl e yi el ded a
ION?ﬂM a¥hfe¢ﬁad'§?r&ubﬁt&8m§$ for ayFnelupe wee pHI0lIBNE: Exo 40. 2
Endo 18.1 /- 36.0 Coupled 5.6 5.14 EXAMPLE 13| 00193)
(CEJFfia35e4anpl e i nvol ved re-ionization of an isolated and
[ethopyiFME ] €00 sanpl e carrying /c/ 7-chloride end groups.
[TiCiThe0.4uEncher was et hoxytrinet hyl silane. The PIB
(26Lwhs 0P bht ch that was used for this exanple is
-30°@escri bed i n Exanpl e 4 above. | 00194| The conditions
60/4¢ & Heaw'MsClised f or quenchi ng were as follows: [CE] =

ethox Tid |l =0.19 .M.
1001?526L§9<]n° ne)Wefs N%] fe ‘*ifo f‘&ﬁ% glasIFTR e a5 62 yrated
to 3@3@&% 1he MRS b&HAITJ tﬁatu@wve@adcﬁeelsloa%éf . G0 Mo gloaSEPIB

tube was egml librated to -300C within the %I ove

t est
mastggBatch, 4§ i Klef BovRly ©-Sedamet 600 1 8IGED 26t ap ©-156 mL
(1.0 &Ml 0I0oH Mofz 7R[EEpesd BB adng Ihe cdntontiivedva@bwedo Quilbrate.

0,.52 0. 05
Treni 4 e @ Cngond 3 F 8. SUErD bk speien e sl
hand\@em@imlw oneet mmmequedchnlng dine, prechitlad McDP ms amma to(le2mﬁlate
the reaﬁtlci( Lppsn reh 5f‘rom ZﬁLg@C qu\@)e te%g?lgtgd %8c 10h mlxture waﬁ‘wﬂowed 10

PEri o quenc
warnt forvegm pmpcrlamlrd ddexieCH-2vak) \a@daddiedtt@ tftewph'mataed thiae the

polyr'@&%ag rg AHQ&) hd r@lE‘BMa‘m% Fe%OeFJa%ﬁ’ Wés é’éﬁted &\Q}%exed) with fresh

reaction m xture was al
MeOHgo mmoyapey mmaines cpetﬂmn@nté,lin@tm\)e%yah@d@uect cﬁam@s were

driedRAINITBous AGadhBeRE NRIR analysis.

[00196] NMR analysis of the final post-quench sample yielded a molar end group

composition (%) as follows:

Exo 90.1
Endo 9.0
+~Cl 0.0

Coupled 0.9

S.15 EXAMPLE 14

[00197])  This example involved re-ionization of an isolated and purified PIB samble
carrying reri-chloride end groups. The quencher was ethoxytrimethylsilane. The PIB

masterbatch that was used for this example is described in Example 3 above.
{00198] The conditions that were used for quenching were as follows:

[CE]=0.038 M
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pol ymer was precipitated into MeOH The recovered PIB
was agitated (vortexed) with fresh MeCH to renove any
WO e0mpiosispy cont am nants, and the MeOH was decaPCBUS2009/048471
Sanpl es were dried with gaseous nitrogen before NWVR
anal ysis. | 00196] NWR anal ysis of the fina
post quench sanpl e yiel ded a nolar end group
mho 58981(96 as follows: Exo 90.1 Endo 9.0 /-C 0.0
Eg 5.15 EXAMPLE 14 |00 197] This exanple
voIve re-ionization of an isolated and purified PIB

70° ;

ying /c/7-chloride end groups. The quencher
60M§§HB§fﬁ§§§§rlnethylsiIane The PIB nasterbatch that
|00mﬁ5 Eﬁa@hfng Kyab E%I:ﬁeoeaiﬁlgpﬁoﬁo»bss AIRSHE bREDed &b@&%?’@druﬂib?’ated

bove The conditions that were us
to - 7&"[5%%1?1[\ Hg g\}ve/p d?0>asT<f Bk lubosvere[adigd 60nal. 03800478 brdwioTIvEP 1B

masthbgtgh M ({rIL gec4]an60g7 %5(3 M er9|0632§9( 48 4 g‘f{i]‘ﬂit(ﬁ}%é l\%ghe

1 Quenching was carried out as f

cont@tsa\gzge pliavred tquenuilinaase. ebhen il hmis B lat(b0rrod @ M3 Mi 53 cKED
was QJd@(‘Y EnddRXtubd Qad dMEkeh BH RaElef o@gﬁgd A@tegﬁ-m Qifq u@nc%n%@nm

sol ution of PIB nasteérbatch

prechiiedMpiid | was addzd tquermyinage %mftyonattavwsrm%'dfqrh é‘e@@h‘?"énthé

termM@ie @ reabil A WRuEOVABAHbWEdIH Mafin 101/06M téhnperalirt. Hbahe (112 AL)
s added and | he tube was

mol, 0.095 M 2.5 x
was %dﬂ?a%@ﬁhw?mwné é’f"ﬁ“é%ﬁ%"l‘ey WaN”F%P“ 'R Mfefén L g vered
PIB vhgugitatpd @ehéﬂehp\durl\:ﬁeéaﬂwma &)ddnad\ eladly F@xﬁanﬂnﬁlg':l&cﬁ:tatrﬂ'i@mts and

val he dry.b

the N MR RisarRE e B etk 6F B DS TREE TR AR prplvsi

roomtenperature. Hexane ( 1-2 nL) was added to the
1002004| y ¥MR analygisohta finpleopiciugrabisamels Yisided p piotaaerdierpyrt o
com&@ﬁkhc% R tigravered PIB was agitated (vortexed) with

fresh MeOH to renove any remai ni ng contam nants, and

Exot he Me@R7was decant ed. Sanpl es were dried with gaseous
E“d‘hltrog .before NMR anal ysis. | 00200] NVR anal ysis of
Clihe finaf post - quench sanpl e yielded a nolar end group
Comﬂﬁhp03|t|on (%9 as follows: Exo 66.7

[00201]  Since modifications would be apparent to those of skill in the art, this disclosure is

intended to be limited only by the scope of the appended claims.
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Endo 1.3 /-d 31.3 Coupled 0.7 [00201) Since
nodi fi cati ons woul d be apparent to those of skill in
W0 be0aess9o t hi s di sclosure is intended to be |iPET/E82009/048471
only by the scope of the appended cl ai ns. CLAI M5 What
is claimed is: 1. A nmethod for preparing a polyolefin
containing one or nore exo-olefinic end groups on the
pol yol ef i n chai n, conpriskgggﬁﬁgnching an ionized
polyolefin with one or nor xysi | ane or ether
what QRO nqs 2 . The nethod of claim1, wherein the
APRENE T ane or et her conpound has the formula: R2
R1-O- Y-R3 R4 wherein Y is carbon or silicon; Ri
hy dF oc arby¥ihog i PREETIE Lo ol RoM RS 68?18!’e'ﬂ?’F§"° -oléfinic end
ng\%gérptg@ Bol%(:Sletl'\'yg'faﬁﬁ&fnkbﬂmng%uen'lfhﬁg aefoRized pdlydltfad witti2one or
erein; i s al kyl, al kenyl, al kynyl, aryl, alkaryl,
mas¢ alkgxypilaps or elhry COMPOURAS. and R4 are each,
i ndependent |y, hydrogen, alkyl, alkenyl, alkynyl,
ary al
VL SRad8 B ey TRo AR P AP0 70
fombybut 3 to about 7 carbon atons. 4 . The nethod of
clainms 2 or 3, wherein R ig, nethyl, ethyl, or allyl.
5 . The nethod of any qi 6leigrs 2- 4, mhereln R2, R3,
and R are each nethyl . dhe nethod of any of clains
2-5, wherein the alkoxyS|Iane or ether conpound is
\WuhmyYGMVﬂWPWEPhVWS|Iane el hoxyt ri net hyl si | ane,

erf?ﬁ)}a%)ﬁrbgll' Rt m’hac‘brlf:%%\ mti%‘feﬁmtly'hv@rbgw or @l f3Earyl.
tert-bulyl nmethyl ether The nmethod of any of

claiLms 1.6, [ ioni.zed polyolefinis a
qua |I|v}%ﬁn%€rﬁb§§ gh?m"m%lyolefln and the method is
Rmeﬂkprmmmymmﬁﬁwlquﬂsﬂhmﬂungmﬁwﬂymérlzat|on condi ti ons.

R, Ri,g et fod xQJep‘éAaI@htw Gy MGG Sl L h§ Um%l-lgh \ébngalkaryl or

|on|c In 1S prepare LewW s

araioil dDrZRmdanlﬁEOldi’ andBe oBm m@%@nde@e@ﬁntim%m atf@pé) gliphatiying
ofgﬁ uh;??o 9,1‘05(0% Al 8ionitherein the initiator is
, 4,

or o- 4- tri et hyl pent ane.
4, The method of claims 2 or 3, wherein R, is methyl, ethyl, or allyl.
S. The method of any of claims 2-4, wherein Rz, R3, and R, are each methyl.
6. The method of any of claims 2-5, wherein the alkoxysilane or ether

compound is allyloxytrimethylsilane, ethoxytrimethylsilane, methoxytrimethylsilane, tert-

butyl ethyl ether or tert-butyl methyl ether.

7. The method of any of claims 1-6, wherein the ionized polyolefin is a
quasiliving carbocationic polyolefin and the method is performed under quasiliving

polymerization conditions.

8. The method of claim 7 wherein the quasiliving carbocationic polyolefin is

prepared by adding a Lewis acid and one or more monomers 10 an initiator.
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10. The nmethod of clainms 8 or 9, wherein the nononer

is isobutylene. 11. The nethod of any of clains 1-6,
wok@noosst he i oni zed polyolefin is formed by apdi/ng20a9/048471

Lewis acid to a tert-halide term nated pol yolefin. 12.

The met hod of any of clains 8-1 1, wherein the Lew s

acid is titaniumtetrachloride. 13. The nethod of any

of claing 1-12, erejn the nethod is rforped at a

t enper at'de é‘#‘l"ﬂ r?fglb‘ab% wheeet t“&’aé%éi&'?'ﬁ%@Wf rom
trirdiPMpentad®0C t 0 about - 6Q0C, or about -6C0C. 14. The

nmet hod of any of clains 1-13, wherein the nethod is

performed in the presence of one or nore el ectron

dontls. The methed ofielaims @i, wheyeiptheanciomsr is isphutyighrer ei n

the pol yol efin containing one or nore cxo-olefinic end

groups forned i s.at |least 4 ercent, at |east _ 60

er bont  hagmeined 3¢ Syt S op. PR B loriisd pEPLARE forge
by ke a DOvipasic enittert-ablideeasiina®d ppolefint , at | east 97

percent, or at |east 98 percent by nole of all

products. . . o
12, The method of any of claims 8-11, wherein the Lewis acid is titanium

tetrachloride.

13.  The method of any of claims 1-12, wherein the method is performed at a
temperature from about -150°C to about -30°C, from about -90°C to about - 60°C, or about
-60°C.

14, The method of any of claims 1-13, wherein the method is performed in the

presence of one or more electron donors.

15. The method of any of claims 1-14, wherein the polyolefin containing one or
more cxo-olefinic end groups formed is at least 40 percent, at least 60 percent, at least 80
percent, at least 85 percent, at least 90 percent, at least 95 percent, at least 97 percent, or at

least 98 percent by mole of all products.
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